
 

 

Co

 

 
aAsto

bDepartmen

We describe 
Sensors were

Keywords: P

Fibre Bragg g
recently has t
connecting th
does not perm
of microstruc
multimode m
have been ma

2.1 Inscripti

Initial tests w
This had an o
holes having 
ring of holes 

Fig. 1 M

onnector

A. Ab

on Institute 
nt of Photon

the productio
e recorded in f

POF, FBG, sen

grating sensor
their use starte
he POF to a si
mit demountab
ctured POF (m
mPOF sensors
ade. 

ion 

were carried ou
outer diamete
a diameter of
effectively pr

icroscope imag

risation 
microst

banga, D. Sa

of Photonic
nics Engine

on and charact
few-moded an

nsor 

rs recorded in
ed to be explo
ilica fibre con
ble connection

mPOF) contain
s2, for the firs

2. MULT

ut on a poly(m
er of 150μm a
f 5µm and spa
rovides index g

ge of end face o

of fibre 
tructure
aez-Rodrigu

c Technolog
eering, Tech

Lyn

A

terization of F
nd single mode

1. IN
n polymer opti
ored by industr
nnecting lead. 
ns being form
ning fibre Bra
st time demou

TIMODE M

methyl methac
and a core dia
aced 5µm from
guiding in the

f multimode mP

Bragg g
ed polym
ueza, K. Nie

gies, Aston 
hnical Univ
ngby, Denm

ABSTRACT

FC/PC conne
e microstructu

NTRODUC
ical fibre (PO
ry. One of the
One solution

med. In this pa
agg grating (F
untable conne

MPOF CON

crylate) (PMM
ameter of 50μ
m each other
e solid core of

POF  

grating se
mer optic

elsenb, O. B

University
ersity of De

mark 

T   

ctorised fibre 
ured fibre com

CTION  
OF) have existe
e barriers to th
n has been to g
aper we descri
BG) sensors. 

ections with s

NNECTOR

MA) based mu
μm, the core o
– see figure1.

f the fibre.  

ensors r
cal fibre 

angb, D.J. W

, Birmingha
enmark, Ørs

Bragg gratin
mposed of poly

ed for more th
heir exploitatio
glue the two f
be procedures
Following on

single mode P

RISATION

ultimode mPO
of the fibre be
. The low ave

 

ecorded

Webba 

am, B4 7ET
steds Plads,

ng sensors in p
y (methyl met

han 10 years, 
on has been th
fibres togethe
s to enable co
n from our rec
POF incorpor

N 

OF fibre (Kiria
eing bounded
erage refractiv

d in 

T, UK 
 2800, Kgs.

polymer fibre
thacrylate). 

however only
he difficulty o
r1, though this

onnectorisation
cent work with
rating gratings

ama Pty Ltd.)
d by 3 rings o
ve index of the

. 

e. 

y 
f 
s 
n 
h 
s 

). 
f 
e 

Fifth European Workshop on Optical Fibre Sensors, edited by Leszek R. Jaroszewicz, Proc. of SPIE Vol. 8794,
87943Q · © 2013 SPIE · CCC code: 0277-786X/13/$18 · doi: 10.1117/12.2026796

Proc. of SPIE Vol. 8794  87943Q-1

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 06/26/2014 Terms of Use: http://spiedl.org/terms



i

I

 

 

A helium-cad
inscribe the B
cylindrical len
and taped do
wavelength o
of the UV las

Inscription w
source (Supe
connection w
fibre, which w
by Abdi et al3

2.1 Etching o

Acetone etch
enable it to fi
The etched pa
until it jamm
pulled back a
(80°C) blade
coverage whi
of the ferrule 

2.2 mPOF C

Four differen
mPOF conne
polishing pap
glass polishin
helped to pro
multimode m
figure-eight p
polishing disc
were cleaned 
that could da
cycles using a
was captured 

 

Figure 2(

dmium laser 
Bragg grating
ns, through a 

own using pol
of the inscribe
ser beam, and 

was monitored
erlum SLD37
was made betw
was butt coup
3. A small am

of the fibre 

hing4 was appl
it into the 128
art of the fibre

med in the ferr
and forth so th
. The cleaved
ich provided a
connector at 

onnector Pol

nt aluminium 
ctor. Two pol

pers were plac
ng plate. The g
otect the polym
mPOF ferrule 
pattern5 to red
c helped to ke
 between poli

amage the fac
a hand-held m
using a Zeiss

(a) Fibre polish

with a wavel
g in the mPOF

557.5nm peri
lyimide tape. 

ed grating was
a full width a

d using an 83
1, bandwidth 
ween the arm
pled to the PO
ount of polym

lied to one en
μm ceramic f
e was inserted
rule connecto

hat the glue wa
d end was UV
an optical outp
an approxima

lishing  

oxide polishi
lishing cycles 
ced one after 
glass plate ser
mer fibre from
connector wa

duce the heat
eep the tip of t
ishing steps w
ce of the fibre
microscope (Pr
s Axioskop 2 m

hing process (b)

length of 325
F. The laser b
iod phase mas
The inscripti

s in the region
at half maximu

0nm multimo
50nm) and a

m of the silica 
F. The end fa

mer index matc

nd of the 150μ
ferrule connec
d into the ferru
or. Norland 76
as drawn into
V glued with 
put power of 

ate angle of 45

ing papers of 
were carried 
the other on a

rved as a flat a
m excessive f
as inserted in
t generated w
the ferrule nor

with lab tissue 
e. The face of
riorspec II). F
microscope.  

 mPOF in ferru

5nm and an u
beam was focu
sk and on to th
ion time of th
n of 830nm w
um bandwidth

ode mode 50:
an optical spe
coupler and 

aces of the PO
ching gel was

μm diameter m
ctor. The diam
ule of an FC/P
6 UV curing 
the ferrule. T
the UV curin

60mW. The l
5 degrees for e

f 5, 3, 1, and 
out using the
a rubber polis
and stable sur
force due to t
nto a polishin

which could ot
rmal to the pa
soaked in isop
f the connecto
igure 2b show

ule connector af

ultraviolet (UV
used vertically
he fibre. The m
his fibre requ

with a grating 
h of 0.3nm. 

50 silica fibre
ectrum analyz
the mPOF us

OF were cleave
 used in the co

multimode mP
meter of the en
PC connector 
adhesive was

The protruding
ng lamp for 
lamp was posi
effective curin

0.3μm were 
 polishing pap
shing pad (Th
face for easy p
the hardness o
ng disc (Thor
therwise melt

aper while poli
propyl alcoho
or was inspec

ws the polished

 
fter polishing  

V) power outp
y downwards
multimode mP
ires between 
length of 2mm

e coupler (Th
zer (OSA He
sing an FC/A
ed using an 80
oupling to red

POF for 4 min
d of the mPO
and pulled ou
s applied on t
g end of the fib
10 min. The 
itioned 3cm a
ng.  

used to polish
pers in descen
horlabs NRS9
polishing, wh
of the glass p
labs D50-FC)
the polymer 

ishing. The gl
ol. This was do
cted repeatedl
d end-face of 

tput of 30mW
s using a 10cm
POF was laid 
40-60 minute

m, determined

horlabs), a 2m
ewlett Packard

APC connector
0°C hot cleav

duce Fresnel r

inutes to reduc
OF after etchin
ut gently from
the fibre and 
bre was cleav
curing lamp 

away from the

h the UV glu
nding order of
913) which wa
hile the rubber
plate. The glu
) and polishe

r fibre – see f
lass plate and 
one to remove
ly during the 
the mPOF co

W was used to
m focal length
on a v-groove

es. The Bragg
d by the width

mW SLD ligh
d 70004A). A
r on the silica

ve as described
eflections.   

ce its size and
ng was 121μm

m the other side
the fibre was

ved using a ho
had a 2% iris

e polished face

ued end of the
f grit size. The
as placed on a
r polishing pad
ed face of the

ed slowly in a
figure 2a. The
polishing disc
e any particles
two polishing
nnector which

 

o 
h 
e 
g 
h 

ht 
A 
a 
d 

d 
m. 

e 
s 

ot 
s 
e 

e 
e 
a 
d 
e 
a 
e 
c 
s 
g 
h 

Proc. of SPIE Vol. 8794  87943Q-2

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 06/26/2014 Terms of Use: http://spiedl.org/terms



-40

-45

-50

-60

-65

-70

as

-80
800

- Butt -coupled end

- Polished end

0 830

Wavelength(

wtv'tw,Ite4104

CH")

850 E

 

 

After polishin
multimode, s
the other two
total length o
butt-coupled 
fibre was app
that the coupl

 Figure 3

In this section
(mPOF) with
Photonics En
three ring ho
d=1.87 μm, s
 

 
Figure 4.

ng, the multim
tep index 830

o ends of the s
of fibre in the

end. The resp
proximately th
ling loss at the

3 Reflection spe

n we report on
h a single mo
ngineering at th
ole structure. 
o the ratio is d

. Fibre cut in th

mode mPOF g
0nm 50:50 sil
ilica coupler. 
 connector wa
ponse obtaine
he same as th
e connector w

ectrums of FBG

3. SINGL
n a study of th
ode silica fibr
he Technical U
Its diameter w
d/Λ=0.44; the

   

he connector. Th

rating was con
ica coupler. T
The reflection
as 12cm. The
ed by interrog
hat using the c
was possibly lo

G from the polis

LEMODE M
he losses in th
re using a FC
University of 
was 135±5 μm
refore it is exp

he background 

nnected via a 
The SLD light
n of the gratin

e FBG was 7.
gating the gra
connector, de
ower than that

shed end and th

MPOF CO
he connection 
C/PC connect
f Denmark by 
m and the av
pected that th

is the ferrule. 

conventional 
t source and O
ng was capture
5cm away fro
ating using th
spite their va

t achieved with

e butt-coupled 

NNECTOR
of a single m

tor. The mPO
drilling a soli

verage pitch a
e polymer fibr

bulkhead con
OSA describe
ed on the OSA
om the polishe
he cleaved non
rying distance
h butt couplin

end of fibre 

RISATION
mode microstru
OF was fabric

d PMMA pre
and hole diam
re is single mo

nnector to a 50
ed above were
A as shown in
ed end and 4

on-connectoris
e from the FB
ng.  

 

N 
ucture polyme
cated in the D
eform. The fib
meter were Λ=
ode6.  

 

0 micron core
e connected to
n figure 3. The
.3cm from the
sed end of the
BG, indicating

er optical fibre
Department o
re possessed a
=4.26 μm and

e, 
o 
e 
e 
e 
g 

e 
f 
a 
d 

Proc. of SPIE Vol. 8794  87943Q-3

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 06/26/2014 Terms of Use: http://spiedl.org/terms



-2.5

-2.6

-2.7

-2.8o
Q.

-2.9

-3

-3.1

-3.2

0.34

I I I I I I I I I I I I

Ln(P/P0) _ -1.7558L - 1.9451

0.39 0.44 0.49 0.54

Length (m)
0.59 0.64 0.69

 

 

 
First, the mPOF was connectorised using a FC connector with a 120 μm diameter ferrule. As a consequence, once again 
the mPOF had to be etched using acetone for several seconds (from 10 to 15 seconds, depending on the exact fibre 
diameter) to reduce the diameter. Once the fibre diameter was less than the ferrule bore it was introduced in the 
connector and it was pulled out until the fibre became fitted. Finally the excess fibre in the end of the connector was 
cleaved7 with a hot blade at 77 C along the ferrule surface of the connector. Figure 4 show the section of the fibre in the 
ferrule bore.  This cleaving process has proven to be just as reliable as the polishing method described in the previous 
section, but is much quicker to implement. 
 
The cut-back method was used to measure the connection losses. A red laser with a maximum power of 620 μW at 636 
nm was used as a source. It had its output coupled to a single mode silica fibre with an end FC connector; its output was 
connected to the connectorised mPOF and the transmitted power was measured for several lengths. The transmitted 
power of a fibre, including the connector losses, can be written as:  
 
                                                             			ܲ = ܲ ∙ ݁ିఈభ∙ିఈమ                                                        (1) 
 
where P is the transmitted power over a length of fibre L and P0 the power of the laser. Finally, α1 and α2 are the loss 
coefficients of the fibre and the connector respectively.  If we rearrange equation (1) we obtain the following linear 
expression. 
 

(బ)݊ܮ                                                             = ଵߙ− ∙ ܮ −  ଶ                                               (2)ߙ
 
In figure 5 are represented both the experimental data and their linear fit.  
 

 
Figure 5. Cut-back measurements of transmitted power. The dots are the experimental data, and the line is the linear fit. 

 
According to equation (2), the slope and the coordinate origin are the loss coefficient of the fibre and the loss of the 
connection respectively. In table 1 are given the losses with their errors both in linear and logarithmic scales, as 
measured at 636 nm. 
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Table 1. Connector and fiber losses at 636 nm.  
 

α1 (m-1) α2  α1dB (dBm-1) α2dB (dB) 
1.76±0.05 1.95±0.03 7.63±0.22 8.45±0.12 

 

4. DISCUSSION 
In our initial experiments with connectorised grating sensors, it appears that the signal to noise ratio obtained is at least 
as good as is the case when a glued connection is used between silica and POF. Consequently, we believe that these 
demountable connectors offer an enhancement to the usability of the polymer grating sensor technology. We also believe 
that further optimization of the connectorisation process should result in significant improvements to the losses obtained, 
which are still well in excess of what modeling suggests, taking into account the different mode field profiles and 
effective indices in the silica fibre and POF. Of the two approaches to preparing the fibre end in the connector, the 
cleaving method is simpler and much quicker to implement than the polishing approach, however we have not yet 
carried out a detailed study of the coupling efficiency achieved with each technique. Another important issue not yet 
properly studied will be the lifetime of such connectors, in terms of number of connections that can be made before the 
fibre surface becomes damaged. A small number of reconnections results in no significant changes to the device 
behavior but clearly further study of the robustness of the devices is needed – particularly in the case of the single mode 
connectors.  
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