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We exp¤ j mental ly invest igate the dependence of

semiconductor l - er interm odulation distort ions (I M D s)

on f iber u m smission length. IM D s in f ib er optic l ink are

degraded over Uartsmi ssion thr ough dispersive f iber. We

show that I M D s cm be reduced and made less dependent

on f iber V artsmission lent- h by using inj ection-locked

D FB a d Fabu -- rot ¿ P) semi conductor lasers.

lock ing condi tions are satisf ied, improvements in l- er

dm m !cs such a Ä laxanon osci l lation f requency

® crease and Hequem y chirp reduct ion can be achieved

[4, 5].
W hen opt ical sip als produced by a di rectly-

modulated semiconductor laser are sent over f iber, their

mu d-order intermodulation distort ions (IM D 3) can be

degraded because of the f iber dispersion. There has

been not much investigation on thi s issue and w e report

results of ow experimental invest igation on the

dependence M D 3 deg adanon on f iber length. h

additi on, w e demons- ate that IM D 3 dependence on

6ber length cm be much reduced by using inj ection-

locked semiconductor lasers.
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Fig. 1 show s the experimental setup for measuring

IM D 3 dependence on f iber length for n ee-rumting a d

inj ection- locked semiconductor lasers. For inj ect ion-

f . f n fr a g- cn£,,

SubCa ria mult ip lexed (SCM ) f iber optic system

w i th direct laser intensi- modulati - 1 have many

appl ica - m such as w ireless local loop, cable telev ision

dis- -but ions a d f iber-radio sy stems. T he di rect

modulation of semiconductor l - er is a simple, low-cost

approach for u ansmin ing RF-range subcarr iers- H ow ever,

the nonl inear distort ions due to sem iconductor laser non-

l im arines a d f iber di spersion cm severely degrade

overal l system performance [ 1] .

H ence, it is needed to suppress sem iconductor laser

nonli near i t ies a d also to reduce I M D dependence on

f iber length. A s one method for suppressing non-

l im ar ines of sem iconductor lasers, optical inj ection

lock ing of semiconductor lasers has been w idely

investigated and found very e& d ive [2, 3] . The opt ical

inj ection lock ing scheme requires two l ight sources -

ma ter laser ¤ í ) a d slave laser (SL ) . T he l ight Rom

M L is inj ected into SL a d SL ¯s output is locked to M L .

Two mñ or parameters for the inj ection lock ing are

* equem y detuning - a q ua - y dig a - - e betw een M L

a d SL - a d inj ection pow er ratio . I f the injection Fig. 1. Exper imental Setup/ é ¢
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locking, the ex ternal -cav i ty u nable l ight source is used

for M L . For SL , a commercial - avai lable, f iber-coup led,

isom or-- ee D FB (Samsung SD L -24) a d FP (SaInstare

SFL -24, Aú= ~O.84mn) lasers are used. Optical i sd atos

w i th >50dB iso lation are used to prevent l ight coupl ing

n om SL to M L and protect the SL against bad ren - - d

l ight as show n in the Ge - e. For generat ing subcarri ers,

SL is directly modulated by tw ç tone RF signals ¹ =

2.80GHz, B = 2.8 1GH z) a d, consequent ly, third-order

intermodulation produc- (IM P3) a 2n -B (=27 9GH z)

and 2B -n (=2.82GH z) are generated. Standard single-

mode fiber w i th diHerent length n om 5 to 40 km is B ed

in the exper iment .

/ . ®

F ig 2. M easu r ed pow er spect r a of t he D F B-L D di r ect ly

m odu l at ed by tw o- tone R F signals af t er 3Ok m

t r ansm i ssi on f o r
(a) f r ee-r unni ng and ¼ inj ecHon- lock ed st ate.

, - - ¢ ¢

lengths. Overal l , the received RF pow ers at both

¥ ndamental a d IM P3 6 equer- - s decrease wi th

increasing f iber length a d this is due to the f iber loss

a d dispersion. H ow ever, thi s reduction is smal ler for

the inj ection-locked state. IM D 3 dependence on f iber

length is shown in Fig. 3(b) . In the n ee-running state,

Ib0 3 is - 20 1dB c back-to-back a d A N d- at

40b n u ansmission, w hich show s IM D 3 degradation of

l 3.5Õ B aRer 40km Uansm ission- In the inject ion-

locked state, IM D 3 is - 239 7dB c back-to-back and

- m e l d- at 40km Vartsm ission- The Ib 0 3 dev a-

danon is only 5.16dB in the inj ection- locked sa te and

is var iation is maintained w i thin about 5dB for the

entire Vansmission length. Compared to the 6 ee-

running sa te, the m ecOon- locked state has 122 3dB

reduct ion in IM D 3 for 40km fiber Vm smission-

X Ra d o

L D FB - L D

For both n ee-running and inj ection- locked states, SL

(D FB -L D ) is biased at 1500 ¢ 1.9I th) and di rect ly

modulated by tw o-tone RF signals. The pow er level of

both RF signals before B ias-T is kept at -O.8dB m . To

achieve the sa ble inj ect ion-locked sa te, the 6 equem y

oHset between M L and SL w as set at 4 .1GH z, w here

sa ble lock ing range about 5GH z, a d the inj ection ratio

at about - 6dB . Received RF pow ers at the ¥ ndamental

(B =2.81GH z) and I M P3 (2D -n =2 .82GH z) Bequer- - s

are measured w hi le the f iber length is vari ed in the

increment of 5 km up to 40km. In this condi t ion, the

IM D 3 dependence on fiber length for both n ee-running

a d i¦ ectimp lod ed states is investi gated.

Fig. 2 show s an example of the measured RF

spectrum at the & ndamental a d m m 3 * equer- - s in the

n ee-running a d inj ection-locked state aRer 30K m

transmission. Ib0 3 for the * eeo m ir- state i s - 9 83

dB c (Fi g. 2(a)) a d IM D 3 * r £ e inj ection- locked sa te

(F ig. 2(b)) is - 19 08 dB c w here m m 3 is denned as the

ratio of the pow er at IbP 3 * equem y to the pow er at the

¥ ndamental * equency. A bout 92 5dB ¢ reduction in

I M D 3 is achieved by optical m ecum lock ing.

I n F ig. 3(a) , the received RF pow ers at the

¥ ndamental a d IM P3 8 equer- - s are p lotted for the

n ee-running a d inj ection- locked sa te a various f iber

f L FP - L D

FP-L D is used a SL instead of DFB -L D in order/ é ¢ ¢
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F i g . 4 show s m ex am p le o f t he m easur ed R F

sp ec- a at t he & n d am en tal an d IM P 3 H equer- - s f o r

t he n ee-runn i n g a d inj ec t io n - lo ck ed sq - s aRer 2 Ob n

u a sm i ssi on - F i g . 4 ( a) sh ow s I M D 3 o f - 5 .7dB c in the

n ee- ru nn i n g state . T he RF sp ec- - n o f t he in j ec t io n -

loc k ed sa te in F i g . 4 (b ) sho w s I M D 3 o f - 24 2 1dB c .

18 .5 l dB redu ct i on in IM D 3 is ach iev ed w i t h inj ec t i on -

lock ed F P-L D . I n F i g . 5 (a) , the rec ei v ed RF p ow ers at

£ e ¥ nd am ental and I M P 3 * equer- - s ar e p lo tted f or

the n ee-r un n i n g an d inj ec t i on - l ock ed sta tes. I n th e

n ee-r un n in g sa te , t he r eceiv ed RF p ow er s at the

¥ ndam enta l a d I M P 3 * equ er- - s show a si gn i f i cant

f l uc tuat ion , w h i le the rec eiv ed RF p ow ers o f n ee-

r un n i n g D FB -L D decr ease m ono tonou s- . T h e

n u d um on sh ow n b y t he n ee-r unn i ng sa te i s rel ated to

the m o da l d i sp ersi on o f F P -L D [ 7 ] . F i g . 5 (b ) show s

m at IM D 3 v ar i at i on f o r inj ec t ion - lo ck ed F P- L D is

b ound ed w i t h in ab ou t 5 dB f o r the en t i r e V an sm issi on
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Fig. 3. (a) Received RF power at B and 2B -n
@) D 4D3 when DFB-L D is used a SL .

to investi gate the ð Ê )3 dependence of FP-L D on f iber

length. SL is again biased at 15mA ¢ 3.3I th) a d di rectly

modulated by tw o-tone RF si gnals at f 1= 2S I GH z a d

O = 2.82GH z. The pow er level of both RF signals before

B ias-T are kept at - OR B - L In order to achieve iMecum

locking, one inj ection target mode among FP-LD ¯s

multi -modes is chosen and M L is tuned w ithin the

locking bandw idth. In this exper iment, w e chose a side-

mode located at the shorter w avelength side n om the

peak mode SO mat the la ger inj ection lock ing bandw idth

cm be uti l i zed [6] . Since the optical power of the

inj ection- locked FP mode is much smal ler compared to

that of D FB -LD ¯s ¥ ndamental mode, the inj ection

locking bandw idth is much la ger for FP-L D than D FB -

L D . H ence, injection locki ng of FP-L D can be achieved

more easi ly than D FB -L D . The inj ection ratio betw een

bí a d FP-L D target mode is about a .m ¤ a d the

sa ble lock ing range is about 30GH z.

2 . ¤22 . 7 ¤ 2 .a o 2 . . .
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Fig. 5. (a) Received RF power at B N1d 2B -n
(b) IMD3 when FP-LD is used as SL.

range, which is quite comparable with that of the

inj ection-locked DFB-LD.
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4. Conch sIons

We have exper imental ly shown the dependence of

IM D 3 of directly modulated D FB - a d FP-L D on f iber

length and mat IM D 3 cm be reduced by opt ical inj ect ion

lock ing of both D FB - a d FF L D . IM D 3s for n ee-

running sem iconductor lasers are degraded due to the

combined effect On t¤ semiconductor laser nonl ineari t ies

and fiber di spersion. B ut , in the iMe non-locked case,

semiconductor laser nonl inearities are suppressed, and

the inn u- - e of f iber dispersion is much reduced. In OW

experiments, 122 3 dB reducti on in IM D 3 for D FB -L D

and 205 5 dB reducti on for FP-L D cm be achieved w ith

inj ection locki ng, a d IM D 3 var iation w as bounded

w ithin ~ 5dB for up to 40km u ansmission- In addition,

£ e inj ection- locked FP-L D show s almost the same IM D

character ist ics a the inj ectionzlocked D FB -L D ./ (
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