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A nd , i ts modulat ion bandw idth w i l l impose the

l im i tati on on the accessibl e * equem y range 111

w hi ch the data-si s al can bc up-conven ed .

h order to avoid the l imi tat ion of si s al

up-conversi on f requency, the al l -opti cal approach

is attracti ve, w here opti cal IF-data si- al and L 0

si - al havi ng di Hero n w avelengths are uti l ized.

In [4] , Tsuch- a and H ostHda presented the IF-

data sis al up-conversi on to the mi l l imeter-w avc

f requency tak i ng advantage of the nonl inear

photo-detection behavi or of a hi gh-speed phot-

detector (PD ) . N ow tha the opti cal heterodyne

methods for the opti cal generati on of M gh

* equem y L O si gnal s using a rel ati vely l ow -sp ed

I . I n t r od uct i on electr i cal osci l l ator are already dem onstrated [3,

T he fib er-opti c transmi ssi on of mi l l in - - r- 5] , thi s al l -opti cal approach can avoi d the need for

w ave si gnal s has attracted at tent ion for br oadband hi gh-speed electr ical oscil l ators and high-speed

access radi o systems because it al low s the opt i cal modulator in generat ing L O Gi - - s. T he

central izat ion of comp lex equipment at one central signal up -conversion f requency i s l im i ted by the

off i ce and the simpl i f i cat ion of base st at ions [ 13 ] ¤ phot- detecti on bandw i dth of a photo-detector but

For the i ncrease On t¤ total data t ram c capaci ty, the i t i s usual l y much w i der than tha of the opHa l

W D M technique can be introduced to the modu lators. T he si - al conversion em d em y i s,

m i l l i m eter-w ave-over-f iber transm i ssion . Recent ly, how - er, very low .

R . A . Gr i m n et af - dem onstrated the m i l l imeter-

w ave-over -f iber di st ri but i on [2] w here the W D M h thi s paper, w e present an all -opti cal

data sig n l s hav ing di ff erent w avd ent¤hs w ere up- si - al up -conversion schem e ut i l iu m;

conven ed to m i l l i meter-w ave Rem-- ¤ y using one semi conductor optical att¤ l i n er G O A L w hi ch a n

M Z M . H ow ever, the signal up-conversi on usi ng avoid the incMa tt l ight polar izat ion probl em and

M Z M has several probl ems. Fis t , M Z M is compensate opt ical losses and i mprove sig n l

inherentl y sensi t i ve to i nci dent l ight pol arizat ions. conversion eHM erc y w ith S0 A intr insic gain-

Secondl y, i t has the inserti on l oss of ab ut 5 dB . W hen opt ical IF-dau and L 0 si gnal s - propagate

4 bg rad

We present a novel schem e of upc onvertu-

the i nter medi ate Requa - y ( IF) si - al w i th the

opt i cal l ocal osci l lator ( L O) si - al at K -band usin g

S0 A . T he IF sis al i s generated by the di rect

modulation of a D FB -l aser- at l GH z. T he 25-G H z

L O sis al i s obtaincd by the D SB -SC (double

si deband suppressed optical cam eo m odulati on of

a M ach-- hnder M odulator (M ZM ) . W hen thesc

tw o signal s hav ing di ff erent w avelent- hs propagate

sim ul taneously in S0 A , signal up -convers on can

be observed.

K ey W or ds: A l l -opti cal si - al up-conver si on , SO A

~
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Figure l : Experimental setup fbr al l-optical signal up-conversion using SOA . L SB and USB mean

lower and upper sidebands at î o-f 1F and ¥ o+f IF respectively.

through SOA , si - al up-conversi on occurs by the

cross-modulati on eHect of SO A in the opt ical

domain . A previous study dem onst rated the si - al

mi x ing of tw o mi crow ave si gnals of 5 GH z and 6

GH z at di Hero n w avel eng hs in SO A hav ing sm al l

si s al bandw i dth of 9 GHz [6] . In thi s paper, w e

show the f easibi l i - d up-conver ti ng opti cal IF-data

signal w i th opt ical L O si s al beyond SO A

modulati on bandw i dth. For the opt ical generation of

L O-signal s beyond SO A modulation bandw i dt h, w e

employed the M Z M D SB- SC m odul at ion technique.

H . E xp er i m ent and Di scussi on

Fi gure l show s the experim ental setup f or

al l -opti cal si - al up-conversion w i th a polar izat ion-

insensit i ve S0 A . IF-data and L O si gnal s co-

propagate through SO A and cross-modulate each

other i n SOA . T he L O si - al * equa - y (25 G H z)

used in the exper iment i s much h igher than the

modulat ion bandw idth of the com mercial SO A . In

order to obtain thi s opt ical L O signal , w e emp loyed

a M Z M bi ased at V . to perform the D SB- SC

modul at ion technique. T he M Z M w as m odulated

w i th an electr i cal osci l l ator at 125 G H z to obtain

the L O si - al o f 25 GHz w hose * equa - y w as

chosen because of the l im ited M Z M modulati on

bandw idt h avai lable. T his l im it ation can k

avoided by ut i l izing t he opti cal heterodyne

method for L O si gnals. T he opt ical peak pow ers

of + l and - l sidebands coul d become larger than

that of the opt ical car rier by > 10 dB by the proper

a£ usm 1ent of the elect r ical modulat ion pow er.

IF -data signal w as p roduced by the di rect

modulati on of a D FB -L D . 1 GH z IF-data and 25

G H z L O si - al hav ing di Het-- u w avelengths w ere

combi ned together by using an 1x2 f iber coupler

and optical ly amp l i f ied by ED FA before SOA .

Each opt ical pow er w as ad usted by a vari able

optical attenuator SO that the IF-data sig n l peak

pow er w as kept at O dB m before S0 A in the

experi ment . Tw o opti cal i sol a- rs w ere p laced

bef ore and aRet- SOA to avoid the undesi red

opti cal feedback . N o pol ar izat ion control lers for

the S0 A input l ights w ere used because a

po lar izati on-insensi t i ve S0 A w as B ed in the

expen ma n-

Fi - re 2 show s the opt i cal spect ra of the

IF-data and L O si - al before and aRer S0 A . The

IF-data sis al w avelength £ F = 15538 8 nm) w a

separated f rom the L O si - al w avelength ¥ Ä =

1556 % nm) by about 24 run- From the optical

specm m o f thc L O signal in Figure 2-(a)

~
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T he + l and - l sidebands of the optical L O signal

at ú Lo w ere al so cross-modulated w i th the opt ical

IF-data si gnal at ú lF, w hich w as suff i c ient enough

fo r the si - al up-conversion because the l F-data

signal w as w ithin SO A gai n modul ati on

bandw idth . T he result s of the cross-modulated

sidebands of these + l and - l sidebands, how ever,

could not be di rect ly observed in the opt ical

spectrum because of the l im ited resol ut ion of the

optical spect rum analyzer used in the experiment .

T hese cross-modulated results could be also

observed w i th the electr ical spectrum analyzer

an a - the photo-detect ion as show n in Figure 3.

(measured at ®pt . A ¯ in Figure l ) one can observe

the + 1 and - 1 sidebands w hose peak pow ers are

larger than that o f t he opt ical carr ier at h £. T hese

m o si debands are separated by 25 G H z, w hich is

m ice the M Z M dr i v ing * eque-- y of l 2 .5 G Hz.

Figure 2-(b) (m easured at ®pt . B ¯ i n Figure l )

show s the opti cal spectrum of the IF-data and L O

signals aRer S0 A havi ng the opt ical gain of > 5 dB .

In the shor ter w avel entFh separated by about 2 .4

nm n om k IF, FW M ( four-w ave m i x ing) modes

betw een these tw o signals are observed. T he

addi t ional sidebands around ú Lo are al so observed

because o f FW M betw een + l and 4 si dcbands of

L O signals. T he sidebands around ú IF, how ever,

w ere produced by the cross-m odulation w i th the L O

signal at úLo even though thei r m odulati on

eÓ d em i es w ere very low because the L O si - al

f requency w as bcyond the SOA gain modulat ion

bandw idth.

ê Ë H Y a -- ¦ ¦ ¦ .
-¤a c X 3 C s H * ¦ a c o ± ± ¤

ç O * Ä » m ¦ ¦ ¤
¤ SCXV a « d 0 .

Figure 3: Electrical spectrum aRet- si- al up-

conversion using S0 A .

F igure 3 show s the measured elect r ical

spectrum of the signals an er- cross-modul ated in

SO A as show n in Figure 2-(b) and photo-detected

w i th the hi p -speed PD . One could observe the

IF-data- si - al f requency at l G H z, the M ZM

dr iv ing f requency at 125 GH z, and the D SB -SC

modulated L O si - al Hequa - y at 25 G Hz. T he

low er sideband (L SB) at 24 G Hz and the upper

sideband (U SB) a 26 G H z could be also observed

at both sides of L O si - al as the resul t of data

si - al up conversion - T he other Hequem y

components marked w i th asterisks are the

harm onics produced by the di rect modul ation of

Figure 2: Optical spectra be- re and aRer

sig -al up-conversion using SOA.
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the D FB -L D f or the IF-data si gnal . One i nterestmg

po int in Fi gure 3 is that the L SB and U SB

frequency components have larger pow ers than the

IF-data signal * equo - y component by about 5 dB .

T his impl ies that the up-conven ed IF-data si gnal i n

S0 A can have a larger pow er than IF-data si gnal

because SO A i nt r insic gain i s d irect ly attr ibtl¤ d to

the ampli f ied up-conven ed I F-data si gnal . T hus,

SOA can prov ide the posi t i ve signal conversion

eHmiency rather than the negati ve em d em i es that

are common in the si- al conversi on schem es usi ng

external opti cal modulators [2, 7] .

T he signal up-conversi on using SOA has

advantages that it i s insensi t ive to the incident l ight

polarizations, is i ndependent of the SO A

modulat ion bandw i dth and can have the posi t i ve

conversion e¨ 1Ciency. H ow ever, the overal l system

noi se l evel i ncreases because S0 A prov ides

addi t ional noi ses as can be seen in Fi gure 2 .
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I I I - C on cl usion

We presented an all -opt ical signal up-

conversion scheme using S0 A and demonst rated

the feasibi l ity of signal up-conversion beyond the

SOA modulati on bandw idth . We found that this

si - al up-conversion scheme could avoi d the

incident l i ght polarizat ion probl em and improve the

conversi on eHi cier- y.
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