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The opt ical analog t ransmission of G Hz-range

signals is mcent ly att ract ing m uch interest f or W L L
(w ireless local loom - C AT V. and satemm ss tem
apphcanons- l n ¼hese apphcanons, dlr¤ t modulat ion
of a semiconductor laser diode (L D) is used for
transmitt ing signals mult iplexed by RF-range sub-

carriers. Consequent ly, the L D non-l inear i- becomes

a key issue in the system per formance because it can
impose signal distort ions by inter-channel

interference, which l imit the number of channels Ä

wel l as transm ission distance Ì .
One method of overcom ing the L D non- linear i ty

problem is using the opt ical inj ect ion lock ing (O IL )
technique Ì , where l ié t n om an external laser
(master laser, M L ) i s inj ected into the signal
transmitt ing laser (slave laser, SL ) as shown in Fig l .
When SL is locked to M L , h can have modulat ion
bandw idth enhancement and chirPAtoise reduct ion [2] .
In this paper, we per form numer ical analy sis of
inj ect ion- locked lasers to show that inj ect ion- lock ing

improves LD non- l inear character ist ics m d
exper imentally conf irm it . We bcl ie- that th is

conf irmat ion is done for the n rst t ime-
T he numer ical analysis of inj ect ion- locked lasers

is based on L ang¯s equat ions [3] in which the laser

nonlinear character ist ics are descr ibed w ith the gain
suppression term in the rate equations. The
simulat ion parameters are obtained n om [4] . For the
simulat ion, two r f-sources d i = 2.5 GHz and ô == 2.7

GHz) w ith the same ampli tude ð f) are used in order
to direct ly modulate the SL . The SL output spectm m
is obtained by fast -Four ier-trans- m ins the output
power of SL laser calculated by the RtInge-K utta
integrat ion of L ang-s equations.

Figure 2 show s the ampl itudes for non ary- ntal
and harmonic components of L D output spec- a Ä
¥ m u on of * f or (a) n ee-running (no opt ical
iMecum1) and (b) inj ect ion- locked (R = -79 dB , Af =

- 15 GHz) lasers. R is the power 1mecu m1 ra lO
denned as the rat io of M L s̄ pow er j ust outside the
SL s̄ h cet to SL¯s em itt ing power under no opt ical

inj ect ion- T he second inter-modulat ion products

( IM P. at î +ô and 2î , and th ird IM P at 2ô £ are
smal ler for inj ect ion- locked L D than for n ee-running

L D . The sl i- t di f ference in the amp litude of the
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n tru ant- nal term V I) is due to the change in L D
dy nam ic character ist ics caused by inj ect ion lock ing.
Thi- k Rk nr ry in H el l- - ¢adu--p Yhp 2B mHhd - ®aF

several * equem y components are compared for * ee-

running and O IL cases. l t is f ound n om Figure 3 that
the external opt ical inj ect ion suppresses the th ird-

-order IM R 2* -L , by 6~25 dB w ithin the range of

2Ï GH z.
Figur e 4 shows the exper imental ly measured

spec- al a m ind s at î , î +ô , 2î , and 2ô £ Ó
vary ing RF currents (î = 2 .5 GH z, and î = 2.7 GHz) .

For the measurement, m ex ternal-cav ity u nable L D
is used for M L and a D FB -L D (Samsung SDL24-B l -

3) w ithout isolator is used for SL . SL is dc-biased at

2¿Im (Im = 7 mA ) . We have not yet quant if ied the
input current loss due to impedance mismatching-
Figure 4 i l lustrates L D non- l inear ity improvement of
0 IL (est imated R = 3 dB , Ak = 0.078 mn) over n ee-

running case. A s the appl ied current is increased, the
spectral ampl itudes of the n ee-running laser get
saturated because, we bel ieve, over-modulat ion cl ips

L D output . In the meanwhi le, OIL amp li tudes over
the same current modulat ion do not san tra- itself .
We bel ieve that th is is related w ith the decrease of
L D threshold a m ent w ith the inj ect ion lock ing [5] .

Figure 5 shows the measured ¿ spectra for * of 5
dB m. The OIL f undamental modulat ion product and
third IM Ps are smal ler than n ee-running ones as

expected Rom the numer ical resu lts. T heoret ical and
exper imental results are in the qual itat ive agreement
although the parameters used in the simulat ion do not
ref1ect the parameters for the L D used in the

expen ma n-
We bel ieve that the IM P suppression w ith O IL

can f ind use- l app l icat ions in opt ical analog
t ransmission systems. Future work s w e in progress m
order to ident ic the exact cause for non-l inear ity

reduct ion w ith opt ical inj ect ion-
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