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Abstr act - We analyze the spectral characterist ics of semiconductor lasers under strong opUcal
inj ect ion, and show tha w idely separated mult iple sidebands are generated if the laser is in the
dynamically unstable regime. U sing this, it may be possible to generate optical PAntyb u tte s
without any external RF-sources.

Feeding these sidebands into two SL ¯s as

show n in Fig. l -b, h is possible to generate
optical PAnty1-waves w ithout using any

external RF source.

1. I n t r od uct ion
One m ethod of generat ing opt ical PAnty1-

w ave signal s i s using t he opt i cal inj ect ion
lock ing (OIL ) t echnique [ 1-5] . In th is

technique (F ig . l - a) , t he mast er laser (M L ) is

direct ly R F- modulat ed and has mult ip le

optical sideband s, separat ed by the modu lat ion
§ eqt10 10 %. rn¤ Tw o slav e laser s ( SL ¯s) ar e t hen

inj ect ion lock ed by tw o sidebands separ at ed by

the desired Ha lt- ncy o{Tset , gener at ing tw o
coherent opt ical signal s t hat can pr oduce t he
desired beat Ha ulm- y signal in t he
photodet ector- I n order to obt ain high

Hem el- y signal s, the RFm odulated hù
should prov ide a large number of sideband s

that ar e w idely separat ed . T he sideband
generat ion, how ever, sensit iv ely d epends on
the modtd at ing R F-pow er and R equency. A

techni que that does not r equire ext er nal R F

source w o uld be hig hly desirab le. R eal i z i ng
such an O IL sy stem i s the goal o f the present

1nv est1g an o f1.
Recent st udies o n O I L hav e fbund t hat

the modulat ion bandw idth of a sem iconductor

laser can be sig ni f icant ly enhanced under t he

strong opt ical i nj ect ion [6 81 H ow ev er® t he

lock ing propa n es under t he

inj ect ion hav e not been f ul l y
the dy namical l y st ab l e
such effect s as undamped
and chaos can occur. W e
charact er ist ics of sem iconduct or laser s under

st rong opt ical inj ect ion- and show that t he

generat ion of m ult ip le o pt ical si debands

hav ing l arg e Ha lt- ncy separat ion

H . A n aly si s
W hen l ig ht § om M L is inj ected int o SL .

the lock ing charact er i st i cs can be class|Ged

into thr ee d ist inct ive r eg imes: unlock ing.
dy nam ical l y st ab le lock ing. and dynamicaHy

unstab le lock ing . B oth dynam ical l y stab le and
unstab le lock ing reg imes can be grouped

together as t he stat i c lock ing reg ime. T hese
char act er i st i cs are determ ined based on the

inj ected opt ical pow er and the lash-
Ha lt- ncy of f set betw een M L and SL . Fo l- the

analy si s, the laser rate-equat ions including

i nj ected l ig ht [9, l O] are used for a sampl e L D
w hose paramet ers are obtained n om | l ! ]

F igure 2 m ap s the character i st i c reg Hn es
det ermined R om t he rate-equat ion analy si ¢ l n
the fi gure, A/ ¤ is the § equem y din¢ f ence

betw een the M L (ç ) and SL la i t- frequency

(ç ) , and the inj ect ion pow er rat io . tR, i s the

rat io betw een the inj ect ed M L o pt ica| pow er
(Pm) and SL opt ical pow er (PoutU w it hout

opt ical inj ect ion- T he boundar ies f or the mat ic
lock ing reg ime can be obtained Rom the
steady - st at e so lut ions of the O I L rate equa lms -

W it h in the stat ic lock ing reg ime. the st ah l il y
analy si s o f £ e l inear ized t ransf er fund |on

determ ines the dynam icaHy stab|e lock |ng

reg I m e
T he calcu lat ed po w er spectra a1 thc
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