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T he CHa ts of opt ical inj ection locki ng on the inj cCHon lock ing bandw idth anc . !rd- !der

inter-modulation distortion (IM D3) suppression in a side-mode inj ccHon-locked l m y-Perm

l ascr diode (FP-L D ) are experi mental l y i IN S tigated - I t is show n that FP-L D inj cU £ l lm k ing

bandw idth and reduction of IM D 3 is var i d at the diHero n inj ect10n target modc f FP-L D .

Inj ection l ock ing bandw idth and reducti on of IM D 3 can be CIl lu m ed by d asing an

appropria- inj ection target mode.
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1 . I nt roduct ion

Suk arn o mul t iplexed (SCM ) f i ber opti c systems w i th du c t l aser intensi ty U uIn ion

are recentl y attracting much atta n ion f or w i rel css local l oop, cable telev ision distrH . ¹ on kind

f iber radios. D ircct modulat ion of semiconductor l aser i s a simple, low -cost ñ , oad for

transmi tting RF range subcarr iers- In this approach, the nonl inear distort ions of sc anU- d or

l ascrs l im i t the pcrf orma - e of the SCM f ibcr optic systems. To oVCreon- d1lS F , ¹ cn lhc

inj ccHon lock ing technique of semiconductor laser has been inv esti - - d thew etÉ ¢ p and

expo imental l y [2] , and found vcry eHecti vc for suppressing the nonlinear di$ JHols in

g igahertz range due to the improv ed l aser dynamics [3,4] . How ev er, there has be no work

rcported on the notomcat-distort ions of the inj cct i0IF locked FP-L D s.

Inj ccHon locki ng characteristi cs of an i nternmdal inj ect10n-locked so n icond . 3or ILls-

w ere rcportcd thew ctical - by J. M . L uo et al . ¼ and cxpen ma n ally by Y. Hong Cl i Ì hcy

show ed that at a f ixed opti cal i nj ccHon pow er, thc relaxat ion osci l l at ion f rcqucm mcrI LINes

w hcn l ight is inj ected into a shor ter w av el ength mode and a l arger stable lockn ran C lS

achicvcd by choosing an appropr ia- inj ection target modc. In thi s paper, w e c: .. nim- Ihc

inj ection lock ing bandw idth and make thc f i rst experi mental da ylong ration of c I WD3

suppression at the diHero n inj ection tarp t modes of FP-L D .
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For thc stable locki ng rani- and rcduct1on of IM D 3 at a diHero n target modc of a FP-

L D , thc experimental setup i s i l l ustrated in Fig . 1. A n ex ternal cav i ty tunable lascr (T L ) w i th a

tuning range of 0 .O02nm is used as a master l aser (M L ) and a comm erci al ly av ai lable FP-L D

(SA M SU N G, $ 0 43 13 ) w i th modc spacing of ~O.84nm at a dc big of 19.OmA i s used as a

slavc lascr (SL ) . Tw o optical isd atos of µ50 dB isol ation are used to prevo l t l ight coupl ing

f rom the SL to the M L and to protect the M L against back- f l cctcd l i - t . T he optical spcd rum

d u lyzcr und RF spectrum analyzcr w crc uscd to moni tor the stable inj ccHon-lockcd sta- -

Fig . 2(a) show s opti cal spectrum of f ree-running FP-L D and dcf ini ti on of mode number of

thc FD - L D operating at dc bias 19A rm . M odc number O(w ava ng - 15503 2nm) is near the

pcak of al l FP-L D l ash- modes, posi tive mode ttuft- cr indicates shortcr w avel ength than modc

0 and ncgative mode run t- cr i IM ica- s longer w avelength than mode O. Each mode is spaced by

3 modc diHera - c f rom def ined neighboring modes. Fig . 2(b) show s that under stable strong

mj ccHon-locked statc, modc +4 i s dominant and othcr modes are suff i cientl y supp¤ sscd at a
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Fig. 2. Optical power spectr a of FP-L D and def ini tion of mode nunmet-

(a) fr ee r unning , (b) iMed io-- into +4 mode at a 5dBt¤- M L output power
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degree of mode suppression ratio (M SR) µ 40dB .

Stable lock ing rangcs at diHcrent target mods are dd a mmed by observ ing opUcal pou Cr

spectra of OSA and beat H ¤ I¤ H¤ na of RF spcd rum anaIya r- T he measured stablc lockmg

bandw idth i s show n Fig. 3 . T hc f req¤ ncy detuning is dcf ined the diHa cm e of M L ¯s f requency

and SL s̄ f ree running target modc f requency. A s reportcd prev iousl y [5 ,6] , thc i nj ect ion i nto

shod -w av el ength target mode (posi tive mode number) increases the stabl e locki ng range and

this character isti c i s rel ated to gain peak shi f ts tow ards longer w avelength and i nj ect ion pone r

rat io of M L to SL ¯s i nj ect ion target mode at f rec runni ng [6] .
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F i g . 3 . S t a b l e l o c k i n g b a n d w i d t h . (a ) f r eq u en c y d eu to -- v e r su s M L o u t p u t p o w er f o r i M ec u m

t a r g et m o d e O a n d + 4 r esp ec t i v el y . F o r m o d e 0 , b el o w T L o u t p u t p o w er 2 d a ra, f r eq u en cy

d eu to --g i s n o t d i st i n g u i sh a b l e . (b ) st a b l e i n j ec t i o n l o ck i n g b a n d w i d t h v er su s m o d e n u m b er

m ea su r ed a t T L o u t p u t p o w er 2 d B t ta a n d 5 d B m r esp ec t i v el y .
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T he characteri stics of IM D3 for diHero n inj ection tars ct modes under modtd ati ng SL hy

tw o-tot- RF signals ( f 1=2 5 GH z, f 2=2.6GH z) are invest igated. For each of the selected inj ect ion

ta c t mode, M L f requency i s chosen at thC COlter of cach stable locking range. Fig . 4 show s
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measurd l M D3 for thc case of f rcc running and mode +4 inj c to n lock ing. Fig . 4(b) show s

signMicam supp¤ sSion of IM D 3 at thc f requency d a r n (=2.7GH z) and 2f 1-f2(=2A GHa -

Wc onl y cOm a n abo ut the onc IM D 3, 2f 2-G. Fig .5 show s the pow er of f undamental

components and IM D 3 of FP-L D output as a f unction of pow er of modtdating tw od or- RF

signal w hcrc tw o-tone RF signal pow er arc thc same. By l im ar f i tti ng, Sto n om - - e dynamic
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Fig. 5. M easur ed FP-L D output RF component and I M D3 ver sus 111odtdating input RF powerL

(a) fr ee r unning , (b) mode +4 inj ection lock ing
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range(SFD R) is csUma cd. Compared w i th free running case, mode +4 i nj ccHon locking casc

show s rcduct- n of IM D 3. COIlscqueml y, SFD R is signi f i cantl y enhanced at the latter casc.

Using the same cxperimental proccdure, pow crs at thc f urMa m m al component and IM D 3 arc

measured for al l mods dcf ind in Fig . 2(a) . Fig . 6 show s normal izcd SFD R to f rcc running for

£ inj ection U rga modes. Inj ecti on lock ing into any side-mode reduces IM D 3 compared to f ree

F ig. 6. N o r m al ized SF D R i m p r ovem en t for al l i n j ect i on t ar get m odes.

T h e noise n om -s i s assum ed - 9Od B ¤f¤-

, ¼ x
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running and choosing an appropr iatc inj ection target modc, cspcd al l y posi tive mode numbc

signi f icantly improv es nonl inear suppression of FE L D .

/ ( ¢

3. Conclusions

W e havc exper im ental l y i nv est- atcd thc nomina r distortion supp¤ sSion of FP-L D h

opt ical inj ection lock ing. We examined the ima mm al i nj ection locki ng characteristics of W -

L D for nine diHero n target modes, and show ed that at a f i xed inj ection pow er, inj a Hon inm

shortcr w avela - th f rom a pcak mode is In c¤ l to a l l a- c stablc locki ng range. For the inj ection

locked state into dig erent i nj ection U rga mods , cxpcrimental Incasummo ns of IM D 3

reduction w erc al so performed. We show cd for thc f i rst ti mc that IM D3 rcductions are

ach ev abl c at any target mode inj ection lock i ng. Consequently, choosing an appropr iaIC

inj ection target mode can enl arge stable locking bandw idth and rcduce IM D3 signi f icantl y.
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