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ABSTRACT: We develop a phase interrogation optical waveguide
sensor by integrating a phase modulator and a sensing transducer

fabricated with the same Zn-indiffused lithium niobate substrate. The
proposed sensing chip effectively reduces the footprint of the
measurement setup and has the potential to provide a compact module

for a portable metrology system. VC 2013 Wiley Periodicals, Inc.

Microwave Opt Technol Lett 55:1821–1823, 2013; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.27694
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1. INTRODUCTION

Optical waveguide sensors based on evanescent field sensing

schemes have been of great interest for applications in many areas,

such as biosensing, temperature, and pressure sensors [1–4]. The

three different techniques for measuring the optical signals when

determining the sensing parameters are: optical intensity, phase,

and spectra interrogations. In the intensity interrogation, the mea-

surement setup is simple and the response time is fast; however,

the resolution is limited by laser power variations and environmen-

tal noise. The spectra analysis, which requires an expensive broad-

band light source and a spectrometer, can provide a higher

resolution but has a lower response time when compared with the

intensity interrogation scheme. In comparison with the intensity

and the spectra interrogations, the phase interrogation utilizing the

homodyne or heterodyne methods can obtain precise resolutions

and acceptable measurement speeds.

In the past decade, waveguide sensing transducers for optical

sensing have been fabricated using various substrate materials,

including: glass [4], silicon [3], and lithium niobate (LN) [5].

Glass transducers are cheap and disposable; however, they are

difficult to integrate into an optical phase modulator on the

same chip for homodyne or heterodyne metrology. The silicon

semiconductor substrate can modulate the refractive indices of

the waveguide by changing the carrier concentrations based on a

p-i-n diode structure [6]. While it is possible to combine it with

a phase modulator and waveguide transducer on the same chip,

the process integrations are complicated and the costs higher.

The propagation loss of the silicon semiconductor substrate is

high at visible wavelengths; thus, silicon sensing chips have

been primarily used for the near-infrared wavelengths. The LN

substrate can be used for tunable phase retarders due to its

essential birefringence and great electro-optic effects; in addi-

tion, its unique properties fit those required for a waveguide

sensor [5]. However, the pyroelectric (PE) and photorefractive

(PR) properties of the LN substrate impact the phase stabilities

of the propagating lights in the channel waveguides [7]. More-

over, the PE and PR effects are also dependent on the relation-

ship between the lightwave propagation direction and the optic-

axis of the LN substrate. An x-cut/z-propagating waveguide

device has proven to have the best phase stabilities for the LN

substrate [8]. Thermally Ti-indiffused LN (TILN) waveguide

devices have numerous commercial applications in the field of

fiber optical communications. However, because of the obvious

PR effects, TILN waveguide phase modulators are unsuitable

for optical metrology operating at visible wavelengths. Recently,

various Zn-indiffused LN (ZILN) waveguide devices have been

proposed for high-efficiency wavelength converters or stable

mode converters at visible wavelengths [9,10]. Moreover, the

stable ZILN phase modulators have been used for homodyne

and heterodyne instruments [11,12].

This study, for the first time, successfully demonstrates a

compact sensing chip in ZILN substrate. The repeatable meas-

urements were achieved by putting the ethanol testing solutions

onto the surface of the sensing transducers. Unlike the separated

arrangement of the phase modulator and the sensing transducer,

the proposed LN sensing chip (LNSC) easily integrated these

two functional elements on the same chip. Moreover, the com-

pact metrology module could be packaged with the photonic

devices and signal processing chips on the same board for a

portable instrument.

2. MEASUREMENT SETUP

Figure 1 depicts the schematic measurement setup. The inset is

a photograph of the fabricated LNSC. An He–Ne laser (LS) at

632.8 nm was adopted for the optical sensing. Linearly polar-

ized light, at 45� with respect to the horizontal axis of the labo-

ratory coordinates, was obtained after having passed through a

polarizer and a half-wave plate. The incident light was coupled

into the LNSC through an objective lens (L1). The propagating

light passed through, sequentially, an embedded phase modula-

tor and a sensing transducer in the LNSC. The output light was

collected using another lens (L2). A pinhole (PH) was used to

block the scattering lights from the L2. The output light was

received by a photodetector after an analyzer. The converted

electrical signal was sent to a data acquisition box (USB-6251),

which was connected to a notebook personal computer (NB).

The signal process and measured phase variation were

performed in a LabVIEW-based environment [11].

The proposed LNSC was fabricated using the thermally Zn-

indiffused waveguide in the x-cut/z-propagating LN substrate.

Details of the fabrication have been described in the reported

paper [10]. The width and length of the fabricated channel

waveguide were 4 lm and 22 mm, respectively. After the wave-

guide fabrication, the phase modulation electrodes were depos-

ited on the side of the channel waveguide. The length and gap

of the parallel electrodes were 12 mm and 14 lm, respectively.

The electrodes were protected by a silicon dioxide (SiO2)

cladding layer of 300 nm. The sensing area of the waveguide

was not covered by the cladding layer. UV-curing glue, with a

Figure 1 Schematic diagram of the measurement setup. [Color figure

can be viewed in the online issue, which is available at

wileyonlinelibrary.com]
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rectangular dam of 4 3 8 mm2 and a height of about 1 mm,

was used to confine the test liquid, which was injected with a

syringe onto the surface of the sensing area.

3. RESULTS AND DISCUSSIONS

The fabricated phase modulator in the LNSC was measured for

a switching voltage, Vpi, defined as an applied voltage to obtain

a half-wave phase shift between two orthogonal polarizations.

As shown in Figure 2(a), the measured Vpi was 8 V, according

to the relations between the applied voltage and the optical

response curve. At the same input wavelength of 632.8 nm, the

measured Vpi of a commercial buck-type EOM (New Focus

4002) was 140 V, as shown in Figure 2(b). In comparison with

the commercial EOM, the embedded phase modulator of the

LNSC had a relatively lower voltage operation. In the homo-

dyne technique, the applied modulation peak voltage was less

than Vpi. Therefore, the applied ac voltage was 5 V with a fre-

quency of 100 Hz for the optical phase measurements in the

proposed LNSC. This low applied voltage could be easily inte-

grated onto low-power electronic chips.

By utilizing the proposed homodyne technique [11], the

phase stabilities of the LNSC and EOM were evaluated under

the same throughput optical power of 25 lW and a phase modu-

lation depth of 1.96 for 5 min, as shown in Figure 3. The maxi-

mum phase changes were 18 and 0.9� for the EOM and the

LNSC, respectively. The phase variation of the EOM was

obvious as compared with that of the LNSC. Figure 4 presents

the phase variations of the LNSC under the ambient temperature

changes. The chip was placed onto a plate heater and the tem-

perature change was monitored through a thermal probe. The

phase change was around 4.5� for temperature variations ranging

from 24.5 to 29�C. The thermally induced phase change rate of

the LNSC was around 1.5�/�C.

In the evanescent field sensing scheme, without the liquids

on the waveguide surface, the tail of the evanescent field was

near the air-LN boundary. The evanescent tail was enhanced in

the covered region when the liquids were injected. Therefore,

only the transverse-magnetic (TM)-polarized mode underwent

increased propagation time and thus caused the increments of

phase delay between the transverse-electric and the TM polar-

izations. Figure 5 shows the phase variations for the different

injecting liquids. First, a droplet of deionized water was injected

onto the sensing area at 60 sec, and the phase jump was around

1.6�, as shown in Figure 5(a). After the injection, only minor

phase changes (<0.5�) were observed due to the very low

Figure 2 Applied voltages and optical response curves for the phase modulator: (a) LNSC and (b) EOM. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

Figure 3 Measurement results of the phase stability for the LNSC and

EOM Figure 4 Phase variation as a function of ambient temperature
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evaporation rate of the covered water. This also meant that the

phase stabilities of the LNSC dropped below 0.5�. To ensure the

repeatability of the measurements in a short period, we injected

the ethanol liquid three times at 25, 110, and 210 sec, as shown

in Figure 5(b). In the initial period after the ethanol injection,

the average phase change for the three injections was about 11�.
Then, the phase values returned to the original level due to the

complete evaporation of the ethanol liquid. The results indicated

that the phase measurements were repeatable and stable. The

dynamic evaporation of the ethanol liquid was readily observed.

4. CONCLUSION

We developed an optical phase tunable sensing chip by integrat-

ing a phase modulator and an evanescent waveguide transducer

in the same LN substrate. The homodyne phase interrogation

has been successfully demonstrated to measure repeatable phase

variations during the evaporation of the ethanol solutions

injected onto the waveguide transducer. Most notably, the prop-

erties of a low driving voltage and stable phase operation have

underlined the merit of developing ZILN-based waveguide sen-

sors for use in portable instruments.
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ABSTRACT: A compact microstrip dual-band bandpass filter with
good frequency selectivity was proposed. The proposed dual-band band-
pass filter is configured with two dual-mode resonator and skew-sym-

metrically coupled capacitively input/output coupling. By using these
input/output coupling structure, extra transmission zeros can be gener-

ated. The dual-band bandpass filter is designed for 2.4/5.2 GHz WLAN.
Experimental measurements are also presented for the validation of the
theory. VC 2013 Wiley Periodicals, Inc. Microwave Opt Technol Lett

55:1823–1825, 2013; View this article online at wileyonlinelibrary.com.
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1. INTRODUCTION

The development of the modern communication systems

requires microwave components to operate in either dual-band

Figure 5 Phase variations for different liquids: (a) deionized water

and (b) ethanol
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