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Dep endence of coupl i ng coe» d ent , x , on lat er ally -couP ed dist r ibut ed feedback (L CD FB ) laser st ruct ure i s
invest igat ed . In L C-D FB lasers, gr at i ngs ar e fabr icat ed on and ar ou nd t he r idge aft er r i dge waveguide form a-

t ion and, t hus, nei t her epi t ax ia1 regrow t h nor growt h on cor r ugat ed subst rat es is requi red . For x ca1o n at i on ,
couP e- xnode t heory i s used wi t h t he two-dimensi on- ne1d i nt ensi t y cal culated using t he i magi nary-dist ance

beam propagat ion met hod. Compar isons are m ade for L C D FB 1asers w i t h di gerent layer , r idge and grat ing
st r uct ures and paramet er s t hat aged x w e M a n ned - In addit ion , i t is shown t hat L CD FB st r uct ure is less
sensi t ive t o processing var iat ions and , t hus, mor e maItufad ur able t han a Convent i on- bur ied ha erost r uct ure D FB
st r uct ure.
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ing var iat ion s shou ld b e of gr eat i m p or t ance. I n t h is

p ap er , resu l t s of such inv est i gat ions ar e pr esent ed t hat
have b een p er for m ed as a Er st st ep t ow ar d real i zi ng op -
t im al I r¤ -based 15 5 Pm L C-D F B l aser s.

1. I n t r odu ct ion

R ecent ly t her e is a v ow ing i nt er est in l at er al - -
coup led d ist r ibu t ed feedb ack (L C D F B ) laser s-1- 3) I n an

L C-D F B l a er , gr at ings ar e fab r icat ed , a sch em at i cal ly

sh ow n in F i g . 1(a) , on an d ar oun d t h e r i dge of a com en-
t l ot- l r id ge-w av eguid e l aser and coup l i ng b et ween gr at -

ings and l at er al evm escent Gel ds p r ov i des t he necessar y

feedb ack . A s gr at i ngs ar e fab r icat ed af t er t h e for m at ion
of t he r idge, L C -D F B l aser s d o not r equ ir e ep i t ax ia l r e-

gr ow t h n or gr ow t h on cor r u gat ed subst r at es. A l t hou gh

such pr ocesses ar e r ou t ine- p er for m ed for fab r i cat i ng
conv ent i onal D F B lasers, t hey ar e st i l l har d-t o-cont r ol
p r ocesses and of t en a y iel d - or r el i ab i l i t y - l im i t ing st ep .
T hu s, L C-D F B laser s ar e ex p ect ed t o h ave a gr eat advan -

t age of sim p ler fab r i cat ion . E ven i f t he p er for m m ce of
L C-D F B laser s is not l ik ely t o m at ch t hat of conv ent ion al

D F B l aser s, t h is ad vant age of sim p ler fab r i cat ion and
t he consequent ial cost r edu ct ion m ak e L C -D F B laser s a

pr om i si ng can d id at e for app l i cat ions i n w h ich cost con-

sid er at ion i s an im p or t ant fact or as in op t ical l ocal access
net work s. Fu r t her m or e, L C-D F B laser s ar e ex p ect ed t o

an d appl icat ions for laser s based on m at er ials for w h ich

ep i t ax i al r egr ow t h is t echn ical ly v er y chal l engin g.
T h er e have b een sever al at t em p t s t o r eal ize L C -D F B

l asers. M a t in et af- fab r i cat ed L C -D F B l aser s u si ng
elect r on-b ea n l it h ogr ap hy an d dem onst r at ed C W sin gl e-
m od e op er at i on of I n G d s/ G U s/ A m ah l aser s-3)

W ot- et al . fab r i cat ed gr at i n g st r u ct u r es for I t- -b ased
L C -D F B laser s usi ng X -r ay l i t ho. aphy w h i ch , w i t h l ar ge

dept h-of-focus and t he absence of a p r ox im i t y eHect , is

exp ect ed t o b e m or e sui t ab l e for m ak in g gr at i ngs ov er
t he r i dge t h an elect r on-b eam li t hogr ap hy -2) A l t h ough

t hese st u d ies have d em on st r at ed t h e r eal i zat i on of gr at -

i ng st r uct u res t h at p r ov ide Sun d a H x values, t her e h ave

b een no d et ai l ed st u dies t hat i nv est igat e H d ep end ence on
L C-D F B ¤laser st r u ct ur es. A s r el i ab le an d consist en t r e-

ali zat ion of r eq uir ed x val ues i s t he key f - t or for ach iev -
in g low -cost L C -D F B laser s, t h eor et i cal i nvest igat ion s of

% dep end en ce on p ossib l e st r uct ur al a wel l a p r ocess-

2. M et h od of E C a1cu1an on

F igu r e 1(a) sch e ro t i ca-ll y sh ow s t he L CD F B st r uct ur e

in w h ich gr at i ngs ar e et ched on t he ch ann el nex t t o t he
r i dge as w el l a on t op of t h e r i dge sid e-w al ls. For si m -

p l ici t y in calcu l at ion , t he cont act layer of l ower b andgap
m at er i al and m et al pads ar e not consider ed si nce t hei r in-

Hu e- e on E is ex p ect ed t o b e ver y sm al l . C oup led-m od e
t h eor y is used for x cd culan on .4) A ccor d ing t o coup led -® . ¤
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mode t heory, t he magnit ude of E for rectangular -shape
grat ings is given as,5)

t he fundament al lat eral mode is used for E calculat ions
since it is most rd eva tt for pr - t ical laser applicat ions.
Clear ly, waveguides wi t h mult iple lat eral modes ar e not
desirable and t hey ar e considered in t his paper only for
compar ison p - pose. I n addi t ion , T E polar izat ion , wave- °
lenË h of 15 5 p n, and t he Erst order grat ing (m = 1 in N

eq. (1) ) a e used for x calculat ions. T he g id sizes used
for ID BPM calculat ions me O.1 and 0.02 Pm wit hin t he
area of 10 Pm by 2.5 Pm for z and y ax es, respect ively.
T he deHnin on for e and y axes cm be found in F ig. 2.
Under t hese condit ions, t he calculat ion t ak es a few min-

ut es on a RS6000 workst at ion before the fundament al
eigen mode prome a d neff converge. F i- re 2 shows a
result of such I DBPM calculat ion in a cont our p lot of t he
Held int ensity along wit h t he values of re- act ive indices
used .

(Ë - £ ) sin(#mv) r
(1)

Heff A m

w h er e 7h and n 2 ar e r e- act ive i nd i ces of m at er i - s ab ov e

an d b elow t he gr at ings; n eff i s t h e eHed ive m od e i n dex

of t he w av egu i d e; A is t he w av elengt h of int er est ; m i s t h e

gr at ing or der ; v is t h e gr at i n g du t y cy cle den ned as A / 4

w her e A m d 4 a e denn ed i n t he i nset of F ig . 1(b ) ; r

i s t he Geld ov er l ap i nt egr al w i t h t he gr at in g r egion , or

t he * act i on of t h e unp er t u r b ed m ode i nt en si t y r esi d i ng

i nsi de t he gr at ing r egion . A l t hough t he p er t u r b at ion al
app r oach of coup led-m ode t heor y m ay not b e adequat e

for H calcul at ion i f gr at i ngs ar e ver y deep i n t he con -
vent ional D F B st r u ct u r es,6) i t B not t h e case h er e sin ce

t he am ount of p er t u r b at i on even w i t h ver y deep gr at in gs

in t h e p r esent i nvest i gat ion is ver y sm all as can b e seen

fr om t he sm al l E v al ues calcu lat ed in l at er sect ions.

I n or d er t o d et er m in e x , num er ical valu es of n eff an d
F a e r equ i r ed for a giv en L C -D F B st r u ct u r e. B ot h of

t hese ar e d et er m in ed fr om t he f un dam ent al m ode p r o-

HIe calcu lat ed nu m er ical- w it h t h e i m agin ar y -d ist an ce

b eam p r op agat i on m et hod (I D B P M ) . I n I D B P ¤- , b eam

p r op agat ion i s m ad e al on g t he im aginar y ax is w her e on ly
ei gen m od es of t h e O ven w av egu ide can sur v iv e-± A s

t he r equi r ed p r op agat i on st ep can b e lar ge, I D B P M can

pr od u ce acc- at e sol ut i on s qu i t e e¼ d ent . - T he d et ai l s

of ou r I D B P M im p l em ent at i on and i t s accur acy can b e
found elsew her e-8)

F i - e 1(b ) sh ow s a gen er i c w avegui de st r uct ur e used
for t h e Held p r om e calcul at ion by t h e I D B P M . H er e,

t he gr at in g r egion i s r ep r esent ed by a h om ogeneous layer

w i t h a w eighed aver age d i elect r ic con st ant b et w een t he
m at er i als ab ove (d ielect r ic) and b elow (I n P ) t he gr at -
ings,9) or i n t er m s of r e- act i ve ind i ces,

4 . = ¹ ,¢ =p µ7· + ÇÄp (2)
For si m p l i ci t y in nu m er ical ca lcul at ions and in or der t o
gener ali ze m a y d ig er ent act iv e and SC H l ayer st r uc-

t ur es p ossib le, t h e act i ve an d SC H l ayer s ar e l u m p ed

t oget h er in t o on e hom ogeneous l ayer w i t h an eHed iv e
r e- act i ve i nd ex , 7tact , an d t h i ck ness, t act - 7Zact is det er -

m in ed i n a sim i lar m ann er t o Hg, or

± - Öten t

| x |

3. D ep enden ce of E on A ct i ve a d SC H L ayer St r a -

t - es

I f- -based laser s can em pl oy m any d iv er - m act ive and

SC H l ayer st m ct u m - A doub led - t er m t r u ct u r e (D H )

laser , for ex am p le, can have a b u lk I n G aA sP act ive layer

w i t h out any SC H lay er s, w her eas a st r ain ed single Q W
l aser h as m u ch t h ick er SC H lay ers t han t he act ive r e-

gion . Since t h e d ig¤ - m t r ansv er se Hel d p r OGles r esu l t i ng
Rom such d ig a -- 1ces aHect x , i t is n ecessar y t o u n der -

st and t he i na u- - e of t he act ive an d SC H l ayer st r uc-

t u r es on % b efor e ot her fact ors ar e consid er ed . I n or -

der t o cover t he w ide r an ges of 7t act and t act p r oduced

by eq . (3) b r d iHer a tt act i ve and SC H l ayer st r uct ur es,
t hr ee set s of 7tact an d t act ar e det er m i ned for l aser st r u c-
t ur es b u nd i n t he l i t er at ur e and t heir x values i n i dent i-
cal r id ge-w av egui de st r uct ur es ar e calcu l at ed an d com -

p ar ed : 7tact = 35 7 an d t a t = O.2 Pm r epr esent in g a

t yp i cal D H l aser w i t h a b u lk I n G aA sP act ive layer of
A = 15 5 Pm , 7tact = 34 5 and t act = 0.31 Pm ob t ain ed

* om a st r ain ed M Q W (Eve wells) l aser st r uct ur e st u d ied
by Sat o et d . ,11) and 7t act = 33 1 an d t act = 0.21 Pm ob -

t ai ned * om a st r ai ned si ngle Q W laser st r uct ur e r ep or t ed
by T san g et d .12) R e- act ive in di ces for g iven I n G aA sP

com p osi t i on s ar e ob t ain ed * Om t h e w or k of H enr y et

Ò = -

2 . 5

(3)
t a t

w her e Ò a d q cor r esp ond t o t h ick n ess and r e- act ive in-

d ex i n ea h 1ayer M ak in g up t h e act i ve an d SC H lay er s,
and t act b t he t ot a l t h i ck n ess or E t h . T h is t y p e of ap -

p r ox i m at ion is & eq uern - used for M QW w avegui des an d
t he er r or i n t he p r op agat ion const ant due t o t he u p on -
n at i on i s k now n t o b e v er y sm al l -1O) T h i s ap pr ox im at i on

b not ex p ect ed t o cause any sign iHcant er r or s in ow d e-

t er m in at i on of x , ei t h er , si nce w e ar e on ly concer ned w i t h

t he Held i nt ensi t y i n t h e gr at i ng r eÕ on w her e t h e v ery

det ai ls of t he act ive and SC H l ayer s do not m at t er t oo

m uch a l ong as t h ey ar e p r op er ly accou nt ed for in an

d a t iv e m anner .

A l t h ough som e of t h e w av egu i de st r uct u r es con sid er ed

in t h is p ap er can su pp or t h igher l at er al m odes, on ly

n = - - - - - -
- - ¤

2 . O

( 1 5
E
=

»

. O
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Fig. 2. An example of a cont our plot for Geld intensity £bmined
with IDBPM .
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Fig. 3. x dependence on various combinat ions of 7tact and t act ¤

¥ 13) H r Q Mh , t h e r e* act iv e inda of bu lk » a er i al B

used t hat h as t h e sam e b an d-gap a t h e gr ou n d st at e
elect r on- t o-h eav y-h ole t r ansi t i on en er gy in t he wel l .

T he Hl led squ ar es i n F i g. 3 show t he calcu l at ed x val -

ues for ab ove t hr ee set s w it h in a L C-D F B st r u ct ur e d e-

scr ib ed by t he p ar am et er s sh ow n in t he in set . C lear ly ,
x dep ends on 7tact a d t act - I n or der t o b et t er un der -

st and t h b dep en dence, E val ues ar e calcu lat ed for som e

addi t i onal valu es of t act for each 7tact a d ar e show n Ä

em pt y squar es in F i g . 3 . A s show n i n t h e Hgt¤ e, h i gher

7tact gives lar ger E at ax ed t act - A lso E p eak s at a cer t ai n
val ue of t act w i t h giv en 7tact , w her e t h e p eak p osi t ion in-

cr eases w i t h decr easing Hg t - T h is dep en d ence is ent i r ely

du e t o t he d iu ¤ - m over l ap i nt egr al , r , r esu l t in g * o-

t he d iHer a tt Held pr om es w i t h diHer o d val ues of 7tact

a d t act - Sin ce t h e var i at ion i n x for r a ges of 7tact and
t act of int er est i s not t oo gr eat an d t h e num b er of p ar am -

et er s involved needs t o b e redu ced , w e use 7tact = 3 4 5

a d t act = O3 Pm for t he subsequen t i nvest i gat i ons- I n
ot her w or ds, a ll ou r inv est i gat ion in t he fol l ow i ng sec-

t ions a e b ased on t he epi t ax i al l ay er st r u ct ur e used i n
t he w or k of Sat o et d .11) T his is on ly a choice of conve-

n ience and al l t he obser vat ion s shou l d h old qu al i t at i ve-

for d ig er ent lay er st r uct u r es t hat m ay b e m or e desi r ab l e

for sp eciHc app l icat ion s.

4. D ep end en ce of E on R idge a d G r at in g St r u ct u r es

Since % in t he p r esent L C -D F B laser is in au - - ed by

any el em ent s t hat change t he Held p r om e, such elem ent s
need t o b e ideM in ed and t heir i nu tter- e on x i nvest i -

gat ed . H er e, fou such el em ent s ar e consid er ed Er st :
w idt h of t h e r i dge, t he r idge si de-w al l an g1e (6 ) , t h e

separ at ion b etw een gr at ing r egion and t h e act ive an d

SC H layers (L ) , m d t he r e- act iv e in d i ces of d ielect r i c

m at er i als cov er in g t he r i dge (Bdl. - F igur e 4 (a) show s

t he dep end ence of E on t he r i dge w idt h r anging R om
2 t o 4 p m , t he usu al r ange for r id ge-wav egu id e l aser s.

I t show s t hat a n ar r ow er r i dge w id t h giv es l a ger x , an
exp ect ed r esu l t si n ce a n ar r ow er r i dge p r ov ides l ess lat -

er al op t i cal con o net- n t an d , hence, m or e Hel d leak ing

out t o t h e gr at ing N O on - F ur t her m or e, t he sensi t iv i t y

of E t o t he r i dge w id t h var i at ion is h i gher for nar r ow er

r id ges. T h i s i m p ¤ s t hat L C D F B l aser s w i t h ex t r em ely
Sm - l r i dge w i dt hs ar e not d esi r ab le si nce t hey m ay su f-

fer Ý Oft¤ a sever e n u d u m - n of x . I n fact , t he h igh x

valu e ob t ai ned for ver y nar r ow r idges is n ot op t i m al for

act ual dev i ce app l i cat i on s, ei t h er , si nce a EL p r oduct (L
is t he l aser cav i t y l engt h ) of on ly ab ou t 12 5 is desu -
abl e-14) I f EL is t oo h i gh , sp at ial hol e b ur n ing r educes

t he gain m ar gi n against 1111desir ed si de m odes; i f x L is

t oo low , d ist r ib u t ed feedb ack is i na n ci ent - x L of 12 5
cor r esp on ds t o x of 25 ctn - 1 for a t yp i cal can t y l enË h of

500 Pm an d , t hus, i f ot her par am et er s ar e k ep t t h e sam e,
a dev i ce w i t h a 3g u n-w id e r i dge is m or e d esi r ab le t h an

2 Pm a fa a x b con cer ned .

For t he i nv est igat ion of e d ep endence, t he b ot t om

w idt h of t h e r i dge, Wbot , i s k ep t at 3 Pm , a d t he t op
w idt h , tUt£p, is r edu ced in or d er t o d ist i ngu ish t h e i nn u -

en ce of e Rom t hat of t he r i d ge w i d t h i nvest i gat ed ab ove.

U nd er t h is cond i t i on , F ig . 4 ¼ sh ow s t hat @ does not
great ly aHect x . T hb i s b ecau se t he Held d ecay s r el -

at ively qu ick ly i n t he t op cl add in g and decr easi ng t he

t op r i dge w i dt h d oes not gr eat ly aHed t h e ov er al l Hel d

p r OGl e-
F i - r es 5(a) an d 5(b ) sh ow t he dep enden ce of x on
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Fig. 5. x dependence on (a) tc, t he separat ion between grat ing
region and act ive and SCH layers, and (b) Bdl. t he refract ive
index of dielect r ic material covering the ridge.

F ig . 6 . x dependence on (a ) t g , gr at i ng et ching dept h , and (b ) v
grat ing du t y cy cle. v is lar ger i f less I n P is et ched aw ay .

t c and Hdie r esp ect iv ely . A s can b e seen , E d ecr eases as

L in cr eases si nce t h e Held d ecays r ap i d ly in t he clad d i ng

b elow t he gr at ing r egion . O n t h e ot h er h an d , E i ncr eases

only sl i ght ly Ä Hdie i ncr eases. A l t hough l a ger Hdie giv es

sl ight ly la ger E b ecau se t h e Held is pu l l ed m or e i n t o t he
gr at ing r e¢ on w it h l a ger Hg r esu l t ing R om lar ger n die

(see eq . (2) ) , t h is is a m in or eHa t - T he E d ep en d ence on

d iel ect r ic m at er ials can b e ign or ed for p r act ical p u r p osÄ
given r easonab ly deep gr at i ngs- T he va t¤ s of n die used

ar e select ed fr om t h r ee p ossib l e d iel ect r ic m at er i als: Si O .
w it h t he r efr ac t ive i ndex of 1.5 , p oly i m id e w i t h 1.8 , and

SiN . w i t h 2.O.
T h r ee fact or s r el at ed t o gr at ing st r uct ur e ar e con sid -

ered : gr at i ng et chi ng dep t h (· , t h e gr at in g du t y cy cle

(v ) , and t he lat er al p r ox im i t y of gr at i ngs t o t he r id ge.

F igures 6 (a) and 6 ¼ show t he d ep en den ce of x on Zg and

v , r esp ect ively . T he H dep endence on t g r eveal s t h at x
( Lur at es qu ick l y Ä % i n cr eases. T h is i s b ecause t h e Hel d

*n t h e gr at i ng r egion d ecay s q ui ck ly w i t h t he r elat ively
l ow val ue of Hg- R om t he p er sp ect ive of x st ab i l i t y , gr at -

i ng et ch d ep t hs la ger t han O.2 Pm sh ou ld b e p r efer r ed

sin ce t hen x is not ver y sensi t i ve t o t he var iat ion i n t g¤

T he required gr at ings have a higher asp ect rat io t han
t hose in convent ional DFB st r uct ures, but such grat ings
can be easily fabr icat ed wit h dry et ching t echniques-¦

T he E dependence on v is due t o t he digerent Held
promes caused by digerent Hg values result ing Rom diL
ferent v values (see eq. (2)) . A lt hough t he sin h v ) t erm
in eq. (1) is max imum at v = 0.5, P becomes larger ¯
larger v since t he Held decays less rapidly in t he grat ing
r egion wit h la ger Hg- T his st rong dependence of H on
t he gr at ing duty cycle is a unique feat ure for t he present
L C-DFB st r uct ure; in convent ional DFB st r uct ures wit h

bur ied grat ings, t her e is very li t t le change in P Ä t he
grat ing duty cy cle changes a d t he only v dependence
comes Rom t he sin (m ) t erm .

Figure 7 shows t he dependence of E on t he pr oximity
of gr at ings t o t he r idge. By t his, we are interest ed in
how close gr at ings me fabricat ed t o t he r idge a d it s in-

Hu- - e on x , Ä schemat ic- ly shown in t he Hgt- e. T he
agu e shows t hat x decays rapidly as t he grat ing region
moves away lat eral- Rom t he r idge sid- wal l . For act ual
dev ice fabr icat ion, it b t hen desired t hat t his prox imity
is well cont r ol led. T his is an issue of impor t ance since i t
is not an easy t ask t o r el iably fabr icat e grat ings in t he
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F ig . 8. Schem at ic dr aw ings of (a) L CD F B and (b ) B H D FB
st ruct ures used for invest igat ing Ä nsit iv in es of n eff and ABragg-

F ig . 7 . x dependence on g rat ing prox im it y t o t he ridge , gpÄ x ,
w here t he deGnin on of 9prox is show n i n t he Hgum -

reÍ on r ight nu t to t he r idge WIt- e t he e win en d a
huge t hid ness va id iot- of spun-on resist s. T he conven-

t ion- grat ing fabr icat ion t echniques such a hologr aphic
and elect ron-bea n l it hography would have di» CUI- in
fabri can t- g at h - in such regions. However , t hb can
be accompl ished wit hout di» cul ty by X -r ay l it hography
t hat ha la ge dept h-o- focus a d no p ou - it y eHect Ä
demonst rat ed by Wortg et d .2)

5. A dvant ages of LC DFB over B -- led H a er ost r uct ur e
Laser s

T he r esult s of above invest igat ions should be of great
help m designing a L CD FB l- er wit h a t - get value of
x . A lt hough det a- of t he layer st r uct ure ¸ ven and t he
r idge a d grat ing st ruct ures required by the processing
cors iderat ions may dig . n om ca e t o case, t he qual it a-

t ive aspect s of x dependence on pa a net - s invest igat ed
above should st i ll hold . W ith t he separ at ion of ep it a l¤
gr owt h and grat ing fabricat ion, a d t he x t uning capa-
bil it y t hrough st raight -forwar d proca sing mod - cat ions,
a appr oach cm be easily env isioned in whim one Hr st
Hnds out t he quant ies of t he epit axial- gr own la er ma-
ten - s and t he char a t er ist ics of r idge-waves -ide dev ices
without grat ings, and designs and fabr icat es a L C-D FB
st ruct ur e t hat am ie- s the requir ed single-mode op- -

t ion at t he t ar get wavelengt h.
T he e B an ad di t ional advm t H es of L C DFB over t he

Ä m ent ion- bur ied l¤ t . £st r uct ure (BH ) DFB st ruc-
t ures in t hat t he d a t ive mode index , Beff , h L C-DFB is

less sensit ive t o possible processing va b n or- - T he pr o
cs sing va ia lott of pa n a dar conc- n here b t hat occur -
r ing dur ing t he st ripe et ching for t he act i - region den-

nin on before reg own - - BH and for t he r idge format ion
h L C DFB dev icÄ . Any et ching processes have wi t hin-
t he-wafer or water-- -wafa nonunHa n i- , and it is ex-

t ren d y impor t ant t hat a deu ce st r uct ure guar m t ees de
v ice par amet ers t hat a e insensit ive t o such va iat ions-
In order t o i1Na t l . t e na sensit iv it ies t o var iat ions in
et d ed st u pe widt h, t he change in neff of L CD FB a d
BH DF B was calculat ed Ä a hum id - of t he m a ge h

~

et ch ed st r ip e w id t h . F igur e 8 schem at ic- ly show s L C -

D F B a d B H D F B st r uct ur es t hat ar e used for t h is com -

par i son . T h e dev ice st r uct ur es ar e select ed so t h at , Hr st ,
t h e r esu l t i ng x is ab out 25 cm ± Ä r equ i r ed for p r act i cal

ap p l i cat i ons and , second , t he st r ip e w idt h i s m i n im ized
t o su pp r ess h igher -or der m odes. T he select ed st r uct ur es
w er e check ed not t o have m y h igh er -or d er m odes by cal-

cu l at i ng t h e al l ow ed pr op agat i on con st ant s w i t h t h e ef-

fect iv e i nd ex m et hod i n w hich each r equi r ed eHed ive in -

dex i s d et er m in ed by t he t r m sfer m at r i x m et hod . A s

can b e seen i n t he a gu e, t h is resu l t s in m uch nar r ower

ac t i ve l ayer w id t h for t h e B H D F B . For conv en ien ce, a
B H D F B st r u ct u r e B used in w h ich gr at in gs m e fab r i -

cat ed on t h e subst r at e. T h is r equ ir es a l ay er st r uct ur - -¬

w i t h a qu at er n ar y layer , w hose com p osi t i on is set t o g i

t he b an d s p of 1.15 p m . For a fab com par ison , t he sa n g

l ayer st r uct u r e i s used for L C D F B .

T h e r esu l t s of t h i s com p ar ison a e show n i n F igs. 9(a)

and 9¼ . F i gu r e 9 (a) show s t h e change in x and (b )

in Heff Ä w el l Ä i n t he B r agg wavelengt h , ý Bragg- T h e

B H D F B a d L C D F B sh ow com p ar ab l e sensit iv i t y i n

% w hose m agn i t u de m ay n ot b e a gTeat concer n , b ut

t he ch ange i n Heff is m uch l a ger for B H D F B . T h is i s
a d ir ect r esu l t of t he fact t h at t he lat er al op t ical con-

Hna nent i nsi de t h e b ur ied act iv e r egion i n a B H D F B

laser i s v er y st r ong and a l it t l e var iat i on i n t he act ive

l ayer w i d t h can r esu lt in a l ar ger change in t he l at er al
Hel d p r ank - T h e fa t s t hat B H D F B r equ ir Ä very nar -

r ow act i ve w i d t h t h at su ff er s m or e Rom t h e change i n

t he lat er al Held p r OGl e a d t hat su ch st r ip es M e usual ly
m ade w i t h w et -chem ical et ch in g, w h ich is m or e p r one

t o p r ocessin g var i at i ons bu t m i n i m izes sur face d am age

b efor e r egr ow t h , m ak e t h e si t uat ion w or se for B H D F B

l aser s.
I n F ig . 9 (b ) , t he ch ange i n ABragg is d ir ect ly p r op or -

t ional t o t h at i n 7t ea . T his is b ecause ABragg in a D F B
l aser i s det er m in ed by ABragg = 2 ¿ n eff ¿ 4 , w h er e 4 i s

t he gr at in g p er iod . T he chan ge in ABragg show n in t he

He r e is cal cu l at ed by Ä stu n ing a gr at in g p er iod t hat

g iv es ABragg of 15 5 Pm for n eff w i t hou t any ch ange ® ¬

st r ip e w i d t h . A s cm b e seen , L C D F B h as v er y m i n ify
ch an ge in ABragg w her eas B H D F B h as a mu ch Ä 2OA

chan ge. C er t ai n ly, t he y iel d for desir ed ABragg Wi1l b e

h igh er for L C D F B t h an B H D F B . W it h t h i s, L CD F B
l aser s m ay t u r n out t o b e a not - t o- ex p ensiv e sol ut ion for
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dependence of x on L C-DFB laser st r uct ur e was inves-

t igat ed . T he parameter s t hat were found t o have gr eat
irth ence on x ar e: r idge widt h , separat ion between gr at -

ing r eÕon a d act ive/ SCH layers, grat ing et ching depth,
grat ing duty cy cle, and grat ing prox imity t o t he r idge.
Careful cont rol of t hese par amet ers is r equired in order
t o achieve a L C-DFB laser wi t h a t arger x value. In ad-

dit ion , it was shown t hat L C DFB laser s ar e mor e robust
against possible et ching pr ocess var iat ions and, t hus, ca-

pable of achiev ing t he target wavela - h mor e rel iably
t han B H D F B lasers.
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applicat ions where t ight wavelengt h cont rol is required
such a wavelengt h-division-mult iplex ing appl icat ion. I t

should be not ed, however , that t he insensi t iv i t y of neff
in L C-DFB is due t o nat ure of waveguiding in t he r idge

waveguide and has not hing t o do wi t h t he locat ion of
gr at ings, and, consequent ly, t he same advantage should
equal ly apply t o convent ional r idge-type DFB lasers in

which grat ings are made on the subst r at e or b ur ied by
re - own semiconduct or -¦
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