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Abstract—The CMOS compatible fabrication equipment, the 
transparency from UV to IR and the capability of batch 
processing make the TriPleXTM  waveguide platform very suitable 
for a large variety of applications. In this paper a description of 
the technology and examples of applications in different 
wavelength ranges are given. These applications exploit the low 
loss properties at relatively high index contrasts in the TriPleXTM  
technology 
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I.  INTRODUCTION  

In the last years the proprietary TriPleXTM waveguide 
technology [1] of LioniX has been further developed and has 
become one of the three main integrated optical platforms (next 
to InP and SOI) in the Netherlands. TriPleXTM structures are 
realized with CMOS compatible fabrication equipment and the 
materials used are based on chemical end products of LPCVD 
processes, resulting in very reproducible material properties, 
allowing design by geometry. TriPleXTM is also offered as 
Multi Project Wafer (MPW) services together with PhoeniX 
BV [9]. The basic concept of a TriPleXTM waveguide consists 
of a multilayer stack of stoichiometric silicon nitride and 
silicon oxide. These materials have an opposite stress when 
deposited on a silicon wafer (nitride is tensile and oxide is 
compressive) and stacking them in a multilayer results in a 
macroscopically low stress layer stack. A typical cross section 
of the TriPleXTM waveguide is shown (in box geometry) in 
figure 1. 

II. FABRICATION 

The TriPleXTM waveguide technology can be used to create 

several different waveguide geometries, which are all based on 
the same fabrication process. The standardized geometries all 
require a single lithography step only. The only difference is in 
the exact details of the process (waveguide width, layer 
thickness, etch depth). In addition the TriPleXTM technology 
also allows fabricating low loss spot size converters which can 
be incorporated in the same chip. A more detailed description 
of the fabrication process is also given in [2]. 

III.  RESULTS 

Waveguides were realized with different geometries 
varying from single stripes to complete high contrast box shape 
waveguides (figure 1). Characteristic for TriPleXTM is its low 
loss behavior at relatively high index contrast. On waveguide 
structures that allow bend radii of 70 micron waveguide 
propagation losses in ring resonators of 0.1 dB/cm were 
measured (figure 2) [7] allowing small footprint optical devices 
with low loss, which are extremely suitable for Microwave 
Photonics applications. In a recent publication [3] the 
TriPleXTM technology was further optimized and 
measurements were performed on its low loss performance at 
lower index contrast. Record low propagation losses of 
<0.1dB/m were reported on these devices. In figure 3 the 
measured los as a function of wavelength is shown in which 
losses of < 0.1 dB/m are seen for wavelengths of 1580-
1610 nm. 

IV.  APPLICATIONS 

With the current status of the fabrication process different 
applications, ranging from visible light to IR can be realized. 
The technology is also offered via MPWs allowing an easy 
access to the technology for designers. In the following section 
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Figure 1: SEM cross section TriPleX waveguide 

Figure 2: Measured propagation lossfor various bendradii (figure coming 
from [7]) 



two of the application areas will be discussed. 

A. Application 1: Microwave Photonics: Optical beam 
forming networks 

An application in which the low loss properties of the 
TriPleXTM waveguides are essential is optical beam forming. In 
this application the antenna signals of a phased array antenna 
are delayed in the optical domain (with optical ring resonators 
operating at 1550 nm) and combined coherently on the same 
chip to achieve a squint free, broadband, steerable phased array 
antenna. Schematic the system of such an optical beamformer 
is shown in figure 4. The OBFN chip itself is build up from 
ring resonators that are combined in a binary tree 
configuration. An example of a realized device is shown in 
figure 4. With the high contrast TriPleXTM waveguides the 
optical beamforming was demonstrated and a more detailed 
analysis of this application is given is several publications 
[4][5]. This product is currently being commercialized by 
Satrax BV (www.satrax.nl) 

B. Application 2: Optofluidics 

Another advantage of the TriPleXTM technology is the 
ability to combine the waveguide technology with fluidic 
channels (optofluidics) opening a whole new range of possible 
applications. A variety of measurements can be done probing 
the fluids in the fluidic channel. By applying the right chemical 
on top of the waveguides in the defined sensing windows the 
devices can be realized for a specific application. Two 
examples of applications based on this technology are 

described in [8] and [6]. In both applications the sensing in the 
fluidic channel is based on fluorescence of biomarkers on top 
of the waveguides. The evanescent field of the optical mode in 
the waveguide excites the biomarker and the fluorescence of 
this biomarker is detected. The applications are described in 
more detail in the two publications. In figure 5 two pictures of 
the applications are shown. The optofluidic TriPleXTM 
technology was offered in 2011 on a MPW basis by CMC 
Microsystems in Canada. Currently the further optimization of 
the MPW design kit is under development. 

V. CONCLUSIONS 

The TriPleXTM waveguide technology is a stable 
waveguide platform technology with which design by 
geometry in MPW runs is possible. With the same fabrication 
technology applications ranging from UV to IR are possible 
and the technology can also be combined with microfluidics, 
opening a whole range of optofluidic applications. 

REFERENCES 
[1] F. Morichetti, et al (2007) “Box-Shaped Dielectric Waveguides: A New 

Concept in Integrated Optics?”, Journal of Lightwave Technology, 28 
(7). pp. 2579-2589. ISSN 0733-8724 

[2] R.G. Heideman et al, “Large-scale integrated optics using TriPleXTM 
waveguide technology: from UV to IR”, SPIE Photonics West, 24-29 
Jan 2009, San Jose, California, U.S.A. 

[3] J. Bauters, et al. (2011), “"Planar waveguides with less than 0.1 dB/m 
propagation loss fabricated with wafer bonding," Optics Express, Vol. 
19 Issue 24, pp.24090-24101 November 10, (2011)) 

[4] A. Meijerink et al.(2010) “Novel ring resonator-based integrated 
photonic beamformer for broadband phased array receive antennas - part 
I: design and performance analysis”, Journal of Lightwave Technology, 
28 (1). pp. 3-18. ISSN 0733-8724 

[5] L. Zhuang, et al. (2010) “Novel ring resonator-based integrated photonic 
beamformer for broadband phased array receive antennas - part II: 
experimental prototype”. Journal of Lightwave Technology, 28 (1). pp. 
19-31. ISSN 0733-8724 

[6] A. Prak et al. (2011) “Integration of optical waveguides and 
microfluidics in a miniaturized antibody micro-array system for life 
detection in the NASA/ESA ExoMars mission”, Proc. SPIE 7928, 
79280L 

[7] L. Zhuang, et al.(2011) “Low-loss, high-index-contrast Si3N4SiO2 
optical waveguides for optical delay lines in microwave photonics signal 
processing” Optics express, 19 (23). pp. 23162-23170. ISSN 1094-4087 

[8] R Duer, et al. (2010), “In-Plane Parallel Scanning: A Microarray 
Technology for Point-of-Care Testing“, Anal. Chem., 2010, 82 (21), pp 
8856–8865 

[9] http://www.phoenixbv.com/flyers/MPWTriPleXTM.pdf 

 

 
Figure  4: (top) Ring resonator-based optical beamformer scheme (AE=antenna 

element, LNA=low-noise amplifier, MZM= Mach–Zehnder modulator, 
OBFN=optical beamforming network, OSBF=optical sideband filter). (bottom) 

Realized optical chip 

Figure 3: Propagation loss vs wavelength (40 nm thick nitride stripe  [3]) 

  

Figure 5: (left) Schematic overview of microarray application, (right) 
Picture of the optical LMCchip in 633 nm excitation 


