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Researches on the micro-structured fiber gratings
and their applications to high sensitive fiber sensors

and all-optical signal processing devices
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ABSTRACT

Calibration of a phase-shift formed in a linearly chirped fiber Bragg grating by
using wavelength-interrogated fiber ring laser and its application to temperature
sensor

Cladding mode coupling in a wide-band fiber Bragg grating and its application to
a power-interrogated temperature sensor

Phase shifted and cascaded long-period fiber grating written by using focused
high-repetition-rate CO2 laser pulses

Long period fiber grating and its application to all-optical pulse shaping

Fabrication of micro/nano fiber by using focused high-repetition-rate CO2 laser
pulses



Investigation of the phase-shift formed in a linearly chirped fiber Bragg grating
by using power-interrogated fiber ring laser
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1. Introduction 080 nm
Phase-shifted fiber Bragg grating (FBG) has been comprehen- LD *
sively studied and widely used in the fields such as the fiber la- Isolator Isolator

sers, DWDM filter, etc. [1, 2]. However until present, quantita-
tive analyses on the calibration of the resulted phase-shift and a
relationship between the transmission (strength) of the resulted
notch filter and the amount of the phase-shift have rarely been
given at all. In this paper, relationship between the phase-shift
and the strength of the resulted narrow filter is theoretical and
experimental demonstrated. Furthermore, a novel scheme which
is based on the utilization of a power—interrogated fiber ring laser
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2. Experimental setup and results Fig.2. Experimental setup for the SLM EDF ring laser.
It is found that there existed a beautiful one-by-one relation be- 4.0 — . .

tween amount of the inserted phase-shift and the transmission of « Exp. data

the resulted band-pass filter in theoretical analysis, although it is
nonlinear one. Here we perform the experimental tests for a line-
arly chirped FBG (provided by TeraXion Inc.) with different
amounts of the phase shift introduced by a PZT, which is shown
in Fig.1 Characteristics for this utilized grating have been de-
scribed in details in [2]. The transmission magnitude increases in
accordance with the PZT voltages, it reaches the maximum when
the applied voltage is about 160V corresponding to the case
where 7z phase shift is originated. 30 60 90 120 150 180
The one-by-one relationship between the transmission of the PZT Voltage (V)
narrow band-pass filter and the phase-shift induced in the FBG
means that one can indirectly know the amount of the phase shift
in a FBG induced by PZT once the transmission of the band-pass
filter is precisely measured. To verify the proposal, an Erbium- 40
doped-fiber (EDF)-based fiber ring laser capable of working at )
single-longitude-mode (SLM) is utilized here. Figure 2 shows the
schematic diagram of the experimental setup. In this experiment,
the 980nm-LD pump power is kept as a constant of 100 mW. In
order to show well the dependent of the laser output on the PZT
voltage, we summarized all the data and redraw them in Fig. 3.
After the interpolate operation to the data shown in Figs. 1-3, It
is easy to find the one-by-one relationship between the laser out-
put power and the induced phase-shift in the FBG, which is
shown in Fig. 4. 1.0 2.0 3.0
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Fig.3. Dependent of the laser output power on the amount
of the voltage applied on PZT.
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Fig.4. Dependent of the laser power on the amount of the
phase shift induced in the FBG.

3. Conclusion
The relationship between the amount of the induced phase-shift
in a linearly chirped FBG and reflection of the resulted narrow
bandpass filter is theoretical and experimental demonstrated. A
novel scheme based on the utilization of a power—interrogated
. . . fiber ring laser for quantitative calibration of a phase-shift is
1537.0  1537.2  1537.4  1537.6 numerically and experimentally demonstrated.
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1. Introduction

Optical fiber technology is used, such as Silicon as how to
send information to the recent large capacity has been widely
used, it has become essential to modern technology. On the other
hand, in that require improvement in signal processing speed due
to the large capacity of information, the signal processing by the
electrical signal is limits at 10Gbit / s, the signal processing by
light, the transmission rate of more of the all optical device that
is take advantage has been attracting attention. All-optical devic-
es are required to be low-loss communication wavelength band
and high nonlinearity. In this research, we fabricated micro-ring
resonator using As,Se; glass, check the bistable operation.

2. Fabrication for As,Se; waveguides

The waveguide structure is fabricated waveguide layer based
the Ag-As,Se;, as shown in Fig.1. This waveguide was tuned
wavelength in 1.064um. This waveguide is composed of the
substrate is silicon wafer, the lower cladding layer is PMMA, the
waveguide layer is Ag-As,;Se; and the strip layer is As,Se;. Then,
thickness of the waveguide layer d is 0.40um, thickness of the
strip h is 0.05um and waveguide width w is 2.0pm.The fabrica-
tion process of the waveguide has eight steps. The first step is
Silicon Wafer coated with PMMA. The second and third step is
deposited As,Se; and Ag. The fourth step is Ag-As,Se; was fab-
rication by photo-doping. The fifth step is it coated with OFPR.
The sixth step is the pattern exposed to the sample. The seventh
step is deposit As,Se; again. The last step is Lift off OFPR. Fig.2
is micro-ring resonator structure. We depicted the eighteen types
of waveguide to a sample. Coupling unit interval D is 1.0, 1.5,
and 2.0pm. Length of the coupling Lc is 4, 5, 6, 7, 8, and 9pum.
Radius of ring R is 100um.
3. Experimental setup and results

The experimental setup for measurement of the ring resonator
is shown in Fig.3, where the input light is generated by tunable
laser, which is varied 1063 to 1065. It gets through beam splitter
and half-wave plate, and focused by 60 times lens. Fig4 is spec-
tral response of ring resonator. Resonance wavelength interval
was 0.38nm, 0.34nm and 0.37nm.The resonant depth was about
3dBm to 1dBm.
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Fig.1. Waveguide structure.
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4. Conclusion

We were able to establish the fabrication technology of the ring
resonator to measure the transmitted power. Resonate character-
istics, depth of the resonance of up to 3dBm. Cause of many
variations of the measurement was considered to be not only the
fundamental mode propagating and other modes.



Fabrication of a long-period fiber grating by using CO laser
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1. Introduction

Recently, device which used optical fiber are studied for tak-
ing much notice of many applications. For example, long-
period fiber gratings (LPG), fiber Bragg grating (FBG), nano
fiber, and so on. The phase-shifted long fiber (PSLPG) is in-
serted the shift in LPG. Above all, LPG and PSLPG have many
applications, such as band reject filters, gain spectrum flatten-
ing filter and temperature sensor, pulse shaping device respec-
tively. So, LPG has been already studied and has been succeed
to fabricate by expose photosensitive fiber to ultraviolet. How-
ever, it is not yet about general fiber. In this study, LPG is fab-
ricated by irradiate general fiber with CO, laser.

2. Experimental setup

The experimental setup is shown in figure 1.The CO, laser
beam through the shutter is reflected by the mirror on the stage
and focus the beam on the fiber by a spherical lens. The fiber is
clamped the fiber alignment stage. To measure the transmission
spectrum of the LPG, the fiber is connected between an ampli-
fied spontaneous emission (ASE) and an optical spectrum ana-
lyzer (OSA). Exposing the fiber to the CO, laser, refractive index
of the fiber core change (increase) for producing the stress In
order to realize a periodic refractive index structure, the shutter is
possible on/off and the stage is available to move, they are con-
trolled by Lab-view (PC soft). The CO, laser works at a typical
frequency of 5kHz and duty-cycle is changeable between 0% and
95%. The beam is focused though the spherical lens with a focus
length of 70 cm, the minimum spot size on the fiber is about 100

pm .
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Fig.1 experimental setup

3. Principle

LPG has a periodic effective refractive index change of the fi-
ber core. Its characteristics have the loss peak in specific wave-
length when we input the light having normalized intensity. And
PS-LPGs have also this characteristic, but it differs from LPGs in
terms of being divided the wavelength. These spectral are
changed by the distance which | insert. Two cases are considered
by the distance inserted. PSLPG is when the inserted distance is
shorter than grating period(A), and cascaded long period fiber
grating (CLPG) is when the inserted distance is much larger
than A. These LPGs is generated mode coupling to as two grat-
ing connected in series. In the principle of these LPGs, core
mode is coupled with cladding mode for the first grating edge, it
propagates directly in no grating area, the generated cladding

mode is

coupled with core mode again. So, this works to look like Mach-
Zehnder interferometer.

The wavelength of LPGs is satisfied with A=(Ncore-Nelad)/\ When
solve phase matching condition, where ngye and ngq is effective
refractive index of the fiber core and that of clad, respectively. In
this study, | think three typical types, LPG, PSLPG, and CLPG
as follow. | use the single mode fiber have ngye=1.455 and ngjq =
1.453. So, whenAequal to 1550nm , A= 630um. Therefore, we
apply to this value for simulation and experiment in all LPGs. In
CLPGs, peak wavelength difference are satisfied with AA=AY
(NcoreNciag) d . The smaller AA is, the better sensitivity.
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Fig.3 Measured spectral of CLPGs for d=10.6cm and 37.1cm

4. Conclusions

Three kinds of LPGs have been successfully fabricated by using
the CO, laser from Fig.1 to Fig.3. It is found that characteristics
of PSLPG and CLPG spectral strongly depend on the magnitude
of the inserted phase shift in a LPG. You can see that the wave-
length of LPGs rely on the grating period from Fig.1 left. Reso-
nant wavelength of all LPGs slightly increases the period be-
cause of applying the strain to the fiber. In Fig.3 characteristics
change by the distance (d).
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Optical bistability in a Fabry-Perot resonator using a nonlinear fiber
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1. Introduction

When a high density power enters the medium which has high
nonlinearity, the individual input-output characteristic can be
obtained. This characteristic is called the optical bistability. It has two
stable states by one input. And it can be obtained the limiting
characteristic or differential amplify characteristic if change the
conditions. We can apply these characteristics to optical switch, linear
amplifier, or optical power limiter. These devices are called all
optical devices, which can realize the very fast operating device.

In this paper, we investigate the optical bistability using a AszSs fiber
Fabry-Perot resonator numerically and experimental setup.
2. Modeling for the Fabry-Perot resonator

Fabry-Perot resonator is constructed by a medium and two mirrors.
This resonator can be constructed only put the medium between
mirrors. This resonator needs the mirror which has high reflectivity.
In this study, we make the mirrors dielectric multilayer [1] on the
edge of the fiber by vacuum evaporation. In order to get a reflectivity
over 90% and the wavelength which is peak of the reflectivity is
around 1060nm, we use the materials of the multilayer are ZnS
(refractive index is 2.32) and MgF: (refractive index is 1.38). The
thickness of the each layer are 91.7nm (ZnS) and 154.2nm (MgF>»)
respectively, the number of layer is 7.
In the Fabry-Perot resonator, the output field Eout(t) is given by
Eout(®) = TEi (t — tR)exp[—j{qo + @np(t — tr)}]

+REoui(t — 2tp)exp[—j{2¢, + @np(t — tr) + @np(t — 2tr)}]

(&)
where tg = nL/c is the cavity transit time, R (=r2) is the reflectivity
of the mirror, T (=1-R) is transmissivity of the mirror, @, = nk,L is
the linear phase shift, @yp(t—tg) and @yg(t—2tg) are the
nonlinear phase shifts of the forward and backward propagating

wave in the medium, respectively, given by

Onp(t— tr) & 2L (1 4 R)[Egue (17 + RIEgu(t — 2t)13} @)

2n,T

nykoL
2noT

(pNB(t - 2tR) ~ {lEout(t)lz + (1 + R)lEout(t - ZtR)lz} (3)

where k, is the wave number, 1, is the wave impedance in the
vacuum, n2 is the nonlinear refractive index of the medium [2]. The
result of the calculation for optical bistability is shown in Fig. 1. In
Fig.1 (a), the optical bistability is obtained when the cavity length is
1mm, reflectivity of the mirror is 90%, initial detuning is -0.11, input

pulse width is 0.5ns, and input power is 1mW. Fig.1 (b) shows the

dependent of the characteristic on change of the initial detuning.
When the initial detuning is -0.2m, we can obtain the good bistability,

and the initial detuning is -0.4m, the characteristic is linear.
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Fig.1 Input-output characteristic

3. Experimental setup

Fig. 2 is the experimental setup for observing optical bistability.
The light source is the laser which generates the pulse its width is
500ps and repetition rate is 10Hz at the 1.064 . m. In order to get
the detuning, one mirror is made on the edge of the SiO2 single
mode fiber at the side of the input and the other mirror is made on
the edge of the As2S3 fiber which can be moved by the actuator at
the side of the output.
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Fig.2 Experimental setup for observing optical bistability
4. Conclusions
Optical bistability in the As2S3 fiber Fabty-Perot resonator has been
numerically investigated. In order to realize the optical bistability, we
must make the mirror with more high reflectivity mirror. So we must
adjust the layer thickness of multilayer and make the mirror more

clearly.
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Cladding mode coupling in a wide-band fiber Bragg grating and its application to a
power-interrogated temperature sensor
Peng Wang and Hongpu Li

1. Introduction

Investigations for the cladding mode influence on the
spectrum of a linearly chirped FBG with bandwidth larger than
10 nm, based on the cladding-mode coupling phenomenon, a
novel FBG-based all-fiber sensor enabling to measure
temperature within the range of 17-180 °C is firstly proposed
and successfully demonstrated by using power-interrogation
technique instead of the spectrum-shift measurement with a
optical spectrum analyzer (OSA)
2. Principle and experimental setup

We perform various investigations to the temperature
performance of the setup shown in Fig. 1, where the FBG is

located in a temperature chamber and the temperature can

bediscretely ~ changed  between  17°C to  180°C.
Temperature
controller
Circulator _.a.
DFB )\ ;
Laser
LCFBG

Fig. 1. Experimental setup for the temperature measurement

based on the power-interrogated method.
The results are shown in Fig. 2. It can be seen that the as the
temperature is increased, the spectra is right shift with a thermal
responsibility about 10.85 pm/°C, which is nearly the same
quantity as those reported before. To guarantee the setup (shown
in Fig. 1) works in a linear region corresponding to the
wavelength in the range of 1537.5 nm to 1540.6 nm as is shown
in Fig. 2, the working wavelength of the DFB laser is fixed and
set in advance as 1540.60 nm. Figure 3 shows the measuring
results for the change of the output power (PD) vs. temperature
change. It can be seen that as expected, almost a fine linear
relationship between the laser power at the port of PD and the

ambient temperature of the grating has been obtained and the

thermal responsibility is about 0.01626dB/°C Moreover,
unlike most the FBG-based sensors reported before [1-2],
here the utilized FBG is functioned simultaneously as

both the sensing and the interrogating element.
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Fig. 2. The reflection spectra of the utilized LCFBG at
three different temperatures, 17, 101, and 180 °C,
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3. Conclusion
Based on this phenomenon, a novel FBG-based sensor

enabling to measure temperature in the range of 17-181°C is
firstly demonstrated just by using a power-interrogation
technique. Unlike most of the previous FBG-based sensors,
here the utilized FBG is functioned as both the sensing and
interrogating element, which considerably simplifies the
sensing system and make it more compact and the least cost.
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Fabrication of Cylindrical Opals and Inverse Opals and Their Optical Properties
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1. Introduction

Microstructure optical fibers (MOFs) have exhibited many
novel optical properties in recent years. Photonic band gap fibers
(PBGFs) with hollow core guiding structures are a kind of
microstructure optical fibers (MOFs) to overcome the limitations
of traditional silica optical fibers. Many efforts have been made
to fabricate 3DPBGFs: E. Valdivia et al. coated a standard optical
fiber with three dimensional colloidal crystals which could be
used as a template to form inverse opal hollow core PBGFs[1];
S.-M. Yang et al. created polymer hollow cylindrical structures
with three dimensionally interconnected air cavities by
infiltrating polymer precursor into a colloidal crystal template on
fibers which was fabricated by dip-coating method[2].

2. Experimental setup and results

Capillaries were cleaned in an ultrasonic bath fist using
acetone and then deionized (DI) water for 10 minutes
respectively. Then cleaned capillaries were dried with nitrogen
before use. To fabricate opals on the internal surface of
capillaries, PS colloidal solution dispersed in DI water with
concentration of ~1vol % was injected into a capillary. The
height of the solution inside the capillary is 10-95mm and can be
precisely controlled by a micro-pump. One end of the capillary
was sealed to control the evaporation direction of solvent. Figl
(a) shows a schematic diagram of fabrication opals on a capillary
internal wall and Figl (b) is a schematic diagram of colloidal
crystal growth on a capillary internal wall with vertical
deposition method. Figl (c) is cross section view the capillary
internal wall coated with opals. Fig2 is schematic diagram of
transmission spectrum measurement. Transmission spectrum was
measured with a YOKOGAWA optical spectral analyzer
(AQ6370). The YOKOGAWA white light source (AQ4305) was
coupled into a multimode optical fiber and focused to inverse
opals at normal incidence with a couple of collimating lens.
Transmitted lights were focused to the optical spectral analyzer
by a lens.

Fig3 (a)~(d) are images of opals on the internal wall of a
capillary assembled from 490nm PS microspheres. (a) and (b)
are optical microscope images observed in reflection mode, (c)
are SEM images of opals on the internal wall of a capillary, inset
is high magnification of internal wall, (d) top cross section
surface of the opals inside a capillary and inset is high
magnification of the cross section.(e)~(h) are images of 490nm
silica inverse opals on the internal wall of a capillary with sol-gel
co-assembly method. (e) are bare capillary and internal wall
coated with composite colloidal crystal, (f) internal wall
preserved with silica inverse opals after sintering and bare
capillary. The axial uniformity together with the symmetric color
distribution on the capillary internal edges attests to the high
quality of composite colloidal crystal, which spectrally shifts the
stop band with the viewing angle around the capillary curved
surface. The color on the internal edge of the capillary has a blue
shift after removing the PS colloidal crystal template as the
effective refraction index decreased. (g) longitudinal section of
the capillary whose internal wall coated with silica inverse opals,
inset is high magnification of internal wall. In the inset uniform
small pores on the bottom of the big pores can be seen obviously
which show the good connectivity of the air spheres.(h) cross
section of inverse opals and the high magnification of the cross
section.
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Fig3. Images of opals on the internal wall of a capillary assembled
from 490nm PS microspheres

3. Conclusion

Hollow cylindrical opals and inverse opals have been made by
self-assembly method in a capillary. With vertical self-assembly
method hollow cylindrical PS opals and SiO2 inverse opals films
of different radiuses have been made in capillaries with same
radiuses. According to microstructures and optical performance
of fabricated samples, radius of curvature basal and diameter of
microspheres used are main factors affect the film structure and
optical performance. The complete solution states change have
been discussed. Scanning electron microscope is used to
character its internal structures.
References
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The design and simulation of the accelerometer
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1. Introduction

The miniature fiber optic sensor based on Fabry-Perot (F-P)
interferometry reported is designed for vibration monitoring
applications. The sensor used for this application is not only
safety and cost economics , but also unaffected to radiation or
high electromagnetic fields .

2. The structure design of the accelerometer

The designed structure of the accelerometer is composed of
SU8 diaphragm with four beams clamped around and the
commercial fiber. The schematic diagram of the accelerometer
and the SU8 diaphragm with four beam around clamped are
shown in Fig.1 .The F-P cavity is composed of the terminal face
of the fiber and the subdiaphragmatic surface . SU8 diaphragm
has very excellent imaging characteristics , and it is capable of
producing very high aspect ratio structures . Commercial fiber is
used to transfer incident and reflected light .

.
0, ey

Fig.1. The schematic diagram of the accelerometer and the SU8
diaphragm with four beam around clamped .

3. The theory of the accelerometer

In the spring mass system with one degree of freedom loaded
a simple harmonic excitation in the substrate[1], the relative
displacement of the mass is as followed:

. i . Yun
&": \il(( ‘fEE: + J:H?j! m! -jit _7333 + (15?!.‘
1)
and ,
. 4
£y . .
# is the damping ratio ;
o

“* is frequency ratio, which is the ratio of the external
excitation frequency dividing by the natural frequency of the
system;

T = — )
# w is the natural frequency.
As v nearly equal to zero , we can get equation(2) ,
=i
@
(2

The value of X is in direct proportion to the acceleration
amplitude .It is the principle of the accelerometer

4. The simulation of system characterization

A model of the designed structure is established and simulated
by CoventorWare , which is shown in Fig.2 . In the simulation ,a
simple harmonic excitation loads in the bottom face of the
modal , that can cause the SU8 diaphragm vibrating according to
the theory of the accelerometer.

:_ &
Fics

From the simulation, we captured a diagram of the maximum
displacement in the z direction caused by the harmonic excitation,
shown in the Fig.3 .The blue curve stands for the displacement of
the fiber terminal surface , and the red curve stands for the
displacement of the subface of the SU8 diaphragm . Therefore ,
the difference between the two curves is the length of the F-P
cavity . We can get the changing length of the F-P cavity
30.7369um , and the response ratio about 100nm/10hz in the
range of 0 to 3000 hz .
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Fig.2. The modal of the designed structure with a harmonic excitation
loading in the subface of the structure .
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Fig.3. The maximum displacement of two points in the z direction caused
by the harmonic excitation .

5. Conclusion

With the help of polymer MEMS technology, the high aspect
ratio structure is feasible and realizable. Through our work, the
design structure can meet the condition of vibration measuring .
However , the vibration measuring is a complicated process, and
the parameter of system is remained to be further determined.
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1. Introduction

This paper investigates the passively mode-locked erbium-
doped ring fiber laser with a semiconductor saturable absorber
mirror and its application for measurement in Fiber Length. Us-
ing a semiconductor saturable absorber mirror (SESAM), a pas-
sively mode-locked fiber ring laser was demonstrated and stable
sub-picoseconds pulses were produced. A new method for meas-
uring optical fiber length using an all-fiber mode-locked laser
with the semiconductor saturable absorber mirror was presented.
2. Experimental setup and results

Using a semiconductor saturable absorber mirror (SESAM), a
passively mode-locked fiber ring laser was demonstrated and
stable sub-picoseconds pulses were produced. This ring fiber
laser was constructed with a WDM (Wavelength Division Mul-
tiplexing) , erbium-doped fiber as gain medium as well as circu-
lar, polarization controller, and coupler. In experiments, the fiber
laser operated stably with mode-locked pulse laser output whose
peak wavelength of 1558nm, spectrum width of 7.2 nm without
any satellite pulses or pedestal, repetition frequency of 7.75 MHz
and maximum mean optical power of 2.6 mW. It was found that
the characteristics of the output laser pulse in time domain would
change a little while adjusting the polarization controller in ex-
periments. The pulses was measured by an oscilloscope and a
frequency spectrograph, and theoretically the pulses were as
narrow as 347 fs. During long time, the laser can work stable.
The experimental setup was simple, compact, and self-started.
The experimental results are helpful to the use of semiconductor
saturable absorber mirror in passively mode-locked fiber laser.

Optical fiber is the best media in modern communication net-

works for its characteristics of low loss and wide frequency band.

Precise measurement of optical fiber length is a fundamental
technique in many areas, such as in optical communications and
fiber-optic sensing networks. A new method for measuring opti-
cal fiber length using an all-fiber mode-locked laser with the
semiconductor saturable absorber mirror was presented. The
semiconductor saturable absorber mirror can act as the saturable
absorber for mode-locking with nonlinear polarization rotation
based on the random birefringence of the single-mode fiber. The
mode-locked fiber laser has the all-fiber nature and can be stable
for a long term. Since the transit time in cavity corresponding to
the fundamental frequency is exactly linearly proportional to the
cavity length of the mode-locked fiber laser, a novel simple
method to measure the fiber length has been experimentally
demonstrated using a mode-locked fiber laser configuration.
Compared to presented methods, there is no dead zone in our
method and no limitation in measuring fiber length over hun-
dreds of kilometers due to low insertion loss and direct splicing
into an all-fiber system. First we test single fiber with several
lengths from about 100 orders of magnitude to about several
meters. Then we test the system with many ways. The result
shows our system has a large measurement range and high preci-
sion. The experimental setup was simple and easy to test. We
call this as the mode-locking method. It has a high value in prac-
tical and can be used in the actual construction as we can see.
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Fig.1.Experimental for the passively mode locked
fiber laser

Fig.2. The spectrogram of passively mode locked
fiber laser

3. Conclusion
A passively mode-locked erbium-doped ring fiber laser with a
semiconductor saturable absorber mirror is demonstrated in ex-
periment. A new method for measuring optical fiber length using
an all-fiber mode-locked laser with the semiconductor saturable
absorber mirror was presented. It has a high value in practical
and can be used in the actual construction.
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1. Introduction

The principle of self-mixing interference (SMI) is a new
measuring technique which is applied in interferometry since
1980’s. When a portion of light emitted from a laser source is
reflected or scattered back into the laser cavity by an external
target, the reflected light will mix with the light inside the cavity,
causing a modulation of the laser output power. The self-mixing
interference comes from the optical feedback effect. People
always tried to eliminate the optical feedback effect previously.
Gradually people began to make use of it actively to measure
some physical quantities, thus self-mixing interference
technology was brought forth. Compared with conventional
interferometers,  self-mixing interferometer  (SMI) s
characterized by its capability of high performance with
inexpensive experimental setup and an extremely simple and the
potential in direct industrial applications for vibration and
displacement sensing. The SMI is well adapted for displacement
measurement of these micro structure devices where cooperative
target like triple mirror retro-reflector target necessitated in some
interferometers is not available.

2. Experimental setup and results

The schematic diagram of the self-mixing interferometer with
sinusoidal phase modulation is illustrated in Fig.1. A vertical
polarized measurement light beam emitted by a He-Ne laser
propagated through a various neutral density (ND) filter, an elec-
tro-optic modulator (EOM) and then reflected back to the laser
cavity by a movable object, forming the self-mixing effect.
Therefore, laser operations are altered and the self-mixing inter-
ference signal is monitored by a photodiode (PD) placed behind
the back mirror of the laser. A sinusoidal phase modulation is
obtained by varying of the optical length between the laser and
object through an electro-optical crystal. The polarization of the
light beam is set parallel to the electro-optically active axis of the
EOM. The sinusoidal output of the signal generator is transferred
to the EOM and pure sinusoidal modulation with extremely low
insert-loss is generated. The object is fixed on a commercial PZT
which can obtain displacement accuracy of 1 nm. When the sig-
nal processing unit sends a signal to the PZT controller, the ob-
ject is moved a measured displacement AL. The output signal of
PD is fed into the signal processing unit to retrieve the measured
displacement in real time. To evaluate its performance, the si-
nusoidal phase modulating self-mixing interferometer was de-
veloped as shown in Fig.2. a commercial heterodyne interferom-
eter (5529A, Agilent Co., USA) with 1 nm resolution was used
to test the displacement of the same object for comparison. Fig. 3
show that the displacement reconstruction result of PZT with
frequency 10HZ and amplitude from 200 nm to 1800 nm, the
maximum error is 8nm. Fig. 4(a) show that Single displacement
measurement results, the maximum error is 18nm. Fig.4(b) show
that Times average displacement measurement results, the max-
imum error is 12 nm.
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Fig.1. Schematic diagram of the self-mixing interferometer with
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Fig.4 Single displacement measurement results and times aver-
age displacement measurement results
Conclusion
The numerical simulation and experimental results show that

the proposed new method can effectively demodulate the phase
of the interference signal with high accuracy of less than 20 nm.
Self-mixing interferometer (SMI) is characterized by its capabil-
ity of high performance with an extremely simple and inexpen-
sive experimental setup and the potential in direct industrial ap-
plications for vibration and displacement sensing .
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