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ABSTRACT 
We have experimentally demonstrated an active loading sensor system based on a fiber ring laser with single-polarization 
output using an intra-cavity 45°-tilted fiber grating (45°-TFG). When the laser cavity fiber subjected to loading, the laser 
output is encoded with the load and can be measured and monitored by a power metre. A loading sensitivity as high as 
0.033/ (kg•m-1) has been achieved using this laser. The experiment results clearly show that single polarization fiber laser 
may be developed to a low-cost high-sensitivity loading sensor system.      
Keywords:  Tilted fiber grating, Single polarization fiber laser, Loading sensor.   

1. INTRODUCTION 

Optical sensors for loading measurement based on fiber Bragg grating (FBG) [1, 2], long period grating (LPG) [3], and 
tilted fiber grating [4] have been extensively studied due to their small size, lightness, long-term stability, immunity to 
electric–magnetic interference and most of all, the multiplexing capability for sensor network. To function as loading 
sensors, the majority of these gratings exhibited a pronounced polarization mode split effect resulting from the 
birefringence induced by the transverse loading. Lin Zhang et al [3] reported an optical fiber load sensor based on an LPG 
fabricated in conventional and Hi-birefringence fiber. Rui et al [5] experimentally demonstrated a directional transverse 
loading sensor based on an 81°-TFG.  

Most fiber loading sensors proposed so far are based on passive operation with expensive spectrometer for signal 
demodulation. External light source will also be required in such a type of sensors. In this paper, we report a loading 
sensor using single polarization fiber laser incorporating an intra-cavity 45º-TFG. The proposed laser sensor system is 
based on monitoring the output laser power which is at low cost compared to the passive sensor demodulation.   

2. STRUCTURE AND POLARIZATION PROPERTY OF 45º-TFG 

45 °-TFG is a novel type of gratings with a series of index modulation planes that are tilted at 45 degree with respect to 
the fiber axis. Theoretically, when light propagates through the 45º-TFG, the s-polarized light radiates out of the fiber 
core and the p-polarized light propagates through the fiber without any loss. It is pointed out that the strongest coupling 
wavelength for a 45°-TFG is at [6]: 

2 45o
strongest Gn Cosλ = Λ

                             (1) 
Where n is the effective refractive index of core mode and ΛG is the grating period along the fiber.  
Detailed description of the fabrication of the 45º-TFG is described elsewhere [6]. The effective length of 45º-TFG used 
in this laser sensing experiment is around ~25mm. Figure 1(a) shows the polarization dependent loss (PDL) spectral 
response of the 45°-TFG which was immersed into an index matching gel and measured by a commercial optical 
analysis system (LUNA optical vector analyser). It can be seen from the figure that PDL is about 15 dB around 
wavelength 1550nm and dropped to 12dB at 1600nm. Figure 1(b) shows the image of a 45°-TFG structure in the fiber 
core that was taked by a 100x microscope.  
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Figure 1 (a) The PDL spectral response of the 45°-TFG. (b) Microscopic image of a 45°- TFG taken under a 100x oil immersion 

objective lens.  

3. EXPERIMENTAL SETUP, OPERATION PRINCIPLE AND RESULTS 

3.1 Experimental setup of single polarization laser system based on 45°-TFG  

The experimental setup of single polarization ring laser based on 45°-TFG is illustrated in Figure 2(a). A 4-metres length 
of Erbium-doped fiber (EDF) was inserted in the ring cavity and pumped by a grating stabilized 976nm laser diode (LD) 
which can provide up to 200mW pump power though a 980/1550 wavelength division multiplexing  (WDM) coupler. A 
10:90 coupler is employed to couple 10% of laser light out of the laser cavity. A uniform FBG with reflectivity larger 
than 90% and 3-dB bandwidth of 0.19 nm at the wavelength of 1550.0nm is incorporated in the cavity through an optical 
circulator, which is used to define the laser seeding wavelength while maintaining indirection oscillation. A 45°-TFG is 
inserted between the circulator and the polarization controller (PC) to achieve single polarization function, as it can 
optimize the cavity birefringence. Figure 2(b) provides a typical output of the ring laser measured by an optical spectrum 
analyser (OSA). 

  
Figure 2 (a) Schematic diagram of the single polarization fiber ring laser structure. The polarization extinction ratio of the laser output 

is measured using the setup shown in dashed line box. (b) Typical output spectrum of the fiber laser.  

Without 45°-TFG in the ring cavity, the fiber ring laser output has a degree of polarization (DOP) of only about ~19.7%, 
which suggests that the laser output is almost un-polarized. After inserting the 45°-TFG into the laser cavity, the DOP of 
laser output significantly increases to ~99%, which clearly indicates that the output of the laser is highly polarized and 
almost single polarization. The slope efficiency of the fiber laser has also been examined before and after incorporating 
the 45°-TFG into the cavity. Figure 3(a) clearly shows the slope efficiency decreased from 11.93 % to 8.06 % after the 
45º-TFG had been inserted into the laser cavity. This is owing to the 45°-TFG induced PDL-related total loss in the laser 

(b) 
(a) 

(a) (b) 

Proc. of SPIE Vol. 9157  91577H-2



222018i6

i? 14

í 12
i3

10
)

thout 45 TFG in laser
0.1193 *X -0231
th 45 TFG in laser ca
=0.0806'X- 0.4029

"fit;
0 60 80 1(

Pump Po

'cavity

00 120 140 1'

iwer(mw)

SS

\
'Pe

Si
\

0
g

46.

l

 

cavity. We al
that typical o
spectral varia

Figure3 (a) Slo

spectra measur

3.2 Loading 

As a result o
state thus giv
the transmiss
changes the 
photo-elastica
applied loadi
polarization f
laser output p

3.3 Experime

The schemati
in Figure 2(a)
has been rem
laying the sen
gradually inc
monitored by

Before apply
working in an
an elevation 
intra-cavity p
active loading
load in a simi
a linear relati
example, we 
sensor reporte

so measured t
output spectra 
ation is shown

ope efficiency 

red over half an

sensing princ

f the polarizin
ving out single
sion axis of t
intra-cavity p

ally induced b
ing can thus 
filter in laser 
power change.

ental setup of

ic of laser loa
); the dotted c

moved to reduc
nsing fiber an
reased the loa

y a power mete

ying the transv
n optimized co
step of 0.1 k

polarization st
g lengths are 
ilar trigonome
ionship is ma
can estimate t
ed before [5], 

the stability o
of fiber ring 

n in the figure.

of the fiber rin

n hour at the lab

ciple 

ng property o
e polarization 
the 45°-TFG 
polarization s
birefringence 
alternate the
cavity, theref

. This is the pr

f laser loadin

ading experim
circle in Figur
ce the buffer e

nd a dummy fi
ad on the top o
er. 

verse load, we
ondition. We 
kg. The laser 
tate. The mea
plotted in Fig

etric function f
aybe more de
that the loadin
the sensitivity

of the fiber rin
cavity laser m

 

ng laser with an

boratory conditi

of the 45º-TFG
output. There
will have the

state will lead
introduced w

e intra-cavity 
fore any varia
rinciple of our

ng sensor and

ent is shown 
re 4(a) indicat
effect. The loa
iber (SMF-28
of the plate w

e maximized
then applied t
output powe

sured output 
gure 4(b). It ca
for a full circl
sirable. There

ng sensitivity i
y of our active

ng laser outpu
measured ove

nd without the 

ion. 

G, the propos
efore, only the
e maximum l
d to extra lo

when transvers
polarization 

ation of birefr
r fiber laser ba

d results 

in Figure 4(a)
tes the sensing
ading setup is
) between two

with active loa

the laser outp
the transverse
er changed w
optical power
an be seen that
le change of th
efore, taking 
is approximate
e loading sens

(a) 

ut with the 45°
er half an hou

45°-TFG. (b) T

sed fiber laser
e light with ap
asing efficien

oss, hence a 
se force appli
state of a fi

ringence or po
ased loading s

). The laser st
g fiber section
s shown in the
o flat-surface 

ading length 3

put power by
e load to the se
ith loading w
r changes aga
t the normaliz
he polarization
the quasi-line
ely 0.033/ (kg
sor has been in

°-TFG in the 
ur at a 5 minu

The stability of

r cavity could
ppropriate pol
ncy in the cav
reduction in 
ed onto the s
ibre laser. Th
olarization in 
sensor. 

tructure is the
n. The plastic 
e dotted box, w
aluminium pl
1mm. The las

y adjusting the
ensing fiber in

weight variatio
ainst the loadi
zed output pow
n state. Howev
ear range from
·m-1). Compar
ncreased signi

cavity. Figure
utes interval. 

f fiber ring cav

d eliminate on
larization state
vity. Any per
the output p
ingle mode si

he 45º-TFG f
 the cavity w

e same as the o
coating of the
which was im
lates. In the ex
ser output was

e PC to guara
n cavity from 
on due to the
ing weight on
wer is varied w
ver, in practic
m 32kg/m to 
red with TFG 
ificantly.   

e 3(b) displays
No noticeable

 

vity laser outpu

ne polarization
e that matches
rturbation tha

power. Due to
ilica fibre, the
functions as a

will lead to the

one illustrated
e sensing fiber

mplemented by
xperiment, we
s continuously

antee the laser
0 to 6.4 kg in

e alteration o
n two differen
with increasing
al application
61kg/m as an
based loading

(b) 

s 
e 

ut 

n 
s 

at 
o 
e 
a 
e 

d 
r 
y 
e 
y 

r 
n 
f 

nt 
g 

n, 
n 
g 

Proc. of SPIE Vol. 9157  91577H-3



MDW

bOMEE
7JE,LEK

EIREK

m EDE

rvrGd

1.0

0.8

0.8

0.4

0.2

0.0

r
.
.

.
:

.
.

0 20 40 60 80 100 120 140 160 180 200 220

Transverse Loading (Kg /m)

 

 

  
Figure 4 (a) Schematic of the fiber laser loading sensor incorporating an intra-cavity 45º-TFG. (b) Measured output power change 
against loading weights.  

4. CONCLUSION 
In summary, we have demonstrated a single polarisation fiber laser incorporating an intra-cavity 45º-TFG for loading 
sensing. The loading sensing based on this active configuration has shown a significantly increased sensitivity compared 
with the TFG based passive one. The fiber ring laser sensor system also benefits from low cost signal demodulation 
method.  
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