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We exper imental ly invest igate the character ist ics of intermodulat ion distort ions ( IM Ds) produced by

nonl inear-ities of semiconductor lasers a d f iber dispersion. In our exper iment, IM D s in f iber optic l ink are

degraded over m nsm ission up to 40Ign. We show that these IM D s can be reduced a d made less dependent on

f iber len- h by inj ect ion-locked semiconductor lasers.
¯ 3̄ -w

~~

¬ ) /

é¤¤. Po w- r Meter

s s . ,
l ML P- +¤ » +- -4 Pc p - - y é =é é

ÝÀÝí Ca W * * nzwJ£±
Tung M¤LD Cmooa y-r

O FB Ì D
- é é ¸

f n * odua l- ,,
Sub-carr ier mult ip lexed (SCM ) f iber opt ic sys-

tems ¤.w ith d irect laser intensi- modu lat ion have

many appl icat ions such as w ireless local loop, cab!e

telev ision distr ibut ions and f iber-radio systems. T he

direct modulat ion of semiconductor l- er is a simple
and low -cost approach for Vanstrut t ing RF-range sub-

carr iers. B ut- h the high-- equa lcy direct modu lat ion

systems operating at mult igigahert z range, non-

Hm ar ines of l i ght sources and tr ansmission process

may create harmonic and intermodulat ion produc- .

Because the intermodulat ion produc- exact ly & H

into m other channel of SCM f iber opt ic l ink , these

undesired produc- cm severely degrade overal l

system performance [ 1] .

H ence, it is needed to suppress semiconductor

laser nonl inear i ties and also to reduce IM D

dependence on f iber length . A s one method for

suppressing nonl inear it ies of sem iconductor lasers,

opt ical inj ect ion lock ing of semiconductor lasers has

been w idely invest igated and * und very e& d ive [2,

3] . Inj ect ion-locked semiconductor lasers show

improvements in laser dynam ics such a relaxat ion

osc i l lat ion Heqtlermy increase and Hequa lcy chirp

reduct ion [4,³ .
When opt ical signals produced by a direct ly -

modulated semiconductor laser Me sent over 6beL

their thud-order intermodulat ion distortions (IM D 3)

cm be degraded because of the f iber d ispersion. In

this papeL we repor t results of our exper imental

invest igat ion on the dependence IM D 3 degradat ion

on f iber length - In addit ion, we demons- ate that

IM D 3 dependence on f iber length cm be much

reduced by using inj ect ion- locked sem iconductor
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Fig. l . Experimental Setup
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l aser s.

E xp er i m en - an d R - su f -

F ig . l sh o w s th e ex p er i m en ta l setup f or m ea-

sw i ng I M D 3 d epend ence on f i b er len g th b r- @ee-

r unn i n g and inj ect ion - l o ck ed sem ic ond u ct o r l asers.

For inj ect i o n lo ck i n g , t he ex tern al -cav ity tu n ab le

l i ght so ur ce is u sed fo r m a te r l aser ( M L ) . F o r s lav e

l aser ( SL ) , a com m er c ia l l y av a i l ab l e , f i ber -c o up l ed ,

iso lat ot-- 6 ee D F B ( Sam su ng SD L -2 4 ) l aser s ar e used .

F o r gener at in g su bcar r i er s, SL i s d i r ect ly m o d u l at ed

b y tw ç t on e R F si gna ls ¹ = 2 B OG - , Z = 2 .8 1G H z) .

Stan d ar d s in g le- m o d e f i b er w i t h d i H er en t l en g th 6 o m

5 to 4 0 h m i s used in the ex p er im en t .

F or b o th n ee- run n in g an d inj ec t i on - loc k ed states,

SL i s b iased at l 5m A ¬ 1.9 I th ) an d d i r ect ly

m o d u l at ed b y tw o - to ne R F sig n als. To ac h i ev e t he

stab le inj ect ion - l oc k ed state, th e H eq uem y o tR et

bet w een M L an d SL w as set at 4 . l G H z a d the

inj ect i on r at i o at ab o ut d d B . R ecei v ed R F po w er s a

£ e m nd am enta l ( O = 2 .8 l G H z ) a d th i r d - or d er
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the ent ire transmission length. Compared to the n ee-

running state, the inj ection- locked state has l 22 3dB

reduct ion in l M D3 for 40km f iber transm ission.

Conc¤ , Mns

IM D3s fbr n ee-r unning sem iconductor lasers Me

degraded due to the combined e& ct of the
semiconductor laser nonl inear-i t ies a d fiber

dispersion. But, in the inj ect ion- locked case, semi-

conductor laser nonl inear it ies a e suppressed, m d the

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

exper iments, l 22 3 dB reduct ion in IM D 3 cm be

achieved w ith inj ect ion lock ing, and IM D 3 var iat ion
was bounded w ithin ~ 5dB for up to 4Ok111 Vm s-

H1lSSIon-

inter modulat ion products ( IM P3) g c n e -82GHz)

* equet- - s are measured w hi le the f iber length is

var ied in the increment of 5 km up to 40Ign .

Fig. 2 show s m example of t he measured RF

spectrum at the nmdamental M d IM P3 Hequa lCies in

the n ee-running and inj ect ion- locked state aRer

30Km transmission . IM D3 for me n ee-running su te

(Fig. 2(a)) is - 9.83 dBc M d IM D 3 * r £ e inj ect ion-

locked state (Fig. 2(b)) is - l 9.08 dBc. A bout 92 5dB

reduct ion in IM D3 is achieved b y opt ical inj ect ion

lock ing.

In Fig. 3(a), the received RF powers at the

¥ ndamental M d IM P3 Hequet- - s are plotted for the

n ee-running and inj ect ion- locked state at var ious

f iber lengths. Overal l, the received RF powers a both

nmdamental a d IM P3 * equa - - s decrease w ith

increasing f iber length and this is due to the f iber loss

and dispersion. However, this reduct ion is smaller fbr

the inject ion-locked state. IM D3 dependence on f iber

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

IM D3 is - 20 1dB c back-to-back and - 6 5 8dB c a

40km transm ission, w hich shows IM D3 degradation
of l a u dB an a - 40lqn u m sm ission- In the inj ect ion-

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

- l 8.8 l dB c a 40lqn u ansmission- T he IM D 3 dev a-

danon is only 5. l 6dB ¹ the inj ect ion- locked state

and is var iat ion is maintained w ithin about 5dB for

-4¤-

R ì Fen ces

[ l ] E . Per a l , et a l ., J * g * rw a ve P cAn d -, VOL l a pp .

84 , 2 0 0 0 .

[2] G. Y. Yabrc, et a l ., fH E J C Ham m U n pop--, vo l- 33,

pp . l 132, l 997.

[3] X . J. M ens et al ., E EE n om M Icr ow ave Theory

D c* nq ues., vo l4 7, pp . I l 72, l 999 .

[4 ] R. L ang , fEEdE J . Q uan tum U ectr o --, v ol - l 8, pp . 976,

l 982 .

[5] G . Yabrc, J U g Am ay- 7µcArd ., vo l- l 4, pp. 2367, l 996.

¤1 0

- ¢
E . z o
.
¢
¢

Í 4 0

.
£
® -4 0
®
q

¢ £ £
.

¢
¢

.
¤ -® ¤
.

q

-7 0

- ---a n n o

- enu- ®..£® ®® - --- ----

6 1 0 t S 2¤ 25 30 36 40
. . .Z . ¤¤

± ̄
-4 ¤

E -50 º
q |
V |
¢- |

Í ¤¤4
. |
. |
® |t ¤7¤d
®
.
.

® - ¤ ¤ .
u I
.
q

õ ¤1 ¤
Õ o

¢

= -1 5
£
Í |

-. .

-2 5 |

2 . . £ Z . ¤¤2 . 7 ̄
¦ ¤ o5 2¤ 2S 30 3S 40

H * ¤r L ¤±± ± f* m»

± ¯
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Fig. 2. M cs w cd power spec- a of dire tly modub - d DFB-LD

by m o tor- RF signals aRcr 3Okm tra mmission h r

(a) Rcc- running and (b) iMe non-lockcd State.
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