
行政院國家科學委員會專題研究計畫  成果報告 

 

 

高靈敏度之創新積體光波導表面電漿子共振(SPR)生物感測

器之設計與研製(II) 

 

 
計畫類別：個別型計畫 

計畫編號： NSC93-2215-E-009-060- 

執行期間： 93 年 08 月 01 日至 94 年 07 月 31 日 

執行單位：國立交通大學電子工程學系暨電子研究所 

 

 

 

 

計畫主持人：黃遠東 

共同主持人：袁俊傑 

 

 

 

 

報告類型：精簡報告 

 

處理方式：本計畫可公開查詢 

 

 
 

 

中 華 民 國 94 年 10 月 31 日

 



DESIGN AND FABRICATION OF AN ARROW-B SPR
BIOCHEMICAL SENSOR CHIP WITH A

LIQUID-FLOWING CHANNEL

Kun-Yu Tsai1, Yang-Tung Huang1, and Chiun-Jye Yuan2

1Department of Electronics Engineering and Institute of Electronics
2Department of Biological Science and Technology

National Chiao Tung University, 1001 Ta-Hsueh Road, Hsinchu, Taiwan, ROC
Phone: (03) 5712121 x 54212, Fax: (03) 5724361, E-Mail: kenneth.ee94g@nctu.edu.tw

(NSC 93-2215-E-009-060)

Abstract — An ARROW-B SPR biochemical sensor chip with a liquid-flowing channel has been
designed and fabricated. Optical measurement system and liquid-flowing system have been established.
Preliminary measurement results of glucose and C9H20S have also been discussed.
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INTRODUCTION

Surface plasmon resonance (SPR) is a quantum optical-electrical phenomenon based on the fact that
the energy carried by photons can be coupled or transferred to electrons in metal and cause a charge-
density oscillation at the interface of two media with dielectric constants of opposite signs [3]. Owing to
its interface excitation characteristic, the SPR phenomenon is considered as one of the most promising
optical techniques for study of biological and chemical reactions in thin films and monolayers.

The use of integrated optical waveguides for biosensing offers numerous advantageous features such
as miniaturization, ruggedness, potential for realizing multiple channels and various functions on a single
chip, etc [1]. Optical waveguide sensors using the SPR phenomenon are the most promising one in recent
years because of its high sensitivity to the environment changes. Today, integrated optical SPR sensors
have been employed not only in numerous environment sensing applications, in which small refractive
index changes need to be distinguished, but also in biochemical and biological detecting fields because of
its attractive features: ultrahigh sensitivity and real-time diagnostics [2]. These features could provide
us a way to detect the molecule-level conjugate-disconjugate kinetic reaction properties.

SPR SENSOR CHIP BASED ON ARROW-B STRUCTURES

The basic structure of an antiresonant reflecting optical waveguide (ARROW) is composed of a core
and interference claddings, consisting of the first cladding and the second cladding layers, on a high-
index substrate. The interference claddings can form Fabry-Perot cavities as reflectors; therefore, in
comparison with conventional waveguides, it has some great features [4]: wave propagating in a low-
index core and with a relatively large core size suitable for efficient connection to single-mode fibers,
flexible structure design rules, easy fabrication process, effective single-mode propagation, and low loss
with good light confinement. In addition to conventional ARROW structures, which support only TE-
polarized waves, the ARROW-B structure, which is similar to an ARROW but only the refractive-index
profiles are different, can support low-loss propagation not only for TE but also for TM waves. Because
the surface plasmon wave is TM-polarized, an ARROW-B is adopted for SPR sensors.

The ARROW-B structure with a thick guiding core provides efficient coupling with a single-mode
fiber. In the design of our sensor chip, ARROW-B channels in front and rear of the SPR sensing region
have a symmetric cladding structure, and therefore can support the liquid-flowing channel which is
fabricated on it but has no effect on light propagation characteristics in the ARROW-B waveguide, as
shown in Fig. 1. All structure parameters in the design have been studied systematically for obtaining
the optimum sensitivity in an aqueous environment.

DESIGN AND FABRICATION OF THE SPR SENSOR CHIP

The sketch diagram of the SPR sensor chip with a liquid-flowing channel is shown in Fig. 1. The dash
line indicates the underlying waveguide which is covered with upper cladding layers or protecting layers.
The pure-white region in the center of the figure represents the etched space, forming a liquid-flowing
channel for injecting/releasing the biochemical liquid samples.

Figure 2 shows the cross section of one complete sensing channel on our chip. The front and rear
symmetric waveguides with upper claddings can prevent the light leaking out when we add a high-index
O-ring or an additional liquid-flowing channel structure on it. The recess structure in the sensing region
can provide liquid-flowing channels for injecting the sample solutions in it. We set four pairs of channels
with different channel widths of Wc = 20, 60, 100, 140 µm, and eight channels were designed in total.



In the lateral y direction, the light is confined by the ridge structure, which can avoid the scattering
loss caused by the rough sidewall of the channels after etching process of the core layer. The threshold
channel width for supporting the lateral single-mode propagation also can be increased. Based on the
effective-index method, the channel width needs to be narrower than 35 µm to support single-mode
propagation.

In the fabrication process of the sensor chip, we used the PECVD to grow SiO2 and Si3N4 layers,
the e-gun evaporation to coat MgF2 layers, and the sputtering to coat Au metal layer.

Figure 1: Sketch diagram of the SPR sensor chip with a liquid-flowing channel.
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Figure 2: Cross section of an ARROW-B SPR sensing channel on the sensor chip.

CHARACTERIZATION OF THE SENSOR CHIP

The setup of the optical measurement system and liquid-flowing system for testing the ARROW-B SPR
sensor chip is shown in Fig. 3, and Fig. 4 presents the real-time measurement results of the sensor chip.

In the optical system, we used a He-Ne laser with the wavelength λ = 0.633 µm as the light source.
The system first filtered out the TE-polarized wave by a polarizer, then the remaining TM-polarized light
beam was focused to the input port of the waveguide channel by an objective lens (20X). At the output
port, the output beam was focused by another objective lens (10X). Then a polarizer was introduced to
guarantee the pure TM-polarized light, and an iris diaphragm was used to filter out the scattered light
noise. The value of light power detected by the optical power meter was transmitted to the computer,
recorded and processed by the LabVIEW program.

In the liquid-flowing system, we used a micropump as the pumping source of the liquid samples. The
pumping liquid flowed to the SPR sensor chip through a plastic tube with a 1-mm internal diameter. For
getting an airtight liquid-flowing channel on the sensor chip, we added an O-ring on it and sandwiched
them with a plastic slice. The biochemical liquid samples can be injected into the plastic tube by using
syringes at a sample injection window made of rubber. Therefore, this liquid-flowing system can satisfy
the requirement of real-time measurements.

From Fig. 4, we can see that the H2O2 solution with a proper concentration can clean Au surface.
The 10-mM glucose solution added at 42 min. has an apparent physical absorption effect on the Au film,
and can not be removed by a 7.5% H2O2 solution. The 1-mM C9H20S solution added at 56 min. has a
significant S-Au binding reaction occurring on the Au film. But at 56-min. point, even though we add a
C9H20S solution with a higher concentration (5 mM), there has relatively small power variation because
of the spacial saturation effect. In the meantime, we can see that the power starts to increase slowly as
time passing. This is because the Au film with a thickness of 10 nm becomes hard to afford the pull
force which comes from the molecule layer that binds on the Au surface on one side and moves with the
liquid on the other side.



As the SDS (sodium dodecyl sulfate) solution was injected at 72 min. after the experiment started,
the power increased significantly to the value about 1530 nW. This is because the SDS is a strong
detergent which can remove the C9H20S molecular layer binding on the Au film in the sensing region.
When C9H20S molecules were removed by the SDS, the Au film was also pulled off from the sensing
region. Therefore, the power consumption caused by the SPR effect approached zero.

Figure 3: The setup of the optical measurement system and liquid-flowing system.

Figure 4: Real-time measurement results of the ARROW-B SPR sensor chip in an aqueous environment.

SUMMARY

The design and fabrication of an ARROW-B SPR biochemical sensor chip with a liquid-flowing channel
has been presented. The waveguide channels in front and rear of the SPR sensing region have a symmetric
cladding structure, and therefore can support the liquid-flowing channel fabricated on it without any
influence on light propagation characteristics in the ARROW-B waveguide. The complete design of
the sensor chip is discussed, and the fabrication process is also provided. The setup of the optical
measurement system and a liquid-flowing system has been described. Preliminary measurement results
show the real-time detection ability of the fabricated ARROW-B SPR sensor chip, and more experiments
will be performed.
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