
COATINGS 
FOR 
CARS 
AND 
COMMUNICATIONS 

By Susan M. Reiss 

Automotive paints and WDM filters are two 

applications where advances in optical coatings 

are making their mark. Reiss takes a look at these 

two areas that are causing some head turning. 

Imagine a world where cars flash 
by first as blue, then as red,and 

voice and data pulse through 
fiber networks at 40 Gbits/sec. These 

advances are closer than you think, due, in 
part, to optical thin film coatings. During 

the last decade,advances in optical coating 
technology have enabled researchers and 
engineers to develop coatings designed to 

tolerances tighter than ever before,ones that 
are more robust,and that can be used in 
applications not previously considered. A 

few of the new applications for thin film 
coatings include energy conservation,anti 

counterfeiting,data storage,and displays. 
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This article focuses on two new coating technologies: one 
for color pigments used in the automotive industry and 
one for filters that play an integral role in telecommunica
tions wave division multiplexing (WDM). For a discus
sion of how design programs have improved thin films, 
see "Numerical Methods for Optical Thin Films," by J.A. 
Dobrowolski (OPN, June 1997, page 24). 

The getaway car 
Although Arthur 
Francis Turner 
(OSA President in 
1968 and Ives 
Medalist in 1971) 
worked on color-
shifting filters dur
ing his tenure at 
Bausch & Lomb, 
his own work never 
got beyond labora
tory experiments. 
In the 1970s, how
ever, Turner talked 
with researchers at 
Optical Coating 
Laboratory Inc. 
(OCLI) in Santa 
Rosa, Calif., and 
described a "get
away car" involved 
in a bank robbery 
where the guard 
would say, "There 

goes the red; no green; no, blue car" as the angular shift 
changed the color.1 Since that time, OCLI researchers 
have developed a coating technology for pigments that 

offers unprecedented color shift, as well as high chro
maticity, durability, and curbside appeal. Last year— 
ironically the same year Turner died—2,000 Ford Mus
tang Cobras sported the flashy paint. 

The "Mystic" paint uses ChromaFlair® color-shifting 
pigment, produced by Flex Products, a subsidiary of 
OCLI. The pigment consists of an ultra-thin, multilayer 
interference film that forms micron-size flakes. Unlike 
ordinary pigments, these flakes are opaque, thin, flat, 
and highly specular (see Fig. 1). 

The pigment flakes are created when five ultra-thin 
layers of material are applied to a carrier film via 
vacuum deposition. Tens of thousands of square meters 
are removed from a flexible web and ground into flakes. 
At the center of the optical stack is an opaque reflector 
layer, covered on both sides by a glass-like dielectric lay
er, which in turn is covered by a semi-transparent 
absorber layer. A variety of pigment colors are created 
by varying the thickness of the dielectric layer. The 
materials that make up the pigment stack are colorless, 
possessing no inherent chromophores that are subject to 
ultraviolet degradation. 

"With pigment flakes, you don't have to worry about 
the shape of the substrate," notes Angus Macleod, head 
of the Thin Film Center in Tucson, Ariz. "This represents 
an enormous change in optical coating technology. It's 
the start of a technology that allows us to put an optical 
coating on any surface. It's tremendously exciting." 

ChromaFlair pigments produce color through light 
interference. Depending on the angle of light, the color 
changes because of the path length the light follows. As 
white light passes through the absorber and dielectric lay
ers, it is possible to control which colors are absorbed and 
which are reflected. In addition, when the viewing angle 
or angle of incidence of the light source is altered, light 
interference occurs at different wavelengths for light 

New approach creates anti-fogging/self-
Cleaning Coating. In the July 31 issue of 
Nature, a research team from the University 
Of Tokyo and TOTO's Research and Devel
opment Center reported on a TiO2-coated 
glass that is anti-fogging and self-cleaning. 
By irradiating a thin T i O 2 polycrystalline 
film with ultraviolet light they were able to 
produce the antifogging effect. They report 
that various substrates coated with TiO2 

films, regardless of their photocatalytic 
activities, showed cleaner surfaces after 
being hung outdoors for six months than 
those without the T i O 2 coating. Because 
ultraviolet irradiation from sunlight is suffi
cient to maintain the amphiphilic surface, 
surface contaminants can be removed by 
rain. For more information contact Akira 
Fujishima, Dept Of Applied Chemistry, 
University of Tokyo, 7-3-1 Hongo, Bunkyo
ku, Tokyo 113, Japan; akira-fu@fchem.t.u-
tokyo.ac.jp. 

Figure 1. Scanning electron micrograph of pigment flakes (3,500X magnification). Strong leafing properties provide high chromaticity. 
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reflected off the reflector and from the absorber surfaces. Some 
wavelengths are reinforced while others are suppressed. This 
results in a change in hue from colors seen at normal incidence 
(see Fig. 2). 

Convincing the industry 
So why would these pigments appeal to the automotive indus
try? "Most cars have the same shape," explains Flex product 
technology manager Roger Phillips. "Paint that incorporates 
ChromaFlair can accentuate the design of a car and provide a 
way to differentiate the market. The paint has a 3-D quality to 
it. Unless a car is motionless, you'll see the color travel and a 
car's curves will exhibit slightly different colors." 

Although automakers have used mica pearl flakes in the 
last decade to enhance auto paint, mica pigments require a 
combination of intense direct and diffuse light to perform. 
The new pigments retain their unique optical properties even 
in low light. Another plus, from the manufacturing point of 
view, is the paint's easy application. Workers at the Dearborn, 
Mich. plant that assembled the Cobras thought the paint 
went on "easier than metallic paint." In addition, paint con
taining ChromaFlair flakes is durable. Because only inorganic 
materials are used in the manufacturing process, the original 
color remains unchanged over time. 

"ChromaFlair represents a giant step forward," according 
to Jim King, a research fellow with DuPont Automotive. 
"These paints swing three-quarters of the way around a color 
circle and paint that incorporates the ChromaFlair pigment 
is highly durable. The big question is, 'Will the market pay for 
this truly novel color change?'" 

King notes that this paint appeals to the "Look at Me" 
market, or about 5% of all car buyers. To widen Chro
maFlair's appeal to consumers with more conservative tastes, 
King adds that engineers can adjust the pigment blend to 
selectively enhance parts of the reflectance spectrum so that 
the hue shift is more moderate. 

The cost of coating 
One of the reasons why the new pigment only made its way 
onto 2,000 cars in 1996 is cost. The price tag for ChromaFlair 
pigment is in the thousands of dollars per pound, while mica 
pearls, for example, run about $20/lb. Looking toward the 
future, King predicts ChromaFlair pigmented paint will find a 
niche in the auto market despite its current price. "You can 
find tricky ways to formulate the material so that you use one-
tenth as much of the pigment, for instance," he explains. Also 
only six of the roughly 50 auto manufacturing plants in the 
U.S. can put on paint with multiple color layers, says King. 
This works out to about 10% of U.S. production capacity. "So, 
you're still looking at upscale, expensive cars." 

Jim Sawyer, a spokesman for Ford's Special Vehicle Team 
that developed the Cobra, notes that they chose to use Mystic 
paint because of the exclusivity it would bring to their prod
uct. Although obtaining limited supplies of the pigment was 
a challenge, he notes that Ford has looked at using the same 
or similar technology on future cars. "Exclusivity can be a 
very big selling point," Sawyer says. Cobra buyers paid $815 
for the paint, compared to Audi buyers who purchased 
pearlescent finishes for $1,000. 

Figure 2. Schematic of the pigment structure shows how various colors 
occur depending on the angle that light makes with the plane of the flake. 

Figure 3. Four channel DWDM assembly. 

Figure 4. Spectral slopes and blocking characteristics 
of multicavity narrow bandpass filters. 
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Future color shifts 
As a result of the work done on pigments, Flex's Phillips 
predicts that car paint will be electrically changeable in 
10 years. By combining ChromaFlair pigment with oth
er coating technologies, manufacturers will be able to 
create cars outfitted with rheostats that will enable dri
vers to change their car's color from blue to red at the 
touch of a button. 

Several companies in Europe are in the early stages of 
developing pigments with properties similar to Chro
maFlair, using chemical processes that may yield less 
expensive pigments. "These products may have a lower 
price, but they will be less glamorous than the current 
pigment," contends DuPont's King. 

Future applications of ChromaFlair pigment include 
bicycles, boats, snow and water skis, and other sports 
equipment. "This is a technology that would be just so 
wonderful for the youth market," says King. "But can 
they afford it?" 

Coating cyberspace 
As wave division multiplexing (WDM) takes the world 
deeper and deeper into cyberspace, the need for compo
nents that enable faster transmission rates and larger 
capacity networks continues to expand. According to 
ElectroniCast Corp., the global market for dense wave 
division multiplexer (DWDM) exponents by the year 
2000 should reach just over $4 billion. In January 1997, 
MCI Corp. signed a contract totalling $7.8 million with 
Corning/OCA for OCA's four channel DWDM. The 
devices take advantage of OCA's MicroPlasma® coating 
process to create multiple cavity filter designs. The coat
ing process produces devices with packing densities 
close to 1 and very few voids where moisture may be 
trapped. By using materials with high refractive indices, 
filters are less susceptible to angle shift than convention
al filters. Because temperature and humidity are key 
environmental factors affecting system performance, the 
filters used to multiplex and demultiplex signals must 
meet tight tolerances. The DWDM components (see 
Fig. 3, page 33) used by MCI experience low center 
wavelength temperature shifts less than 0.0005 nm/°C. 
Refractory metal oxides are used to coat the filters. 

"The coating process is absolutely critical to meeting 
system requirements," says MCI Senior Engineer Niall 
Robinson. "Devices that are more than two years old, 
used soft coatings. To meet the optical requirements of 
today's systems, suppliers have switched to hard coat
ings." He notes that hard coatings provide temperature 
stability, low insertion loss, and better signal isolation. 

Conventional soft film technologies such as ZnS, cry
olite, and traditional e-gun evaporated oxides are hygro
scopic and protected from the environment with an 
epoxy cemented slip cover. The materials suffer from 
low filter transmission, poor durability, and poor tem
perature stability.2 The advantage of soft films is their 
ease of fabrication. 

Hard coatings, such as metal oxides, are better able to 
withstand temperature shifts and have enjoyed a resur

gence in recent years because of new developments in 
thin film deposition technology. Advances in plasma 
technologies produce condensing atoms with sufficient 
surface mobilities (approximately 1-10 eV) to allow the 
atoms to minimize the surface energy of the growing 
crystal and form a tightly packed structure. The result
ing films can be extremely lowloss and have a high coat
ing density to prevent water from entering the coating.3 

Another advantage hard coatings provide is the abili
ty to design more cavities into a multiplexer/demulti
plexer device (see Fig. 4, page 33). Multi-cavity designs 
mean more devices can be spaced closer together, and, 
in turn, more wavelengths can be transmitted over a 
single fiber. "Because system requirements are moving 
toward more and more wavelengths closer and closer 
together, signal isolation is critical," explains Robinson. 
"And coatings are crucial to signal isolation." 

According to Jack Wimmer, MCI's director of Trans
mission Network Development, the DWDM compo
nents will transmit over 129,000 voice circuits/wave
length/fiber. These will be deployed in early 1998. To 
keep pace with demand, MCI has taken a step-wise 
approach to WDM. In the 1980s, the company offered 
two channels at 1.8 Gbits/sec. Beginning in 1990, they 
moved to 2.4 Gbits/sec. The new technology will move 
the capacity of a single fiber to 10 Gbits/sec. 

In February OCLI and JDS Fitel entered into a joint 
venture to develop WDM components. OCLI 
spokesman John Walker notes that the WDM filter mar
ket is gaining ground because of improved monitoring 
techniques and relaxation of production yields. "Unlike 
the manufacture of other products in which large areas 
of material must be produced to meet cost objectives, 
the precision required for WDM filters is such that they 
can currently be made by coating small parts and 
accepting some yield loss on those parts," explains 
Walker. "Since WDM devices use such small filters, the 
relatively small area of good material produced per 
operation results in a reasonably large number of fin
ished parts." 

Innovation and market demand will continue to 
drive advances in optical coating technologies. Don't 
blink because you might miss the changing hues of 
future applications. 
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