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A nalysis of Tr ansmission Per for mance Enhancement

w ith I nj ect ion-L ocked Semiconductor L asers
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I t is w el l M ow n m at direct ly modulated sem iconductor lasers have sign i f icant amounts of
Req- - y ch irm - dur ing modulat ion and this l im its the per formance of long-d istance h® speed
f iber-opt ic communicat ion sy stems [ l ] . One of the methods that cm ov ercome this l im itat ion is using
inj ect ion- lockcd sem iconductor lasers. Inj ection-locked sem iconductor lasers cm otref- rcd¤ cd
chirm - [2] and lalg a - modulat ion bandw idth [3-4] w ith the proper a£ o M ent oH U ed - n parameters

such Ä iM ecum rat io a d f requency detuning- In this paper, the large signal characteristics of
inj ect ion- locked sem iconductor lasers and their per formances in opt ical u ansm ission sy stems are
analyzed in dctai l - T he rate equat ions for a single-mode sem iconductor laser under opt ical inj ection [5]

are numerical ly so lv ed f or the N RZ modulat ion format at the bit rate of 2 .5 Gbps. T he conf igurat ion
used f or the simulation i s i l lustrated in F ig . l . The laser parameters are obtained f rom [ 1] , w here the
l inew idth enhancement factor of 5 is used. T he emitt ing pow er of the slave laser (SL ) is maintained at
about 3 mW for on state and l mW for off state, regard less of the i nj ected opt ical pow er.

T he transient responses of the lasers are show n in F ig . 2 for (a) Oee-running (no iMecu m ) and
(b) inj ect ion- locked (Af = - l O.6 GHz) lasers. T he inj ected opt ical pow er is -6 dB , den ned as the rat io
of the inj ected pow er to SL s̄ intracav ity pow er at d f state. T hc amount of f rcquem y dctuning × ï is

selected so tha the result ing B ER is opt imal at the given inj ected pow er. T he bit sequence ®used for

simulat ion is { l , O, 1, l , l , O, O, O} . A lso show n in Fig . 2 are the transient changes in lasing * equency.
It is clear ly show n that inject ion lock ing prov ides a sign i f icant amount of ch irp reduct ion.

T he infh ence of chirp reduct ion on transm ission performance can be i l lustrated w ith eye
diagrams show n in F ig. 3 . T he ey e diagrams are obtained w ith random ly generated 27 bis - In contrast

to n ee-n m fl ing lasers, not much ey e closure is observed for inj ect ion- locked lasers even an er- l O0 km

transm ission of the f iber. I t can be noted n om the f igure that the -in it ial eye opening for the inj ection-

locked lasers is somew hat smal ler than that of thc f ree-running laser. T his rCSluts Rom the higher
relaxat ion osci l lat ion (RO) f requa lcy f or inj ect ion- locked lasers. We End tha the R0 n equem y

increases w ith the im- - d pow er.
T he infh ence of inj ect ion lock ing on transm ission B it Error Rate (B ER) is show n in F ig. 4. The

truncated pulse train, Gaussim approx imat ion method [ 1] is used for B ER calculat ion. For 100 km of
the f iber, the increase of the external opt ical inj ect ion helps improv ing the BER . T his is mainly
attr ibuted to the reduced ch itp by inj ect ion lock ing.

T he dependence of the receiver sensit iv ity at 1o-9 B ER on the f iber leng h i s examined in Fig. 5.

T he B ERs for Gce-running and w eak ly iMe non-locked lasers arc strongly inn - nced by the chim b-
and dispersion penalt ies of 2 .O dBm for f ree-runn ing and l .6 dB m for - 33 dB i fl ect ion- locked lasers
are observ ed. St rongly inj ect ion- locked lasers, how ever, havc much reduced chirp y- and have only

O.3 dBm dispersion penal. for Ç dB inj ect ion-
In summary, w e peIf ormcd large-signal analy ses of di rect ly modulated sem iconductor lasers

under opt ical M ed ¤ n, and demonstrated that the inj ect ion lock ing reduces ch im b- and improves
t ransmission perm -rnam es-

/ - ¢
R efer ences :
[ l ] J. C . Cartledge and G . S. B ur ley, J. U g u n- -¤ 7bc* nof ., vo l - 7, no. 3, pp. 5685 73, l 989
[2] G . Yabre, J. U « W w e P cAnd -, vol - l 4, no. l O, pp . 2362 373, l 996
[3] T . B . Simpson and J. M . L i t,, IEEE P* d on- P chad - L ea ., vo l- 9, no. l O, pp. 13224 324, l 997
[4] X . J. M ens ct al ., IEE E Ph mn D d nd . L m ., vo l - l O, no . l l , pp. l 6204 622, l 998
[5] O . L idoyne et al ., IEEE J. Quamum- H ea ron., vo l - 2 7. no. 3, pp. 3443 50, 199 1

O-78035 66 16 / 99 / $10 00 @ 1999 |EEE



¤ ¢ .

n *

P2Û ò LE0WPa ine Rim ̄ 99 f 917

¯-¤g r ¤-rÚ È ôJ- M L

¹ M Ur-- ¦¦ ¦, -®

M enuaor |

O p t i c a l

I s o l a t o r F i b e r

(b) Inj ection-!ock ing

aner O km

(a) Free-running
aner-O kmN RZ B i nary

I nfo rmation

@ 2 5 Gbps

Fig. 1 System configuration h l-simulation. T he
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