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Abstract

Sorce noise offect in 1.5 Mach-Zehnder (M) inler:

ferometer is analyzed, It is shown numerically that
with fine adjustments to  the feedback gain  and
intial phase biases, the operating point of the

interferometor to achieve common mode compoensal ion

can be made to lie in a region where the weasirand
sensitivity  is  greater than it wounld be in a
conventional Mach-Zehnder interferometor even if

the wource is less coherent,
1. Introduction

Comnmon mode
ing the paths

compensat.ion{CMC) consists of arrang—
in an interferometer so as to
mizee or  eliminate the offects of purturbstions,
which affect all  optical paths in  proportion to
their optical path lenpgthsf1? Spatially uniform
temperature and pressure  fluctuations and fluctua-
tions in the source wavelength are examples of com-
mon mode  purturbations  that  are jmportant error
sonrces for fiber—-aptic  sensors,  The “CMCT was
achicved hy proposed 1.5 MZ interforpmetor(2.3)

The prerformance of any optoal fiber
ric sensor is influenced by cource noise.  In many
implementations  of these sensors,  light i< being
split and,after expericncing different time delays,
recombined nsing evanescenl  type directional coup-
lers wich add light on an amplitude basis. Thus,
the interferometric effect can take place, and in
particular, the source phase noise is  convertd
to intensity mnoise which appears at the outpul,
thereby degrading the available dynamic range, U041

In actual applications, laser diode(less coherent
source) is preferable to the light source of Fibker
optic sensors,

In this work, we

mini-

interferomet~

analyvze the source noine offect
in 1.5 MZ interferometer. And we will show that the
interferometer still can achieve CMC and have high
sensitivity under less coherent excitation,

T. 1.5 MZ interferometer

1.5 MZ interferomcler
in Fig.1. Light enters the

The optical cirenit of Lhe
is schematically shown

circuit at the 3dD coupler Cz. The upper opti-
cal  path leaving (3 provides a reference opti-
cal power level for the photodetecter Tz, This
reference level is not necessary if the power
output of the light source 1S is extremely stable
over time, but il is included here for the sake of

completeness, The photodetector Dy
as Dz. The ouput of the ratio circuit is proper-
tional to the transmittance of the optical fiber
path from the lower right output port of C- to the
upper right output port of C». Tn the conventlional
M7 sensor typical prior artf4), no fiber optic
conpensating circuit or electrical feedback circuit

is of same Lype
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would be used, Instead the lower right output of Cg
would be conmected directly to the upper left input
of Co by an optical fiber,

Tn compensating and sensing circuits, initial
rhase can be  controlled by applying vol-
tagrs to the phase shifters exactly the same as in
non feed-back 1.5 MZ interferomeler. Thus the rela-
tive phasc shifts between the lower and upper opli-
cal palhs in compensating circuit is given by

biascs

2
e=-)-"5ne (Ls1-Lep) + AD
=21M; + M (1)

The relaive
circuit. s

phase shift for the optic sensor

2n
~—n

e (Ls2-Lr2) + Ap + 8p

p=

where A @ and A p are phase shifts  adjusted by
external voltages, My and Mz are any integoers, 2
and £ are modulo phases, and & p s linearly pro
portional to the transmittance, Eel
by:

can be given

(3)
depends on the eloc—
modulator character-

where k,
tronics and
istios,

the feedback gain,
the electrooptic
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Fig.1. Schmatic diagram of 1.5 M/ interferomcter



T . Source noise effect

1. Faser source characterization

In general, the emission Tield of the optical
source varies with time in a randow fashion, and

statistical jn pature, T%1 For a given polariza-
t fon the emission field gonerally (luctuales
randomly in both phasce awplitudeCintensity)
withh possible  correlation betveen  them, tel This
randomhess  can b fully  described by statistics,
However, due to Lhe dawping of the amplitude fluct-
wat ions hy gain saturationt@) comiconductor laser
sources  operating  well  above  threshold exhibit
negligible  amplitude({intensity) fluctuations near
the lasing frequency. As a result, the dominant
comtribution 1o line broadening comes  from the
randowness of the phase floctuations. Thus, we can
aegume that the optical field Fin(t) for a single
axial wode of the laser source is of the form

i,
slate,
and

Ein()=Eexp-(Got+$(t)) (4)

where By is amplitude vhich is assumed 1o constant,

wo is the optical angular cenler frequency, d(t)
is the time varying randow phase, and j=.1. is

a random-
comon to
as a slatis-
for randow phase fluctions of laser
Tightt'7T1 According to the Wicner-Levy process, ils
first fluctuations are stationary and independent.
Defining the first increment of the phase by A $=
BH(t1)-P(ty) where ty and tz arc two arbilrary

usually assumed that

walk process!t?). More
take  the Wiener-lovy
tical  model

the phase under goes
specipically, it is
randon process

constants, we conclude that Ad iz a zoro mean
Gaussion random process, with its probability

density function p(A P) as

1
A $)=
PO =

shown below;

e-[462/262) (5)
where @2 s
which depends
Pstructure

the variance of the phase difference
on the time difference z=ti-tz. The
funclion” arc certain average quantitics

which are frequently used in stochastic analy-
si«'81 FThe angle  bracket  denotes  the ensemble

The self coherence function of the laser

average,

emiesion field(which is the input of the sensor) is
of the form
< Ein(t) Ef*(t- 7) > = E |2 ei®t < id(0) > (£)
where* ig the complex conjugate, Since
<80 > = [eids p(AG) d(Ad) 7
and assuming that
.l
Dg (1) = 8)
o (1) =275
where  t. is  the sonros coherence time, FEq.(6)
hecomes
< Ejn(0) Eig*(t-1) > = E2 %ot exp(- 1lit) . (9)

The ficld spectimum given by the Fourier transfore
of the avtncovariance Tunction is
2%
80 = ——— G ()]
1+ 2nt(f-fo) 12
where £ odg the optical  frequency,  and fo is the
optiral center  frequency,  This form  of the self
coherence  function(aufocovariance function) is as-
socialed with a lorenzian Tice shape of the optical

specirom,
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2. Sonrce noise effect in 1.5 M7

Rased on previous discussions,
transmitiance of the M7
phase noise becomes

interferomcter
the time averaged
interferomcter with source

<T> =Thax[ 1+ q cos@] (1

vhere g=exp(~|d/wte], te is coherence, time, and

Twus 15 the maximum value of the M/ interferometer
transmittance,
Jimiluily, time averaged lranswittance of the feed-
back 1.5 MZ interferometer can be derived:
Eout = ﬁ Zh,,, in(t=T1A4A) t=-ndz) (12
where ho,o = 1
hi,o = -1
ho, v = -1
hy v = -1
Output intensitly lout is  JEeut (1) [%, and using

auntocovariance of the field in Eq.(8), the

averaged transmiftance becomes

time

<T>_<|Enul|
| Ein |

=To[14+0.5Acos(0 ~p)—-05Bcos(B+p)Itm)

where

To = 0.5 t,8
A = exp [-(18-pl/wr)]
B = exp [-(|6+pliwr.)]

p=po+k<T>
Coherence factors of this optical device, A and §,
Fimit  the degree  of coberence(viaibiity) and th

sensitivity., The

given by!101

conplex degree of coherence Vo

V=05[Acos(8-p)-Bcos(8+p)] (14

The visibility or degree of cohercnce is represent

d by the absolute value of V with !v| 10103 .
transmittance <T> can be wodified as
<T>=05To[1+0.5Csin( py +k<T> + {) ] (15)

where

a=(A - B)cos®)
B=(A+B)sin(®)
C=Na?+p2
='\Y A2+ B2 - 2AB cos(28)
C:tan"[ﬁ]
B

Fig. 2 shows that  the transmittance of the MZ and
the 1.5 M7 interferometer with k=2.5 and w 7 =27 «
107 In Fig. 3, k i» increased 1o 9.5 such that the
mtr‘rfe rnmptr\r compensate the degraded sensilivity
due Lo source noise
The common mode compensation condition can be
obtain:



3T, AT
€ =@ g
Y +Bpp

=Wsin (k<T> + po+§ + %) e

where W :‘V'Ul’ V2
a3
U=05T,C QA N e
[p<+ap+qael
v=05T, 25+ 25
dp 36
df  df  aC aC
= tan-1{C [ p (1+2> + @2 Ne= 1 &5
X =tan-H{C [p( *ap+qae)](ap+ae)}

Forf.n =0,
k<T> + po+ &+ x=Nn
whispe Nodis any dvioper, This s
for the "CMCT condition  undes
axcitation by inor ne Lhe 1o
and 6 sugpest  a stwple way
TOMET L i

apcrabing podnt fop -

Lhe general caproes

sion

aclhioeve
e

can he made to Tie in

sibivity s

a oregion whers e
much higher
interforomelor !

than it wonld Lo in .

under boss cobeprent o escital jon.,
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N. Conclusion

We analyze the source noise effect in 1.5 MZ in-
terferometer under less coherent excitation. With
less  coherence in the source a higher value of
feedback gain allows the interferomcter to achicve
high sensitivity,

Futhermore it is possible to Find & set of elect-
ronically controllsble parameters(external vollages
1o P?T) and  awplifier gain lead to high weasurand
gengitivity and low common mode sensitivity.

In the next work, we will show experimenally that
the 1.5 M7 interferomter can achieve the above
results.
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