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ABSTRACT 
In this paper, we report the employment of surface-core fibers for hydrostatic pressure sensing. To our knowledge, this is 
the first demonstration of the use of these fibers for the referenced purpose. Theoretical simulations of the fiber structure 
were performed in order to estimate fiber phase and group birefringence values and its pressure sensitivity coefficient. In 
order to test fiber performance when acting as a pressure sensor, the same was placed in an polarimetric setup and its 
spectral response was measured. A sensitivity of 4.8 nm/MPa was achieved, showing good resemblance to the expected 
sensitivity value (4.6 nm/MPa). 
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1. INTRODUCTION  
The development of pressure sensors based on optical fibers is very important due to the numerous advantages 

provided by this sort of setups. Among them, one can identify their intrinsic electromagnetic immunity, robustness, 
tunable sensitivity and dynamic range and the possibility of being set in a compact size. Optical fiber pressure sensors 
are, thus, very useful for acting in harsh environments such as underwater petroleum exploration sites.1 

Specially designed birefringent optical fibers, such as the photonic crystal ones, are often used for this purpose1, 2, 3, 4. 
Usually, they are set in polarimetric configurations which allow the orthogonal modes that travel along them to interfere. 
The spectral response of these configurations is characterized by the existence of interferometric fringes whose spectral 
position shifts according to the pressure conditions to which the fiber is subjected (as a manifestation of the photo-elastic 
effect). To characterize the relation between this wavelength shift and the applied pressure, one defines a sensitivity 
coefficient CS, as expressed in Eq. 1.3 

 ∆ ≡ ≈                                                                              (1) 
 

In Eq. 1, Δλ is the spectral wavelength shift of an interferometric fringe caused by the application of an external 
hydrostatic pressure variation ΔP. Besides, λ is the central wavelength of the considered fringe. G and ∂B/∂P are 
respectively the fiber group modal birefringence and the phase birefringence derivative with respect to pressure. 

In this paper, we report, to our knowledge, the first demonstration of a hydrostatic pressure sensor based on a 
surface-core optical fiber5. The main advantage of using surface-core optical fibers instead of employing photonic crystal 
fibers in pressure sensing measurements is the ease of fabrication. Preparation of photonic crystal fibers can be very 
demanding and time consuming. The fabrication method of surface-core fibers is, in turn, very simple since it is based on 
the merging of a germanium doped silica rod to a silica tube followed by a standard fiber drawing process5. The off-
center core, on the other hand, can not be trivially spliced to standard single mode fibers – an issue to be addressed in 
future if all-fiber setups are desired.  

In the next sections, the performance of the proposed sensor is analyzed. To do this, a theoretical study of fiber 
characteristics is firstly provided and then compared to the experimentally measured data. 

2. STUDY OF FIBER PRESSURE SENSITIVITY 
In order to study the surface-core fiber pressure sensitivity, whose measure is given by the CS coefficient (Eq. 1), 

one needs to obtain information about fiber phase and group birefringence. To attain this goal, one proceeded with the 
performance of numerical simulations by using a commercial finite element-based software. Figure 1a presents the 
simulated idealized fiber structure. The core region (darker area) was assumed to have an elliptically symmetric graded 

24th International Conference on Optical Fibre Sensors, edited by Hypolito José Kalinowski,
José Luís Fabris, Wojtek J. Bock, Proc. of SPIE Vol. 9634, 96343B · © 2015 SPIE

CCC code: 0277-786X/15/$18 · doi: 10.1117/12.2194867

Proc. of SPIE Vol. 9634  96343B-1

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 05/04/2016 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx



 

 

refractive ind
in Cerqueira 

Simulatio
polarization s
range, our an
refractive ind
wavelength. H

The obse
the phase bire
simulated poi
which is give
1b. 

In order t
one performe
wavelength). 
applied on th
the external e
shielded by th
different effe
MPa, one obt
range, from 1

From the
pressure, it is
4.6 nm/MPa. 
one.  

 

Figure 1. 
(b) Nume

 

dex profile. Pu
S. Jr. et. al.6 
on results pro
states – one e
nalysis was c
dex allowed 
Here, it is seen
erved phase b
efringence de
ints. This deri
en by G = B –

to account for
ed simulation
Results are p

he fiber is incr
environment (
he fiber struct
ctive refractiv
tains 8.0 x 10

10 MPa to 25 M
e obtained val
s possible to c
In the subseq

(a) Fiber struc
rical phase bire

ure and doped 

ovided us with
emphasize tha
centered to th

obtaining Fi
n that the fibe
irefringence b
rivative with 
ivative is then
– λ ∂B/∂λ, cou

r CS, it is also 
s of the fiber

presented in F
remented. It h
(one of its ax
ture). Thus, th
ve index chan
0-7 MPa-1 for t
MPa, we calcu
lues for group
calculate an ex
quent sections 

cture used in si
efringence versu

silica optical 

h the effective
at although th
he fundamenta
igure 1b plot
er phase birefr
behavior versu
respect to the

n calculated to
uld be obtaine

necessary to s
r effective ref
igure 1c wher

happens due to
xis suffers dire
he modes on o

nges if the pre
the birefringen
ulated 3.1 x 1
p birefringenc
xpected value
an experimen

imulations with
us wavelength p

and mechanic

e refractive in
e fiber suppo
al core mode
t, which exp

ringence has th
us wavelength
e wavelength, 
o be 7.5 x 10-

ed as 1.43 x 1

study the bire
fractive index
re it is seen an
o the fact that
ect influence 
orthogonal po
ssurization co
nce derivative
0-6 MPa-1 for 

ce and for the
e for CS aroun
ntal measure f

h doped core re
plot. (c) Numer

cal properties 

ndex of the fu
rts a few high

e. The knowle
poses the fib
he order of 10
h is found to b
∂B/∂λ, as the 

-8 nm-1. Furthe
10-4 in the stud

fringence dep
xes for differe
n increase in 
t the fiber cor
of the applied

olarizations tha
onditions are v
e with respect
∂B/∂P. 

e derivative of
d the wavelen

for CS will be p

egion in dark g
rical phase biref

were simulate

undamental co
h order mode
edge of the o
er phase bire

0-4. 
be linear. Thu
angular coeff

ermore, the fib
died waveleng

pendence on pr
ent pressurizat
fiber phase bi

re structure is 
d pressure and
at travel along
varied. For low
t to pressure ∂

f the phase bi
ngth of 815 nm
presented for 

grey with dime
fringence versu

ed using a mo

ore modes in t
s in the visib

orthogonal mo
efringence de

us, it is possib
ficient of a lin
ber group bire
gth range sho

ressure variati
tion condition
irefringence a
asymmetrica

d the other ax
g the fiber cor
w pressures ra
∂B/∂P. For hig

irefringence w
m for low pre
comparison to

ensions 3.3 μm 
us applied press

odel developed

the orthogona
le wavelength
odes effective
ependency on

ble to estimate
ne fitted to the
efringence, G
wed in Figure

ions. Thereby
ns (at 815 nm
as the pressure
lly exposed to
xis is partially
re experiences
ange, up to 10
gher pressures

with respect to
essures values
o the expected

 
x 6.6 μm.      

ure plot. 

d 

al 
h 
e 
n 

e 
e 

G, 
e 

y, 
m 
e 
o 
y 
s 
0 
s 

o 
s: 
d 

Proc. of SPIE Vol. 9634  96343B-2

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 05/04/2016 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx



 

 

For perfo
2a was used. 
(OSA) is em
pressure pum
experimental 
second one al

Surface-c
shows the cro
2b and c iden

 
 

Figure 2. 
core fiber 

 
 

As the o
transmission 
interferometr
which the fib
to experience

Figure 3a
to 0.4 MPa. O
Figure 3b pre
the fiber sens

The attai
measured aro
pressure sens
by Anuszkien

Figure 3a
uses G ≈ λ2/(
spectrum, S is
obtained 2.63
10-4). We bel
idealized. 

 

orming hydro
Broadband li

mployed as the
mp so it can b

configuration
llows these m
core fibers te
oss section of 
ntifies the fiber

(a) Experiment
r cross section. (

orthogonal mo
spectrum m

ric fringes. Th
ber is subjecte
e a spectral shi
a shows the tr
One can obser
esents the frin
sitivity to pres
ined pressure 
ound 1550 nm
sing experime
nwicz et. al. w
a data also al
S . L), where 
s the spectral 
3 x 10-4 for gro
lieve that sim

3. PR
static pressur
ight from a su
e detection sy

be subjected to
n: the first on

modes to interfe
sted herein w
the referenced
r core. 

tal setup. SC: s
(c) Core region

odes that trav
measured in t
he spectral po
ed. Therefore, 
ift. 
ransmission sp
rve that as the

nges waveleng
sure variation
sensitivity va

m)2,  which i
nts. The high

when studying
lows obtainin
λ is a central
distance betw
oup birefringe

mulated and m

RESSURE V
e variations p
upercontinuum
ystem. The su
o different pr

ne provides th
fere. 
were fabricated
d fiber and Fi

supercontinuum
n zoom. 

vel along the 
the experime
osition of the 

when one alt

pectra measur
e pressure app
gth shift versu
ns. A sensitivit
alue is slightly
is a commerc

hest pressure s
 rocking-filter

ng an experim
l wavelength b

ween the consid
ence. The mea

measured value

VARIATION
probing measu
m (SC) is used
urface-core fi

ressure condit
he excitation o

d at UNICAM
igure 2c prese

 

m; P1 and P2: po

fiber are ass
ental setup o

interferometr
ters the applie

red in Figure 2
plied on the f
us applied pre
ty of 4.8 nm/M
y higher than
cial fiber fabr
sensitivity valu
rs induced on 

mental measure
between two 
dered maxima
asured value i
es are differen

NS MONITO
urements, an e
d as the light 

fiber is placed
tions. Two po
of modes on t

MP and the d
nts a zoom of

olarizers; OSA:

sociated to di
of Figure 2a
ric fringes is 
ed pressure va

2a setup for d
fiber is increas
essure plot. By
MPa was foun
n the one foun
ricated by NK
ue remains be
microstructur

e for fiber gro
consecutives 
a (or minima) 
is higher than 
nt because the

ORING 
experimental 
source and an

d in a pressur
olarizers (P1 a
the two ortho

etails can be 
f the core area

: optical spectru

ifferent effect
is character

dependent on
alue on the fib

different press
sed, the interf
y fitting this p

nd. 
nd for PM-15
KT Photonics
eing, to our k
red-fibers (177
oup birefringe
maxima (or m
and L is the f
the one predi

e fiber structu

setup as depi
n optical spec
re chamber c

and P2) are als
gonal polariza

found elseher
a. Brighter reg

um analyzer. (b

tive refractive
rized by the 
n the pressure
ber, the fringes

surization cond
ferometric frin
plot data, one

50-01 fiber (3
s and usually

knowledge, the
7 nm/MPa)4.  
ence. For calc
minima) in the
fiber length. A
icted by simul
ure used in sim

cted in Figure
ctrum analyzer
onnected to a
so used in the
ations and the

re5. Figure 2b
gions in Figure

b) Surface-

e indexes, the
existence o

 conditions to
s are expected

ditions from 0
nges blueshift
e can calculate

3.42 nm/MPa
y employed in
e one reported

ulating it, one
e transmission

At 815 nm, one
lations (1.43 x
mulations was

e 
r 
a 
e 
e 

b 
e 

 

e 
f 
o 
d 

0 
t. 
e 

a, 
n 
d 

e 
n 
e 
x 
s 

Proc. of SPIE Vol. 9634  96343B-3

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 05/04/2016 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx



 

 

Figure 3. 
pressure p

 

In this p
this is the firs

Firstly, f
characterized
birefringence

A polarim
response of t
fringes was a
good resembl

As future
variations. Ot

Authors 
for financial s

 

[1] Fu, H
base

[2] Fu, H
with

[3] Osór
“Pho

[4] Anu
Mer
rock
(201

[5] Osór
Cord
Opti

[6] Cerq
“Nu
band

(a) Transmissi
plot.  

aper, a hydro
st time that thi
fiber sensitivi

d by simulating
e was estimate
metric setup w
the setup was
accounted. We
lance between
e steps in thi
ther configura
would like to
support. 

H. Y. , Wu, C
ed on photonic
H. Y., Tam, H

h polarization 
rio, J. H., Ha
otonic-crystal 

uszkienwicz, A
go, P., Makar

king filters in 
12).  
rio, J. H., Oli
deiro, C. M. 
ical Fibre Sen
queira S. Jr., A
merical and e
dgaps,” Optica

ion spectrum m

static pressur
is kind of fibe
ity to pressur
g the fiber pro

ed and then the
was employed
s analyzed for
e obtained 4.8
n experimenta
s study, we p

ations, as rock
o thank G. Ch

C., Tse, M. L. V
c crystal fiber 
H. Y., Shao, L
maintaining p
ayashi, J. G.,
fiber-based p

A., Statkiewic
ra, M., Poturaj

microstructur

iveira, R., Mo
B., “Surface
sors (2015). 
A., do Nascim
experimental 
al Fiber Techn

measured for dif

CO
e sensor base

ers is studied u
re variations, 
operties using 
e expected val
d for testing th
r different pre
8 nm/MPa for
l and simulate

plan adjusting
king filters ind
hesini for his h

R
V., Zhang, L.,
for downhole

L., Dong, X., 
photonic cryst
, Espinel, Y. 

pressure senso
z-Barabach, G
j, K., Geernae
red fibers opt

osquera, L., Fr
-core fiber gr

mento Jr., A. R
analysis of p
nology, 18 (20

 
fferent pressuri

ONCLUSIO
ed on surface-
under this app

which is me
a commercial
lue for sensiti
he surface-cor
essurization co
r the surface-c
ed values was 
g fiber charact
duced on the fi
help in fiber f

REFERENCE
, Cheng, K. D
e application,”

Wai, P. K. A
al fiber-based
A. V., Fran

r for dual env
G., Borsukows
ert, T., Berghm
timized for h

ranco, M. A. 
ratings,” also

R., Franco, M
olarization pr
012). 

ization conditio

ONS 
-core optical f
roach.  

ediated by the
l finite-elemen
vity coefficien
re fiber sensit
onditions and
core fiber pre
attained. 
teristics in or

fiber reported h
fabrication an

ES 
D., Tam, H. Y.
” Applied Opt
A., Lu, C., Kh
d Sagnac interf
nco, M. A. R
vironment mon
ski, T., Olszew

mans, F., Thie
ydrostatic pre

R., Heidarial
o submitted to

M. A. R., de Ol
roperties from

ons. (b) Wavele

fibers was pre

e photo-elasti
nt-based softw
nt CS was calc
tivity to press
d the spectral 
ssure sensitiv

rder to optimi
herein, are als
d CNPq and F

, Guan, B., Lu
ics, 49, 14 (20

hijwania, S. K
ferometer,” 47

R., Andrés, M
nitoring,” App
wski, J., Mart

enpont, H., “Se
essure measur

amdarloo, J., 
o the 24th In

liveira, I., Ser
m hybrid PCF

 

ength shift vers

esented. To ou

ic effect, was
ware. Fiber ph
culated – 4.6 n
ure variations
shift of the in

vity. One can 

ize its respon
so to be tested
FINEP (grant

u, C., “High p
010). 

K., “Pressure s
7, 15 (2008). 

M. V., Cordeir
plied Optics, 5
tynkien, T., U
ensing charac
rements,” Opt

Bilro, L., No
nternational C

rrão, V. A., Fr
s across difer

sus applied 

ur knowledge

s theoretically
hase and group
nm/MPa. 
s. The spectra
nterferometric
observe that a

se to pressure
d. 
t 0012039300

pressure sensor

sensor realized

ro, C. M. B.
53, 17 (2014).

Urbanczyk, W.
teristics of the
t. Express, 20

ogueira, R. N.
Conference on

ragnito, H. L.
rente photonic

e, 

y 
p 

al 
c 
a 

e 

) 

r 

d 

, 
 
, 
e 
0 

., 
n 

., 
c 

Proc. of SPIE Vol. 9634  96343B-4

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 05/04/2016 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx


