S5 AL B 4 ot
2012 4F 4 H

T ¥
ACTA PHOTONICA SINICA

doi: 10. 3788/gzxb20124104. 0394

Electro-optic Effect of Glass Waveguides with Lower Threshold of
Poling Conditions

ZHANG Li-ping

(College of Medical Technology . Qiqihar Medical University , Qiqgihar,Heilongjiang 161006 ,China)

Abstract; Silicon-based channel waveguides are poled by thermal poling. A fiber-based (single
mode) Mach- Zehnder interferometer is utilized to measure the linear electro-optic effect. Poling
conditions (poling temperature, poling time, poling voltage) are optimized in air environment,
The results show that, the electro-optic coefficient is ry =0. 05940, 001 pm/V, r=0. 053+
0.001 pm/V at the optimized conditions (—2. 4 kV, 406°C, 20 min). At the same time, the
waveguide has a lower threshold of poling voltage and poling temperature. An effective electro-
optic signal can be observed when poling voltage drops to about 100 V or poling temperature
drops to about 80°C. The results also suggest that the electro-optic coefficient increases of 15% at
negative poling than positive poling.
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0 Introduction

Glass is the most important material in optical
communication and optical integration because of
low manufacture cost, stable physical properties,
and good compatibility with optical fibers.
However, glass is a kind of amorphous materials,
which prevents it from showing second-order
nonlinear effect, and limits its applications in
optical communication. In 1991, Myers et. al. !
found that a large second nonlinearity could be

fused

technology. Since then, nonlinear optical effect

induced in silica by thermal poling

from poled glass has been widely researched by

[1-3]

various methods, e. g. thermal poling""™, optical

[4-5]

poling™®, and UVY™ poling. Primary research

work has been spent on the poling of bulk

[8-10] [11-13]

silica and silica fibers compared to the

poling of glass waveguides. Because silica-based
waveguides are the foundation of future optical
integration, it is a very important research work
about  poled of  silica-based  waveguides.
Meanwhile, silica-based waveguides also provide
potential applications in producing electro-optic
frequency mixer, optical

modulator, optical

switching, and wavelength converters.
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1 Experimental procedure

1.1 Sample preparation

Waveguide samples with four-layer structure
were manufactured on silicon wafers. The lower
and upper cladding layers of pure SiO, were grown
by thermal oxidation and plasma enhanced chemical
vapor deposition ( PECVD) grown on silicon
wafers. The core layer by PECVD consisted of
germanium-doped silicon oxynitride (Ge: SION).
A thin silicon oxynitride layer (SiION) was added
on core layer, that the added layer served as
charge-trapping layer to increase the density of the
charge deposited on the top of the core layer, as
shown in Fig. 1. Waveguide channels (4 to 10 um
in width) were formed in the core layer under

ultraviolet radiation (KrF excimer laser, 248 nm)
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Fig. 1 The channel waveguides structure and a schematic

drawing of the poling process
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through an aluminum mask after a high pressure
deuterium loading™*".

Silver paint electrode was put on the top of the
cleaved waveguide chips. The waveguides were
poled at a large static electric field at elevated
temperature in air on an open hotplate., High DC
voltage (negative bias) was applied across the
samples via electrodes for poling while the silicon
wafer was kept grounded. The poling time was

started from the voltage turned on at the poling

temperature and was stopped until the heating

stage was turned off, while the voltage was
maintained until room temperature arrives.
1.2 Electro-optic effect measurement

A fiber-based (single mode) Mach-Zehnder
induced
(LEO)

coefficients about the poled waveguide samples as

interferometer was utilized to measure

nonlinear effect or linear electro-optic

shown in Fig. 2.
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Fig. 2 Electro-optic effect measurement system based on a Mach-Zehnder interferometer

Laser light (1 550 nm) from a semiconductor
divided

(measurement arm and reference arm) via a 3-dB

laser was into two equal beams
coupler. Modulated signal from the sample in the
measurement arm was then coupled with the
reference signal by another 3-dB coupler leading to
a detector with frequency filter. A commercial
LiNbO; phase modulator was employed in the
reference arm to calibrate the phase shifts induced
from the poled channel waveguides. The desired
polarization states into the samples were controlled
to the direction parallel ( p-component input) or
perpendicular (s-component input) to that of the
applied testing field. The interference fringes with
the highest contrast were achieved by balancing the
intensity and matching the polarization states in
both arms. A permanent EO effect was observed in
all samples after poling. The LEO coefficients are
given in equation below by measuring the phase

shift (compared with a reference phase shift from

LiNbO, phase modulator ) from the poled
waveguide samples.

_ A

riTcVLnSASO 0

where Agp = 2arcsin (AV/V g ) 1s the induced
phase shift of the poled waveguides; Vs, as

shown in Fig. 3(a),is the maximum signal (peak-

to-peak ) induced from the LiNbO,; phase
modulator when half wave voltage was applied to
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LiNbO, phase modulator; and AV, as shown in
Fig. 3(b), is the modulated signal (peak-to-peak)
induced from the poled waveguide samples under
the same frequency when the testing voltage was
applied to poled waveguides. V... and AV were
measured from oscilloscope. A (1 550 nm) is the
wavelength, d is the thickness of the samples, V
which was from high voltage amplifier and function
generator is the testing voltage (peak-to-peak) that
was applied to waveguides (110 V), L is the
length of the top electrode, and n is the refractive

index of the core layer [,

2 Results and discussion

The influence of poling conditions ( poling
and voltage) on the EO
studied.  The

corresponding results are shown in Fig. 4~6.

temperature, time

coefficient was systematically

2.1 Dependence of EO coefficients on poling temperature

Fig. 4 shows the dependence of EO coefficients
on the poling temperature after the samples were
poled with —2. 0 kV for 20 min.

Temperature studies clearly show that an
threshold temperature (80°C) was lower than the
report of silica glass (150°C) ™7 as shown in
Fig. 4(a). When the temperature was lower than the
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Fig. 4 Changes of EO coefficients with poling temperature
(poled at —2.0 kV for 20 min)

threshold temperature, the applied poling voltage
(—2.0 kV) didn't overcome the net restraint and
produce nonlinear optical effect in the waveguides.

Experiments also found that it was intermittent

and extremely unstable singals when poling
temperature arrived at 100°C. As poling
temperature was further increased, the net

restraint was rapidly reduced thus favoring the
charges moving or dipole/bond alignment and an
increase in EO coefficients. When temperature was
optimal poling temperature (406°C) as shown in
Fig. 4(b), the restraint became very small and the
charges or dipoles could move almost freely, a
maximum EQO signals was reached at the balance of
the poling field and thermal relaxation. When the
temperature was higher than the optimal poling
temperature, the strong thermal motion would
randomize the charges or dipoles motion thus
reduing the EO coefficients.
2.2 Dependence of EO coefficients on poling time
Fig. 5 shows the dependence of EO coefficients

on the poling time after the samples were poled

with  — 2. 0 kV and the optimum poling
temperature (406°C) for variable time.
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Fig. 5 Changes of EO coefficients with poling time

(poled at —2.0 kV and 406 C)

The obtained results demonstrate that the
nonlinear effect was built up quickly in the sample
during the initial poling stage and approached a
saturation at 30 min, which is shorter than the
report of silica glass (3 h)'"*). Small changes of the
EO coefficients observed when poling
The EO coefficients

decrease lightly when poling for a prolonged time.

were

between 10 and 50 min.

The reason was that the width of depletion region
could be written as Locln ()", where L is the
width of depletion region and ¢ is the poling time.
If extended the poling time, the depletion region
will move deeply inside the sample. This may leads
to a poor spatial overlap between the depletion

region and the core layer of sample.
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2.3 Dependence of EO coefficients on poling voltage
Fig. 6 shows the dependence of EO coefficients

on the poling voltage after the samples were poled

with the optimum poling temperature (406°C) and

optimum time (20 min) for variable voltage.
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Fig. 6 Changes of EO coefficients with poling voltage
(poled at 406 °C for 20 min)
The obtained results demonstrate that a lower
(100 V).

Currently, we have not seen the reports about such

threshold voltage was existence
low threshold voltage, which is more lower than

silica glass"'™. This provides an important
experimental basis for achieving nonlinear effect at
lower poling voltage. When the poling voltage was
lower than threshold voltage, the nonlinear effects
were not produced and charges or dipoles were
random thermal motion. It is a quasi-linear
relationship between EO coefficients and poling
voltage, when poling voltage was higher than
threshold voltage. It is a better linear relationship
at the lower voltage than the higher voltage.
Increasing of the EO coefficients was slower at the
higher voltage because of the limited numbers of
charges or dipoles available in the waveguides.
Figs. 6 also shows the EO coefficient of the
waveguides with negative poling is (ryy =0. 059+
0.001, r=0.05340. 001, pm/V, corresponding
to (X<2> =0. 01540. 002) pm/V, which is about
15% greater than that with positive poling. It also
provides an effective way for increasing the

nonlinear effect of silica glass.

3 Conclusion

Channel
oxynitride layer were poled by negative high DC

waveguides with a thin silicon
voltage. Poling conditions ( poling temperature,
poling time and poling voltage) were optimized by
systematical investigations in air environment. It is
found that the waveguide has a lower threshold of
poling voltage (100 V) and poling temperature
(80°C) at the optimized poling time, which is

much lower than silica glass. The experimental
results suggest that the electro-optic coefficient
increases about 15% at negative poling than
positive poling. It also provides some effective
ways for increasing the nonlinear effect of silica
glass, for example, improving poling voltage

(vaccum poling), changing the polarity of poling

voltage (negative poling) and changing waveguide

structure (charge-trapping layer).
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