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In Taiwan, 98% energy demand depends on import supplies. However, the prices of fossil energy keep going up 
because the resources are limited. Therefore, more and more reusable energy resources have to be developed. At 
present, the governments focus actively on the renewable energy projects, which include mainly the wind energy, solar 
energy, biomass energy and fuel cells. In recent years, in order to increase electrical energy generated by a 
photovoltaic system, the researches of the high concentration photovoltaic (HCPV) system technology which 
has high efficiency have been developed quickly. HCPV system is mainly composed of concentrating 
device, high-efficiency solar cell, and tracking system(as shown in Fig.1). The difference in structure 
between HCPV solar cells and traditional solar cells is the usage of concentrated-light module to 
enhance the optic-electric transition efficiency. However, the temperature of the module will be 
risen under the conditions for the high-concentrating sunlight in the HCPV system, which 
is a big problem that influences the efficiency of the solar cell. Many researchers have 
shown that the photovoltaic cell energy-conversion efficiency decreases with 
increasing temperature of the module. Therefore, cooling of photovoltaic cells 
is one of the main concerns when designing concentrating photovoltaic 
systems.

In addition, TamizhMani et al. establish 
an empirical equation to describe the 
module temperature and the ambient 
conditions, which include ambient temperature, 
irradiance, humidity, wind speed and wind direction. 
However, the measurement recording methods have to 
take a long time monitoring and cannot be observed the 
flow patterns within the HCPV module.
Recently, some researches regarding the problems of 
heat dissipation have been performed using CFD 
software. Chou et al. presented a finite element model 
(FEM) simulations which showed that the thickness of 
the heat sink plate plays an important role in the thermal 
management of the HCPV solar cell package. Gray 
utilized the finite volume method (FVM) to examine the 
flow characteristics and temperature distribution around 
a 2-D HCPV chamber as a function of the various 
elevation angles of the module. However, these results 
seem to over simplify the actual physical phenomena, i.e. 

the three-dimensional effects of geometry and wind speed etc.
In an attempt to address the limitations described above, this study conducts 3-D CFD simulations using the Reynolds 
Averaged Navier-Stokes equations and the RNG k-ε turbulence model to investigate the flow patterns and the temperature 
distribution within the HCPV module. The simulations commence by investigating the correlation between the elevation 
angles of the module and the maximum temperature within the module under a no-wind environment. The simulations focus 
on the effects of the module elevation angles, and the various wind speed. In addition, the authors have described in details 
on the asymmetry of flow field within the module.

Fig. 1 the HCPV modulus at the NPUST
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Influence of the elevation angles of the HCPV module on the temperature distribution and the flow-field 
phenomena under the no-wind conditions

In order to enhance the HCPV module conversion efficiency, the HCPV unit has a two-axis tracking system, which 
consists of two main moving parts: the both of vertical and horizontal directions (Rumyantsev et al.). Tracking 

mechanisms are fully automatic managed by analog sun sensors. Therefore, the elevation angle of the HCPV 
module changes throughout the day. In this study, a series of simulations were performed in which the ambient 

temperature was 25°C, and the elevation angles were assumed to four different angles under the no-wind 
conditions, namely 0°, 30°, 60°, and 90°. 
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Figure 2~3 present the temperature distribution and the streamline patterns of the middle surface within the HCPV module 
for each of the four considered elevation angles. Note that in performing the simulations, the irradiance density for each 
single-cell concentrator on the bottom of the module was assumed an 850 W/m2. The results show that fluid motion within 
HCPV module due to variations in temperature creates the gradients in the air density. Furthermore, comparing Figure 2 
and 3, it is evident that a higher temperature distribution is produced on the top of the HCPV module because of the natural 
convection as the elevation angle changes from 0° to 90°. As shown in Figure 4, the diagram compares the maximum 
temperature within the module of the horizontal installation with those of the vertical installation as function of the 
elevation angles. Both of the installed types show that the maximum temperature decrease as the angles is increased. 
Comparing the two sets of results, it is evident that for all elevation angles other than θ = 0°, the vertical installation results 
in a lower temperature of the HCPV module. In order words, the vertical type is more effective in thermal dissipation than 
the horizontal type. The main reason is that the vertical installation has strong effect of the free convection.

R
E

S
E

A
R

C
H

 E
X

P
R

E
S

S

Influence of the elevation angles of the HCPV module on the temperature distribution

Figure 2. Temperature distribution and surface streamline patterns 
under different elevation angles for vertical installation. (unit: °C)

Figure 3. Temperature distribution and surface streamline patterns 
under different elevation angles for horizontal installation. (unit: °C)

Figure 4. Effect of the installation type on maximum temperature for 
HCPV module as function of the elevation angle of the module.

Figure 5. Variations for maximum temperature of HCPV 
module versus the wind speed.

Influence of the wind speed on the temperature distribution 
of the HCPV module 
The results presented above have considered only for the no-wind 
conditions. However, in practice, the HCPV module is exposed to 
wind from a variety of speeds and directions (depending on the local 
environmental conditions, the time of year, and so on). Accordingly, 
in studying the similar heat dissipation problems for the module, it is 
not enough to consider one wind speed alone. In this study, the 
elevation angle of the module was first assumed to zero degree to 
simplify the physical problem. From an inspection of the data 
presented in Figure 5, it is clearly seen that the strong wind speed 
yields a reduction in the maximum temperature of the module. The 
main reason for help HCPV module heat dissipation is either the 
natural convection within the module or the forced convection 
produced by 
wind flow.  
However, note 
that the heat 
dissipation of 
HCPV module is 
s i g n i f i c a n t l y 
dependent upon 
the wind speed 
when the wind 
speed is smaller 
than 1m/s.
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   Merits of Chinese medicine products depend on the quality and efficacy of its preparation materials. To extend the 
development of Chinese medicine, the quality control of Chinese herbal medicines (CHM) must be promoted previously 
since the pharmacologic efficacy of CHM can be influenced by the uneven quality of CHM. Department of Health, 
Executive Yuen, announced that certification of validity period extension of new drugs detection registration and drugs 
permission, no matter indigenously made or imported concentrated preparations, the attached data must follow the act of 
“Marker components quantification methods and specs notification of concentration preparations of Chinese medicine” 
and 33 preparations include Ger- Gen-Tang, Siao-Ching-Lung-Tang, Jia-Wei-Siao-Yao-San, Qwei-Je-Tang, Gan-Lu- 
Yin, Ma-Sing-Gan-Seg-Tang, Bu-Chung-Yi-Chi-Tang, Lieu-Wei-Di-Hung-Wan, Huang-Lian-Jei-Du-Tang, 
Du-Ho-Gi-Sen-Tang (Jan.1st, 2001), Ze-Bor-Di-Hunag- Wan, Lung-Dan-Sei-Gan-Tang, Sin-Yi-Ching-Fe-Tang, 
Suei-Fu-Ju-Yu-Tang, Chi- Jui-Di-Hung-Wan, Siao-Fun-San, Ching-Sin-Liang-Zu-Yin, Si-Ni-San, Ding-Chuang- San, 
Chai-Ger-Jei-Ji-Tang (Feb. 1st, 2003), Che-Gan-Tsau-Tang, Ba-Wei-Di-Hung- Wan, Chuan-Chung-Cha-Tiau-San, 
Siao-Yao-San, Huo-Siang-Cheng-Chi-San, Siang- Sa-Lieu-Jun-Zu-Tang, Jing-Fang-Bai-Du-San, 
Su-Jing-Huo-Sei-Tang, Ze-Ker-San, Ji-Seng-Sen-Chi-Wan, Fang-Fung-Tung-Seng-San, Err-Cheng-Tang, 
Lieu-Jun-Zu- Tang (Aug. 23rd, 2006) were announced. If the data did not follow the rule of the act, new drugs 
can not be registered and certification of validity period extension will not be allowed. According to the 
act, every prescription should quantify at least two marker components chosen from different crude 
materials. However, only 33 preparations including Ger-Gen-Tang were announced that they must 
do marker component quantification. It will be the trend of the future Chinese herbal medicine 
development. 
  In our laboratory committed developing HPLC analysis methods for different Chinese 
medicine preparations and dosage formulations. The analysis techniques will be 
established by first using column chromatography of various packing materials 
(including silica gel, sephadex LH-20), or preparative thin layer chromatography 
to purify and to identify marker components. Meanwhile, HPLC analysis 
methods of marker components were developed and were tested by inter-day, 
intra-day, and recovery validation. The development of high stability, high 
reproducibility, and trusty technology of simultaneous multi marker 
components analysis may reduce the analysis period of materials 
and preparations, enhance efficacy of quantification, and setup 
standard operation procedure and criteria of detection to reach 
the goal of quality control and assure the efficacy and 
safety of traditional or commercial Chinese medicine 
preparations. The results of the HPLC analysis 
methods developed on relative preparations were 
listed and elucidated below:

    Simultaneous Analysis of Eight 
Components in “Pin-Wei-San” by High 

Performance Liquid Chromatography

Simultaneous determination of eight marker 
substances was established for the quality control of 

Chinese medicinal preparation “Ping-Wei-San” by HPLC. 
These substances were glycyrrhizin in Glycyrrhizae Radix, 

hesperidin, nobiletin, 3’,4’,3,5,6,7,8-heptamethoxy flavone, 
tangeretin, 5-hydroxy-3’,4’,6,7,8- pentamethoxyflavone in Citri 

Leiocarpae Exocarpium, honokiol, magnonol in Magnoliae Coatex. 
Extracted sample were run through the HPLC column (Inertsil 
ODS-80A 5μm, 4.6 mmφ×250 mm) at 30℃ and the column was 
developed with a mixture of 20% acetonitrile (pH 2.5) and 70% 
acetonitrile (pH 2.5) aqueous solution employing linear gradient 
elution method at a flow-rate of 1.0 ml/min. The detection wavelength 
varied with time. It was 275 nm during 0~19 min, 250 nm during 
19~80 min. 
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Simultaneous determination of five marker substances was established for the quality control in traditional Chinese 
medicine ointment preparation “Tzyy-Yun-Gau”. These substances included shikonin, deoxyshikonin, β,β-dimethylacryl 
shikonin, and acetylshikonin in Macrotomiae Radix; ferulic acid in Angelicae Sinensis Radix. Tzyy-Yun-Gau was 
partitioned at the mixture of n-hexane and methanol, sample from take out the methanol layer to analyze. The samples was 
run through the HPLC column (Inertsil ODS-2, 4.6 mm I.D.×250 mm) at 30℃ with a mobile phase, a mixture of methanol, 
acetonitrile and 2% acetic acid aqueous solution, by linear gradient elution metuanol in a flow-rate of 1.0 mL/min. The 
detection wavelength varied with time, which was 325 nm during 0~25 min, 525 nm during 25~58.5 min, 440 nm during 
58.5~62 min, and lastly 525 nm during 62~80 min.

Simultaneous determination of seven marker substances was 
established for the quality control in tonic wine preparation of 
“King-Mon-Long-Fong-Jyo”. These marker substances were 
gomisin A and schizandrin from Schizandrae Fructus, loganin 
from Corni Fructus, cinnamic acid and cinnamaldehyde from 
Cinnamomi Cortex, and scopoletin and ferulic acid from 
Angelicae Radix. Different rice wine extraction volume and 
extraction temperature conditions were performed to evaluate 
quality of King-Mon-Long-Fong-Jyo. Extracted samples were 
run through the HPLC column (Inertsil 5 ODS-2, 4.6 I.D. × 
250mm.) at 30℃ and the column was developed with a 
mixture of 20% acetonitrile and 70% acetonitrile aqueous 
solution and then employed linear gradient elution method at a 
flow-rate of 1.0 mL/min. An UV 250 nm was used for the 
detection of the marker substances.

Simultaneous determination of seven marker substances was 
established for the quality control in patch formula preparation 
of Wan-Yin-Gau by HPLC. These marker substances included 
cinnamic acid, cinnamaldehyde (Cinnamomi Cortex), 
isoimperatorin (Angelicae Dahuricae Radix and Notopterygii 
Rhizoma), ferulic acid (Angelicae Sinensis Radix), 
paeoniflorin (Paeoniae Radix), glycyrrhizin (Glycyrrhizae 
Radix), harpagoside (Scrophulariae Radix), emodin, sennoside 
A, and sennoside B (Rhei Rhizoma). The ingredients in the 
formula for water-base and oil-base patches from different 
manufactures were also analyzed for quality evaluation. 
Extracted samples were analyzed with reversed-phase column 
(Inertsil 5 ODS-2, 4.6 i.d. × 250 mm.) at 30℃ and eluted with 
a mixture of 20% acetonitrile and 70% acetonitrile aqueous 
solution in gradient manner at a flow-rate of 1.0 mL/min, and 
detected at 250 nm.
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King-Mon-Long-Fong-Jyo

Simultaneous determination of nine marker substances was 
established for the quality control of “Byi-Liang-Tang” by 
HPLC. These marker substances include ferulic acid from 
Cnidii Rhizoma, paeoniflorin from Paeoniae Radix, 
glycyrrhizin from Glycyrrhizae Radix, cinnamic acid and 
cinnamaldehyde from Cinnamomi Cortex, puerarin and 
daidzin from Puerariae Radix, and baicalin and baicalein 
from Scutellariae Radix. Extracted samples were analyzed 
with reverse-phase column (Inertsil 5 ODS-2, 4.6 I.D. × 250 
mm.) at 30℃ and eluted with a mixture of 20%, 50% and 
90% acetonitrile aqueous solution in gradients at a flow-rate 
of 1.0 mL/min, and detected at 230 nm. 

Simultaneous Analysis of Nine Components in 
“Byi-Liang-Tang” Preparation by High 
Performance Liquid Chromatography

Simultaneous determination of seven marker substances 
was established for the quality control in patch formula 
preparation of Ru-Yi-Jin-Huang-San by HPLC. These 
marker substances included berberine (Phellodendri 
Cortex), curcumin (Curcumae Rhizoma), imperatorin 
(Angelicae Dahuricae Radix), magnolol (Magnoliae 
Cortex), hesperidin (Citri Leiocarpae Exocarpium), 
glycyrrhizin (Glycyrrhizae Radix), and emodin, sennoside 
A, sennoside B (Rhei Rhizoma). The ingredients in the 
water-based and oil-based patches of the formula from 
different manufactures were also analyzed for quality 
evaluation. Extracted samples were analyzed with 
reversed-phase column (Inertsil 5 ODS-2, 4.6 I.D. × 250 
mm) at 30℃ and eluted with a mixture of 20% and 70% 
acetonitrile aqueous solution in gradient manner at a 
flow-rate of 1.0 ml/min. The detection wavelength varied 
with time, which was 275 nm during 0~72 min, 250 nm 
during 72~105 min, and lastly 220 nm during 105~145 min.

Simultaneous Analysis of Nine Components in 
Patch Preparation of Ru-Yi-Jin- Huang-San by 
High Performance Liquid Chromatography

Simultaneous Analysis of Ten Components in 
patch preparation of Wan-Yin-Gau by High 
Performance Liquid Chromatography
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Bo-Kuan Yeh1, Chien-Hsing Chen2, Wei-Te Wu1*, Jaw-Luen Tang2

      Due to the flourishing development of the optical communication in recent years, people enjoy more convenient 
and faster data transferring speed. At optical communication industry, optic fibers are a part of the passive hardware 
components. Because the optical fiber has more benefits compared with traditional cable in data communication, such 
as low loss and more suitable for long-distance transmission. Just as the name implies, optic fibers play the core 
component in the fiber optics sensors. Figure 1(1) shows the structure of the typical optical fiber. The price of optic 
fiber is cheap and the whole communication industry has reached economic scale. For this reason, the related 
accessories are very rich and easy to get. It helps to create a new niche optical sensor market upon the above-mentioned 
benefits.
　　In optical communication industry, silica based fibers are adopted for transmission. It’s because this kind of fiber 
is more suit at long-distance transmission, unlike polymer fiber with larger transmission loss which is more suit at 
short-distance transmission. There are two main categories of communication fibers: single mode and multi-mode. 
The multi-mode communication fiber was used in our studies. Mainly because the multi-mode communication fiber 
can be easy to couple the light and the energy of light transmitted is more enough in comparison with the single mode 
communication fiber. Therefore, it’s beneficial to judge the sensing signal when sensing is processed. 
　　Optical fiber needs to modify the structure in sensing application areas. There are several kinds of structure to 
achieve sensing requirements, such as fiber grating sensors, interferometer and trench type fiber optic sensors. 
According to structure period changes, fiber grating sensors can be divided into two types:
long period fiber grating: the grating period is about 10~100 μm.
fiber Bragg grating: it belongs to short-period grating sensors, it has a grating period less than 10 μm.
　　Fiber grating sensors are usually fabricated by CO2 laser direct writing, arc discharge machining, UV laser 
lithography and femtosecond laser machining to make the fiber core with a period structure called grating. Figure 2 (2) 
shows the structure. The fiber grating can couple the light transmission in fiber cladding, and this alteration will cause 
the resonance peak formation. The peak shifts in different surrounding environment. Therefore, we can use the fiber 
grating to measure the temperature, stress, and refractive index changing by analyzing the peak shift level.
　　However, the fiber grating needs high accuracy fabrication techniques, traditional machining technique can’t fit 
the accuracy requirement. For example, UV laser machining should be considered the material absorption. CO2 laser 
and arc discharge machining have the serious and uncontrollable thermal effect problem. However, the femtosecond 
laser machining can fit the goal without bad side effects. It can be easily designed to achieve different fiber grating 
sensors.

      Interferometer is another kind of optic fiber sensors which is implantation widely. There are two common kinds:
Mach-Zehnder interferometer (3): Sensors mainly with a special structure which can cause coherent light with different 
optical paths, as shown in figure 3. The special structure can divide the light propagates at the fiber core and fiber cladding. 
In the other side, the similar structure can couple light from different paths into the fiber core forming the interference.
Fabry-Perot interferometer (4): Sensors embed a semi-reflective surface which is used to form the interference, as shown 
in figure 4. When the light propagates through this semi-reflective structure, it forms a penetrating light and reflected light 

thus causing the different optical paths and forming the interference.
　　Optical fiber interferometers are mainly fabricated utilization welding method, CO2 laser direct writing, arc 

discharge machining and femtosecond laser machining. Among this, welding method is difficult to adjust the 
parameters, so it easily introduces the structure damage. It is not easy to control the machine parameter by 

using CO2 laser and arc discharge machining. The femtosecond laser machining which has the non-linear 
multi-photon absorption characteristic, it can be fast and easily to achieve the goal. It will be described 

more detail in the following.

Fig. 1. Structure of the typical optical fiber(1) Fig. 2. Diagram of the fiber grating sensor(2) Fig. 3. Diagram of the Mach-Zehnder
interferometer(3)
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Fig. 4. Diagram of the Fabry-Perot
interferometer (4)

Fig. 5. A femtosecond laser micromachining
system (8)

Fig. 6. Single U-shaped optical fiber (9)

Fig.8. Multiphase D-shaped optical fiber (11)Fig.7. Single D-shaped
optical fiber (10)

RIU Wt %
DI 1.333 0  

No.1 1.343 6.8  
No.2 1.353 13.25  
No.3 1.363 19.45  
No.4 1.373 25.4  
No.5 1.383 31.05  
No.6 1.393 36.55 
No.7 1.403 41.7 

 

 6 mm 0.81 1.06×10-3 0.9999 1.06×10-3

 6 mm 2.90 1.49×10-4 0.9987 1.54×10-4

 6 mm 5.47 5.96×10-4 0.9991 3.27×10-4

 6 mm 9.62 5.36×10-4 0.9991 1.67×10-4

Table 2. Sensor resolution results of trench type optical fibers (PPR)(8)

Table 1. Refractive index of sucrose solution with different concentration (11)

Yeh, B. K., 2011, Investigations of the Fiber-Optics refractive index sensor realized by CO2 Laser machining, Master Degree Thesis, National Pingtung University of Science and Technology, Department 
of Biomechatronics Engineering, Pingtung. (in Chinese)
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Pacific Rim Conference on Lasers and Electro-Optics, Shanghai.
Chen, C. H., Chen, Y. C., Wang, J. N., Chau, L. K., Tang, J. L., and Wu, W. T., 2010 “Multimode fiber Mach–Zehnder interferometer for measurement of refractive index”, IEEE Sensors 2010 Conference 
- the 9th Annual IEEE Conference on Sensors, USA. EI
Hitz. Breck, 2008, “Tiny Fiber Fabry-Perot Created with Femtosecond Pulses,” Photonics Spectra, Vol. 42, no. 5, pp. 90-91.
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Chen, C. H., Hsu, C. Y., Lyu, P. S., Wang, J. N., Chau, L. K., Wu, W. T., Tang, J. L., 2011 “Novel Trench Type Fiber-Optic Sensors Realized by Femtosecond Laser Direct Microstructuring,” IPC2011.
Tsao Tzu-Chien, 2009, Manufacture of Key Components of the Fiber Optics Localized Plasma Resonance Biosensor by Femtosecond Laser, Master Degree Thesis, ational Chung Cheng University, 
Department Of Mechanical Engineering, ChiaYi. (in Chinese)
Chen, C. H., Chao, T. C., Li, W. Y., Shen, W. C., Cheng, C. W., Tang, J. L., Chau, L. K., Wu, W. T., 2010, “Novel D-type fiber optic localized plasmon resonance sensor realized by femtosecond laser,” 
Journal of Laser Micro/Nano ESngineering, Vol. 5, pp. 1-5.
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Fig.9. Schematic representation of the experimental setup used to make 
sensing measurements with the gold nanoparaticles-modified U and 
D-shaped optical fibers (8)

       We proposed the concept of trench type fiber optic sensors, in fact, it is the simplest structure. We 
remove some parts of fiber cladding layer in order to interaction with environment under the basic 
attenuated total reflection (ATR) principle. Moreover, we can modify functional materials on the exposed 
fiber core, such as nanoscale gold film and noble metal nanoparticles. Functional materials make fiber optic 
sensors different sensing scheme; nanoscale gold film inducing surface plasmon resonance (SPR)(5) and 
noble metal nanoparticles inducing particle plasmon resonance (PPR) (6-7).
　　In order to fabricate the proposed trench type fiber sensors, we introduce the femtosecond laser 
machining technique. The most prominent features of the femtosecond laser over conventional long-pulsed 
laser are ultra short pulse duration and very strong peak power intensity, which can photo-induce the 
non-linear multi-photon absorption of the material during irradiation interaction. The material vaporizes 
immediately after absorbing ultra high transient pulse energy from the ultra short pulse of femtosecond 
laser. It can be used to engrave on transparent, hard and brittle materials very precisely, such as silica-based 
optical fibers, without inducing any micro cracks and heat affected zone. We just use this mechanism to 
create one or more exposed structure.
　　A femtosecond laser micromachining system, as illustrated in figure 5, was used for engraving the 
trench on the optical fiber. The femtosecond laser was a regenerative amplified mode-locked Ti: sapphire 
laser with pulse duration of ~120 fs after the compressor, central wavelength at 800 nm, repetition rate of 1 
kHz, and maximum pulse energy of ~3.5 mJ. The energy of the linear polarized Gaussian laser beam was 
adjusted by a rotatable half-wave plate and a polarizing beam splitter (PBS). A certain fraction of the laser 
beam was split off by a beam splitter (BS) and the laser energy was measured by a power detector. The 
number of laser shots applied to the sample was controlled by an electromechanical shutter. The laser beam 
was tightly focused onto the fiber by a 10x objective lens mounted on a Z stage. Minimum spot radius ω0 
is: 
ω0 = (2λf/πD)×M2            (1)

which λ = 800 nm for the laser wavelength, f = 20 mm for the lens focal length, d = 5 mm spot diameter for 
the incident, M2 ~ 1.3 for the laser beam quality. and so can be projected, ω0 is about 2.5 μm. The 
multi-D-shaped trench under fabrication was translated by a computer controlled X-Y micro-positioning 
stage with error less than 1 μm. The fabrication process was in situ monitored by a charge-coupled device 
(CCD) (8).
　　Trench type fiber optic sensors which we had manufactured including U-shaped optical fiber which is 
shown in figure 6 (9). It is a pity that tiny space of the U-shaped trench hard for air escaping and introduces 
the micro-loading effect. Therefore, we redesigned and scale-up the trench as D-shaped optical fiber for 
solving the above problem. D-shaped optical fibers are shown in figure 7 (10). Moreover, in order to reach 
the synchronization multitargets sensing, we proposed the concept of multitrench sensors and multiphase 
sensors for enhancing the mixing in low Re situation. Multiphase sensor is shown in figure 8 (11).
　　In order to estimate the performance of fiber-optic sensors, we establish a refractive index sensing 
experimental, shown in figure 9 is an illustration of the experimental setup for refractive index sensing 
measurements The fiber-optic sensing system was used to measure the transmission power of the sensor 
was consisted of a function generator, a LED light source, a sensing fiber, a microfluidic chip, a photodiode, 
a lock-in amplifier and a computer for data acquisition. The refractive index and concentration for sucrose 
solution in the range of 1.333 to 1.403 is shown in table 1 (11).
　　The sensing scheme basically is ATR without any functional materials on the exposed fiber core. First, 
the LED as an excitation light source was modulated by a function generator with a square wave current at 
a frequency of 1 kHz and a voltage of 3.5 V. Through a fiber collimator, light with a wavelength of 530 nm 
emitted from the LED was coupled into the optical fiber and was carried through the sensing portion of the 
D-shaped fiber which was immersed in a sucrose solution of various concentrations. For measurements of 
transmission power, the ATR signals emitted from the sensing fiber was measured by a photodiode and the light signal was converted into electronic signal in 
voltage. A lock-in amplifier operating at 1 kHz chopping frequency was used for phase-shift detection of the photodiode output signal and for increasing the 
voltage scale. Finally, we use the computer to analyze the signal (1). Furthermore, we cooperate with professor Chau (National Chung Cheng University, 
Department of Chemistry and Biochemistry). Professor Chau’s group helps to modify gold nanoparticles in the 6 mm sensing length of the fiber optic sensor, 
and the sensing scheme changes to the PPR scheme. We summarize the related sensing capabilities of all kinds of trench type fiber optic sensors fabricated by 
us are shown in table 2 (8).
          To sum up we had successful fabricated the several kinds of trench type fiber optic sensors including single U-shaped, single D-shaped, multi-D-shaped, 
and multiphase D-shaped sensors by using the femtosecond laser machining. After the refractive index experiment, the data shows that sensing resolution is 
reached 10-4 RIU. Therefore, we can put eyes on improving the production rate of the femtosecond laser machining and collocate the rich accessories of mature 
communication industry, it will be highly promote the developed of optic-fiber sensors. When the time comes, people will discuss not only bandwidth but also 
resolution, sensitivity or detection limit of the optical fiber!
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