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Analysis of Spot Shape Behavior on a Spot.Size Controllable Laser Diode
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AbstnKl

The influence of the moduhtor currcnt on tlrc hcarrr slralr ol'a vnriablc spol sir.c larcr dialc is annlyscd. The iniected cardtr

distribution in the modulalor is calcult|tcd taking thc carricr diffuskrn in thc activc laycr into accounL Then, the spoa slupe is

calculat€d, taking the rcflective indcx chimgc crnrscd by injocrcd caricr into flccounl as pcrturbation. The calculad results ae
consislent \r,ith the experimental d{ta, A 3-!Il [xxlul0ltr sP:cing pnrvi<hd thc Inrgc.sl sJxrt size variation td smoothestclurl8c

in the spol sizc.

I . Introduction '

Recently we proglscd a lascr di<xlc wltttst'. rtcar'l'icltl spol

size cnn be changccl by varying lhc clct:lric ctlrrcnl tnul in
high-quality lascr printcrs. Thc lttscr tlitxh hlts a slxrt sizr:

variation ratio of l:2.lll l, anl inrprovctl printing t;tralitf ina

taser printer using this lascr ditxhl2l s'ils (lcnttltlstrnlcd.

However, the depndcnce o[ lhc .sptll. siz.c atxl ligltt tttttllttt

lnwer On the mitin inrl mululaltlr cttrrcttt is t:otttplicatetl in

that it is difficult to optimiz.c tlrc. lascr tlitxlo tlcrsign intl lq
precisely COntrol these curronls itt itn aclrtrtl syslcrltt. lJtlrc, sc

analyzs the dcpcndence of thc spgt siz.c on lltc tnrxlttlatgr

curent for various injection sLripc sllac:iltgs.

2, Analysis of tnrrier distribution
Figure I shows a plane anl cross-scc:tionill vicrvs ol'tltc

spot-size controllable lascr dioclc. 'l'|rc Interal mcxlc ol'lltcr ltnctr

beam is kept in the fundamental mcxle' by tlrc rclativcly n:lm)\\'

(5 pm) straight, stripe. An clcctric currc'.nl is inicctcd litrn thc
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日

panrllcl injcction stripcs in the mcxlulator ad the laser beam is
tritnsftlnncd by thc rcfmctive indcx distribution formod by
c:nnicr irr.jcction. Thc injoctcd cauricr dcnsity in themodulator

curr bc calculitttxl by using thc Schwarz,-Christoffer transform

to solvc thc Poisson cquation in the cladding layer, ard by

solving tlrc diflirsion e{uation in thc active layer.[3] In the

Sclrrvnrz.-Clrristoflbr translorm, thc complex axis z=x+iy is

triurslirnrrcd into thc complex axis rv=u+iv. Here, w is written
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Fig. 1 Structure of the spot-siz.c controllablc l:tscr dirxlc: (a)

plane view, and cross-scctionill vicrvs at (b) tlrc strnight rcgion,

and (c) the modulator rcgion. Thc mpdtllittor rt:gion ltits it singlc

optical guiding stripe with trvo parallcl c:tlrrcnl, injcc:tion stripcs.
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Here, s is the width of thc elcclnxtc, A is tlrc (risrnncc beln,ccrr
the active layer arl the elecrtxlc, rurt K(k) is trrc rcar parr. ol'thcr
elliptic integral of thc first kinrl, rvhilc tn'r is 1[1s i111rqp56r

Jacobiqn elliptic function.
By this tmnsfonn, thc injcction stripcr ol'tlre. rnrxtularrlr is

projected as the linewt12 whiclr is a prrirxlic lirncrion ol'u.
The whole width of thc injcction stripc. is lxr.icc:rctt inro a

single frerid of u. The ax;tivc la1,cr is projcctcd irs [hc linc r,=0
which is also a pcrioclic function ol' u. Hcrcr, x=-oo to oo is also
projected into a single Srcriorl of u. ll' \ c assunlo tlrat thc
elecrical potential of thc injcction stripc is constlnl, rlrc
injected current, distribution in tho licld c:m hc obtaincl b1,

using theFourier serieso[elcctric potcnlial on lhc r,=o lirrc ir.s

follows

)〕 |

+百Σ C2o4■ncoth12πn+)

cos(4nn u(rr l ,

Czn = 4 
f'rlryros(4rnu)du 

.

Here, K arul K', respectively, itrc thc rc'al grart iml tlrc
imaginary part of the clliptic intcgral ol'tlrc [irst kind. U(.r) is

the potential formed on the activc layer.

The interaction bctwccn tlrc lcli uxt right clcrtnxlqs aru

only considercd in the elcctric lrotcnt.ial ol'tlrc activc laycr.

The canier dcnsity in thc activc laycr is obtaincd hy

solving the diffusion cquation liu thc activc laycr
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Here, D is the diffusron constant ol'thcr carricn in tlrc. ilc:livc'

layer, d is the thickness of thc ac:tivc laycr, rurl j(.r) is thc

injected current density to thc activc laycr. Tlrc rclation

between the carricr density (n) anl tlrc voltagc in thcr ac:tivc

layer U(x), and the relation bcts,ccn n trnrl ilrc c:arricr

recombination rate f(n) can bc calculatccl hy usin-{ lhc

conventional effectivc mass the.ory arxl dr:nsit1' nrarix
formalism.

Figure 2 shows the calculatcd cirricr dcnsiticrs litr vitrious

spacings between theparallel injcction stripe.s. Thc rlip itr thc

rnjected canier density at the ccntcr of thc splcc rvas ahout 28%'

for the 2{m stripe spacing; but it inc:nincd t<t6l9h s,he.n tlrc

stripe spacing wax 5 pm.
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eLmJ=Σ BheLm,
k

Bkn=く目盟。lenP〉
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Fig. 2 Injccred carrier density clistribution in
the activc layer. The spacc between rhe
injccrion stripcs (W) was varied from 2 to 5
pm. lnjcction cunent for the modulator is
abour 50 mA.

3. Annl.ysis of spot sliape
'Ilrc rclructivc inctcx ctunge caused by cania injection was

asstuncd to bc An,n= lO'aoon. Thc bcam-shape calculation fm
tlrc rvavcguidc (Fig. 3) was bascd on Lhc coupling mode theory
:rrl inclurlcrt Lhc rclmctivc index change asa perturbation, The

outlinc ol'thc calculation is as follows.
First, sc calculatc<l the guided modes of an index guide

stripc with n constant rcfmctivc index stripe. The stripe wid0rs
vitrying from 4 to 20 pm in l-prn steps. The fundamental to
lOth mulc ltr mdh stripe wius calculated. In relatively mnow
stripcs, in u'hich mcxlc cut-off occurs below the tenth modg
lcaky mulcs whosc etcctric ficld falls to zero at the edge of a
30-pm-rviclc. rcgion arourul thc stripe arc assumed. Theelecric
licld of light (E) in thc waveguicle can be expr€ssed as a series

ol'guidcd mcxlcs as

E=Σ Anen,

sirrr:c thc glrirlcrl m<xlc.s ltr thcsame waveguide ateorthogonal.
'flrc spclt dcfonnailon causcd by the waveguide propagation

crur trc cxprcsscrl as a divcrgencc of mcxles that have differcnt
pnrpagation constants fnrm cach othcr. At, the boundary of two
stripc.s, whcrc thc stripe width incrcases by I pm, the mode in
Itlrrncr stripc ciur bc expresscl as

¬
｀
hcll thc:11(xic c(O can tЮ inodirlcd into thc trlode c(1)lo take



into account the perturbation causcrl by clrungcs in thc

rcfractive inclex duc to the injcc.tcd canicrs.

Cnt er(ol ,

supprc{isc(l bccausc ftcrc euc fcw injectcd caniers at the stripe

ccnlcr. Thcsv; results show Lhat smooth variation in the spot
siz.c iurcl a largc spot siz.e variation ratio can be attained at a

rnorlulntor spacing of 3 pm.

0 0可
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Fig.4 Calculatcd and cxperimental
sllut-siz.c dcpcndcnce on thc injection-stripe

spacing.

5. Conclusion
Wc analysad l,hc variation in the beam shape of a variable

spot siz.c lascr clitxlc that has a flarcd stripe rd a twin stripe at

thc llnrc base. Thc injcctcd canier distribution in the modulaor

wirs cnlculnted by using a Schwaz-Christofel transform to

solvc thc Poisson cquation in tlre p-type cladding layerwhile

tlking thc canicr diffusion in thc active layer into accounL The

ripot shapc"s wcrc calculatul by using the coupling mode

mcthtxl arnl taking thcchangc in the rcftactive index catsedby

tlrc. injccted canicr into accounl, eLs pcrturbation. The calculated

rcsults werc consistcnt with the expcrimental data" A that 3-

prrn-spar:ing of thc mmlulntor was lound to be best for

ar:lricving lnrgc spot siz.c variaticn urd smooth change of spot

siz.c.
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As the lascr bsiun passes thnlrglt thc straigltl slripc', it is
dividecl into prturbcd mcxlc.s u,*1 qxch pcrtuftc(l ttxxlcr

propagates with its own propagntion conslant. All ol'tltc
mcxles are then combined at tho litr crrcl ol'thcr tttotlttlator. A

similar operation (rccurs in thc llirrcd rcgion, rvhic:lt is assttlltctl

to have a step-width stripe witlr t-;lln intcrvals.
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Fig.3 Calculation model lbr thc
spot-size controllable lascr tliotlc.

4. Results and conrpari.sttn rvit h exptritttetllttl
results

Figure 4 shows the calculatctl clclrn(cttcc tll' t[c sptlt siz.c

on the modulator currcnt density l'or tltcr 2- to 5-1tnl strillc

spacing. The spot siz.e dcrreirsed s'itlt itrcrcrasittg tttotlttlittor

currenl density. Thc calculatul spot-siz.c varitttion rltio

$M,".Jil."j forQ to 5 kA/cm'2 of modulittor currcnl \\,els 2,2.2,

1.9, trrd I .5, respectivcly, for Ws=2, 3, 4, iuxl 5-p nr spacing.

The spot size variation ratio wns largcst u'ltcn Ws=3 Utn,

which is consistent with thc expc.rimcntal tlitlit slros'n in Fig.

4. The experimcntal daUr ltr Ws=2 Um an)ctlrs ltl slttln'a sltil't

in the injecred curcnt density liorn 3 kA/c:rn2 to 4 kA/cnt2.

ThiS might bc causc{ by holc bttrtting, ils \\,ils sltpu'n in Fig.

2. In the case o[ Ws=3,4, iuxl .5 ltrn, ltttlc llrrrning is
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