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Abstract

This paper presents a novel schem~ of
a balanc~d optical communicat;ic)rr link
intended to reduce the effect of the
t;ransrnitter Iawr lllN on the I;cr”kal. noise
“figure and dynamic ranq(: of the link..
Ti-le metljorl is bated on $p:l.it;t;in(j “tt-lti
la5erfs power int~ two fibersr and
modulating only 01-1[: brar’Icl’I by l;l-l(? RF
signal. Flai.ntaininq p~rf(sct amplitxde
and phase balancing al:llcrw{~ complete
cancellatiori of’ ‘the ~~$>~). 1?1N,, 1n
practice, to achieve 20 db uf la~ur
noise reduction an ampli’kudr? Ijalancinq
of 0.3 db or ptiase balancing
degrees is required. To maintai,Y”’id_~
balancing under changing condi”kions it
miglit be n~c~ssary k l~$j~ an adaptive
circuit. The method presented is
particularly important fcw microwave
high dynamic range link.sy which may bb
limited by laser noise.

Introduction

Today crptical communication :Links are
being used fc)’r a ~aieie.~y Crf
applications, from computk+r local area
network.% up “Lo :lonq-hau]. telephun~
links. For most applications We
existing commercially available links
can meet all tkle important specification
requirements. Vie limitations of
existing links are apparent for hiqh
frequency imicrowave:) applications, for
Iiigh dynamic range sys’bms and specially
for applications combining both. As far
a5 frequency is concernedly today
commercially available Iir\k.s exist up to
12 GHx, and it is expecf;rsd ‘that shortly
it Uill reach “H-IQ 20 GHx rhayk.. l%@

dynamic range of most available links is
quite lcrw ~4(j--5O db:), specia:[ly for
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tW = EIWk.Tll = L + EIljl,-/l~.TU (3:)

In EqL(ati.on 3 kt’le s I-Io L noise it

assumed negligible. (lbviously, to reduce
the overall noise figure of’ {;h~ link. one
%hoLlld i-educe “tkk? l~nl<. 10%s, L$ al)d
redL(c@ ~a~~r n~i~e. T~le y@dL~ckion ~jf

link loss I-ln!j been di~cussed r?x”k~nsiv(?ly
in the literature and the apprrjaches to

acliieve it are well documented ~op”i;ical
and electrical COL(pling improvements
laser and detector efficiency
improvement? etc. :). In thisi paper we

present a method to reduce ‘the e’ffec”[; of
laser noise~ which might be the largest
source of noise for microwave optical
links.

The new link, architecture

nmdL(:l.at(?df WI-111(? kl”ic! :.;P c (Ji’1L1 b r A n c h

‘the two det~cturs a.r~! combined in an
OLl”b-O”fphase RF [m~crowave:) comblnei’.

n-le tWCI ‘[Afqp & phi” boxes represent

amplitude and phase equalizers intended
I;o achi~ve equal loss and delay in the
‘tw(.l branches=

For an ideal b;ilancing of’the optical.

is ~mpc~rtant ‘to riot;~ that any delay

di”f’ferencr? be’L’ween the “kwo paths st’irjLl~d

be very small relakj.ve to the Ftt_j_erlod.-— ...-
(nok Llie opk.i.cnl pwriod:)Y wiii(;h i?, a-.—
reasonable requirement. ~.~; ‘j~ easy to
verify that under ideal balanciny
conditions “the OLltpLi”t Of the f~r~.~

optical d~tector Ls proportional to the

I101$3(?. “hLIS, “khe (]ut.-of-pha~e combiner
cancelf$ OL(’t -M-l(+? laser noise
contribution? and an AN noise-trw
signal is reproduced at the recei.vergs
Uut;put,, The disadvantage of “the proposed
dual link. is t!”I(,! increased cas”t due to

Several attempts have been made in + G.LMbas,V.W.$.ChimT.K.l%WA”AlhIalIWctoT
btie past ko cancel the laser nojse of GpticalHekrodymRec&rfcrLocalWlkktcirwe
optj.cal link.s~ mo~~ of w~jick, c~]ncen.trate hpprtiion”,Jdif@htwweTwhn&gy,Clctctbw 19M
on noise reduc~ion of ‘khe LO lascw in a

~. 11OI-1L2
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additional hardware requirements
compared “to ‘the siriqle--end~d lirik
(optical power divider, ‘two optical
detectorii Y equal ~.xersv Crmmbi.nei” and “k~J(J

fi,bers:~. Therefore, this :1.ink. ‘jfi
recommended for applications in which
the increased dynamic range and
decreased noise figure ar~ o ‘f
impor.kal]ce.

Analysis of the proposed :1.ink.

Ttle degree of laser R:[N car)cella’ki(~n
is strongly dependank on the amplitude
and phase balancing. D(?no”k(?
k.db=~olOCJ(k.:)”bhearrlpli.tL\Lleunbalance i n

db [th~ link. loss di,f”ference b~ltween tlw

two paths:)ti Denote # We ph;:kse unll;llanc~
(phase (Jiffer(jn~~ be.~w~?~l-l “L1-le ‘kwc)
paths:).

Assuming a sinqle sin~ wave at
microwave frequency as i;tie modulakil]q
signal it is possible to calculate ‘the
signal to laser nuise ratio at the
receiver L)l(tput fur both FJ
“cunvcnkional” ‘ii~rlql. e-wldwl Ii. nk and th~

new balanced link. The improvemertt
achieved by kkle balanced link. can be
demonstrated by
S/N. The result

R ‘“ k.q / (kq

Eq” 3 can be
sensitivity of
effects= “h_iis is best clemonstrated by

plotting curves of constant R in the k-g
plane. From Eq. ;] klle r;rjllstant R CL(VV(?!5

are:

cl-1/R:) k~ ‘- 2k~ (:0s1 “+1 * o (5:)

Fig. 2 depicts the ~ffec.t of

amplit~(de and phase LtnlJalance on t;he

degree of laser RIN cancellat~uri. :15 db
and 20 db cancellation curves are shown.
Tlie yraphs show that a 20 db RIN
r@dLICkiOn 15 di’fficLllt bLl”h “fPaSlh~@ “
amplitude balancing of 0.5 d b wi .~l-,

perfect phase or phase 13alancing of 6
degrees with perfect amp ].it;ude j,~

requirL?d. TO maintain .~t,@ ~lN
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