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A b st r a c t

Tw o laser so urccs w crc f rcqua - y lockcd indcpendentl y to the cor respond ing f ul l -w idth hal f -

max i mum he quer- - s of thc charactw ist- transmission curvc of a Fabu P en d etal on. Var i ablc

f req ¤ ncy m m-w avc signal w as gcneralcd by the usc of hctcrody nc m ix ing tcchtuque- Sidc mods and

modc hopping character istics in commercial , high-pow cr, nar row l i t¤ w idth D FB L D s̄ arc d iscussed .

K eywor ds: frcquem y stabi l ization, l¤ t. £dync mixing, fu1l-w idth half-maximum frcqua - y of Fab y-

Pa rol ctalon, modc hopping, high powcr DFB LD

I . I ntroduction

Various techniques for SOIerating HIm -w avc photonic ca r i a have bcen di scusscd by many

authors. H etcrodync m ix ing s Ita r- i s onc of the commonly uscd tcchnique in thcsc

appl i cations, because harmoni c distor tions in thc card cr are inha u ld y smal l and any

modul ation f ormat uscd in m icrow ave w i rcless communications (A SK , FSK , PSK , 0 PSK ,

M PSK , ctc.) can bc a nn o- d casHy [ 1-Ì . In this $ 110 11e, w i relcss communicati on Ca r ia

w ave is gcna a¼Cd by mix ing tw o, narrow l incw idth, f rcquo - y S abin - d lasers in a w idcband

photodiodc. Dcpa n ne on thc data modulat ion format, ci ther one of thc l ascrs or both l ascrs can

bc ampl i tude, phase, or f rcquo - y mod ua d - T hese tw o beams are sent to an MUCIn - through

an optical f iber l i nk and m ixed at the highs - ed phoIodid e- T he- - re, data cart-- d by thc
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o p t i c a l c a r r i e r c o u l d b c d o w n c o n v e r t e d t o t h c d es i r e d i n t e r m e d i a t e f r eq u e n c y p h o to e l ec t r i c

s i - a l a n d u se d f o r w i r e l ess c o m m u n i c a t i o n s .

F r e q u e n c y s t ab i l i t y o f th e l as e r s a r c v e r y i m p o r t an t i n t h e h CI a o d y n e sc h e ft - - f l o w c v c r ,

ab so l u t e f r e q u en c y s t ab i n a t i o n o f e a c h l a sc r i s n o t n ec ess a r y b c c a u sc t h c w U d c ss

c o m m u n i c a t i o n f r e q u e n c y i s g i v e n b y t h e n e o n-n c y d i H er o - e b c tw e en t h e tw o l a se r s .

T h er ef o r e , i t i s e sse n t i a l t o m a i n t a i n t h e f r c q u a - y d i g a - - e a t t h e c o n s t an t v a l t ¤ - O p t i c a l

p h a se - l o c k ed - l o o p ( O P L L ) tï cÄCd£ Ihh1HmInm1HiÏ qÑtu¦½.e h a s b e en tuÄ½BsÄcd d ex t en s i v e l y f o r l o c k i n g t h e r e l a t i v e

f r eq u e n c y b ed tw c ea In 1 t h e tw o lhaÄSÄcawIrB .s a t t h e d e s i r e d v a l u e . A l t h o u g h O P L L c an p r o v i d e an c x c e l l a H

f r eq u e n c y s t ab i l i t y a n d i t c a n b e i n t c g r a t e d i n t o a sm a l l s i z e h y h r i d c o rm o ri o n [ H . t h i s

t ec h n i q u e h as t h e f o l l o w i n g d r aw b ac k s : 1 ) I t r e q u i r es h i g h f r eq u e n c y rm e r o - - v e c o m p o n e n ts

su c h as o sc i l l at o r s , m i x e r s , a m p l i f i e r s , a n d so f o r t h . 2 ) I t r c q u i r e s v e r y n a r r o w l i n ew i d t h l ase r

so u r c e a n d / o r v e r y sh o r t P L L l o o p l e n g t h . 3 ) M a n u f ac t u r i n g c o s t i s ex p e n s i v e .

W e p r ese n t h e r e a n ew a l l - o p t i c a l m m - w av e p h o t o n i c c a r r i e r g CI te r a t i o n sc h e m e u s i n g tw o

f u l l -w i d t h h a l f - m a x i m u m ( F W H M ) f r eq u en c i es o f t h e F a b u P en d ( F P ) e ta l o n as t h e r e f e r e n c e s

f o r f r c q u o - y s ta b i l i z a t i o n . T h e i n t e r m e d i at e f r c q tn an c y b e tw e en tw o l ase r s i s g i v e n h y t h e

F W H M b an d w i d t h o f t h e F P e ta l o n .

Fig. 1. Exper imental arrangement .

I I . Exper imental A r r angement
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Hncw idth D FB L D ¯s (L uccm , D 2525P34 and 246 P¢ f or the l ight sourccs. Output l ight f rom

hc D FB L D is div ided into tw o f ibcrs by thc use of 3dB coupl er. One of thc bcarts w as scnt to

Ihc comm unication systcm and used for thc opucal mm -w ave ca n a , w hile the other ba rn w as

Ò ¶ ¼0 thc FP ctalon- T he beam w as coM ma- d and transm i t ting th ou- the FP etalon . Intensi ty

of thc transmittcd beam 1S moni tored by a Ge photod ode- T he transmission char- - ris i cs of

l hc FP etalon uscd in our ex periment are show n in F1g . 2 . T he f ree spectral range and FW H M

M ndw idth of the FP ctalon w as 337 GH z and 21.7 GH z, rcspCCUR ly- In the v icini ty of FW H M

!rcquem y, {he transmi ttcd bcam into 1shy clu ngcs approx ima- - l incarl y w i th the lash-

{rcquo - y chan- - InM IS ty clu ngC W1th re p¤ t to thc com m onding FW H M intensi ty w as

dScd for an crror signal for thc active f ccdback control of l ash - f rcquency. One of the tw o l asers,

say the onc in the dotted rcgion (b) in Fig . 1, w as Oco - - y l ocked to the low er f req¤ - y

FW H M point w hi le the other w as locked to the higher f requency FW H M point.

FP ctalon w as placed in thc tempo aturc control led cnv i ronmcnt . T he tcmpea u - w as

maintaincd at sl ightl y abovC ¼hc room temperatuns w i thin ¾.1 K . Since thc C0CHi c- m of thermal
mequem y chant- in a fuscd si l ica etalon is about 7 .7x 1o-6 K ³ in p inu plc, w c expectcd ba ter

{han PPM f requency stabi l i ty.
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Fig. 2 . T ransmission chara to m ics of thc FP ctalon -

I I I - Exper imental Results and Discussions

T he f requency spectrum of the heterodyne beat sign- is show n in Fig . 3, w hich show s that
{WO D FB L D ¯s w crc f req¤ ncy locked to the cor¤ sponding FW H M f requa - - s of thc FP etalon.

A t the present m0Inn- nt, how ever, w e w ere not abl e to obtain long term stabi l i ty for mm -w ave

upl ical carr ier gcncration- A s show n in Fig . 4, D FB L D ¯s lost thcir lock ing condi tions af tcr 30

minutes running time. Wc found f rom thc beat measuremcnts bctw ccn D FB L D and a tunable
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L D that the- w ere sidemodes i n the high pow er D FB L D ¯s, w hosc modc spacing w as

approu ttla d y 4O M Hz and thc lasing mode w as hopping to thc no shbor ing Sido node as the

lash- condi tion v ari ed. W e could not ex plain the reasons w hy ti lesc side modes w ere presentcd

in the high pow er D FB L D ¯s. W e bCl io e, how evcr, that the sidemodes and mode hopping

characteri sti cs are f undamental phenomena originated f rom the spati al inhomoga m y caused by

nonl inear opt ical K err eHcct in the high pow er D FB L D gain region.

Fig. 3. 215 GHz HIm-wavc carrier gcnerated by heterodyl- mixing of two f rquem y

stabil ized DFB LD¯s.

Fig . 4 . H eterodyne mix ing si - al af ter approximately 3O mi ntHcs stabi l ization period. T he

D FB L D ¯s l ost thei r l ocking condi t ions because of the mode hopping occur- d in the lascr.

I X Summar y and Conclusions

We have proposed new l¤ t. £dyne scheme that can be used for gcneration of mm-wave

optical Ca ria - This technique is truly al l -optical , because any m1crowavc or mm-wave
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componcnts w crc not used for s cr¤ rating thc carr ier. T herefore, our al l o w - al scho nc can

rcd¤ c the manuf acturing cost signi f icantl y, and w e bel ieve that the ent ire system show n in Fig .

| can bc imcgrated into a smal l size component. We also found that commercial , high pow er

D FB L D ¯s arc not appropr i atc l ight sources for our appl i cati ons bccause of side modes and

mode hopping character ist i cs.

R efer ences
P | L .N . Langley, M .D . El ki n, C . Edge, M J . Wale, U . Gl iese, X . H Ila - , and A .J. Sccd, ° Optical

Phse In ckcd h op M odule for U se as a 9 GHz Source in PIu scd A rray Communications

A Il - nna,± Tech D ig . M W P¯98, 14 14 42 ( 1998) .

{ 2 ] U . G l iesc, ±CoI- - nt Fiber -Optic L inks for Transmission and Signal Processing in

M icrow ave and M i l l imeter -W av e Systems,, Conf . Procccd., M W P ¯98, 2 112 14 ( 1998) .

[ ³ U . Gl i ese, N iclscn T N , N orskov S, Stub³ aer K E , ±M In du na - nal f iber -opt i c m icrow ave

l inks bascd on rCHId e ho w d y - detection,, IEEE T rans. M icrow av e T heory Tech., 46,

4584 68 ( 1998) .
|4 R.C . Sled c, ±Optical phase lockcd loop using S I11iconductor laser d10dcs±, ElccHon-L ett-,

19, 69-70 ( 1983) .

[® L . G . K azovsky, ±B al a - cd phase-lockcd loops for optical homodyne recciv¤ s :

performancc anal ysis, design consi derations, and l ascr l inew idth requirements,± 1EEE J.

L ightw ave Technol -, 4, 1824 95 ( 1986) .

[6 ] U .Gl ¤ - , ct . al ., ±A w idcband hg o ody - 3 optical pIn sc l ockcd l oop for gent3ration of 34 8

GHz microw ave cam a s,± IEEE Phot . Tech. L a t., 4 , 9363 38 ( 1992)

/ ®

/ -¢

- 1 58 -


