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 BACKGROUND 
In the photonics and semiconductors realm, optical 

waveguides are a powerful means of signal transport. They are the 

foundation of some of the most important technologies we use 

today, namely: Photonic Integrated Circuits (PICs) and Fiber Optics. 

In general, a waveguide is a structure that constricts the 

photons travelling within (1). The photons undergo Total Internal 

Reflection, reflecting off the boundaries as they travel through (1). 

This phenomenon is possible provided the original core material 

allows the wave to travel faster than the boundary medium 

surrounding it, and whether or not that wave is ‘transparent’ to it (1). 

Waveguides contain some obstacles that have yet to be 

overcome. Optical loss is one such obstacle and is understandably a 

major bottleneck of the industry (1). It is a form of attenuation which 

describes how the flux intensity of light will naturally diminish 

because of absorption and scattering (1)(4). Attenuation, then, is the 

most important metric in determining the quality of 

products/components within this technology (1). Grappling with it in 

hopes of a breakthrough could open the flood gates to a slew of new 

innovations and improvements. 

Since photons are massless particles, they have some distinct 

advantages over particles with mass within applications such as this. 

Photons will exhibit far fewer interactions (4). Electrons interact with 

themselves and other particles comparatively often, slowing them 

down, and ultimately leading to energy loss as heat is built up (4). 

The power efficiency of Photonic Integrated Circuits (PICs) not only 

drives down costs, but increases the performance potential, especially 

when techniques such as multiplexing are considered (4). The 

strengths of PIC technology are highlighted in Table 1 (4). Not only is 

this technology significant in standard computing, it shows great 

potential in quantum computing as well and will be essential in the 

development of 5G network infrastructure (5). 

Even in this early stage, PICs are the optimal choice. As R&D 

pushes its scale toward the scale of conventional Electronic 

Integrated Circuits (EICs), the appeal and investment will increase, and 

so too will the availability. 

In 2013, the PIC market was valued at $25m and is currently 

projected to increase to $19b through 2024 according to reports by 

Yole Développement (5). This is noteworthy not only by value alone 

but also because the conventional technology has been relied upon 

since the dawn of modern computing; something that PICs are now 

forced to uproot. Enough work has been done to say that PICs are 

here to stay. The tipping point is approaching quickly: PICs are poised 

to become the dominant circuit technology. This study (0) aims to 

provide a perspective on a unique material that this technology can 

explore. 

 

CHARACTERISTIC CONVENTIONAL 

INTEGRATED 

CIRCUITS 

PHOTONIC 

INTEGRATED 

CIRCUITS 

SPEED Low High 

BANDWIDTH Low High 

POWER 

EFFICIENCY 

Low High 

SIZE Small Large 

AVAILABILITY High Low 

Table 1: pros and cons: Conventional Integrated Circuits vs Photonic Integrated 

Circuits (4). 

Figure 1: Photonic Integrated Circuit diagram. Note the optical waveguide 

circuitry (4). 
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 ABSTRACT 
By exploring the capabilities of the Nanochrome™ IV Plasma 

Assisted Reactive Magnetron Sputtering (PARMS) system, Germanium 

Oxide (GeO2) thin films were produced that exhibited low optical loss 

and low surface roughness. The low-pressure ion-assisted dual 

Alternating Current (AC) sputtering technique showed a high 

deposition rate: 8 nm/min. It resulted in stoichiometric films with 

638nm and Near Infrared (NIR) losses of 0.1db/cm, and an average 

refractive index of 1.6051 at 638nm. Films composition and refractive 

index were shown to be consistent across O2 flow rates. 

 KEY TERMS 

Waveguide, Attenuation, Optical Loss, Photonic Integrated 

Circuit, Sputtering, Thin Film Deposition, Germanium, Refractive 

Index, Stoichiometric, Absorption, Scattering, Total Internal Reflection 

 

 

 INTRODUCTION 
Germanium is an element that garners a lot of interest within 

materials science, semiconductor manufacturing, and especially 

Infrared Optics. It has a variety of interesting properties and 

applications. It is desired because of its similarity to silica; yet its 

refractive index is actually higher. 

It is a promising candidate for Raman based amplification 

because of its high Raman gain coefficient. Its strong opto-refractive 

index allows for permanent shifts in refractive index when exposed to 

UV light. Further, it is Complimentary metal-oxide-semiconductor 

(CMOS) compatible which promotes its viability in the silicon 

photonics industry. 

It exhibits other desirable properties such as: strong inter-ionic 

forces, high thermal stability, high mechanical strength, low 

nonlinearity, as well as its most significant trait of having low 

absorption. 

This study (0) sheds light on GeO2 thin films deposited using 

Intlvac’s Nanochrome™ IV PARMS system via ion assisted AC dual 

magnetron sputtering. By the fabrication of high quality, low optical 

loss planar waveguides, this study shows how the technique in 

combination with Intlvac’s powerful system push the boundaries of 

the field forward. 

 

“…PICs are here to stay. The tipping point is 
approaching quickly: PICs are poised to 
become the dominant circuit technology.” 

Figure 3: Intlvac’s Nanochrome™ IV PARMS system. 

Figure 4: Ion Source 
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  EXPERIMENT 

The Nanochrome™ IV PARMS system is designed to produce 

dense and low defect films. Pumping the chamber down to 1.0E-6 

torr prior to deposition, films were deposited from 99.995% pure 

germanium targets with constant O2 flow.  

Rutherford Backscattering Spectrometry (RBS) and Elastic 

Recoil Detection Analysis (ERDA) were performed to determine the 

composition of the films. Figure 4 shows the RBS experimental 

spectra and fits based on a simulation model for a GeO2 thin film. 

The optical loss of the deposited films was determined using 

a prism coupler probing at wavelengths of 638, 847, and 1550nm. 

These measurements were distributed across different regions of the 

substrate and consolidated into a statistical average. 

Surface Roughness was determined using Atomic Force 

Microscopy (AFM), measured with AC mode AFM. Average roughness 

was able to be calculated because the scan size was large in relation 

to the surface features.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6: Target Bias hysteresis for varying oxygen 

flow under ion-assisted deposition. The flow rates 

were selected corresponding to biases on either 

end of the curve as well as the notch at around 

550V (0). 

Figure 5: RBS experimental spectra and fits are based on a simulation 

model for a GeO2 thin film. The yellow purple and green fit lines 

correspond to oxygen, silicon, and Germanium, respectively. The 

distribution was shown to be stoichiometric within the uncertainty 

simulation model (0). 

Figure 7: Waveguide sample clamped to prism 

couple, 633nm laser coupled into guide propagating 

to wafer edge. Photo provided by Metricon. 
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  DISCUSSION 
In examining the RBS Spectra, Figure 5, interstitial argon was 

shown to be absent in the films: as evidenced by the lack of signal 

around 1000keV. The working gas Argon is mandatory, however the 

threat of it penetrating a film is always present during thin film 

deposition. The PARMS system is excellent at fabricating high quality 

low defect films which allowed the team to dig deeper into the 

nuances of the material. In contrast, a low-quality film will invite 

argon and other particles because of how porous they are upon 

fabrication and would make further research more difficult. 

This is supported by the Hysteresis Curve, Figure 6 which 

describes the relation between the flow rate of the reactive gas and 

bias. This relation is essential to understand because of the 

implications in deposition processes and illustrates the skill that 

these techniques demand (6). If reactive gas flow rate is increased 

too much, it may lead to what is known as an avalanche mechanism 

which will result in the target becoming poisoned, decreasing the 

deposition rate significantly. If too little is added, too few reactions 

occur, and the deposition rate will remain slow. This is where the 

volatility of working in the hysteresis arises. The sputter target will 

switch modes once the avalanche begins, from metal to poisoned 

(6). At this point the process is often lost because the film will see 

significant variance as its related physical properties shift in 

response to the drastically different conditions in the new mode (6).   

Optimal oxygen flow was determined which maximized the 

deposition rate shown by Figure 8, while at the same time ensuring 

that the quality of the produced films was maintained. Despite the 

known difficulties of maintaining stable processes within a 

hysteresis curve, they were consistently achieved across a range of 

deposition rates (6). Depositing at 25 nm/min showed losses of 0.2 

dB/cm, and sputtering in the metal region showed losses of 0.5 

dB/cm. 

 

 

O2 flow 

rate 

(sccm) 

Ge (at. 

% ± 

0.1) 

O (at. % 

± 0.8 

N 

(638 

nm) 

Loss, 638 

nm 

(dB/cm) 

RRMS 

(nm) 

Peak to 

Peak 

(nm) 

40 31.0 69.0 1.603 0.5 0.92 9.2 

55 31.0 69.0 1.600 0.2 0.73 6.2 

60 32.5 67.5 1.605 0.1 0.54 4.1 

65 32.5 67.5 1.605 - 0.53 5.1 

70 32.8 67.2 1.605 - 1.21 8.6 

75 33.0 67.0 1.605 - 0.77 8.9 

80 32.8 67.2 1.605 - 0.45 3.8 

Intlvac is more than just a 
system manufacturing 
company. We are an R&D 
company. Consider Intlvac for 
your next materials science 
endeavour.  

 

Table 2: Root Mean Squared (RMS) roughness and peak to peak 

roughness for films deposited at varying growth rates. The film 

roughness shows a significant dissimilarity to similar GeO2 films 

grown via RF magnetron Sputtering and DC reactive sputtering. 

Furthermore, films that employ those processes require post 

processing to achieve similar results. The PARMS system does not 

require this post processing (0). 

Figure 8: As deposited film loss at 638nm 

measured by prism coupling method (0). 
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  SUMMARY 
The prospect of producing high quality GeO2 thin films that 

exhibit low loss and low surface roughness was explored using 

Intlvac’s Nanochrome™ IV PARMS system. The loss was shown to be 

0.1dB/cm across the visible and IR range. The films exhibited surface 

roughness between 0.5-0.8 nm with deposition rates below 10 

nm/min, a consistent metric of the PARMS system. Stoichiometric 

films were produced, which were shown to have an average refractive 

index of 1.6051 at 638nm. Film composition was consistent across the 

range of O2 flow rates that were measured. 

Due to the quality of the deposited films, the ion assisted AC 

dual sputtering technique is an effective means of fabrication, proved 

via the PARMS system. 

The demand for high quality waveguides is here. The 

technologies that utilize them are proliferating quickly. PICs have 

shown to not only be profitable commercially, but foundational to 

next gen electronics (4)(5). The world is heaving from the effects of 

coronavirus, and the cultural changes that are taking place now 

ought to trend to an even greater digitalized world that what is 

already in place. The time to push for innovations and investments in 

this technology is now. 
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 ABOUT INTLVAC 

At Intlvac, we challenge ourselves everyday to deliver world class coating systems, processes, and coatings through constant innovation. Our 

growth as a company is led by a large commitment to R&D. We have a passion for unlocking the nuances of materials science. When our 

customers push the limits of our products toward success, we feel that our visions have been realized. 

 

Figure 9: Intlvac Nanochrome™ thin film coating. 
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