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In this work, the fabrication process of optical channel 
waveguides in titanium dioxide is optimized, including the sputter 
deposition of titanium dioxide, the reflow of the electron-beam 
resist and annealing of the etched waveguides. The propagation 
losses of the films and fully etched strip waveguides had values 
below 1 dB/cm at wavelengths above 633 nm with propagation 
losses as low as 0.5 dB/cm at 1550 nm. 

Titanium Dioxide, Sputtering, Low Loss, Waveguide, 
Amorphous, Anatase. 

I. INTRODUCTION  
TiO2 is a promising material for integrated photonics due 

to its high refractive index of ~2.3 at 633 nm. TiO2 can be 
deposited using reactive sputter deposition[1], [2]. The films 
fabricated using this process exhibit amorphous, anatase or a 
combination of both phases[3]. Despite the promise of this 
material for non-linear optics or LIDAR applications[1], its 
widespread utilization has been prevented by high 
propagation losses. In this paper, we optimize the process for 
the fabrication of channel waveguides in this material, leading 
to losses as low as 0.5 dB/cm in channels operating at 1550 
nm. 

II. EXPERIMENTAL PROCEDURE 

A. Effects of the relative discharge voltage during reactive 
sputter deposition on slab propagation losses. 
By modifying the oxygen flow, we modify the state of the 

target from metallic to poisoned state[4]. This process affects 
the deposition rate and material properties of the film. To 
obtain the desired optical properties with the lowest 
propagation loss we covered in the study a relative discharge 
voltage from 90% to 100%.  

As the relative discharge voltage increases, we observe an 
increase on the refractive index and a decrease of the 
deposition rate, meaning that the film compacts at higher 
relative discharge voltage. This compaction of the film 
influences the optical properties. An optimal relative 
discharge voltage of 97.5% led to a slab propagation loss of 
1.0 ± 0.2 dB/cm at 633 nm, as seen in TABLE I.  

At 97.5% of relative discharge voltage, the refractive 
index and deposition rate are lower than expected. These 
values are due to aging of the target, a topic not included in 
this paper. 

TABLE I. REFRACTIVE INDEX, DEPOSITION RATE AND LOSS 
VALUES OF TITANIUM DIOXIDE FILMS DEPOSITED AT 

DIFFERENT RELATIVE DISCHARGE VOLTAGES. 

Relative 
discharge 
voltage 

Refractive 
index at 1550 
nm 

Deposition 
rate 
(nm/min) 

Losses at 633 
nm (dB/cm) 

90% 2.2767 5.31 2.1 ± 0.2 

95% 2.2910 4.37 1.5 ± 0.2 

97% 2.2891 3.96 1.3 ± 0.3 

97.5%* 2.2667 3.06 1.0 ± 0.2 

98% 2.2970 3.54 1.2 ± 0.4 

100% 2.2977 2.32 1.5 ± 0.3 

 

B. Effects of deposition temperature in optical slab 
propagation losses 
By increasing the deposition temperature, we modify the 

structure and possible phase of the material[5]. In this work, 
we study the effects of increasing the deposition temperature 
until 500ºC to see the effects on the optical properties. Six 
different samples were made covering the values from room 
temperature (25ºC) to 500ºC in steps of 100ºC, using a relative 
bias of 97 %. 

Due to the extremely high losses obtained for lower 
wavelengths, a wavelength of 978 nm was used to characterize 
all the layers, as seen in TABLE II. We observe an increase on 
the propagation losses with a small fluctuation at 100ºC and at 
400ºC. This result could be caused by structural and crystal 
phase properties of both samples. Due to this non-uniformity, 
the characterization above 100ºC was inconclusive. Further 
study of the deposition process at each temperature is needed 
to fully integrate the properties of each structure and phase. 

TABLE II. PROPAGATION LOSSES MEASURED AT 978 NM OF 
TITANIUM DIOXIDE FILMS DEPOSITED AT DIFFERENT 

TEMPERATURES AND 97 % OF RELATIVE BIAS. 

Deposition 
Temperature 

Losses at 978 nm 
(dB/cm) 

25ºC 0.8 ± 0.4 

100ºC 0.4 ± 0.3 
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Deposition 
Temperature 

Losses at 978 nm 
(dB/cm) 

200ºC 6.7 ± 0.2 

300ºC 9.3 ± 0.3 

400ºC 3.8 ± 0.3 

500ºC 7.6 ± 0.2 

C. Effects of grain growth and crystal phase change under 
dimensional restriction on the optical propagation losses 
Propagation losses of channel waveguides were 

characterized using microring resonators (width of 2.0 μm, 
thickness of 200 nm and 200 μm radius) fabricated from the 
TiO2 thin film at 97% relative discharge voltage from 
experiment 1 with a PMMA cladding. The channel 
waveguides were subjected to annealing at different 
temperatures. During each annealing cycle, the samples were 
heated in an oven at a rate of 100 C/h till reaching the process 
temperature, at which they were subjected for 4 h followed by 
cooling down to room temperature in the oven. Due to the size 
restrictions, the crystals and grains had their growth limited 
permitting more control over the desired properties. Six 
samples were made to analyze the effects of annealing over 
the propagation losses at a wavelength of 1540-1560 nm. The 
samples were deposited at room temperature at a relative bias 
of 97%. As seen on TABLE III, the propagation losses 
increase with increasing annealing temperature, except at 
800ºC where the value starts to drop. 

TABLE III. PROPAGATION LOSSES OF TITANIUM DIOXIDE 
CHANNEL WAVEGUIDES BEFORE AND AFTER 

ANNEALING EXPERIMENTS. SAMPLES DEPOSITED AT 
ROOM TEMPERATURE AND 97 % RELATIVE BIAS 

Annealing 
Temperature 

Losses at 1550 nm 
(dB/cm) 

25ºC 0.5 ± 0.1 

200ºC 0.8 ± 0.3 

400ºC 1.8 ± 0.3 

600ºC 2.1 ± 0.4 

800ºC 0.9 ± 0.5 

1000ºC 1.7 ± 0.6 

 

III. FABRICATION PROCESS 
The best performance samples were fabricated at the 

TCOater[6] with a 4 inch Ti target, 500 W of power at room 
temperature (25ºC), 80 cm3/min of Ar and 97.5% of relative 
discharge voltage, which required an oxygen flow of 9.0-9.7 
cm3/min. Base pressure of 1.0E-6 mbar and process pressure 
of 6E-3 mbar, and chuck rotation at 5 rpm. 

IV. CONCLUSION 
Reactive sputtering deposition is a fabrication process 

where many variables influence the properties of the resulting 
material. In this study we reduced the optical propagation 
losses of TiO2 by a factor of 10 from previous reports[1], [2],  
with channel propagation losses as low as 0.5 dB/cm at 
1550 nm of wavelength, giving this material a new 
perspective for future devices. 
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