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Lasers have seen 
broad use in 
imaging applica
tions for many 
years. As lasers 
became smaller, 
more efficient, 

more reliable, and less cost
ly, the number and size of 
these applications expand
ed dramatically. Today, the 
laser imaging market is 
undergoing substantial 
change and growth, driven 
in part by the availability of 
new laser light sources. 
This article will review 
these trends for the graphic 
arts industry, and the laser 
technologies being devel
oped in response. 

Laser imaging market 
The graphic arts industry is a subset of a broader laser 
imaging market, which includes graphic arts, medical 
imaging, photoplotting, and photofinishing applications. 
The graphic arts application—the focus of this article— 
includes all activities related to preparing and producing 
printed materials for publication, and is the largest seg
ment of the laser imaging market. Laser-based medical 
imaging systems are most often directed at input or out
put of digital radiology information. For example, typical 
systems digitize and reprint x-ray films for storage and 
communication, or write onto film the results of CAT, 
ultrasound, or NMR scans. Laser photoplotters are used 
to create exposure masks for the printed circuit board 
industry. Laser-based digital photofinishing is an emerg
ing application which will develop in conjunction with 
the electronic photography market. 

Recent published estimates of the size of the laser imag
ing market are summarized in Table 1, and suggest a mar
ket of around $42 million for laser sources for these appli
cations. Currently, there are mainly five laser sources used 
in imaging applications. Low power infrared diode lasers 
dominate the estimates for unit sales. These lasers are used 
in desktop laser printers for the mass market, where good 
quality is important, but low cost is paramount. Almost 3 
million units are used in 
this application per year. 
However, the unit selling 
price is only $4, so the 
total market for these 
devices is approximately 
$12 million per year. At 
$14 million per year, 
annual revenues are 
largest for air-cooled 
argon lasers. These lasers 
are used in high-perfor
mance graphic arts sys

tems for the professional 
market, where the demand 
for excellent quality supports 
substantially higher unit sell
ing prices. 

As the largest segment of 
the laser imaging market, 
many of the fundamental 
advances in technologies 
and systems are driven by 
and first reduced to prac
tice in the graphic arts 
industry. Consequently, the 
graphic arts market serves 
as a model for what will 
happen in the broader 
market over time. The 
remainder of this article 
will focus on current 
trends in this industry and 
their implications for laser 
light sources. 

Graphic arts industry 
The graphic arts industry is united by a common goal, 
the publication on paper of an "image," which is some 
combination of text, line art, and graphics information. 
This process occurs in three main phases: 

the prepress stage which encompasses everything 
from the initial conceptualization of the information 
to be presented to the creation of printing plates for 
the printing press, 
the press stage which is the actual printing of the 
document on the printing press, and 
the postpress stage which includes all document fin
ishing processes, such as collating, stapling, binding, 
packaging, and so on. 
While the majority of laser applications are in the 

prepress phase, prepress activities are all directed 
towards the press, so it is essential to have some under
standing of press processes and requirements. Printing 
on paper is typically a four-color "subtractive" process, 
using four-color inks: cyan, magenta, yellow, and black. 
The process is called subtractive because each color ink 
layer absorbs one of the-primary colors red, green and 
blue. Cyan absorbs red, magenta absorbs green, and yel
low absorbs blue. White light incident on a sheet of 

white paper covered 
with subtractive inks 
makes one pass through 
the ink layer, is reflected 
off the base sheet, and 
passes back through the 
ink layer to the eye. De
pending on which inks 
have been deposited in a 
particular location on 
the paper, the appropri
ate combination of red, 
green, or blue will sur-

New laser technolog ies , s u c h a s this f requency-doubled, diode-
p u m p e d , sol id-state microlaser are enabl ing signif icant new 
opportuni t ies for growth in the graphics industry. 

Table 1. Laser s a l e s to laser imaging market (from L a s e r F o c u s World, 
January 1995) . 
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vive the round trip to the eye to produce the desired 
color. In principle, only cyan, magenta, and yellow inks 
are necessary to produce full color. In practice, however, 
black is usually used as a supplement to reduce ink 
loading on the sheet and produce a higher-quality 
black. 

The printing press applies the four process inks to 
paper using four identical presses arranged in sequence, 
one for each process color. Each press uses a printing 
plate to spatially distribute the ink required to repro
duce the desired image. Each printing plate contains 
only a portion of the complete full color information 
content of the final image, that part which specifies the 
distribution of the specific process ink to be printed by 
the plate. The information for each plate is "color sepa
rated" from the original full color information using 
either analog photographic methods with appropriate 
color filters, or digital methods using appropriate com
puter algorithms. 

Lasers in graphic arts 
Lasers have become widely used in the graphics arts 
industry as a direct result of the "digital revolution" 
which has occurred over the last 20 years. This digital 
revolution has resulted in the transition from older 
manual/analog methods to automated/digital processes. 
The greatest impact has been felt in the prepress 
domain, but today digital processes are being explored 
throughout the graphic arts industry. 

This transition started in the mid-1970s with the 
development of computerized typesetting, and 
Monotype's introduction of a new product called a 
"phototypesetter." This new system accepted the com
puter-based typeset information, and used this to mod
ulate the beam from a helium-neon laser producing a 
few milliwatts at 633 nm. The modulated beam was 
scanned across photographic film to produce a film 
image of the original information. This film image was 
then used to expose a printing plate using conventional 
analog methods. 

At this early stage, line art and graphics were still 
integrated using manual methods. However, the 
increasing availability of low-cost computer power 
rapidly led to the development of high-performance 
computer graphics systems and page layout software 
that enabled fully computerized integration of text, line 
art, and graphics information. In response, laser-based 
"imagesetters" were developed in the early 1980s that 
had the resolution, speed, and size to accurately repro
duce high quality graphics data. These systems were 
predominantly based on air-cooled argon lasers pro
ducing up to 30 mW at 488 nm. Shorter wavelengths 
enabled system designers to achieve smaller image spots 
and correspondingly higher resolution, while higher 
power resulted in shorter imaging times. In addition, 
blue sensitive films had better imaging characteristics 
and longer shelf life, and so were advantageous over 
available red sensitive films. 

Today, the prepress market is dominated by digital 
systems and processes. Graphics, text, and line art are 
all integrated and communicated electronically. The 

color-separated image information is generated by 
computer, and laser imagesetters produce the color sep
arated film images required for plate exposure. 
Available imagesetters cover a broad range of quality 
and performance, each representing different solutions 
to the tradeoffs inherent in the design of these complex 
systems. 

Imagesetter design trade-offs 
The design of an imagesetter for a particular segment of 
the graphic arts market requires design trade-off deci
sions involving the characteristics of the media, laser, and 
system architecture. Important media parameters 
include image quality, handling (including light sensitivi
ty, safe light requirements, and processing requirements), 
storage (including shelf life), and cost. Lasers are typical
ly the single most expensive purchased component in a 
system, and issues of wavelength, available power, beam 
quality, stability, size, efficiency, lifetime, and cost are 
critical considerations. Finally, the overall system archi
tecture selection has a significant impact on the ultimate 
achievable system specifications, and must be selected 
with the desired market position in clear focus. 

There are three predominant system architectures 
on the market today, "flat field," "internal drum," and 
"external drum." In flat-field systems, the laser is 
scanned across a planar film surface using, for exam
ple, a rotating polygon. Without correction, the 
focused spot would lie on the circumference of a circle 
centered on the axis of rotation of the polygon. 
Typically, however, an f-9 lens is used to "flatten the 
field" and ensure that the focused spot lies on a 
straight line coincident with the surface of the film. In 
"flat bed" versions of flat-field systems, the film is held 
in a fixed location on a platen, and the scanning system 
moves from one end of the film to the other. In "cap
stan drive" versions, the film is transported with 
respect to the scanning system. 

Flat-field systems can be compact, and have relative
ly straightforward media handling and holding require
ments. However, the optics tend to be complex and 
costly. Internal drum systems eliminate this problem by 
loading the film onto the inside surface of a cylinder or 
drum. The laser beam is directed down the axis of the 
cylinder, and a simple rotating mirror positioned on the 
axis can be used to scan the laser beam over the film on 
the inside surface. A lead screw is typically used to 
move the rotating mirror along the axis, so the entire 
film surface is scanned. This configuration decreases 
the cost and complexity of the optical system, but 
media handling and holding issues become more sig
nificant. Also, fabrication of drums to the required pre
cision can require substantial investments. 

Flat-field and internal drum systems both use opti
cal systems to scan the laser beam in one axis, and 
mechanical transports to move the media in the 
orthogonal axis. This approach can be cost-effective, 
but typically limits the designer to using a single laser 
beam, which can limit system imaging speed. The exter
nal drum approach can be used to design a multiple 
laser beam system. In this Continued on page 43 
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Continued from page 22 
configuration, the film is loaded on the 
outside surface of a cylindrical drum. 
The laser beam(s) are focused on the 
film, and the drum is rotated to scan the 
laser beam past the film. A lead screw is 
often used to move the laser beams 
along the length of the drum so that the 
entire film surface is exposed. These sys
tems can have very high throughput, but 
the challenges to implementing a system 
with a large drum rotating at high speed 
with very tight runout specifications can 
be formidable. This tends to lead to a 
high-performance, high-cost product 
position. 

Today, imagesetters are commercially 
available that incorporate a wide range 
of the laser, media, and system architec
ture trade-off options. Low-end systems 
emphasize unit cost over performance, 
and use low-cost, low-power infrared 
(IR) laser diodes. The technology for 
these devices was developed for the con
sumer CD market, and are available in 
high volume at low cost. Also, the light 
output can be modulated directly by 
modulating the laser drive current, elim
inating expensive external optical mod
ulators. This further reduces overall sys
tem cost. Mid-range systems use low-
power red laser diodes or red helium
neon lasers. Shifting to the shorter red 

wavelength provides some benefit in image resolution. 
Also, red sensitive films have typically provided higher 
quality images and longer shelf life than IR films. High-
end systems still use blue air-cooled argon lasers. The 
higher power levels available with argon lasers lead to 
improved throughput, and the shorter blue wavelength 
means that smaller spots can be imaged, which leads to 
higher image resolution. Also, blue-sensitive films have 
typically exhibited superior image quality and media 
handling and storage characteristics. 

Current trends in the graphic arts industry 
There are three major trends in the graphic arts indus
try. These trends will be described first, followed by a 
discussion of the impact on the use of lasers and other 
electro-optic components. 

First, the transition to automated/digital processes 
is continuing. This trend is illustrated in Table 2. For 
most purposes, the prepress phase is now completely 
digital. Digital processes are moving from prepress to 
press. Color separations on film are being eliminated, 
together with conventional analog exposure of printing 
plates. Instead, printing plates are being exposed 
directly by lasers, in "direct-to-plate" systems or "plate-
setters" configured similarly to current imagesetters. 
Several platesetting systems are currently commercially 
available, and many additional systems will be 

announced over the coming months. Continuing this 
trend, the requirement for stand-alone plate imaging 
systems will eventually be eliminated and replaced by 
direct digital printing presses. At least three direct digi
tal press systems are currently available for short-run 
printing. In the future, direct digital technologies and 
systems will be developed for high-volume, long-run 
printing applications. 

Second, there is increasing demand for "environ
mentally-friendly" materials and processes. This is 
focused on the elimination of silver-halide materials 
and the associated process steps. New media options 
are being developed to respond to this demand, and 
some materials are just now becoming commercially 
available. The ultimate goal is to develop materials 
which require no processing. This has the added bene
fits of reducing time, equipment, and manpower costs, 
and enabling plate-based, direct-digital printing sys
tems. 

Third, the dramatic expansion of distributed com
puting power is driving a continuing shift to desktop-
oriented, customized, short-run printing. The future 
promises increasingly specific and targeted publications 
of all types. The consequence is fewer generic mass pub
lications and reduced requirements for high-volume 
printing. This drives a demand for systems of reduced 
size and cost, and increased speed and flexibility. 

Table 2. The transition of offset color printing to automated/digital processes. 
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Consequences for system designers 
These general trends have significant implications for 
the designers of imaging systems for the graphics arts 
industry, and for the suppliers of lasers and other elec
tro-optical components. 

First, the demand for direct-to-plate systems and 
environmentally-friendly, processless systems is forcing 
the consideration of new materials. Silver-halide-based 
materials are currently the industry standard. In either 
conventional film or new direct-to-plate configura
tions, these materials offer the highest speed and most 
well-characterized imaging properties. They can be 
used with a variety of cost-effective laser sources, 
including argon, solid-state, helium-neon, and visible 
and IR diode lasers. However, they are environmentally 
unfriendly, and require costly and time-consuming pro
cessing steps. New photopolymer materials for direct-
to-plate systems begin to address the environmental 
issues, although they still require some post-image pro
cessing. In addition, photopolymer materials require 10 
times more laser power for exposure, which leads to 
somewhat higher laser costs. In many ways, thermal 
materials seem to offer the best promise for the future. 
They require no processing, which addresses cost and 
environmental concerns. Also, they have broad sensitivi
ty in the IR, and can be exposed with new generations of 
cost-effective solid-state and diode lasers. However, they 
are very slow, and require 1,000 to 10,000 times more 
power than silver-halide materials. Also, these materials 

are new, and may have as yet undetermined unfavorable 
imaging characteristics for high performance applica
tions. 

Second, these new materials are driving a require
ment for significantly higher power laser light sources. 
Current standard silver-halide materials have sensitivi
ties of around 10 µJ/cm2. The new photopolymer mate
rials are 10 times less sensitive, and thermal materials 
are 1,000 to 10,000 times less sensitive. As a result, sys
tem designers are demanding that laser developers shift 
from providing low power argon, helium-neon, and 
diode lasers to supplying new high power systems. In 
some cases, the previous technologies are appropriate. 
For example, argon lasers can reliably provide up to 
75mW of high quality, single-mode power. This is suit
able for many photopolymer direct-to-plate applica
tions. In other cases, new technologies are required. To 
expose thermal materials, high-power, single-mode, 
solid-state and multi-mode diode lasers are needed. 
These systems are just now becoming available with the 
cost and reliability required by OEM customers in the 
graphic arts market. 

Finally, the trend toward desktop-oriented, cus
tomized, short-run printing is also leading to greater 
demand for new laser solutions. Printing will become 
increasingly distributed, and so future imaging solu
tions will have to be smaller, less expensive, and offer 
higher performance. In addition to increased power, 
new solid-state and diode laser technologies offer the 

potential for dramatically increased efficiency and 
lifetime, and reduced size and cost compared to 
previously available lasers. 

Conclusion 
This article discusses the major trends in the 
graphic arts industry primarily from the perspec
tive of laser applications. The industry is currently 
in the midst of a dramatic shift in technologies, 
driven by the continuing advance and acceptance 
of digital processes and equipment, by increased 
environmental concerns worldwide, and by the 
increased specificity of communications in gener
al and publications in specific. 

These overarching trends are driving system 
developers to consider new media and system 
solutions. This, in turn, is driving the need for 
laser light sources based on a broad range of tech
nologies, including gas, solid-state, and semicon
ductor laser technologies. Key specifications such 
as size, efficiency, and cost per watt can vary by 
orders of magnitude across this technology base. 
Mastering these diverse laser technologies to pro
vide a complete solution presents a significant 
new challenge to vendors of laser systems for the 
graphic arts industry. 

Gordon Mitchard is marketing manager at Uniphase Lasers, San 
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