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Abstract 0 This paper addresses the subject of fiber optic
chromatic dispersion effect on the performance of analog optical
link with dual-drive electrooptic Mach-Zehnder modulator. To
thisaim a direct detection link model which emphasizes both the
modulator electronic drive and the dispersion characteristic of a
linear optical fiber is discussed. Furthermore, a mathematical
approach which yields a rather insightful analysis of the link
performance for either ODSB or OSSB optical modulation
formatsis fully discussed. It is worthwhile to point out that such
modeling has the special feature of relying on a uniform
nomenclature which enables oneto quickly retrieve awiderange
of known results regarding to optical fiber link performance,
which are already available on a rather ample literature. The
model usefulness is illustrated by predicting the dependence of
the performance of a direct detection fiber optic link with
respect to the RF frequency and link length. Results of
numerical simulationsfor alink which comprises state of the art
optoelectronic components and has potential for practical
application on electronic warfarefield are given.

Key words O Dual-Drive Mach-Zehnder modulator, fiber
optic link, and chromatic disper sion.

|. INTRODUCTION

Nowadays, due to the increasing evidence that radéo
fiber technology will be playing a major role inettglobal
interconnectivity, a lot of efforts have been diesttoward
researches and development on the field of fib&c dpk. A
great deal of such efforts continues to be drivgimmportant
commercial and military demands, which aim at pasly
unachievable performance on the subjects of RFéwiave
signal processing, radio-over-fiber, and antenmaseteng,
[1]-[5]- This publication is concerned with the edt of fiber
optic chromatic dispersion on the performance ridiwhich
operate based on external intensity modulation dindct
detection techniques, i.e., the so called IM/DDiagdtlinks
configuration. A typical schematic representatioh the
IM/DD link is shown in Fig. 1. At the input end efich links
an optical laser diode generates a carrier at amedesptical

wavelength, and a dual-drive electrooptic Mach-&n
modulator (DD-MZM) imposes an analog radiofrequen
(RF) signal on the optical carrier, whereas atahgput end of

the link a photodetector (PD) is employed to recotre
analog RF signal from its optical carrier. It is ritawvhile to
point out that the DD-MZM plays an important role the
link because it enables the wideband implementatfaither
optical single sideband (OSSB) or optical doubldeband
(ODSB) modulation formats.
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Assuming a balanced 50/50 splitting ratio of the -DD
MZM'’s Y-junctions, a rigorous analysis of the chratic
dispersion effect on the performance of the andiog
illustrated in Fig. 1 is given by [6] but the exps@ns there
are in the form of infinite series. Such drawbaslovercome
in [7] where an analytical model in which the matidn
indexes of the two DD-MZM drives can be unbalanced,
yields a simple closed-form expressions for the groat the
output of the detector. However, fabrication tote@s make
a balanced 50/50 DD-MZM's particularly difficult schieve,
hence practical modulators have a finite extinctiate.
Therefore, a general model which permits the stafiyll
these cases will be very helpful for system design.

DD-MZM
| X-cut LiNbO3

vi(l)

—— Opical signals

ve()

Figf. 1. Overall architecture of the IM/DD analobdt optic link consisting of
a DD-MZM, spool of single mode fiber optic, andreofodetector.

This publication consists of four sections beyomis t
introduction. The statement of the problem, whiomprises
an overview of the optical link components, is givin
Section Il. An analytical frequency-domain model &osingle
RF ton analog fiber optic link which takes into acnt the
Graf's addition theorem for Bessel functions is Iyful
discussed in Section lll. Such formulation beyatidwing
one to retrieve results presented in various patidios it
enables an insightful understanding of the germmadil both
the ODSB and the OSSB modulation formats. Numerical

dsimulated results are presented and discussedctio8dV. A
a‘gw conclusions are presented in Section V.

Il. STATEMENT OF THE PROBLEM

As mentioned before at the input of the fiber ofiitik a
continuous wave from a distributed feedback singiede
laser diode (DFB-LD), generates an optical carmra
desired wavelength/frequency with a complex optield
represented by [4],[5]

E,(t) = \/Mej[‘%tﬂpo (t)] )
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where w, is the mean optical frequenc;po(t) is the phase,

Po(t) is the optical power, ang [Q/mzl is a constant which

depends on both the laser beam effective cros®reutd the
optical wave impedance. It is worthwhile to point that the
electric field should obey the following Fourieatisform pair

E,(w)= on(t)e_j‘*’tdt (2.a)

E1)=r | Eole™da @b)

This publication relies on the often used approiacthe
analysis of IM/DD optical links, according to whithe laser
average power and its phase are time invarian{7]6],
Therefore, under such assumptions (1) can be tewrts

e )= R

Returning to Fig. 1, one notices that the opticalver
delivered by the laser diode reaches the inputri¢ijon of
the integrated optic DD-MZM with a X-cut LiNbGubstrate,
and then is divided into two parcels according tepltting
ratio [8], determined by the Y-junction power tremssion

3)
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)= = m codonet 6, ©)
(t)= T“\//Z(t) = m, codret) (7)
al)="12 e, ®

where V, is the half-wave switching voltage of the MZM,
6, is the phase variation due the bias in the lowar, and

m, e m, are the modulation indexes due the modulating
signals in the lower and upper arms, respectively

_

m = ©
_m,

= (10)

Based on the schematic representation shown inlF&agd
taking into account the splitting ratio of the awitfY-junction
r,, it can be shown that the optical electrical figltd the

output of the DD-MZM, has a complex form given by

coefficient r;. The chosen substrate crystal cut orientation has

the advantage of minimizes the fraction of chirpieffect
caused by the substrate properties [9]-[11]. Asrsequence
of the electrooptic effect a RF signal can be usedontrol
the phase of the optical field associated with eaptical
power parcels as they propagates through the cistims of
the DD-MZM. The RF signal, henceforth named modaoiat
signal, must generates an electric field havind leotemporal
and a spatial patterns adequately distribute irerotd reach
some key requirements performance, such as low dR¥ep
consumption and wide RF bandwidth [12]-[14]. A drdaal
of such control may be achieved through the drigeteonics,
by properly choosing the phase sk(ﬂg) and the bias{ez) of

the electrical signal applied to the modulator &tates, as
indicated in Fig. 1 [6],[7],[15]. According to thisgure, the
instantaneous values of the modulating signalsiegpb the
lower and upper electrodes of MZM, are given, retipely,

by

vi(t) =V, codoopet +6;) (4)

V,(t) =V, codwret) ()

Emzm (t) = Eoej%t{ rlrzej[mlcos(“’RFHel)‘fez] +

. 11
+J0-r)i-r)e™ COS("’RFI)} )

where

Eo = ZEPO (12)

It will be shown later in this publication that th&ZM’s
output field in frequency domain consists of a iearr
component atw, and an infinite number of sidebands. It

should be pointed out that (11) applies to DD-MZvimg
both arbitrary splitting ratios and modulation sigm Such
general situation often occurs in the real worithez at the
modulator’s fabrication stage or in field applicais. Based
on (11), the authors have been investigating thé&pch
modeling of DD-MZM as a function of both the sphit
rations and modulation indexes. The obtained reswill be
published elsewhere. Furthermore, (11) enablesquiekly
retrieve the results for DD-MZM having infinite éxttion
when the splitting rations obey the constraigts r, = 05.

At this stage of this publication, it is convenieaturning

whereV, andV, are the signals amplitudes in the lower ari@ Fig. 1, to observe that the optical signal atdltput of the

upper arms,wge is the angular frequency of RF signal, an

6, is the phase difference between the signals. Thiead

phase variations introduced in the arms of the radu
through linear electrooptic effect are given by

@odulator, with electric field given by (11), feedsspool of
standard single-mode optical fiber (SSMF), withgénL . In
order to model its propagation characteristics, shmuld bear
in mind the presence of three phenomena in the ébannel,
which are different in nature, occur simultaneousind
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influence each other, namely: noise, filtering, aKerr [1l. OPTICAL FIBER LINK MODEL
nonlinearity [3],[4].
This publication is mainly concerned with the filtey As previously stated this publication is concermeith

phenomenon which stems from the fiber's dispersidrere links based on DD-MZM having a 50/50 splitting cati
are two distinct origins to the dispersive natufefibers: Hence using (11), the output electrical field, e ttomplex
waveguide and material. For instance, a fusedasB8SMF form, turns out to be expressed as
operating at 1550nm wavelength exhibits a combined
dispersionD which amounts to 16ps/nm.km. E

In the modeling the fiber is considered to be linaith MZM

+o00

con§t§1nt Iossa[dB/km]., whereas the phase fact@(w) _Eo o [ZJ”J (ml)ein(wRFHBl)eiﬂz .
exhibits dependence with respect to the frequerayation 2 n (16)
according to the Taylor’s series as shown n=-e

* i J'”Jn(mz)ej”‘*’“t]
: 1. =

B((*)) = B(wo)+B (wo)(w_wo)"'EB ((")0)((’“)_(’00)2 (13) n=e

where Jn([)] represents the first kind Bessel function with

ordern.
By rewriting (16) in the following way

(t) = %ejwot{ej[ml codwget+6;)+6,] +elm COS(‘DRFI)}

It is worthwhile to point out that the three pasceh the
right hand side display distinct dependence witpeet on
the frequency deviation: the first one is constém, second
varies linearly and is related to the group timagewhereas

the third one has a quadratic dependence andai®delto the _Eo jwgt < inwget
fiber chromatic dispersior(D), optical carrier wavelength Evam (t)= 2 © n;mane (17)
()\O), and speed of Iight(c) in vacuum, according to
following expression where
B'(c) = - 2o a4 8 = 1"[3n(m)e %)+ 3, (m,) (18)
(]
21C

It is readily seen that the optical field at thaput of the
At the output end of the SSMF a square law photdet DD-MZM indeed consist of an infinite series of ajatl
(PD), transform the photon stream into a RF eleaurrent. spectral components with frequencg=w, +nwge and

Introducing the concept of PD responsivity it cadhiown amplitude a,, as previously stated. Using (17) and assuming

that the electrical photocurrent is proportionathe incident that m =m. =m<<1. one obtains an aporoximated and
average optical power, hence it is proportional the m=m, = ’ PP

magnitude of the optical Poynting vector. Assumiag rather helpful expfess_ion for the optical fieldtla¢ output of
uniform power distribution over the fiber cross temt, the the modulator, which is shown below
time dependent RF current is given by

Ewzm ()= % el (éLle_ijFt +tag+ a+19ijFt) (19)

e ) B (D7 (1)
|(t)—D| H +n(t):D2—E+n(t) (15) where

where O is the PD responsivity an§ is a constant which a, =|ml|ej¢i1

, g =| aple!® (20.a)
depends on both the fiber effective cross sectind the

optical wave impedance. The(t) term accounts for additive 6 +0 6
noises sources such as thermal and shot noisesagkver, |2 = Z{Jl(m)co{ 1_2 Zj Y :z‘Jo(m)co{fj (20.b)
this noise subject will not be addressed in thislipation.

As will be shown latter in this publication, (159wveals
that by applying the fiber output to the PD, begtsignals - 0,6, + :ﬁ (20.¢)
between the optical spectral components will gederera Pe1 2 2 ' o 2 '

harmonics of the original RF modulating signal. The

characteristics of these signals depend on botlfilibe optic As an illustration of the usefulness of such apphoave
chromatic dispersion and the modulation format. HSuevould like to point out that it enables one to itiignthe
dependence will be used to estimate the link pevdmce. In requirement which should be satisfied by the DD-MdhNve
practical terms such study may be carried out using electronics in order to provide certain modulationmats.
electronic spectrum analyzer (ESA), connected ¢oRD, as For example, single sideband (OSSB), double sid&ban
suggested in Fig. 1. (ODSB), and carrier suppressed (OCS) optical mdidula
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formats can be obtained when the pair of parame(%r@z)
obeys the following constrainﬁn/Z,in/Z), (Tr,tnlz), and
(Tl', T[) , respectively [16]-[20].

Now we return to the exact expression (17) in orier
further develop the analysis of the link. Takingoimccount
the linear nature of the fiber optic, and bearingriind the
spectral composition of the optical field at thepa of the

DD-MZM, we tackled the effect of the chromatic disgion
with the help of (13). In this way we obtained floalowing

ITA, 25 a 28 de setembro de 2012

(23.b), in order to be able to express the PD otiiireterms
of the laser powerP,. Then we performed the convolution

previously indicated and obtained the following egsion
for the RF current Fourier’'s transform, under tlomdition
n=N+Kk,

+00

expression for the phase factor of an optical spkectywhere

component with frequency equal 0= w, + NWge

Bled * neome ) = (o) + B Jneome + 5B (o) ) (22)

Using the above given result in combination witfrﬁmd

Maxwell's equations we undertook the time domaialgsis
of the propagation of the optical field given by’JJalong a

I (u)) =2n z I (NwRF)é(w— NwRF) (25)
N=-c0
—0ggl 0p jD@ +00 )
I(Nege)=10 20—’ 2 k;mamkque‘k“’ (26)
0= Nooge" (0, )L (27)

linear SSMF. The obtained expression for the output It is worth noting that (25) and (26) were obtaineithout

electrical field after a fiber length is given by

—0 4l

E(t)=10 20

00 1 2
Eo jogt < inooget J*(n‘*’RF) B (‘*’o)'—
—9 % el"%rrle 2 22
2 Y g (22)

n=-c

where a [dB/km] is the fiber optic attenuation.

Once more we remember the linear characteristiadhef
fiber optics under consideration, therefore it niilgh possible
to benefit from standard techniques developed requfency
domain analysis of system. Aiming at such possyhiliirst
we take the Fourier transform of (22) of linearteyss. After
some mathematical manipulation, we obtained thieviahg
expressions for the electrical field and its comptenjugate,
in the frequency domain, respectively

+00

it NWRE g
Z a,d(w- nooRF)eJZ( Pl (23.a)

n=—o

—aggl

E(w)=10 20 TE,

—agpl +00 — Lo PR
E(w)=10 2 TE, a0+ kogeJe fleneTBleal (23.b)
k=00

where d represents the Dirac delta function.

As illustrated in Fig. 1, we are considering thiizstion
of an electronic spectrum analyzer to detect thec&®¥ent at
the output of the PD. Therefore, we must be ablas® the
model to predict dependence on frequency of suoteicu To
this aim, we first remember that the convolutioadtem can
be applied to rewrite the time domain expressiornhef PD
current, as given (15), in the frequency domainstaswn in
the next expression

(24)

where the mathematical symbdl denote convolution.
Before going any further we substituted (12) in28.4) and

introducing any approximation and are in perfeateagent
with results published by many authors [6],[7]. Ut few
years ago, using such formulas to predict the splect
components of the PD current was rather cumbersamde
yielded little physical insight, except when oneswamed a
small signal approximation. It is worth to rememtserch
complexity mostly stems from the fact that the &ofnt
ay:x@ involves the product of Bessel's function, assit i
readily seen in (18). However, a few years ago slatvback
was overcome through the application of Graf's tddi
theorem for Bessel functions [7],[21].

In order to be able to take advantage of such &mean
the analysis presented in this publication, wet fise (18) to
calculatea,,,a, and then substitute the obtained result into
(26). After some mathematical manipulations we ioleta an
expression for I(NooRF), which beyond allowing the
retrieving of previous results also includes a feavameters
such as the fiber attenuation, PD responsivitylasér output
power, which were not explicitly accounted for ireyious
publications. Such expression is given by

-0 g4l

I(Neoge ) =10 10

jN(91+M)
o 2

UPR,

— O x

+o00

Z Insic(m)3 (mp)e® +
k=-c0

N[(ET seo 4
re [ 2 JZ‘,JN+|<(mz)Jk(mz)ejk(p+ (28)
K=—0co

j{N(Ql+M]+92}
+e 2

+o00

Z Ik (M) 3y (my Je o)+
K=o

LS S Jnelim)3 (e
K=—c0
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Since we intend to compare our predictions withviones Usually the fiber link’s performance is evaluatedterms
publication, we apply the Graf's addition theoremn Bessel of the RF power spectrum at the output load, teha input
functions [22] to (28) under the assumption that ttof the ESA, as suggested in Fig. 1. To this ainreagnize
modulation indexes are equal [6],[7] that average power of the harmonic with ordérwhich is

delivered to the load is given
—0ggl

UPR,

— O x

I(Nodge )= 10 10

[, [amse{ 3]

+ ej{N(%m}reZL N {stin(ﬂﬂ + (29)
2

. ei[N(%HTJ‘eZL N {stin((p_Telﬂ

In this publication, the modeling of the analogefitoptic
link is synthesized by (29). It enables the RF dmty
domain analysis of how the fiber optic chromatispdirsion

_[H(Nexe )R,

PRL - 2

(31)

where R_is the load resistance ant(NooRF) is given by
(30.a) and (30.b).

IV. NUMERICAL RESULTS AND DISCUSSION

The numerical simulations developed based on (3tew
carried out using link components with the chandsties
specified in Table I.

TABLE |. TYPICAL VALUES OF PARAMETERS USED IN THE SIMULATION

. . Parameter Symbol Value
affects the performance of links which employ DD-MZ . :
. . e RF source input impedance Zg 500
The optical modulation format can be specified bgperly :
selecting the parametef and 8, . This publication follows RF load impedance " Sa
the approach adopted in [7], according to which tizes 6, RF power applied to DD - MZM Prr 10mw
. - . . L tical R 1mw
can varies within a certain range, by change ths tioltage, aser opfical power ° m
whereas the phase, is restricted to certain values. The two Laser wavelength Ao 1550nm
situations addressed in [7], which also are treatedhis DD - MZM half-wave voltage Vi 5V
publication, are obtained when eith€ =1 or 6, =1/2. DD - MZM input impedance Zmzm 50Q
The corresponding RF current Fourier’s transforitamed Fiber optic attenuation OgB 0.2dB/km
using (29), are, respectively Fiber optic chromatic dispersion D 16ps/nm.km
Speed of light c 3x10m/s
—0gal PD responsivity O 0.5A/W

10 10 %x

o]
+(=1)" codey) {J”{zmco{%ﬂ+ (30.2)
.a
+Jn|—2mco {(2[) }}

:
) 2]}

I(NmRF,GzX o =

N5

oe4

o) { ol
vel%) {st.n H
2

+e 71823 {stm[

—0ggl
0 10

I(N(A)RF,GZX f— =1
(30.b)

NIES]

Aiming to validate our model, first of all we dewpkd
simulation with exactly the same link parametersduin [7].
Part of the results are presented in Fig. 2 andvstie
dependence of the output RF power for fundame(‘l\ht 1)
and second harmonic normalized to the detected dZep
versus the parameteg. This parameter, which is given in
(27), beyond taking into account the chromatic elisfwn
(D), also depends on both the RF frequency and ther fib
length. The simulation was carried out with fixed and
obeying the constraint set by either ODSB or OS3i@reas
6, was allowed to assume any value. Bearing in mivad t
when N =1 and (91,92):(T[,i'r[/2) the DD-MZM yields
ODSB modulation, one redly concludes with base i B
that fundamental RF power strength is strongly ciéfé by

the chromatic dispersion to such an extent that nwhe
¢/2n=05 its power is reduced to zero. This is the so dalle

notch filter like behavior. With respect to the aed
harmonic, Fig. 2 also shows that upon to the seleaif the
phase shiftB, it can exhibits all-pass, band-pass, and band-

stop like behavior with respect to the paramegter
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illustrate the effect of the chromatic dispersiom ihe

’ T 2 1 3 & ¢ BT OE fundamental and second harmonic RF power it is eoi@nt
T — : to analyze its dependence with respect to eitherfiter's
length or the RF frequency. To this aim we firstkiad the
ODSB modulation,(91,92)=(Tr,inlz), and with data from

Table | performed a few simulations based on (3a&nal) (31).
Parts of the results obtained are shown in Fig. 4.

ST
P

-50

-fill

STOH

Relative detected BF to DC power, dB

-50 ank

BT S 30

-100 i i L i gk b L 2

j : ]
i} 0102 03 04 05 06 07 03 09 1

Fig. 2. Detected RF signal power for the fundanie(mi: 1) and its second 40

harmonic(N = 2) normalized to the detected DC level verspi@m, as
predicted by (30.a) witl®; =Tt.

-10

Relative detected BF to DC power, dB

-al

Now we turn our attention to the situation in whitte o .
requirement®; =1t/2. The simulation was performed in & L0 I e
fashion very much like the previous case and tiselt® are b e i
depicted in Fig. 3. With respect to such illuswatiwe would
like to point out that it reveals that when thevdrelectronics

reaches the conditior(Gl,ez):(T[/Z,tnlz), i.e., when the

DD-MZM yields OSSB modulation, the link exhibitseth ~ As can be seen in Fig. 4, irrespective of the REudency,
special feature of RF fundamental power displayiery low the chromatic dispersion results in a periodic atan of the
sensitivity with respect to both the fiber lengthdathe RF normalized RF power as the fiber length is incrdaséne
frequency. Such unique feature has been widelyoéepl in  Position along the fiber at which the RF power ameelled

practical applications, most of them in the longilhfiber o0ut depends on the RF frequency. For example, wheiRF
optical telecommunications. frequency is 20GHz the first minimum occurs at

approximately 10km, whereas for a 10GHz frequeheyfirst
minimum is reached at nearly 40km. Such feature ieen
playing a major role on subject of microwave phdaten
- [1],[2]- The formulation also enables the analysisODSB
link's sensitivity with respect to drive electrondrift. The
fundamental RF power dependence on the deviatam the
condition (91,92)= (T[,i'T[/Z) due t08, is depicted in Fig. 5.

Fig. 4. Detected RF signal power for the fundamentarmalized to the DC
level versus fiber IengtIﬁL) with RF frequency as a parameter.

-0

-50

- AT 7T T T T T T T T T T
i1 SRR 7 s s ; 3 k H § 1 . ! 7 '

70

-80

Relative detected BF to DC power, dB

A0k

100 . | ; . i i
0 0.1 0.2 0.3 0.4 0.5 0.4 0.7 0.8 0.e 1
$i2n

Fig. 3. Detected RF signal power for the fundarrie(ma\: 1) and its second

Detected RF power [ Pgpy, dBm

harmonic(N = 2) normalized to the detected DC level versp2r, as
predicted by (30.b) witB; =1t /2

Still with respect to Fig. 3, it reveals that ag ttirives SN O N T O S B —
electronics departs from the conditid®,,8,)= (rt/2,21/2) M7 3 4 5 6 7 3 9 w123 W
even the fundamental RF power can becomes very mt._.. B eiency gl S
frequency dependent. The results presented irRFagd 3 are Fig. 5. Fundamental RF output pOV\,(sFi'RL) versus the RF frequency
in perfect agreement with [7]. In order to be afwebetter (fre), using (30.a) withB, as a parametef; =1t and L = 4Ckm.
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The results given in Fig. 5 show that irrespectivehe However, as the DD-MZM bias drifts away from the
bias (62) the RF fundamental power exhibits frequencyptimum value (62:Tr/2) the RF fundamental power
dependence with a notch like behavior. The pariculbecomes so strongly dependent on the RF frequéiatyeven
situation under consideration comprises a SSMF leitiygth notch filter like behavior are observed. Howevet, is
equal to 40km which implies a minimum in the Rknportant to observe that some power level advantagy be
transmission occurring at nearly 10GHz. Howeverge oprofited while operating away from the exact OSSB
should notice that on both sides of the notch feegy the requirement, as it is shown in Fig. 7 whépn=0 and the RF
transmission is coefficient is affec_ted_ by the lsiakift. frequency varies within the 6GHz to 13GHz range.

We now extend the analysis in order to be able to
undertake the study of the dependence of the secr—-

harmonic RF power on the RF frequency as the Ipdrates Ay
away from the condition(8,,0,)=(m+m/2). Parts of the PEEEREEE - e W
simulated results are shown in Fig. 6. For the sake il i -
comparison the figure also shows some of the esbitained & L : L _ _ S\
for the RF power at the fundamental frequency, Wwhiere i g kb et e M
just discussed. We would like to emphasize that Eipoks § R S S O O D 7 (e . R Y
very much similar to Fig. 2, as expected. Howetres,former & | / ~ - = . A/ A i
may be very helpful, especially for the experimépta & L 2 ox o L@ ; :
oriented researcher, because it uses as coordimets % Ll
measurable quantities. E g s — — i R R R
[ ; 3 2 i :
-120 ...... 8, =n/2 i
-40 ; | T ) | ; | T | | ; T T | J130H- ..... . . .......... » i —
140 i | | | | i | |

1 i I i
ot 2 3 4 5 & 7 & 8 10 11 12 13 14 15

RF frequency (£, ;). GHz
Fig. 7. Fundamental RF output povx.(ﬁRL) versus the RF frequency
(fRF) , using (30.b) with8, as a parametef; =1 /and L= 40km.

Next we apply to the OSSB case a procedure sitailtre
one adopted while studying the fundamental and rekco
harmonic RF output power of an ODSB link with respe
the RF frequency, however using (30.b) rather t{&ha).
The obtained results for a link with length equ@albkm are
shown in Fig. 8. It is worth to point out that tlilso contains
the data on the RF power at the fundamental, wiiehe

Detected RF power [ Pgpy, dBm

ey B2 & ¢ g £ 4 B B g |
001 2 3 4 5 6 7 8 9 10 11 12 13 14 15

EF frequency (f,,), GHz already shown in Fig. 7.
Fig. 6. Fundamental RF output pow@d :l) and its second harmonic
(N = 2) versus the RF frequenc()fRF), based on (30.a) with = 40km . 40 . : .
We now turn our attention to the links which aredeled lbes o o ol g pree B s i
with base in (30.b). As already pointed out in {misblication B0
in such type the DD-MZM yields OSSB modulation podad 5 rplees
by the condition(91,62)= (T[/2,i'T[/2) is satisfied. Moreover, . ria T wlk _
results of the obtained using the formulation fpesented in Tg’ ‘SN N :
the modeling of its performance, which are pastigiven in ST
Fig. 3, show perfect agreement with previous paliie [7]. & -0/
For practical reason and the sake of uniformityist =z . L s |
worthwhile to redraw the graphics shown in Fig. §hg & I : ;
coordinate axes identical to those used in Fig.TAe g T
parameters given in Table | were employed in (3@ra) the Sk B reidinnis - st
obtained result for the RF fundamental power atoiigput of e AN L s le 5
H H — H ] H ot 2 3 4 5 & 7 & 8 10 11 12 13 14 15
a link with L =40km are shown in Fig. 7. It readily seen tha RF frequency (1), Gz

when the drive electronics yields an OSSB modufatiee RF
fundamental power level is nearly flat as the Régfrency
sweeps.

Fig. 8. Fundamental RF output pow(en =1) and its second harmonic
(N = 2) versus the RF frequem(yRF), based on (30.b) with = 4Ckm
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The numerical simulation also enabled the ideratfan
of a few link configurations which displays rathieteresting
characteristics, which are partially summarizedrig. 9. For
instance, it is worthwhile to notice that the RiEa®d-order
harmonic power level exhibit a flat dependence wébpect
to the RF frequency throughout a very wide rangechS
feature may be of practical interest in the aregpludtonic
microwave generation.

00k f

ELesnamn T
—— N=1.8=x.6==1

N=1,8=n2,8,=n/2 |
——N=2,8=3/2,8=0on|

I )

Dretected RF power { Fgp), dBm

140 i | | | | i | | | 1
0 4 5 6 7 & 9 101
RF frequency (£, ;). GHz

15

Fig. 9. Detected RF output power for fundamelﬁm: 1) and its second-
order harmonic(N = 2) versus the RF frequendyfm:) , with L =40km .

V. CONCLUSION

(4]

(5]
(6]

(7]

(20]

(11]

(12]

(23]

(14]

This publication presented a very comprehensive

analytical model which enables the analysis of gffect of
fiber optic chromatic dispersion in the performaonéanalog
fiber optic link with DD-MZM modulator. The modekkides
relaying on variables which are suited to experitaign
guided researchers, also allows one to retrieveitygsults
available in a very wide literature. Using somdestat the art
components and devices we performed numerical atiouk
which yielded results which seem to be of practingdrest.
The authors are working towards designing, impldingn
and characterizing fiber link based on the modektigped.
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