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Abstract

Lead zirconate titanate (PZT) shows promising properties for the integration of non-linear devices on
silicon photonics platforms. To further the research into the integration of PZT, measurements of the
second-order susceptibility x® of PZT along with periodic poling results for quasi-phase matching were

done. The )(S) and )(g?components of were measured at values of 67.45 pm/V and 185.31 pm/V
respectively. Periods of 10 um were achieved using tooth electrodes and DC voltages.

Introduction

Second-order non-linear effects create a wide array of possibilities for different sectors such as
spectroscopy, microscopy, quantum computing, and fiber optic communication. Second-order effects like
second-harmonic generation (SHG), parametric down conversion, and difference frequency generation
allow for the generation of wavelengths difficult to achieve by other means, wide tuning of a source
wavelength, and the generation of entangled photon pairs. This makes second-order non-linear effects
desirable in any optical platform.

For the creation of a full photonics integrated platform, this means that these effects will be indispensable.
Unfortunately, silicon and silicon nitride do not exhibit y(®) non-linearities. This is, because to access the
strongest non-linear properties governed by the second-order susceptibility (y?)) , the crystal structure of
the material cannot be centrosymmetrical. To solve this, integration of other materials is needed.

Here, lead zirconate titanate (PZT) shows promising properties over other materials. These properties
include its high non-linear susceptibility as indicated by its high Pockels coefficient, its ability to be poled
in multiple directions, and its low coercive field allowing poling at voltages under the breakdown voltage
of air. In the research on the integration of PZT on photonic chips, some important milestones, like good-
quality thin film deposition and low optical losses, have recently been achieved [1] and now the time has
arrived to take the first steps into the integration of PZT for non-linear devices. In this research we present
the next steps in the form of the measurement of the y® of PZT and the creation of micrometer-scale
periodically poled PZT for quasi-phase matching.

Method

The measurement of the y®> was done by poling a transparent sample, measuring its second harmonic
signal under a second harmonic generation microscope and varying the incoming linear polarization. The
sample was created by depositing PZT on corning glass using a solution based method as described in [1].
A PZT layer with a thickness of 240 nm was deposited on the sample. After PZT deposition, electrodes to
pole the sample were deposited on the sample using optical lithography. Finally, the sample was poled in-
plane by applying a DC voltage over the electrodes and waiting 1 min.

The measurement of the y®) was then done using a second harmonic microscope (SHM). The SHM used
a pulsed laser at a frequency of 785 nm. The incoming polarization was varied 180 degrees and the signal
was measured in both s- and p-polarization independently. Besides the PZT sample, the signal of a beta-
barium borate crystal (BBO) was also measured as a reference. Both results were then fit using a theoretical



(2

simulation of the expected SHG signal. Using this method, values of both the y;;" and )(é? components of

the ¥ tensor can be found.

Poling of PZT for quasi phase matching was done using a sample cleaved from a silicon wafer on which a
thin film PZT layer of 60 nm was deposited. After the PZT deposition, tooth electrodes were deposited on
the sample using electron-beam lithography. The samples were then poled using these electrodes.

The polarization density of the PZT was measured using piezoresponse force microscopy (PFM). Using
PFM, contrast images can be achieved where different polarization regions can be seen, but no absolute
values from the measurement can be used because these rely on to many unpredictable factors.

Results and discussion

The 2 component of the x® tensor was measured to be 67.45 pm/V. The x 2’ component of the @
tensor was measured to be 185.31 pm/V. For comparison purposes, we can estimate the values of these

components at 1064 nm and at 1550 nm by using Miller’s rule. This gives us 40.81 pm/V for )(g) and

112.11 pm/V for )(?E? at 1064 nm and 29.89 pm/V for ngl) and 82.13 pm/V for )(é? at 1550 nm. Comparing

this to the highest y® tensor component of LN at 1064 [2] which is the )(g? component with a value of 50
pm/V we find that the highest value of PZT is about two times that of LN. We can also compare the results
to earlier results of the measurement of y®) of PZT [3]. In this study the y® tensor was measured at 1550

nm, and values of 60+£0.6 pm/V for the )(é? component and 3.3£0.02 pm/V for the )(gi) component were

found. We see that our measured value for )(é? is 36.88% higher than this, and our value for )(ézl) is about
10 times higher. The first can be attributed to measurement and layer quality differences. The second result
is too much to be attributed to these factors and can be attributed to the in-plane vs out-of-plane
measurement. Our PZT layers are polycrystalline, and thus the grains will not all align perfectly with the
electric field during polarization. These variations can cause some of the individual polarization vectors of

the grains to have a deviation from the general polarization direction, causing a X;i) contribution to the

measured value of the )(gi) components.

Periodic poling at the micrometer scale was achieved using in-plane tooth electrodes and DC voltages with
periods up to 10 um. These results can be seen in figure 1. Further research is performed to achieve smaller
periods.

Outlook

Our research shows that PZT has a higher non-linear susceptibility than those of materials like lithium
niobate most looked at for the integration into silicon photonics. Further research into the integration of
PZT for the creation of non-linear sources will thus be valuable. We also took the first steps in this research
by showing periodically poled PZT that can be used for quasi-phase matching in non-linear processes.
Further research will focus on improving the poling by going to smaller periods and on creating non-linear
integrated optical devices.

Figure 1: PFM image of Periodically poled PZT with a period of 10 um
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