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Extended Abstract
he rapid growth in optical sensors in Automobiles, Cell Phones, 
Gaming, and Wearable Devices has driven the convergence of optics 
and electronics, and speciically optical coatings and semiconductor 
processes. his convergence has created the need for the optical 
coating supplier to think in the terms of consumer electronics: 
high volumes, high yields, low cost, and rapid turnaround. Oten, 
these coatings are directly deposited on customer-deined areas 
of active semiconductor devices. his demands that the processes 
be compatible with semiconductor protocols for temperature, 
cleanliness, material selection, etc. In such a case, the processing 
of the optical coating cannot impact the electrical performance or 
reliability of the underlying sensors. In this paper we will discuss 
the challenges that must be met, discuss potential approaches and 
highlight some of the many products that are pushing the technical 
envelope. 

Perhaps starting with the advent of Projection Based High 
Deinition Television and progressing to today’s cell phones 
and personal tablets, the demand for precision optical coatings 
in quantities and cost that the individual consumer can aford 
continues to grow. he thought of making millions of optical 
components of this quality and at these price points were never 
considered 15 years ago. Today it is an expectation that personal 
devices be very smart and that the next generation of the device 
ofer attributes beyond its predecessor without raising the price of 
the device in any signiicant manner. hese needs have forced the 
optical ilter industry to collaborate very closely with the detector 
industry to create the sensors we all expect to access.

Looking back at the year 2000, the coating world had two 
approaches it largely followed. he irst was the historical approach 
of batch based coating chambers that were tending to tighter and 
tighter tolerances, generally at the expense of parts per hour and 
price. his trend was exempliied by the explosion of telecom 
DWDM ilters. he second approach was to build bigger and better 
in-line sputtering platforms. hese systems would produce coatings 
having moderate layer count and tolerances on large surfaces, 
primarily in support of the High Deinition LCD TV market. At 
the same time there were other technologies being deployed for 
HDTV. Ultimately they lost the battle to LCD but they did suggest 
where optical coatings technologies would be heading in the 
consumer markets. hese projection based televisions had many 
optical components in them that were thought to be needed in large 
quantities and at low cost. Neither of the year 2000 approaches 
were well suited to meet the needs of projection based HDTV. his 
gap became even more apparent when cell phones appeared with 
cameras. he need for very small, very inexpensive IR blocking 
ilters to be placed in conjunction with polymer lenses and Si 
detector arrays made very clear what would be needed to meet the 

needs of the Consumer Electronics Market going forward.
To meet the needs of the Consumer Electronics market it became 

critical to evaluate and remove or reduce process costs inherent 
in the coating process. For traditional coating platforms, much 
time is spent pumping out the chamber to arrive at the vacuum 
conditions required to reliably deposit a robust ilm that meets its 
spectral requirement. For many of the designs the pumping time 
before coating and the subsequent venting to room pressure ater 
coating took longer than the actual ilter deposition itself. It became 
very clear that systems of the future would need to be load locked. 
he load locked system did not just help with the cycle time of 
the process; it also allowed the deposition chamber to stay under 
vacuum, a critical aspect for process stability. Another step that 
needed to be removed as much as possible was the time required 
to heat a substrate. It is well known that some deposition processes 
and materials require substrate heating for improved durability. 
It was imperative to move away from these approaches and move 
to processes such as sputtering that do not require heat. As these 
answers were not new to the Semiconductor Industry, it became 
clear to study that industry to see what they have done to reduce 
cost and increase stability. Many of these, such as standardized 
wafer size, cleaning and handling processes were also necessary 
to deploy. Other aspects of the semiconductor processes were not 
ideal. he growth mechanics and the optical tolerances of an optical 
ilter can be quite diferent than those used in a semiconductor 
fabrication line. Considering these diferences certain complexities 
have had to remain in the optical ilter process chambers. Notable 
ones are:

1) Planetary rotation to assure acceptable uniformities across   
 the wafer. It should be noted these wafers can encompass   
 thousands of ilters that will be diced out later. 

2) Multiple materials need to be deposited in the chamber to   
 assure the correct optical interference efects. 

3) To lessen defect-causing particles from reaching the surfaces,  
 it is beneicial to sputter up. In many of the consumer   
 applications each defect can block some amount of pixels in a  
 detector array.

hese problems have led to a new generation of coating platforms 
available in the market.

he latest of the challenges results from a goal of meeting two 
needs. he irst, as is always the case in consumer electronics, is 
cost. he second is to reduce size and weight. A relatively obvious 
way to do this is to remove as much material from the assembly 
as possible. his removes size and weight and generally reduces 
the cost of the material and assembly costs of the component. One 
way to do this is to deposit the optical ilters directly on the active 
detector wafers. Seemingly obvious, this puts a lot of constraints 
on the coating processes. Filters oten need to be patterned, which 
requires:

1) he coating process to be compatible with lithography   
 photoresists;
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2) For arrays with multiple ilter types the stresses from the 

coatings cannot bow the wafers to a level that the lithography   

feature resolutions are impacted on subsequent patterning steps;

3) he energetic nature of the coating process cannot in any way 

damage the detector junctions on the wafer;

4) he process has to be a very high yielding process. Although, 

the inal individual sensors ater inal dicing may be relatively 

inexpensive, at the wafer stage there are many devices which 

results in a wafer of signiicant value.

hese issues do appear to have been resolved and continue to be 

improved upon at a few facilities within our industry.

Going forward there will clearly be additional issues to resolve. 

Wafers may be heading to 300mm diameter. Non-active wafers 

will continue to become thinner and thinner. his will certainly 

increase issues with handling and coating stresses. As individual 

sensors get smaller and smaller, the Field of View that the optical 

coatings must accommodate gets larger, a challenge for any optical 

interference coating. he solutions to these issues will need to be 

found within a team consisting of the detector manufacturer and 

the optical coating house. It is unlikely that the two industries 

working separately will ind the optimal answers for the challenges 

of the next 10 years. 

Although the traditional business of low quantity, high 

performance optical coatings still exists and shows no evidence of 

disappearing, our industry is highly engaged in inding solutions 

for the very diferent needs of the electronics industry as well. 

New high-yielding fast-cycle processes have been introduced 

to meet volume and cost challenges, while patterning and other 

technologies from semiconductor processing have been borrowed 

to enable a new generation of products. We are highly optimistic 

that the rapidly-evolving requirements of the consumer electronics 

market can and will be met, but it will take close collaboration 

between the product designer, the semiconductor house and 

the optical coating house to truly meet the needs of the ultimate 

consumer.
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