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Introduction

They are a new sensor class, where general principle of operation based on
chenges by measurand the optical way or polarization properties of optical fiber.
Such sensors are named intrinsic or phase sensors.
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For optical fiber. optical processing technigue which process phase information
I Ul UrJLI\Iul 1INV, UPLl\JUl Pl \JUUQQlIIu (A |IIII LA ARIAS N Pl VuVUuwouw rJI ICAVON T1TITVITTICALIVI ]
on intensity information (Al), is called optical-fber intereferometer. It is a simple
fiber-optic device allows observation of a interference between two or more

optical beams.
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Fiber optic interfereometers are equivalents all well-known optical bulk
iInterfereometers, where light is closed in structure of single-mode or
polarization preserving optical fiber.
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General principles

An optical sensor may be formally defined as a device in which an optical signal
is modulated in response to a measurand field. Let us assume that the source
has some well-defined wavelength spectrum, and that the electric field at

wavelength A is E(A), in unit bandwidth. Then the corresponding received

electric field will be:
E'(\) = T(X,ME(M)

where T(X, A) is the propagation matrix describing the sensing element and X is
a vector describing the physical environment, including terms representing
temperature, stress, electromagnetics fields. The function of the signal
processing used in the sesnor system is to invert above relation, to find T, invert
again to find X, and then to idenftify and evaluate the reveland component(s) of
X to recover the desired measurand.
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It is instructive to express T as a product of terms, each describing a physically
obsevable effect on the transmited beam, such that:

I = ac'' B

where: a — scalar transmittance, ¢ — the mean phase retardance, and B are all
both dispersive and environmentally sensitive. In a multimode fiber, spatial
coherence is not fully maintained, so that for many simple multimode fiber
sensors the device is entirely characterized by the dispersicve scalar
transmittance, a.
In modnomode systems, sensing mechanisms based on modulation of any one
or combination of the parameters a, ¢:, B. In practice, the transmittance of SMF
shown only weak environmental sensitivity, and intrinsic monommode sensors
are thus generally based on phase and polarization modulation.
The transfer function of a monommode sensing element in the Jones calculus
IS::

E' = aEe* B

where: ao— scalar constant (transmmittance) and B — the Jones matrix.
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For a SMF possessing perfect cylindrical symmetry B = I, but general it is
necessary to consider the effects of birefringence within the fiber. For example
for a linear birefringent fiber:

i_giliiziz {] —I
B=RH = .
| [n c ¢,J

Such a fiber is characterised by two linear polarization eighenmodes, such that

0: is the induced relative phase retardance between the eigenmodes caused by
propagation through the fiber. For a circularly birefringent fiber:

[ cosgy  —sinds |
B = B. =

L

Sings COSd3

where: 2(0;— the induced relative phase retardance between the eigenmodes,
which in this case are left and right circularly polarized states.
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The environmental sensitivity of the fiber can be described in terms of above

phase 0i (i=1,2,3) dependencies on external stimuli such as temperature (T),
pressure (P), and strain (Al/)):

a;i:;_Eﬂ'(H J

M. v _ TPAL .. i= 1,23
A/

2w ol ]
aX A V'aX

| — the length of the fiber, ni - relative refractive index of fiber (1- fiber, 2- difference
between refractive index of two linear eigenmodes, 3 — differece of refractive index betweeen

circular eigenmodes)

Table 10.1 Temperature and strain sensitivity coefficients measured using
0.1 m of highly birefringent monomode optical fiber (York Technology *‘bow
tie'” fiber, 3 mm beat length) at a wavelength of 633 nm

X (1/D)(a¢,/0X) (1/{)(0d,/8X)
T 100 Srad K''m™!

Alll 6.5 x 10° 6.5 x 10° rad m™!

Transfer function:

I=I'{1+V (y)cos[o—a(})]} I=I'{1+V(y,SOP)cos[¢o—a(y,SOP)]}
bulk system fiber-optic system
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The phase or polarization
demodulation optical carrier
is obtained by interefrometer
system application, futher
siganl processing on useful
form is realized by
electronics processing.

IWB (CMW) — Common—-way
interferometer

IPB (CCW) — Conter-way
interferometer

ANALYSE:

1. Coupler influence

2. PT localisation influence
3. Configuration influence
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Optlcal processing
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Ideal construction (without polarisation) < _ =, s s
E, = kyexplidnkicEalrn) + Kz explidadhn Eg (7a) “ p

SETECTONR

E: = kﬂl:?:F":.'i.li"p];L“;E:l_l[Th] T l'!i:'.'_':,: 'E:';-P'i.i‘:-'u.:"'l‘.'-l'. -E[!' {'_l-} L I.- ) | -,

REFEREMCE FIBRE L I

Coupler description: &, = ik*,,

" = L' L2 3 ...j;:lki. F2 0 ::-—

Interference: I = (E- E*) h = kickac (E% (o)) + Koakn (B ()
WRe[—k' ok sckyky et (Eg(r.) - E*glrp))

The degree of coherence of the source: v (ta = 7o) = (Eolra) - E=olr)i/ lo

[:fmu.n - l!Ir'rlinn:I"I[.-!Irn:m + II'|1.1|I.}

Visibility (contrast) of the interference: V

Intensity on detector: L =1y [1 = Veos (da = do)] I = I [1 + Veos (¢, — dw)]
Vo= Eklzkl::kll-"-'ll. e BT 1 (T .
B k:I:k::u + "_':||.II'|.':3. ¥ Y 'T] a [I'II:[-:I. F .||'| EKP ! [:]!.I “ T T:I B I:b l”:l] d1

Practially: w®7n-mn and k'. =k, = 1/V/2. thusy=1, V=1
y |
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ldeal construction (without polarisation)

oc
SOURCE 1 —» w—1,,77"\ SICNAL FIBRE E M
XK )
'\‘_-g
DETECTOR -—1, REFERENCE FI1BRE [:E: "
D iTRWw N E ’ \ —— Y

Electrical field on detector:
EI = k::maexp(id"’a)ktEO(Ta) + ktmbexp(id}h)kcEO(Tb)

Ey = kimgexplid,)hEo(ty) + kempexplidp)kEo(Ty)

I = Jr|:| [1 = Vcos (dy = ‘I"‘l“ =1 [] + Veos (dy — dwli

V = 2mamyy/(m, + my)
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With polarisation — ideal construction: the Kapron law about an optical system

equivalence: o .
M. = R{L2 G0 IMID )

General matrix of system:  ; — 2 M MK, = €

Transfer function: =031 ¥Vcos|¢p + o]}
V=Abs(m) 0'=f(9) &, =arg(m)
Scale factor Configuration Bias
Responsitivity Dynamic range Drift
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Linear polarimeter:

Measurand X

Analyser

Birefringent fibre

sensing element

Transfer function:

cos?a sinacosa ; it i2d) cos &
| @ sinacosa  sin‘a 0 ol =122} .

I= % lo (1 + cos2acos28)[1 + Vcos(d, — B)]

£_ . _ I A 4
101 O=0=TU/ |

. Iy = = I [1 + cos (b — B)]
V = sinasin2d/(1 + cos2acosld) =27

The polarisation properties change has influence only on dynamic range
Circular polarimeter:

b (cnscﬁa sinctq) E, - [cus 5] I = % Ll + cos 2(bs + 8 — a)]

—singdy COS¢y sin &
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Mach-Zehnder interferometer:

m=ELRIOGEIRIDE
a. Only twist:

4 W

arcig[—tec. s (26 s1n

. bo = arcte[—teldi2 oS (20)
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MZ (Ring Interferometer) is very sensitive on input SOP changes as well as
polarisation properties of the optical fiber




Michelson (Fabry-Perot) interferometer:

Input beam with

. Naté; enie ‘ﬂ\\ ﬁ. x\ &

linear SOP S @\\\\\@* \*H ol

(B=n/4) g ““1*‘@ \\\\\“ x@““‘\\\\\‘ . w*\
=

1 + Fsin’d/2

F = 4R/(1 — R)*

IM (FP) is more
polarisation stabile.

Ka
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bigger influence of I3
fiber birefringence. .

Michelson
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Sagnac interferometer: ;, - i* R(()G(-8R(D + Q)GER(DE,,

ol H'I

a. Only twist: Mg = Rix)

. [ x

S A

b. Only birefringence;  M: — Gidl

The Sagnac interferometer has nonsensitivity on clear birefringence of the
optical fiber.

\_
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The polarisation influece reduction:

« application Hi-Bl fiber (increase system cost 3 USD/m, the elements should be
adjusted according SOP)

* polarisation correction via polarization controller
» reduction of the ,freedom degrees” (P—-0—-Q):
«differential — polarisation filtration (has been shown)
« MZ and RR unstabile — active polarisation controller
 choose the proper configuration:
- CCW insted of CMW (more stabile)
- SOP detection in real time (polarise-phase detection scheme)
- reciprocal configuration of Sagnac interferometer

N

DC oC

Outputs 1 2
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Dual wavelength interferometry (A: i A2) — increase of the dynamic range

: 2 nl ' 27nl
Transfer function: 1= 1 (1 + cos n ) + 1o (1 + cos x )
I = L_} [1 + Vcos (TJ".*II :M+1. l!]-l V = cos [-ﬂ'ﬂ'! {}hz _ }H\I]
L i A 7 E_ \ ;\J.}Lz !
Increase of the dynamic range of the factor Aal(hy = Ay)

White light interferometer
® 0

' \ [ .
O B TR o
e e
pc, ® DC, oc, @ o
Sensing inferfarameter oo

An alternative technique for the extension of the dynamic range concerns the

use of short coherence length source with gives possibility to measure phase
as well as visibility.

\_
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|nput e|eC’[l’Ica| f|e|d E = E“ + E|3 + E1| + Ez: E.‘j = iEI](TJ].J cxp il'.U{Tjk}

T T =Tn — Tn = Ta Tiz — T2 =T = T = Tb

Describe time difference of ligth propagation between ways 1 and 2 for sensing
and receiving interferometers => transfer function:

o
Th Te I—lfﬂ 1 + cos w T,] Ta = Tp =11 +%C05tu(1'a—fb]]
’ °« T e semy

Tranaler Funclion of Tandem interferometers

Fig. 10.6b Interference fringes produced by the arrangement shown Fig. 6a, as a
function of path length imbalance (and hence time delay) in the receiving interfer-
ometer, where the path imbalance of the sensing interferometer is much greater
than the coherence length of the source. The group of interference fringes around
the origin correspond 1o near-zero imbalance of the receiving interferometer;
groups A and B correspond to the receiving interferometer balancing the path
difference in the sensing interferometer, and satisfy the conditions 7, + 7, = 7. and
\ Ta — Th = 7. respectively. where r,. =, and 7. are as defined in the text.
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Electronic considerations

Transfer function:
I = I [l = Vcos [{f-"a - ¢I:|}]

Thus interferometer measures only relative phase delay between two arms instead of
absolute phase delay.

The general problem of signal processing is recognize that part of phase changes which
IS correlated with measurand when exist different noise sources.

It is convenient to separate the measurand phase into a total contribution from noise
sources (¢a) and from a signal (¢pssinmst).

bs — ¢p = Pg + P SNyt

The photocurrent: ] S B - .
Ip = Ipptl + V coslgy + @, sinwd)j

The frequency spectrum of the signal:

cos(gpg + ¢sinwt) = cosdaf{So(ds)
Because sensitivity depends from

noise term ¢a the more sophisticated +2 ; Di(s) cos(Ziwg)}
recovery technique must be applied ;

\_

for produce a useful signal. = sinda{2 2, Ja1(99) sinl(2i + Daytl)
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Signal

Active homodyne technique o9
This scheme uses servo-element for taking veser
interferometer in constant point of work i.e. *

(0a) = const. np. ©/2 (work in quadrature) () JL}D;_

PZ
Reterence :___ﬁ
Pasive homodyne technique Fosdback phase
This scheme needs configuration with two g, Vit -
output where exist constat phase difference <<+
— the best equal to ©/2 radian. For example High gain output Low gain output |
system with 3x3 output coupler or
polarymetr with quaterwave plate:
Ip) = cos[dg + b, sinw,t] Ip; = sin[dg + ¢ sinw,!]

After applaying low-band filter

In; % sindyJ,(d.)sinw.,f Inp = cosgy S (ds)sinwgt

After multiple and suming;

§ = Ji(d)sinwt = ¢, sinw,t (s <€ 1)
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Heterodyne techniques

Heterodyne processing protecs linear system response with infinite tracking range.
Heterodyne means that the optical frequencies in the interferometer arms are unequal,
and this is conventionally achieved using a frequency modulator such as a Bragg cell.
Output takes the form

IU i CDE‘E(MQI T {f-:d T {.i"h Hinm"'f’]

The output is thus a phase-modulated heterodyne carrier. The demdulation of such a
siganl is a familiar electronic problem, and a number of techniques are established for
its solution. Signal

A A
Heference —
+w

-~

Bragg cell - +
)




