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ABSTRACT
Waveguide circuits play a key role in modern integrated optics and provide an appealing approach to

scalability in quantum optics. We report on periodically poled waveguides in z-cut potassium titanyl phosphate
(KTiOPO4 or KTP), a material that has recently received growing interest due to its unique dispersion properties.
We fabricated channel waveguides guiding in a single-mode regime around 800 nm. In combination with a
periodic poling the devices allow for type-II second harmonic generation / sum frequency generation from
801 nm to 400.5 nm with high efficiency of 2.3%/W·cm2. Low attenuation values of 1.2 dB/cm (1.7 dB/cm)
we determined at a wavelength of 800 nm for TE (TM) polarization. Temperature dependence of the second
harmonic process we found to be 35 pm/K. The low temperature dependence and high nonlinear conversion
efficiency make our waveguides ideally suited for future operations in classical nonlinear integrated optics and
integrated quantum networking applications.
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1 INTRODUCTION

Potassium titanyl phosphate (KTiOPO4 or KTP) is a well known and established material in bulk optics.
KTP offers the advantage of a wide transparency range (365-4300 nm), which, in combination with the large
nonlinear coefficients of the material, allows for applications with high power densities in the visible wavelength
range. The high mechanical and chemical resistance and the low refractive index change with temperature make
KTP devices impervious to temperature fluctuations and changes in humidity [1]. Furthermore, unique dispersion
properties make KTP the material of choice for a variety of quantum optical systems [2]. Another key property
of KTP is its high resistance to photorefraction; this obviates the need for high temperature operation when
using high pump powers, hence facilitating room-temperature operation. The possibility to periodically pole the
crystal allows the exploitation of the full transparency range for nonlinear conversion processes.
To exploit the benefits of tightly confined fields in integrated nonlinear optical devices, reliable fabrication
techniques for waveguide structures are required [4], [5], [6]. In this work we demonstrate the fabrication of
high-performance periodically poled rubidium-exchanged waveguides in KTP. We characterized our devices
with respect to transmission losses and spatial mode properties; our waveguides are single mode at 800 nm.
Finally, we realized an efficient second harmonic generation (SHG) with an efficiency of 2.3 %/W·cm2.

2 SAMPLE FABRICATION

We fabricated spatially single-mode waveguides in commercially available flux-grown KTP substrates with
dimensions of 10x6x1 mm3 along the crystallographic a, b and c axes. In the first step, the samples were
periodically poled with 8.56 µm period, allowing type-II conversion from 800 nm to 400 nm (Fig. 1a)). Due
to the larger domain nucleation on -c face, a periodic resist structure was defined on this face in a lithographic
process. Both sides of the sample (+c and -c) were coated with a metallic layer to improve the electrical contact.
To invert the spontaneous polarization, we applied several high voltage pulses above the coercive field strength
of 2.1 kV/mm to our sample. For controlling the poling progress, in-situ monitoring (as developed by Karlsson
et al. [3]) was used which is based on electro-optically induced polarization switching. After successful poling,
we removed the metal electrodes and photo resist in an ammonia solution, which simultaneously acts as a
selective etchant that visualizes the domain structure, see Fig. 1c).
In the periodically poled substrates, we fabricated waveguides along the crystallographic a-axis in a rubidium
(Rb) potassium (K) ion exchange process (compare to Fig. 1b)). The masked exchange process defines waveg-
uides, and they realize the mode confinement. The ion exchange takes places in a Rb nitrate (RbNO3) bath at
330 ◦C for 5 minutes. The exchange depth of 6-8 µm has been determined (with an accuracy up to ±0.4 µm)
by energy-dispersive x-ray spectroscopy (EDX) measurements of the Rb concentration with a scanning electron
microscope. After the exchange, we polished the end facets to facilitate incoupling of light into the waveguides.
To determine the transmission losses of the waveguides, we used the non-destructive Fabry-Perot method. We
measured attenuation of 1.2 dB/cm (1.7 dB/cm) for TE (TM) polarization at 800 nm, respectively.
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Figure 1. a) Periodically poled KTP substrate. b) Waveguides are formed in KTP by a masked Rb-exchange c) Selectively etched surface
of a periodically poled substrate. In the horizontal direction, a waveguide is shown.

3 SECOND HARMONIC GENERATION

The waveguides used for second harmonic generation, have widths of 1.5-4.5 µm and guide only the
fundamental mode at 800 nm. First of all we measured the near field of the fundamental modes at 800 nm (see
Fig. 2b). A surface refractive index increase of ∆n=0.011 for both polarizations was estimated comparing the
measured modes with FEM simulations of the systems.

Next, we measured the nonlinear behavior by second harmonic generation. The setup is shown in Fig. 2a).
Linearly polarized light at 45◦ with respect to the c-axis from a continuous wave Ti-sapphire laser is coupled
to the waveguide via lens coupling. The computer-controlled laser generates pump light between 700 nm and
1000 nm. Power and polarization are controlled with a polarizing beam splitter and a half-wave plate. In the
waveguide, horizontally polarized light is generated in a type II process at 400 nm. After the waveguide, we
use a short pass filter and a colored glass filter to suppress the pump light. The generated light is detected on a
power meter. The measured phase matching curve is shown in Fig. 2c). The measurement shows a pronounced
peak, but due to various resonances in the experimental set-up, Fabry-Perot type oscillations are superimposed
onto this phase-matching curve. The SHG efficiency is calculated as:

ηexp =
PSHG

P 2
pump · l2

· 100%. (1)

where PSHG is the second harmonic (SH) power, Ppump is the pump power behind the waveguide and l is the
length of the poled fraction of the crystal. The efficiency is corrected for end-face reflection losses and the
transmission losses of the short pass filter and the colored glass filter.
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Figure 2. a) Setup to investigate the second harmonic generation. The computer-controlled cw Ti-sapphire laser generates pump light
between 700 and 1000 nm. Power and polarization are controlled with a polarizing beam splitter (PBS) and half-wave plates (HWP). The
light is coupled into the waveguide with a 45◦ polarization with respect to the crystal c-axis. The generated light is collimated with a lens
that features an antireflective coating for the SH wavelength. The pump light is filtered out with a short pass filter (SPF) and an additional
colored glass filter (CGF). The light is detected on a power meter. b) Measured near field of the fundamental mode. c) Measured second
harmonic power as a function of pump wavelength.



The highest conversion efficiency of ηexp = 2.3 %/W·cm2 was found for a 3 µm wide waveguide. Furthermore,
we measured the temperature dependence of the phase matching and determined a variation of 35 pm/K.

4 CONCLUSION

We have fabricated periodically poled Rb-exchanged channel waveguides in z-cut KTP, which are single-
mode at 800 nm. Furthermore, we successfully demonstrated type-II second harmonic generation in a period-
ically poled (8.56 µm poling period) waveguide with an efficiency of ηexp = 2.3 %/W·cm2. Our waveguides
are promising candidates for highly efficient frequency converters, which can readily be integrated into existing
optical networks.
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