Patent Owner Cellect, LLC
Ex. 2007, p. 1




Jeffrey N, Bairstow: Group Editorial Director/
 Associate Publisher
~ Tel.: (603) 891-9130; e-mail: jeffb@pennwell.com
Heather W. Messenger: Executive Editor/Features
Tel.: (603) 891-9220; e-mail: heatherm@pennwell.com
 Stephen G. Anderson: Executive Editor/News*

Tel: (510) 793-2390; FAX: (510) 793-1159
~ e-mail: stevega@ pennwell.com
Barbara Murray: Managing Editor
Tel: (603) 891-9131; e-mail: barbaram@pennwell.com
 Kristin Lewotsky: Associate Editor, Technology
- Tel.: (603) 891-9234; e-mail: kristinl@pennwell.com
 Laurie Ann Peach: Assistant Editor, Technology
Tel.: (603) 891-9219; e-mail: lauriep@pennwell.com
Bonnie Feuerstein: Assistant Managing Editor
- Tel.: (603) 891-9143; e-mail; bonnief@pennwell.com
- Barbara Wilkins: Assistant Editor, Internet

Tel.: (603) 891-9230; e-mail: barbaraw@pennwell.com
- Carole E. Root: Assistant Editor
 Tel.:(603) 891-9138; e-mail: caroler@pennwell.com

~ Davic : Industrial Lasers
Tel.: (S08) 347-9324; FAX: (508) 347-7737
- G.J. Dixon Optical Engineering
- TelFAX: (407) 779399
- Tel.: (617) 965-3834; FAX: (617) 332-4760
Vincent Kiernan: Washington, DC
- Tel.: (202) 331-0883; FAX: (202) 331-2082
Kathy Kincade: Business
- Tel /FAX: (916) 345-5067
. EricJ. Lerner: Back to Basics
~ Tel.: (609) 883-8878; FAX: (609) 883-9131
- Tel: (510) 881-8466; FAX: (510) 886-4674
-~ Luciano Garifo, Milan, Italy
- Tel.: 02 2167 2379; FAX: 02 2692 0604
E | R. Marx, London, United Kingdom
- Tel.: 0923 853967; FAX: 0923 859395
Paul Mortensen, Tokyo, Japan
Tel /FAX: 33981 0393
- Roland Roux, Paris, France
Tel JFAX: (1) 69 07 84 87

Florence L. Oreiro: Group Publisher
Kathy Bush: Sales Director

 Linda Wright: Group Business Manager

_ Elaine Viscosi: Promotion Specialist
Eleanor Dent: Group Exhibits Coordinator
- Meg Fuschetti: Art Director
(Christopher Hipp: Lead lllustrator
Lisa Hollis: Production Manager

. Valerie Leyton: Ad Traffic Manager

- Robert M. Wilkerson: Circulation Director

David Janoff: Vice President
Communications and Optoelectronics Group

Leslie P. Cypret: Vice President, Administration/ATD
- Dr. Morris R. Levitt: Executive Vice President/ATD

EDITORIAL OFFICES
-~ Laser Focus World
- 10 Tara Boulevard, Fifth Floor, Nashua, NH 03062
Tel: (603) 891-0123; FAX: (603) 891-0574
~ INTERNET: http:/mmww.lfw.com
- *WEST COAST EDITORIAL OFFICE
POB 7565, Fremont, CA 94537-7565

Well

PUBLISHING COMPANY

- SUBSCRIPTION INQUIRIES: Tel.: (918) 831-9424
email: brenda@pennwell.com
In Europe:  PennWell European Journal Service
POB 4456
London, England SW12 8AX

! e-mail: HRA@pennwell.com
PRINTED IN THE USA

Tel.: 44 181 675 9975; FAX: 44 181 675 0301

VBPA  ABP [EOWMA

The Editor’s Desk
Auto industry sparks laser industry growth

It's been said often enough that the laser is “a tool in search of an applica-
tion,” but that is clearly no longer the case. Today, the broad area of laser-
based material processing—which we predict will grow to be almost 60%
of the market in 1997 (see Laser Focus World, Jan. 1997, p. 72)—encompasses
many applications. Of these, the automotive manufacturing industry contin-
ues to develop new processes that depend on laser radiation. High-power
lasers are the cornerstone of a new process—tailored
blank welding—in which different types or thickness-
es of steel are welded together so that the sum—a
lighter, stronger piece—is greater than its parts (see
cover and p. 15). Either high-power carbon dioxide or
Nd:YAG lasers can be used to make the welds, and the
technique promises to allow manufacturers to
improve efficiency of new-model cars and trucks.
Other material-processing areas in which lasers per-
form light-based magical tasks include marking and
engraving and microelectronics and flat-panel-display
manufacturing. Laser marking is now possible on many more substrates
and can be done at speeds that make it attractive for boosting productivity
in applications that previously used more-traditional ink-based marking
(see p. 105). The application of ultraviolet-emitting lasers to circuit-trim-
ming and memory repair in the microelectronics industry is also an
expanding area, as is the use of UV-emitting excimer lasers to anneal sili-
con in flat-panel displays. Excimer lasers are also the foundation for pre-
sent-day and next-generation steppers for photolithography (see p. 89).
These laser systems are dependent on stable and effective sources of
“spark” radiation—ably described in this month’s Product Focus on laser
power supplies (see p. 139).

Worldwide applications coverage

Other topics featured this month are scanning spectrometers for laboratory
use (see p. 81), acousto-optic tunable-filter-based near-infrared spectrom-
eters for industry (see p. 119), optoelectronics integrated circuits (p. 99), dif-
fractive optics (p. 113), and image sensors (p. 125). This month, the Laser 97
trade fair in Munich, Germany, will feature both products for and discus-
sions of many of these lasers and applications (see p. 15). I‘m certain that
our coverage will spark discussions that will further contribute to the
expansion of applications for lasers and electro-optics.

Heather W. Messenger
Executive Editor
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IMAGE SENSORS

and those with totally
integrated on-chip

electronics.

n the early 1970s, with metal-oxide semiconductor fabri-
cation becoming commonplace, the three traditional
solid-state imager technologies—charge-coupled-device
(CCD), charge-injection-device (CID), and photodiode
array (PDA)—became viable alternatives to imaging
tubes. Standard complementary metal-oxide semicon-
ductor (CMOS) processing matured by the mid-1980s,
and by the early 1990s, designs calling for a million or more
transistors were commonplace for digital systems. Devices of
this magnitude incorporated large die areas and required
high yields. With standard CMOS processing techniques, it
was now practical to fabricate solid-state imagers of useful
size and quality.

The rise of CMOS-based imagers and the application of the
technology to existing detectors have presented applications
engineers and scientists with a broader range of imaging
options (see Laser Focus World, April 1997, p. 73). Although
these options add a level of design freedom, they also add an
extra layer of confusion to the process of determining the best
possible imager for a given set of price and performance
requirements. These CMOS imagers can be categorized either
as traditional devices augmented by CMOS processing or as
“true” CMOS imagers with passive- or active-pixel sensors.
Both categories offer the user new and improved capability
but have limitations that the designer must understand when
choosing between them.

Integration with traditional imagers

The move to CMOS processing brings electronics on-chip for
improved functionality and simplified system interfacing
that should lower system costs. Standard, functional off-the-
shelf parts available to the board designer are now available
to the imager designer. This approach shifts much of the bur-

JEFFREY ZARNOWSKI and MATT PACE are at Integrated Electronic
Technologies, 5612 Business Ave., Cicero, NY 13039; e-mail: cmossensors@
zeus.odyssey.net.
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Imaging options expand
with CMOS technology

Jeffrey Zarnowski and Matt Pace

By using CMOS technology to implement charge-injection device
architecture, designers were able to fit both detector and scanner
electronics on the same wafer.

den of process development, improvement, and characteriza-
tion to the wafer fabricator.

By shifting imager designs to CMOS processing, designers
can implement many camera functions on-chip. All three of the
traditional solid-state imager technologies—CCD, CID, and
PDA—have been adapted to allow integration of CMOS elec-
tronics, which can include clock drivers, self-scanning, self-bias-
ing, synchronization, clamp, gamma, color correction, and auto
gain control (see photo above). Many of the functions that were
previously performed by a frame grabber or that required
external control can now be implemented on-chip as well.

The argument that the increased complexity and die size will
limit device yield and actually increase cost over conventional
imagers is not true. For example, the use of CMOS technology
increases the die size of a 0.33-in. black and white “camera on a
chip” by only 20%, to 0.4 in., which is still smaller than a typical
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frame-transfer CCD of the same format.

Existing proprietary fabrication flows
to produce imagers have been expanded
to include the necessary CMOS process
steps. The down side to this integration
is that it actually increases the number of
masks and process steps involved and,
therefore, system cost. The approach
manufacturers take on adapting CMOS
processing steps will determine whether
they are able to shop for competitive
pricing and shift their process develop-
ment, improvements, and characteriza-
tion to the wafer foundry.

Conventional imager technology aug-
mented by CMOS electronics offers
increased operating speed at reduced
power. Designs can also be simpler, and
thus more compact, than conventional
systems. To maintain the expected
dynamic range, however, the traditional
10-V operating bias must still be main-
tained. The greater the biasing the
greater the full well of the pixel, so high
operating voltages in turn require
designs to be implemented using fea-
ture sizes greater than 2 pm. Designs
based on 5-V operating biases can be
implemented, but this cuts the dynamic
range at least in half. Finally, simply
porting a traditional imager technology
to CMOS fundamentally won t increase
or reduce noise associated with the pixel
structure.

True CMOS imagers
Standard CMOS processes rather than
modified proprietary processes are
being used to construct true CMOS
imagers, including photogate and pho-
todiode devices. A photogate device is
similar to a CID or CCD in that a pixel is
constructed of a MOS capacitor. Photo-
diode pixels are easily constructed in
CMOS process, because pixels are
defined by an exposed silicon junction.
True CMOS imagers incorporate an
amplifier at or near the pixel site, so
only one row and column are necessary
to address a pixel (see Fig. 1). Power
consumption is thus very low in com-
parison with CCDs, in which the entire
contents of the array must be trans-
ferred. In comparison to traditional
imagers, CMOS devices suffer from
increased dark current, caused by the
highly doped silicon required by submi-
cron processes; higher dark current

|
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FIGURE 1. Traditional three-phase, full-frame CCD (top), with its atten-
dant fixed readout scheme shifts charge along the column into the serial
row register where the row register shifts all the pixel data out to an
amplifier. CMOS-based active-pixel sensor (bottom) features an amplifier
at each pixel to reduce noise. The amplifiers and buses block a portion of
the photosensitive area of each pixel, reducing device sensitivity.

leads to increased image noise. The imagers also suffer from
slightly reduced sensitivity at longer wavelengths, caused by
the lower resistivity of the wafer material.

CMOS imagers can be further classified as active- or pas-
sive-pixel sensors. An active-pixel sensor (APS) consists of
randomly addressable pixels with an amplifier at each pixel
site. This amplifier placement results in lower noise levels
than with CCDs, in which the charge is coupled to the ampli-
fier, or with PDA or CID structures, in which the collected sig-

FIGURE 2. Passive-pixel CMOS imager features randomly addressable pix-
els with amplifiers at the end of the columns. Instead of the photon-gen-
erated charge being amplified directly, as with CCDs or APSs, the signal
is read at a distance and can be degraded by the bus resistance and
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IMAGE SENSORS

nal at the pixel site is degraded by long
bus runs before reaching the amplifier,
often located off-chip.

Currently available APS structures
offer video-rate operation with noise
levels of less than 100 electrons. As
always, however, there are trade-offs.
The devices suffer from relatively slow

readout, reduced sensitivity, and
increased fixed pattern noise (FPN).
Each pixel must have addressing and
biasing buses; in conjunction with the
amplifier, these buses block a sizable
portion of the photosensitive area of the
pixel, reducing device sensitivity. The
small amplifiers, a fraction of a pixel in
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fou Need:
‘@ O Full frame, 512 x 512, up to 500 fps output?
QO O Multiple regions of intersst (windows) for high
frame rates up to 4000 fps?
Radiation tolerance exceeding 1 x 10°rads total
dose?
Dynamic range exceeding 30 bits?
Superior anti-blooming?
Response from 185 nm (UV) to 1100 nm (NIR)?
Contiguous pixels/no dead space between pixel?
Non-destructive readout for adaptive exposure
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size, must drive the signal down long
polysilicon and metal buses with time
constants on the order of microseconds,
reducing readout rate. The actual
addressing process causes instability on
the substrate, which affects the image
quality. As array size increases, operat-
ing speed drops further.

In comparison to a CCD, the complex
pixel structure of an APS device offers
more opportunity for subtle mask devi-
ations and processing variations to
affect pixel sensitivity and amplifier
characteristics. Correction circuitry for
FPN correction must be added to elimi-
nate deleterious effects.

Advocates of CCDs assert that APS
sensors will be unable to achieve the
pixel count, array size, or pixel size of
CCD imagers, but this is incorrect. Tradi-
tional CCD imagers, with their high bias-
ing requirements, are forced to use fea-
ture sizes of 2 um or larger. True CMOS
imagers can be fabricated using deep
submicron processes to produce features
as small as 0.35 um, fitting up to eight
transistors into the space required for a
single transistor with 2-um features. As
development progresses, high-resolution
lithography will allow APS sensors to
achieve equal or greater sensitivity than
interline transfer CCDs.

Passive-pixel sensors

Passive CMOS sensors use standard
CMOS processes with on-chip video
amplification. To overcome the lower
biasing requirements and improve noise
characteristics of passive pixels, photo-
gates or photodiodes feature an amplifi-
er at the end of each row or column,
along with FPN correction circuitry (see
Fig. 2). With more exposed silicon to
capture photons and a larger full well
than a comparable APS, passive-pixel
devices have greater responsivity than
active ones.

The simplicity of the array structure
reduces the chances of pixel defects,
increasing yield and reducing cost in
comparison to a CCD or APS device, in
which a pixel defect has a greater
chance of triggering a row or column
defect. The performance trade-off in
passive pixel sensors is noise. Caused
by the placement of amplifiers at the
periphery of the array, noise typically
ranges from 100 to 2000 electrons.

e e
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To illustrate the versatility of CMOS
imaging technology, consider an imag-
ing system on a chip designed by engi-
neers at Integrated Electronic Technolo-
gies (IET; Cicero, NY). The imaging
area consists of a 600 x 800 array of
39-um pixels. Featuring on-chip self-
scanning and self-biasing electronics,
the device, once initiated, reads out one
frame of video and provides required
synchronization information as well.
This device is produced at a fraction of
the piece cost of a CCD.

Performance trade-offs

Often we at IET are asked, What is the
performance of your typical imager?
Unfortunately there is no typical
imager the solutions designed to
meet the needs of the various applica-
tions are as varied as the applications
themselves. Designers must recognize
that a CMOS imager is not simply an
imager, but an imaging system. It is nec-
essary to compare specifications careful-
ly. The CMOS imager, often containing
scanning, biasing synchronization cir-
cuitry, and video buffering, will also
include system-related noise. For the
majority of applications, the overall sig-
nal-to-noise ratio (SNR) is most impor-
tant. System designers often believe that
the lower the imager noise, the better
the performance. In fact, optimal SNR in
a system that satisfies applications-spe-
cific secondary and tertiary require-
ments is most important. Too often, lack
of understanding may drive the design-
er to select a more familiar, but less cost-
effective solution.

Just as application needs vary, so will
imager-based camera systems. No
CMOS imager will satisfy every appli-
cation, and there are finite limits to the
practical uses of the technology. For
example, the devices will not in the fore-
seeable future be available to the
ultralow-noise scientific market that
niche will remain filled by the CCD or
CCD/CMOS hybrid. Although more
radiation-tolerant than CCDs, CMOS
imagers will never be as robust as the
p-channel MOS CID, which will contin-
ue to control that market sector. A pho-
todiode array can be read in a noninte-
gration mode, so applications requiring
this performance will remain outside
the province of CMOS imagers.

For the vast majority of the imaging
market, however, these less-common
requirements are overshadowed by the
demand for ultimate value. The piece-
cost-versus-performance winner will in
every instance be the CMOS imager.
The combination of standard CMOS
fabrication and on-chip electronics to

lower external system costs yields the
most economical solution. As CMOS
imagers become more commonplace
and functionality increases, the cost of
imaging for a given application will
continue to drop.

Increased functionality offered by
CMOS imagers now includes partial or
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complete integration of electronics, ran-
dom access, variable integration time,
video processing, background subtrac-
tion, and digitization. Future systems
will feature smart sensor systems, video
compression to minimize bandwidth,
smart pixels, and application-specific
integrated circuit subcells.

Decision-making imagers

The designers at IET are currently devel-
oping a smart-pixel device that will
incorporate decision-making ability into
a pixel. Decision-making video process-
ing currently performed by software
and /or hardware will be moved to the
imager, increasing throughput. To add
perspective to the potential of the CMOS
imager, one has only to understand that
any electronics, any function, any stan-
dard part that can be created with
CMOS processing can be added seam-
lessly to a CMOS imager. Ultimately, the
CMOS imager will become a standard
cell available in an ASIC library for the
user to configure as needed. There are
no technical barriers to the eventual real-
ization of a full-resolution camera on a
chip for less than $10.

Custom imagers can be produced
affordably. CMOS processing tech-
niques are driving down the nonrecur-
ring engineering costs of custom
imagers. Custom application-specific
imaging systems can be designed, pro-
totyped, and made production ready for
as little as $250,000. System designers
armed with knowledge of CMOS pro-
cessing techniques and advantages can
more easily determine the most-appro-
priate technology for a given applica-
tion, whether it is an off-the-shelf or a
custom system. a

Bulk reprints of all Laser Focus World
articles can be ordered from Sharon
MacLeod, reprints manager, at (603)
891-9224 or FAX (603) 891-0574.
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