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L'Enfant’s sirest plan for Washington, D.C. (above)
approximating Faris, is obvious in this visw made by
the French SPOT Image Corporation’s remote
sensing sateflite system ., a system which ralies on
CCD technology. Fairchiid Weston’s CCD Imaging
Division was a supplier to SPOT.

Created for commercial and environmental appli-
cations, SPOT is able o “see” 1400 square miles in
ona 10-second pass, or more than 25 conventional
high-aftitude aerisl photographs.

Aesriaf pholography, itsslf, was made possible by
the inventions of Sherman Mills Fairchild—shutter
and timing mechanismg, cemera systems and closed-
cabin aircraft {right).

Fairchild lounded several companies which
avolved leadership roles in aircraft development,
defense slectronics & systems, oplics, semi-
conductor manufacturing, as well as CCD imaging
Tachnoiogy.



The Fairchild Evolution
of CCD Imaging

The Fairchild CCD Imaging Division, which successfully
developed and dslivered the first commercial charged-
coupled device in 1973, actually traces its roots back
through two branches of the corporate trée to the noted
American inventor, scientist and industrialist, Sherman
Mills Fairchild in the sarly 1920's.

Fairchild's first invention was an efficient between-the-
lens camera shutter and associated timing mechanism
which enabled accurate aerial photography for the first
time.

Fairchild's additional inventions in aircraft technology
(including the first enclosad cabin airplane, the first with
folding wings, the first with hydraulically-operated
landing gear and brakes) ware consolidated into the
Fairchild Aviation Corporation,

In 1936, aircraft products were Separated from the
carnera related operations in New York as tha Fairchild
Engine and Airplane Corporation in Maryland.

Falrchlld Camera & Instrument Corporation

During World War I, the New York photography
operation designed and manufactured 90 parcent of the
aerial cameras used by all Allled forces, and the firm
adopted the name Fairchild Camera and Instrument
Corporation.

After the war, products related fo the original camera
manufacturing operations made Fairchild a major LIS
government supplier of aerial cameras, surtace surveil-
lance systems and other defense related products.

Falrchild Semiconducior

In the late 1950, the company sponsored a smeil group
of young scientists In California developing new
processes for the manufacture of transistors,

Their goal was to develop, mass produce and market
semiconductor components that could meet the most
stringent customer requirements, and in 1950 the Planar
process was introduced.

By the mid-70s Fairchild had become the third largest
US supplier of semiconductors, and the parent, Fairchild
Camera & Instrument Corp., was all but eclipsed by the
offspring Semiconductor Division and its accalerating
technology.

For example, at the Palo Alto Research Lab, a major
effort was being made to advance CCD Imaging tech-
nology and to speed process development of manufac-
turing a broad range of solid-state sensing devices.
Meanwhile in Sycsset, New York, the company was
Introducing a panoramic aerial camera with an exclusive
rotating optical prism, making possible the first 180-
degree, horizon-to-horizon aerial photograph.
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Schiumberger Limited

In 1979, Fairchild became a part of Schiumberger
Limited, a company which, like Fairchild, had grown
successfully through innovations in science and
industry.

Shortly after the turn of the century, brothers Conrad
and Marcel Schiumberger's experiments with surface
electrical instruments led to an “electric log” process for
French oil exploration that demonstrated conclusively
that geological formations penetrated by the drill could
be identified by electrical measurements.

Today, Schiumberger is an intarnational company pro-
viding oil and gas drilling and production services;
energy measurement and control equipment; instru-
ments, components and computer-aided design; and
manufacturing and control systems.

Fairchiid Weston Systems, Inc.

Falrchild Weston Systems, descendant of the former
Falrchild Camera & Instrument Corporation, continues
to carry the mantie of the original camera operation and
to expand its technology base as worid leader In the
design, development and fabrication of high technology
electronic, photographic and electro-optical systems
for defense-related applications.

CCD imaging Division

The original buried-channel CCD product technology
was transferred from the R&D operation to the CCD
Imaging volume production environment late In the
1970°'s with the requisite efforts In development and
production engineering In order to produce a full line of
linear and area sensors, cameras and camera sub-
systems as well as ancillary devices in signal proceesing
and interface systems.

In 1985, CCD Imaging was incorporated into the
Electro-Optical Systems Group of Fairchild Westonasa
natural complement to the continulng program of solic-
state TV camera development for NASA and other high-
technology users. The first pictures ever taken of a
space shuttle in orbit were made by a Fairchild Weston
miniature color TV camera mounted on a pallet sateliite.

Today, Falrchild Weston's CCD Imaging Division pro-
vides sophisticated devices and systems for inspection,
measurement, survelllance, telecine, facsimlle and
optical character recognition in industry, sclence,
medicine, defense and many other fields.

In numerous applications—from food processing to
astronomy, from robotics to cartography—the CCD
Imaging Division continues to spearhead the CCD
technological revolution with a wide selection of devices
and camera systems.




Custiom Engineering Services

The CCD Division's technical staff of highly experienced
enginoers s available for special requirements in several
areas.

CCD Custom Specifications

The performancs lavels of standard products have been
chosen to mest most applications. However, some
systems may require devices with tighter specifications
—lower dark signals, more uniform photoresponse,
higher responsivity or some other parameter not
included in a standard product.

Custom & Semicustom Options

Intrared Performance

Silicon CCD photosites are optimized for visible light
{400-700nm). Although silicon photosites have sub-
stantial responsivity In the near-IR (700-400nm), spatial
resolution (MTF) degrades severely as wavelength
decreasas beyond about 700nm. Maximum useable
wavelengths are generally in the 800-800nm range.
Many light sources (tungsten lamps, sunlight, etc.} have
strong IR components. Hence many CCD imaging
systems use an optical low-pass filter to eliminate the IR
components of the Incident litumination.

These limits may be extended up to 30% by varous
design and manufacturing techniques on a custom
application basis.

Fairchild Weston-CCD has also developed prototype
sansors using platinum silicide Schottky barrier tech-
nology which extend IR performance out to 5.5:m.

Ultraviolet Perlormance

The newest CCD designs (CCD134, 145, 181, etc.) have
at least twice the quantum efficiency in the near-UV
{300-400nm) as older designs. Quantum etficlencies of
>50% at 400nm are typical.

This Improvernent can be applied to many current
devices and to custom designa on a custom application
basis.

Very High Data Rales The standard product assortment
of line-scan image sensors Include data rate capabilities
exceeding 20 MHz sample rate. Since the data rate is
limited by the output amplifier, some of our devices—
using the charge output directly—have been operated
at over 60 MHZ

Even higher affective data rates are possible in custom
designs using multiple outputs where each output
could run at up to 15-20 MHz and the total data rate is a
function of the number of outputs employed.

Long Linear Arrays The longest device currently avail-
able in the standard product line is the CCD151 linear
sensor—3456 pixels in a row. Longer contiguous lines
of pixele can be provided on a custom basis up to the
limits of the 4-inch wafer.

Even longer linear configurations can be achieved by
staggerlng devices to produce the desired number of
pixels. Various optical techniques, such as beam-
splitters, can be employed to create a longer sense line.

The ends of twe linear arrays or multiple linear arrays
may be joined to achieve & very long sense area, but a
fow plxels will be lost at the bult joint itsefl. Fiber
bundies can be used in a lens-less system for ultra long,
high resciution sense lines with no loss, however.

Fiber Oplics Face Plaius Most Fairchild Waston CCD
{inear and area sensgrs can be fitted with a fiber optics
face plate to efficiently couple the optical signal from an
Image intensifler or other component. (The CCD222 TV
Image sensor is currently avallable with such an option.)

Special packsging Some applications require special
packages to match unique environments. Fairchild
engineers are available to determine the range of
possibilities,

Speclal Screenings Milltary and space programs often
require special scresning to meet MIL SPEC 883C or
slmilar appiications. Fairchlld Weston CCD Imaging
Division has considerable experience in screening
devices to these specifications.

Other Custom Capablilies Fairchlld Weston's CCD
staf! engineers can provide assistance In other areas as
well—AR coated windows, cryogenic temperature
operation, special window materials, IR-coated
windows, etc. We Invite you to consult our experienced
sales and application pecple to discuss a particular
requirement.
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Linear Imaging
Sensor Selection Guide

LINEAR IMAGE SENSOR SELECTION GUIDE

Maximum SPECIAL FEATURES 1
ccD Number of Pixel Stiz¢ Pixel Plich DatsRste Verylow Anti-Blooming Correlsted Extended Blue
Device Pixels (um) {um) Mhz} Liaht Levels & Ini, Control Double Samp.  Reaponse
13x 17 13 v
13213 200
13x13 13
13 %13 13 v
1 13x13 v
10 <13 10 20 v
13x13 13 50 v v v
13x13 13 v
10x10 10 v v v
v
+ Limited demand product CCD123 is recommendead for new designs. |
—
Number of Pixels: Anti-Blooming/Integration Control:

The desired system reselution determines how many pixels
are needed on the CCD. Devices are available with up to 3456
pixels {CCD151). Should more pixels be desired, two or more
CCDs may be optically butted.

Daia Rate:

The typical maximum data rate for fgeta is given. Devices with
data rates of 10MHz or greater have two outputs —one for
even numbered pixels and one for odd The minimum
exposure time for a device with N pixels is about (20 +
N)/para.

Pixel Size and :
The system optical aperfure size and sensitivity desired
determine which pixel size is necessary.

Sensitivity at Very Low Light Levels:

These devices are ideal for rapidly detecting changes in
illumination at the lowest illumination levels. They are
optimized for minimal retention of signal charge in photosites.

For applications In which the dynamic range of the scene
occasionally exceeds the dynamic range of the device, anti-
blooming is recommended. This feature prevents extremely
bright sections of the image from causing overflow of the CCD
shift register. Integraticn control allows the optical signal
integration time to be less than the exposure time. See
application notes for details.

Extended Blue Response:

Devices with extended blue response have 50-100% greater
responsivity at 400nm than previous devices, These devices
are recommended for applications in which much of the
image information is in the blue region.

Carrelated Oouble Sampling (CDS) Compatible:

Correlated double sampling is a technique for increasing the
signal-to-noise ratio of a CCD-A/D system. Most Fairchild
CCDs can use CDS. CDS can only be used with the internal
Sample and Hold disabled and externally supplied resst clock.
See application notes for details.



Linear CCD
Sensors

Fairchild Weston's advanced buried-channel CCD tech-
nology allows line scan sensors to offer excellent charge-
transfor efficiency at high data rates with iow noise, high S/N
ratios and relatively small die sizes.

Line scan sensors are useful in document scanning
systems for optical character recognition (OCR) and fac-
simile data acquisition as well as for measurement and
inspaction of industrial components, for printed circuit and
semiconductor die or wafer inspection and for similar non-
contact measurement applications.
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" FAIRCHILD WESTON CcCD 111

256-Element

CCD IMAGING DIVISION

FEATURES

258 x 1 pholosite aray

13um x 17um photosites on 13.m piich
Dynamic range typlcal: 7000:1

On-chip video and compensation amplifiers
Low power requirements

All operating voltages 15V and under

Low nolse equivalent exposure

Dimensionally precise photosite spacing

DESCRIPTION

The CCD111 is 2 monolithic 256-element line image sensor.
The device is designed for optlcal character recognition and
other imaging applications thal require high sensitivity and
high speed. The CCD111is pin-for-pin compatible with and a
functional replacement for the CCD110F.

The cell size is 13 um (0.51 mils) by 17 um (0.67 milg) on 13 um
(0.51 mils) centers. The device is manufactured using Fairchild
Weston advanced cherge-coupled device n-channel Isoplanar
buried-channel technology.

PIN NAME DESCRIPTION

PG Photogate

BXA, dXB Transter Clocks

PIA, d2A

#1B. $28 Transpert Clocks

oG Output Gate

0s Output Source

oD Output Drain

cs Compensation
Source

ol Reset Clock

RD Reset Drain

TP Test Point

Vss Substrate (ground)

Falrchild Weston Systams, Inc. CCD Imaging Division
810 W. Maude Ave., Sunnyvals, California 94088
{408) 720-7800, TWX 910-373-2110

"

Line Scan Image Sensor

PIN CONNECTION DIAGRAM
(TOF VIEW)

© 1066 Falrchild Weston Printed In U.S A,
Falrchlld Weston resarves the right to make changeas In
the circuitry or spacitications at any time withoul notice

CCD Sensors
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FUNCTIONAL DESCRIPTION O8S. A reset transistor lg driven by the reeet clock {¢r} and

The CCD111 consists of the foliowing functional alements
illustrated In the Block Diagram:

Image Senwor Elements — A row of 256 Image sensor
eloments saparated by a diffused channel stop and covered by
asliicon photogate. Image photons pass through the transpar-
ent polycrystaliine silicon photogate and are absorbed in the
single crystal silicon creating hole-slectron pairs. The photon
generated slactrons are accumulated in the photosites. The
amount of charge accumulated in each photosite Is a linear
function of the incident ilumination intensity and the intagra-
tion period. The output signal will vary in an analog manner
from a thermally generated background leve! at zero illumin-
ation 10 & maximum at saturation under bright Hlumination.

Two Transler Gales — Gate structures adjacent to the row of
image sensor elements. The charge packets accumulated in
the image senaor slements are transferred out via the tranafer
gates 10 the transport registers whenever the transfer gats
voltages go HIGH. Aitemmate charge packets are transferred to
the (eft and right transport registers. The transfer gatee also
conirol the Integration time for the sensing elements.

Two 130-bit Shift Regisiers - One oneach
slde of the line of Image sensor slements and separated
from it by a transfer gate. The two registers, called the
transport registers, are used to move the light generated
charge packets delivered by the transfer gates ssrally to the
charge detector/ampiifier. The com phase relation-
ship of the last elements of the two transport registers provides
for aiternats deilvery of charge packets to establish the
original serial sequence of the line of video in the output
clrcult.

A Galed Detecior/Amplifier -— Charge packets are
transported to a precharged diode whose tlal changes
linsarly in response to the quantity of the signal charge
delversd. This potential is applied 10 the gate of the output
n-channel MOS transistor producing a signal at the cutput

12

recharges the charge detector diods capacitance before the
arrival of each new signal charge packet from the transport
registers.

DEFINITION OF TERMS

Charge-Coupled Device — A charge-coupled device Is a
ssmiconductor device in which finite lsolated charge packets
are transported from one poaition in the semiconductor to an
adjacent position by sequential clocking of an array of gates.
The charge packets are minority camiers with respect to the
semiconductor substrate,

Transter Clocks ¢xa, #)s — The voltage waveiorms applied to
the transfer gates to move the accumulated charge from the
image sensor slementa to the CCD transport reglstors.

Traneport Clocks d1a, doa, ¢18, d2n — The two sets of 2-phase
wavetorms applied to the gates of the transport registsrs to
move the charge packets received from the image sensor
aslements to the gated charge detector/ampiifier.

Galed Detecior/Ampiifier — The output clrcult of the
CCD111 that receives the charge packets from the tranaport
registers and provides & signal voitage proportional to the size
of sach chargs packet received. Before each new charge
packet is sensed, a reast clock returns the charge detector
voltage to a fixad level.

Reset Clock gt — The voltage wavelorm required to reset the
voltage on the charge detector.

Dynamic Range — The saturation exposum divided by the
ms noise equivalent exposure. (This does not take Into
account dark signal components.) Dynamic range is some-
times defined in terms of peak-to-peak noise. To compare the
two definitiona a {actor of four to six |s generally appropriate in
that paak-to-paak nolse is approximately equal to four to six
times rma nolse.
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RMS Noise Equivalent Exposure — The exposure level that
gives an output signal equal to the rms noise level at the output
in the dark.

Saturation Exposure — The minimum exposure level that will
produce a saturation output signal. Exposure Is equal to the
irradiance times the photcsite integration time.

Charge Transfer Etficlency — Percentage of valid charge
information that is transferred between each succassive stage
of the transport registers.

Responsivity — The output signal voltage per unit exposure
for a specified spectral type of radiation. Responsivity equals
output voltage divided by exposure.

Total Photoresponse Non-uniformity — The difference of the
response levels of the mast and least senasitive element under
uniform illumination. Measurement of PRNU excludes first
and last elements. (See accompanying photos for details of
definition.)

Dark Signal — The output signe! in the dark caused by
thermally generated electrons that is a linear function of the
integration time and highly sensitive to temperature. (See
accompanying photos for details of definition.)

Saturstion Output Voltage — The maximum useable signal
output voltage. Charge transfer efficiency decreases sharply
when the saturation output voltage is exceeded.

Time — The time interval batween the failing
odges of any two transter pulses gya of $xp as shown in the
timing diagram. The integration time is the time allowed for
the photosites to collect charge.

Pixel — A picture alemant {photosite).

Peripheral Response — The output signal caused by light-
generatad charge that is collected by the transport registers
(Instead of the the photosites). The primary cause of peripheral
response on CCD111A/B devices manufactured after date
code 81-01 Is optical crosstalk from the photosites to the shift
registers.

Major Differences Between the CCD111A and CCD111B
Both the CCD111A and the CCD1118 have the same re-
sponsivity to visible light (400-700nm). The peripheral dif-
ferences are as follows:

The CCD111Ais intended for use in applications where
very low dark signal and high responsivity 1o very naar-
infrared (700-900nm) light are needed, and where
peripheral response is not critical.

The CCD1118 is selectsd for use in applications where
standard responsivity to very near-infrared (700-800nm)
light and standard dark signe! are accaptable and where
peripheral response needs to be minimized.

1t is not recommended that either part be used with
illumination containing wavelengths greaterthan 800nm
(near-infrared), If use of such a light source {unfiltered
tungsten, for exampie) is unavoidable, the CCD111B
will generally provide the user with more satistactory
results. The table on performance characteristics pro-
vides more information.

13
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Absciute Maximum Ratlings ;
Storage Termperature -25°C t0 100°C -
Operating Temparature -25°C 10 55°C =
Pins 2, 3,4,5,6,7, 10, =
12,13, 14,15 -0.3V to 15V e
Pins 1, 8,11, 16 ~0.3V to 18V =
Pins 17, 18 output, no voltage applied £3
Pin9 ov

=2

r

]

TEST LOAD CONFIGURATION




DC CHARACTERISTICS: Te = 25°C (Note 1)

SYMBOL

L

SYMBOL

" DR

NEE

SE
CTE

Il

CHARACTERISTIC

CLOCK CHARACTERISTICS: T = 25°C (Note 1)

cCoin

LIMITS

15.0

N
———
UNIT CONDITION
- SR

—

AC CHARACTERISTICS: Tc=25°C, i¢an=1.0MHZ, tint=320 1. tranepon = 258 us. Light Source = 2854° K + filtars as specified. All operating

voltages nominal specified values. (Note 1) All tests done using “Test Load Configuration,”

PARAMETER

Dynamic Range
{relative 1o rms noise)
{relative to peak-to-peak noise}

RMS Noise
Equivalent Exposure

Saturation Exposure
Charge Transfer Efficiency
Pawer Dissipation

Output impedance

RMS Noise
Peak-to-Peak Noise

MIN

14

RANGE
TYP

7000:1
1400:1

2% 1072
05

100

100

MAX

UNIT CONDITION
MNote 7
whicm2
aliomz
Note 8
mw Vop = 15V
1
uv
uv




CCD1M1

g =2
— —

PERFORMANCE CHARACTERISTICS: Tp = 25°C, f¢n = 1.0MHzZ, tint = 320 us, tiransport = 259 w8, Light Source = 2854°K + filters as
spacified, All operating voltages nominal specified values (Note 1) |

w
—
=
“
—
-
7]
=
L3
=

<1

<1

<1
<2
3

25i

NOTES:
1. Tc Is defined as the N d an the back surlace of the ceramic header

2 Neoal'rvalmndonmonany'cloukpingaing below 0.0V may cauae charge injaction that eults (n an increese in the apparent Dark Signal,
A. Vs should track Van,.

u l18, Toza, fiien)
k-to-Peak (temporml) Noise.”

2 for every S°C incerase in Te The shift register component is also invemety

11 Single-pixel Dark Signal non-uniformity (SPODSNU) approximatsly doubles for every 6*C increase in T¢. They are also directly proportional 1o the
integration time tirt.
1 SPDSNU,

\adiant Energy measured over the 350 nm - 1200 nm berkl.” The device will not
€ mdlant enorgy from a 2854* K source i at A > 1200 nm. For the uniiitered 2854°K
-0.3X of the responsivity valuee for light measured over 350 nm < A < 1200 nm

Band Hot Mirror” (Optical Coating Labs, Inc., Santa Rosa, Californla) and pne 2.0
4 fitter in pories, The “B00 nm cutoh™ filter is evailable on spacial order; conult
1 for the two cutoff filters and Spectral Energy Diatribution curves for thase filttars
" saction of this data sheet. It should be noted that the ~2854° K + 700 nm cutoif™

Il PRNU measurements exclude the outputs from Ihe first and last photoelements
7 arrary divided by the di of the lens af v. As 1 number incrasees. the
lons to dominate and increase Lhe PRNU. A lower T number (<5) resyits in less

17. See test load configuration.

15
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PHOTOELEMENT DIMENSIONS

PHOTOGATE

SERPENTINE
CHANNEL
STOP

ALUMINUM
LIGHT SHIELD

ALL DIMENSIONS ARE TYPICAL VALUES.

QUTPUT WITH UNIFORM ILLUMINATION

¢p CLOCK FEEDTHROUGH

= 1 VDT ZERO REFERENCE LEVEL

100mV
——VIDEO QUTPUT LEVEL

TEST CONDITIONS: T+ 25°C, t); = 640 us,
fs = 512 kHz, “typ” voltage inputs, 2854°K

+ 700 nm cutoff fliter set. (Haif stendard test
speede for clearer photos.)

16
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OUTPUT OF TWO PIXELS

DEVICE ILLUMINATED

¢p RESET CLOCK FEEDTHROUGH

VIDED
ol
Vo
FROM PIXEL | FROM PIXEL
{i+1)
DEVICE IN DARK

BACKGROUND

DARN SIGNAL | B
TEST CONDITIONS: T + 25°C, te = 640 s,
te = 512 kHz, “typ” voltage inputs, 2854°K
+ 700 nm cutotf filter set. (Hall standard test
speeds for clearer photos.)
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ZERQ REFERENCE
LEVEL =10 VYDC

ZERO REFERENCE
LEVEL ~10 VOC
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PHOTORESPONSE NON-UNIFORMITY

MEASURED AT V,y = 350 mV; ALL PRNU
COMPONENTS EXCLUDE PIXELS #1 AND #256.

PRNU OF ALL PIXELS

PIXEL #256
LOW-FREQUENCY PRNU

“DROP” DUE TO -

HIGH RESPONSIVITY -

2;:.'}55 NEAR PEAK-TO-PEAK PRNU

VIDEO QUTPUT LEVEL
ADJACENT TO PRNU
SINGLE-PIXEL
NON-UNIFORMITY

TEST CONDITIONS: T; = +25°C, ty = 320 us,
fon = 1.0 MHz, 2854°K + 700 nm culoff
filter set, “typ” voltage Inputs.

18




CCD111

DC + LOW FREQUENCY DARK SIGNAL

AT tyy = 840.e:
Yintegration
ZERO REFERENCE
=10 VDC
SHIFT-REGISTER
DC-COMPOMNENT COMPONENT
Egﬁﬁgﬁg#?ﬂf REGISTER IMBALANCE

AT 4,y = 900xs, OTHER INPUTS SAME AS ABOVE:

DC-COMPONENT

LOW-FREQUENCY
COMPONENT

TEST CONDITIONS: T, = +25°C, tint = (as
above), fyn = 512 kHz, "typ" volta_genfnpuis,
(Half standard test speeds for clearar
photos.)

19
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SINGLE-PIXEL DARK SIGNAL NON-UNIFORMITY

ZERO REFERENCE LEVEL
DC + LOW FREQUENCY =10 VDC

TEST CONDITIONS: Tc = +25°C, tiq = 2.560ms,
gr = 128 kHz, “typ” voltage Inputs.

{One-eight standard test speeds 1o

emphasize Dark Signal.)

PERIPHERAL RESPONSE

Al

ZERO REFERENCE LEVEL
=10 VDC

PERIPHERAL RESPONSE

———VIDEO QUTPUT LEVEL

TEST CONDITIONS: Tc = +25°C, tint = 640 ps,
fpa = 510 kHz, “typ” voltage inputs,

2854°K + 700 nm cutoff filter set. {Hai
standard test speeds for clearer photos.)
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xg

———

os

oxa :
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0s

cCcDi

¢) (TRANSFER CLOCK) COUPLING INTO OS (OUTPUT)

} 0.7 8.0V

} 0.7 =80V

— ¢ FEEDTHROUGH

ZERO REFERENCE
EL

LEV my

200 v

VIDEQ OUTPUT
LEVEL

—— ¢y FEEDTHROUGH
—— ZERO REFERENCE
LEVEL

___VIDEO OUTPUT
LEVEL

0xa CLOCK ¢y CLOCK
cBupLING  cSuPLING
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cCD111

DEVICE CARE AND OPERATION

Charge Injection: Every input pin has a gate protection
structure that includes a diode from the input to the
{(grounded) substrate Vss. The dicde is reverse-biased during
normal operation (Vin > Vss). Negative (transient) input
voltages {Vin < Vss) will forward-bias the diode, injecting
electrons into the bulk silicon of the CCD chip.

If sufficient charge is injected, it will accumulate in the
transport register(s) and/or the photosites near the injecting
gate protection structure(s). injected charge which accumu-
lates in the photosites will typically result in an apparent
befl-shaped increases in Dark Signal (=~ 20-200 pixels wide)
near the injecting gate protection structure. Injected charge
which accumulates in a transport register will result in an
apparent uniform Increase in that register's low frequency
dark signal, creating a noticeable increase in the apparent
Register Imbalance (“odd/even™ of the Dark Signal.

The susceptibility to charge injection sufficient to increase the
DC and Low Frequency Dark Signal varles significantly from
device 1o device. It is not possible to select devices with “low”
susceptibility. However, devices with low Dark Signal are
typicaily more susceptible than devices with high Dark Signal.

Sufficient charge to appear as increassed DC and Low
Frequency Dark Signal may be injected by negative transient
voltages < 4 ns long. Since these transients cannot be
detected by oscllloscopes with less than 250-500 MHz
bandwidth, a system which appears to be free from negative
transients on a 200 MHz scope may st be prone to charge
injection. The recommended method to eliminate charge
injection is the following diode clipper circuit with suitable
damping resistors between the clock drivers and the CCD111:

+5TO +

Since Cgn << Cgn ~ Cgp ~ (3 - C¢x), the damping resistors
should be selected so that Agn >> Rg1 = Rz = {1/3 - Agix.}

It is also important to note in design and applications
considerations that the devices are very sensitive to thermal
conditions. The DC and Low Frequency Dark Signal ap-
proximately doubles for every 5° C temperature increase and
Dark Signal Non-Unlitormities approximately double for every
8° C increase. The devices may be cooled to achleve very long
Integration times and very low light levet capability.

Glags may be cleaned by saturating a cotion swab in aicohol
and lightly wiping the surface. Rinse off the alcohol with
delonized waler. Allow the glass to dry, preferably by blowing
with filtered dry Nz or air.

TYPICAL PERFORMANCE CURVES

TYPICAL SPECTRAL RESPONSE

RESPONSIVITY V/pJcm~2

—_—MIN AND MAX CCOINA
— — MIN AND MAX CCDI11B

A7

Tjt - INTEGRATION TIME {ms)
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ORDER INFORMATION

It is Important to note that two different selections of the
CCD111 are being offered for applications that differ In the
wavelength of light used for imaging. Please refer to the
section “Major Differences Between the CCD111A and
CCD1118” on page 13 before placing an order.

To order the CCD111, please follow the ordering codes listed
in the table below:

CCD111A 256 X 1 Line Image Sensor
CCD111B 256 X 1 Line Image Sensor

A printed circuit board is available which Includes alt the
necessary clocks, logic drivers, and video amplifiers to
oparate the CCD111, The board is tulty assambled and tested
and requires +15V and +5V supplies for operation. The printed
circuit board order code is I-SCAN.

CCD11DC Paclage Outline
18-Pin Dual in-Line Ceramic Package

25
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FAIRCHILD WESTON CCD122 "
1728-Element ®
. [ 7]
CCD IMAGING DIVISION Linear Image Sensor =
£3
[ -]
FEATURES
8 1728 x 1 photostie arrey
B 13pm x 13um photosites on 13.m pltch
8 Low dark signal
= High responsivity F
8 On-chip clock drivers
8 Dynamic range typical: 5500:1
8 Over 1V peak-to-peak output
8 Dark and white references contalned in a
sampled-and-held output
& Special seloctiona avallable — consult factory.
DESCRIPTION
The CCD122 is a monotlithic 1728-element linear image
sensor, designad for page scanning applications including
tacsimile, optical character recognition and other imaging

appiications which require high ressiution and high sensitivity.

The 1728 sensing elements of the CCD122 provide a 200-line
per inch resolution across an 8-1/2 inch page adopted as an
imernational facgimile standard.

The CCD122 also incorporates on-chip clock driver circuitry.

The photoslement size is 13 xm (0.51 mils) by 13 pm (0.51
mils) on 13 pm (0.51 mils) centers. The devices are manu-
factured using Fairchild Weston advanced charge-coupled
device n-channel Isoplanar buried-channel technology.

—
PIN CONNECTION DIAGRAM
PIN NAME DESCRIPTION (TOP VIEW)

Vpra Photoaate P g M-

23

22

21 {Oout
20

19

18 out
17

Fairchild Weston Systems, Inc. SGO Imaging Division,

" ® 1984 Falrchitd Weston Printed in U.5.A.
810 W. Maude Ave., Sunnyvale, California 04086
{408) 720-7600, TWX 910-373-2110 Fairchild Weston resarves the right 1o make changes In

the clrcuitry or specificationa at any time without notice.
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BLOCK DIAGRAM @@
Qe @
Vs YCo dan VDo
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*
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VIDEOoyT
@
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@
| © = CCDNZ2 Min Mumier
0 = Duwh Rolivinin
. e
CCOVZEN = 1T
FUNCTIONAL DESCRIPTION Gated Charge-Detector/, - aretrans-

image Sensor Elements — A line of 1728 image sensor
slements separated by diftused channel stops and covered by
a silicon dioxide surface passivation layer. Image photons
pass through the transparent silicon dioxide layer and are
absorbed in the single crystal silicon creating held-electron
pairs. The photon generated electrons are accumulated in the
photosites. The amount o charge accumulated in each
photosite is a linear function of the incident illumination
intensity and the integration pericd. The output signal will vary
in an analog manner from a thermally generated noise
packground at zero illumination to a maximum at saturation
under bright Hlumination.

Transfer Gate — Gate structure adjacent to the line of image
sensor elements. The charge-packets accumuilated in the
image sensor elements are transferred out via the transfer gate
to the transport registers whenever the transfer gate voltage
goes HIGH. Alternate charge-packets are transferred to the
analog transport shift registers. The transfer gate also controls
the exposurae time for the sensing elements and permits entry
of charge to the End-Of-Scan {EOS) shift registers creating
the end-of-scan waveform.

Four 878-Bli Analog Shift Registers — Two on each side of the
line of image sensor elements and separated from it by the
transfer gate. The two inside registers, called the transport
shift registers, are used to move the image generated charge-
packets delivered by the transfer gate serlally to the charge-
detector/amplifisr. The complementary phase relationship of
the last elements of the two transport shift registers provides
for alternate delivery of charge-packets to establish the
original serial sequence of the line of video in the output
circuit. The outer two registers serve to deliver the end-of-
scan waveform and reduce peripheral electron noise in the
innar shift registers.

26

'Ampiifier

ported to a precharged diode whose potential changes
linearly in response to the quantity of the signal charge
delivered. This potential is applied to the gate of an n-channel
MOS transisitor producing a signat which passes through the
sample-and-hold gate to the output at VIDEOgyr. The
sample-and-hold gate is a switching MOS transistor in the
output amplifier that allows the output to be delivered as a
sampled-and-held waveform. A reset transigitor is driven by
the Reset Clock (¢r) and recharges the charge-detector diode
capacitance before the arrival of each new signal charge-
packet from the transport registers.

Clock Driver Circultry — Allows the CCD122 to be operated
using only three external clocks, (1) a Reset Clock signal
which controls the integrated output signal amplifier, {2) a
square wave Transport Clock which operates at haif the reset
clock frequency and contrels the readout rate of video data
from the sensor, and (3) a Transter Clock pulse which controls
exposure time of the sensor. The external clocks should be
able to suppy TTL level power.

Dark and White Reference Circuitry — Four additional
sensing elements at both ends of the 1728 array are covered
by opaque metalization. They provide a dark (no llumination)
signal refarance which is delivered at both ends of the line of
video output representing the Hluminated 1728 sensor elements
{labelled “D" In the block diagram). Also included at one end
of the 1728 sense elemant array |8 & while signal reference
level generator which llkewise provides a reference In the
output signal {labelled “W" in the block diagram). These
reference levels are usetul as inputs to external DC restoration
and/or automnatic gain control Circuitry.



cCD122

DEFINITION OF TERMS:

Charge-Coupled Device — A charge-coupled device is a semi-
canductor device in which finite isolated charge-packets are
transported from one position in the semiconductor 1o an
adjacent position by sequential clocking of an array of gates.
The charge-packets are minority carriers with respect 1o the
semiconductor substrate.

Transter Clock ¢, — The voltage waveform applied to the
transfer gate to move the accumulated charge from theimage
sensor elements to the CCD transport shift registers.

Transport Clock ¢y — The clock applied fo the gates of the
CCD transport shift registers to move the charge-packets
raceived from the image sensor elements to the gated charge-
detector/ ampliffer.

Reset Clock ¢, — The voltage waveform required to reset the
voltage on the charge-detector.

Sampie-and-Hold Clock ¢, — Aninternally supplied voltage
waveform applied to the sample-and-hold gate in the amphifier
to create 2 continuous sampled video signal at the output. The
sample-and-hold feature can be defeated by connecting dsH
to Vpo.

Dark Reference — Video output level generated from sensing
elemants covered with opaque metalization providing a refer-
ence voltage equivalent to device operation in the dark.
Permits use of external dc restoration circuitry.

Isolation Cell — A site on-chip producing an element in the
video output that serves as a buffer between valid video data
and dark and white reference signals. The output from an
isolation cell contains no valid video information and should
be ignored.

Peak-io-Peak Nolse Equivalent Exposure — The exposure
level which gives an output signai equal to the peak-to-peak
noise level at the output in the dark,

Saturation Exposure — The minimum exposure level that will
produce a saturated output signal. Exposure is equal to the
light intensity times the photosite integration time.

Charge Transfor Etficlency — Percentage of valid charge
information that is transferred between each successive stage
of the transport registers.

Reapansivity — The output signal voltage per unit exposure
for a specified spectral type of radiation. Responsivity equals
output voltage divided by exposure level.

Dark Signal — The output signal tn the dark caused by
thermaily generated electrons which is a linear function of
integration time and highly sensitive to temperature. (See
accompanying photos for details of definition.)

Total Photorespornse Non-tUniformity — The difference of the
response levels between the most and least sensitive elements
under uniform illumination. {See accompanying photos for
details of definition.}

Integration Time — The time interval between the falling
adges of any two successive transfer pulses ¢x as shown in
the timing diagram. The integration time is the time allowed
for the photosites to collect charge.

Pixel — Picture element (photosite).

TEST LOAD CONFIGURATION

END-OF-SCAN
WAVEFORM

PHOTOELEMENT DIMENSIONS
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ABSOLUTE MAXIMUM RATINGS (Above which usetul life may be i mpaired)

- cmm—

Storage Temperature
Operating Temperature

CCD122Pins 1,4, 9, 10, 11, 13, 14, 16, 22, 23 !
Pins 5, 12, 17, 24 '
Pins 2, 3,6, 7, 8,15, 19, 20,
Pins 18, 21

CAUTION NOTE: These devices have limited built-in gate protaction, It I8 recommended that static discherge be controlled and
minimized Care must be taken 1o avoid shorting pins VIDECouT and EQSour to Vss or Vpo during operation of the device Sharting
thesea pina temponrly 10 Vg or Vpp may destroy the output amplifiers.

DC CHARY
SYMBO: NDITIONS
120 "
Clock Driver Drain Supply Current 6.9 125 mA o |
Output Amplitier Drain Supply Voltage 12.0 13.0 140 v =
oo wtput Amplitier Drain Supply Current 69 125 mA .
Photoaate Blas Voltage 8.5 7.0 7.5 v &
vr DC Electrode Blas Boltage 45 50 55 v Note 2 =
VE Electrical Input Blas Voltage 11.4 v Note 3 =
Vss Substrate {Ground) 00 v ol
r —
[ CHARACTERISTICS: (Note 1)
= 25°C, t¢n = 0.5 MHZ tim = 10 ma, light source = 2854°K + 3.0 mm thick Corning 1-75 IR-absorblng fliter. All Ing
§ nominal specified values. All tests done using “Test Load Configuration.”
CHARACTERISTIC
Dynamic Range
(relatlve to peak-to-psak nolee)
] =
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CCD122

CLOCK CHARACTERISTICS: TP = 25°C (Note 1)

PEAFORMANCE CHARACTERISTICS: (Nota 1)

Te = 25°C, t¢r = 0.5 MHz, tint = 10 ms, light source = 2854 *K + 3.0 mm thick Corning 1-75 IR-absorbing ttiter All
valtagea nominal spacifled values.

CONDITIONS

Photoresponse Non-unlformTy
Peak-to-Peak my Note 18
Peak-to-Peak without Single-Plxe! Positive

mv Note 16
and Negative Pulses
Single-pixsel Positive Pulses my Note 16
Single-pixe! Negative Pulsas my Nata 16
my Note
Notes 13, 14
14
Notes 13, 15
Note 17
Note 18

PRNU Measurements taken at 700 mV output levet using an /2.8 lens and excluded the cutputs from the first and last elements of the array.

number is defined as the distance from the lens to the array divided by the diameter of the lens aperture. As the f number increases, the reau
ggglq_lgf_-‘l;(_ collimated liaht cauans the i : —— - - S

F e P B e g MG o o napos AL LAINT NG IR I STEIT T PO, M ISR 1 I RSY 1OBUND M

collimated light causing device photosite bismishes to dominate the PRNL.

NOTES:

TR i3 datined ss the packape temparatuce.

VT should be squal to (172} VeTH.

VEI i used to generate the end-of-scan outpul and the whita reforence oulpul. Thess two slgnals can be eilminated by connpscting VEI Lo &
voltage level squal to VexH + 5 V.

4. Negative tranalents on any clock pin geing beiow 0.0 V may cause charge-injection which results In an Increase of apparent DS

5. CeT = T00 pF
8. Cex = 300 pF
7
8

Lol ot

. Cer = 5pF
. Minimum clock traquency Is limiied by increass In dark signai.
9. Dynamic range Is dafined as VSAT/paak-to-peak (temporal) or VSATirma nolse,
10. 1 aem? = D02 fon ot 2054, 1 e = 50 gjicmd at 2854*K
11, SE for 2854 °K for light without 3.0 mm thick Corning 1-75 [R-absoarbing iliter 1a typically 0.8 ulicm?,
12. CTE Is the measurement for @ one-stige transler,
13. Sea photographs for DS definitions.
14, Dark signal component approkimately doubles for svery 5°C Incresse In TP,
15, Each SPDSHA is measured from the DS levet agjacen) 1o the bass of the SPDSNLU. The SPOSKNLU approximately doubles tor every 8°C in-
crease in TP,
16. Ses photographe lor PRNU delinitions.
17. Aesponsivity for 2054 °K light source without 3.0 mm 1hick Coming 1-75 IR.abeorbing fliter Is typically 2 V per slicm?.
18. Ses test load configurations.
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PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRNU)

Zero Reterence
Level (& + 5.5 Vdc)

Peak-to-Peak

-

TEST CONDITIONS
TP = +25°C, 4R = 0.5 MHZ, tinl = 10.0 ma, all voliages nominal spec-sheet valves. (Humination: 2854 °K source with &
3.0 mm thick Coming 1-75 IR-absorbing filier. PRNU messurementis taken al an output voltage of 700 mv.

32
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PRNU PARAMETERS (CONTINUED)

CCO Sensors

ny

i

Ciock Fesdthrough

e
—

Izﬂl
TEST CONDITIONS

TP a +26°C, [yh = 05 MHz, tint = 10,0 me, all voltages nominal spec-shes! values. Mumination: 2854 °K source with a
3.0 mm thick Coming 1.75 IR-absorbing Hitar. PRNU measurements taken at an output voltege of 700 mv,
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Es——
_—

DARK SIGNAL PARAMETERS (DS)

e tin —————————i

transport s F;

Zero Referance Lavel
{a +5.5 vdc)

Total Dark Signat

11-] n'h‘_i

Zero Refersnca
(= +5.5 Vdc)

10 m¥

TEST CONDITIONS
TP & +25°C, leR = 0.5 MHz, tmt = 10.0 ma, all volinges nominal specified valuss
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D& PARAMETERS (CONTINUED)

Cleok
o 3o
dmv |
VIDEO OUTPUT TIMING PHOTOGRAPHS
lsslolan Colln “' | 10 pn ’
Zoro
———— Redsrance Lovel
{m +535 Vde)
TENT CONDITIONS
TP e +25°C, fof = 03 MHE tim « 10 me, mI voltages nOMINal spec-ahest riiass. (llumnation: 204 *K SOuTe with s
3.0 mm thick Caming 1-78 IR g Tliter. PRNY taken 81 an tutput voitage of 700 mv.

CCD Sensors
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TYPICAL PERFORMANCE CURVES

DC AND LOW-FREQUENCY
DARK SIGNAL
TYPICAL SPECTRAL RESPONSE VERSUS INTEGRATION TIME
10 w
— INTEGRATION TIME — ms
MODULATICN TRANSFER
FUNCTIONS FOR NARRCW BAND OUTPUT SIGNAL LEVEL

VERSUS INTEGRATION TIME
2854°K TUNGSTEN SOURCE
WITH CORNING 1.75 FILTER

ILLUMINATION SOURCES
SPATIAL FREQUENCY—CYCLES/mm

« 100%

L.X] (1] o L] 0 4w a0 [ L] oo
Lot — INTEGRATION TIME — ms

MODULATION TRANSFER
FUNCTICNS FOR TWO BROADBAND
ILLUMINATION SOURCES

SPATIAL FREQUENCY — CYLES/mm

tint =~ INTEGRATION TIME — ma NORMALED SPATLAL FREQUENCY

The Coming 1.75 filter has the following typical transmittance spectmi chamcteristic:

>B5% at <B00 nm, 80% at 700 nm, 30% &t 800 nm, 5% at 900 nm and < 2% at > 1000 nm.

36
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cCD122

DEVICE CARE AND OPERATION:

Glass may be cleaned by saturating a cotton swab in alcohol
and lightly wiping the surface. Rinse off the alcohol with
de-tonlzed water. Allow the glass to dry preferably by blowing
with filtered dry N or air.

it Is important 1o note in design and applicstiona consider-
ations that the devices are very sanaitive to thermal conditions.
The dark signal DC and low frequency components approxi-
mately doubla for every 5° C temperature increase and single-
pixel dark signal non-uniformitias approximately double for
every 8°C temperature increase. The devices may be cocled
{o achieve very long integration times and very low light levet
capablilty.

ORDER INFORMATION — Order CCD122DC where “D"
stands for a ceramic package and “C" for commercial
temperature range.

Also avallable are CCD122DB Design Aid printed circuit
boards that include all the neceasary clocks, loglc drivers and
video amplifiers to operate the CCD122DC. The boards are
{uily assembied and tested and require only one power supply
for operation {+15 V). See Page 135.

CCD122DC PACKAGE QUTLINE
24-Pin Dual In-line Ceramic Package

REF (27 43)

NOTES:

All dimensions in inchesa (bold) and milimeters {parentheses), Header ls black ceramic
(Alz0a). Window is glass. The amplifier of tha device is Iocated near the notched end of

the package.
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FAIRCHILD WESTON

Schlumberger
CCO IMAGING DIVISION

FEATURES

1728 x 1 photosite array
13um x 10um on 10:m piich.
Low dark

2
?

E
§
?
a
i

Falrchild Weston Systems, Inc. CCD Imaging Division
810 W. Maude Ave., Sunnyvale, Cailfornis 84086
(408) 720-7600, TWX 810-373-2110

CcCD123
1728-Element
Linear Image Sensor

The photo-elsment size is 10,:m {0.39mils) by 13:m (0.5mils)
on 10um (0.39mils) centers. The devices are manufactured
using Fairchild Weston advanced charge-coupled device n-
channel Isoplanar buried-channel technology.

21

19
18
17
186
15

&10688 Falrchild Weston  Printed In U.S.A,
Fairchild Waston ressrves the right to make changes in
the circuitry or specifications at any time without notlce
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CCD Sensars
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Fig. 1 BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION

The CCD123 consists of the following functional elements
illustrated in the Block Diagram and circuit diagram (Fig. 1).

Photosites — A row of 1728 image sensor elements separated
by a diffused channel stop and covered by a silicon dioxide
surface passivation layer. image photons pass through the
transparent silicon creating hole—slectron pairs. The photon
generated electrons are accumulated in the photosites. The
amount of charge accumulated In each photosite is a linear
function of the incident illumination intensity and the integra-
tion period. The output signal will vary in an analog manner
from a thermally generated background level at zero iHumina-
tion to a maximum at saturation under bright illumination.

Pholigate — The photogate structure, located at the edge of
the photosites, provides a bias voltage for the photosites.

Transter Gate — Gate structure adjacent o the line of image
sensor elements. The charge-packets accumulated in the
image sensor elements are transferred out via the transter gate
to the transport registers whenever the transfer gate voitage
goes HIGH. Alternate charge-packets are transferrred to the
analog transpont shift registers. The transfer gate also controls
the exposure time for the sensing elements.

Four 878 Bt Analog Shifi Reglsters — Two on each side of the
line of imape sensor elements and separated from it by the
transfer gate. The two inside registers, called the transport
shift registers, are usad to move the image generated charge-
packets detivered by the transfer gate serially to the charge-
detector/amplifier. The complementary phase relationship of
the last elernents of two transport shift registers provides for
alternate delivery of charge-packets to the establish the
original serial sequence of the line of video in the output
cireuit. The outer two registers serve to reduce peripheral
electron noise in the inner shift registers,

©8 e

Vce

Gate Charge-Detector/Amplifier — Charge-packets are
transported to a precharged diode whose potential changes
linearly in response to the quantity of the signal charge
delivered. This potential Is applied to the gate of an n-channei
MOS transistor producing a signal which passes through the
sample-and-hold gate to the cutput at VIDEOgyt. The
sample-and-hold gate is a switching MOS transistor in the
output amplifier that allows the output to be delivered as a
sample-and-held waveform. A raset transistor is driven by the
Reset Clock (¢R) and recharges the charge-detector diode
capacitance before the arrival of each new signal charge-
packet from the transport registers.

Clock Driver Clrcultry — Allows the CCD123 to be operated
using only three external clocks, (1) a Reset clock signal
which controls the integrated output signal amplifier, (2) a
square wave Transport Clock which operates at half the reset
clock frequency and controls the readout rate of video data
from the sensor, and (3) a Tranater Clock puise which controls
exposure time of the sensor. The external clocks should be
abla to supply TTL level power.

Dark Reference Output — Four additional sensing elements at
both ends of the 1728 array are covered by opaque metaliza-
tion. They provide a dark (no illumination) signai reference
which is delivered at both ends of the line of videc output
representing the illuminated 1728 sensor elements (labelled
“D"in the block diagram). The dark reference level is useful as
an input to external DC restoration circuitry
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DEFINITION OF TERMS:

Transter Clock ¢X — The voltage waveform applied to the
transfer gate to move the accumulated charge from the image
sensor elements to the CCD transport shift registera.

Transport Clock ¢T — The clock applied 1o the gates of the
CCD transport shift registers to move the charge-packets
received from the image sensor slements to the gated
charge-detector/amplifier.

Reset Clock ¢R — The voltags waveform required to resat the
voltage on the charge-detector,

Sample-and-Hold Clock ¢SH — An internally supplied
voltage waveform applied to the sample-and-hold gate in the
amplifier to creats a continuous sampled vidso signal at the
output. The sample-and-hold feature can be defeated by
connecting Pin Vsp to Vpp.

Isolation Cell — A site on-chip producing an element in the
video output that sarves aa a buffer batween valid video data
and dark reference signals. The output from an isolation cedl
containg no valld video information and should be ignored.

Dynamic Range — The saturation exposure divided by the
AMS temporal noise equivatent exposure. Dynamic range is
sometimes defined in terms of peak-to-peak noise. To
compare the two definitions a factor of four to six is generally
apprapriate in that peak-to-peak noise is approximately equal
to four to six times RMS noise.

RMS Nolse Exposure — The exposure level that
glves an output signal equal to the RMS noisa level at the
output in the dark.

Saturation Exposure — The minimum expesure level that will
provide a saturation output signal. Exposure is equal 1o the
light intensity times the photosite integration time.

Charge Transfer E — Percantage of valid charge
information that is transferred between each successive stage
of the transport registers.

Responsivity — The output signal voltage per unit exposure
for a specified spectral type of radiation. Responsivity equals
output voltage divided by exposurs.

Dark Signal — The output signal in the dark caused by
thermally generated electrons which is a linear function of
Integration time and highly sensitive to temperature.

Inegration Time — The time Interval between the falling
edges of any two successlve transfer pulses ¢X as shown In
the timing diagram. The integration time is the time allowed
for the photosites to collect charge.

Totsl Non-Unitormity — The diffsrence of the
respansa levels of the most and the loast sensitive element
under unitorm ilumination. Measurement of PRNU excludes
first and last elements.

11

Ssturation Oulput — The maximum usable signal
output voltage. Charge transter efficiency decreases sharply
when the saturation output voltage is excesded.

ISalmplo-md-Hold Load Polnbd — Used to reduce charge
injection which might be caused by the internal sample and
hold clock. Connect 10pf to SHy and 58pf to SHLz.

Pixet — A picturs element {photosite).

Fig. 2 TEST LOAD CONFIGURATION

Fig. 3 PHOTOELEMENT DIMENSIONS

ALL DIMENSIONS ARE TYPICAL VALUES

CCOD Senssars
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ABSOLUTE MAXIMUM RATINGS (Abave which usetul life may be impeired)
Storage Temperature -25°C to +125°C
Operating Temperature (See "Device Care & Operation™ -25°C 1o +70°C
CCD123 Pins 1, 4, 10, 11, 13, 14,16, 22, 23 0.3V to 18V
| Pina 5,12, 17, 24 ov
| Pins G, 7, 8, 15, 18, 19, 20, NC
| Pins 2,3, 21 See caution note
GAUTION NOTE: Thesa dovices hava limited built-in gate p ded tha stetic discharge be controliad and minimized, Care must be taken
to avold shorting Vour, SHyend SHys to Vss, Vaa, Vo or Voo duﬂngupc-ﬂundn—m Temporanily shorting this pin may destroy the or-chip clock
drivers and/or the outpul amplifier.
8.0
Vss
Vsa
Vea
1 v
-
Vo
Vg
VgL
foatn MAX e e e -y - _— [
-

N
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AC CHARACTERTIBTICS:
Tp = 25°C (Note 1), 1450 = 0.6 MHZ, Uiy, = 10 ms, light Source = 2854 K + 2.0mm thick Schott BG-38 and OCLI WBHM fitters (Note 7). Al

operating voltages nominal apecified values. All tests done using “Test Load Configuration.”

Dynamic Range
(rolative to peak-to-peak noise)
(relative to rms nolse)
00057 ul/em2
1100

All PANU measurements taken at 700 mV output level using an 1/5.0 lens and sexcluded the outputs from the firet and last elements of the array. The "
number is definad as the distance from the lens t0 the array divided by the diametar of the lens aperure. As the “I” number Increases, the resulting momn
highly collimated ght causes the package window imperfections to dominate and incresss PRNU. A lowsr " number resuits In less colllmated light causing
device photoalts blemnishes to dominata the PRNU

NOTES:
n good thermal contact with the sntirs backsids of tha package.

@ injection, which results in an Incraase of apparent DS

ainTp

SPDSNU The SPDSNU approximEtety doubles for every 5-15°C incraese in Tp,

ey
==
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SINGLE-PIXEL DARK SHINAL
NON-UNIFORMITIES — mV

RESPONSIVITY Viudem 2

cCD123

TYPICAL PERFOAMANCE CURVES

SINGLE-PIXEL DARK
SIGNAL NON-UNIFORMITIES
VERSUS INTEGRATION TIME

a1 = INTEGRATION TIME — ma

TYPICAL SPECTRAL RESPONSE

MODULATION TRANSFER
FUNCTIONS FOR NARROW BAND
ILLUMINATION SOURCES
SPATIAL FREQUENCY — CYCLESimm
10 2 0 L] 50

o4 (1] (X ] "

DC AND LOW-FREQUENCY
DARK SIGNAL
VERSUS INTEGRATION TIME

to — INTEGRATION TIME — ms

RELATIVE RADIANT FLUX
V8 WAVELENGTH

RELATIVE RADIANT FLUX %)

W) M0 S0 00 T M0 WO 1000

WAVELEMGTH {nm)

o m TYPICAL “DAYLIGHT FLUORESCENT BULB
w2854 K LIGHT SOUACE +WBHM + 2 0 mm THICK BG-38

MODULATION TRANSFER
FUNCTIONS FOR TWO BRCADBAND
HLLUMINATION SOURCES

SPATIAL FREQUENCY — Cycini/man
0 10 20 » 2 50

[} L5 a4 os a8 LE ]
NOANMALIZED SPATIAL FREQUENCY
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TIMING DIAGRAM
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DEVICE CARE AND OPERATION:

Glass may be cleaned by saturating a cotton swab in alcohol
and lightly wiping the surface. Rinse off the alcohol with
de-ionized water. Allow the giass to dry prefarably by blowing
with filterad dry N; or air.

H is Important to note in design and applications consider-
atlone that the devices are very sensitive to thermal conditions.

The dark signal DC and low frequency components approx-
imately double for every 5° C temperature increase and single~

pixel dark signal non-unitormities approximately double for
every 8°C tamperature increase. The devices may be cooled
to achieve very long integration times and very low light ievel
capability.

ORDER INFORMATION - Order CCD123 DC where “D"
stands for a ceramic package and “C" for commerclal
temperature range.

CCD1230C PACKAGE OUTLINE
24-Pin Dual In-ine Ceramic Package

0.020 REF
0 5m

ARRAY

0.026
{0 66)

0.048 TOP OF DIE
{118) 10 TOP OF COVER

4

-] b= 0,080 TYP

NOTES:

All dimersions In inches (bold) and millimeters {parentheses). Header is black ceramic
(Al203). Window is glass. The ampiffier of the device is located near the notched end of

the package




| FAIRCHILD WESTON CCD133A
i 1024-Element High-Speed
CCD IMAGING DIVISION Linear Image Sensor
FEATURES
1024 x 1 photosite array =]
8 13um x 13um photosites on 13,.m pitch
® High spead: up to 20 MHz data rate
8 Enhanced spectral response
B Low dark signal
& High responsivity
8 On-chip clock drivers |
& Dynamic rangs typical: 7500:1
® Over 1V peak-to-peak outputs
8 Dark and white references contained In sampls-and-held
oulputs
1 Special selections avallable — consult factory.
\
(o ]
T
LA
il
i an hoes
i
m
hi s} on 13
m et waging
b charge-
5 ol tech-
o
‘e
I PIN CONNECTION DIAGRAM
PIN NAME DESCRIPTION (TOP VIEW)
v o o o T - 1 24
2 23
3 22
4 21
5 20
[ 19
7 18
8 17
9 16
10 15
" 14
12 13
=——
Fairchild Weston Systems, Inc. GCD imaging Division ©1986 Falrchild Weston Printed in U.S A.
810 W, Meude Ave , Sunnyvale, Callfarnia 84086 Falrchild Weston reservas the right to make changes in
(408) 720-7600, TWX B10-373-2110 the chrguitry or specificationa at any time without notica.
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CCD133A

Fig. 1 BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION

The CCD 133A consists of the following tunctional elements
illustrated in the Block Diagram and Circuit Diagram (Fig. 1)

Photosltes: A row of 1024 image sensor elements separated
by a diffused channel stop and covered by a silicon dioxide
surtace passivation layer. Image photons pass through the
transparent silicon creating hole-electron pairs. The photon
generated slectrons are accumulated in the photosites. The
amount of charge accumulated in each photosite is a linear
function of the incident illumination intensity and the integra-
tion period. The output signal will vary in an analog manner
from athermally generated background level at zero itumina-
tion to & maximum at saturation under bright illumination.

Photogate: The photogate structure, located at the edge of the
photosites, provides a bias voltage for the photosites.

Transfer Gate: The transier gate structure separates the outer
edge of the photogates from the analog shift registers
Charge-packets generated and accumulated in the photosites
are transferred into the transport analog shift registers when-
ever the transfer gate voltage goes “High." All odd-numbered
charge packets are transferred into the "A" transport analog
shift register, all even-numbered charge packets are trans-
ferred into the “B" transport analog shift register. The transfer
gate also controls the input of charge from Vg into the white
reference cells (described below). The time interval between
successive transfer pulses determines the integration time.

Analog Shift Registers: Four 529-element analog shift registers
transport charge towards the output end of the chip. The two
inner registers, the transport registers, move the image-
generated charge packets serially 1o the two gated charge
detectors and amplifiers. The two outer shift registers, the
peripheral registers, accumufate charge genarated at the chip
periphery (by photons passing through unavoidable gaps in
the light shieid layer, etc ) and transport it to charge sinks The
primary shift register clock is ¢t. The complementary phase
relationship of the secondary shift register clocks &7 and 3T,
generated on-chip, provide alternate delivery of charge pack-
ets from “A" and “B" shift registers to their amplifiers so that

#sHgg

the original serial sequential string of video information may
be easily demultiplexed off-chip.

Galed Charge Deteclors & Resel Gates: Each transport
analog shift register delivers charge packets to a precharged
diede. The change in diode potential is linearly proportionat to
the amount of charge delivered in the charge packet. This
potential is applied to the input gate of 8 MOS transistor
amplifier (see below), which linearly amplifies the input
potential. The diode is resat to the reset drain bias volitage
(VRp) by the reset gate structure. Reset occurs when both the
internal reset clocks {¢7 on the “A” side, &7 on the “B" side) are
"High " Each side is reset just before the next charge packet is
delivered from its respective transport analog shitt register.

Output Amplifiers and Sample-and-Hold Gates: Each sides'
gated charge integrator drives the input of a two-stage linear
MOS-transistor amplitier A schematic diagram of this circuit
i3 shown in Figure 9 below The two stages of sach amplifier
are separated by sample-and-hold gates. The output of the
first stage is connected to the input of the second stage
whenever the sample-and-hold gate is “High.” The output of
the second stage is connected to the VIDEQguT pin. The
sampie-and-hold gates are switching MOS transistors: clock-
ing these gates results in a sampled-and-held output, thus
eliminating the reset clock feedthrough. When on-chip
sample-and-holdis used, pin 2is to be tied to pin 3 and pin 21
isto be tied to pin 22. Oft-chip sample-and-hold pulses can be
supplied through pins 2 and 22. The sample-and-hold oper-
ation can be disabled by tying pins 2 and 22 to Vpp. Whenever
on-chip sample-and-hold is not used, pins 3 and 21 should be
left unconnected,

Clock Driver Clrcuits: Two MOSFET clock-driver circuits on-
chip allow sample-and-held operation of the CCD133A with
only two externally-supplied clocks: the square-wave primary
shift register transport clock ¢, which determines the output
data rate, and the transfer clock ¢y, which determines the
integration time.

Dark and White Reference Cells and Circuliry: At each end of
the 1024-photosite array there are four additional sensing
elements covered by cpague metallization. These “Dark



CCD133A

Fig. 2 TEST LOAD CONFIGURATION

Voo

DEFINITION OF TERMS

Charge-Coupled Device—A charge-coupled device is a semi-
conductor device in which finite isolated charge-packets are
tranasported from one position in the semiconductor to an
adjacent position by sequentiai ¢clocking of an array of gates.
The charge-packels are minority carriers with respect to the
semiconductor substrate.

Tranater Clock ¢x—The transfer clock is the voltage waveform
applied 1o the transfer gate to move the accumulated charge
from the image sensor elements to the CCD transport shift
registers.

Transport Clock ¢1—The transport clock is the clock applied
to the gates of the CCD transport shift registers to move the
charge-packets recsived from the image sensor elements to
the gated charge-detector/ampilifiers.

Sample-and-Hold Clock (¢stca. ¢sHce) — Thevoltage wave-
form applled to the sample-and-hold getes in the output
amplifiers to create a continuous sampled video signal at the
output. The sample-and-hold feature may be defeated by
connecting ¢sHaa and gsHae to Voo.

Isolstion Cell—A site on-chip producing an element in the
video outpul that serves as a butler between valid video data
and dark reference signals. The output from an isolation cell
contains no valid information and should be ignored.

Dynamic Range—The saturation exposure divided by the rms
temporal noise aquivalent exposure. Dynamic range is some-
times defined in terms of peak-to-peak noise. To compare the
two detinitions a tactor of four to six is generally appropriate in
that peak-to-peak noise is approximately equal to four to six
times rms noise.

RMS Nolse Equivalent —The exposure level that
gives an output signal équai to the rms nolse level at the output
in the dark.

49

Saturation Exposurs—The minimum exposure level that will
provide a saturation output signal. Exposurs is equal to the
light intensity times the photosite integration time.

Transfer Efficlency-—Percentage of valid charge infor-
mation that is transferred between each successive stage of
the transport registers.

Responsivity—The output signal voltage per unit exposure for
a specified spectral type of radiation. Responsivity equais
output voltage divided by exposure.

Total Non-uniformity—The difference of the
responsa levels of the most and the least sensitive element
under uniform illumination. Measurement of PRNU excludes
first and last elements.

Derk Signal—The output signal in the dark caused by
thermally generated electrons that is a linear function of the
integration time and highly sensiive to temperature. {See
accompanying photos for details of definition.)

Saturation Output Voltage—The maximum useable signal
outpul voliage. Charge transfer eficiency decreases sharply
when the saturation output voltage is exceeded.

Integration Time—Tha time interval between the talling edge
of any two successive transfer pulses {#x}. The integration
tima is the time allowed for the photosites to collect charge.

Plxel—A picture element (photosite).

PHOTOELEMENT DIMENSIONS

ECD Senseors



CCD133A

ABSOLUTE MAXIMUM RATINGS (Above which usetul life may be impalred)

Storage Temperature -25°C to +125°C
Operating Temperature (See Curves) -25°C to +70°C
CCD133A Pins 2, 3,4, 8, 11,12, 14, 15,16, 17, 18, 21, 22, 24 —0.3V to +18v
Pin13 ov

Pins 5,6,7,8 10,19, 20 NC

Ping 1, 23 See Caution Nofe

CAUTION NOTE: These devices have limiad built-in gate protection. It ia cled thai static we be controlled and minimized Caremustbe taken

to avoid shorting pina Vour AAB to Vss or Vpp during oparation of thesa devices Shorking thase pins temporarily to Vss or Vpp may destroy the output
amplifiers.

p= i
UNITS
Vco 135 145
Clochk Driver Drain Supply Current 15 mA
135
25
55
Vssg Substrate 1Ground
VRD 12 145 v

Vx,

11.5
V¢'I|

NOTES:
1. Ty Is defined as the package temperature, measured on a copper block In good thermal cortact with the entire backalde of the package
2. ALL Vg5 PINS MUST BE GROUNDED. All NC pins must ba ieft unconnected.
3. Vop ping may ba connected o Vcp and/or Vap pins
4, V7 =055 ¢x HigH = 0.565 ¢1 HiGH
5. Vi) is used to gensrate the white reterence output Theee two signeis can be eliminated by connecting V| to Vpo.
€. Negative transients on any clock pin going below 0.0 voits may cause chargs Injaction, which results in an increesa In apparent DS
7 C g7 =360 pF; C ¢x = 80 pF
All clock rise and fall times should be > 30na.
& The minimum clock frequency is [imited by incroases in dark signal,
B foata =2 (f g1}
10 OCLI WBHM = Optical Coating Laboratory, Inc. Wide Band Hot Mirror
1 CTE is the measursmant for 4 ona-siage transfer.
12 Sea phologmphe for PANU definttions.
13. Video mismatch is the ditferancea In ac amplitudes between VouT 4 &nd VouT g under untform illumination. It can be aliminatad by attsnuation/amplification |
ol one of the video outputa.
14, DC mismatch ig the diference in dc output level Vo between Vour 4 and Vour e. |
15. Sea photographs for dll‘ll‘. ﬂgnll deﬁnltlon.u_
16. Dark slgna) comp for every 530 °C In Tp.
17. Each SPDSMNU Is muurod from the DS lavel adjacent to the bese of the SPDSNL The SPDSNL) approximately doubles lor every 515 °C in Tp.
18 Vpp voltages In the Iower range Improvea amplifier linearity
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AGC CHARACTERISTICS: (Note 1)
Te = 25°C, IpaTa = 5.0 MHz, ting = 10 ms, Light Source™ = 2854°K + 2.0 mm thick
Schott BG-38 and OCLI WBHM filters  All tests done using “Test Load Configuration.”

. Ali operating voltages nominai specified velues

RANGE
SYMBOL CHARACTERISTIC MIN Tvp MAX UNITS CONDITIONS
Dynamic Range :relative to
peak-to-peak noise
irelative to rms noise:
0.00009
pj/cm2
8.0
60
0.5 2.0

OCLI WBHM = Oplical Ceating Laboraiory, Inc Wids Band Hot Mirror

' PRANU measurements inciude both ragister outputs byt exclude the oyt ement;
i puts from the first ang |
maasurement are video and dc mismatch o leat e *# of (e arrey  Aieo excluded from the

Al PRNL measuremants taken at 500 mV culput level using an /5.0 lena.

The “" number is definad as the disiance from the lenas to the array divided by the dlamester of the lens aperture. As the " number Increases, the resulting
more highly collimated light causes the package window Imperfections to dominate and Increase PRNU. A lower “f" number resulta n leas collimated light
causing device photosite blemishas to dominate the PRNU,

51
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Fig. 3 TEST LOAD CONFIGURATION

MODULATION TRANSFER
FUNCTIONS FOR TWO BROADBAND
ILLUANNATION BOURCES

SPATIAL PAEQUENCY — Crcle/mm

OUTPUT SIGNAL LEVEL
VERSUS INTEGRATION TIME
294°K TUNGOTEN SOURCE

WITH 5G-38 AND WBHM FILTERS

MGRAL CUTPUT

‘ Lo = INTHGAATION THME —my
| DC AND LOW-FREQUENCY
DARK SIGNAL V8 INTEGRATION TIME

Lo INTEGRATION YIME — mg
“RELATIVE RADIANT FLUX
VS WAVELENGTH

MODULATION TRANSFER

FUNCTIONS FOR NARROW RAND

ILLUMINATION SOURCES

NORMALIZED SPATIAL PREQUENCY
SINGLE-PIXEL DARK

SIGNAL NON-UNIFORMITIES
VERSUS INTEGRATION TINE

— A4 K LIGHT BOURCE +WBHM + 1.0 mm THICK 80-28
— *K LIGHT BOLCE + 3 0 mm THICK 1-T8

52

il il




CCD133A

—
| Fig. 4 PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRNU)

ting
{transport |‘—

Zero Reference
Level

= 800 mV Qutput
A Voltage

Zaro Reference
Level

= §00 mV Ouiput
8 Voltage

Pesk-10-Pesk
Without
Single-Pixel
Positive and
Negative
Rises

S0 mv—r

X

su#.H

TEST CONDITIONS

Tp=+25"C, Inata = 2.5 MHz, tin;= 1.0 ma All voltages nominal spacitied values. Light source =
2854* K tungsien + 2.0 mm thick Schott BG-38 and OCLI WBHM filters. PRMU measurements
taken at an cutput voltage of = 800 mv. Qutput fed through 5 MHz low pass filwar.

i

1L
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Fig. 8 PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PANU)

Single-Plxel
Negative
Pulse Ampll-
tude =72 mV

Single-Pixel
Poaltive
Pulse Ampii-
tude = 42 mV

2,.-|<-|

TEAT CONDITIONS

Te = +256°C, fpata = 50 MHz, tat = 10 ma All voltages nominal specified values Lighl
spurce = 2854°K tungslen +2 0 mm thick Schott BG-38 and OCL| WBHM hiters PANU
measurements taken at an outpul voltage of =~ 800 mV Oulput led through 5 MHzZ low
pass hiter

Fig. & DARK SIGNAL P

Sampie-and-Hok
Clock Coupiiny

Average of
Adjacent
Plxel
Oulputs

=8ingle
Pixel
Dark Signal
Non-Uniformity
{8PDNU)
Ampiliude > 18 mV

TEST CONDITIONS
Tp = +25°C, Ipata =5 MHz, tim = 1 0 ms. All voltages nominal specified valuss. Quiput led
through 5 MHZ low pass Tilter
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Fig. 6 DARK S8IGNAL PARAMETERS (D9)
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Fig. 7 VIDED OUTPUT TIMING PHOTOGRAPHS

Zuro Relerence
Level A (= 0.0 Vde)

Zero Aelerence
Level B (= 0.0 Vdc)

1,.H

Stant of One Scan Video Output

Isolation Cells

Dark Reference Signsl

Isolation
Colls

500 mv—-jE

ol

TEST CONDITIONS

End of One Scan Video Oulput

Tp = +25°C, foata = 5 MHz, tip = 1.0 ma. All voltages nominal specitied values Light
source = 2854° K tungsien with 2 0 mm thick Schott BG-38 and OCLI WBHM filters, Output

ted through 5 MHZ low pass filler

Dark Reference
— Signal
isolation
Cells

Video Output Level A

— Yideo Ouiput Level B

Zero Relerence
A (= 8.0 vdc)

Zero Reterence
B (= 8.0 Vdc

— White Reterence Signal
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CCD133A

Fig. &8 TIMING DIAGRAM
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CCD133A

DEVICE CARE AND OPERATION

Glass may be cleaned by saturating a cotton swab in alcohot
and lightly wiping the surface. Rinse off the alcohol with
delonized water. Allow the glass to dry, preferably by blowing
with filtered dry Nz or air.

It Is important 1o note in design and applications consider-
ations that the devices are very sensitlve to thermal conditions.
The dark signal dc and low frequency components approxi-
mately double for every 5° C temperature Increase and single-
pixet dark signal non-uniformities approximately double for
avery 8°C temperature incraase. The devices may be cooled
to achieve very long integration timea and very low light level
capability.

ORDER INFORMATION

Order CCD133ADC where “D" stands for a ceramic package
and “C" tor commercial temperature range.

Also available are printed circuit boards that include all the
necessary clocks, logic drivers and video amplifiers to operate
the CCDM33A. The boards are tully assembled and tested and
require only one power supply for operation (+20V). The
printed clrcuit board order codes are CCD133DB. The
CCD153A, 143A and 133A can be operated in the same
printed circuit board. The 24 pin CCD133A and 153A devices
are to be placed at the center of the 28 pin socket on the
printed clircult board. (Note: the serles resistors between the
clock drivers and the CCD ¢x and ¢t pins have to be adjusted
for each device type.)

NOTE: g1 AND g1 ARE INTERNALLY GENERATED RESET CLOCKS

CCD133ADC PACKAGE OUTLINE
24-Pin Dual In-line Ceramic Package

NOTES:

0.020 REF.
0 5081

All dimsnsions in inches (bold) and millime ters (parentheses). Header |s black ceramic
{Al20a). Window is glass The amplifier of the devics is located near the notched end of

Ihe package.

—




PRELIMINARY
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FAIRCHILD WESTON CCD134 =
1 1024-Element -
CCD IMAGING DIVISION High-Speed =
Linear Image Sensor -
"~ FEATURES:
= 1024 * 1 photosite array
a 13pmx13pmphobdluon13ymplu|
1 Ani-blooming and Inlegration controt
® Enhanced speciral response (particularly in the biue
)
[ ] mlmprwod low-Nght-level performance over CCD133A
u Low dark signal
= High
® High-speed operation
B On-chip clock drivers
2 Dynamic range typical: 75001
& Over 1V peak
u Dark and Mwuhmmm In sample-and-held
outputs

B Speclal selections svaliable — consult factory.
GENERAL DESCRIPTION

T
fc
Ll
n
It
[}
L]
L]
I
PIN CONNECTION DIAGRAM
PIN NAME DESCRIPTION {TOP VIEW)
Vout, Output Ampilifier A Source
D e R Vour, 1 24 o
#S5HG, 2 2 WTg
$SHC, 3 22 ‘Hae
Vo 4 n HCB
NG 5 20 a
NC L] 19 AS
Vca 7 18
Vamnk o 7
18
15
1 a
5
Fairchild Weston Systems, inc. CCD Imaging Division, ©1886 Falrchild Weston  Printed in U.5.A.
810 W. Maude Ave., Sunnyvals. California $4088 Falrchlld Weston reserves the right to make changes In
(408) 720-7800, TWX 010-373-2110 the eircuitry or specifications at any lime without notica.



PRELIMINARY

The CCD134 is similar to the CCD133A except for the
additional features of anti-blooming and integration control.
The CCD134 is a third generation device having an overall
improved performance compared with first and second gen-
eration devices, including enhanced biue response and excel-
lent low light level performance. The device Incorporates on-
chip clock driver circuitry and is capable of high-speed
operation up to a 20MHZ data rate. The photoelement size is
13um (0.5 mils) X 13um (0.51 mils) on 13am (051 mils)
centers The device is manufactured using Fairchild Weston
advanced charge-coupled device n-channel Isoplanar buried-
channel technology.

FUNCTIONAL DESCRIPTION

The CCD134 consists of the following functional elements
illustrated in the block diagram and circult diagram (Fig. 1).

Photositss — A row of 1024 image sensor elements separated
by a diffused channel stop and covered by a silicon dioxide
surface passivation layer. Image photons pass through the
transparent silicon creating hole-electron pairs. The photon
generated electrons are accumulated in the photosites. The
amount of charge accumulated in each photosite is a linear
function of the incident illumination intensity and the integra-
tion pariod. The output signal wlil vary in an analog manner
from a thermally generated background level at zero illymina-
tion to a maximum at saturation under bright illumination.

Transier Gates — This gate is a structure adjacent to the row
of image sensor slements. The charge packets accumulated
In the photosites are transterred in parallel via the transfer gate
to the transport shift registers whenever the transfer gate
voltage goes high. Alternate charge packets are transterred to
the A and B transport registers

Four 529 Bit Analog Transport Shift Registers — Two registers
are on each side of the line of image sensor elements and are
separated from it by the transfer gate. The two inside registers,
called the transport shift registers are used to move the light
generated charge packeis delivered by the transter gates
serially to the charge detector amplifier. The complementary
phase relationship of the last elements of the two transport
registers provides for alternate delivery of charge packets at
the output amplifiers. The outer two registers serve to reduce
peripheral electron noise in the inner shift registers.

CCD134

Two Gated Charge Detector/Ampiifiers — Charge packets
are transported to a precharged capacitor whose potential
changes lingarly in response to the quantity of the signai
charge delivered This potential is applied to the input gate of
the two-stage NMOS amplitiers producing a signat at the
qutput "Vout” pins. The sample-and-hold gates is & switching
MOS transistor in the output amplifier that allows the output to
be delivered as a sample-and held waveform. The diode is
recharged internally belore the arrivel of each new signal
charge-packet from the transport shift register.

Integration and Anti-Biooming Control — I many applications
the dynamic range in parts of the image is larger than the
dynamic range of the CCD, which may cause more electrons
to be generatad in the photosite area than can be stored inthe
CCD shift register. This is particularly common in Industrial
inspection and satellite applications. The excess electrons
generated by bright illumination tend to “bloom” or “spill over”
to neighboring pixels along the shift register, thus “smearing”
the information. This smearing can be eliminated using two
methods:

Antl-Blooming Cperation;

A DC voltage applied to the integration control gate (approxi-
mately 5 to 7 volts) will cause excess charge generated in the
photosites to be diverted to the anti-blooming sink (Vsing)
instead of to the shift registers. This acts as a “clipping circuit”
forthe CCD output (see Fig. 2). (See also page 238 for further
details )

Integration Control Operation:

Variable integration times which are less than the CCD
exposure time may be attained by supplying a clock to the
integration control gate. Clocking ¢ic reduces the photosite
signal in all photositas by the ratia texposunre/tint. Greater
than 10:1 reduction in the average photosite signal can be
achieved with integration control.

The integration-control and anti-blooming features can be
implemenied simultansously. This is done by setting the ¢ic
clock-low level to approximately 5 to 7 volts. (See application
note on page 238 for further discussion).

Fig. 1 BLOCK DIAGRAM
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NOTES:
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CCD1M4 PRELIMINARY

Fig.2 MAXIMUM OUTPUT VOLTAGE vs. ¢ic VOLTAGE

Antl-Blooming In operation,
but Apparent v,y is Atlenusied

$ic Voltage (Veits-DC or Wolts-At-Clock-Low)

Fig.3 INTEGRATION-CONTROL TIMING DIAGRAM AND NOTES

(Note 2) | (Mo 3)

o the shift registers during g clock-high period Pholoaite charge > Qgay
mized.

(see Fig 2;.
ic iMo Vour,
7 volte.

s DC or vss.

' voltage.

a

0. use gic clock-low = 0.0 to 0.7 voHs and #ic clock-high = same range as $To-2 1 clock-high
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CCD134

Flg.5 TESTLOAD CONFIQURATION (INTERNAL SAMPLE-AND-HOLD DISABLED)

DEFINITION OF TEAMS

Charge-Coupled Device — A charge-coupled device is a
semiconductor device in which finite isolated charge packets
are transported from one position in the semiconductor to an
adjacent position by sequential clocking of an array of gates.
The charge packets are mingrity carriers with respect to the
semiconductor substrate.

Sample-and-Hold Clock (¢sHca. ¢sHce) — The voltage
waveform for triggering the sample-and-hold gates in the
output amplifiers to create a continuous sampled video signal
at the outpul. The sampie-and-hold feature may be defeated
by connecting ¢sHGA and ¢sHas to Vpp. Use of the internal
sample-and-hold capability is poseible for data rates up to
13MHz. For use above 13MHz consult factory,

Dark Referance — Video output level generated from sensing
elements covered with opaque metalization which provides a
reference voltage equivalent to device operation in the dark.
This parmits use of external DC restoration circuitry.

Isolation Cell — This ia a site on-chip producing an elementin
the video output that serves as a buffer between valid video
data and dark reference signals The output from an isolation
cell contains no valid information and should be ignored.

Dynamic Range — The saturation exposure divided by the
RMS temporal noise equivalent exposure. Dynamic range is
sometimes defined in terms of peak-to-peak noise. To com-
pare the two definitions a factor of four to six is generally
appropriate in that peak-to-peak noise is approximately equal
to four to six times RMS nolse.

RMS Nolse Equivalent Exposure — The exposure level that
glves an output signal equal to the RMS noise level at the
output in the dark.

Saturstion Exposure — The minimum exposure level that will
provide a saturation output signal. Exposure is equal to the
light intensity times the photosite integration time.

Trenster Efficlency — Percentage of valid charge
information that is transferred between each successive stage
of the tranaport registers.

Responsivity — The output elgnal voltage per unit exposure
tor a specified spectral type of radiation. Responsivity equals
output voltage divided by exposure.

Total Photoresponse Non-Unitormity — The difference of the
response levals of the most and the least sensitive element
under unitorm illumination. Measurement of PRNU excludes
first and last elements,

Dark Signal — The output signal in the dark caused by
thermally generated electrons that is a linear function of the
integration time and is highly sensitive to temperature.

Saturation Output Voltage — The maximum useable signal
output voltage Charge transter efficiency decreases sharply
when the saturation output voltage is exceeded.

Integration Time — The time interval between the falling edge
of the integration control clock and the falling edge of the
transfer clock. The integration time is the time in which charge
is accumulated in the photosites.

Exposure Time — The time interval between the falling edge
of the two transfer pulses (¢X) as shownin thetiming diagram,
The exposure time is the time between transfers of signal
charge from tha photosites into the transport registers

Pixel — A picture element (photosite).

PHOTOELEMENT DIMENBIONS
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ABSOLUTE MAXIMUM RATINGS {above which useful lite may be impaired) :
Storage Ternmperature -25°C to +125°C =
Operating Temperature -25°C 0 +70°C :,:_
CCD134: Pins 2,3, 4,7, 8,8, 10,11,12, 14, -0.3V 1o 18V
15, 16, 17, 19, 21, 22, 24 =
Pin 20 0.0V to +0.7V 2
Fin 13 -3.0Vic OV o
Pins 5, 6, 18 NC
Ping 1,23 SEE CAUTION NOTE
CAUTION NOTE:

These devices havelimited bullt-In gate profection. Itia recommanded that static discharge be controlled and minimized. Care must ba taken to avold
shorting pins VIDEOoyt, 5 t¢ Vss, Vaa. Vea of Voo during operation of the davices. Shorting these pine temporarily 1o Vss, Vaa, Vca or Vipp may

= destroy the output amplillers.

DC CHARACTERISTICS: Tp=25°C (Note 1, 2) Use typical values for optimum performance
‘ CHARACTERISTIC
Vco Clock Driver Drain Supply Voltages 135 140 145 v
Voo Outpul Amplifier Drain Supply Voltage 135 140 145 v
VsINK Anti-Bloeming Sink Voltage 135 140 145 v
Vs Ampiifier Bias Voltage o 35 4.0 v
:[ ‘ Vea Photogate Bias Voltage 55 80 65 v
vr Shilt Reglster DC Electrode Bias Voltages 55 8.0 6.5 v Note 3
Ve Eiectrical Input Blas Voltags 105 v Note 4
| Ve Clock Ground oo 03 o7 v
Vsa Amplifier Signal Ground Q0 03 o7 v
Vsg Substrate Ground -3.0 -2.0 ~10 v Note 5
Ico Clock Driver Supply Current .0 70 150 mA
Ioo Output Ampiifier Drain Supply Current 150 250 mA
| CLOCK CHARACTERIBTICS: Tp = 25°C (Note 1) Lise Iypical values for optimum performance
VK HiaH 115 v Note 6
Ve higH 115 v Note 6
Vérc rigH IGH 116 v Note &
Vi Low 03 v Nates 5,8
Ve Low 03 v Notes 5,6
Voo Low W &0 v Nate 15
fuma max . 200 MHz Notes 7.8




PRELIMINARY CCD134

AC CHARACTEARTISTICS: Tp =25°C (Note 1), tyg, =5.0MHZ, tin, = 1 0 ma, Light Source=2854° K + 2 Omm thick Schott BG-38 and OCLI

NOTES:

WBHM Filters (Note 9}, internal sample- and-hold enabled All tests done using “Test Load Configuration

15001
75001
44 X 1076
033
98985 99999
60
0.756
TYP MAX
Photoresponse Non-uniformity
Peak-to-Peak 80 160 mv
Peak-to-Peak without single pixel and 40 my
Positive and Negative Pulses
Single-pixel Positive Pulses my
Single-pixel Negative Pulses my
Video Mismatch myv
DC Mismatch v
Dark Signal:
DC Component 1 my
Low Frequency Component 1 my
Single Pixel DS Non-Uniformity 1 my
Remponasivity 45 V/udfome
Saturation Cutput Vottage 15 v

Al PRNU measursmeants taken at an 800 mvolt oulpul level

resutting more highly collimated light causes the package window Imperfectiont
Jos ool lImmted light causing devite photosite blemishres to dominate the PRNU.

NOTES:

BE P MR-

Te In defined as the package p r d on A copper block in good thermal contact with the entire backside of the package.

NC pins must bs left unconnected

V1 = 055 $x HIGH = 0.55 &1 HIGH

VEi {8 ussd {0 generats the white ralerence outputs. Thess two signals can be reduced by ling Ve: to Voo.

Negative transtents on any clock pin going below 0 0 volts may cause charge Injection, which results in an increase In appareni DS
Ad|usting Vas to a more negative vollage than the clock low voltages will reduce charge injection, If presant,

Pin Capacitances:

C ¢1 =300 pF. C ¢x = BO pF.

The minimum clock frequancy is limited by Increnses In dark algnal

fama = 2 (1 g7)

OCLI WBHM = Optical Coating Laboratory, Inc Wide Band Hot Mirror.

64
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11. Video mt h is the diff In AC amplitudes batwesan VOU"'A and VoU-rB under unorm iHluminaten.  can ba sliminated by 17}

sttenuation/amplification of one of the wideo cutpuls. =

12. DC mismatch Is the differsnce In DC oulput level Vo between Your, and VouTg- =
| 13. Dark signal component approximately doubles tor every 5-10"Cin Tp,

14, Each SPDSNU Is measured from the DS level adjacent ta the base o1 the SPDSNU, The SPDSNU approximately doubles for every 5-15 °C (o]

incrgasa In Tp,

15 See detinttlons of Antl-Biodbming Control and Integration Control =)
| £
—

[ -}
TYPICAL PERFORMANCE CURVES
MODULATION TRANSFER MODULATION TRANSFER
| FUNCTIONS FOR TWO BROADBAND FUNCTIONS FOR NARROW BAND
ILLUMINATION BOURCES ILLUMINATION SOURCES
SPATIAL FREQUENCT — Cycles/mm
|
2
%
|
TYPICAL SPECTRAL RESPONSE
DC AND LOW-FREQUENCY
| DARK SIGNAL VS INTEGRATION TIME
[ [
;l
-
k1§
i H
a
| a B
| 3
E
¢
WAVELENGTH {nm) ;
s e TYMCAL DAYLIGHT FLUORESCENT™ BULB
e JRO4° K LIGHT SOURCE +WEBHM + 20 mm THICK BG-38
e, 2854° K LIQHT SOURGCE + 30 mm THICK 1-78
|
| S
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TIMENG DIAGRAMN  (inderel Sample & Heki Ensbisd, See Mig. F}

o
FRANAPORT
Wy > B0 na MINIMUM; 500-1000 e PREFERRED
Ui > 50 v 0% DUTY CYCLE PREFERRED.
>
>0
e, AL, 2 10 e MINIMUM > 20 ne PREFERRED)
FOR BOTH gy AND 41
GENERAL NOTES
1. While red, call outpit sl la will be approximately equal in helght. This cutput can bondueed byconnocilng Vi 10 Ypo-
2. The lsclation calls may eom.lln output signals as part ol their buffer {i ion. Thesa

3 Integration conirol clock (¢4c) omitied for clanty Refer to “integration control clock Hmlng diagram” (anure 3) for details
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PAC
24-Pln Duml |
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L=

NN IREF. (20 0
————1.000 REF. 3048

NOTES:

All dimensions in Inches (bold; and millimeters {parentheses). Header is black ceramic
[Al203). Window I8 giass. The amplifier of the device Is locaied near the notched snd of
the package.
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2048-Element
CCD IMAGING DIVISION High-Speed
Linear Image Sensor
FEATURES
2048 = 1 photosite array
¥ 13um x 13um photosites on 13.m pitch
B High Speed: up 10 20 MHz data rate
& Enhanced spectral response
o Low dark signal 2
& High responsivity ¥
& On-chip clock drivers [ Il
= Dynamic range typical: 7500:1
B Over 1V pesk-to-peak outputs
a Optional factiity for correlated double sampiing
B Dark and white references contained In sample-and-hold
outputs
& Special selections avaliable — consult factory
D
T
el
Gl
af
n satarnal
T impiing
m | ZOMHE
th iy 13 wim
(=
mn charge-
- channol
e ]
n[
PIN CONNECTION DIAGRAM
PIN NAMES DESCRIPTION (TOP VIEW)
Vea Photonata NC
VIDEQoyT A
BSHGA ]
PSHCA
PRA
Veoa Sampie-and-Hold Clock Ground NC
Veo Reset Transistor Drain
VE Electrical input Bias NC
Vr Analog Transport Shift Register DC Electrode Vss
$SHGA Sample-and-Hold Gates A Vooreo
BSHCA Sampie-and-Hold Clock A
$SHGE Sample-and-Hold Gate B NC
GSHCE Sample-and-Hold Clock B NC
ORA Reset Clock A vr
$RB Reset Clock B v
VSS Substrate (GND) &
NC No Connection (Do not ground) Vss
em——
Fairchild weslon Systems, Inc. CCD lmaging Division ©1086 Falrchild Weston  Printed tn U.S.A.

810 W. Maude Ave., Sunnyvale, California 54088

Fairchild Weston resecves the right to make changes in
(408) 720-7600, TWX 910-373-2110

the cireuitry or specitications at any time without notice



CCD143A

BLOCK DIAGRAM

dx VT 4T

® @®

I - ISOLATION

FUNCTIONAL DESCRIPTION

The CCD143A consists of the following functional elements
illustrated in the Block Diagram:

Image Sensor Elements — These are elements of a line of
2048 image sensors separated by diffused channel stops
and covered by a silicon dioxide surface passivaton layer
Image photons pass through the transparent silicon dioxide
layer and are absorbed in the single ¢rystal silicon creating
hole-electron pairs. The photon generated electrons are
accurmulated in the photosites The amount of charge
accumulated in each photosite is a linear function of the
incident ilumination intensity and the integration period
The output signal will vary in an analog manner from a
thermally generated noise background at zero illumination
to a maximum at saturation under bright illumination,

Transfer Gate — This gate is a structure adjacent to the line
of image sensor elements. The charge-packets accumu-
lated in the image sensor eilements are transferred out via
the transfer gate to the transport registers whenever the
transfer gate goes HIGH. Altemate charge-packets are
transferred to the analog transport shift registers. The
transfer gate alsc controls the exposure time for the
sensing elements.

Four 1041-Bit Analog Shift Registers — Two registers are
on each side of the line of image sensor elements and
separated from it by the transfer gate. The two inside
registers, called the transport shift registers, are used to
move the image generated charge-packets delivered by
the transfer gate serially to the two charge-detector/
amplifiers. The complementary phase relationship of the
last elements of the two transport shift registers provides
for alternate delivery of charge-packets to the amplitiers so
that the criginal serial sequence of the line of video may be
reastablished at the outputs. The outer two registers serve
to reduce peripheral electron noise in the inner shift
registers.

D - DARK REFERENCE CELL
W - WHITE REFERENCE CELL

CELL

70

OBBae

N - 2,048
(- ccp143a PiN NUMBER

Two Gated Charge-Detector/Ampiifiers — From the end of
each transport shift register, charge-packels are delivered
to a precharged diode whose potential changes linearly in
response to the quantity of the signal charge delivered.
This potential is applied to the gate of an n-channnel MOS
transistor producing a signal which passes through the
sample-and-hold gate to the output at VIDEOquTt. The
sample-and-hold gate is a switching MOS transistor in the
output amplifier that allows the output to be delivered as a
sample-and-hold wavetorm. The diode is recharged in-
lernally before the arrival of each new signal charge-packet
from the transport shift register.

Clock Driver Circultry — This circuitry allows operation of
the CCD143A using only two external clocks, (1) a square
wave Transport Clock which controls the readout rate of
video data from the sensor, and (2) a Transter Clock pulse
which controls the integration time of the sensor.

Dark and Optional White Reterence Circultry — Four ad-
ditional sensing elements at both ends of the 2048 array are
covered by opaque metalization. They provide a dark (no
illumination) signal reference which is delivered at both
ends of the line of video output representing the 2048
illuminated sensor elements (labsled "D” in the Block
Diagram) Also included at one end of the 2048 sense
element array is a while signal reference level generator
which likewise provides a reference in the output signal
(labseled “W" in the Block Diagram) These referance levels
are uselul as inputs to external dc restoration and/or
automatic gain contral circuitry. The white reference signal
can be enabled by connecting Vg to a DC voltage less than
Voo A Ve voltage of 6V will typically produce a white
reference signal of 80+20% of the saturation output
voltage.

DEFINITION OF TERMS:

Charge-Coupled Device — A charge-coupled device is a
semiconductor device in which finite Isolated charge-
packets are transported from one position in the semi-
conductor to an adjacent position by sequential clocking

N
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-
w
of an array of gates. The charge-packets are minority peak-to-peak nolse lvel at the autput in the dark. :;
iers with respect lconductor substrate.
carriars with o the sem substrate. Ssturation Exposure — Saturation exposure is the mini- i
e mum exposure level that will produce a saturated cutput =
v signal. Exposure is equal to the light imensity times the e
EII photosite integration time. A
Charge Transier Efficlency — This |s the percentage of =2
T valid charge information that is transferred between sach L]
ar succesalve stage of the transport registers. [
m™
ai Spectral Response Range — This s the spectral band in
which the response per unit of radlant power is more than
] 10% of the peak response.
(=]
n Responsivity -— Responsivity is the output signal voitage
wE par unit axposure for a specified spectral type of radiation.
. Responsivity equals output voltage divided by exposure
In level.
L Dark Signal — This is the cutput signal In the dark caused
81 by thermaliy generated electrons which Is a linear function
e of integration time and highly sensitive to temperature.
e (580 accompanying photas for details of definltion. )
aa Total Photorssponse Non-Uniformity — This s the differ-
he ences in the reaponse lavels between the most and least
an sensitive etements under uniform iumination. (See ac~
companying photos for details of definition.)
A
ca Integration Time — The time interval between the falling
ot edgesoianytwosuooesslvehansferpulm¢xlsme
14 integration time shown in the Timing Diagram, The Inte-
o0 gration time is the time alfowed for the photosites to collect
charge.
Hﬂ: Plxel — Picture element (photosite).
9 TEST LOAD
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I_ ABSOLUTE MAXIMUM RATINGS (Above which usetul life may be Impaired)
Storage Temperature -25*Cto+125°C
Operating Temperature (See curves) -25°C to +70°C
CCD143A Pine 3, 4, 5, B, 12, 13, 17, 18, 18, 20, 21, 24, 25, 27, 22. -0.3V 10 18V
Pins14, 15, 16, 28, 8. o
Pins 18,7, 11, 23 NC
Pins 2, 26. See Caution Note
CAUTION NOTE: Thess devicas have limited built-in gats p Itis vded that static discharge be controlled and minimized. Care must be taken
to svold shorting pins VIDEOour ARB to Vgs of Vpp during operation of the devicas. Shorting thase pine temporarity to Vss of Vipo may destroy the output
amplifiers.
|
|
|
Vss Substrate (Ground)
Reset Transistor Drain
Vi, Vi
DATA MAX

TpuMummwmmMnmmmmmummumumm
Al Y33 pine must be grounded All Vpp pins must ba connected and tied to Vep. All NG pine must be left unconnectsd.

1

2

d Vpo = Vep.

4 W= D,&E\onn-ﬂ.ﬁﬁv.m

5 White refers l can be enablecd by i VEN O & voltage less than Vop Vi =8Y will typically produce a white reference signal of 80120% of the

murlionmlpmvdhp
8 Negative iranslents on any clock pin golng beiow (LOV may cause change-injection which resulis in an Increass in apparsni DS [See “Charge Injection™}

7. Cor = 700 pF for CCD143A, Cyx = 00 pF for CCON43A.

10. Dynamic range s dofinad aa Vear/peak-to-pesk temporal noles or Vast/rme temporal nolsa,

11 1 ufom2 =002 {cg at 2B54°K, 1 Iy = 30 ul/om? et 2054°K.

12 SE for 2854* K twoadband light without 20 mm Schott BG-38 and OGL) WBHM fiitan s typically 0.8 u)/cma.

13 CTE s the measurernant for a cne-stage transfor,

14, Ses photographs for PRNU definitions.

15. Video mismatch s the difference in ac emplivdes betwesn VIDEOouTa and VIDEOpyTe under untiorm Humination. [t can be eliminated by
sttamuation/smpiification of one of the video outputa.

18 DC miamatch i the differance in dec output level (Vo) batween VIDEOoura and VIDECouTs.

17 Ses photographe lor DS definitions.

18, Dark signal component approximately doubles for every 5°C incresse In Tp.
19. Each SPDSNU s meaaured from the DS level adjacent to the base of the SPDSNU. The SPDENU appraxintely doubles for every 8°C Increesa in Te.

20. Aesponaivity for 2854*K broadbend light source without 20 mm Schoft BG-38 and OCLI WEHM fitters is typically 2 V per ul/cm2,

21. See test load configumtions.
22 imemal resst of the gated charge detector ie achieved by connecting daa and dea to Voo
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AC CHARACTERISTICS: (Note 1)

Te = 25°C, foaTa = 5.0 MHZ, tim = 1.0 ms, Light Source” = 2854°K + 2.0 mm thick

Schott BG-38 and OCLI WBHM finers

All operating voitages nominal specified values. All tests done using “Test Load Configuration.”

RANGE
SYMBOL CHARACTERISTIC MIN TYpP
DR Dynamic Range rrelative to 1500:1
poak-to-peak noisa:
(relative to rms noise) 7500:1
0.00009
0.67
10
3.0

All PANU measurements are taken at & 800 mV outpul level using an 1/5 0 lens

UNITS CONDITIONS

MAX

Note 10

uji/em?

The “t” number is defined as the distance from the tens to the armsy deod by th-dlunelarol the lene aparture. As tha “f” number increases, the resulting

more highly collimated light causes the package window Imper andi
causing davice photosite blemishes to dominate the PANU

73

PRNU. A lower “" numbwr results in less collimated light
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TYPICAL PERFORMANCE CURVES

| MODULATION TRANSFER MODULATION TRANSFER
| FUNCTIONS FOR TWO BROADBAND FUNCTIONS FOR NARROW BAND
| ILLUMINATION SOURCES ILLUMINATION SOURCES
| SPATIAL FREQUIENCY = Cyolan /me EFATIAL FREQUERCY — Cycles/mm
‘ QUTPUT BIGNAL LEVEL

VERSUS INTEGRATION TIME SINGLE-PIXEL DARK
| 2854° K TUNGSTEN SOURCE SIGNAL NON-UNIFORMITIES
| WITH BG-38 AND WBHM FILTERS VERSUS INTEQRATION TIME

G = IMTEGRATION TIME =~ nm

*RELATIVE RADIANT FLUX
V3 WAVELENGTH TYPICAL SPECTRAL RESFONSE

— e TYMCAL "DAYLIGHT FLUORESCENT BULB
=t e HEHE* K LIGHT SOURCE +WEBHM + 2.0 mm THICK BG-24
s $UA X LKGHT SOURCE + 3 0 mom THICK 1-75
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PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRNU)

tint
ftransport l-—

CCD Sensors

Zero Reference
Level

= 800 m¥ Ouiput
A Voliage

Zero Relerence
Level

= 800 mV Output
B Volisge

Pask-lo0-Pask
Without
"“"“1“':;" Single-Plxel
Positive and
Napative
Rises

TEST CONDITIONS

Tp=+25°C, fpara = 5 0 MHZ, tiny= 1 O ms. All voltages nominal specitied values, Light source
= 2854°K tungsten = 2.0 mm thick Schott BG-38 and OCLI WBHM fiiters PRNU maasure-
mants taken st an output voltage of = 800 mV. Output fed through 5 MH2 low pass Hiter.
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Sample-and-Hol
Clock Couplin

CCD143A

PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRNU)}

z..-|-—|

TEST CONDITIONS

Tp = +25°C, fpata = 50 MHZ. tm = 1.0 ma All voltages nominal specifisd vafues. Light
source = 2054°K tungeten +20 mm thick Schotl BG-38 and OCLI WBHM finers PRNU
measursmants taken &t an output voltage of = 800 mV Output fed through 5§ MHZ low
pass filter

TEST CONDITIONS
Tp = +25°C, foara =5 0 MHZ, tine = 1.0 ms  All voltages nominal spacified values. Output fed
through & MHZ low pass filter,

76

1

Single-Pixel
Negutive
Pulse Ampll-
fude = 72 m¥

Single-Pixel
Positive

Pulse Ampli-
tude = 42 mV

Averags ol
Adjacent
Plxel
Quipuis

Single

Pixel

Dark Signal
Non-Unilormity
(SPDNU)
Ampiituds ~ 13 mV

| |
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DARK SIGNAL PARAMETERS (D8) g
=
ox
[ 4]
L——llnl 2
hmn—T "—_ [ ]
51
Zato Relference
[}
S5m!
TEST CONDITIONS
Tp=+26°C, fpATa = 5.0 MHZ, ting = 1 O ms Al voltages inal iad values,
- 5 M2 low pass filtey t 96 nominal spac values. Output fag
L =i



CCD143A

VIDEQ OUTPUT TIMING PHOTOGRAPHS

Dark Relerence
m—— Signal
~—— |solation
Zoro Reference Cells
Level A {= 8.0 Vdc)

Video Output Level A

Zero Referonce |
Level B (=~ 8.0 Vdc)

—— Video OQutput Level B

1,,.|._.l

Start of One Scan Video Output

TEST CONDITIONS

Tp=+25"C, 1pata =5.0 MHZ, tiny = 1.0 ma, All voltages nominal specified values Lightscurce
= 2854° K lungaten =2 0 mm thick Schott BG-38 and OCLI WBHM flllers. Output fed through
5 MHz low pass filter

OUTPUT AMPLIFIER SCHEMATIC

CHARGE

PACKETS

FROM

SHIFT REG
B8

CHARGE
PACKETS

SHIFT REG.
-

NOTE: g1 AND $r ARE INTERNALLY GENERATED RESET CLOCKS.
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DEVICE CARE AND OPERATION:

Glass may be cleaned by saturating a cotton swab In
alcohol and lightly wiping the surface. Rinse off the alcohol
with de-lonized water. Aliow the glass to dry, preferably by
blowing with filtered dry N, or air.

it is Important 10 note in design and applications consider-
ations that the devices are very sensitive to thermal
conditions. The dark signal dc and low frequency com-
ponents approximatsly double for every 5°C temperature
increase and si dark signal non-uniformities
approximately double for avery 8° C temperature increass.
The devices may be cooled to achieve very long integration
times and very low light level capability.

CCD143A

ORDER INFORMATION:

Order CCD143ADC where “D” stands for a ceramic
package and "C" for commercial temperature range.

Alsc available are printed circult boards that include all the
necessary clocks, logic drivars, and video amplifiers to
operate the CCD143ADC. The boards are fully assembled
and tastad and require only one power supply for operation
{+20V). The printed circult board order code is CCD143DB.
The CCD133A, 143A and 153A can be operated in the same
printed circult board. The 24 pin CCD133A and CCD153A
devices are to be placed at the center of the 28 pin socket
on the printsd circult board.

CCD143ADC PACKAGE QUTLINE
28-Pin Dual in-line Ceramic Package

NOTES:

AN dimengions in inches bold and millimeters - parentheess Header is black ceramic
1Al203-. Window is glass. The amplifier of the device ia localed near Ihe notched end of

ihe package



FAIRCHILD WESTON _

CCD IMAGING DIVISION

FEATURES

2048 * 1 photosiie array

13um * 13um photosties on 13.m pitch
Anti-blooming and Integration control
Enhanced Spectral Response (particulerty in the
blue region)

Low dark signal

Excellent low-light-level performance

High responsivity

Dynamic range typical: 7500:1

Over 1V peak-to-peak outputs

Dark reference contained In & sample-and-heid output
Special selections avallable — consult factory.

DESCRIPTION

or in environments where lighting conditions are difficult,

The photoelement size is 13um (0.51 mils) by 13.m (0.51 mils)
on 13um (0.51 mils) centers. The device is manufactured
using Fairchild Weston advanced charge-coupled device n-
channet Isoplanar buried-channel tachnology.

PIN NAMES DESCRIPTION

Veg

DxA, Pxg
1A, daa
B, d2h

#SH
HCAPICE
VIDEQouTt
COMPouT
Voo

Veo

oG
Vaink
VBias

Vs
NC

Falrchild Weston Systems, Inc. CCD Imaging Division

810 W. Maude Ave.. Sunnyvale, California 54088
{408) 720-7600, TWX 910-373-2110

81

CCD145 PRELIMINARY
2048-Element
Linear Image Sensor

PIN CONNECTION DIAGRAM
(TOP VIEW)

T

Ut

©1088 Fairchild Weston Prlnted in U § A
Fairchild Weston resarves tie right 10 make changes in
the circuitry or apecifications gt any time without notice

CCD Sensors
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CCD145
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FUNCTIONAL DESCRIPTION

The CCD145 consists of the following functional elements
ilustrated in the Block Diagram:

image Sensor Elements — A row of 2048 image sensor
elements separated by a ditfused channel stop and covered
by a silicon dioxide surtace passivation layer. Image photons
pass through the transparent silicon dioxide layer and are
absorbed in the single crystal silicon, creating hole-electron
pairs. The photon generated electrons are accumulated in the
photosites. The amount of charge accumulated in each
photosite is a linear function ol the incident illumination
intensity and the integration period The gutput signal will vary
in an analog manner from a thermally generated background
level at 2ero illumination to a maximum at saturation under
bright illumination.

Two Transfer Gates — Gale structures adjacent to the row of
image sensor elements. The charge packets accumulated in
the image sensor elements are transferred out via the transfer
gates to the transport registers whenaver the transfer gate
voltages go HIGH. Alternate charge packets are transferred to
the A and B transport registers.

Integration and Anti-Bicoming Control — In many applications
the dynamic range in parts of the image is larger than the
dynamic range of the CCD, which may cause more electrons
to be generated in the photosite area than can be stored in the
CCD shift register. This is particularly common in industrial
inspection and satellite applications. The excess electrons
generated by bright illumination tend 1o “bloom” or “spill over”
to neighbaring pixels along the shift register, thus “smearing”
the information. This smearing can be eliminated by using two
methods:

Anti-Blooming Operation:

A DC voltage applied to the integration control gate (approxi-
mately 5to 7 volts) will cause excess charga generated in the
photosites to be diverted to the anti-blooming sink (Vging)
instead of to the shitt registers This acts as a “clipping circuit”
for the CCD output (see Fig. 2). (See also page 238 for further
details )

g2

VIDEQour
—
LR 6)

Vsa

Vauas

COMPoyr

Integration Control Operation:

Variable integration times which are less than the CCOD
exposure time may be attained by supplying a clock to the
integration control gate. Clocking ¢ic reduces the photosite
signal in all photosites by the ratio texposure/tinT. Greater
than 10:1 reduction in the average photosite signal can be
achieved with integration control

The integration-control and anti-blooming features can be
implemented simultaneously. This is done by setting the ¢ic
clock-low level to approximately 5 to 7 voits. (See application
note on page 238 for further discussion).

Two Transport Shift Reglsters — One on each side of
theline of image sensor elements and are separated from it by
a transfer gate. The two registers, called the transport
reglsters, are used to mpve the light generated charge packets
delivered by the transfer gates serially to the charge detector/
amplifier. The complementary phase relationship of the iast
elements of the two transport registers provides for alternate
delivery of charge packets to establish the original serial
sequence of the line of video in the output circuit.

A Gated Charge Detector/Ampiifier — Charge packets are
transported to a precharged diode whose potential changes
tinearly In response to the quantity of the signal charge
dellvered. This potential is applied to the gate of an n-channel
MOS transistor producing a signal at the output VIDEOgyT. A
reset transistor is driven by the reset clock {¢n) and recharges
the charge detector diode before the arrival of sach new signal
charge packet from the transport registers.

DEFINITION OF TERMS

Charge-Coupled Device — A charge-couplod device is a
semiconductor device in which finite isolated charge packets
are transported from one position in the semiconductor to an
adjacent position by sequential clocking of an array of gates.
The charge packets are minority carriers with respect to the
semiconductor substrate.



CCD145

Transter Clocks gxa, ¢xp — The voitage waveforms applied to
the transfer gates to move the accumulated charge from the
image sensor elements to the CCD tranaport registers.

Transport Clocks ¢1a, ¢24, ¢18, ¢z — The two sats of 2-phase
waveforms appliad to the gates of the transport registers to
move the charge packets received from the image sensor
elements to the gated charge detector/amplifier.

Sample-ahd-Hold Clock ¢sn — The voltage waveform ap-
plied lo the sampie-and-hold gate in the output amplifier to
create a continuous sampled video signal at the output. The
sample-and-hold feature may be defeatad by connecting ¢sH
to Vpo.

Resst Clock ¢a — The voltage waveform required to reset the
voltage on the charge datector.

Dark Reference — Video output level generated from sensing
elements covered with opaque mstalization which provides a
reference voltage equivalent to device operation in the dark,
This permits use of exiternal DC restoration cirguitry.

Isolation Cell — This is a site on-chip producing an element in
the video output that serves as a buffer between valid video
data and dark reference signals. The output from an isolation
cell contains no valid video Information and should be
ignored.

Dynamic Range — The saturation exposure divided by the
rms nolse equivalent exposure. Dynamic range Is sometimes
defined in terms of peak-to-peak noise. Peak-to-peak noise is
generally aqual to four to six times rms noise.

RMS Nolse Equivalent Exposure — The exposure level that
givas an output signal equal to the rme noise level of the
output in the dark.

Saturstion Exposure — The minimum exposure level that will
provide a saturation output signal. Exposure is equal to the
light intensity times the photosite integration time.

Transfer E — Percentage of valid charge
information that is transferred between each successive stage
of the transport registers.

Responsivity — The output signal voltage per unit exposure
for a specified spactral type of radiation. Responsivity squals
output voliage divided by exposure.

Total Non-uniformity — The difference of the
response levels of the most and the least sensitive element
under uniform illumination. Measurement of PRNU excludes
first and last elements.

Dark Signal — The ouiput signal in the dark caused by
thermally genarated electrons. It Is a linear function of the
integration time and Is highly sensitive to temperature.

Ssturation Output Voltage — The maximum useable signal
output voltage. Charge transfer efficiency decrsases sharply
when the saturation output voltage is exceeded.

Exposure Tim# — The time interval between the falling edges
of any two transfer pulses gxa or ¢xg as shown In the timing
diagram. The exposure time is the time between transfers of
signal charge from the photosites into the transpart registers,

Pixel — A picture slement {photosite).
Integration Time — The time etapsed from the falling edge of
the integration control clock to the falling edge of the transfer

clock. The integration time is the time in which charge is
accumulatad in the photosites.

TEST LOAD CONFIGURATION

VIDEOouT

COMPouUT

ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired)

Storage Temperature
Operating Temperature (See curves)
CCD 145: Pina 2,3, 4,5, 8,9, 10, 11, 12, 16,
18, 19, 20, 21, 22, 24, 27
Pin 26
Pins 7, 14, 15, 28
Pins 1,6, 13,17,23, 25
Pins 23, 25
CAUTION NOTE:

Thass devicea have limited built-in gate pr Itisr

-25°C to +125°C
-25°C to +70°C

-0.3V to 18V
0.0V to1v
=3.0V to OV
NC
See caution note.

ded that static discharge be controlled and minimized. Care must be tekentos

ahorting pins VIDEQgyT &nd COMPoyT to Vss, Vep or Vgp during operation of the devices. Shorting these pins evan tempararily may destroy

output amplifiers.

PRELIMINARY
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DC CHARACTERISTICA: Tp = 25°C (Note 1)

Vra
Vro
Voa
Vi
Vous
Vsa
Vs

Output Amplifier Drain Supply Voltage
Output Amplifier Drain Supply Current

Compenaation Amp, Drain Supply
Voliage

Compensation Amp Drain Supply
Curmrent

Photogate Bins Voltage
Reset Drain Supply Voltage
Cutput Gate Bias Voltage
Anti-Blooming Sink Voltage
Amplifier Bias Voltage
Ampiifier Signal Ground
Substrate Ground

CLOCK CHARACTERISTICS: Tp = 25°C

AL, Vit
doaL, VioRL

aH, VéBH
deaH, VdztH

$XAL, VBl
dxad, VexeH
VenL

VérH

Vs
Vst

g1, te
fgaa, tive

&Rt

(B 1A, B,
428, XA, PXB.)
Vancar, Véicar
Vgican,
Vexcan

Tranaport Clocks LOW

Transport Clocks HIGH

Transfer Clocks LOW
Transter Clocks HIGH
Resst Clock LOW
Reset Clock HIGH
Sample Clock LOW
Sample Clock HIGH

Maximum Tranaport Clock Fraquency

Maximum Resct Clock Frequency
(Output Duta Rate)

Transport and Tranater Clocks Rise and >20
Fail Times

integration Control Clocks LOW

Integration Control Clocks HIGH

4.0
60

14.0

6.0
ao
125
2.8
140
35
0.3
20

5to7

15

Note 2

Note 2

Note 3

Notes 4, 6

Note 5

Notes 4,5
Nota 5
Notea 4. 5
Note 5§
Notes 4,5
Notes 5, 6

Noles 7, 8

Notes 7, 8

Noie 9

9"
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PRELIMINARY

AC CHARACTERTISTICS: Tp = 25°C, 14, = 2.5MHz, 1y = 1.0 ms, Light Source” = 2854°K + 2 0mm thick Schott BG-38 and OCLI

WEHM Filters. Al operating voltages nominal specified values Alt tesis done using “Test Load Configuration ™

1500:1
7500:1

3
027

5.0

a8

pJicm?2
uJiome

mw
Kn
my

PERFORMANCE CHARACTERISTICS: Tp = 25°C, famy = 25MHz, ting =10 mS3, Light Source® = 2854°K + 2.0mm thick Schott
BG-38 and OCLI WBHM filters All operating voltages nominal specified values Sample and

l i
| I

Hold Clock Is used.

MIN TYe

70

45
1.2

* OCLI wWBHM = Optical Coating Laboratary, Inc. Wide Band Hot Mirrar.

UNIT

140 my
my

my
my
my
Note 12
mv
mv
mv
V/uJom2
20 v Note 13

"' AltPANU megauraments wre taken at an 700 mV outpult level uging an1/5.0 lena end exclude the outputs from the first and last elements of the array.
Tha “" number is defined as the distance (rom tha lens to tha array drvided by the diameter of the lens aperture. A8 the " numbaer increasss, the
resulting more highly collimailed light causes the package window Imperfections 1o dominate and Increase PRNU. A lowar “I" number results In

lesa coilimated light causing device pholosite blemishes to dominats the PANU.
NOTES:

:k in good thermal contact with the entire backside of Lhe device

s than 0 OV.

arge injeclion vhal resuits in an increase in apparent dark signal

#sH = 5pF.

cuitry Thisis employed for the highest linearity Se# outpul photographs

18 and OCL| WBHM filters

85
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R
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PRELIMINARY CCD145

TYPICAL PERFORMANCE CURVES

MODULATION TRANSFER MODULATION TRANSFER
FUNCTIONS FOR TWO BROADBAND FUNCTIONS FOR NARROW BAND
ILLUMINATION SOURCES ILLUMINATION SOURCES
SPATIAL FREQUENCY — Cyeles/mm SPATIAL FREQUENCY — Cyeles/mm
rT 154 aa

e

04

WTF — MODULATION TRANSFER FUNCTION

6.2
o L1 ] 10
NORMALIZED SPATIAL FREQUENCY NORAMALITED SPATIAL FREQUENCY
TYPICAL SPECTRAL RESPONSE SINGLE-PIXEL DARK
BIGNAL NON-UNIFORMITIES
VERSUS INTEGRATION TIME

‘_)1!;‘_/‘/

AESPONBIVITY ¥/odem-2

800 800 700 800 OO
WAVELENGTH - nm

DC AND LOW-FREQUENCY
DARK SIGNAL. VS INTEGRATION TIME

NELATIVE IARADIANCE (%}

00 400 800 #0C 00 MO0 MO0 1000

WAVELENGTH (nm)
— e TYPICAL “"DAYLIGHT FLUORESCENT” BULB
— e 2854° K LIGHT SOURCE +WBHM + 2 0 mm THICK BG-38
— 2884 K LIGHT SOURCE + 3.0 mm THICK 1-75
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FAIRCHILD CCD145 OUTPUT PHOTOGRAPHS

[ | e |

Vour with ¢s1 employed.

—»’ ‘-'l—- Valid video from one pixel

Yout with ¢s1 held high.

87

PRELIMINARY

Reset Clock Fesdthvough

————— Zoro Reference Level

CCD Sensars
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FIGURE 1: INTEGRATION CONTROL TIMING DIAGRAM

(Nols 4)

NOTES:

1. 11 >t oof ).

2 All charge generated in photomites during e b dumped In Vasac.

3. All charge genersted in photositas < Qgar durtng tiur Is transferred Into the shift registers during ¢x clock-high period. Photosite charge > Qaar |
(shift reg.) penerated during tint goes Into Vainx If anti-blooming voltage s optimized, i

. @i Glock-low = 5 to 7 volte will glve best anti-blooming oparation. |

¢ Vriww & trau > 48 to minimize clock coupling of gec Into Your.

To sliminate integration cantrol, but retain antl-blooming ¢ic. = +5 VDC. |

To eliminato both Integration control and antli-blsoming, ¢gic = OVDC or Vg (-2V). |

To use Integration conirol without antl-blooming, use gic clock-low = 0.0 to 0.7 volts and gic clock-high = same range a8 g1 or ¢ ¢lock-high

voltage,

LETT ¥

-

FIGURE 2: MAXIMUM OUTPUT VOLTAGE vs. ¢ic VOLTAGE

Perfect Anti-Blooming
Maximum
Output
Voliage
=5 to 7 volts

¢ic Voltage (Voita DC or Voits at 4ic-clock-low)
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N> Ky
Y2500,
a2 20y
Liye 2= O0py
m 2 W0y

Finy Bgp 8y, 80,8,y 0
FESE AND FALL TIWES MUST BE > 20mek
...w... HUBT CROBS AT 4V OR NORE
S,y AND @,y MUST CROSE AT 4V OR MORE
B, A F,, HUST NOT OVERLAP

CCD145

TIMING DIAGRAM

By,+ 0,
o .=

24 Ty

L

o
{ #o =Yool

{9y, CLOCKED)
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PRELIMINARY CCD145
PACKAGE OUTLINE
28-Pin Dual In-line Ceramic Package
0.027 REF
{0.686}
WINDOW
~ 310 REF
= | {7.87)
ARRAY
0.028
{0.68)
»53 TOP OF DIE
35) TO TOP OF COVER
T
M0 REF
{1.02)
0100 T 0.020 TYP
{2.54) 0.51)
NOTES

i

0.080 HFF

(2.03]

LEAD
0.610 REF
BOND ™5 a0y

All damenaions in Inchas (boid) and millimeters (parentheses). Header s black ceramic (AL,O3) Window is giass. The amplifier of the davice is

located near the notched end of the package.

DEVICE CARE AND OPERATION:

Glass may be cleaned by saturating a cotton swab In alcohal
and lightly wiping the surface. Rinse off the alcohol with
de-ionized water. Allow the glass to dry preferably by blowing
with filtered dry Nz or alr.

It is important to note In design and applications considera-
tions that the dewvices are very sensltive to thermal conditions.
The dark signal DC and low frequency components approxi-
mately double 1or every 5° C temperature increase and single-
pixel dark signal non-untformities approximately double for
every 8° C temperature Incraase. The devices may be cooled
to achieve very long integration times and very low light level
capability.

ORDER INFORMATION:

Order CCD145 DC where “D" stands for a ceramic package
and “C” for commercial temparature range.

—_—
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FAIRCHILD WESTON CCD151 »
3456 - Element @
CCD IMAGING DIVISION Line Scan Image Sensor :
=
= =

FEATURES

u Very high resolution: 3458 photosites

B Smal slement plich: 7um

B Low daric signal

& High responsivity

8 Dynamic range typical: 2500:1

& Over 1 V peak-io-peak output

8 Dark reference contained in sampled-and-
held output

= Spacial selections avatable — consult (actory.

DESCRIPTION

The CCD151 is a 3456-element line image sensor designed
for page scanning applications including facsimile, copier,
optical character recognition and other imaging

applications which require very high resolution, high l
sensitivity and moderate data rates. 1

The 3456 sensing elements of the CCD151 provide 400-line
per inch resolution across an 81 inch page which is double
the international facsimile standard and satisfactory for
many copier applications.

The photoslement slze is 7um (0.28 mils) by 7,.m (0.28 mils)
on 7um (0.28 mils) centers. The device is manufactured
using Fairchild Weston advanced charge-coupled device
n-channel isoplanar buried-channel technology.

PIN CONNECTION DIAGRAM
PIN NAMES DESCRIPTION {TOP VIEW)
Veg Phoiogate 1 28 ¥
Dxa Pxp Transfer Clocks e 2 27 vss
Drar Poa Transport Clocks “n s
®1p, P28 Voo 3 26 fm
Voa Qutput Gate Vop 4 3B v,
Vour Video Output Terminal NC 5 24 vy,
Voo Qutput Amplifier Drain 8 23y
Va1 Output Amplifier Bias 1 NC &
Veo Output Amplifier Bias 2 N7 2 v
?n Reset Clock S B 21 gy,
PsH Sample-and-Hold-Clock & 9 20 ¢,
Vsa Signal Ground Y 19
Vgg Substrate (Ground) Pua Pxa
NC No Connection w3 1 18 TP
TP1, TP2 Test Points T™Re 12 17 TP2
TP3, TP4 Perioheral Di v, 13 1% Vg
Veo eripheral Diode Ve 14 15 v
Fairchlid Weston Systemns, Inc. GCD Imaging Dlvlalo'r: © 1088 Fairchild Weston Printsd in U.S.4. T e
810 W. Maude Ave , Sunnyvale, Callfornia 84058 Fairchild Weston reserves ihe right to make changes in

(408} 720-7600, TWX 810-373-2110 the cirgullry or specifications at any tims withaut notice
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BLOCK DIAGRAM

® 086

You on P Voo

Be8s ©

ANALOG TRANSPORT SHIFT REGISTER A

ANALOQ TRANSPORT SHIFT REGISTER B

FUNCTIONAL DESCRIPTION
The CCD151 consists of the following functional elements
illustrated in the Block Diagram:

image Sensor Elements — A row of 3456 image sensor
elements separated by a diffused channel stop and
covered by a silicon dioxide surface passivation layer.
Image photons pass through the transparent silicon dioxide
layer and are absorbad in the single crystal silicon creating
hole-electron pairs. The photon generated electrons are
accumulated in the photosites. The amount of charge
accumulated in each photosite is a linear function of the
in¢ident ilumination intenslty and the Integration period.
The output signal will vary in an analog manner from—

a thermally generated background lavel at zerg lllumination
to a maximum at saturation under bright ilumination.

Two Transfer Gates — Gate structures adjacent to the row
of image sensor elements. The charge packets accumulated
in the Image sensor elements are transferred out via the
transfer gates to the transport registers whenever the
transfer gate voltages go HIGH. Altemate charge packets
are transferred 10 the A and B transport registers.

Two Analog Transport Shift Registers — One on each side
of the ling of Image sensor elements and are separated
from it by a transfer gate. The two reglsters, calied the
transport registers, are used to move the light generated
charge packets delivered by the transfer gates serialy o
the charge detector/amplifier. The complimentary phase
relationship of the last elements of the two transport
registers provides for alternate delivery of charge packets
to establish the original serlal sequence of the line of videc
in the output circuit.

A Gated Charge Detector/Amplifier — Charge packets
are transported to a precharged diode whose potentlal
changes linearly in responsae to the quantity of the signal
charge dslivered. This potential is applied to the gate of the
output n-channel MOS transistor producing a signal at the
output Vor. A reset transistor is driven by the reset clock
(¢=) and recharges the charge detector diode capacitance
before the arrival of each new signal charge packet from
the transport registers.

Transport Clocks &, $3a, P @28 — The two sets of
2-phase waveforms appliad to the gates of the transport
registers to move the charge packets received from

the image sensor elements 1o the gated charge detector/
amplifier.

Sample-and-Hold Clock ¢, — The voltage waveform
applied to the sample-and-hold gate in the output amplifier
to create a continuous sampled video signal at the output.
The sample-and-hold feature may be defeated by connecting
Psu t0 Vpp.

Reset Clock ¢z — The voltage waveform required to reset
the voltage on the charge detector.

Dark Reference Circultry — Eight additional sensing
olements at both ends of the array are covered by opaque
metalization. They provide a dark (no lllumination) signal
refarence which is dellvered at both ends of the line of
video output representing the illuminated sensor elements
{labeled "D" in the Block Diagram). These reference levels
are ugseful as inputs to external dc restoration circuitry.

Persipheral Diode — Serves to reduce peripheral elaectron
noise In the inner shift registers.
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CCD151

DEFINITION OF TERMS

Pixel — A plcture element {photosite).

Transfer Clocks ¢y,, #x — The voltage waveforms applied
to the transter gates to move the accumutated charge from
the image senaor elements to the CCD transport registers.

Dark Reference — Video output level generated from
sensing elemenis covered with opaque metalization which
provides a reference voltage equivalent to device operation
in the dark. This permits use of external dc restoration
circuitry,

Isolation Cell — This is a site an-chip producing an
element in the video output that serves as a buffer between
valid video data and dark reference signals. The output
from an isolatlon cell contains no valid video information
and should be ignared.

RMS Noise Equivalant Exposura — Tha exposure level
that gives an output signal equal to the rms noise levet at
the output in the dark.

Saturation Exposure — The minimum exposure level that
will provide a saturation output signal. Exposure is equal to
the light intensity limes the photosite integration time.
Charge Transfar Eftficiency — Percentage of valid charge
information that is transferrad between each successive
stage of the transport registers,

Spectral Response Range — The spectral band in which
the responge per unit of radiant power ig more than 10% ot
the peak response.

Responsivity — The output signal voltage per unit
exposure for a specified spectral type of radiation.
Responsivity equals output voltage divided by exposure.

Total Photoresponse Non-uniformity — The ditference of
the response levels of the most and the least sensitive
elements under uniform illumination. Measurement of PRNU
excludes first and last elementa.

Dark Signal — The cutput signal in the dark caused by
thermally generated electrons that is a linear function of
the integration timae and highly sensitive to temperature.

Saturation Qutput Vottage — The maximum useable signal
output voltage. Charge transfer efficiency decreases
sharply when ihe saturation output voltage is exceeded.

Integration Time — The time interval between the failing
edges of any two transfar pulses ¢y, Or $yg aa shown In the
timing diagram. The integration time is the time between
transfers of signal charge from the photosites into the
tranaport registers.

TEST LOAD CONFIGURATION

CCD151

Vour

Ve,

CCD Sensors
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ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired)
Storage Temperature
Operating Temperature
Pins23,4,8910, 11,12 17, 18,19, 20,21, 22. 23, 25. 26, 27
Pin 16
Pins 13, 14,15, 28
Pins 1, 5, 8, 7 {See Caution Nate)
Pin 24 (See Caution Note)

CAUTIONNOTE:
o avoid shorting Vour, Vs, of Voo during operation of these devicea. Shorting thees pine even

Do nol connect anything to a pin marked NC. They may be intemally connectsd.

frATA MAX

1 P W e Y Srvaa 3 masasy

—25*C to +125°C
-25°C 1o +70°C
0.3V 1o 18V
-0.3V to 16V

ov

NC

Video Output

minimized. Care musi be taken
may destroy the oulput ampiifiers.
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£
AC CHARACTERISTICS: T, =257 C, 1,,= 1.0MHz, 1, = 4mp, Light Bource = 2854° K + 2.0mm thick Schott BG-38 and OCLI WBHM z
Eters.* All operaling voliages nominal specified values. (Note 1) All tests done using “Test Load Configuration.” -
_— -
L~ ]
T =
Dynamic Range 3
(relative 1o rms noiss) 2500:1
(relative to peak-to-peak naolse) 500:1
NEE RMS Nolse
Equivatent Exposure 0001 Mdfeme
SE Saturation Exposure 360 wJ/ecm?
CTE Charge Transter Efficiency 99999
A Qutput OC Lavel 55 v
4 Power Dissipation 75 mw
F4 Output Impedance 15 [{¢]
N Paak-to-Peak Noise 4 v

PERFORMANCE CHARACTERISTICS: T,=25°C, f,, = 1.0MMz, t_ = 4ms, Light Source=2054° K + 2.0mm thick Schott BG-38
and OCLI WBHM Riers.* All oparating voliages nominal specified values. (Note 1)

| CHARACTERISTICS dell]
PRNU** Photoresponse Non-uniformity
Peak-to-Peak 120 my
Peak-to-Paak without Single-Pixel 80 mv
Positive and Negative Pulses
Single-plxel Positive Pulses 70 mv
Single-pixel Negative Pulses 100 mv
Reglster iImbalance (*Odd” /“Even”) 20 my
DS Dark Signal
DC Component 5 2 mv
Low Frequency Component 5 mv
SPDSNU Single-pixel DS Non-uniformity 3 8 mv
R Responsivity 40 9 ‘f‘}jscf“",’
Vaxr Saturation Qutput Voltage 1800 3000 mv

"OCLI WBHM = Qptical Coating Laboratory, Inc Wids Band Hot Mirror

T*All PANU measurements sre taken at an 800mV output level using an /5.0 lena and exclude the outpuls from the firsi and last slements of the array. The “1"
number is dafined as the distance from lhe lens 1o the arruy divided by the diam-ster of the lans aparture. As the “f” numbar incraasss, the resulting more highly

"9'“ the poartecti to dominate and Increass PANU. A lower “f” number results in le3a collimated light causing device
-] i b to il & tne PANLU.

] e

-

binse
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| TYPICAL PERFORMANCE CURVES
| RELATIVE IRRADIANCE
TYPICAL SPECTRAL RESPONSE YERSUS WAVELENGTH
| - N5
I k=] /I
| = — LT [ -
K g AR
B / s
- \ ’
| +
| . ~ : /A
1, \ i/
|
| 1
. ! ~
| =00 o too 00 400 500 600 OO 000
WAELENGTH — nm
| WAVELENGTH {nm)
mm— TYPIGAL “DAYLIGHT FLUDREBCENT" BULE
e 854" K LIGHT BOURCE + WEBMM + 2.0 mm THICK BG-38
DC AND LOW-FREQUENCY
SINGLE-PIXEL DARK
DARK SIGNAL
SIGNAL NON-UNIFORMITIES
| %]
i
i L ¥ |
g
-
E
a8
ks — INTEGRATION TIAE — me tu = INTEGRATION TIIE — ms
MODULATION MODULATION TRANSFER
FUNCTIONS FOR NARROW BAND FUNCTIONS FOR TWO BROADBAND
LLUMINATION SOURCES ILLUMNATION SOURCES
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CCD151

| PACKAGE OUTLINE
28-Pin Dual In-line Ceramic Package

NOTES

All dimensions in inchea (bold) and millimeters (parentheses). Header is black ceramic (Al,O4). Window i glass. The ampilfier of the device is

locatad near the notched end of the packegs.

DEVICE CARE AND OPERATION

Glass may be cleaned by saturating a cotton swab in
alcohol and lightly wiping the surface. Rinse off the alcohol
with de-lonized water. Allow the glass to dry preferably by
blowing with filtered dry N; or air.

It is important to note in design and applications
conslderations that the devices are very senasltive to
thermal conditions. The dark signal DC and low frequency
components approximately double for every 5°C tempera-
ture increase and single-pixel dark signal non-uniformities
approximately double for avery 12°C temperature increase.
The devices may be cooled to achieve very long Integration
timas and very low light level capability.

ORDER INFORMATION

Order CCD151 DC where “D” siands for a ceramic package
and “C” for commercial temperature range.

Alao available separately is a printed circuit board that
includes all the neceasary clocks, logic drivers and video
amplifiers to operate the CCD151DC. The board is fully
assembled and tested and requires only one power aupply
for operation (+20V). The printed circult board order code
is: CCD15108B.

Devics Type

Description Order Code

CCDNS1 3456 x 1 Line Image Sensor CCD151DC
Design Development Board for CCDY51  CCDN51DB
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FAIRCHILD WESTON CCD153A “
512-Element High-Speed 18
CCD IMAGING DIVISION Linear Image Sensor =2
3
L |
FEATURES
B 512 » 1 photosite array
B 13:m * 13zm photosites on 13um pitch
u High speed: up to 20 MMz data rate
] speciral response
B Low dark signal
& High responslvity
B On-chip clock drivers
B Dynamic range typical: 5000:1
= Over 1V peak-10-peak outputs
B Dark snd white referonces contained in sample-and-held
outpuls
DESCRIPTION |
1 |
v
]
I
r 1534 (518 plxsla) arg
I ol counstn and capsacl-
1
1] e 13 um (0.57mils) on
E = are manutactined
] -ceneration charge-
L sificon-gata  burisdg-
r
. — e S o |
PIN CONNECTION DIAGRAM
PIN NAMES DESCRIPTION {TOP VIEW)
Vouty, VIDEQouT, 1 24 Voo
ﬁ:ek #5HGa 2 23 VIDEOouTy
ca
vco $SHea 3 22 #SHgg
\TTC Vco 4 21 ¢SHCB
Vel NC 5 20 NC
xﬁg NC &6 1 NC
X NC 7 18 VaDp
3;0 Voo B 17 v
$SHcp NC ] 16 Loy
33':#3 10 15 ¢x
B
Voo 1 14 Vea
12 13 Vss
1
#1988 Falrchilgd Weston  Printed in U.S.A.
::ém;lgmmfvg:nmn;vl:li gﬁg‘,lrr:?.plon.gouolvlllon. Falrchild Weston raservos the right to make changes In
408-720-7800, TWX 910-373-2110 the circuitry or specifications at any time without notice.



CCD153A

Fig. 1 BLOCK DIAGRAM

@

FUNCTIONAL DESCRIPTION

The CCD 153A consista of the following functional elements
illustrated in the Block Diagram and Circult Diagram (Fig. 1).

Photosites: A row of 512 image sensor elements separated by
a diffused channsl stop and covered by a silicon dioxide
surtace passivation layer. Image photons pass through the
transparent silicon creating hole-electron palrs. The photon
generated electrons are accumulated in the photosites, The
amount of charge accumulated in each photosite i3 a linear
function of the incident illumination intensity and the integra-
tion period. The output signal will vary in an analog manner
from a thermally generated background level at zero illumina-
tion to & maximum at saturation under bright illumination.

: The photogate structure, iocated atthe edge of the
photosltes, provides a bias voltage for the photosites.

Trensfer Gate: The transfer gate structure separates the outer
edge of the photogates from the analog shift registers,
Charge-packets generated and accumulated in the photosites
are transferred into the transport analog shift registers when-
ever the transfer gate voltage goes "High.” All odd-numbered
charge packets are transferred into the "A” transport analog
shift register; all even-numbered charge packets are trans-
terred into the "B transport analog shift register. The transfer
gate also controls the input of charge from Vg into the white
referance cells (described below) The time interval between
successive transfer pulses determines the integration time

Analog Shifi Registers: Four 273-element analog shift registers
transport charge towards the output end of the chip. The two
inner registars, tha transport registers, move the image-
generated charge packets serially to the two gated charge
detectors and amplifiers. The two outer shift registers, the
peripheral registers, accumulate charge generated at the chip
periphery (by photons passing through unavoidable gaps in
the light shield layer, at¢ ) and transport itto charge sinks The
primary shift register clock is ¢7. The complementary phase
relationship of the secondary shift register clocks &t and o)
generated on-chip, provide alternate delivery of charga pack-
ets from "A" and “B" shift registers to their amplifiers 30 that

100

®

#sHaa

IDEQOUT,

Voo #8Hc, d5Heg Yoo

e e &

the original serial sequential string of video information may
be easily demultiplexed oti-chip

Gated Charge Detaclors & Reset Gates: Each transport
analog shift register delivers charge packets to a precharged
diode. Tha change in diode potential is linearly proportional to
the amount of charge delivered in the charge packet. This
potential is applied 1o the input gate of a MOS transistor
amplifier (see below), which linearly amplities the input
potential. The diode is reset to the reset drain bias voltage
(Vap) by the raset gate structure. Reset occurs when both the
internal reset clocks (#T on the “A" side, #7 on the “B” side) are
“High." Each side is resat just before the next charge packetis
delivered from its respective iransport analog shift register

Output Amplifiers and Sample-and-Hold Gates: Each sides’
gated charge integrator drives the input of a two-stage linear
MOS-transistor amplifier. A schematic diagram of this circuit
is shown in Figure 9 below The two stages of each amplifier
are separated by sample-and-hold gates. The output of the
tirst stage Is connected to the input of the second stage
whenever the samplg-and-hold gate is “High " The output of
the secand stage is connacted to the VIDEOguT pin. The
sample-and-hold gates are switching MOS transistors: clock-
ing these gates results in a sampled-and-held output, thus
eliminating the reset clock feedthrough. When on-chip
sample-and-hold is used, pin 2 is to be tied to pin 3 and pin 21
is to be tied to pin 22. Of-chip sample-and-hold pulses can be
supplied through pins 2 and 22. The sample-and-hold opar-
ation can be disabled by tying pins 2and 22 to Voo. Whenever
on-chip sample-and-hold is not used, pins 3and 21 should be
left unconnected.

Clock Driver Circuits: Two MOSFET clock-driver circuits on-
chip allow sample-and-held operation of the CCD153A with
only two externally-supplied clocks: the square-wave primary
shift register transport clock ¢, which determines the output
data rate, and the transfer clock ¢y, which determines the
integration time.

Dark and White Reference Cells and Clrculiry: At each end of
the 5i2-photosite array there are four additional sensing
eloments covered by opaque metallization. These “Dark
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Flg. 2 TEST LOAD CONFIGURATION

VIDEOGUT A

DEFINITION OF TERMS

Charge-Coupled Davics— A charge-coupled device is & semi-
conductor device in which finite isolated charge-packets are
transported from one position in the semiconductor to an
adjacent position by sequentlal clocking of an array of gates.
The charge-packets are minority carriers with respect to the
semiconductor substrate.

Traneter Clock #x—The transfer clock Is the voltage waveform
applied to the tranafer gate to move the accumulated charge
trom the Image sensor elements to the CCD transport shift
registers.

Transport Clock #1—The transport clock Is the clock applied
to the gates of the CCD tranaport shift registers to move the
charge-packets received from the image sensor elements to
the gated chaergea-detector/amplifiers.

Sample-and-Hold Clock daiia, $sHa) — The voltage wavetorm
applied to the sample-and-hold gates in the output amplifiers
to create a continuous samplad video signal at the output. The
sample-and-hold featurs may be defeated by connecting
PSHiaag to Von.

Isolation CeNl— A site on-chip producing an element In the
video output that serves as a butter between valid video data
and dark reference signals. The output from an isolation cell
containe no valid information and should be ignored.

Dynamic Range— The saturation exposure dividad by the rms
temporal nolse equivalent exposure. Dynamic range is some-
times defined in terms of peak-to-peak noise. To compare the
two definitlons a factor of four to six is generally appropriate In
that peak-to-paak noise Is approximately equal to four to six
times rms noise.

AMS Nokee The exposure level that
gives an output signal equal to the rma noise lavet at the output
i the dark.

101

Saturation Exposure— The minimum exposure level that wilt
provide a saturation output signal. Exposure is equal to the
light intensity times the photosite Integration time.

Charge Treneter Efficiency— Percentage ot vaiid charge infor-
mation that Is fransferred between each successive stage of
the transport registers.

Responaivity— The output signal voltage per unit exposure for
& specified spectral type of radiation. Responsivity squals
output voltage divided by exposure,

Total Non-unormity—The difference of the
response leveis of the most and the least sensitive slement
under uniform illumination. Measurement of PRNU sxcludea
first and last elements.

Dark Signal—The output signal in the dark caused by
thermally generatad electrons that is a tinear function of the
integration time and highly sensitive to temperature, (See
accompanying photos for details of definition.)

Saturation Output Voltage—The maximum useable signal
output voltage. Charge transfer efficlency decreases sharply
when the saturation output voltage is axceeded.

Integration Time— The time Interva! between the faling edge
of any two successive transfer pulses {¢x). The intogration
time is the time allowed for the photosites to coliect charge.

Pixel—A picture element (photosite).

PHOTOELEMENT DIMENSIONS

All dimensions are typical veluss.

CCD Senseors



CCD153A

ABSOLUTE MAXIMUM RATINGS (Abave which useful life may be impaired)
Storage Temperature
Operating Temperature (See Curves)
CCD153A Pins 2, 3, 4, 8, 11, 12, 14, 15,16, 17, 18, 21, 22, 24
Pin 13
Ping 5,8, 7,8, 10,19, 20
Pins 1, 23

CAUTION NOTE: These devices have limited built-in gate protection, [t is recorr dthat atatic dl ge ba controlied and minimzed. Cars muet ba taken
1o avold shorting pine Voyr ASB to Vss of Voo dufing openition of thass déervices. Shorting these pine temporarily to Vgs or Vop may destroy the output
amplifiers.

Vco Clock Driver Drain Supply Voltage 135
o Clock Driver Drain Supply Current
135

85
DC Electrode Bias Voitage 55
Electrical Input Bias Voltage
Vss Substrate 1Ground)
VRo Reset Drain Supply

VebxL
. 03
VoTL

VxH.
V¢'| e

foata max  Maximum Output Data Rate 12

Transfer & Transport Clock HIGH

NOTES:
1 Tp ks defined a3 the p o p X red on & copper block In good thermal contact with the erttire backside of the packege.
2 ALL Vgg pina must be grounded. All NC pirs muost be kit unconnected_
3 Vpp pins may be connectad 10 Vep and/or Vap ping
4. Vy =0.55 ¢x rian = 0.55 &7 HiGH
% Vg is used 1o genemta the white reference output These two signals can be sllminated by connecting Ve to Vop.
6. Nepative transients on any clock pin going below 0 0 volts may causa charge Injection, which results in an Increase in apperent DS.
T C ¢v=180pF; C #x = 50 pF.
All clock rise and fail times should be > 30ns.
& The minimum clock frequency is limited by increasss in dark signal
9. foata =2 (1 1)
10. OCLI WBHM = Optical Coating Laboratory, Inc. Wide Bant Hot Mirror.
11 CTE Is the measurement for m one-stage transter.
12 See photographs lor PANU definitions,
14 Video mismatch i the difference in ac amplitudes between Vour a and Vgyr a undsr uniform by attenuation/amplification
of one of the video outputs.
14. DC mismatch ls the differsnce in dc output level Vo between Vour a and VouT &
15 Ses photographs for dark signai definitions.
16. Dark signal eomponent approximately doublos tor every 5-10°C in Tp,
17. Each SPDSNU ls messured from the DS level adjacent to the base of the SPDSNU. The SPDSNU approximatsly doubles for every 5-18 °C in Tp.
18 Vap voltages in the lowsr mnge Improves amplifier linearity.
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|

|  AC CHARACTERTISTICS: (Note 1)

Tp = 26°C, fpurs = 5.0 MHZ, tiy, = 10 ms, Light Source* = 2854°K + 2,0 mm thick

Schott BG-38 and OCLI WBHM filters.

All operating voltages nominal specified values, Al tests done using “Test Load Configuration.”

Cynamic Range i relative to
peak-to-paak noise)
(relative to rms noise)

0.0000¢
0.67 pifcm2
0.99999
|
| -
1.5
100 -
1.5 e
. OCLI WBHM = Optical Coating Laboratory, Inc. Wide Band Hot Mirrar =
w  PANU measwements include bath register outputs but exciude the outputs Irom the first and last elsments of the array Also excluded from the
measuremant ara video and dc mismatch.
All PRNU measuremants are taken at & 800 m¥ outpul isvel using an /5.0 lens,
The " number |s dofIned as the distance from the lens to the array divided by the dlameter of the lena aperture. As the “I* number ingreases, the resulting
more highly collimated light causss the package window imperfactions to dominate and increase PRNU. A lower “I" number results In less collimated light
ing devics photosite biemishes to gominate the PRNU.
= ==
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CCD153A

Fig. 3 TEST LOAD CONFIGURATION

i

WGNAL DUTRUT

TYPICAL PERFORMANCE CURVES

MODULATION TRANSFER

FUNCTIONS FOA TWO BROADBAND

ILLUMINATION BOURCES
BPATIAL FRECUENGT — Cycies/mm

OUTPUT SIGNAL LEVEL
VERSUS INTEGRATION TiME
2254°K TUNGSTEN 3SOURCE

WITH BG-38 AND WBHM FILTERS

MODULATION TRANSFER
FUNCTIONS FOR NARROW BAND
ILLUMINATION SOURCES

SPATUAL PRECUENCY — Cycles/em

SINGLE-PIXEL DARK
BIGNAL NON-UNIFORMITIES
VERSUS INTEQRATION TIME

s TYPICAL “DAYLIGHT FLUDRESCENT BULS
— e e J854° K LIGHT BOURCE +WBHM + 2 0 mm THICK BG-38
—— 2984°K LIGHT SOURCE + 3.0 mm THICK 1-75

104




CCD153A

rFlg. 4 PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRNU)

tint

{teansport

e
—
=
]
=
=
£
=
[ & ]
L=

Zero Reterance
Levsl

= 800 mV Output
A Vollage

Zero Reference
Level

= 800 m¥ Output
B Voliage

Peak-to-Peak
Without
Single-Pixel
Positive and
Negative
Rises

TEST CONDITIONS

Te = +25°C. Ipata =125 MHz, bt = 10 ms Al voltages nominal apecified values. Light
source = 2854° K tungsten + 20 mm thick Schott 8G-38 and OCLI WBHM filters PRNU
massurements taken at an output voltage of =~ 800 mV. Qutput fed through § MHz low
pads lilter.

|
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|_' Fig. 5 PHOTORESPONSE NON-UNIFORMITY PARAMETERS (PRNU)

20 mv "

X

z,.-|<-|

TEST CONDITIONS

pass filter

Fig. 8 DARK SIGNAL PARAMETERS (DS)

Sample-and-Hold
Clock Coupling

TEST CONDITIONS

through 5 MHz low pasa filter.

106

Single-Pixel
Nagative
Pulss Amphl-
tude = 72 mV

Single-Pixel
Positive
Pulse Ampll-
tude = 42 mV

Te = +25°C, lpata = 50 MHz, tinn = 10 ms Al voltages nominal specified values. Light
wurce = 2834°K tungsten +2 0 mm thick Schott BG-38 and OCLI WBHM filters. PRNU
megsurements laken al an output voltage of =~ B0 mV Qutput fed through 5 MHz low

Average of
Adjacent
Pixel
Outputs

—

3

- Single

Pixel

Dark Signal
Non-Unlformity
{SPDNU)
Amplilude = 18 mV

Tp=+25°C, 1oa7A =5 MHZ, tim = 1.0 ms Al voltages nominal specitied values, Output fod
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Fig. 8 DARK SIGNAL PARAMETERS (D8)

\q——ﬁm

tiransport me—pe] I‘—

CCD Sensors

Zero Reference

Eml

TEST CONDITIONS
Te = +25°C, fpara =1.26 MHZ, tm = 1.0 ma. All voltages nominal specified values.
fed through 5 MHe [ow pasa fiter.
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Fig. T VIDEO OUTPUT TIMING PHOTOGRAPHS

Dark Referencs
— Signai
— taolation
Zero Ralerence Celis
Level A (= 0.0 Vdc)
Video Output Level A
Zero Reference

Level B {~ 3,0 vdc)

— Video Qutpul Level B

”.l.__l

Start of One Scan Vides Quipui

Zero Reference
A (= 8.0 Vde)

Isplation Cellsme——

Dark Rel Signal
Zero Referonce
Isolation B (= 8.0vdc
Calls

= Whiie Reference Signal

ol

TEST CONDITIONS

Tp = +28°C, IpaTA = 5 MHzZ, Ut = 1.0 ma, All voltages nominal speciiled values. Light
sourcs = 2854 K tungsten with 2.0 mm thick Schort BG-38 and OCLI WBHM fitters Output
ted through 5 MHZ low pass liter.

End of One Scan Video Output

108

I

L




CCD153A

I

Fig. 8 TIMING DIAGRAM

CCD Sensors
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CCD153A

DEVICE CARE AND OPERATION

Glass may be cleaned by saturating a cotton swab in aicohol
and lightly wiping the surface. Rinse off the alcohol with
daionized waler Allmw tha nioee kA An: nrafarahbi bo kiacine

with filtered dry

Fig.9 OUTPUT AMPLIFIER SCHEMATIC

& Vo $3HaA

It is important
ations that the de
The dark signal

mately doublefc TR

pixel dark signa
every 8°C temp
to achieve very I
capability.

ORDER INFORI

Order CCD153A
and “C" for com

Also available ai nuty

necessary clock:

the CCD153A. Tl

require only on =
printed circuit

CCD153A, 1434 - v _—

printed circuit b bl

are to be placex _ -
printed circuit b NOTE: g1 AND ¢7 ARE INTERNALLY GENERATED RESET CLOCKS.

All dimensions in Inches (bold) and millimeters (pareniheses). Header ts black ceramlic
[A209). Window Is plass. Tha amplifisr of the davice Is located near the nolchad and of
the package
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FAJRCHILD WESTON

PRELIMINARY

CCD181

CCD IMAGING DIVISION

Variable-Element High-Speed

Linear Image Sensor

FEATURES
m 2502 x 1 photosite array
8 10um x 10.m photosites on 10.m pilich

1024 slements
® Enhanced speciral response (particularty in the blue
)

region
8 Excellent low-light-level performance
8 Low dark signal

salaction avallable — consult factory

PIN NAME
Vs

DESCRIPTION
Amplifier Signal Ground

VouT, Qutput Amplifier A Source

PSH, Sample and Hoid Gate A

DR, Reset Gate A

VRD,, Reset Drain A

VBIAS, Output Ampiifier A Bias

VoG, Qutput Gate A

bx Transfer Clock

$2a. $2p Transport Clocks

D1 dig Transport Clocks

$ic Integration Control Clock

Ve Photogate

V728 1728 Activa Pixels Switch

Vss Substrate Ground

Ve 1024 Active Pixels Switch

Vaous 2048 Active Pixels Switch

VsINK Anti-Blooming Gontrol Sink

Voag Cutput Gate B

Vaiasg Amplifier B Bias

VRog Output Amplifier B Bias

WB Reset Gate B

#SHg Sample and Hold Gate B

Voutg Qutput Amplifier B Source

Voo Qutput Ampilifier Drain
Fairchild Systams, Inc. CCD Imaging Division

B10 W. Maude Ave.. Sunnyvale, Callfornla 94088
{408) 720-7600, TWX 810-373-2110
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PIN CONNECTION DIAGRAM
(TOP VIEW)
Vsa 1 o] 88
Vour, 2 2 D
dEHy 2 2 Ty
$Ry 4 ] 3Mp
VRO, 5 2 B
Vs, 8 n iDg
Yog, 7 22 BIASR
o 8 21 JGg
28 8 20 's
L1y 10 10 I
iC n 18 3INK
Vea 12 17 1048
Virzs 13 1 1024
Vss 14 15 38

=1988 Fairch(id Weston Printed In U S A
Fairchlid Weston rasarves the right to make changes in
the circultry or specifications at any time without notice
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PRELIMINARY

GENERAL DESCRIPTION

The CCD181is a 2592-alement line image sensor designed for
industrial measurement, telecine, and document scanning
applications which require high resolution, high sensitivity
and high data rate The incorporation of on-chip blooming
and exposure controls allow the CCD181 to be extremely
useful in an industrial measurement and contro) environment
or environments where lighting conditions are difficult to
contral,

The CCD1#1 is equipped with special gates which allow the
user to select 4 sffective array lengths:

2692 elements: 300-lines/inch across 8.5 inch wide document
2048 elements: 240-lines/inch across 8.5 inch wide document
1728 elernents: 200-lines/inch across 8.5inch wide document
1024 elements: 120-lines/inch

The CCD181 is a third generation device having an overall
improved performance compared with first and second gen-
eration devices, including enhanced blue response, excellent
low light level parformance, and high-speed operation up to
18 MHz.

The photoelement size is 10xm (0.39 mils) x 10um (0.39 milg)
on 10um {0.39 mils) centers The device is manufactured
using Fairchild Weston advanced charge-coupled device n-
channel isoplanar buried-channel technology.

FUNCTIONAL DESCRIPTION

The CCD181 consists of the following functional elements
Hlustrated in the block diagram and circuit diagram (see Fig
1A).

Photosites — A row of 2592 image sensor elements separated
by a diffused channel stop and covered by a silicon dioxide
surface passivation layer. image photons pass through the
transparent silicon creating hole-electron pairs. The photon
generated electrons are accumulated in the photosites. The
amount of charge accumulated in each photosite is a linear
function of the incident illumination intensity and the integra-
tion period. The output signal will vary in an analog manner
from a thermally generated background level at zero jllumina-
tion to a maximum at saturation under bright illumination.

CCD181

Two Transfer Gates — Gate structures adjacent to the row of
image sensor elements. The charge packets accumulated in
the photosites are transferred in paralle! via the transfer gates
{#x) to the transport shift registers whenever the transfer gate
voltages go high. Alternate charge packets are transferred to
the A and B transport registers

Two Anaiog Transport Shifi Registers — The transport shift
registers are used to move the light generated charge packets
delivered by the transfer gates (1A, 1B, $2A, $2B) serially to
the charge detector/amplitier The compiementary phase
relationship of the last elements of the two transport registers
provides for alternate delivery of charge packets at the output
amplifiers.

A Gated Charge Detector/Amplifier — Charge packets ara
transported to a precharged capacitor whose potential
changes inearly in response to the quantity of the signal
charge delivered. This potential is applied to the input gate of
the two-stage NMOS amplifiers producing a signal at the
oulput "Vout" pin Before each charge packet is sensed, a
reset clock (¢RA, ¢RB) recharges the input node capacitorto
a fixed voltage (VRpa, VRpa)

Integration and Antl-Blooming Controls — In many appli-
cations the dynamic range in parts of the image is larger than
the dynamic range of the CCD, which may cause more
electrons to be generated in the pholosite area than can be
stored in the CCD shift register. This is particularly common in
industrlal inspection and satellite applications. The excess
electrons generated by bright illumination tend to “bloom” or
“spill over” to neighboring pixels along the shift register, thus
“smearing” the information. This smearing can be sliminated
using two methods:

Anti-8looming Opersation:

A DC voltage applied to the integration control gate {approxi-
mately 5 to 7 volts) will cause excess charge generated in the
photosites to be diverted to the anti-blooming sink (Vsink)
instead of to the shift registers. This acts as a “clipping circuit”
for the CCD output (see Fig. 2). See also page 238 for further
details

Yoa,  9AA VRO, dsH, Vmas,
¥oon e Vnog #sHy
8 8
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CCD161 PRELIMINARY

=
Fig. 18 CIRCUIT DIAGRAM NEAR PIXEL #1024 Vioze
{Switch)

A Side To A Side
Shift Register Amplifier

PG
Vsink

Photosite Array

Vsink
PG

L1
X

B Side To B Side
Shitt Register Amplifier

V1024
(Swilch)

p—
Fig.2 MAXIMUM QUTPUT VOLTAGE vs. ¢:c Voltage

Maximum
Output
Voltage

=5 to 7 volts
¢ic Voltage (Voits-DC or ¢ic -Clock-Low-Voltage)

R e e e ——— SR
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PRELIMINARY

Flg.3 INTEGRATION-CONTROL TIMING DIAGRAM

T 11> han of $x.

Iniegration Control Operation:

Variable integration times which are less than the CCD

The integration-control and anti-blooming features can be
impismentad simultaneously. This Is done by setting the gic
clack-low lavel to approximately 510 7 volts. {See application
note on page 238 for further discussion).

DEFINITION OF TERMS

Charge-Coupled Device — A charge-coupled device is a
semiconductor device in which finite isolated charge packets
are transported from one position in the semiconductor to an
adjacent position by sequential clocking of an array of gates.
The charge packets are minority carriers with respect to the
semiconductor substrate.

Sample-and-Hold Clock {¢sHa, ¢sHB) — The voltage wave-
form applied to the sample-and-hoid gates in the output
amplitiers to create a continucus sampled video signal at the
output. The sampie-and-hold feature may be defeated by
connecting psna and $sHs to Vop.

Dark Reterence — Vidao output lsvel generated from sensing
elements covared with opaque metalization which provides a
reference voltage equivalent to device operation in the dark,
This permits use of external DC restoration circuitry.

Isolation Cell — This is a site on-chip producing an element in
the video ocutput that serves as a buller hetween valid video
data and dark reference signals. The output from an isolation
cell contains no valid information and should be ignored.

Dynamic Range — The saluration exposure divided by the
RMS temporal noise equivalent exposure. Dynamic range is
sometimes defined in terms of peak-to-peak noise. To com-
pare the two definitions a factor of four to six is generally
appropriate in that peak-to-peak noise is approximately equal
to four to six times RMS noise.

ccD181

2l

(Nots 4)

N r———

114

© the shift registers during ¢x clock-high period. Photosite charge > Qgar
ized.

7Vsa(-2V). ‘
10,010 07 volts and ¢ac clock-high = same range as 4, clock-high

RMS Nolse Equivalent Exposure — The exposure level that
gives an output signal equal to the RMS noise level at the
output in the dark,

Saturation Exposure — The minimum exposure level that will
provide a saturation output signal. Exposure is equal to the
light intensity times the photosite integration time.

Charge Transfer EtMiclency — Percentage of valid charge
information that is transferred between each successive stage
of the transport registars.

Responsivity — The output signal voltage per unit exposure
for a specilied spectral type of radiation. Responsivity equals
output voitage divided by exposure.

Tolal Non-Unitormity — The difference of the
response levels of the most and the least sensitive element
under unitorm illumination. Measurement of PRNU exctudes
first and last elements,

Dark Signal — The output signal in the dark caused by
thermally generated electrons that is a linear function of the
integration time and is highly sensitive to temperature.

Ssiuration Output Voltage — The maximum useable signal
output voltage. Charge transfer etficiency decreases sharpty
when the saturation output voltage is exceeded.

Intagration Time — The time interval between the faliing edge
of the integration clock and the falling edge of the transfer
clock. The integration time in which charge is accumulated in
the pholosites.

Exposure Time — The time interval between the talling edge
of the two transfer pulses (¢X) as shown in the timing diagram.
The exposure time is the time betwesn transfers of signal
charge from the photosites into the transport registers.

Pixel — A picture element (photosite).




CCD181 PRELIMINARY
=
l_ Fig. 4 PHOTOELEMENT DIMENSIONS TEST LOAD CONFIGURATION
wy
]
% ABSOLUTE which usstul life
Storage Temperature -25°C to +125°C
Operating Temperature -25*Cto +70°C
CCD 181: Pins 3, 4,5, 6,7, 8,9,10, 11, 12, 13, 18, ~-0.3V to +18v
17, 18,18, 20, 21, 22, 23, 24, 25, 27
Pin1 ov
Ping 14, 15, 28 -3.0V o OV
Pins 2, 26 See Caution Note
CAUTION NOTE:
These devices have llmlled built-In gate protection. # la racommended that static dischargs be controlled and minimized, Care must be taken to avoid
shorting pina Vayr a+ 10 V58 Of VDo during operation of the devices. Shorting thase pins temporarily to Vgs or Vpp may destroy the output amplifiers,
DC CHARACTERISTICS: Tp =25°C (Note 1)
SYMBOL CHARACTERISTIC RANGE UNIT CONDITION
MIN TYP MAX
Voo Output Amplifier Drain Supply Voltage 13.5 14.0 145 v
VRO (A4+8) Output Reset Drain Supply Voltages 135 14.0 145 v
Vo Ant-Blooming Sink Voltage 135 140 145 v
Vra Phatogate Bias Voitage 5.5 6.0 66 v
VoG (a+8) Output Gate Bias Voltages 5.5 6.0 6.5 v
VBIas (ae8) Amplifier Bias Voltages 25 3.0 3.6 v
Vsa Amplifier Signal Ground 0.0 03 05 v
Vss Substrate Ground -3.0 -20 -1.0 v Note 2
lop Qutput Ampilifier Draln Supply Current 80 10.0 15.0 mA
]
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PRELIMINARY

CLOCK CHARACTERISTICS: Tp =25°C (Nots 1)

SYMBOL

VX HIGH
V1 HIGH (A+B)
V2 HIGH (A+B)

V@R HIGH (A+8)
VdsH HIGH (A+8)
Vibroe4 HIGH
Venrze HiGH
Vrtus HIGH
V&Ic HIGH

Vésc Low

Véx Low

Vén LOW (A+8)
Vdz LOW (a+8)
VR LOW (A+B)
VdsH LOW (A+8)
Veroes LOW
Venrze Low

Vioous LOW

famta Max

CHARACTERISTIC

Tranater Clock HIGH
Tranaport Clock HIGH

Reset Clock HIGH

Sample/Hold Clock HIGH

Select 1024 Elements Clock HIGH
Select 1728 Elements Clock HIGH
Select 2048 Elements Clock HIGH
Integration Control Clock HIGH
Integration Control Clock LOW
Transfer Clock LOW

Transport Clock LOW

Transport Clock LOW

Reset Clock LOW

Sample/Hold Clock LOW

Select 1024 Elements Clock LOW
Selact 1728 Elements Clock LOW
Select 2048 Elements Clock LOW
Maximum Output Data Rate

CccCD18t
RANGE

MIN TYP MAX
11.0 "5 120
85 10.0 10.5
1.0 11.5 120
1.0 1.5 120
85 100 105
925 10.0 105
8.5 100 105

10.0

8.0
0.0 03 a7
0o 0.3 Q.7
0.0 03 0.7
00 0.3 07
0.0 03 07
0.0 03 07
0.0 03 Qa7
0.0 23 07

100 200

UNIT CONDITIONS

Note 3
Nota 3

<

Note 3
Note 3
Note 3
Note 3
Note 2
Note 3
Note 2, 3
MNote 2, 3
Note 2, 3
Note 2, 3
Note 2, 3
Note 2, 3
Note 2, 3,5
Note 23,5
Note 2,3, 5
Note 6

€ € £ £ € £ € € € & € € € < <

4
3

]

AC CHARACTERTISTICS:Tp =25°C, (Note 1,7), 1y, = 3.0MHzZ, tiy =1 0ms, Light Source=2854° K +2.0mm thick Schott BG-38 and OCLI
WBHM Filters {Note 4;. All tests done using “Test Load Configuration.”

SYMBOL

DR

NEE

SE

Vo

CHARACTERISTIC

Dynamic Range
(relative 1o peak-to-peak noise)
(relative to rms noise)

RMS Noisa
Equivalent Expoaurs

Saturation Exposure
Charge Transfer Efficiency
Qutput DC Lavel

Qutput Impedance

Cn-Chip Power Dissipation:
Ampltfiers

Peak-to-Peak Temporal Noiss

RANGE

MIN TYP MAX

1500:1
7500:1

50 x 1078

03
.80806
4.0 8.6 11

139 200
0.7
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UNIT CONDITIONS

wlicm2
wliem2
Nota 8

K

mw

mv




PERFORMANCE CHARACTERIBTICS:

Photoresponse Non-uniformity
Peak-to-Peak

Peak-to-Peak without single pixel and
Positive and Negalive Pulses

Single-pixel Pogitive Pulses
Singte-pixel Negative Pulses
Video Mismatch
OC Mismaich
Dark Signai;
DC Component
Low Frequency Component
Single Pixel DS Non-Uniformity
Hesponsivity
Saturation Output voltage

NOTES:

© mes

L

CcCD181

MIN

g 8

40
o7 10

MAX

120

150
20

20

to @ more negalive voltage than the clock low vollages will reduce charge injection, il present.
Cex = 150pF, Cobec = 250pF, Cora = Conn = Ceboa = Cobzp = J00pF
Cona = Conp = Copsha = Cooane = 5pF, Vioza = Vizea = Vooue = 5pF
QOCLI WBHM = Optical Coating Labhoratory, Inc. Wide Band Hot Mirror,

Pixgl Length Selection
(a) To use the device with 2582 active pixel elements.

Connect Vygas, Vazze, &nd Vaoas 10 the g2 (A or B clock

(b} To usa the davice with 2048 aclive pixel elaments:
Connecl Vigaa, Virze to the o2 (A or B) clock.
Connecl Vagus 10 Vgg

(€] To use the device wih 1728 active pixel alaments:
Connect Vigs and Vaoss 10 the ¢z (A o1 B) clotk
Connect Vizzg to Vgg

{d} To use the device with 1024 active pixel elements;
Connect Vizgg and Vapss to the ¢z (A or B) clock
Connect Vigza to Yss

117

UNIT

mv
my

mv
mv
my

mV
mV
my
Vgdfom
v

PRELIMINARY

Tp =25 (Note 1, 71, fama = 3 OMHZ, tint = 1 Oms, Light Source = 2854°K + 2 Omm thick Schott
BG-38 and OCLI WBHM filters (Note 4).

CONDITION

Note 9
Nate 10
Notes 11, 12

Note 12

* AJIPRNU measuraments are taken at an B00 mvolt output level using an 1/5.0 lens and exclude the output from the first and |ast alemanta of the
Array. The “f” number is defined a8 the distance from the lens |o the array divided by the dismater of the lens apsrature Asthe “” number increases,
the requiting mars highty collimated light causes the packags window imperfections 1o dominate and increase PRNU. A lower*1” number resuity in
leas collimated light causing devtes photosite biemishes to dominete the PANU.

. Tepia d_efined as the package temparature measurad on a copper bloack in goaod thermal contact with the entiva backsude of the package.
. Negative translenls on any clock pin golng below 0.0 volts may cause charge injection, which resulis in an increase in apparent DS Adjusling Vss

wt A and Vaut B under uniform illumination. it ¢an ba eliminated by

and Voyut B
nTp

ol the SPDSNU Tha SPDSNU approximalley doubles tor every 510 15°C
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—
=
v
=
-
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PRELIMINARY cCDis1

I __—1
TYPICAL PERFORMANCE CURVES '
MODULATION TRANSFER MODULATION TRANSFER
FUNCTIONS FOR NARROW BAND
FUNCTIONS FOR TWO BROADBAND ILLUMINATION SOURCES
ILLUMINATION SOURCES
SPATIAL FREQUENCY = Cyclas/mm
BPATIAL FREQUENCY — Cycles/mm 0 00 200 00 00 50
0 7.7 164 F=3 1 N8 s z
3
S
Z oe
™
E
g
E [ X}
H
g
§ 0.4
2
g 02
1
=
a
[.X} [X ] [:X ] 1.0
1] 02 0.4 08 0.8 1.0
NORMALIZED SPATIAL FREQUENCY
SINGLE-PIXEL DARK ,
SIGNAL NON-UNIFORMITIES .
VERSUS INTEGRATION TIME
i
:
3
[
]
—— B
— THICK BG-38
— 75
DC AND LOW-FREQUENCY
DARK SIGNAL.VS INTEGRATION TIME
=
E
1
3
8
@ o
= E
- 3
o -
g 2
3 g
w o
§ &
g =
-
H
S00 800 70O SO 0O
WAVELENGTH - nm
——
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cCD181 PRELIMINARY

—— Vll
| .
PACKAGE OUTLINE -
28-Pin Dual In-line Ceramic Package -
=
[ 5]
o
. W 0.027 REF
R L
ll e —— . WINDOW
3 | = ]
! e ——— ARRAY
&= 1 e
—e . 200 REF. {32 77
- 1. 450 REF. (38 5]
(7 80)
0.053 TOP OF DIE
(1.35) TO TOP OF COVER
REF
i | BREERRRR {1.02)
o 0.020 TYP
{2.54) (0.51)
NOTES
All dimensions in inchas (b d mibi i [ i
etod noions i notched( ;‘}:);nmmpz ;::l;a (parenthesea) Header is black ceramic {Al;04). Window is glass. The ampiifier of the device is

DEVICE CARE AND OPERATION ORDER INFORMATION

Glugs may be cleansd by smiurmting nc Order CCD181DC where “D" stands for a ceramic package
and Tightly wiping the surface. Hinse and “C" for commercial temperature range.

du-lonlzed water, Allow the glassito dry

with fltared dry Mz or air

It is important 10 note in deakon and ag
e that the Sévices are very sengilne
The dark signal DC anvd low trecueancy
ek douhie o overy 5° Clemparpiul
placal dack slgnil nonsunilormittie ipp
diBry 127G ormperatule inereage. Thie
10 pehievl very long integration times o
cikpability
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Area Scan
CCD Sensors

The CCD222 Senes Area Scan Sensor are very high
performance devices intended for use in broadcast quality
camera systems and in the most demanding industrial and
scientific applications

122
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FAIRCHILD WESTON

CCD IMAGING DIVISION

FEATURES

B 185,440 sensing eloments on a single chip

® Avaliable horizontal resolution: 380 elernents perline

¥ Avallable vertical resolution: 488 lines

® No lag, no geometric distortion

u A gamma of unity

B High dynamic range — typically > 1,000:1 at 25°C
{excluding dark signal non-uniformity)

B Low light level capabllity, low noise equivalent
exXposUre

u Video data rates up 10 20 MHz, frame rates to 90 Hz

& Sample-and-hold video output

¥ Low power dissipation, solld-state rellabilty and
small slze

® Standard TV aspect ratio (4:3)

8 Satisfles NTSC resolution standards

® Two-phase register clocking

u Digitally-controlled readout

B Special sslections avallable — consult factory.

DESCRIPTION

The low noise performancs of the buried channal GCD
structure provides axcallant low-lightHeve! capabliities
when the sensor Is cooled; performance adequate for
most applications can be achieved with the sensor at

Falrchlio Weston Systema, Inc. CCD Imaging Division.
810 W. Maude Ave., Sunnyvale, California 84088
408-720-7600, TWX 910-373-2110

123

CCD 222
488X 380-Element
Area Image Sensor

H |

CCD222 488X380 Elerment Area Image Sensors are
also included in Fairchild Weston’s series of solid-
state telavision camera systems.

PIN NAMES
AB Anti-Blooming Blas (for Coiumn Ant-Biooming)
SF Floating-Gate Amplifier Source Bias
VIDEQe,;; Amplifier Qutput
#p Photogate Clock
Sy By Vortical Traneport Clocks
Puy g Horizontal Tranapon Clocks
Bias Electrode Clock
LY Reset Clack
g Sample-and-Hold Glock
Vap Reset Bias
Voo Quiput Ampiifier Drain Supply
v, Subatrate [GND}
TB’ Test Points
CCD222 CONNECTION DIAGRAM
(TOP VIEW)
';:H Nniuomwmnnm

€1084 Fairchild Weston  Printed In U.S.A.
Fairchlid Westorn ressrves tha right to make changes in
the clrcuitry or speciications at any time without notice.

ECO Sensers



CCD222

CCD222 BLOCK DIAGRAM

@ e
49%*m

FUNCTIONAL DESCRIPTION
The CCD222 consists of the functional elements illustrated
In the Block Clagram:

Image Sensing Elements

Image photons pass through a transparent polycrystalline
gllicon gate structure and are absorbed in the silicon
crystal structure creating hole-electron pairs. The resulting
photoelectrons are collected in the photosites during the
Integration period. The amount of charge accumulated in
each photosite Is a linear function of the localized incident
llumination Intensity and the integration period.

Vertical Transport Registers

The interline transfer architecture of the CCD222 provides
video informatlon in two sequential fields of 244 lines
each. At the end of an integration period, when the
photogate voltage ¢p Is lowered and the ¢, clock is
HIGH, charge packets from odd-numbered photosite rows
{1,3,5...487) are transferred to the vertical transport
registers to initiate an odd-field readout. Clocking ¢y
and ¢y, tranaports the charge packets up the vertical
transport registers where they are transferred line by line
into the horizontal output register. Atter readout of the
odd field, the @ voltage is again lowered and the ¢,
clock is HIGH causing transfer of charge packets from
even numbered photosite rows (2,4.6. . . 488) Into the
vertical reglsters, thereby initiating an even-fleld readout.

Horizontal Analog Transport Register
The horizontal transport reglster is a 385-element 2-phase
reglster that receives the charge packets from the vertical

v_@

L E ]
@

reglsters line by line. After each line of Information is
transferred from the vertical transport reglsters, it is moved
serially to the output amplifier by the complementary
horizontal clocks ¢, and ¢y,. A minimum of 385 hori-
zontal clock pulses are required to complete transfer of
one line of information past the floating-gate amplifier.

Reseottable Floating-Gate Amplitier

The charge packets from the horizontal tranaport register
are sensed by a floating-gate whoae potentlal changes
linearly with the quantity of signal charge. The floating-
gate is designed to be reset to the reset draln voltage
Vo by the reset clock, ¢y, after the completion of each
horizontal line readout.

The output signal from the floating-gate drives a voltage
amplification stage, is sampled and held under control of
the sample clock ¢g by a sampling transistor switch and
is buffered to the output terminal VIDEQ, r through

a larger MOS transistor. The resultant video output signal
is a sampled-and-held clock-controlled analog signal
representing the spatial distribution of the exposure level
at the senaor surface.

Samplad Video Output (See Timing Diagram)

The output waveform of the CCD222 |s shown in detall in
the Timing Diagram. Each frame (488 horizontal lines) is
delivered to the output In two saquential flelds of 244
horizontal lines each. Each horizontal line is 380 elements
long and is preceded by 4 pre-scan elements which
contain no video information, but are representative of
the dark current leveis in the horizontal register.
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CCD222

DEFINITIONS OF TERMS

Photogate Clock ¢, — The voltage waveform applied to
the photogate.

Vertical Transport Clocks ¢y, ¢ys — The clock signals
applied to the vertical transport registers.

Horizontal Transport Clocks ¢, ®,;, = The clock
signals applied to the horizontal transport register.

Resettable Floating-Gate Amplltler — The on-chip pre-
amplifier which develops & signal voitage linearly propor-
tional to the number of electrons contained in each
sensed charge packet. The floating gate is coupled to
the charge tranaport channel exclusively by electrostatic
fields for low-noise signal detection.

Raset Clock ¢y — The clock applled to the gate of the
reaat awitch to reset the voltage on the floating gate.

Sample-and-Hold Clock ¢ — The clock applied to the
sample-and-hold gate of the amplifler. (The sample-and-
hold feature can be disabled by connecting ¢4 to Vpp).

Dynamic Rangs — The ratic of the saturation output
voltage to the s noise in the dark. The peak-to-peak
random noise output of the device is 4-6 times the rms
nolse output.

Saturation Exposure — The minimum exposure level that
will produce a saturated cutput signal. Exposure Is equal
to the product of light intensity and the integratlon time.

[ PHOTOSITE DIMENSIONS

TYPICAL
PHOTOSITE

Spectral Response Range — The spectral band over
which the response per unit of radiant power ts more
than 10% of the peak response.

Responsivity — The output signal voltage per unit
exposure.

Photoresponse Shading Non-Uniformity — The differenc
of the response levels between the most and the ieast
sengitive regions under uniform iliumination {excluding
blemished alements) expreased as a percentage of the
average response. Shading is measured using the digital
equivalent of a low-pass filter with a cut-off frequency of
approximately 5 cycles per plcture width or picture height
in the video output line.

Dark Signal —— The output signal in the dark caused by
thermally generated electrons. Dark signal is a linear
tfunction of integratlon time and an exponential function of
chip temperature,

Saturation Output Voltage — The maximum useful output
signal amplitude.

Integration Time — In this device, the integration time is
squal to the frame perlod whan used In the standard
mode of operation.

Pixel — Picture slement or sensor element — atso called
photoelement or photosite.

VERTICAL
SCAN AXIS

HORIZONTAL BCAN AXIS

125
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cCD222

ABSOLUTE MAXIMUM RATINGS:

Caution Note

STORAGE TEMPERATURE  —100°C to +100°C

VOLTAGES:
Ping 3,4,5,68,7,20 —0.3V to +16V
Pins 2,8, 9, 10, 11, -10V to +15V
12, 13, 14, 17,
18, 19, 21, 22
Pin 1 Vg = OV
Pins 15, 16 NC

The devices do not have bullt4n gate protection i s crucial that static discharge be controlied and minimized. Care must be taken to avoid shorting pin

VIDEQ 1 to Vg or Vpp durl

ng operation ot the device

Dirty glass windows on devices causs increased photoresponse non-uniformity. Glass may be cleansd by saturating & cofton swab in alcohol and lightly

wiping the surface Rinse off

the alcohol with de-ionized water Allow the glass to dry, preferably by blowing with filtered dry Ny of air

DC OPERATING CONDITIONS AND CHARACTERISTICS: Devices are tested at nominal conditions except for Vg,

Symbol

TPE
TP3. TP,
ho

lSF

CLOCK CONDITIONS:

Symbol
VapL
VapH
VeeeL

which is adjusted for individual aensors.

Range
Parameter Min Nom Max Unit Remarks
DC Supply Voliage 120 15.0 16.0 v
Anti-Blooming Bias Voltage 12.0 v
Source of Floating-Gate Ampiifier 4.0 70 100 \' Note 1
Reset Drain Voltage 40 v
Test Point Vpo v
Test Points 0.0 v
Test Point 1.0 15.0 16.0 Note 10
DC Supply (V) Current mA
Current at Pin SF 50 nA

Devices are tested at clock conditions which resuit in optimized performance In Fairchiid
equipment. Clock voltages are within ranges shown.

Range
Parameter Min Nom Max Unit Remarks
Photogate Clock LOW -6.0 0.0 v Note 2,9
Photogate Clock HIGH 3.0 5.0 7.0 v Note 2
Bias Electrode of FGA Clock LOW -3.0 0.0 0.0 v
Bias Electrode of FGA Clock HIGH 0.0 50 7.0 v Note 1
Horlzontal Transport 50 0.0 0.0 v Note 3
Clock LOW
Horizontal Transport 50 100 12.0 v Note 1,3
Clock HIGH
Vertical Transport -6.0 0.0 0.0 v Note 2, 9
Clock LOW
Vertical Transport 5.0 7.0 12.0 v Note 4
Clock HIGH
Sample-and Hold Clock LOW -30 0.0 0.0 v
Sample-and-Hold Clock HIGH 3.0 5.0 7.0 v
Reset Clock LOW -8.0 0.0 0.0 v
Reset Clock HIGH 50 7.0 12.0 v
Horlzontal Tranaport 7.2 200 MHz Note &

Clock Frequency
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PERFORMANCE SPECIFICATIONS: Standard test conditions are TV format data output at a 30 Hz frame rate, 60 Hz
field rate, 15.75 kHz liine rate, 7.18 MHz pixel rate,
2854°K incandescent with 2.0 mm thick Schott BG

DSSNU

PRASNU

Saturation Output Vohage
Dynamic Range

Saturation kradlance
Reeponsivity

Output DC Level

Amplifier Power Dissipation
Output Impedance

Contrast Transfer Function,
Horizontal

Contrast Transfer Function,
Vertical

Dark Signal Shading
Non-Untformity

Photo Response Shading

CCD222

700
1000
8.4
0.08

1000
75

70

mVpp

uW/icm?
V/uWem™?
v

mwW

ohm

%

%
% Vaar

% Vour

T,.=25°C. Light source is

n
=
=
]

-38 IR reject filter. =

-]
=
£
Note 6 [
See Definitions of Torms
See Table A

3K1) load resistance
3Kn kad resistance

At 380 columns/
picture width

At 488 lines/

picture helght

See Definitions of Terms
Note 7.8

See Definitions of Terms
Note 7

{TSC rate of 30 frames per second. Higher clock rates ara possible. Operation
»_ T factors contributs to the fundamental low frequency Smit: dark curent
formities, and dark cument contributions in the regiatar which will result in

1 tima, th higher the apatial non-uniformitiea.

Is and outer edge siements on a ire or fieid basie.

€l in

In chip temp: ®,

svel of thess clock signals s between 0 and -BY with respact to Vss.
upply, On devices date coded 88-52 or sartier, cannect TPy to 0.0V.

TABLE A

TYPICAL SATURATIOM IRRADIANCE LEVELS OF CCD222 AT 30 FRAMES/SEC.

angp

1 pW/em® = 0.22 jux

1 pWiom?® = 1.6 hax. The 900nm canoft fitter blocks wavelangtha
1 pW/em® = 3.0 lux. The 700nm cutofl filter blocks wave

1fc = 10.76 lux.
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cCD222

COSMETIC PERFORMANCE SPECIFICATIONS

The CCD222 Is a very high performance device intended
for use in broadcast quality camera systems and In the
most demanding industrial and scientific appllcations.

A CCD222 element is considered to be blemished if it
exhibits a spurious output (in comparison to its nearest
neighbors) of more than 10% of Vgar. Blemish content is
determined in the dark, and at an illumination level of 50%
Vgar. Single-point Blemishes (SPB's) are sometimes
found in CCD222 sensors; horizontal line and column
oriented defects are rarely found because of Fairchild's
choice of device structure.

Devicea exhibiting less stringent performance and/or
coametic specifications may be obtainable by negotiation.

TYPICAL PERFORMANCE CURVES

TYPICAL SFECTRAL REPONBE

;

NS
AN

-3
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-}
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‘

RERPONSIYITY {¥/uWom'™D
b Y
R
Y
W
\
v A

-~ L3 (
o — \
WAWELENGTH jam)
HORIONTAL
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BLEMISH SPECIFICATIONS FOR CCD222:

{Mesasured at T, = 25'C and at uniform light levels
developing 0, 25 and 50% of Vg,r.)

€CD222A |
Characteristic Max
Number of Single Polnt Blemishes 5
Largest SPB Dimensicn 2
Number of Blemighed Plxels in SPB's 10
Number of Column Defects 0
Widest Column Defect Width 0
Number of Defective Columns 0 |
QUTPUT SIGNAL LEVEL YERSIG
INTEGRATION TIME 2064°K TUNGETEN
SOURCE WITH SCHOTT 8G-38 FILTERS
{30 tromes,
,JI_L“ _—
. i
B o
-
“ZiaMlom:
I
NN A
e T —

TRANSFER FUNCTION ™0
BRCADBAND ILLUMINATION SOURCER
SPATIAL FREDUENCY — CYCLEMm- |

PFUNCTION
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CCD222

OUTPUT WAVEFORM (VIDEO ) UNDER UNIFORM ILLUMINATION (= 50% Vgur)

ONE HORIZONTAL LINE

CCD222 PACKAGE OUTLINE

22-Pin Ceramic Package

1

ORDER INFORMATION

Description
CCD222(Class A Blemish Spec.)

Device Type
Order Code

CCD222ADC

DATE
CODE

580 REF.
{14.689)

130

ONE VERTICAL FIELD

0.600 REF.

SIDE
BRAZE PiN

REF.
(7.24)

{15 24)

200mV/div

2ma/div

152 NOTES: All dimensiona in Inches botd) and millimetera (parenthesea). Header is black
ceramic (Al,0,) Giass window is attached 10 header with epoxy cement




CCD Design
Development Aids

Fairchild Weston offers printed circuit boards to assist
customers in initial experiments with CCD devices. All
design development boards do include the sensor and
raquire customer development of optical inputs and process-
ing ofthe CCD output signal.
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FAIRCHILD WESTON

CCD IMAGING DIVISION

ESCAN consists of a Fairchild CCD111, 256 element line scan
sensar, mounted on a printed circuit card that contains all the
necessary CCD111 operating electronics. Itisintended for use
as a construction aid for experimental systems using CCD line
scan sensors or can be incorporated directly into systems
requiring 256 elements of resolution. FSCAN comes fully
assembied and tested and requires only the input of power
supplies and an oscilloscope to display the video information
commesponding to the image placed in front of the sensor.

The |-SCAN card, Figure 1, measures 4% by 4 inches. The
CCD111 is mounted in a socket centrally located on the cerd.
A leng maybe positioned In front of the sensor to focus an
image onto the array. All board 1/O connections are made
through a 22 position eingle edge card connector with .156
inch center-pacings. The adge connector is compatible with
TRW/CINCH type 50-44A-30 or equivalent.

Thea board circult, Figure 2, requires a power supply input of
+15V at 100mA to Pin 1 and +5V at 200maA to Pin 4. The ground
returns should go to Pin 22.

An on-board regulator provides a clock high level voltage of
8V. The +15V supply is divided to achieve a 12V reset drain
voltage and a 10V photogate bias voltage required by the
CCD111. The ottput gate voltage, Vi, is derived from the
+5V* supply.

For normal self-contalned operation of the board, Pin 18, the
internal/external master clock select line and Pin 12, the
imternal/axternal exposure time select are left open.

Voltage controlied oscillator U1 generates a master video
clock signal which may be adjusted from approximataly 1IMHz
to 4MHz by potentiometer R1. The frequency of the video
clock square wave from U1 Is divided by two by flip-flop U3A
and one-half of MOS driver U7 amplities the flip-flop output to
provide the ¢R reset clock signal required by the CCD111. The
normal amplitude of the $R clock signal at the sensor terminal
is from a low of about 0.5V to a high of about 8V in accordance
with the sensor data sheet recommendations.

The cutput from U3A i3 also fed into flip-flop U3B causing
another divide by two used in generating the ¢1 and ¢2
transport clock signals. The outputs of U3B are fed into MOS
driver U6 producing transport clock swings of from a iow of
about 0.5V to a high of 8.0V. Overall sensor data rate is equal to
the ¢a clock fraquency.

The exposure time of the sensor is controlled internally by
one-shot U4B. Length of exposure time is adjusted with R6
giving timea > 1mS. To begin an exposure, one shot U4B
triggers one-shot U4A; a fast pulse from U4A resets counter
US and starts it counting. The counting of U5 controls the ¢X
transfer pulse through one-hall of MOS driver U7. |1 also stops
the transport clocks ¢1 and ¢2 during the transfer pulse
internal in accordance with CCD111 data sheet recommenda-
tions. (See Figure 3.) Note that both transfer clocks ¢xa and
¢xp are tled together to achieve a satisfactory transfer.

I-SCAN
Design Development Board
CCD111 Sensor

132

F FRONT VIEW
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"Adjustment of V. over the range of 4-7V may be required
tor cptimum operation of the sensor.

NOTICE
This Development Board may not present the optimum test
conditions for your design [Ses spplication information on
page 238].
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After the transfer is completed, counter U5 restarts transport
clocks ¢1 and ¢2, and disables itself until its next reset
command at the start of the next exposure period.

Registors AS-A12 Bie the open coliector outputs ot the MOS
drivers to the clock high level voltage and clamp diodes CR3-
CRétied to voltage V) prevent clock signal excursions below
ground. Negative clcck line transients at the CCD terminals
can cause charge-injection which may result in an apparent
increase in the dark signal non-uniformity of the sensor,

If Pin 18 of the card is held low, an external master clock (TTL
Level) may be input on Pin 19. Data rate of the sensor will
equal one-heif the frequency supplied to Pin 19. If Pin 12 is
held low, the sensor will respond to an external (TTL Level}
exposure signal on Pin 20. The exposure signal may be
operated asynchronously with the datarate clock. Note in the
timing diagram, however, that the ¢1 transport clock signal is
in the high state at the time of the exposure pulse.

Figure 3

In order not to mix two lines of video information in the
transport registers of the CCL}, the exposure or Integration
time of the sensor must be greater than the time necessary to
read all the information from the previous line out of the
transport registers. (i.e., t, > x 1

{See Timing Diagram) F DATA CLOCK

Card connector fingers 14 and 15 provide exposure time sync
and master clock output signals respectively for external
usage; i.e., for synchronizing an oscilloscope for display of the
sensor output signals.

The video output and compensation output of the CCD111
sensor are bufiered through emitter folowers and are made
available on connector fingers 9 and 7 respectively. If long
co-axial cables are wired to the outputs, the cabies should be
terminated into 75} for best frequency response. The cable
terminations will reduce the video signal amplitudes by
one-half

I-SCAN TIMING DIAGRAM
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EXP SYNC
Pyua= $up
$1a = P1p
$aa- b2
L]
ouTPUT

OUTPUT VIDED
[¢]

NOTE' FOR DETAILS OF PULSE SHAPES,
SEE CCD111 DATA SHEET,
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FAIRCHILD WESTON

CCD IMAGING DIVISION

The Fairchild CCD122DB Design Development Board is a
printed circuit card which is intended for use as an sducational

The board measures 41 by 5 inches. A socket for instaliation
of the charge coupled device line scan sensor is mounted
centrally on the back {wiring) side of the card. Tha user can
position a lens in front of the sensor if required for his study.
Board 170 connections are made through a 22 posilion double
readout edge card connector with .156 inch center-to-center
finger spacings. The edge connector is compatible with a
TRW/CINCH type 50-44B-10 or equivalent.

The CCD122 should be inserted into the center of the socket
30 that socket terminals 1, 14, 15, and 28 are left open

The circuit board, requires a power supply input of 15+2V at
250mA maximum to Pins 1 and A of the edge card connector.
The power supply return is wired to card edge fingers 22 and
Z

Three regulators on the design development boards provide a
Voo sensor supply voltage which is adjusted 1o +12.0V, a clock
high level voltage which is set to +10,0V, and a +5V Vee
required by the TTL logic circuitry.

For normal self-contained operation of the board, Connector
Terminals 3 and 5 are left open. Voltage Controlled Oscillator
Ut generates a video clock signal which may be adjusted from
approximately .5 to 2.0 MHz by potentiometer R1. VCO U1

recommendations. The ¢n reset clock signal is generated by
U1 and flip-flop U2A and is amplified through U5 to delivera
¢r clock fraquency twice that of ¢t to the sensor.

One-shot U7A and JK flip-flop U3A and U3B develop a
properly synchronized ¢y signal which is amplified by the
second half of the 9644 driver U4. The interval between ¢x
pulses is the exposure time for the sensor; exposure time may
be adjusted by R2.

terminals can causs charge-injection which may result in an
apparent increase in the dark signal non-unformity of the
sensor.

CcCD122DB
Design Development Board
CCD122 Sensor
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Connector Figures 7 and 9 provide exposure time and data
rate clock output signals for external usage; i.e., for synchro-
nizing an osciloscope for display of the sensor output signals.

The dc bias voltage applied to the Vy transport register
electrodes and VE! bias voltage eloctrodes are preset to give
optimal performance of the transport clock, white reference
and end-of-scan signals. VEI may be increasad to Vpp to
disable the white reference level generating circuitry within
the sensor.

The video output register signal (Vouy) passes through a
simple 2 MHz cutoff low pass filter formed by Q1, Q2 and
associated capacitance and resistance circuits and is then
routed off the board at connector finger 11 through 75 ohm
rasistor R24. Capacitors CX1, CX2 and CX3 may be installed
by the user to provide high frequency rolloft as required to
reduce high frequency on the output video signal.

The end-of-scan pulse (Veos) is buffered by Q3 and sent off
the board at connector finger 13 through 75 ohm resistor R27.
This pulse indicates that the readout of a line of video
information is completed. The EOS pulse was injected into the
EOQS register by transfer pulse ¢x applied to the sensor US at
pin 16

NOTICE

This Development Board may not present the optimum test
conditions for your design [See application informaticn on
page 238).
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FAIRCHILD WESTON

CCD IMAGING DIVISION

The Fairchild Weston CCD1330B, CCD143DB and CCD153DB

The currently available CCD133DB/143DB/1530P Board does
not utilize the following optional features of these devices:

¢ Improved Linearity by biasing Vrp at lower voltage than
Vpo. (CCD133A, 143A, 153A).

* Non-sample-and-hald output video waveform for external
processing and/or further linearity Improvements
{CCD143A only).

The boards are 4'4 by 5 inches, A socket for installation of the
charge coupled device line scan sensor is mounted centrally
on the back (wiring) side of the card. The user can readily
mount a lens in front of the sensor if required for his study.
Board I/O connections are made through a 44 pesition double
readout edge card connector with .156 Inch center-to-center
finger spacings. The edge connector is compatible with a
TRW/CINCH type 50-44B-10 or equivalent.

When & CCD143A is being used with a design development
board, it should be installed in the sensor connector in normal
fashion. When a CCD133A or @ CCDI53A Is being used, it
should be inserted into the center of the socket so that socket
terminals 1, 14, 15, and 28 are left open.

The circuit board, requlires a power supply positive input of
+202V at 300mA maximum to Pins 1 and A of the adge card
connector. Ground the power supply to pins 22 and Z of the
adge card connector.

Three regulators on the design development boards provide a
Vpp sensor supply voltage which s adjusted to +15.0V, a clock
high level voltage which is set to +12.0V, and a +5V Ve
required by the TTL logic circuitry.

For normal self-contained operaticn of the board, Connector
Terminai 17 Is ieft opan. Voltage Controlled Oscillator U1
generates a video clock signal which may be adjusted from
approximately 5 to 20 MHz by potentiometer R1. The
frequency of the video clock square wave trom U1 is divided
by two by flip-flop U2A; one-hall of MOS driver U4 amplifies
the fiip-flop output to provide the ¢r transport clock signal
required by the CCD image sensor. The normal amplitude of
the ¢t clock signal at the sensor terminal is from a low of about
0.5V to a high of about 11.5V, in accordance with the sensor
data sheet recommendations. Sensor chamacteristics at ather
clock conditions can be evaluated by adjustment of R28.

One-shot U7A and JK flip-flop U2B develop a properly
synchronized ¢x signal which is amplified by the second haif

CCD133DB/143DB/153DB
Design Development Board
CCD143A Sensor
CCD133A Sensor
CCD153A Sensor
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of the 9644 driver U4. The interval between ¢x pulses is the

aexposure time for the sensor; exposure timeé may be adjusted
by R2.

In keeping with good high frequency englnearing practice,
damping resistors R8 and R7 are used in the MOS driver
output lines to minimize overshoot and ringing contents in the
clock signals supplied to the CCD. Clamp dicdes CR3 and
CR4 are used to pravent CCD clock signal excursions below
ground; negative clock line transients at the CCD terminals
can cause charge-injection which may result in an apparent
increase in the dark slgnal non-uniformity of the sensor. R6
and R7 may need to be increased for operation of the
CCD133A and CCD153A to prevent charge infection.

It Finger 17 of the card |s held low, the ¢y driver will respond to
an external data rate clock input on Pin 5 and an external
axpasura control input to Pin 3. The combined video data rate
for the sensor will ba equal to the frequency of the clock signal
supplied to Pin 5. Sensor exposure intervals are terminated by
low-to-high transition on Pin 3.

Connector Figures 7 and 9 provide expoeurs time and data
rate clock output signals for external usage; i.e., 1or synchro-
nizing an oscliloscope for display of the sensor output signals.

The dc bias voltage applied to the Vr transport register
slectrodes of the CCD is controlled by R30. This voltage is
typically 0.55 times the clock high voltage being supplied to
the sensor for best performance. Bias voltage Ve can besetto
about 10.5V by R27 to obtain the white reference element
output with the video data stream, or it can be increased to
Voo to disable the white reference level generating circuitry
within the sensor.

NOTICE

This Development Board may not present the optimum test
conditions for your design [Ses application Information on
page 233], however, redesigned boards are now being
sngineered for 1987 2nd Quarier avallabliity.
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The video signals at the two output ports of the CCD line acan The sensors end-of-scan outpurt i also buffered by an emitter
sensor are buffered by emitter followers Q2 and Q3 and then follower and is then made available on Pin 13. This signal can
made avatiable on connector Fingars 11 and 15. if long co- be ampiified and clipped for use as a system synchronizing
axial cablea are wired 10 the outputs, the cables shouid be pulsa if desired.

terminated In 75 ohma for best fraquency response. The cable
terminations will reduce the video signal amplitude by

ona-half.
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Linear Scan
CCD Cameras

Fairchild Weston's linear scan cameras are rugged,
solid-state instruments incorporating selected advanced-
technology sensors.

Linear cameras are used for document scanning in
tacsimile reproduction, optical character recognition and
computer data input systemas; for non-contact measurement
and automated inspection systems in matal-working,
plastics and food processing industries; for control in web-
manufacturing situations; and for a great diversity of other
industrial, commercial and scientific laboratory applications.
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FAIRCHILD WESTON CAM/CCD1000 Series Line Scan Cameras
CAM/CCD1200R 512 Element
CCD IMAGING DIVISION CAM/ CD1300R 1024 Element
CAM/CCD1500R 2048 Element

FEATURES

B Smafl, compact sealed enclosure

B Weil suited for use In rugged Industrial environments

B All solid state

8 Utilizes CCD Sersor: 512, 1024, 2048 resolutions avaliable

w Remote operation (over 200 cabile i)

B Water jacket compatible for high termperature operation

2 Two clock inputs control camera

u No geometric distortion

8 1000:1 dynamic range

& Electronically variable data rate and exposurs time

B Accepts C-Mount or 35mm lonses i . -l

® Video data rates up to 20 MHz Tha CAM/CCD 1500R with a 2048 element array requires a i

m Scan rates up to 40,000 lines/second 35mm camera lens. The 512 and 1024 element array lengths @

(CAM/CCD 1200R and CAM/CCD 1300R) are compatible =

DESCRIPTION with C-mount lens (below). i
The small sealed enclosure permits the camera to be used in Fu
systems where space is limited The camera can be installed in ;;
a water jacket when necessary for environmental protection, -
and can be located more than 200 cable leet away from a =
control unit/power supply, A C-mount lens adaptor is standard et
lor the CCO1200R and CCD1300R cameras; a35mm bayonetiens
adaptor is standard with the 2048 element model CCD1500R.

|

-Fuirchild Weston Systems, Inc. CCD imaging Division © 1928 Fairchlid Weston Printed In U S A,

810 W. Maude Ave., Sunnyvaie, Callfornia 84086

(408} 720-7600, TWX 910-373. 2110 Fairchild Weston reserves the right to make changas in the circuitry

or specifications al any time without notice.
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Only two clock signals input through high noise immunity
ditferantial line raceivers are required for control of the line
scan functionin the camera. A data rate clock, which can have

and camera. Twisted pair clock wiring can be usad for most
camera applications; shielded twisted pair cabling is recom-
mended in electrostatically and electromagnetically noisy
anvironments.

The cameras require power supply inputs of +5 and +15 Vdc.
Internal reguiators and filters provide noise immunity for the
blas volitage inputs. Separate force and sense lines allow
control of supply voltages and ground potentials at the
camera end of long cables.

Two time-division muitiplexed analog videc outputs are
available from coaxial connactors on the camera, at a 75 chm
source impedance. The output video data rate, when meas-

processors are required for systems recognizing gray-scale.

FUNCTIONAL DESCRIPTION

As is shown by the block diagram, the circuitry within the
camera is comprised of logic and driver control of the GCD
image sensor, the sensor itsell, video buffers and power
supply filters. An infra-red reject optical fiter and iens
mounting adaptor are included in the enclosure.

Image Sensor

The Charge Coupled Device line scan image sensor used in
the camera is a monolithic component containing a single row
of image sensing elements {photosites or pixels), two analog
transport shift registers, and two output sense amplifiers.
Light energy falling on the pholosites generates electron
charge packets which are proportional to the product of
exposure time (1 + line scan frequency) and ingident light
intensity. The photosite charge packets are transferred in
paraiiel to the two analog transport registers in response to an
exposure time clock signal input into the camera. The
transport registers, in response to the data rate clock, deliver
the packets in sequence to an integrated charge sensing
amplifier where they are converted into proportional video
signal voltage levels.

The model CCD1200R camera uses a selected version of the
512 element Fairchitd CCD153 sensor, the model CCD1300R
camera uses a selected version of the 1024 element CCD133
sensor; and the model CCD1500R uses a salected version of
the 2048 element CCD143 sensor.

RUGGEDIZED CAMERA SPECIFICATIONS

CCD1200R
ccos3

Camera
Sansor

512 X 1 Element Array

Photo Element Size
Geometric Distortion
Dynamic Range

Dark Signal Non-Unitormity
(DSNL)

Photoresponse Non-Uniformity
(PRNU}

Saturation Exposure

Saturation Signal Voltage
Spectral Response

video Data Rate

Exposure Time (Min)

Scan Rate (Max) Lines/Second

26 48
/K

CCD1500R

CCD143
2048 x 1 Element Array

CCD1300R

CCcDas
1024 X 1 Element Array

13 um X 13zm Located on 13 wm centers

Determined by lens selected

Typically better than 1000:1, excluding clock coupling

50 mV P-P max. at an integration time of 8.33 ms and T, =25°C

100 mV P-P max. @ 1.0 Voir, measured at Tyt = 8.33 ms, Ta =25°C, using a daylight
fluorascent light source

Typically 067 xJ/em? using a daylight fluorescent lamp light scurce
2 V P-P typical, 1 V P-P minlmum

The camera includes a Corning 1-75 filter

20 M pixels per second maximum (typical)

52 uS 03 xS
18K 87 K

Maximum usable exposure time is limited by the dark signal level developed during the integration time. Dark signal Ie_vm _is
an exponential function ot camera and (consequently sensor) temperature: dark signal level doubles for each 6-8°C risa in
temperature. Dark signal level also increases linearly with exposure time.
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The key advantages of Fairchild's isoplanar buried channel
CCD sensors for use in the line scan cameras include high
data rate capability, high charge transfer efficiencies, low
noise, ralatively small die sizes, and geometrically pracise
construction.

Logic and Drivers

Differential line driver input signals are converted into TTL
level voltages by the line receivers, and then amplified and
ghaped for control of the image sensor clock inputs. Single-
ended TTL clock inputs can be used if the negative differential
inpul is biased at +1 V; this technique is recommended only
for short cable clock inputs and/or relatively siow video data
rate operation,

The frequency of the data rate clock input signal determines
the rate at which charge packets are transported siong the
CCD analog shift register.

Valid Video data from odd-numbered sensor photosites
becomes available on video output ‘A’ within 20ns following
alternate rising edges of a data rate clock.

Valid Video data from even-numbered sensor photosites
becomes available on video output 'B' within 20ns following
interluring alternate riding edges of the data rate clock.

A positive exposure control input signal causes accumulated
photosite data to be transterred within the CCD to the analog
transport registers for readout under control of the data rate
clock The interval between exposure control inputs is the
sensor exposure time.

As is noted in the timing diagram, the exposure cantrol pulse
input width is unimportant or camera operation. The data rate
and expasure control inputs need not be synchronized. The
only timing restriction is that the interval between exposure
control input signals should be greater than the camera
resolution (# of elements) times 1/video data rate to prevent
addition of old and new charge packet data in the CCD
registers.

Video Oulput Buflers

Sensor video is buffered by two indepandent unity-gain 75
ohm output impedance buffers to become the camera video
outputs. The video signals ride on a dc level of about 4 volts
above ground. External praceasing circuitry can be used to
demultiplex the two video signals. The amplitude of each
video signal will typically be 1 V P-P at sensor saturation; the
video signal waveforms are sampled and held continuous
signals with a small high-trequency sampling clock content.

Each photosite in the sensor is 13 microns (0.5t mils) square.
Total active array length is 3.3 mm (.131 inches) for the model
CCD1200R, 13.3 mm (.52 inches) for the model CCD1300R,
and 26.6 mm {1.04 Inches) for the model CCD1500R.

The 512 and 1024 element array lengths are compatible with
C-mount lens. The 2048 element array should be used with a
35 mm film camera format lens. Various focal length lenses
can be provided by Fairchild as camera accessories.

When ordering, specify device type LENS25C for 25 mm;
LENSSO0C for 50 mm, standard C-mount lens.

A Corning type 1-75 infra-red absorption filter is made a part
ol the standard cameras. The filter transmission convolved
with the apectral responsivity of a silicon CCD sensor gives
the camera a response ranging from about 400 to 800 nm, with
a peak responge at about 700 nm.

BLOCK DIAGRAM

EXPOSURE
PULBE
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CAMERA CONNECTIONS

J
Pin

6
13
5
12
8
15
7
14
4
11
2
9
3
10
1
J4
VIDEQ B

WIDED A

NOTES:
1. N = Number ol elemants in the array, i a, 512, 1024, or 2048.

Data Rate Clock (MC1), 20 MHz MAX
Differentiaily Receiveq

Exposure Control Clock Pulse {(XTO), 25ns
Min. Width, Differentially Received

+5V @ 500 mA MAX
+15 V @ 250 mA MAX
Ground

Data Rate Clock (MC2), Differentially Driven
Exposure Sync {XT2), Differentially Driven
Video A, 75 Ohm Scurce Impedance

Video B, 75 Ohm Source Impedance

+5 V Sense

+15 V Sense

Ground Sense

Diameter 2.25"
Length 5 125" Without Lens

2. LINE RATE = At lsast 25ns wideth, may be asynchronous and should not occur while video data is being clocked oul
3. DR = 20 MHz MAX, Data rate out equals dala rate in plus 20ns {typical camera propagation time) and any lransmission ling delay
4. LINE SNYC = Time interval belween leading edges determines integration time,

ORDERING INFORMATION

wWhen ordering, specify device type

CCD1200R 512 x 1 Element Array

CCD1300R 1024 = 1 Element Array

CCD1500R 2048 x 1 Element Array

CAM if you want camera only.

CCD if you want camera, control box and cable.

STATEMENT OF LIMITED WARRANTY

Within 12 months of receipt by the customer, Fairchild Weston
CCD Imaging Division will repair or replace at our option the
camera product if any part is found to be delective in materials

or workmanship. Labor costs are included. In U.S., please
contact a Camara Repair Center by phoning (408} 720-7600,
or 081 65/618-0 in West Germany.

SPECIALS

All Fairchild Weston CCD cameras are very flexible and can be
modified to suit unusual applications. Fairchild is interested in
developing and manufacluring customized versions of the
basic camera for volume purchasers and is willing to assist
low-volume purchasers in development of custom modifi-
cations by provision of design and applications engineering
assistance.
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FAIRCHILD WESTON CAM/CCD1600R
Line Scan Camera and

CCD IMAGING DIVISION Line Scan Camera System.
3456 - ELEMENTS
CAM1600R FEATURES
CAMIG00R
v
—————
i = —— 2

Falrchild Weatan Systems, In¢, CCD Imeging Division. #1886 Falrchild Weston Printed in L) 5.4
810 W. Mauds Ave., Sunnyvale, Calliornia D4088 Falrchiid Weston reservea the right 1o make changes in
(408} 720-7600. TWX 010-373-2110 the circuitry or apecifications at any time without notice.
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DESCRIPTION

Fairchlld Weston Model CAM1600R is a versatile industrial-
grads line scan camera with a resolution of 3456 elements.
The CAM 1600R is dasigned for use in high-resolution
document scanners, high-accuracy automated measurement
and process control systems, fine-detail automated surface
inspection systems, and in other office, industrial, and labora-
tory applications.

The Model CCD1600R is a line scan camera system comprised
ofa CAM1600R, a CB1000R camera control and interface unit,
and a cabls set. The CB1000R includes a versatile timing
signal generator for control of the camera, an analog moduie
for processing of the camera video ouiput, a pixel locator
module for interfacing the camera and digital processing
equipment, and a power supply module. The system offers
purchasers the inherent economic and technical advantages
of a ready-to-operate factory-calibrated instrument.

The primary output of the CAM1600R line scan camera is an
analog waveform showing the spatial distribution of incident
illumination intensity along a scanned line. Conversion of the
optical Input Into an analog signal is accomplished by a
monolithic CCD image sensor containing 3456 photo de-
tecting elements aligned in a single row. The CAM1600R
high-resolution line scan camera can be readily employed to
accurately measure the width and/or edge locations of
stationary objects or material in web form If an object Is
transported past the field of view of the camera, a complete
two dimensional image of the object can be constructed from
the series of line-scanned data. The CAM1600R is conse-
quently recommended for use in acquiting two-dimensional
images 1or objects carried by conveyors, for high-resolution
facsimile-type scanning of documents transported past the
camera, for edge tocation and/or surface inspection systems
in web manutacturing processes, and for non-contact, high-
resolution measurement of the width of stationary objects.

The CAM1600R is equipped with a bayonet mount for 35mm
SLR film camera lenses, atlowing selection from a wide choice
of commercially avallable optics for various applications. An
infrared-rejecting optical glass filter is bonded into the image
input path to give the camera a near-photopic spectral
response characteristic, and to provide protection agalnst

environmental dust and dirt,

Two input clock signals control the video data rate and line
scan rate of the CAM600R High noise immunity for the input
clock signals is provided by differential line receivers, per-
mitting unshielded twisted-pair wiring to be used for most
installations. Differentially driven clock signal outputs can be
used to synchronize assoclated equipment for processing
camera-acquired data. The CAM1600R requires power supply
Inputs of +5 and +15V dc. The video output of a CAM1800R for
each line scanned is a single sampled-and-held waveform
providing image brightness information for each of the 3456
photosites in element-sequential format. The analog video
wavelorm also contains, as shown on the timing diagram,
outputs from two sets of eight black-reference elements
which provide a measure of the dark current of the sensor. A
coaxial connector provides access 10 the analog video at a 75
ohm source impedance level.

The control unit of the CCD1600R systemn allows the camera
data and ling scan rates to be controlled by sither internal
varlable frequency oscillators or by external sources of TTL-
leve! signals. The line rate can be locked to twice the power
line frequency for convenience when the camera illumination
is derived from line driven florescent or incandescent lamps.
The control unit provides a ground referenced gain normalized
dc coupled analog video output, and a binary video output
with an adjustable threshold voltage. Run length ancoded
transitlon address data and other digital information with
easy-lo-use protocols are available for camera-computer in-
terfacing. The control unit of the CCD1600R also includes
& power supply module operating from 110/220 VAC, 47-63
Hz inputs.

The CAM1600R is equipped with a bayonet mount for 35mm
SLR camera lenses allowing selection from a wide choice of
commercially available optics for various applications. An
infrared-rejecting optical glass filter is bonded into the image
input path to give the camera a near-photopic spectral
response characteristic, and to provide protection against
environmental dust and dirt.
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SPECIFICATIONS

CAM1800R SPECIFICATIONS — Messurad at Ta = 25°C,
data rate =1 MHz, Line rate = 120 Hz, daylight fluorescent light
source, terminated video output (75 ohm). unless otherwise
noted.

Sensor — Selected Falrchild Weston CCD151.
Resolution — 3456 elsments per line.

CTF — >60% @ 3456 lines per scan width.
Spectral response range — 400 to 700 nm.

Sensor dimensions — 7 x 7 microns on 7
micron centers along the array.

Sshurstion signal amplitude — =500 mvp-p.
Responelvity — =1.5 voits per pJ/em?.

Pholo response non-unfformily — <10% of output signal
ampiitude.

Dark signal non-uniformity — <20 mVp-p (See Nots 1).

:mummn-asummmd(s@
ote 2).

Maximum Ene ecan rele — Video data rate divided by 3514, i.o.,
711 Hz a1 2.5 MHz data rate {See Note 2).

Power Input — <3.26 W (250mA @ +5Vdc, 125mA @ +15Vdc).
Dimenslons — See figure.

Welght — <18 0z.

Environmental Conditions

Oparating Ambient Temperature Range — 0 to 80°C.
Storage Tempsraturs Range — -40 to +100°C.

Shocic <500G any axis.

Vibration — 0-2000Hz, 20G, any axls.

CCD1600R SYSTEM SPECIFICATIONS
Includes — CAMIB00R, CB1000R, and cable set.
Camera data rete — intemnal: 1 to 3 MHz: External: .01 to 5 MHz

Camera line rate — Internat: 100 Hz to data rate divided by
3514 (8.9., 1.4K linea/second @ 5 MHz data rate). Line sync,
twice power line frequency. External: 10 Hz to data rate
divided by 3514,

Analog video oulput — 0-1V p-p sampled-and-held wave-
torm, dc coupled, white positive, 75 ohms, BNC connectar,
switch-salectable AGC.

Binary video oulput — TTL-lsvel. BNC connector, white
poaitive, adjustable threshold.

Digital outputs — BNC connectors, TTL-levels. Line aync,
video vaiid, data rate clock.

Processed digital data oviputs — TTL-levels, 50 pin connector.
Tranaition addresses, 11-bit words. Transition counts, 8-bit
words, Handshakes.

VIP interiace outputs — TTL-levels, 15 pin conector. Valid
video, line sync, data rate clock.

Timing signal inpuis: — TTL-levels, BNC connectors. Data
rate and line rate clocks.

Opersting mods select inputs — TTL-levels, 50 pin connector.
Run, scan, computsr controi,

CB1000R panal conircls — Potentiomaters: Blnary video
threshold data and line ratas. Switches: Power (on/off), video
AGC (on/off), data rate clock (intemal/external), line rate
clock (internal/AC sync/external).

Power main input — 110 or 220 VAC, 47-63 Hz.
NOTER:

1) Dark signal non-unifermity should be sxpacted to double for sach
10t C | n are, and to intreass linsarity with

axposure ime = 1/line rute. i
2) Minimum useful data and line rates are determined by integration of
dark signal during Integration pericd.

CAM1B00R TIMING DIAGRAM

worE: (7) Taeme AaLATION s Uron T omouTar
OORSEQUENTLY LM $YNO BHOULD B UBED FOR FXTRAUAL PROCESERL.
SELAY SieOum @ 1-8 SATA RATE OLOCK CYeLln.
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FUNCTIONAL DESCRIPTION — CAMERA

The electronics provided within the CAM1600R include digital
timing and CCD clock driver circuitry, components for CCD
biasing, the CCD sensor, and a buffer for driving the analog
video output cable. A bayonet lens mount, a spectral response
filter, and a removable bracket for attachment ot the camera to
a tripod or other fixture are included in the rugged camera
enclosure

IMAGE SENSOR

The image sensor used in the CAM1B00R is a seiected
Fairchild Weston CCD151, This Charge Coupled Device
(CCD) is @ monalithic integrated circuit containing 3456
photo sensing etements (sometimes called photosites or
pinels), two charge-coupled analog shift registers, and an
output charge sensing preamplifier The 3456 photosites are
arranged in a single row. Light energy absorbed within the
photosites generates free electrons which are accumulated
into photosite charge packets during integration periods The
quantities of electrons accumulated in the photosite charge
packets are linearly proportional to the product of the
localized incident illumination intensity multiplied by the
exposure time

An exposure interval is terminated by input of an exposure
clock low-to-high transition. This input causes packets of
charge to be transferred from the 3456 photosites into CCD
shift register cells. The charge packets are then sequentially
transported, in response to the data rate clock input of the
camera, to & charge sensing amplitier where they are con-
verted into proportional video signal voltage levels. A following
on-chip MOS switching circuit and source follower provides a
sample-and-hold analog video waveform output from the
CCD.

The CCD151 sensor used in the CAMI1600R camera is
manufactured with Fairchild Westons advanced buried-
channel CCD technology which provides low noise, relatively
small die gize for a high-resclution sensor, high charge
transter efficiency, and precise photosite gecmetries.

OPTICAL CONSIDERATIONS

The optically sensitive area of the CCD is a row of 3456
photosites spaced on 7 micron centers Each photositeisa 7
micron by 7 micron square The photosites are contiguous
along the line scan axis of the sensor — there is no optically
inactive area separating the individual sites. The total langth of
the scanned line on the sensor surface is 3456 x 7 microns, or
24 2 mm.

An infrared rejecting filter fabricated from Schott type BG-38
glass is secured into the enclosure between the lens mount
and sensor. The fillers spectral transmission characteristic of
the filter convolves with the spectral responsivity of the CCD
sensor 1o give the camera a spectral sensitivity extending from
400 to 700 nm, and a symmetrical response curve approxi-
mating the photopic characteristic of human eyes. The
CAM1600R is equipped with a bayonet lens mounting ring
which mates with 35mm camera format lenses. Cameras with
gither Olympus- or Nikon-compatible mounts are available.
Various focal length lenses can be obtained from Fairchild.

LOGIC AND DRIVER CIRCUITS

Differential line receiver circuits are included in the camera to
realize good noise immunity for the Data Rate and Line Rate
clock signal inputs. The recelver circuits are Fairchild type
9637, or equivalent. Operation with single-ended TTL-level
clock inputs can be used for short cable lengths by blasing the
negative input for each clock at +1V,
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The logic and driver circuits within the camera ensure that
properly synchronized, shaped, and timed clock waveforms
are given 1o the CCD. The frequency of the line rate clock
input determines the line scan rate of the camera. The interval
hetween successive line rate clock inputs is the sensor
exposurs tima. Tha frequency of the data rate clock input
determines the rate at which photosite data is sequentially
delivered by the analog video camera output. One photosite
signal is provided at the camera output for each cycle of the
data rate clock input.

The rising edge ol a line rate input clock terminates an
exposure time by transferring the accumulated data from the
CCD photosites intc the CCD transport registers. The trans-
port registers move the data in photosite increments to the
CCD output amplifier. The cnly timing constraint for the two
Input clocks is that the interval between line rate inputs should
be greater than 3514 cycies of the data rate clock to allow
complete read-out of the previously transferred line

VIDEO OUTPUT SIGNAL

Sensor video is butiered by a unity gain amplitier to drive the
analog video output of the camera with 75 chm source
impedance. The video signals at the output terminated in 75
ohms will have a typical amplitude of 600m Vp-p at sensor
saturation riding on a d¢ level between +2 and +5V, A coherent
sampling clock signal with an amplitude of about 50 mVp-pis
combined with the analog video — this can be removed by a
low-pass filter or resampling circuit within the equipment
using the camera data.

FUNCTIONAL DESCRIPTION — CAMERA CONTROL UNIT

Model CB1000R is a power supply and control unit specifically
designed for use with the CCD1600R and other line scan
cameras.

The timing signal generator in the CB1000R includes an
internal clock oscillator which can drive the camera at data
rates from beiow 1 to above 3MHz. A switch and BNC
connector allow the camera data rate to be controlled by an
external source of TTL-level input square waves. The line
scan rate of the CCD1600R camera driven by the CB1000R
can be locked to twice the power line frequency {120 fines per
secend with 60Hz power input), controlled by an input TTL-
level clock, or controlled by an internal variable-frequency
oscillator. The timing signal generator includes a lockoutlogic
circuit which insures that the selected data rate and line scan
rate are compatible

A video processor within the CB1000R establishes ground as
a reference level for the camera cutput in the dark, and
provides gain normalization so that the output signal level is
+1 0V when the camera image sensor is illuminated tc 90% of
saturation. The video processor aiso provides a Binary Video
signal which is TTL TRUE only when the analog video is
above an adjustable threshold voltage.

The CB1000R also includes a “pixel locator” which provides
FIFO-stored address information indicating photosite loca-
tions where binary video transitions from black-to-white, and
vice versa, and another set of bit-parallel words indicating in
binary coded format the number of binary video transitions
occurring in selected camera line scens. This pro-processed
digital data, which dramatically simplifies interfacing of the
camera subsystem to a microprocessor or computer for many
applications, is accessed and controlled by several handshake
input and output signals

Power input to the CB1000R can e 110 or 220 VAC, 47-88Hz.

The CB1000R Is Intended for bench-top installation. All
operator controls, and I/0 connectors, are located in func-
tlonal groupings on the front panel for convenience.




MECHANICAL DIMENSIONS

TMOTER: ALL DIMENSIONS ARE M INCHES UnLESS SPECIFIED)
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ORDER INFORMATION AND OPTIONS

Line Scan Camera System — Comprised of a 3456-element
line scan camera, 8 camera control unit, and an intercon-
nection cable set. To order, specify MODEL CCD1600R.

Line Scan Camera Only — Industrial-grade 3456-eiement line
scan camera only with Olympus bayonet lens holder. To
order, specity MODEL CAM1600R.

Control Unit and Cable Sei Only — A control unit which is set
up for operation of a 2048-element line scan camera as
shipped. Field modifications are required within the unit for per-
formance optimization when used with a specific CAM1800R
camera. To order, specify MODEL CB1000R.

Lenses — Bayonet-mount lenses suitable for use with
CAM1600R camerag with local lengths of 25 or 50 mm. To
order, specify MODELS LENS25B or LENSS0B, respectively.

Cameras with Nikon lens mount — Consult factory.

STATEMENT OF LIMITED WARRANTY

Within 12 months of receipt by the customer, Fairchild Weston
CCD Imaging Division will repair or replace at our option the
camera product if any part is found to be defective in materials
or workmanship. Labor costs are included. In U.S., piease
contact a Camera Repair Canter by phoning (408) 720-7600,
or 081 65/618-0 in West Germany.

SPECIALS

All Fairchild Weston CCD cameras are very flexible and
can be modified to suit unusual applications. Fairchild is
interested in developing and manufacturing customized
versions of the basic camera for volume purchasers and is
willing to assist low-volume purchasers in development of
custom modifications by provision of design and appli-
cations engineering assistance.
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h FAIRCHILD WESTON

CCD IMAGING DIVISION

CB1000R FEATURES

u Controls Falrchild industrial Line Scan Camerss:
CAMI200R, 512 x 1 slements
CAM1300R, 1024 x 1 slements
CAM1500R, 2048 x 1 slements
CAMIS00R, 3458 x 1 elements

8 Fully-integrated subsystems are avallable.

1 |niemal/exienal deta rate control.

CB1000R CONTROLLER

Fairchild Wesion Systems, Inc. CCO Imaging Divislon.
610 W. Maudo Ave., Sunnyvals, Californla B4086
(408) 720-7600, TWX €10-373-2110

CB1000R Controlier for
Line Scan Cameras
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data rate of the attached camera to be controlled by an
internal variable-frequency oscillator or by aninput TTL-level
clock signal; allows the lina scan rate of the camera to be
controlled by an internal variable-frequency oscillator, by an
input clock signal, or locked to twice the power line frequency;
and provides other useful time signal outputs. The analog
video processor provides a 0-1 Vdc-coupled analog video
output at a 75 ohm source impedance level, a switch-
seloctable video AGC functlon, a binary video (black/white}
output with adjustable comparison voltage, and an output
signal indicating that the camera is being illuminated to near-

CB1000R SPECIFICATIONS

Compatible with: Fairchild Models CAM1200R, CAM1300R,
CAM1500R, CAM1600R Industrial Line Scan Cameras

Camera Control Signals (Differentially driven)

Data Rate Clock
Internal Oscillator, 1-3MHz
External Input, 10KHz-20MHz

Line Rate Clock
Internal Oscillator, 100Hz to a maximum determined by
time required to read out one line at selected data rate for
selected camera.
Line Sync, twice the frequency of power line input (e.g.,
120Hz with 60Hz input, 100Hz with 50Hz input)
External Input, 10Hz to a maximum determined by time
required to fully read out one line at selected data rate with
salected camera

Camera Supply Voltages — +5 and +15 Vdc, regulated.
Analog Video Output — 0-1 V p-p sampled-and-held wave-
form, white positive, 75 ohm, BNC connector.

Timing Signal Outputs — TTL-levels, BNC connectors.
Binary video, line sync, video valid, data rate clock

Digital Data Outputs — TTL-Jevels, 50 pin D connector.
Transition address words (12-bit parallel), transition count
words (8-bit parallel), data ready, FIFQ-memory full, transition
polarity, saturation warning.

VIP Interface Outputs — TTL-levels, 15 pin D connector.
Valid video, line sync, data rate clock.

Timing Signal Inputs — TTL-levels, BNC connectors, used
only when external iming controls selected
Data rate clock, line rate clock.

Mode Select Inputs — TTL-levels, 50 pin D connector
Run, scan, computer control

Front Panel Controls and Indicators
Potentiometers; data rate, line rate, binary video threshold

Switches, power (on/off), video AGC (on/off), data rate clock
{internal/external), line rate clock (internal/AC sync/external)

LED indicators: Power (+5 Vdc), saturation, mode selected,
Power Input — 110 or 220 VAC, 47-63Hz

Dimensions — See figure.

Installation — Banch top

Operating Amblent Temperature — 0 to 60 °C
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saturation level. The pixel locator functions include cutput of
binary-coded data showing the number of binary video
transitions occurring in scanned lines, and the pixel addresses
where transitions occur, using easy to implement handshake
communication protocols for computer-system Interfacing.
The power supply module, with 47-63Hz, 110 or 220 VAC
(nominal) fuse-protected inputs, provides the regulated dc
voltages required for camera and CB1000R operation. An
additional connector on the CB1000R provides an interface
bstween the attached line scan camera and Fairchild's power-
tul single-board image processing computer, the VIP-100,

CB1000R
PiXEL LGCATORN
TRMNG COMTROL
VROEQ PRCESROA

PIXEL LOCATOR SWITCH FUNCTIONS

TRANSITION TYPE SELECTION
POS
1 2 3
TYPE
BLK-WHT  ON OFF  OFF
WHT-BLK OFF  ON OFF
BOTH OFF  OFF ON

MINIMUM SEGMENT LENGTH SELECTION*

POS
+* 4 L} [} 7 8
LENQTH

1 OFF ON OFF OFF OFF
2 OFF OFF ON OFF OFF
4 OFF OFF OFF ON OFF
8 OFF OFF OFF OFF ON

*Segment Length is defined as the minimum width of
recorded Binary Video segments between Consecutive
Level Transitions whose width is measured in Pixels.
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ORDER INFORMATION

Contvol Unit — Includes unit with power supply, timing signal
generator, video processor, and pixel locator, pius camera-
to-control unit cable set and operating manual. Adaptable
for control of Fairchild Models CANMI200R, CAMI300R,
CAM1I500R, or CAM18600R camera. To order, specify FAIR-
CHILD MODEL CB1000R.

Line $can Camers Subsystem — Inclides CB1000R control
unit sst up and adjusted for the specific camera. To order,
specity FAIRCHILD MODEL:

CCO200R for 512 slement camera systsm.

CCDNI00R for 1024 elament CAmMara systam.
CCD1S00R for 2048 slement camera system.
CCD1000R for 3458 element camern system.

STATEMENT OF LIMITED WARANTY

Within 12 months of receipt by the customer, Fairchild Weston
GCD Imaging Division will repair or replace at our option the
camen product if any part s found 1o be defective in materials
or workmanghip. Labor costs are inciuded. In U.S., please
contact the Camera Repair Coemer by phoning (408) 720-
7800. In Europs, please phone 081 65/618-0, Wes! Germany.
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Area Scan
CCD Cameras

Fairchild Weston offers a broad family of solid-state
CCD-based monochrome television cameras and camera

sub-systems, available in both 525-line RS170A and 625-line
CCIR format.
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Camera Selector Guide
Solid State TV Cameras

Sensor Format
Sensor Measurement (Diagonal}

Sensor Head Dimensions

Thermo-Electric Cooled Sensor
Multiple Sense Heads
Rugged Moisture Resistant Heads

1"
14.4mm

21 Dia.
16 Lng.

Yes
No
No

CAMERA TYPE
3002 5000
2/3" -1"
11.0mm 14.4mm
2.1" Dia. 13 Dia.
1.68" Lng 15 Lng
No Yes
No Yes
No Yos

The CCD Imaging Division, pioneer in CCD technology and solid state camera systems, offers a family of solid-state CCD-based
monochrome television cameras and camera sub-systems, specifically designed for use in industrial environments.

All cameras meet 525-line RS170A format specifications and 625-line CCIR versions are available in the CCD/CAM 3000 and 3002

saries.
Standard Features

B interiine tranaler architecture sensors

u 468 (V) * 380 (M) pixel slement resolution*
B Environmentally rugged construction

® Composite video cutputs

u Standard RS170 TV systam sync

B High dynamic range

® Use of standard “C™ mount lenses

8 Spectral responee similar to the human sye {(pholopic)

All cameres are enginsered for harsh environment surveillance and microscoplc operation where acquired image is displayed on
standard television maonitors, as well as for data input into machine vision processing equipment for automated Inspection, robot
guldance, object recognition and object location gystems.

*except CCD3002 which are 483 (V) x 378 (H)
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Optional Features

All Camera Series

® Near |.R. response

B Non-interlaced scan

B Pseudo-interiaced scan

B Exiended exposure integration

CCD/CAM 3000 Series Only
u Blemish-free sensors




Solid-State Cameras
CCD IMAGING DIVISION and Camera Subsystems

with RS170A TIMING

h FAIRCHILD WESTON | CAM3000/CCD3000

FEATURES

& 433 x 378 Resolution — CTF > 70% at Nyquist

8 No lag, geometric distortion of inage bum-in

B Thermo-slectrically cooled sensor

® Designed for demanding snvironments

B Unity gamma

8 525 line, 30 frame internal clock fiming meets RS170A
specifications

B User selectabie liming and jormat optional

u Genlock and extemal clock timing control

8 C-mount lens holder

CCD3000 SUBSYSTEM
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Fairchiid weaton Systemns, Inc. CCD Imaging Division. ©1988 Fairchild Weston Prinied In U5 A,
810 W. Maude Ave., Sunnyvale, Californis 84086 Fairchild Weston reserves tha right to make changes in
408-720-7800, TWX 910-373-2110 the gircuitry or sp at any time notice
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DESCRIPTION

The CAM3000 and CAM3100 are rugged solid-state cameras
designed for use in industrial environments. They are general-
purpose black-and-white television cameras meeting RS170A
standards for timing in a 525-line per frame scanning format.
The composite video output ol the cameras offers high
resolution, wide dynamic range display of images on U S
standard monitars or provide data input into RS170A-
compatible digital machine vision equipment. The camera
resolution is 483-lines per frame, 378-elements per lineg, The
monolithic buried channel charge-coupled image sensor is
thermo-electrically cooled for optimized camera performance

The CCD3000 series are complete sub-systams comprised of
a CAM3000 series control unit and sense head, a power

CAM3000F

The CAM3000F and CAM3100F are CAM3000 or CAM3100
cameras modified by incorporation of a fiber-optics faceplate
for optical input. A mounting flange and compliant sensor
positioning arrangemsnt provide an easy means for inter-
tacing the camera to customer-supplied tiber optics equip-
ment Use of direct bundle-to-bundie fiber optic coupling can
dramatically increase the efficiency of image inputs in com-
parison to lens image-transferring systems The fiber optics
taceplate feature makes the CAM3000F ideal for applications
in streak camera Systems, large-format image intensifier
cameras, X-ray and UV image detection systems and in
medical, scientific and industrial camera applications
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supply unit which also provides BNC-connector access to the
most often used camera 1/O timing signals, a remote sense
head cable and a power supply-to-controb unit cable The
subsystemns offer the inherent convenience and economy of
receiving an integrated, ready-to-operate camera system

CAM3000 series cameras can be used as self-contained
single-piece units or separated into camera control units and
relatively small sense heads connected by aflexible cable The
sense heads are designed to withstand the accelerations,
shocks, and vibrations which are often encountered in indus-
frial applications and their relatively small size and weight
encourage their use on microscopes eliminating the need for
expensive mounting brackets and supports

The CAM3000! is a CAM3100F camera which is modified by
incorporation ot a microchannel piate wafer image intensifier
The CAM3A000I is intended for industrial, scientitic and
surveillance applications requiring very low-light-level image
detection capability. A C-mount lens holder is provided for
optical input into the intensifier faceplate The amplified image
output of the intensifier is direct-coupled to the CCD image
sensor by coherent, optically-efficient fiber optic bundles




SPECIFICATIONS

CAM3000 AND CAM3100 SPECIFICATION
Scenning Format — Interlaced 483-lines per frame, 378-

elements per line (non-interlaced 242 lines per field is a pc
strap option).

Read-Out Format — Image data fills horizontal and vertical
unblanked portions of frame and line timing intervals as
specified by RS170A television standards.

Outpul Signals

Analog Video: 1.4 ¥p-p Composite, 75 ohm, sync negative,
white positive, de coupled.

Timing: TTL-level Vertical and Horizontal Drive, Composite
Sync and Blanking, Frame Index, Data Rate Clock. Differen-
tial Master Clock.

Input Signals

Differential Master Ciock for external frame rate control
Horizontal and Vertical drives for gen-locking, 2-5 Vp-p.
TTL-leve! clock source selects

Resolution — >60% CTF at 483-lines per picture height, 378-
lines per picture width.

Sensor — Monolithic Silicon CCD, 4:3 Aspect Ratio, 14mm
image diagonal.

Dynamic Range — Peak Signal (1v): AMS temporal noise in
the dark 21000:1,

Senstiivity — S:N >20db with faceplate illumination >10-2
footcandles. (see figure)

Video Automatic Gain Control — Approximately 10db of
additional video gain at low light levals when AGC function is
activated.

Cosmetic Performance (T, = 25°C, AGC 0ff)

Photo Response Shading Non-Uniformity <5% of output for
CAMB3000, <3% of output for CAM3100.

Shading in the dark <20 mVp-p

NOTE: The amplitude of dark signal shading non-uniformity
and the amplitude of spuricus element outputs in the dark
should be expected 10 double for each 5 to 10°C increase in
sense head case temperature,

Optical Input — C-mount lens holder (1inch, 32 thread/inch),
standard C-mount 1 inch vidicen type lenses are recommen-
ded (see order information). Effective back flange focal length
is 17.5 mm, clear thread depth is >0.25 inches (>6.3 mm).

Enclosure — Sense head is O-ring protected, thermally
efficient anodized aluminum extrusion.

Dimanslons — Sae figure.
Welght — Sense Head, 802: Sense Head and Control Unit: 21bs.
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Environmental Condiiions — Operating Ambient Tempera-
ture: 0-50°C, Acceleration and Shock: Resistant to > 100G,
any axis.

Power Requirements — <10 W, 15, +5 \idc, current controlled
0.8A at approximately 1vdc.

CAM3000F AND CAM3100F
SPECIFICATIONS

CAM3000F and CAM3100F — Identical 1o the
CAM3000 and CAM3100 with the following exceptions:

Optical Input — Through coherent fiber optic faceplate 0.2
inches in length, cemented in Intimate contact with CCD
sensor surface. Faceplate uses 6 micron diameter fibers, N.A.
= 1.0. Faceplate input is flat and polished. Cameras are
shipped with a C-mount lens hoider attached.

Cosmetic Performance — Number of blemished elements
<100 for CAM3000F, =10 for CAM3100F, since the faceplate
may contain a few open fibers.

Environment — Non-condensing humidity conditions when
the sensor tfemperature is 25°C below ambient,

CAMION! SPECIFICATIONS

CAM3000i Specifications — Identical to the CAM3000 except
for the foliowing:

image Deatector — Comprised of a microchanne! plate image
intensifier coupled to a CCD sensor by efficient 1:1 image
geometry fiber optics.

Spectral Response — “Extended Red” photocathode (see
figure).

Sensitivity — S:N >20db with faceplate illumination levels
210 footcandies.

Automatic Light Control Function — The intensifier gain is
automatically reduced as the input light leve! increases to
provide a near-constant output signal level for faceplate
illumination levels between 1 and 10 footcandles (see figure).

Image Bum In — The intensifier photocathode may develop a
“bumed-in” image if over exposed by axcess input light for
extended Intervals.

Sense Head Weight — 16 0z.

Shock Resistance — Sense head will tolerate up to 20G
shocks, any axis.
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CCD3000 CAMERA HODY
BLOCK DIAGRAM
L__J
CABLALTD
(OPTIONAL)Y
FUNCTIONAL COMPONENTS

MODEL CAM3000, CAM3100, CAM3000F, CAM3100F and
CAM3000I cameras are comprised of a camera control unit
and acamerasense head The control unitis identical forall of
the camera models; there are significant differences in the
sense heads for the three types of cameras Model CCD3000,
CCD3100, CCD3000F, CCD3100F and CCD30001 are sub-
systerns comprised of a camera, a power supply unit and two
cables. The power supply unit and cables are identical for
each camena type.

IMAGE SENSQOR

The image sensor employed in the CAM3000-series camera
sense head is a selected buried-channel charge coupled
device (CCD) manufactured by Fairchild. The interline trans-
fer organization of the sensor provides a resolution of 488-
lines per frame, 380-elements per line. Buried channel tech-
nology minimizes noise and allows high data rate and high
frame rate operation without sacrificing charge transfer
efficiency.

For use in a CAM3000 or CAM3100 camera, the CCD is
enclosed in a ceramic package sealed with an optical-quality
transparent glass cover

For construction of a CAM3000F, CAM3100F or CAM3000!, a
coherent bundle of optical fibers 6 microns in diameter and .2
inches in length is bonded to the CCD surface with a hard-
setting optical cement The CCD package is then sealed with
epoxy. The printed circuit board supporting the fiber optic
taceplate sensor is spring loaded so that intimate contact can
be made to customer suppliad fiber optics with the CAM3000F
or CAM3100F, or to the intensifier output in the CAM3000I.

THERMO-ELECTRIC CCOLER

The CCD die temperature is reduced to about 20°C below
ambient ternperature by a Peltier-eHect thermo-electric cool-
er in the Sense head. A current-controlled dc power supply
input of 0.8 Amp at about 1 V (provided by the power supply
unit when a CCD3000, CCD3100, GCDA000F, CCD3100F or
CCD300D! is purchased) is required for coocler operation. The
cold side of the cooler contacts the CCO package and the hot
side of the cooler contacts a heat transfer member which is
thermally connected to the finned walls of the sense head
enclosure. Sensor cooling reduces the random temporal
noise content in the signal output of the sensor and also
reduces the dark current non-uniformity or fixed pattern noise
content of the sensor signal.

CCD3000 SENSE HEAD
BLOCK DIAGRAM

IMAGE INTENSIFIER (CAM30001 ONLY)

Image inputs into a CAM3000( camera are transmitted by fiber
optics to a photocathode where photons are converted into
alectrons Electrons freed from the photocathode are accel-
erated by electrostatic potentials towards a wafer-type micro-
channel plate. Gain is achieved within the microchannel plate
where each channel acts as a high-gain electron multiplier
Electrons exit the plate and strike an output phosphor which
re-converts them into photons. A second fiber optic bundle
directs the amplified image from the phosphor to the CCD
faceplate. The electron-multiplication gain within the in-
tensifier is dependent upon the accelerating eélectro-static
potentials supplied to the intensifier electrodes and can be
higher than 10,000:1 at low light-levels. The impedance of the
power supply which provides the cperating voltages to the
intensifier has been designed so that the gain decreases as the
average brightness of the image input increases to give a very
wide range AGG function to the CAM30001.

DETAILED DIAGRAM of the CAMERA FRONT-END

MeCAOCHANNEL
PLATE (MCR)
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POWER SUPPLY

POWER SUPPLY UNIT

The power supply unit, which is a part of the CCD3000,
CCD3000F and CCD30001 sub-systems or which can be
ordered separatety for use with any of the cameras, contains a
lineer power supply moduie, timing signal buffer amplifiers
and |/O signal connectors.

Power Input is through a fuse-protected recessed male
connector. Input voltages of 110 or 220 VAC, +10% can be
selected by an insert switch mechanism. A detachable 3-wire
grounding cord with U.S. standard plug is included.

Camera Control Unit

Power Supply Cable

Power Supply
Unit

1684

I/0 PIN CONNECTIONS

ano

HORIZONTAL DRIVE IN
HORRZONTAL DRIVE QUT
VERTICAL DRIVE IN
TIMING SELECT A
TWANG SELECT B
MASTER CLOCK: IN
MASTER CLOCK- IN
MASTER CLOCK: OUT
MASTER CLOCK- OUT
VERTICAL DAIVE OUT
FIELD INDEX

T.E COOLER RETUAN

MATING CONNECTOR IS TYPE DB-255
BY TRW DR EGUNVALENT

—

o)

Sense Head
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QRDER INFCRAMATION

CCD3000 — Inciudes a CAM3000 camera, a 12 foot (3.6
meter) remote sense head cable, a power supply unit and
a power supply-to-control unit cable To order, specity
FAIRCHILD MODEL CCD3000.

CCD3100 — Includes a CAM3100 camera, a 12 foot (3.6
meter) remote sense head cable, a power supply unit and
a power supply-to-control unit cable. To order, specify
FAIRCHILD MODEL CCD3100

CCD3000F — Includes & CAMB3000F camera, a 12 foot (386
meter) remote sense head cable, a power supply unit and
a power supply-to-control unit cable To order, specify
FAIRCHILD MODEL CCD300QF

CCD3100F — Includes a CAM3100F camera, a 12 foot (3.6
meter) remote sense head cable, a power supply unit and
a power supply-to-control unit cable. To order, specify
FAIRCHILD MODEL CCD3100F

CCD30001 — Includes a CAM30001 camers, remote sense
head cabie 12 foot (3.6 meters) in length, a power supply unit
and a power supply-to-control unit cable. To order, specify
FAIRCHILD MODEL CCD30001.

CAM3000 — RS170A Format camera only. To order, specity
FAIRCHILD MODEL CAM3000.

CAMI00 — AS170A Format cemera only. To order, specify
FAIRCHILD MODEL CAM3100.

CAM3000F — RS170A Format camera only with fiber optics
faceplate. To order, specity FAIRCHILD MODEL CAM3000F.

CAM3100F — RS170A Format camera only with fiber optics
faceplate. To order, specify FAIRCHILD MODEL CAM3100F.

CAM30001 — RS170A Format intensified CCD camera only.
To order, specify FAIRCHILD MODEL CAM30001.

WARRANTY

Within tweive months of delivery 1o the end customer, Fairchiid
Weston CCD Imaging will repalr or replace, at our option, any
Falrchild Weston camera product If any part is found 1o be defective in
materials or workmanship, Pleass call (408) 720-7600 in the U.S, or
081/85/818-0 in West Germany for Information on assignment of &
warranty return number and shipping tnstructions to ensure prompt
repair or replacement.

CERTIFICATION

Fairchild Weston CCD Imaging certifies that this product wil be
carefully Inspected and teated at tha factory prior to shipment and will
meet all requirements of the spacHicatlons under which It ia furnished.

Powsr Supply Unit — This unit provides £15, +5Vdc, and the
TE cooler current inputs to the CAM3000, CAM100,
CAM3000F, CAM3100F or CAM3000I derived from power line
voltages of 110110 or 220+20/VAC, 45-63Hz. The front panel
ot the power supply unit provides BNC-connector access to
composite blanking, composite sync, vertical drive, and
horizontal drive output signals, and horizontal and vertical
drive and external clock input signals, plus a convenient
connector for interfacing the camera and power supply to the
Fairchild VIP100 Video Interface Processor or other auxiliary
equipment.

The front panel also supports an AGC off/on switch, a clock
source select swiltch, and a power oft/on switch.

A &' (1.8 meters) cable is provided for interconnection of the
camera control unit and the power supply To order, specify
FAIRCHILD MODEL PWRSPLY.

Remots Sense Head Cable — Allows sense head to be
remoted from camera control unit by a distance of 12 {3.6
meters). Up to 4 CABLAUTOs can be used in series with little
degradation in camera performance. To order, specify FAIR-
CHILD MODEL CABLAUTO.

Lenses — 17 Vidicon type “C"-mount lenses are available in
{ocal lengths of 12.5mm, 25mm, and 50mm To order, specity
Models LENS12.5C, LENS25C, and LENSS50C, respectively.

Monltor — RS170A monitor. To order, specify FAIRCHILD
MODEL MONITOR.

SPECIALS

All Fairchild Weston CCD cameras are very fiexible and
can be modified to suit unusual applications. Fairchild is
interested in developing and manufacturing customized
versions of the basic camera for volume purchasers and is
wllling to assist low-volume purchasers in development of
custom medifications by provision of design and appli-
cations engineering assistance.

The new Fairchild Waston
CAM3000-A solid-state CCD
camera, combining the excellent
electro-opticat performance and
very small sense head of the
CCD/CAMS00D series with the
Camera Control Unit of the
popular CCD/CAM3000 series, is
ideal for industrial testing,
medical/scientific imaging and
machine vision applications.




FAIRCHILD WESTON

CCD IMAGING DIVISION

FEATURES

Small, rugged sense head

Buried-channsl CCD sensor

488~380 Resolution — CTF>70% at Nyquist

No Ing, geometric distortion or Image bum-In
Thermo-electrically cooled sensor

Designed for demanding environments

Unity gamma

625 line, 25 frama Internal clock iming meets CCIR
specifications

User salectable timing and 1ormat optional

|
| Genlock and external clock iming control
]

C-mount iens holder

power supply, power and remote sensse head cables

u Special moditications avallable — consult factory

Fairehlid Weston Systems, Inc. CCD Imaging Division
810 W. Mauds Ave., Sunnyvaias, California 84088
408-720-7600, TWX 810-373-2110

CAM3500/CCD3500
Solid-State Cameras
and Camera Subsystems

with CCIR TIMING
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DESCRIPTION

The CAM3500 and CAM3600 are rugged solid-state cameras
designed for use in industrial environments. They are genaral-
purpose black-and-white television cameras meeting CCIR
standards for timing in a 625-line per Irame scanning format,
The composite video output of the cameras offer high
resolution, wide dynamic range display of images on European
standard monitors, or provide data input into CCIR-compatible
digital machine vision equipment The camera resolution is
488-lines per frame, 380-elements per line, The monglithic
buried channel charge-coupled image sensor is thermo-
electrically cooled for optimized camera performance.

The CCD3500, CCD3600, CCD3500F, CCD3600F and CCD-
35001 are complete sub-systems comprised of a CAM3500,
CAM3600, CAM3500F, CAM3B00F or CAM35001 camera, a
power supply unit which also provides BNC-connector ac-

The CAM3500F end CAMIS0OF are CAM3500 or CAM3600
cameras modified by incorporation of a fiber-optics faceplate
for optical input A mounting flange and comptiant sensor
positioning arrangement provides an easy means for inter-
facing the camera to customer-supplied fiber optics equip-
ment. Lise of direct bundle-to-bundte fiber optic coupling can
dramatically increase the efficiency of image inputs in com-
parison to normal lens image forming systems for many
apphications. The fiber optics faceplate feature makes the
CAMB3500F ideal for applications in streak camera systems,
large-format image intensifier cameras, X-ray and UV image
detection systems and in other medical, scientific and indus-
trial camera applications.

cess to the most often used camera I/O timing signals, a
remote sense head cable and a power supply to control unit
cable. It is recommended that the CCD sub-systoms be
ordered for low-volume applications because of the inherent
convenience and economy of receiving an integrated ready-
to-operate camera system

CAMB3500, CAM3600, CAM3500F, CAM3G00F or CAM3S00!
cameras can be used as self-contained single-piece units or
separated into camera controd units and relatively small sense
heads connected by a flexible cable The sense heads are
designed to tolerate the accelerations, shocks, and vibrations
which are often encountered in industrial applications and
their relatively small size and weight encourage their use on
microscopes without requirement for expensive mounting
brackets and supports.

The CAM3S00I is a CAM3600F camera which is modified by
incorporation of a microchannel plate waferimage intensifier.
The CAMA3S500I is intended for Industrial, scientific and
surveillance applications requiring very low-light-level image
detection capability A C-mount lens holder is provided for
optical input into the intensifier faceplate. The amplified image
output of the intensitier is coupled to the CCD image sensor
by coherent, optically efficient fiber optic bundies.

168




SPECIFICATIONS

CAM3500 AND CAM3600 SPECIFICATIONS

Scanning Format — Interlaced 488-lines per frame, 380-
elements per ling (non-interlaced 244-lines per field is a pc
strap option).

Scan Timing — Frame rate is 25Hz, data rale is 9M elements
per second when camera is under control of internal crystal
oscillator. Frame rate can be varied from below 5 to above
40Hz (typically >50Hz) when using external master clock
input. Camera can be synchronized to external equipment
(gen-locked) with horizontal and vertical drive inputs.

Read-Out Formal — Image data is centered horizontally and
vertically in unblanked portions of frame and line timing
intervals as specified by CCIR television standards.

Cutput Signals
Analog Video: 1.4 Vp-p Composite, 75 ohm, sync negative,
white positive, dc coupled.

Timing: TTL-level Vertical and Horizontal Drive, Compaosite
Sync and Blanking, Frame Index, Data Rate Clock. Differen-
tial Master Clock.

Input Signals
Differsntial Master Clock for external frarme rate control.

Horizontal and Vertical drives for gen-locking, 2-5 Vp-p.
TTL-level clock source selects.

Resolution — >60% CTF at 488-lines per piciure height, 380-
lines per picture width.

Sensor — Monolithic Silicon CCD, 4:3 Aspect Ratio, 14mm
image diagonal.

Dynamic Range — Peak Signal {1v): RMS temporal noise in
the dark =1000:1.

Senaltivity — S:N >20db with faceplate illumination 2102
footcandies (see figure).

Video Automatic Gain Control — Approximately 10db of
additional video gain at low light levels when AGC function is
activated,

Coasmetic Performance (T, - 25°C, AGC Off)
Photo response shading non-uniformity <5% of output.

Shading in the dark <20 mVp-p for CAM3500, <10mVp-p for
CAM3600.

Number of biemished elemenis <20 for CAM3500, <5 for
CAM3600, where blemished elements are dafined as areas
exhibiting a spurious response of >50 mVp-p compared to
their nearest neighbors at any illumination level. No element
will exhibit a spurious response =350 mvVp-p for a CAM3500,
=150 mVp-p for a CAM3600,

NOTE: The amplitude of dark signal shading non-uniformity
and the amplitude of spurious element outputs in the dark
shouid be expected to double for each 5 to 10°C increase in
sense head case temperature.

Optical Input — C-mount (1 inch, 32 thread/inch) holder,
standard C-mount 1 inch vidicon type lenses are recommend-
ed (see order information). Effective back flange focal length
is 17.5 mm, clear thread dapth is >0.25 inches (>6.3 mm).

Enclosure — Sense head is O-ring protected, thermally
efficient ancdlzed aluminum extrusion.

1

s

Dimensions — See figure
Welght — Sense Head, 8 oz: Sense Head and Control Unit: 2 Ibs.

Environmental Conditlons — Operating Ambient Tempera-
ture: 0-50°C, Acceleration and Shock; Resistant to >100G,
any axis.

Power Requirements — <10 W, 15, +5, + 1 Vdc.

CAM3IS00F and CAM3800F SPECIFICATIONS

CAM3500F snd CAMAISO0F — Identical to the
CAM3500 and CAM3600 with the following exceptions:

Optical Input — Through coherent fiber optic faceplate 0.2
inches in length, cemented in intimate contact with CCD
sensor surface. Faceplate uses & micron diameter fibers, N.A.
= 1.0. Faceplate input is flat and polished.

Cosmetic Performance — Number of blemished elements
<100 for CAM3I500F, <10 for CAM3600F, since the faceplate
may contain a few open fibers.

Environment — Non-condensing humidity conditions when
the sensor temperature is 20°C below ambient.

CAM35001 SPECIFICATIONS

CAM3500! Specifications — Identical to the CAM3500 except
for the following:

Image Detector — Comprised of a microchannel plate image
intensifier coupled to & CCD sensor by efficient 1:1 image
geometry fiber optics.

Speciral Response — "Extended Red” photocathode (see
figure).

Sensitivity — S:N >20db with faceplate illumination levels
=10 footcandies.

Automatic Light Conirol Function — The intensifier gain is
automatically reduced as the input light level increases to
provide a near-constant output signal level for facepiate
iltlumination levels between 1 and 10> footcandles (see figure).

Image Bum In — The intensifier photocathode may develop a
“burmed-in” image if over-exposed by excess input light for
extended intervals.

Sense Head Weight — 16 0z,

Shock Resistance — Sense head will tolerate up to 20G
shocks, any axis.
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CCD3500 CAMERA BODY

BLOCK DIAGRAM
—
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CABLAUTO
IOPTIONAL)
FUNCTIONAL COMPONENTS

MODEL CAM3500, CAM3600, CAMB3500F, CAM36800F and
CAM35001 cameras are comprised of a camera control unit
and a camera sense head. The control unitis identical for all of
the camera models; there are significant differences in the
sense heads for the three types of cameras. Model CCD3500,
CCD3600, CCDAa500F, CCDAB00F and CCD3500! are sub-
systems including a camera, & power supply unit and two
cables The power supply unit and cebles are identical for
each camera type.

IMAGE SENSOR

The image sensor empioyed in the CAM3500-series camera
sense head is a selectad buried-channel charge coupled
device (CCD} manufactured by Fairchild Weston. The interline
transfer organization of the sensor provides a resolution of
488-lines per frame, 380-elements per line. Buried channel
technology minimizes noise and allows high data rate and
high frame rate operation without sacrificing charge transfer
efficiency

For use in CAM3500 or CAM36C0 cameras, the CCD is
enclosed in a ceramic package sealed with an optical-quality
transparent glass cover. For construction of a CAM3500F,
CAMB3B00F, or CAM35001, a coherent bundle of optical fibers 6
microns in diameter and 2 inches in length is bonded to the
CCD surface with a hard-setting optical cement. The CCD
package is then sealed with epoxy. The printed gircuit board
supporting the fiber optic laceplate sensor is spring loaded so
that intimate contact can be made to customer supplied fiber
optics with the CAM3500F, CAM3800F, or to the intensifier
output in the CAM35001.

THERMO-ELECTRIC COOLER

The CCD die temperature is reduced to about 20°C below
ambient temperature by a Peltier-effect thermo-electric cool-
er in the sense head A current-controlled dc power supply
input of 0.8 Amp at about 1 V (provided by the power supply
unit when a CCD3500, CCD3600, CCDA500F, CCD3600F, or
CCD35001 is purchased) is required for cooler operation The
cold side of the cooler contacts the CCD package and the hot
side ot the cooler contacts a heat transfer member which is
thermally connected to the finned walls of the sense head
enclosure. Sensor cooling reduces the random temporal
noisa content in the signal output of the sensor and also
reduces the dark current non-uniformity or fixed pattern noise
content of the sensor signal.

CCDJ3500 SENSE HEAD
BLOCK DIAGRAM

IMAGE INTENSIFIER (CAM35001 ONLY)

image inputs into a CAM3500f camera are transmitted by fiber
optics to a photocathode where photons are converted into
electrons. Electrons freed from the photocathode are accel-
erated by electrostatic potentials towards a wafer-type micro-
channel plate. Gain is achieved within the microchannel plate
where each channel acts as a high-gain electron multiplier.
Electrons exit the plate and strike an output phosphor which
reconverts them into photons. A second fiber optic bundle
directs the amplified image from the phosphor te the CCD
faceplate. The electron-multiplication gain within the inten-
sifier is dependent upon the accelerating electro-static poten-
tials supplied to the intensifier electrodes and can be higher
than 10,000:1 at low light-levels The impedance of the power
supply which provides the operating voltages to the intensifier
has been designed so that the gain decreases as the average
brightness of the image input increases to give a very wide
range AGC function to the CAM35001.

SENSE HEAD CIRCUITRY

The sense heads contain, in addition to the CCD image sensor
and thermo-electric cooler, (plus intensifier and high voltage
supply in the CAM3S500I) circuitry for generating the high-
frequency clock signals for control of the CCD and a buffer for
the sensor video output signal. All other CCD timing and drive
slectronics, supply and bias voltage regulators, and video
processing circuits are contained in the camera control units.

DETAILED DIAGRAM of the CAMERA FRONT-END

MICH DEMANMEL
FLATE (WCP)
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The CAMA500 and CAM3600 optical pathsinclude an infrared
rejecting filter which gives the cameras a near-photapic
spectral sensitivity. The CAM3500, CAM3600 and CAM35001
sense heads are protected against dirt and dust by O-ring
seals; the CAM3500F and CAM3600F are unsealed for user
convenience when employing fiber optic inputs.

CAMERA CONTROL UNIT

The camera control unit houses three pc cards performing the
functions of camera end sensor timing control, CCD drive and
video processing, interconnected by two pc mother boards.
Camera timing is normally controlled by an internal 17.8375
MHz master clock oscillator located on the drive board. The
frequency of this oscillator is controlled by a phase-locked
loop circult when the camera timing Is “gen-locked” to
external vertical and horizontal drive or composite video sync
inputs. A vertical drive input or a vertical drive separated from
composite inputs Is required to establish frame sync in a
gen-lock mode. An external master clock signal can be used
for variable frama-rate operation.

Timing waveforms for sensor drive and sync signals for the
formation of CCIA composite video &re derived from the
master ctock signal. These signals ara then fed to the drive
board where the TTL level signals are altered to CCD drive

SPECTRAL RESPONSE
o
Gl“l"“f/ :m'ﬂ.n-o-l

=

RELATIVE RESBPONSE (%)

RELATIVE RESPONSE (%)
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level signals required to operate the sensor. From the drive
board, sensor clocks are fed through the 31-pin D connector
fo the sense head and the composite sync signal Is forwarded
to the video processor board.

The video processor recelves sensor video from the CCD in
the sense head. The video is line-clamped, amplified, and
blanked with composite blanking from the legic board and
then summed with the composite sync signal from the drive
board to yield the CCIR-format composite vidso at the BNG
output at the back of the camera. Timing signal I/0 connec-
tions are provided at the 25-pin D connector at the back of the
camera (see Pin Diagram).

Sensor scanning is controlled so that the 488 sensor line
outputs are vertically centered on & correctly-adjusted 625-
line monitor and the 380-elements in each line are horizontally
centered across the monitor. A monitor-image exhibits a
geometrically—correct image with standard 4:3 aspect ratio.

The cameras require inputs of +15, +5 and 0.8 Amps at about
+1Vdc. Internal regulators provide all voltage levels needed to
drive the amplifiers and various clocks.

TYPICAL PERFORMANCE CURVES
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POWER SUPPLY

POWER SUPPLY UNIT

The power supply unit, which is a part of the CCD3500,
CCD3600, CCD3500F, CCD3600F and CCD35001 sub-
systems or which can be ordered separately for use with either
of the cameras, contains a linear power supply module, timing
signal buffer amplitiers and |/O signal connectors.

Power input is through a fuse-protected recessed rmale
connector. Input voitages of 110 or 220 VAC, +10% can be

selected by an insert switch mechanism, A detachable 3-wire
grounding cord with U_S. standard piug is included.

Camara Control Unit

Power Supply Cable

Power Supply
Unit

IO PIN CONNECTIONS
HORIZONTAL DRIVE IN
HORZONTAL DAVE OUT COMPOSITE BLANKING OUT
VERTICAL BAVE N DATA RATE CLOCK OUT
TUAING SELECT & VALID VIDEQ OUT
TIMING SELECTB +5¥ [500mA)
TE COOLER
MASTER CLOGK+
MASTER CLOCK- :22 ‘:uT
MASTER CLOCK+ OUT 8 100l 14
MASTER CLOCK- OUT
VERTICAL DRIVE OUT
FIELD INDEX
TE COOLER

MATING CONNECT OR IS TYPE DE-255
BY TRW OR EQUIVALENT

L ————

Asmote
nae Head
» (Cablairto)

Sense Head
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CONTROL UNITS

VIDED

O

BNC

CONTROL UNIT
REAR VIEW

CAMAG00
EAMSEDOF
36001

= |

MECHANICAL DIMENSIONS
(NOTE ALL DIMENSIONS ARE IN INCHES)

SENSE HEADS

SENSE HEAD&
CONTROL UNIT
FRONT VIEWS

SENSE HEAD
BOTTOM VEW

CAM3s00
GAM 3
caagget

CAM3500

CAM3500F

CAM35001
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ORDER INFORMATION

CCDI500 — Includes a CAM3500 camera, remote sense head
cable 12 fest (3.6 meters) in length, 8 power supply unit and
& power supply to control unit cable. To order, specify
FAIRCHILD MODEL CCD3as00.

CCD3600 — Includes a CAM3800 camera, remote sense head
cabie 12 feet (3 6 meters) in length, a power supply unit and
a8 power supply to control unit cable. To order, specity
FAIRCHILD MODEL CCD3600.

CCD3S00F — Includes a CAM3500F camera, remote sonse
head cable 12 feet {3.6 meters) in length, a power supply unit
and a power supply to control unit cable. To order, specify
FAIRCHILD MODEL CCD3500F.

CCD3600F — includes a CAM3B00F camera, remote sense
head cable 12 feet (3.6 meters) in length, a power suppiy unit
and a power supply to control unit cable. To order, specify
FAIRCHILD MODEL CCD3600F

€CD35001 — includes a CAM3500| camera, remote sense
head cable 12 feet (3.5 meters) in length, a power supply unit
and a power supply to control unit cable. To order, specify
FAIRCHILD MODEL CCD35001.

CAM3500 — CCiA Format camera only, To order, specify
FAIRCHILD MODEL CAM3500.

CAM3800 — CCIR Format camera only To order, specify
FAIRCHILD MODEL CAM3600.

CAM3500F — CCIR Format camera only with fiber optics
facepiate. To order, apecify FAIRCHILD MODEL CAM3500F.

CAMB3600F — CCIR Format camera only with fiber optics
facepiate. To order, specify FAIRCHILD MODEL CAMA3800F,

CAM35001 — CCIR Format intensifled CCD camera only. To
order, specify FAIRCHILD MODEL CAMS3500).

WARRANTY

Within twelve months of delivery to the end customer, Fairchiid
Weston CCD Imaging will repalr or replace, at our option, any
Fairchlld Weston camera product it any part Is found to be defective in
materlals or workmanship, Please call (408) 720-7600 in the U.S. or
081/85/618-0 in West Germany for Iinformation on assignment of a
warranty rsturn number and shipping instructions to ensure prompt
repair or replacement.

CERTIFICATION

Falrchild Weston CCD Imaging certifise thai this product will be
carefully inspectad and tested at the tectory prior to shipment and will
maet all requirements of the specifications under which it is turmished

Powet Supply Unit — This unit provides +15, +5 d¢, and the
TE cooler bias voltage inputs to the CCDA500, CAM3GO0,
CAMA3S500F, CAM3BOOF or CAM3500I, derived from power line
voltages of 110110 or 220+20/VAC, 45-63Hz The front panel
of the power supply unit provides BNC-connector access to
compaosite blanking, composite sync, vertical drive, and
horizontal drive output signals, and horizontal and vertical
drive and external clock input signals plus a convenient
connector for interfacing the camera and power supply to the
Fairchlid VIP100 Video Interface Processar.

The front panel also supports an AGC off/on switch, a clock
source select switch, and a power off/on switch.

A &' (approximately 2 meters) cable is provided for inter-
connection of the camara control unit and the power supply.
To order, specify FAIRCHILD MODEL PWRSPLY.

Remole Sense Head Cable — Allows sense head to be
remoted from camera control unit by a distance of 12
(approximately 4 meters). To order, specity MODEL
CABLAUTO. Upto 4 CABLAUTOs can be used in serles with
little degradation in camera performance. To order, specify
FAIRCHILD MODEL CABLAUTO.

Lenses — 1" Vidicon type “C"-mount lenses are available in
focal lengths of 12.5mm, 25mm, and 50mm. To order, specify
Modeis LENS12.5C, LENS25C, and LENSSOC, respectively.

Monttor — CCIR monitor. To order, specity FAIRCHILD
MODEL MONITOR

SPECIALS

All Fairchild Weston CCD cameras are very flexible and
can be modified to suit unusual applications. Fairchild is
interested in developing and manufacturing customized
versions of the basic camerg for volume purchasers and is
willing to assist low-volume purchasers in development of
custom modifications by provision of design and appli-
catlons engineering assistance.
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FAIRCHILD WESTON

CAM3002/CCD3002

Solid-State Cameras

CCD IMAGING DIVISION

and Camera Subsystems

with RS170 TIMING

FEATURES

Burled channal CCD sensor, alf solld state rellabllity.
High resolution (483 x 378), high CTF (>70%).
Element

anti-blooming.
Blemish frue (see cosmetic performance specifications.)
Small, rugged, remotaable senee head.

Unity gammas.
Dnlmedforuulnruggodlndmiﬂd snvironments.,

Gen-lock capabitity, optional sync separator.
Digltaily controlled scanning, ¢lock controfled frame rates.
Selectable video AGC.

Includes Sna-driven (110/220 VAC, 47-83 Hz! Inear power
supply plus remote sense haad and power supply cables.
B Easy access to iming signal I/Os, controls.

B Complele sasy io uss sub-sysiem.

B Bpecisl modifications avallable — consult factory.

DESCRIPTION

The CAM3002 is arugged solid state camera designed for use
in industrial environments. It is a general-purpose black and
white camera Incorporating RS170A standards for timing and
video signals. The compasite video output offers high reso-
lution, wide dynamic range images when disptayad on U.S.
standard monitors or for digital analysis using RS170A-
compatibleimage processing equipment. The camera resolu-
tlon is 483 lines per frame, 378 elements per line.

CCD3002 SUBSYSTEM

Fairchild Weston Systems, Inc. CCD Imaging Divislon.
810 W. Mauds Ave., Sunnyvale. California 84086
(408) 720-7600, TWX 810-373-2110
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The CCD3002 is a complete subsystem comprised of a
CAM3002 camera, a power suppy unit which provides BNC
connector access to the most often used camera 1/0 timing
signals, a remote sense head cable, and a powsr supply-to-
control unit cable. It is recommended that the CCD3002
subsystem be ordered for low-volume applications because of
the inherent convenience of receiving an integrated camera
Subsystem.

The CAM3002, as pictured, can be used as a single-piece unlt
or separated into a camera control unit and sense head
connectad by a flaxible cable. The sanse head is designed to
tolerate high accelarations, shock and vibration which might,
for example, be encountered on a rapidly

moving arm of an industrial robot.

© 1986 Fairchlld Weaton Printed in U.S A.
Falrehild Weston rossrvaa tha right ta make changes In
the circuitry or spacifications at any time without notice
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CAM3002 BLOCK DIAGRAM

CAMERA CONTROL UNIT

CAM3002 SPECIFICATIONS

Scanning Format — interlaced 2 fields per frame, 378 elements
per line is standard. {Non-interlaced 1 field per frame is a pc
strap option.)

Scan Timing — Frame rate is 30Hz, data rate is 7.16 elements
per second under control of internal crystal-controlled oscil-
lator. Frame rate can vary from below 5 to above 40Hz using
external master clock input.

Synchronization — Can be gen-locked with horizontal and
vertical drive signal inputs.

Output Signals — Analog Video: 1.4Vp-p Composite, 75ahm,
Sync (0.4Vp-p) Negative, Black =+.05V. { Sync removable with
pc strap.) Timing: Vertical and Horizontal Drive, Composite
Sync and Blanking, Frame Index, Data Rate Clock.

Resolution — 483 lines per picture height, 378 lines per picture
width.

Sensor — Monolithic Silicon CCD. 2/3 inch vidicon format.
Aspect Ratio: 4.3 (Horizontal:vertical). Image Diagonal: 11mm.

Dynamic Range — Peak signal (1V): RMS temporal noise in
the dark =1000:1.

Saturation Irediance — 8.4 yW/cm at normal scan rate

Minlmum ilumination — S:N 20db with facepiace illumination
=1021c.

Contrast Transfer Function, Horizontsd — 75% at 378 lines/
picture width.

Contrast Transfer Function, Yertical — 70% at 483 lines/picture
height.

Automatic Galn Control — 10db of video gain at low light
levets when activated

Cosmaetic Performance (TA - 25°C, AGC OFF) — Photo
responsa shading non-uniformity <5% of Vour (Video Output).

Shading in the dark =10mVp-p =1% max of peak output.

No sensor elements will exhibit a spurious response of =50
mVp-p in comparison to their nearest neighbors.

Note that the amplitude of dark signal shading non-
uniformity and the amplitude of spurious non-uniformity
slement outputs should be expected to double for each 5 to
10°C increase in sense head temperature

Lens — C-mount standard 1" Vidicon types are recommended
{See options.) Effective back focal length is 17.5mm, clear
thread depth s =25 inches.

Encloaurs — Sense head is O-ring protected, thermally
efficient ancdized aluminum extrusion.
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BENBE HEAD

Welght — Sense Head, 7 0z : Sense Head and Control Unit, 2 1bs.

Environmental Conditions ~—

Operating Ambient Temperature: 0-50°C

Acceleration and Shock: Resistant to more than 100G, any
axis

Vibration: 20-2000Hz, 20G, any axis.

Power Requirements — <8W input, 15, +5Vdc.

INTERFACE CONNECTOR

GMD

COMP BLANK
FAAME INCEX
N/C

[, €3

CCD3002 SPECIFICATIONS
CAM3002 — As specified above.
Power Supply Unlt — Dimensions — 7 7" wide, 4.2" high, 5.0”

deap. Power Main Input — Switchable for 110 or 220 VAC,
+10% 47-63Hz, fuse protected.

Confrols — Power (on/off}, AGC control (on/off), Master
Clock select (internal/external/gen lock).

Timing Oulput Signals — BNC connectors — TTL leveals,
horizontal drive, vertical drive, compasite syng, field index.

Timing Input Signals — BNC connectors Horizontal and
vertical drive for gen lock, Negative edge funclion, pulse
amplitudes >2 Vp-p, <20Vdc Mastsr clock: TTL {evel square
wava.

§-pin D Connector — Fairchild VIP10) processor interface.

CABLAUTO 3002 — Fiexible remote sense head cable, 12
{3 6 meters) long, shielded 15-pin connectors.

Power Supply Cable —Flexible power supply to camera
control unit cable, 6 (1.8 meters) long, shielded 25-pin
connectors,



FUNCTIONAL DESCRIPTIONS

The tfunctional components of CCD3002 subsystems and
CAMB3002 cameras are illustrated in the two block diagrams as
seen previously,

Image Sensor:

The image detector used in the CAM3002 camera sense head
{See CAM002 Block Diagram) i3 a monolithic charge-
coupied device {CCD) image sensor. This sensor provides a
resolution of 483 lines by 378 elements at the camera output.
The buried channel CCD architecture employed in the sensor
minimizes noise and allows high frame rates without sacri-
ficing charge transter efficiency. CCD technology allows the
camera to offer zero lag and geomedric distortion, lower power
consumption, small size, and unusual robustness for use in
industrial environments.

Sense Head:

The sense head contains the image sensor, circuitry for
generating the high frequency horizontal register clock signats
for CCO control, and a buffer for the sensor video. All other
CCD timing and drive electronics, supply and bias voltage
regulators, and video processing electonics are contained in
the camera control unit. Light reaching the sensor is filtered by
a 2.0mm thick Schott BG-38 glass in order to eliminate IR
content and give a near photopic spectrat senstivity. The
sensor is rigidly held in position and aligned with respact to
the sense head mounting foot. The sense head is protected by
O-rings and by bonding of the filter gtass into the lens mount.

Camera Control Unit
Theca
tunctia
and vi
boards
master
frequel
loop ¢
externs
compo
drive s¢
frame s
Timing
formati
master
board 1
level si
board,
tothes
tlothev

HORMALIZED RESPONSE %}
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The video processor receives sensor video from the CCD in
the sense head. The video is line clamped, amplified, and
btanked with composite blanking trom the logic board, and
then summed with the composite sync signal from the drive
board o yield the RS170A composite video at the BNC output
at the back of the camera. Timing signal I/0 connections are
provided at the 25-pin D connector at the back of the camera
{See Pin diagram, Page 4).

The cameras require inputs of +15 and +5Vdc internal
regulators provide all voltage levels needed to drive the
amplifiers and various clocks

Power Supply Unit

The power supply unit, which is a part of the CCD3002
subsystam or which can be ordered separately for use with a
CAM2002, conteins a linear power supply module, timing
signal buffer amplifiers, I/0 signal and interface connectors.

Power input is through a fuse-protected recessed male con-
nector. Input voitages of 110 or 220 VAC, +10% can be
selected by an insert switch mechanism. A detachable 3-wire
grounding cord with U.S standard pfug is included.

CAM 3002
1/0 PIN CONNECTIONS
GND
HORIZONTAL DRIVE IN
HORIZONTAL DRAIVE OUT iy £ m: . our
o

TIMING SELECT A
TWAING SELECT B

TRANSFER CONT| IN
MASTER CLOCK+ IN ONTROL

MASTER CLOCK- IN AGCIN
M s‘rssn c coL K+ OUT AccouT
A LOCK+ U ~15V {100mA) IN

MASTER CLOCK- QUT
VERTICAL DRIVE OUT
FIELD INDEX

NOT CONMNECTED

MATING CONNECTOR IS TYPE DB-255
BY TRW OR EQUHIVALENT

NORIAALIZED SPATIAL FRECLENCY
{10 =483 vy peciure HEIGHT)
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CAM3002
MECHANICAL DIMENSIONS
{Note: All dimensions are in inches)
CONTROL UNITB SENSE HEADS
SENSE HEAD
e S
FRAONT YIEWE
o o 0 o |
[ 1114 ] “ﬂl”/
14-m
CONTROL UNIT SENSE HEAD
REAR VIEW BOTTOM VIEW
OPTIONS AND ORDER INFORMATION: WARRANTY:

CCD3002 — Includes camera, power supply unit, remote
sense head cable, and power supply cable.

CAMID02 — CCD3002 less power supply unit and cables.

Power Supply Unit — This unit provides +15 and +5Vdc bias
voltage inputs to the CCD3002 derived from power line
voltage of 120::10 or 240420 Vac, 47-63Hz. The front panel of
the pawer supply unit provides BNC-connector access to
composite blanking, composite sync, vertical drive, and
horizontal drive Input, cutput signals, an external clock input
as TTL levels and connectors for interfacing the camera and
power supply to the VIP100 Video Interface Processor. A €'
(approximatety 2 meters) cable Is provided for interconnection
of the camera control unit and the power supply. To order,
specify Model PWRSPLY.

Remots Semnse Head Cable — Allows sense head to be
remoted from camera control unit by a distance of 12
(approximately 4 meters). To order, specifty Model CABL3002.
Upto 4 CABL3002s can be ysed in series with little degradation
in camera performance. To order, specify Model CABL3002.

Lenaes — 1" Vidicon type “C"-mount lenses are available in
focal lengths of 12.5mm, 25mm and 50mm. To order, specify
Models LENS13C, LENS25C and LENSSOC, reapectively.

Monltor — NTSC monitor. To order, specify Modal MONITOR.
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Within twelve months of delivery to the end customer,
Falrchild Weston CCD Imaging will repair or replace, at our
option, any Fairchild Weston camera product if any part is
found to be defactive in malerials or workmanship. Please call
(408) 720-7600 for information on assignment of & warranty
return numbaer and shipping instructions to ensure prompt
repair or replacement.

CERTIFICATION:

Fairchild Weston CCD Imaging certifies that this preduct will
be carefully inspected and tested at the factory prior to
shipment and will mest all requirements of the spacification
under which it is furnished.

All Fairchild Weston CCD cameras are very flexible and
can be modified to suit unusual applications. Fairchild is
interested in developing and manufacturing customized
versions of the basic camera for volume purchasers and is
willing to assist low-volume purchasers in deveiopment of
custom modifications by provision ol design and appli-
cations enginearing assistance




FAIRCHILD WESTON

CCD IMAGING DIVISION

FEATURES

Bummccnm.dmmmu.
High resolution (481 x 384) hgh CTF (>70%).

Element anii-blooming.

Blemish free (see cosmetic periormance specifications.)
Small, rugged, remotable senee hoad.

Unity gamma.

No ing, geometric distortion, or image bum-in.
Jumper-seleciable iming/format options.

inclucies ine-deiven (110/220 VAC, 47-83 Hz) Hnear power
wmummmmmwmm
Easy sccess to timing signal 1/Os, conirols.
Complets sasy to use sub-sysiem,

Special modification svallable—coneult factory

DESCRIPTION

The CAM3502 is & rugged solid-state camera designed for
use in industrial environments, It Is a general-purpose black-
and-white camera incorporating CCIR standards for timing
and video signals. The composite video output offers high
resolution, wide dynamic range images when displayed on
U.S. standard monitors or for digital analysis using CGIR
compatible image processing equipment. The camera reso-
lution I8 491 lines per frame, 384 elements per line.

CCD3502 SUBSYSTEM

Fairchild Weston Systems, Inc. CCD Imaging Division,
810 W. Maude Ave._ Sunnyvaie, Gaillforn|a 84088
{408) 720-7600, TWX 910-373-2110

CAM3502/CCD3502
Solid-State Cameras
and Camera Subsystems

with CCIR TIMING
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CAMSS02 CAMERA

The CCD3502 is a complete subsystem comprised of a
CAM3502 camera, a power supply unit which provides BNG
connector access to the most often used camera /O timing
signals, a remote sense head cable, and a powsr supply-to-
control unit cable.

The CAM3502, as pictured, can be used as a single-piece unit
or separated into a camera control unit and sense head
connected by a flexible cable. The ssnse head is designed to
tolerate high accelerations, shock and vibration which might,
for example, be encountered on a rapidly moving arm of an
industrial robot.

*1966 Falrchid Weston  Printed In U.S A, .
Fairchild Weston resarves the right 1o make changes in
1he circultry or apecifications at any time without notice.




CAM/CCD3502 BLOCK DIAGRAM

CABML 008
OPTHONAL S

CAMERA CONTROL UNIT

CAM3S500 BPECIFICATIONS

Scanning Format— nterlaced 2 fields per frame, 384 elements
per line is standard. (Non-interiaced 1 field per frame is a pc
strap option}.

Scan Timing—Frame rate is 25Hz, data rate is 8.97M elements
per second under control of internal crystal-controlled oscilla-
tor. Frame rate can vary from below 5 to above 40Hz using
external master clock input. image is displayed in center of
normally-adjusted CCIR monitor,

Synchronization—Can be gen-locked with horizontal and
vertical drive signal inputs.

Output Signats—Analog Video: 1.4Vp-p Composite, 75 ohm,
Sync (0.4Vp-p) Negative, Black = +.05V. (Sync removable with
pe strap.) Timing: Vertical and Horizontal Drive, Composite
Sync and Blanking, Frame Indox, Data Rate Clock.

Resolution—491 lines per picture helght, 384 linas per picture
width.

Sensor—Monolitlc Silicon CCD. 2/3 inch vidicon format.
Aspect Ratlo: 4.3 (Horizontal:verticaf). Image Diagonal: 11mm.

Dynamic Range—Poak signal (1V): RMS temporal noise in
the dark = 1000:1.

Ssturastion kradlance—8.4,W/cm at normal scan rate.

IHumination—S:N 20db with faceplate illumination
=107t c.

Contrast Transler Funcion, Hortzontal —75% at 384 lines/pic-
ture width.

Contrast Transfer Funciion, Vertical—70% at 491 linea/picture
height.

Automatic Gain Control—10db of videc gain at low light
levels when activated.

Cosmelic Performance (TA = 25°C, AGC OFF)}—
Photo response shading non-uniformity <5% of VouT (Video
output).
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SENST HEAD

Shading in the dark < 10m Vp-p=1% max of peak output.

No sensor elements will exhibit a spurious response of 250
mVp-p in comparison to their nearest neighbors,

Note that the amplitude of dark signal shading non-
uniformity and the amplitude of spurious non-unitormity
elament outputs should be expected to double for sach 5 1o
10°C increase in sense head temperature.

Lens—C-mount standard 1" Vidicon types are recommend-
ed.(See options.) Effective back focal length is 17.5mm, clear
thread depth is > .25 inches.

Enclosure—Sonse head ls O-ring protected, thermally
sefficient anodized aluminum extrusion.

Dimensions—See figure.

Welght-Sense Head, 7 oz.. Sense Head
and Control Unit, 2 Ibs.

Environmental Conditions—

Operating Ambient Temperature: 0-50°C.
Acceleration and Shock:

Resistant to more than 100G, any axis.
Vibration: 20-2000Hz, 206G, any axis.

Power Requiroments—<BW input, £15, +5Vdc.

CAM3502 SPECIFICATIONS
CAM3502—As specified above.

Power Supply Unit—Dimensions—7.7" wide, 4.2" high, 5.0”
deep. Power Main Input— Switchable for 110 or 220 VAC,
+10% 47-83Hz, fuse protected.

Controls—Power (on/off), AGC control (on/off), Master
Clock sslect (internal/external/gen lock).

Timing Output Signals—BNC connectors—TTL levals, hori-
zontal drive, vertical drive, composite sync, field index.

Timing Input Signals—BNC connectors horizontal drive,
vertical drive for gen lock: Negative edge function, pulse
amplitudes > Vp-p, < 20Vdc. Master clock: TTL level square
Wave.




9-pin D Connector—Fairchlld ViP100 processor interface.

CABL3502—Flexible remote sense head cable, 12' (3.6
meters) long, shielded 15-pin connectors.

Power Supply Cable—Flexible power supply to camera
control unit cable, 8' {1.8 melers) long, shislded 25-pin
connectors.

FUNCTIONAL DESCRIFTIONS

The tunctionai components of CCD3502 subsystems and
CAM 3502 cameras ara illustrated in the two block diagrams
as seen previously.

Image Seneor:

Theimage detector used in the CAM3502 camera sense head
(See CAM3502 Block Dlagram) is a monolithic charge-
coupled device (CCD) image sensor. This sensor provides a
resolution of 491 lines by 384 elements at the camera output.
The buried channel CCD architecture smployed in the sensor
minimizes noise and allows high frame rates withoul sacrific-
ing charge transler efficiency. CCD technology allows the
camera to offer zero lag and geometric distortion, lower
power consumption, small size, and unusual robustness for
use in tndustrial environments.

Sense Head:

The sense head contains the image sensor, circuitry for
generating the high frequency horizontal register clock
signals for CCD control, and a bufier for the sensor video. All

Camera Control Unit

The camera control unit houses three pc cards, performing
the functions of camera and sensor timing control, CCD drive
and video processing, interconnected by two pc mother
boards. Camera timing is controlled by an internal 17.94MHz
master clock oscillator located on the drive board. The
frequency of this oacillator is controlled by a phase locked
loop circuit when the camera timing Is “gen-locked” to
axternal vertical and horizontal drive or composite video or
compaosite sync inputs. The vertical drive input or a vertical
drive separated from composite Inputs is required 1o establish
frame sync.

Timing waveforms for sensor drive and sync signals for the
tormation of CCIR composite video are derived from the
master clock signal. These signals are then fed {o the drive
board when the TTL level signals are altered to CCD drive
level signals required to operate the sensor. From the drive
board, sensor clocks are fed through the 15-pin D connector
to the sense head and the composite sync signai is forwarded
ta the video processar board.

The video procassor receives sensor video from the CCD in
the sense head. The video is line clamped, amplified, and
bianked with composite blanking from the logic board, and
then summed with the composite sync signal from the drive
board to yield the CCIR composite video at the BNC output at

the back of the camera. Timing signal /O connections are
provided at the 25-pin D connector at the back of the camera
{See Pin Connectors Below).

The cameras require inputs of £15 and +5Vdc. intemal
regulators provide all voltage levels needed to drive the
amplifiers and various clocks.

Power Supply Unit:

The power supply unit, which is part of the CCD3502 sub-
system or which can be ordered separately for use with a
CAM3502, contains a linear power supply module, iming
signal butter amplifiers, 10 signal connectors and interface
connector.

Power input is through a fuse-protected recessad male
connector. input voltages ot 110 or 220 VAC, +10% can be
selected by an Ingert switch mechanism. A detachable 3-wire
grounding cord with U.S. standard plug is included.

GND

HORIZOMTAL DRVE IN
HORIZONTAL DRIVE QUT
VERTICAL DRIVE IN
TIMING SELECT A
TIMING SELECTB
MASTER CLOGCK+ IN
MASTER CLOCK- IN
MASTER CLOCK+ OUT
MASTER CLOCK- QUT
VERTICAL DRIVE QUT
FIELDINDEX
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MECHANICAL DIMENSIONS

(Note: All dimensions are in inches)

CONTROL UNITS

080—Z0000=" 00

CONTROL UNIT
REAR VIEW

OPTIONS AND ORDER INFORMATION:

CCD3502—Includes camera, power supply unit, remote
sense head cable, and pawer supply cable.

CAM3502—CCD3502 less powser supply unit and cables.

Power Supply Unit—This unit provides +15 and +5Vdc bias
voltage inputs to the CCD3502 derived from power line
voltage of 12010 or 240+20 Vac, 47-63Hz. The front panel of
the power supply unit provides BNC-connector access to
composite blanking, composite sync, vertical drive, and
haorizontal drive input, output signails, an extarnal clock input
as TTL levels and connectors for interfacing the cemera and
power supply to the VIP100 Video intertace Processar A &'
{approximately 2 meters) cable is provided for interconnec-
tion of the camera control unit and the powsr supply. To
order, specify Model PWRSPLY.

Remole Sense Head Cabie—Allows sense head 1o be
remoted from camera control unit by a distance of 12
(approximately 4 meters). To order, specify Model CABL3002.
Up to 4 CABL3002s can be used In series with little degrada-
tion in camera performance. To order, specify Model
CABL3002.

Lenses-—1" Vidicon type “C™-mount tenses are available in
tocal tengths of 12.5mm, 25mm and 50mm. To order, specify
Models LENS12.5C, LENS25C and LENSSOC, respectivety.

SENSE HEADS

SENSE HEADA
CONTROL UNIT
FRONT YIEWS

SENSE HEAD
BOTTOM VIEW

SPECIALS

Al Fairchild Weston CCD cameras are vefy flaxible and can
be modified to sult unusual applications. Fairchitd is interested
in developing and manutacturing customized versions o the
basic camera for volume purchasers, and is willing to assist
iow-volurne purchasers in development of custom modifice-
tions by provision of design and applications engineering
assistance.

WARRANTY

CERTIFICATION

Fairchild Weston CCD Imaging certifias that this product will
be carefully inspected and tested at the factory prior to
shipment and will meet all requirements of the specifications
under which it is furnished.
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FAIRCHILD WESTON

CCD IMAGING DIVISION

CAM/CCD5000 Serles
Solid-State Cameras
and Camera Subsystems

CCD/CAMS5000 SERIES FEATURES image scanning format and featuring very small camera sense
heads for image detection. The systems are comprised of a
u Multiple camers sysiem capabliity. control unit, a cable set, and one o more sense heads. The
Cosl effeciiveness capability for operation of up tofour sense heads from a single
Praciss synchronization controller offers important performance and economic bene-
Independent composlie video outputs fits for many applications.
Fleld sxpandable
2 Very sinall sesled senes heads, with encapsulated clrcultry, Models CCDS000-1, CCDS000-2, CCO5000-3 and CCD5000-4,
light weight and rugged. respectively, are complete line-powered systems including,
@ Burled chennel CCD sanscr, solld-state rellabliity, geo- respectively, 1, 2, 3, or 4 sense heads and correspondingly-
metrically precise. equipped controllers. Models CAMS5000-1, CAMS5000-2,
= Sensor is thermo-slectrically cooled. CAMS5000-3 and CAMS000-4, respectively. include 1,2,3,0r4
u RS170A format. sense heads and a controller prepered tor input of dc
B Gen-lock smnd clock Input capabiiities tor external timing

control.
8 Selectable iming/acan format oplions.
u Extended exposure for low-light-levels.
u Selectable videa AGC.
w Special modifications avallable — consult factory.

DESCRIPFTIONS

The FAIRCHILD WESTON CAM/CCD5000 series: is a famity
ot general-purpose Industrial-grade black and whita solid-
state RS170A-format television camera systems offering ex-
callent electro-optical parformance, versatility in timing and

CAM/CCDS000

operating voitages from customer-supplied power sources.
Model CAMS5000-K is a kit comprised of a sense head, cable,
and a controller module to permit field additions of additional
sense heads to systems.

A CCDS5000 or CAMS000 camera system will provide an
independent 0-1 Vp-p dc-coupled 75 chm source impedance
composite analog video output signal for each attached sense
head. Video output signais comply with the RS170A specifica-
tions for 525-line, 30Hz frame rate, television systams when
the camera timing is being controlled by its internal crystal

v
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E
=
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=
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L

i
Fairchild weston Systems, Inc. CCD Imagh .
810 W. Mauds Ave., Sunnyvalg, Gllh‘orr:.l.g ing Division

* 1588 Fairchild Weston Printsd in U.S.A.
{408) 720-7600. TWX 910-373-2110 m

Fnlrchildemnmlmngm:omecm \ .
or specifications at any time without notice. ges in the circuitry
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oscillator. The camera system can be synchronized with
horizontal and verlical drive inputs when needed for a system
epplication, or driven by an input clock signal for variable
frame rate operation. Jumpers allow the cameras scanning
formats to be changed from normal interlaced frame integra-
tion modes to non-interlaced or pseudo-interlaced field
integration modes. A customer-supplied input clock can be
used 1o increase the exposure time in frame interval incre-
ments for low-light-level image detection.

Muitiple sense head self-contained Models CCD5000-2,
CCDS5000-3, CCD5000-4, and Models CAMS000-2, CAM
5000-3 and CAMS000-4, which do not contain the power
supply module in the controller, are recommended for those
applications requiring the installation of more than one
RS170A format camera in a system, Sharing of tunctional
controfler modules makes the muitiple camera systems cost-
effective, and provides the often important performance
benefits resulting from precise pixel-to-pixel synchronization
of camera exposure intervals and output data scanning.
Precisely synchronized scanning, for example, is critical in
many stereo vision systems for 3-D inspection and other
industrial applications. Multiple camera systems are also used
for school bus and other large-vehicle safety installations and
for security surveillance applications

Each small light-weight sense head contains a carefully
selected thermo-electrically cooled 488 x 380 element buried
channel charge coupled device (CCD) image sensor manu-
factured by Falrchild’s advanced technology CCD process,
plus a small circuit module providing CCD control and cable-
interfacing electronics. The circuit module employs surface
mounted device construction technology to achieve small
size, reliability, and good high-frequency performancs. The
module is encapsulated into the thermally efficient sense head
enclosure for ruggedness, and the optical path within the
sense head is sealed by O-ring supports holding a glass fitter
element The sense head is designed to use industry-standard
C-mount optics, and both tripod and precise dovetail camera
mounting capabilities are provided on the enclosure for ease
in sense head installation and positioning.

SERIES 5000 CONTROL UNIT

REAR

CAMS5000 SENSE HEAD

The controller for a CCD5000 camera system containsg an
efficient line driven power supply medule. The controller fora
CAMS5000 camera system is equipped with a connector for
input of dc power from customer-supplied sources. Control-
lers also contain electronic modules providing the signals
required for operation of the attached sense head or heads
and numerous timing signal inputs and outputs which provide
scan rate and format flexibility and makae it easy toincorporate
the camera system into mechine vision applications.

Model CCD5000-1 is a self-contained one sense head systemn
recommended for those applications using a single RS170A-
tormat camera, the Model CAMS5000-1 is a similar system
using customer-supplied power supply voltage inputs into the
controller. Typical examples of single-camera system applica-
tions include situations where the miniature sense head is
mounted on a microscope and a monitor is used as an
operator vision aid in the scientific, medical, and semicon-
ductor communities, for harsh environment surveillance, and
for image data input into machine vision hardware for robot
guidance, automatic inspection, and process control in fac-
tory environments.

FRONT
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CCTD/CAMS000 SERIES SPECIFICATIONS

Sensor-cooled monolithic sllicon CCD.

Sensor Geometry — 1 inch vidicon format, 4:3 aspect ratio,
14.4mm image diagonal.

Scanning formats/sxposure interval
Normal, 483 interlaced lines/irame, 378 elements/iine, trame

Resolution — >50% CTF at 483 lines per picture height {in
full-interlaced mode), 378 lines per picture width.

Sensiiivity — >20db S/N with faceplate ilumination =102
footcandies.

[§
interval exposure. .
Jumper-selectable option 1, non-interlaced 242 lines/heid, F
field interval exposure. g
Jumper-salectable option 2, pseudo-interlaced 483 lines/ A
frame {approx. 360 lines vertical resolution), field interval n
exposure. >
Clock controlled option, exposure interval increased in frame il
interval increments, 2
Scen timing b
Normal internal control, 30Hz frame rate per RS170A specifi- a
cation, 7.16MHz data rate. s
Gen-locked, synchronized with herizontal and vertical drive 8
inputs. C
External clock control, frame rate can be adjustad trom below C
1 to above 60Hz. ;
Note: Selection of clock source is determined by a front panal e
switch. £
Output signals g
Analog video: Independemt output for each attached sanse p
nead, 1.4 Vp-p composite, sync negative, white positive, dc- d
coupled, 75 ohms, BNC connectors. c
Timing: TTL-level vertical and horizontal drives, composite b
sync and blanking, odd-field index, data rate clock, Differen-
tial master clock. g ﬂ
Input signals (not required for normal operation) d =
Differential master clock for variable frame rate. " =
Horizontal and vertical drives for gen-locking: TTL Levels. F S
2 =
i -]
F =
+ o3
=
11
170 PIN CONNI =T
YIP/AUX CONNECTOR CAMERA 110 CO
DICITAL GND DIRITR. G
RESET
NC
N
NC
N/C
N/C
NT
W
TRANSFER COMTROL
N/C
¥D OuT
HD OUT
B T YALID vIDED
¥D IN
HD N
nC-ouT
M+ OUT
H- N
M+ IN
FL
DISITA. GND
mC
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CCD5000 CAMERA SYSTEM, LESS CABLES

CCD5000 MECHANICAL DIMENSIONS
(NOTE: ALL DIMENSIONS ARE IN INCHES UNLESS SPECIFIED)

CONTROL UNIT

CABL5000 SENSE HEAD
SIDE VIEW FRONT VIEW

‘" MOUNT
LENS THREAD
100-32

1/4-30
MOUNTING HOLE
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SYSTEM CONFIGURATIONS THERMO-ELECTRIC COQLER

OPTICS

A Model CAMS5000-1 is the same as a Model CCD5000-1,

except that the controller is equipped with a connector for dc

power inputs, and doss not contaln the lIne-driven power SENSE HEAD CIRCUITRY
supply module.

Self-contained two, three or four sense head systems are
ordered by specifying Models CCDS000-2, CCD5000-3, or
CCD5000-4, respectively. The controller for the multipie
camera systems is equipped with one additional camera
control board for each additional sense head ordered. Only
one power module and one timing module are used in the
multiple camera systems. Models CAMS000-2, CAMS000-3,
and CAMS000-4 are 2, 3, and 4 sense head systems, respec- SENSE HEAD ENCLOSURE
tively, not equippad with the power modute in the controller.

FUNCTIONAL COMPONENTS

)
o
—
w
B
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o
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L2
bl
=
—

p =

CONTROLLER
IMAGE SENSOR
The image sensor employed in the CCD/CAMS000-series
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POWER SUPPLY MODULE

The power supply module is a low-noise swilching circuit
which accepts 110 or 220 VAC, £10% 47-440Hz inputs. Inputs
are fuse protected with chassis grounding. All cutputs of the
madule are regulated and well-filtered.

TIMING CONTROL MODULE

Camera system timing is normally controlled by an internal
14.3MHz Master Clock oscillator Timing signals for sensor
drive and synchronizing signals for formation of RS170A
composite video are derived from the Master Clock signals.
The trequency of a second internal voltage-controlled Master
Clock oscillator is determined by a phase-locked-loop circuit
which compares the phase of the intemnally-generated and
external horizontal drive input signals when the camera is
“gen-locked” to external equipment A vertical drive input
signal is required to establish frame sync in the gen-lock
mode. Master Clock inputs from an external signal source can
be used for variable frame rate operation

CAMERA CONTROL MODULE

Special purpose amplifiers on the camera modules convert
the TTL-level timing signais generated on the timing module
into proper CCD drive clocks. Adjustable regulators permit
sensor parformance optimization. The CCD clock wavetorms
and adjusted bias voltages are transmitied to the sense head
through the cable.

The video processing circuitry on the camera control board
receives sense head video through the cable. The video is
line-clamped for d¢ restoration, amplified, blanking is inserted,
and then summed with the sync signal to yield an RS170A
composite video cutput. Video automatic gain control ampli-
fication is switch-selectable. About 10db of additional gain is
available for low light level inputs.

CABLES

Shielded cables, 12 feet in length, are provided for inter-
connection of the sense head on the controller. The cable
diameter is about 3/8 inch. Special construction techniques
and material provides a tough, flexible cable.

TYPICAL PERFORMANCE CURVES

TRANSFER CHARACTERISTIC

FACEPLATE ILLUMINATION (Ft- CANDLES (b 2084°K)

" RELATIVE RESPOMSE H RELATIVE AMPLITUDE OF LOW FAEQUENCY
WHITE-TO-BLACK TRANGITION 4 0% WHITE SCENE

RELATIVE RESPONSE (%)

CONTRAST TRANGFER FUNCTION {%)

HORIZONTAL RESOLUTION (Line/Piciure Width)

WAVELENQTH (nm)}
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ORDER INFORMATION

Self-contained camera systems, inciuding sense head or
heads, controller with line driven power supply and electronic
modules, cables, and operating manual. To order, specify
FAIRCHILD MODEL:

CCDS5000-4 for 4 sense head system
CCD5000-3 for 3 senge head system
CCD5000-2 for 2 sense head system
CCDS5000-1 for 1 sense head system

Camera systems without power supply module and with dc
input connector in controllers. To order, specify FAIRCHILD
MODEL

CAMS000-4 for 4 sense head system

CAMS000-3 for 3 sense head system

CAMS000-2 for 2 sense head system

CAMS000-1 tor 1 3ense head system

Expansion kit for fleld additions of sense heads to CCD5000
systems. Comprised of 8 sense head, camera control module,
ard cable. To order, specify FAIRCHILD MODEL CAMS000-K.
Lenses — 1" Vidicon type “C"-mount lenses are available in
focal lengihs of 12.5mm, 25mm, and 50mm. To order, specify
FAIRCHILD MODELS LENS125C, LENS25C and LENSSQC,
respectively.

Monitor — Bfack and white monitor. To order, specify
FAIRCHILD MODEL MONITOR.

SPECIALS
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WARRANTY

Within twelve months of dalivery 1o the end customer
Fairchild Weston CCOD imaging will repair or repisce. af our
Gption, any Fairchild Weston camers product if any part s
found 1o be defective in matenals or workmar=5p. Picoce call
{4083 7207800 in the LISA or 0BT B5%15-0 in West Carmany
for inform=ton on Essignmant of § warTERty rEheT rEamDE
&=l aldpping instruchions o ensure Drompt rEpair o
repiacerment

CERTIRCATION

Falrehiis Watlton GLD limaging cerilles that this produet wiil
beoamduily Innpectsd and Aésted ol tho factory prior 16
il and will most all reguirements of the specillcations
uiridet wihich I (8 funniihed, i
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Signal

Processing

Fairchild Weston CCD imaging provides sophisticated
devices and systems for ingpection, measurement, surveil-
lance, telecine, facsimile & opticai character recognition, in
industry, sclence, medicine, defense and many other fields.
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FAIRCHILD WESTON CCD321A/B
455/910—Bit
CCD IMAGING DIVISION Analog Shift Register
Charge Coupled Device

FEATURES
m Electrically variable analog delay line for audio and video
applications.
® 1 H video delay line capabliiity with broadcast quality
performance,
u Exceilent bandwidth at video and audio rates due 1o burled
channel technology.
® Wide range of data rate: trom 10 kHz to 20 MHz par 455
section.
® High signal 1o nolse ratioc — Video: 58 dB, Audlo: 65 dB.
8 Speclal modifications svallable — consult factory.
DESCRIPTION
The CCD321B is an improved pin-for-pin replacement for the
CCD321A. The CCD321 is available in four diffarent classes as
follows:
DEVICE APPLICATION
CCD321A-1 Broadcast quality video delay line
CCD321A-2/B-2  Industrial video delay line
CCD321A-3/B-3 Time base compression and expansion
delay line
CCD321A-4/B-4  Audio delay line
L]
?1a%1g  Analog Shift Register E
Transport Clocks e
®5a®gp  Input Sempling Clotks E
PRA-P Output Sample and =
RATRB Hold Clocks :t
Vi Analog Shift Aegister f—
DC Traneport Phase E
VIA-VIE Analog inputs .E
VRA VR  Anatog Reference Inputs 9
VoaVoa Analog Outputs
Vop Quiput Drain
VGG Signal Ground
VSS Substrate Ground
=
|
Falrchild Weston Systems. Inc. CCD Imaging Division © 1888 Fairchild Weston Printed tn I §.4,
810 W. Maude Ave., Sunnyvale, Callfornla 04088 Falrchild Weston resarves the right 1o make changes In
(406) 720-7600, TWX 910-373-2110 the clrcuitry or spscifications at any time without notice.
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BLOCK DIAGRAM

®

FUNCTIONAL DESCRIPTION — The CCD321 consists of
the following elements llustrated in the Block Diagram:

Two Charge | Ports — The analog information in
voitage form is applied to two Input ports at Via (or Vig). Upon
the activation of the analog sample clocks ¢sa (or ¢se) a
charge packet linearly dependent on the voltage difference
between Via and Vaa (or Vig and Vgp) is injected into analog
shift register A (or B).

Two 455-8it Analog Shift Reglsters — Each register transports
the charge packets from the charge Injection port to its
corresponding output ampilfier. Both registers are operated in
the 1-1/2 phase mode where one phase (¢1a or ¢s) is a clock
and the other phase (V) is an intermediate dc potential.
Phases ¢1a and ¢1p are completely independent. Vs is a dc
voltage common to both registers.

Two Output Amplifiers — Charge packets from each analog
shift reglster are delivered to their corresponding output
amplifier as shown in the circuit diagam. Each output
amplifier consisty of three source follower stages with constant
current source bias. A sample and hold transistor is located
between the second and third stage of the amplifier. When the
gate of the sample and hold transistor is clocked (¢RA or
$RAA) & continuous output waveform is obtainad as shown in
the timing diagrams. The sample and hold transistor can be
defeated by connecting $ra and/or ¢rp to Vpp. In thie case
the output Is a pulse modulated waveform as shown in the
timing dlagram.

MODES OF OPERATION — The CCD321 can be operated in
four different modes:

455-Bit Analog Delay — Either 455-bit analog shift register
can be oparated independently as a 455-bit delay line. The
driving waveforms to operate shift register A |s shown in Fig.
10. The input voltage signal is appiied directly 1o Via. The input
sampling clock $sa samples this input voltage and injects a
proportional amount of charge packet into the first bit of
register A, The input voltage Ay which is sampled betweent=
G and t =tc appears at the output terminal Voa @ t=8101c. if
the sample and hold circult Is not used then the output
appaars 8s a pulse amplitude modulated waveform as shown
in the diagram. In that case ¢na (pin 7) should be connected to
Vpp (pin 16). i the sampie and hold cirguit is used then the
output appears as a continuous wavefarm. Here g¢ga (pin 7)
should be clocked coincldent with ¢sa {pin 5) and the two pins
can be connected together.

@
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Analog shift register B can be operated in an analogous
manner with Vig as the analog input, ¢1g as the transport
clock, ¢sp as the Input sampling clock and ¢rg as the output
sample and held clock.

910-Bit Analog Delsy In Ssries Mode — The two analog shift
registers A and B can be connected in series to provide 810
bits of analog delay as shown in the schematic below. The
anatog signal input voltage is applied to Via. The output of
register A is connected o the input of register B with a simple
emitter follower buffer stage. In order to ingure proper charge
injection of register B , Vg should be adjusted. The timing
diagram shown in Fig. 10 applies in this mode of operation.
Here ¢na = g1, #SA = $SB. PRA = VDD, 8nd éR8 is clocked.

SIGIAL
aut

910-Bit Analog Delay In Mulliplexed Mode — The two analog
shift registers can be connected in parallel to provide 910-bit
of analog delay as shown in the schematic below. The analog
signal input voltage is applied to both Via and Vig. The outputs
at Voa and Vop can be combined as shown In Fig. 8to recover
the analog input information.

The necessary waveforms to operate the device in this modeis
shown In Fig. 11. In this case ¢ga samples the analog input Aq
at Via between t =0 and t=tc. ¢sp sampiles the analog input B,
at Vi, between t=1¢ and t =2tc. The output corresponding to
A appearsat Voa at t=810tc. The cutput corresponding to B4
appearsat Vog @ t = 811tc. This mode of operation results in
an effective sampling rate of twice the rate of $1a, d1B. d5a and
$sB.

—
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£l The CCD321A-3/B-3 is tested in the START/STOP mode of
i aperation and parametars are guaranteed in this mode. The
8y CCD321A-4/B-4 is tested &t audio Speeds: gudio parameaters
::ﬁ are specified and guaranteed. The d¢ and clock characteristics
sta of the four classes are the same, The ac characteristics vary as
shown below.
The CCD321 is available in four different classes for different Caution: The device has limited built-in gate protection.
applications. The CCD321A-1 is a high quality broadcast 1H Charge build-up should be minimized. Care should be taken
deiay line for video systems with 1% ditferentia! gain and 1° to avoid shortings pins Voa and Vog to ground during

differential phase. The CCD321A-2/B-2is a high quality video operation of the davice.
defay line with 3% differential gain and 3° differential phase,

DC CHARACTERIBTICS: Ta = 55°C, Note 16

Shift Register DC Tranaport

| san |Resistance trom Pins 3, 4,12 ar
13toVss. Via=Vig =3V

| ~c 1Capacitance from Pins3, 4,12 or
13toVss. Via=Vip=3V

RN | Small Signal Input Resistance [ I +n |

Cin | Smeli Signel Input Capacitance | 1 10 |

Output OC Mismatch Between A & B Registers
Output Ag Mismatch Belween A & B Registers

I i
—

[~ CLOCK CHARACTERISTICS: T\ =35°C. Note 16
=]

SYMBOL CHARACTERISTICS RANGE UNITS CONDITIONS |

MIN TYP MAX =,
VéraL, VB1BL  Analog Shift Register Transport Clocks LOW 0 05 o8 v Note 4 -
Vran, Ve Analog Shift Register Transport Clocks HIGH 120 13.0 150 v Note 4 ‘E;
VaaaL, VdsaL Input Sampling Clocks LOW 0 05 0.8 v Note 5 E
Vipsan, Vsan Input Sampling Clocks HIGH 12.0 130 15.0 v Note 5 E
Vebmas, Vebran Output Sample and Hold Clocks LOW o 0.5 08 v Note s E
Vonu, Vénsn  Output Sample and Hold Clocks HIGH 120 130 150 v Note 6 ﬁ“‘
Idraldig Analag Shift Register Transport Clock Frequency 0.02 20 MHz See Note 17
fibsa fbap rlﬁputSampling Clocks Frequency 0.02 20 MHz See Nota 17
fdna,ldne Output Sample and Hold Clocks Frequency 002 20 MHz Sae Nota 17
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature
Operating Temperature
All Pins with Respect 10 Vgg

—25°C to 100°C
—25°C to 55°C

-0.3Vto

Rate = 14.32 MHz. Vout = 700 mV. (See Test Load Configuration, Figure 8)

SYMBOL CHARACTERISTIC
BW Signal Bandwidth (3 dB Down)
IG Insertion Galn
AG Difterential Gain
Ag
Vi (max)
Ad Difterential Phase
Vi jmas)
Ad
Spacial Nolse
Vi (man)

RANGE
UNITS
MIN TYP
5.0 MHz
a0
%
Vph—pk

Vplt—pk

168

18v

CONDITIONS

Note 7
Note 8
Note 9
Note 9
Note 10

CCD321A-1 AC CHARACTERISTICS: T.=55°C Both registers in the multiplexed mode, Clock Rate = 7 16 MiHz. Sampling

Clock Rate = 7.18 MHz, |

CONDITIONS

Note 7
Note 8
Note 9
Note 9
Note 10

Clock Rate = 7.18 MHz,
1Cenfiguration, Figure 8)

CONDITIONS

Nota 7

Note 8

Note &

Note 9

Note 10
Notes 11, 12

T




CCD321A-2/B-2 AC CHARACTERISTICS: T = 55°C Both registers in the multiplexed mode, Clock Rate = 7.16 MHz, W
Sampling Aate = 14 32 MHz. Vour = 700 mV. (See Test Load Configuration, Figure 8)

SYMBOL CHARACTERISTIC RANGE UNITS CONDITIONS
MIN TYP MAX

aw Signal Bandwidth (3 dB Down) 23 25 kHz Note 7

1G Insartion Gain 0 3.0 8.0 [ ] Note 8

THO Tt et : "

S/N

VI ramy

RSO

| 'T1V mi ba neceseary to maximize signal bandwidth.
of either  or Va Is necessary 1o assure proper operation.
..

setion trom suby tothe shift reg biaaon

DIFFERENTIAL G&N — %

CiFFERINTIAL PHAS — DEGARES

en
=
(2]
%]
@
2
=]
—
o
=
=
=
o2

-- DEGREES

DIFFERENTIAL GAIN — w

O FFAMENTIAL PRASE

SIGRAL T MO NATID s 220 0 P00

Flg. 3
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TYPICAL AUDIO PERFORMANCE CURVES

TOTAL HARMONIC DISTORTION {THD) AATE OF AVERAGE SIANAL
AND 8/N RATIO YERSUS Vour OFFBET VERSUS TEMPERATURE

———i
RONAL TO NORE RATI) ~ o) (RALA ]

MBS — mwmias

TOTAL

Vouy s-m NV
—_—

Flg.6

TEST LOAD CONFIGURATION FOR MULTIPLEXED QOPERATION IN VIDEO

TEST LOAD CONFIGURATION FOR SINGLE REGISTER OPERATION IN AUDIO AND VIDEO




TIMING DIAGRAM
|
(2T |
|
LLTY
|
Via
Vioa WITH
#RA = VDD
Viga WITH
LTl 7Y
S5A
Voa WITH
Tin *rA = VDD
[" AMPLITUDE DATA VALID A3
I h "
E DATA VALID
L] VALID Az
I ) Voga WITH
o LT N L TY
:TI #ha FEED THROLGH
-1 NOTE:
_: This timing diagram also applies for shift register B. In this cese ¢1a bacomes
= #1b. dsa becomes ¢se, Via becomes Vg and Voa becomes Voa.
Fig. 10 Analog Shift Register A or B Oparation
=n
[t
(7]
*a pox
@
s a2
(=]
[ =9
o9A s
[
38 =
=
Yia = Vis 9
Voa WITH
#rA = VoD
Vog WITH
4ap=Vpp
Fig. f1  Analog Shift Register A and B Operation in the Muitiplexed Mods
—— ——
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CIRCUIT DIAGRAM |

ORDERING INFORMATION

To order the CCDO321 specify the “device and package type” as shown below:

CLASS, APPLICATION SIDEBRAZE PKG. CERDIP PKG.
Broadcast quality video CCD321A1

Industrial quality video CCD321A2 CCD31B2
Time base compression and expansion CCD321A3 CCD321B3
Audio dalay line CCD3IA4 CCDaz21B4

Also available from Fairchild is a fully-assembied module that contains all the necessary circuitry 1o operate the CCD321. The
module is designed 1o help the system designer become familiar with the operation of the device, and for use in OEM systems.

The CCD321VM is a video module using a GCD321A-3 or B-3. The module includes the necessary electronics to perform time base
compression and expansion, and variable video signal delay. The module requires a single power supply for operation,

Schematics and component layouts are included in the shipping packages for the CCD321VM. For further information on the
CCD321VM please contact your nearest Fairchild sales office or distributor or call 408-720-7600.

CCD321A: 16-PIN SIDEBRAZED

NOTES:
All dimensions in inches (bold) and millimeters |parentheses).
Header Is black ceramic (AkOa)
Pina are Alloy 42, plated with gold (321A) or nickel (321B8).
Top cover connected to pin 8 (Vs substrate) on 321A
L]
Manutactured under one of the following U S. Patents: 2081877, 202 Fairchild cannot assume responsiblity tor use of any circultry described

30150448, 3064187, 3108359, 2117260, other patents pending. other than circuitry embodied In a Falrchild product. No other circuit
patent licensen are Implisd




FAIRCHILD WESTON CCD321VM
Video Delay Module

CCD IMAGING DIVISION

FEATURES

Adjustable delay — by clock control

Wide signal bandwidth — 5 MHz

High $/N ratlo — 55 dB

Dual 455-bit or single 810-bit delay

No drift — delsy dependent on clock frequency
clocking

Temporary siorage operation controlled by a single TTL
input ine
Single polasity power supply - +20 v

DESCRIPTION
The CCD321VM is a complete delay moduls intended for use in

The delay time of analog signals through the CCD321VM is
precisely contralled by the clock signal frequency which can
be provided by an external source or obtalned from an internal
VCO. The CCD321VM can be used as a 910-bit one horizontal
line (1H) delay for TV video bandwidihs of 5 MHz when
operating with & 4 x 3.58 = 14.3 MHz clock frequency, serve as
a temporary analog store for a full-bandwidth TV line, or can
be used as an adjustable delay by controlling either the
internatly generated or external Input clock. The CCD3Z1VM
can also be used as two 455-bit registers for delay of two
independent analog signals.

ing

Typical video applications for the CCD321VM include time-
based correctors, video re-synchronizing systems, comb filter
realizations, moving target indicators and signal-to-noise
enhancement systems. Other applications include time-based
compression and expansion systems, phase delay equalizers
and general purpose analog delay.

Lo
7
=1}
&5
=}
b
o
=
i
S
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Falrchiid Weaton Systema, Inc. CCD Imaging Division, ©1988 Fairchild Weston Printedin U S A
810 W. Mauds Ave,, Sunpyvale, California 84086 Fuairchlid Weaton ressrves ths right 1o Make changes In
(409) 720-7600, TWX 810-373-2110 the circultry or specifications at any time without notice
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BLOCK DIAGRAM

120V do
INPUT

INPUT TO
A BIDE

INPUT TO
8 8IDE

CLOCK IN

HOLD
CONTROL

VCO CONTROL
INPUT VCQ (B to 20 MH7)
(INTERNAL}

FUNCTIONAL DESCRIPTION

Dual 455-Bit Shift Register: CCD321

The Fairchlld CCD321 is a monolithic 456/010-bit charge
coupled device analog shift register packaged in a 16-pin dual
In-line package. Functionalty this device emplays discrete
electronic charge packets representing the sampited ampli-
tudes of two analog input voltage waveforms that are trans-
ported towards output charge sensing amplifiers by a 1-1/2
phase digital ¢lock signal. An integrated sampled and hold
output stage provides register output waveforms which are
near-replicas of the signals input to the device 455 periods
earlier. (See CCD321 Data Sheet for more details concerning
this device.)

Clocking Logic and Driver Circuits — The transport and
sampling clock pulses required for control of the CCD shift
register are generated at TTL levels and then amplified and
waveshaped by clock line drivers. A transport and a sample
pulse for register A of the CCD321 is triggered by each LOW-
to-HIGH transition of the master clock input to the CCD321VM;
aclock pair for register B is triggered by each LOW—to—HIGH
clock input transition. Analog information is thus made to
travel completely through both sides of the shift register by
455 complete cycles of the input clock.

Storage Logic — A TTL HIGH level on the Enable input
terminal of the CCD321VM is synchronized to the transport
clock pulses and stops the transport and sampling functions
of the register. The analog data in the registers when the
clocks are stopped is stored until the Enabls line returns LOW,
and then transported out in the usual manner,

Signal — Signal inputs to the A and B reglsters of
the GCD321 are gain-controlled by individual potentiometers
and then ac coupled through 22 uF capacitors into 100 K )
loads at the device inputs. Two emitter-followsrs provide the
sampled and heid reglster A and register B ouput wavelorms
at a 75 {1 source impedance level.

If the two signal input terminals are connected together, the
Input data is sampled twice during each clock ¢ycle. Alternate
sampled anatog bits go In sequence to the two reglsters of the
CCD321. These alternating samples are de-multiplexed at the
register output, low pass fitered, and given 1o a third video
output lead. A 910-bit resolution is thus obtained, giving a
signal delay of 455 clock perlods or 910 clock half cycles. This
multiplex operating mode provides 63.5 us delay for a 5 MHz
bandwidth signal using a clock Input frequency of 2 x 3.58
MHz = 7.18 MHz, equivalent to a 14.3 MHz sampling and
transport rate.

Clock Osclilator — The internal clock generator of the
CCDAZtVM is a VCO which can be controlled over a 5 to 20
MHz range by an external O to 5 Vdc signal, or adjusted by an
on-board potenticmeter. An external TTL compatible square
wave clock signal can also be usad by optional connector
wiring.

Blas Control —Power input to the CCD321VM Is from a
nominal +20 V extrnal supply. On-board regulators control
bias voltages for the CCD321, drivers and logic circultry.
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DC CHARACTERISTICS
MODULE
PIN
SYMBOL PARAMETER UNIT CONDITIONS NUMBER 1
- - +20 Vdc (<400 mA) |
- Iinej
Via |
VCO (IN)
Bandwidth (3 db down)
M =
Total Harmonic Distortion 2% Max P
=
- [ %]
1% Max ]
[+ t]
[ ]
(=]
- -
Q.
i ™
' —
=
NOTES: £
1. Module operates from 19 to 24 Vdc,
2. fwi s the clock of a single register. In tha series or independent regisior mode, a sampling clock of 4X the signai bandwidth is usumity required.
In the multiplex mode, & sampling clock of 2X the signal bandwidth ls required. (1.e., in the multipiex mode of operation, with fy = 10 MHz per side
a5 MHz (3db) bandwidth can be procsssed through the device. )
2 AC parameters guaranteed from 0° G 1o 55° C. Delay tolerances determined by stability of clock frequency.
4. Measured on a Tektronics 520 VECTQRSCOPE.
5 Using fyy = 10 MHz, muttiplexed mode, Vi, = Vie = 500 mY pedic-to-poal, 1 MHZ sing weve Moasurement done using specirum analyzsr.
6  LUsing Rhode and Schwartz noiee metar at 4.2 MHz bandwidth
7 Thisis a dc offaet on the output signal which can occur becauss of dark current build-up when in hold maode This offset can be expactad to double
tor each 8-10°C Increase In the SCD3Z1 junction temperaiune.



“

Modes of Operafion and Connection Diagrame The circuit diagram shown below shows the pin nomenclature
The CCD321vM can be operated in various modes: (1) Two for the CCDA21VM.

independent 455-bit analog registers, (2) multiplex, (3) series _

and (4) temporary analog storage. An on-board generated The following diagrams represent the correct input/output
clock with adjustable frequency, and internal VCO controlled connections lor proper operation of the CCD321VM in the

cleck or an Independent externally generated clock input can various modes. The CCD321VM circuit diagram is included in
be used in any of the four modes. the moduie shipping package.
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Mode 3: External inpust Clock
Note 1; Dalay = 55

Wade & Two Register Paraliel Deley

Nows:

1. Dn g On rec s, pine Z. W, 10 and 22 for wwemal or exiemal
clocking s shown in Modes 1, 2 and 3.

2 My-?

Mods & Mulliplensd Mode of Operalion

Notes

1. Dwpending o requinaments, connect pins 2, W, 19 and 22 for intmal or wxemsl
clocking as shown in Modes 1. 2and 3.

2 Dahy=:5
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Mlode 8: Serles Mode of Operstion

Notes:
1 Depending on requirements, connect pina Z, W, 18 and 22 for internal or external
¢clocking as showr In Modea 1, 2 and 3.

2 Dalay:ﬁ"uc'

(12

Mode 7: Temporary Anslog Storage Operation

Noe:

1 Cepending on reguirements, connect ping Z, W, 19 and 22 for intemal or extemal
clocking as shown in Modes 1, 2 and 3.

2 Store signal (TTL)

1 |
|a— sTOME TIMIE —0n]
! |

" Falrchild cannct assume respofibility for use of any circuitry described other than clrcuitry sntirely embodied in a Fairchild product No other circult pawnt licanses are implisd
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Charge-Coupled Devices

The products of a new concept in semiconductor
electronics, they hold considerable promise in applica-
tions as diverse as image sensors and information-

storage elements for computer memories.
By Gllberl F. Amello Reprinted from Scientific American February 1974

For the past four years there has been a growing excitement
among solid-state physicists about a new concapt in semicon-
ductor electronics that may someday have an impact on our
lives as dramatic as that of the transistor. The new concapt is
charge-coupling and its practical manifestation is the charge-
coupled device.

Like the transistor, the charge-coupled device is a concept of
semiconductor glectronics; as such it is subject to the same
physical laws that govern the transistors dynamics and
fabrication. That, however, is where the similarity ends.
Although the charge-coupled device shares much the same
technological base with its distinguished predecessor, itis a
functional concept that focuses on the manipulation of
information rather than an active concept that focuses on the
modulation of electric currents. Transistor technology has
made possible computer-memory components with thou-
sands of memory elements on a single chip of silicon; charge-
couplingis making possible comparably sized memory compo-
nents with tens of thousands or even hundreds of thousands
of memory cells per silicon chip at approximately the same
cost.

What is charge-coupling? it is the collective transfer of all the
mobile electric charge stored within a semiconductor storage
element to a similar, adjacent storage slement by the external
manipulation of voltages. The quantity of the stored chargein
this mobile “packet” can vary widely, depending on the
applied voltages and on the capacitance of the storage
element. The amount of electric charge in each packet can
represent information.

Perhaps the easiest way to visualize the operation of a charge-
coupled device is through the use of 8 mechanical analogy.
Imagine a machine consisting of a series of three reciprocating
pistons with a crankshaft and connecting rods to drive them
[see lop illustration on next two pages]. On top of one or more
of the pistons is a fluid. Note that rotating the crankshaft in a
clockwise manner causes the fluid to move to the right,
whereas rotating the crankshaft in a counterclockwise manner
would cause the fluid to move to the left. Since it takes three
pistons to repeat the pattern, this arrangement is called a
three-phase system. If it is desired to move the fluid in one
direction only. a two-phase system can be devised by
imposing an asymmetry on the piston design [see bottomn
illystration on next two pages|. Regardless of the direction of
rotation, the fluid now advances to the right.

Analogous charge-coupled devices can be fabricated of
silicon [see iflustrations on page 26). The devices consistof a
“p type” silicon substrate (in which electrons are normally the
signal carriers) with a silicon dioxide insulating layer on its
surface. An array of conducting electrodes is deposited in tum
on the surface of the insulator. The electrodes can be
interconnected to establish either two-phase or three-phase
operation. Underlying the insulator and within the bulk of the
semiconductor the electrical conductivity of the silicon can be
selectively altered to form “n type" material {in which not
electrons but electron “holes” are normally the signal carriers).
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The correspondence with the machine In the mechanical
analogy i3 realized by supposing that the fluld represents an
accumulation of electrons, that the pistons represent the
potential energy associated with the voliages applied to the
electrodes and that the crankshaft and connecting rods
represent the driving voltages and their relative timing.

When a periodic wave form called a “clock” voltage is applied
to the electrodes, some of the electrons In the vicinity of each
glectrode will form a discrate packet of charge and mavae one
charge-coupled element, or unit cefl, to the right for each full
clock eycle. The packets of electron charge therefore move to
the right as a result of the continuous lateral displacement ot
the local “potential well” in which they find themsselves. They
are thus—or so it seems—altways falling,

The creation of the necessary potential well in the semiconduc-
tor substrate deserves some elaboration because of its centrai
Importance te the charge-coupling concept. In this context a
potential well is a localized volume in the silicon that is
attractive o electrons; in other words, it is the most positive
place around and hence is a desirable location from the point
of view of the negative electron. Potentlal wells are formed ina
charge-coupled storage element by the interaction of the
different conductivity-type regions of the silicon [sse illustra-
tion on page 27]. This interaction forms a well for slectrons
such that the higher the clock voltage, the deeper the well. Any
electrons In the well will move with the clock voltages.

Now, if two or more wells of different depths are placed close
to one another, the wells will overlap and charge may be
“coupled,” or transterred, from one storage element to the
next as the depth of the well is altered by the clock voltages.
Thus the external clock voltages on the electrodes cause the
elactrons to move in packets through the semicgnductorina
potential-energy trough known as a channel. This mode of
electron transier is the essence of charge-coupling.

Clossup View of a small portion near the oulput of a
charge-coupled photosensor array Is provided by this
scanning electron micrograph, Each element end its
associated reedout elecirode measure 1.9 square mils.



The phenomenon of charge-coupling Is in itsell inadequate
for the purpose of constructing a useful dewice, A practical
charge-coupled device must be able to introduce the neces-
sary elactrons into the structure and also have a means at
some location in the channet for detecting the amount of
charge in a packet. Thus for a structure to be classified as a
charge-coupled device it must possess at least three attributes:

input, charge-coupling and output.

gourca. The Input-gate voltage ls now lowered to isolate the
source, and the charge packet created is ready for transfer
down the channel. In the dstection of the signal the charge is
merely transferred to a “drain,” or output diode, where it
appears as a current in some external circuit. This simple

Mechanical Analogy useful in visualizing the operation of
a charga-coupled device i3 depicted in this sequence of
idealized drawings. The machine illustrated consists of a
repeating series ol three reciprocating pistons with a
crankshaft and connecting rods to drive them. On top of
one or more of the pigtons is a fluid (color). Rotating the
crankshaft in a clockwise manner, as shown in this

charga-coupled device fulfills the function of an gight-bit shift
register, a device potentially useful in computer architecture.

Instance, cauases the fiuid to move to the right. if the
crankshaft were to be rotated in a counterciockwise
manner, on the other hand, the fluid would move {0 the
left. This particular type of arrangement, which requires
three pistons ta repeat the pattern, is called a three-phasae
system. An analogous charge-coupled devica can be
fabricated of silicon {see top illustration on next page).
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Asymmaetrical Pistony are added to the mechanical ana-
logue In order to introduce the operating principle of a
two-phase aystem. Regardiess of the direction in which
the crankshaft is rotated, the fluid now advances to the
right. in the correspondence with an actual charge-

The electrons are induced to move to an adjacent region of
lower energy {that is, a deeper potential well) by a combination
of thres influences: self-induced forces, field-aided forces and
thermal forces. Self-induced movement results from the
simple fact that a high-density packet of elsctrons (or any
similar particles) tends to spread rapidly if the constraining
force is removed, as is the case when the clock voltages
change. This type of force is important during the early stages
of charge tranafer. Field-aided movement is important if the
structure is designed in such a way that electric fields exist to
assist the electrons’ motion In the desired direction. This
corresponds to adding a slope to the top of the pistons in the
mechanical analogy. If such a force is present, it is important
only toward the end of the charge-transter cycle, Thermal
forces arise from the fact that the electrons receive thermal
eneargy from the silicon lattice and as a result are free to move
about randomly. In their random motion they tend to move to
regions of minimum electron energy. This type of force is
important at the end of the transfer cycle only if field-aided
forces are absent.

The self-induced force lasts for only a brief time at the
beginning of the transter cycle, butit is responsible for moving
about 80 percent of a “saturation,” or full, charge. If the figld-
aided force is present, it is responsible for moving most of the
remaining charge at a rate directly proportional to the strength
of the electric field and inversely proportional to the distance
between the electrodes. If the field-aided force is not present,
the remaining charge will move under the influence of thermal
forces at a rate directly proportional to the temperature and
inversely proportional to the aquare of the distance between
the electrodes. This rate is usually iower than that resulting
from the field-aided force, although at small dimensions It
becomes increasingly significant because of its inverse quad-
ratic dependence on distance.

Although these forces are responsible for moving only a
comparatively small fraction of the total charge packet, they
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coupled device the fluid reprasenis an accumulation of
elactrons, the pistons represent the potential energy
associated with the appliad voltages and the cranksheft
and the connecting rods represent the driving volteges
and their timing.

are important because very little transfer inefficiency can be
tolerated in practical devices. For example, if 1 percent of the
charge ia left behind at each transfer, most of a charge packet
will have dispersed after only 100 transfers. In genersal the
charge-transter inefficiency must approach one part in 10,000
to be considered acceptable for most practical applications. In
spite of this requirement, devices that can be operated at
frequencies of up 1o 100 megaheriz (100 million cycles per
second) are possible if the structures ar made small snough.
With modem microselectronic manufacturing technigues it is
possible to design and build a charge-coupled unit cell with
dimensions of less than a mil (a thousandth of an inch) on a
side, although it is not atways appropriate to do so.

Unit cells of such small dimensions are possible because of
the simple nature of the charge-coupled structure, which does
not require direct contact with the silicon in the array region.
This arrangement is to be contrasted with conventional
transistor technology, which in general requires several
conlacts per functional cell. Contacts consume a significant
amount of valuable silicon because of the contact area and the
tolerances needed to form a good electrical connection. From
the manufacturing viewpoint it is this feature more than any
other that makes charge-coupled devices so attractive.

The ability to generate, move about and detect many sepamte
packets of electrons in a small plece of semiconductor
material suggests that the charge-coupling principle can be
applied to tulfill a number of information-processing require-
ments. In panticular the highly ordered manipulation of charge
packets characteristic of the operation of charge-coupled
devices favors uses such as image sensing, computer-
memory operation and sampled-signal processing. In each
case the function is achieved by a proper combinaticn of
charge-coupled unit cells that operate individually exactly as
described above.
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conductivity of the siticon can be aitered to form an “n
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Thres Two-Phase Charge-Coupled Elements are shown
in these cross sectional diagrams; again the curves give
the relative timing of the clock voltages, this time for two-
phase operation. Here the potential walls are given tha
raquired asymmetry by the introduction of different n-

type conductivity regions just under the insulating layer.
As in the illustration at the top, the external clock voitages
on the slectrodes cause the electrons to move in packets
through the n-type semiconductor layer toward the right.
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Silicon, the semiconductor material of which charge-coupled
devices are generally fabricated, is highly sensitive to visible
and near-infrared radiation [see illusiration on page 9]. In
other words, when light falls on a silicon substrate, the
radiation is absorbed {by means of the Einstein photoelectric
effect), which resulls in the generation of electrons in a
quantity proportional to the amount of ingident light. If there is
present an array of potential wells such as the one formed by
charge-coupled devices, these eiectrons will fill the wells to a
level corresponding to the amount of light in their vicinity. This
“electro-optic” creation of electrons represents an inputto the
charge-coupled device that Is entirely different from the input
method required for the shift register discussed above and
makes the charge-coupling concept useful for very different
kinds of application Nonetheless, the packets of electrons
generated by the light can be moved, just as in the shift
register, to a point of detection and converted to an electricai
signal representative of the optical image incident on the
davice. That signal, after some conditioning, can be displayed
on a cathode ray tube. In this way a charge-coupled device
can become the heart of a television camera

One of the significant advantages of charge-coupled image
sensors over vacuum-tube sensors is the precise knowledge
of the photosensor locations with respect to one another. In a
camera tube the video image is “read" from a photosensitive
material by a scanning electron beam. The position of the
beam is never precisely known because of the uncerainty in
the sweep circuits resulting from random electrical noise. Ina
charge-coupled sensorthe location of the individual photosen-
sor sites is known exactly, since it is determined during the
manufacture of the component Such “metric” accuracy is
important for proper alignment in color cameras and in
applications requiring data reduction of the acquired image
(as in photographic missions in space and photogrammetry).

It is generally convenient for purposes of discussion 1o
separate charge-coupled sensors into two categories: linear
sensors and area sensors. A linear image sensor is a simple
straight-line array of photosensors with the associated readout
and sensing circuitry. An area image sensor is a two-
dimensional mosaic of photosensors, again with the associ-
ated readout and sensing circuitry

Linear image sensors are used for a host of applications,
including air-to-ground and space-to-ground imaging, fac-
simile recording and slow-scan television The image to be
viewesd is obtained by providing relative motion between the
sensor and the scene with the axis of the array perpendicular
to the direction of the motion. A resolution of 500 or mare
photosensor elements is usually required. A primitive linear
imaging device can consist of nothing more than a charge-
coupled shift register and an output diode. In this structure the
image is acquired when one hoids the potential wells stationary
by stopping the voltage clocks for some period of time {the
“integration time") and then rapidly reads out the information
by starting the clocks Such a simple charge-coupled device
should be practical only in special applications that allow very
long integration times The reason for this limitation is the
"smearing” of the image that results when the shift register is
clocked at the same time that it is illuminated.

A really practical charge-coupled linear image sensor is more
complex. It consists of a photosensor array for accumulating
the photocharge pattern plus an associated charge-coupled
shift register with one charge-coupled element for each
photosensor element in order to move the resulting charge
packets to an output point. The elements of tha photosensor
array are individual charge-coupled storage elements with a
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common electrode cailed a photogate They are electrically
separated from one another by a highly concentrated p-type
region called a channel stop. The photosenser array is
separated from the charge-coupled shift register by a region
over which there is an electrode called the transfer gate.

In operation the photogate voltage is held high and the charge
generated by the incident radiation (the photocharge) is
collected by the individual photosensor elements. At the end
of the integration time the transfer-gate voltage is raised from
its normally low voltage condition. The charge-coupled shift-
register electrodes adjacent to the photosensor elements are
also brought to a high-vollage state. The photogate voltage is
then lowered and the accumulated photocharge transfers to
the shift register. After that is accomplished the transfer-gate
voliage is lowered and the photogate voltage is brought back
to its normally high state for another integration periad.
Meanwhile the charge-coupled shitt register is clocked for the
purpose of reading out the charge pattern.

A high-density image sensor is more economically designed
with one shift register on each side of the photosensor array.
Since there must be one charge-coupled element for each
photosensor element, the distance between photosensor
elements is equal to the distance between the shift-register
selectrodes for a two-phase charge-coupled shift register and
is equal to 15 times the distance between shift-register
elactrodes for a three-phase charge-coupled shift register. In
this example the signal charge from the two three-phrase shift
registers is transported to a three-phase, two-slement ragister

P TYPE BLICON

Potentlal-Enargy Proflles for a typical charge-coupled
information-storage element are shown here as a function
of distance into the bulk of the semiconductor at right
angiles to its surface. (In order to show the potential walls
clearly, this diagram has bean rotated by 90 degrees with
respect to the preceding ones.} The charge-distribution
patterns are shown for two situations: with no electrons in
the well (top) and with some electrons in the well
{bottom). As the curves indicate, the higher the clock
voltage, the deeper the well.




for delivery to the on-chip preamplifier. If two-phase tech-
nology is used, however, it is possible to shift the charge
directty into an output diode, which is in turm the input to the
on-chip preamplifier. Note that in either case the information-
output rate of the device is twice the rate of either of the long
shift reqgisters. It is clear from this example that a two-phase

]

114

d

i
I
o

Il
&l
le
]
5
o

215

charge-coupled structure not only is easier 1o clock but also is
more economical to lay out for a practical device. Even though
it is somewhat more difficult to manufacture because of the
required asymmetry, it is likely to dominate future designs of
charge-coupled devices when fully developed.

A linear sensor can be made to produce conventional two-
dimensional images [gee itlustration or next page]. The image
to be sensed is placad on a rotating drum, which provides the
necessary motion of the image with respect to the device. The
speed of rotation is synchronized with the vertical scan of the

The quality of image reproduction achievable with a linaar
charge-coupled sensor is exceilent, reflecting the large
dynamic range of the image sensor [see illustration on page
31], The dynamic range is the ratio of the maximum to the
minimum detectable image intensity. The quality of the
reproduction demonstrates the very high transfer efficiencies
and low electrical noise levels that can be achieved in exlsting
charge-coupled devices.

Area image sensors are useful primarily for television-type
camera applications. The image is obtained by conventional
line-by-line scanning of the array mosaic and reproduction of
the resulting video signal on a standard raster-scanned

photosensor elements in each column rather than by reading
the odd and even elements in parallef, as in the case of the
linear image sensor.

signal at the output. Finally, the entire operation begins again
and is completed at regular intervals of a thirtieth of a second.

A typical image sensor designed to operate in this fashion
consists of a rectangular 100-by-100 photosensor grid (ses
ilustration on pege 22]. Each photosensor element and
associated readout electrode occupies only 1.9 square mils.
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All 10,000 elements fit on a chip that measures .12 by .16 inch.
An image taken with a camera system using such a device can
be displayed on a television monitor.

This image-sensing device and others made by charge-
coupled techniques are still somewhat primitive, but they
clearly point the wey toward a powerful camera technology.
The combination of solid-state reliability, low-voltage opera-
tion, low power dissipation, large dynamic range, metric
reproducibllity and visible and near-infrared response offers
to the potential user a compeliing advantage over vacuum-
tube image sensors and other solid-state image sensors.

The charge-coupling concept is basicaily one of semicon-
ductor electronics rather than one of electro-optics. Because
of the electro-optic characteristics of silicon, however, the
light-senaing properties of charge-coupled arrays have tended
to dominate this new technology. Nonetheless, the data-
handling properties of such arrays may be of equal or even
greater significance.

A charge-coupled semiconductor array is virtually ideal as a
time-sampled analogue shift register. From the viewpoint of
the electrical engineer this means a delay line where the delay
is proportional to the readin/readout rate; if the array is long
enough to contain the complete message, the readin and the
readout rates can be different and the maximum delay
available is limited only by the thermal generation of random
electrons. At low temperatures several minutes of delay are
possible.

As a memory or digital-storage davice, charge-coupled arrays
can perform the functions of sequential access or hybrid tasks
such as drum or disk storage. The use of solid-state charge-
coupled arrays to eliminate all mechanical motion and parts is
a strong advaniage of a memery consisting of charge-coupled
devices.

The intrinsic analogue nature of the charge packet in a
charge-coupled device suggests broad potential for applica-
tion to sampled-signal processing. In afundamental sense the
use of charge-coupled devices as image sensors is merely a
speciat application of the device as an analogue shift register.

Two-Dimensional Images can be reproduced with the aid
of alinear charge-coupled sensor in a variety of ways, one
of which is outilined in this schematic diagram. The image
ta be sensed is placed on a rotating drum (left) whosa
spead of rotation is synehronized with the vertical scan of
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i ona restricts the definition of sampled-gignal davices to
those with an electrical (rather than an optical) input, then the
predominant members of this class are variable delay lines
and filters.

A delay line is a circuit that reproduces as accurately as
possible an input signal delayed by a finite period of time. A
delay line is “variable” if the time deiay can be altered
electrically Thacharge-coupled device acts as a natural delay
line since any signal placed on its input diode will appear at its
output in sampled form after the interval required for the
charge packets to be shifted through all the elements of the
structure. The charge-coupled device can be used as a delay

RAELATIVE RESFOMSE —

WAVELENGTH (MCRCNY)

Retative Spectral Responses o/ a charge-coupled sificon
photosensor element (colored curve) and the human sye
(black curve} are compared. The semiconductor material
absorbs not only visible light (.4 to .7 micron) but also
near-infrared radiation {.7 micron {0 1.1 microns). The
absorption of such radiation by a silicon substrate rasuits
in the generation of electrons in a quantity proportional to
the amount of incident radiation. It is this "electro-optic”
property that enables charge-coupled devices to be used
as 1mage sensors.

a conventional television display monitor (right). The
charge-coupled device and the associated readout cir-
cuitry produce horizontal video lines at a rate rapid
enough to build up a full-frame image on the screen of the
monitor.
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Excellent Reproduction obtained with s 500-elemant
linear charge-coupled image sensor under widely varying
light conditions Is eviden! in thesa photographs. An
apparatus similar to the one in the illustration on the
opposite page was employed to scan the image. The
photograph at left shows the original image to be scanned.
The photograph at center shows the video dispfay ob-
tained from the charge-coupled system under optimum

way the charge-coupled device is said to perform a “buffer’
tunction,

A charge-coupled delay line offers major advantages over the
more conventional glass delay line and even significant
advantages over the more exotic acoustic-eurface-wave de-
vices [see “Acoustic Surface Waves," by Gordon 8. Kino and
John Shaw: Scisntific American, October, 1372]. Amcng
these are wide dynamic range (better than 60 decibels after 30

television-display requirements

Extension of the simple delay-line concept leads to other
sampled-signal processing devices. If a delay lineis fabricated
with interim taps at which the signal can be sensed and fed
back to earier stages in such a way as to affect the
transmission of the data, then this structure can be used as a
filter. Such a structura can be conveniently configured as a
band-pass filter where the resonant frequency of the circuit is
a direct function of the clock frequency. An improvement in
the signal-to-noise ratio to within a decibel of the theoretical
maximurn has already been achiaved.

Matched filters find application in wide-spectrum communi-
cations and in radar to detect weak signals in high noise
backgrounds. In such applications charge-coupled davices

persion.

wilt complement acoustic-surtace-wave devices, which gen-
erailly are usefu! only for delays of less than 100 microseconds.

As mentioned above, a charge-coupled storage element is
capabie ot storing a packet of electrons with a varying amount
of charge, depending on the design and operating conditions
of the charge-coupled unit cell. Nonetheless, there is no
reason one cannol conceptually quantize the charge-handling
ability of the cell and view the device as a binary digital
element. For example, one can arbitrarily say that if a storage
element contains a charge less than half the saturation
charge, it containg a "zero,” whereas if it possesses a charge
greater than haif the saturation charge, it contains a "one.” In
this way the storage element becomes a memory "bit" and a
charge-coupled delay line can be made to serve the function
of a digital shift register or serially accessible memory. Since
this function can be performed by other technologies aiso,
one must ask what charge-coupling has to offer. The answer
ia cost-effectivenasa. A charge-coupled memory not only has
all the advantages of a conventional semiconductor com-
ponent (compatibility with other electronic circuit elements,
no mechanical motion, low power and vollage, variable
clocking rates and other similar features) but also offers a
potentially low cost-per-bit ratic approaching that of a mag-
netic memory, This is a result of the inherent structural
simplicity of the charge-coupled device. By virtue of this
simplicity, memory arrays as large as a quarter of amillion bits
per component on a piece of silicon leas than halfaninch ona
sida can be envisioned.

between a milliwatt and a watt 1o sustain it, excluding logic
and other functions. The volume required for such a memory
is less than that of a pack of cigarettes,
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Another advantage lies in the fact that the charpe-coupled
device is basically analogue in nature. It is thus possible o
store more than one data bit in each memory cell. This can be
done by storing any one of a number of discrete levels of
chargein each cell, thereby greatly increesing the information-
packing density. For example, 2 100,000-cei| device capable of
handiing elght levels of charge is comparable to a 300,000-bit
conventional memory. Such a memory chip would be of great
value in digital-io-analogue and analogue-to-digital con-
verters and other applications where multiple levels are
achigved only by the addition of vast amounts of memory.

In view of these important prospective features of charge-
coupled memory devices it appears that we are at the dawn ot
a revolution that will ultimataly bring today’s powerful digital
computers directly into our everyday way of life. The charge-
coupling concept, In short, is a major new innovation in
semiconductor elactronics. By virtua of its simplicity in dasign
and fabrication, Its high performance in terms of dynamic
range and low power, and Its high packing density and
potentlally low cost, the technology of charge-coupling will
create major and unique new applications for the semi-
conductors that will have a direct impact on our lives.

218




Figure 1: Cockpit TV camera system.

CCD Fundamentals

No math—ijust a straightforward explanation of how
CCD memory units and video devices operate and what
they can do for you!

By Frank H. Bower
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Each charge-packet corresponds to a picture elament (plxel)
and, when transferred to the adjacent CCD transport shift
register, continues to faithfully represent the total sensed
radiant energy which was absorbed in the specific photo site.
The transter gate |s Immediately returned to the non-transfer
clock level (LOW) s0 photo-sites can begin integrating the
next line of incident image information. At the same time, the
CCD analog transport register, now loaded with a parallel-
transterred line of picture information in the form of charge-
packets from a line of sensor sites, is rapidly clocked to deliver
the picture information, in serial format, to the device output
circultry.

The cutput circuitry consists of an output gate-diode structure
and appropriate reset and buffering signal amplifiers. The
output terminal delivers a sequence of electrical pulses, the
amplitude of each being directly proportional to the charge-
packet size generated in the photo-site where the charge-
packst originated. Sample-and-hold circuitry, sither on-chip
or in the video processing support circuitry, delivers a line of
video information.

Linear imaging devices (L 1Ds) sanse and deliver Information a
line &t a time; they are slectronically scanned in one dimension
and are often called line-acan devices.

Area imaging devices (AIDs) have an X-Y array of sense
elements and sense an area image. They are built with both
vartical and horizontal transfer gates and transport registars,
and deliver an entire field of video Information from each
Integration {(exposure) period in the form of a series of lines of
video signal.

CCD CHARACTERISTICS

¢ Temperature. The CCD works best at low temperatures. It
has no problem at -55° C and can perform at full capability to
+70°C. Above 70°C, storage-related parameters degrade
rapidly due to physical properties of semiconductor materials.
All semiconductor materials continuously generate hole-
electron pairs duse to thermal energy, even at room temper-
ature. If there is a finite packet of electrons representing
information in a storage element, and thermally generated
electrons add to that packet over a period of time, the packet
will becoms larger and eventually will no lenger accurately
represent the original information.

In image sensors, which are very high dynamic range analog
devices, it is often desirable to provide cooling for low light
level applications to reduce thermal electron generation.
Since image sensor devices are used as single units oras a
matrix of two to six devices, and dissipate on the order of 150
mW or less, cooling is relatively simpte. in CCD memory, long
registers could be a problem, s0 the devices are designed with
“refresh™ cells at frequent intervals in the register. These
sense-and-restore cells detect the “1" or “0" at the output end
of a shift register section before enough thermal electrons can
be added to cause misinterpretation of the data. Practical
aconomic considerations, however, limit the temperature
range for CCD memory to about +70° C. Because of the very
low power dissipatad In CCD memory, it is practical to
consider providing cooling to achieve economical military
alectronic systems.

¢ Speed. The spead limitation of CCD devices is theoretically
that of electron mobility in silicon and experimental devices
operating in the gigahertz range have been reported. Since
surface-state trapping In the silicon slows the net mobility of
carriers near the surlace, “buried channel” devices are faster
than “surface channel" devices. The practical limitation to
operating speed is causad by the edge-dependent charging
current associated with delivering the clock voltages to the
capacitances of the shift-register gate electrodes (C dv/dt

current). The clock-driver circuitry also dissipates increased
power with increasing frequency of operation. Desired operat-
ing speed is, therefore, a very strong design consideration in
detarmining how much of the clock driving function should be
put on-chip, thus increasing chip temperature, or left for the
system designer to provide on the board.

+ Rellabllity. Since materials used and the fabrication and
packaging technology for CCDs are essentially those of
NMOS LS products, CCD device reliability equals that of
NMOS. CCDs are inherently lower power devices and,
therefore, the occurrence of thermally-induced failure mechan-
isms should be lower than that of NMOS. Manufacture of
CCDs utitizes state-of-the-art NMOS production technology
for its N channel, sllicon gate, ion-implanted, surface passi-
vated structure. Packaging can be in any of the commercial or
high-reliability packages already proven in industry.

* Nolse. The basic CCD register, heart of all CCD devices, is
practically noiseless bacauss it does not have PN Jjunctions as
do MOS and bipolar devices. Associated on-chip charge
detectors and buffer amplifiers do have PN junctions and
introduce some noise. Dynamic ranges of 10,000:1 have been
achleved without cooling.

Figure2: Atwo-phase CCD shift register. The two comple-
mentary clock voltage waveforms ¢ and ¢2 are connected
1o alternate ciosely-spaced gate elecirodes on the surlace
of tha thin insulating layer on the siticon. A deep potential
well which sttracls electrons is created under the elec-
trode clock voltage HIGH and disappears under the
sisctrodes at clock voitage LOW. At ( = 0, ¢2 voitage is
HIGH and the finite charge packel of seven electrons isin
the potential well under gate electrode #2 in storage
slement “A”. Att = 1/2 cycle later, the potentiai well under
gate #2 has collapsed due to ¢y having gone LOW, and,
since at the same time the adjacent electrode ¥3 con-
nected to ¢2 has gone HIGH, the seven electron charge
packet has been attracted to the new potentiai well under
electrode #3. Another half cycle fater, att = 1 cycle, the
potential well under alsctrode #3 has collapsed with ¢z
going LOW and the electron packet moves to the new welf
under alecirods ¥ which has gone HIGH with clock
voltage ¢1.
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¢ RadiaSon Hordness. CCDs are not bascally Thard ™ They
are tabricsted on very lightly doped, high-resistivity sflicon
whiih s eliaraolorille iooe sily afared by rat nlion thin
it more heavlly doped slliden in blipolar and somvertionnl
MMDE devices: Bured channsl CCD have Basn reponed o
bo mare mdistion Loleran than surece dhannel devices,
Governmant sponsored  development programs &me unider
wiy at seversl lnboratonies to Invastigate methods for radlation
hardening CCD devices

* Packing Density, CCOs have a three to fhve tmes packing
dersity advariage Over the nex: most dense MOS targe-scais—
Integratad circuits, This i priranly becase the basic CCD
SRS Sl Mguires. ro sSacinical contacts Thi Siormane
and trarspoet of the indoreaSon in the CCD regisier are
performad by the paltern of condutive prte olectrodos on the
witlnce ¢f the thin oxde layer obor tho ellicon; The gafes
peculre mueh kese B el par slormon sliment thon the comblna-
thon of gles ard ohmis contaats reguirmed foran MOS slorage
wlornent.

Figure 3: input and output diode/gate struclures for
electrical input and output to a CCD shift register.
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Flgure 4: Simplitied block layou! of a linear image sensor.

Linear Imaging Devices (LIDs)

LIDs are configured as a single line of sensor elements on a
long narrow chip. These devices are commercially available
with 256 to 3,456 elements with longer devices in development.
LIDs are used in facsimlle machines or spectrometers where
the subject is a line pattarn. When relative motion of the scene
with respect to the sensor is provided by other maans, the
array can present a high-resolution TV-type picture. A con-
tinuous real-tima picture can be obtained from a L1D sensor in
an aireraft or satellite passing over the surtace of the earth ata
constant altitude and velocity. Using a scanning mirrer in the
optical system can accomplish a similar result LIDs appli-
cations include:

* High speed, high resolution facsimile {text, maps, finger-
prints, photographs}

* Aerial mapping with high measuring accuracy

+ Reai-time reconnaissance and surveillance

* Bar-code reading

* Sorting parts, mail, currency, food

* Conveyorized product non-contact inspection

* Automatic warehousa routing and pallatizing control

Speclal configurations of LID in which the array is eight to 64
elementis wide (rather than one element wide) can be used for
Moving Image Integration (MIl} applications and are particu-
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larly effective in very low light level applications. Combined
with analog delay lines, a LID can be used as the sensor for
Moving Target Indication {MTI}.

Arsa imaging Devices (AlDs)

AlDs produce a TV picture. They are bullt in an array capabie
of being self-scanned in both the X and Y direction. These
devices are available in 488 x 380 element arrays; they have
also been built in other size array. As an example of a
commercially available device, the Fairchild CCD222is a 488 x
380 element array with a sense area format in a 3 x 4 aspect
ratio for TV presentation. The device dissipates 60 mW when
operated at a 7 MHz data rate, and operates at voltages of 12V
to 15V Its dynamic range is typically 1000:1 at room tempera-
ture. AlDs applications include:

Low light level search and surveillance

Missile end RPV guidance

* Star tracking

= Remote or projectile TV reconnaiasance (Figure 5)
s Cockpit or gunsight camera

+ Space telescope

Large area AlDs are difficult to produce “blemish free” at low
cost. Industry Is aggressively addressing reduction and elimina-
tion of random defects to achieve practical, low-cost volume-
producible AlDs with chip diagonal dimensions in the order of
> 0.50".

Figure 5: Artilery launched TV system concept.

Anslog Signal Processcrs

The CCD has been shown to be a nearly ideal analog shift
register The simplest analog signal processor is a variable
analog delay line where the delay obtained is a direct function
of the clocking frequency and the number of storage elements
In tha register. Differential phase and differential gain of 1% or
lgss is available in commercial devices. Tapped CCD delay
lines are excellent sampled analog filters and can be externally
programmed to change filter characteristics, scan a frequency
spectrum, or provide correlation of weak signals in a strong
nolss background. CCD Analog Signal Processor applications
Include:

o Video and audio variable delay lines
s Moving target indicator filter

+ Signal comrelation and convolution
* Sonic imaging
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* Vioice compression and scrambling

* Video frame-grabber

* Communications and secure communications filter
« Scan rate converter

Spread spectrum filter

Digital Memaory

AIIIG(I)CD memonies are basically seriat because of the lundamen-
tal shift register nature of charge-coupling. They are dynamic
memories which require periodic refreshing and, like other
semiconductor memories, they are volatile. While their latency
is greater than bipolar and MOS memory, they are as much as
fifty times faster than magnetic disc and drum memories.
Because of the shift-register nature of CCD, the CCD memory
devices are block-access oriented rather than random bit
accessed. The high bit-count per package allows use of
distributed memory and changes in computer architacture.
CCD memory applications include:

Cache memory

* Signal analysis for sonar, radar

s Synthetic aperture radar memory
¢ Digital delay

Conclusion

Charge—coupled devices are now a family in production,
bringing new capability to the military electronics systems
designer. The high-volume, low cost production of area image
sensors for TV sensing will require a combination of elimina-
tion of the causes of random defects from each step in the
manufacturing process and improvement in the phote-litho-
graphic techniques for patterning large area arrays so their
area can be raduced without reducing responsivity

Volume production of high performance analog signal proces-
sing devices such as filters requires definition of a volume
market sufficient to warrant the devetopment cosis and
application of resources Increased control of manufacturing
processes, particularly accuracy of the photo-lithographic
process or its electron-beam successor, will allow the dimen-
sional controf necessary 10 praduce devices which are linear
over a iarge dynamic range and have the hiph rejection
characteristics desired.




Intensified CCD Camera
Uses Fiber-Optic Coupling

by R.H.Dyck

Microchannel plates are imaging devices which are sensitive
to charged particles and energetic photons. Originally devel-
oped for use as the amplifying element in military night vision
systems, the microchannel plate is now finding its way into
microscopes, oscilloscopes and solid-state cameras.

-

Figure 1: Block diagram of the front end of the intensifier
CCD cameara.

—

Flgure 2: Detailed drawing of the intensitiar and the fiber-
optic CCD.

In view of the small fiber size compared 10 the size of the unit

device photograph (Figure 4). The vertical, lighter shade bars
are alumnimum strips on 30um centers. Some of the preampiifier
structure is visible through the fiber-optic faceplate in the
upper right hand comer.

The quality of imagery produced by the CCD/fiber-optic
faceplate combination is illustrated in Figure 5. For this
picture, an image was formed on the front surface of the
fiber-optic facepiate with an ordinary camera lens
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Figure 3: The CCD image sensor with ils fiber-optic
faceplate.

Figure 4: A photograph ol a portion of the image sensor
with its fiber-optic laceplate.

Performance

The sensitivity of the camera is determined by the quantum
efficiency of the photocathode, the intensifier gain, the CCD
responsivity at the intensifier phosphor mean wavelength and
the CCD noise or CCD background signal. Under some
conditions, the sensitivity will be limited by the shot noise in
the primary photoelectron stream For the smaller features in
the image, senasitivity will also be limited by the MTF of the
imaging system

The response spectrum of the photocathode is shown in
Figure 6 This type of photocathode is called the S5-20
extended red. Because of its high quantum efficiency in the
red (600-700nm) and the near IR (700-800nm) compared to
other available photocathodes, it is well suited to night vision
applications. For exampie, where there is moonlight, this
photocathode is desirable for its ability to sense a broad
portion of the spectrum and thereby generate more total
photocurrent.

For a second example, where there is some small amount of
incandescent lighting, the red and IR responsivity of this
photocathode takes advantage of the high output from
lighting in that part of the spectrum The broadband respon-
sivity is conveniently described in terms of photometric units
using a standard 2854°K tungsten light source. The typical
valua is 200uA per lumen.

The gain of the image intensifier may be expressed in morg
than one way. The most common way is to give the photo-
metric output per unit of photometric input. This takes into
account the photocathode responsivity. Manufacturers give
typical values of between 7000 to 15,000 footlamberts/foot-
candle. Hera unity gain means that if one viewed the phosphor
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screen on-axis, the output would be one lumen per unit solid
angle for every pi (3.14) lumens incident on the photocathode
Since the angular distribution out of the fiber-optic backplate
is more or less ideal (“Lambertian™), this is approximately
equivalent to one lumen out per lumen in. Of course, this
measure of gain requires that the type of light source be
specified; in this case, it is again a 2854° K standard tungsten
source

Another way to describe the gain would be to give the number
of photons emitted from the intensifier (at the mean wave-
length of the phosphor, namely, 560nm) per electron emitted
from the photocathode. This measure of gain may be calcu-
lated to be 25,000 to 55,000

Unfortunately, the intensifier camera has to sutfer 10sses in
quantum efficiency both in the photocathode and in the CCO,
with the result that the predicted net increase in rasponsivity is
of the order of 2000, As already noted, the reduction in the
minimum illumination level onto the front end photosensitive
surface, where the picture qualities appear most similar, has
been found to actually be approximately 1000 times

The ability of the intensifier camera to faithfuily reproduce
details in scenery is limited in two different ways, just asitisin
any video camera; by the Nyquist-limit resolution and by the
MTF. The Nyquist limit resolution is a property of the CCD and
is not altered by the intensifier. The MTF is the product of the
MTF of the CCO by itself and that of the intensifier by itself As
can be seen in Figure 7, the major MTF loss oceurs in the
intensifier. Neverthelass, there is useful MTF out to at least 25
line pairs/mm in the intensifier alone (~5% MTF) and by the
same measure, there is useful resolution in the CCD intensifier

Figure 5: /mage praduced by the CCD with fiber-optic
faceplale (without the intensitiar).

camera out to at least 23 line pairs/mm. Since the CCD raster
measures 8.8mm vertically, this provides a usetul resolution in
the vertical direction of at least 400 TV lines. In the horizontal
direction, the MTF is greater than 15% at the Nyquist limit

Overall camera performance is illustrated by some night
scenes recorded with one of the cameras {Figures 8 and 9). An
/2.5 zoom lens was used wide open A nearly full moon was
still rather low in the sky; the light meter read 0 35 lux at the car




- ~

Flgure &: Photocathode responsivity { Varo-520/extended
red}).

Figure 7: MTF of the CCD222, the imensitier alone and
the combination of the two.

in Figure 8 and 0.15 lux where the man Is standing In Figura .
One-fifth of a sacond exposures integrate noise to approxi-
mately the same degree as |a perceived by a typical obssrver.

There I8 & self-limiting bahavior in the image intensitier: when
the total intensifier output emitted (electron} current reaches
the limit of the buiit-in power supply, the supply voltage drops
50 as to keep the average image intensity from the intensifier
more or less constant. In the camera, ot least for night acenery
like that in Figure 8 and §, the signal level in the CCD stays
near the saturation level and only occasionally might a bright
light in the scene cause the CCD to bloom. Because of this
seli-itmiting feature, the camers bohavea as if it had AGC and
offers a good S/N ratio over several decades of average scens
brightriess.

Figure 8: Parking lot in moonlight.

Fibar-optic coupling

The use of fiber-optic coupling between the output phosphor
layer of the intenalfier and the CCD provides a coupling
efficiency estimated to be in the neighborhood of 60%.
Because the fiber optics are of the type designated numerical
aperature (N.A.) 1.0in, the fraction of the omnidirectional light
incident on the fibers themselvea which exits from those fibers
is close 10 80%. Then each of the two fiber-optic plates (the
intensifier backplate and the CCD faceplate) has a core fill
factor that is about 85%. This gives a resultant efficlency of
approxirmately 8 = 0.85 x .85 = 0.58 = 60%.

I, instead, a ralay lens had been used, it would have been
posslble to improve the resclution somewhat by imaging the
entirs 18mm phosphor screen onto the CCD, but the coupling
efficiency would have been considerably less.

In addition to this disadvantage of alens coupler, there are the
disadvantages of size and welght. This may add four inches or
more to the camera length. For the case of a amal primary
lens, the weight of the front end portion of the camera might
have besn nearly doubled had a relay lens been used.

The author would like to thank Lee Ruzicka for major
assistance in the designing of the prototype camera, in
minimizing its noise, and in the characterization of the camera.
The author would alsc like to thank Howard Murphy for many
helptul discussions during the development of the camera.
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FAIRCHILD WESTON

Technical Brief:

CCD IMAGING DIVISION

Usually, when cne talks about the output from.a CCD image
sens0r or camen, they refer 1o so many voits or milivolts of
output. It may be in regards to the saturation voliage, an
cutput voitage, photoresponse non-uniformity, dark signal
non-uniformity, responsivity or noise etc. All our data sheets
talk In terms of voltages out. Some find it useful, however o
talk in terma of charge, or elecirons of signal rather than
referring to voltagas bacause [t is electrons that are actually
being movad about in the device. The voltage appsars only as
a reault of converting this charge in the output amplifier.

Vout = 50% Vsar
or Qsar

NOISE (rms)
(in Dark)

Linsar Imager
Electrons

Electrons vs. Voltages

The voltage at the output is linearly to the
number of electrons being converted. As & rule of thumb, our
line acan CCDs output 1.0-1.54V per slectron of charge
received, and the CCD222 ahout 2.5-2.7,V per slectron. One
may use this “scaling factor” to convent voltages back to
slectrons. For Instance:

Area Imager




'FAIRCHILD WESTON Technlcal Brief:
Typical Internal
CCO IMAGING DIVISION Spectral Response (Smoothed)

Typlcal Intemal Spectral Response (Smoothed)

R (mA/W)

Line Scan Devices Type i: CCD111

Line Scan Devices Type |I: CCD122, 123, 124, 133A, 143A,
153A, 151

Line Scan Devices Type Ill: CCD134, 145, 181

TV-Type Devices: CCD222
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FAIRCHILD WESTON Technical Brief:
Spectra of Three
CCD MAGING DMVISION Broadband Light Sources

Specira of Three Broadband Light Sources

Relative Tungsten ™
Intenaity Standard Lamp

Standard Tungsten
Lamp at Tc = 28564K

{Curves Matched In the Visible

Spectrum)

F700 Filter = 2.0 mm thick type BG-38 IR-absorbing filler
{Schott Opticat Glass Co.. Duraya, PA).

FB00 Fliter = 3.0 mm thick type 1-75 IR-absorbing filter
{Coming Glass Co., Coming, NY), or a 20 mm thick Schott KG-1 filter.
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FAIRCHILD WESTON Technical Brief:

CCD IMAGING DIVISION

I

N

Charge Transfer Efficiency (CTE)
Calculations

by D. Debs

Assume that the CCD photosites are uniformly illuminated. Also assume that every shift register element has the same
charge transfer efficlency. Then:

i

"
CTE (per 1 transier) = ( 1-— )
Vout

ne is the global charge transfer ineffiency. Vout is the average pixel output amplitude under uniform illumination. (See
skeich beiow); “i" is thetotal number of shit register elements {ransters) between pixel #n and the output ampiifier. Note:
each shift register bit consists of two elements; two transfers are required to move a charge packet through one shift
register bit. Also, as shown below, thera are more bits than the number of pixel lengths due to some extra bits (dark reference,
prescan etc.} in the line of video.

The table below lists m versus CTE for each type of linear imaging device,

CTE CCcD1N CCD153A CCD133A ccoa CCD143A CCcD151 %
(/1 Transter) i=259 =523 i=1,035 i=2612 i=2,059 i=3514 UNITS
n e ne " ne L

0.890 pog 0.03 0,05 0.10 0.26 0.21 0.35 % of Vour
0.999 995 013 026 052 130 102 174 % of VouT
0999 980 0.28 052 103 258 204 345 % of Vour
0.999 980 0.52 104 205 5.09 4.03 679 % of Vour
(0998 970 077 1.56 3.06 754 599 100 % of Vayt
(.920 960 1.03 207 4.08 902 .M 131 % of Vour
0 999 950 129 258 504 122 978 16.1 % of Vour
(1999 840 1.54 3.09 a02 14.5 1.6 190 % of Vout
) 990 830 180 3.59 699 167 134 218 % of Vout
0999 820 205 410 7.95 1849 152 245 % of Vourt
(989 910 2.30 4.60 889 210 168 271 % of Vour
0999 900 256 510 9683 23.0 186 296 % of Vour

=Zero Reference Level

DC Voltage Change

Due to Peripharal Reaponae

and Photosite-To-Shift-Register

Optical Crossmik

(n-5} (n-4) (n=3) (n-2) (n-1) (n) -— Last Pixel
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* FAIRCHILD WESTON Application Note:
] Charge injection
CCD IMAGING DIVISION by D. Debe
Every input pin has a gate protection structure which includes for
a diode from the input to the subsirate (Vss). Negative old

{transient) input voltages (Vin < Vsg) will forward-bias the
diods, injecting electrons into the bulk silicon of the CCD chip.

{Ses Figure 1.) 9::
It sufficient charge is injected, it will accumulate in the CCD termn
analog shift registers and/or the photosites near the injecting na
gate protection structure(s). {See Figure 2.) lon.

nis

Injected charge which accumulates in the photosites will
result In a bell-shaped increase in the apparent background

dark signal, centered on the pixel nearest the injecting diode. Ifier
Injected charge which accumulates in the shift register(s) tor-
increases the “register imbalance” (“odd/even™). The shift low
register nearest the injecting dicde will have the larger output. ges
(See Figure 3.) lata

The susceptibility to charge injection (sufficient to increase wil

the background dark signal) and/or register imbalances varies
significantly from device to device. It is not possible ta select
devices with “low"” susceptibility. However, daevices with low
dark signal are typically more susceptible than devices with
high dark signal.

FIGQ. 1 TYPICAL TTL TO CCD CLOCK INPUT INTERFACE CIRCUIT

FROM Vaer
| DANTI-NIECTION GATE PROTECTION DIODE
|
Caate
| Vss
L rl
"y
TTL-TO-MOS. CLOCK RISE/FALL ADJUST CCD INTEANAL CIRCUIT
CLOCK DRVER & ANTHNJECTION CIRCUIT

NOTES:
1 trise =~ tFacL ~ {R1 - CaaTg)
2. Do not use external parallel capacitor (C1) to adjust taise/traLL. Although this approach will work, Cy acts as an A C shunt
Into the ground plane. This makes the ground plane very nolsy.
3 See datasheets for actual Caate values for a specific CCD.
4 Plane Anti-injection diode and Ry within one inch of CCD pin.
5
6.

. All diodes are FOHB00 or squivalent.
. VRer can be generated by the following clrcuit.

Y ~ 413 VDC
P =5mi
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FIG.2 PHYSICAL EFFECTS OF CHARGE INJECTION:

LOCATION OF INJECTING
GATE PROTECTION DIODE
“CLOUD" OF ELECTRONS
DIFFUSING AWAY FROM G.PD.

j “A" SHIFT REG.

|
¢

OF INJECTING G.P.D.
1S AT PIXEL %1

FIG.3 Vout WITH CHARGE INJECTION AS SHOWN ABOVE (IN DARK):

INCREASED
REGISTER
IMBALANCE
{A side = odd #
ia larger than
8 side = sven #
[
al
-—
[=]
=
[ —
=
=
=
=
=
=L
= ]
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FAIRCHILD WESTON

Application Note:

Anti-Blooming and

CCD IMAGING DIVISION

integration Control

by T. Murphy and D. Debs

Problems solved by Antiblooming and Integration Control:
CCD image sensor performance in certain applications has
been limited by ane or more of the following:

1. CCDResponsivity could not be changed without changing
the transter clock cycle time (lexpoyure), which generally is
not acceptable in many imaging systems.

. Photosite response could not effectively be “turned off"
during part of each taxposure. This degraded vertical reso-
lution (MTF) and/or did not allow sotutions of problem #1
above.

. Vary brightly illuminated photosites would “bloom™; or
“smear” when oversaturated, causing a local loss of image
resolution much larger than just the number of oversat-
urated photosites. (e.g. the CCD dynamic range was less
than the image irradiance dynamic range.)

Features of Antiblooming and Integration Control:

The newest generation of Fairchild CCD Image sensors
(CCD134, 145, 181, etc.) contain two features 1o eliminate
thess problems. These [eatures — “antiblooming” and
“integration control” — can be used independently or in
combination.

Antiblooming “clips” or limits the amount of charge that can
be collected in any photosite. When properly adjusted, no
photosite can accumulate more charge than the shift register
can transfer properly. This causes a loss of signal amplitude
information in the oversaturated photosites, but it prevents the

oversaturated photosites from smearing into adjacent areas
with consequent |oss of resolution. Antiblooming alone has
no effect on the performance (responsivity, etc.) of non-
saturated photosites.

Integration controt effectively reduces the responsivity of all
photosites. This can be used to reduce all photosite charge
packet amplitudes proportionately so that none of the photo-
sites reaches saturation and/or blooms. Integration control
functions as an electronically-variable “shutter” during each
scan time.

Oftten the variable-responsivity feature of integration control is
useful even if the blooming is not a problem. Integration
control can be used for real-time adjustment of device
responsivity to track line-to-line changes in object illumi-
nation, background reflectivity, vertical scanning speed, etc.
Without integration control, this could only be accomplished
by varying the transter clock frequency (1¢x ), which generally
is not acceptable in fixed-output-rate systems. Adjustment of
system responsivity by optical means (e.g. with a mechanicai
Irls, mechanical shutter, and/or optical filters) Is much slower
than simply adjusting the integration-control clock cycle.

“Turning off” the photosite charge collection during each

taxpasure by clocking gy also improves vertical resolution
(MTF in the direction perpendicular to the CCD array long
axis.) This is particularly advantageous whsn the object is
moved in a start/stop “stepped” mode.
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Figure 1A: ¢ic = 0 volts; No Anti-blooming or Integration Control
Amti-Blooming  Integration Photo Photo Transter Shift Register
or Electron Control Gate Site Gate {Transpons into
Sink \ Gate \ * + / plane of paper)
hy
VSINK  &iC Vrg ( #x 1 OF &7
0
Channel
Potential
(volts) QsaTiPs) QsAT(SR)
+v
Light shield omitted for clarity in Figures 1A, 1B, & 1C.
R~




Implementation of these Features:

The ¢ic pin controls both the antiblooming and integration
control features. Figure 1 shows the behavior of charge
generated in the photosites for three different ¢ic voltages.
Charge is represented by the shaded areas and by the small
clrcles or dots.

In Figure 1A, the ¢ic is biasad at zero volis. In this cass, the
charge storage capacity of the photosites [*Qga7{PS)"} is
larger than the amount of charge that the shift register can
transfer without excessive loss [“Qsar(SR)"). If the charge in
photosite #n [“Q(n)"] is excessive [a.g. if Q(n) > QsaT(SR)],
then the excess charge will remain In this shift register cell
when the shift registers are clocked. This excess charge will
combing with the charge packet from the #(n+2) photosite,

| Figure 1B: ¢ic Blas ~ Vpg; Antlblooming Enabled

Channel
Potential
(voilts)

+v

VsiNk  dIC

thus "smearing” the information down the shift register. if the
excess charge combined with the information from the #(n+2)
charge packet exceeds Qsar{SR}, then the remainder will
combine with the photosite #(n+4) charge packet, etc. If [Q(n)
>Qsat(PS)), then the excess charge will also bloom within the
photosite array into the #(n+1) and #(n—1) photosites, ete.

Blooming can be eliminated by blasing the gic at approxi-
mately the same voltage as the photogate (Vpg). {The exact
voltage required for optimal antlblooming operaticn is a
function of device manufacturing tolerances, See balow for
recommended ad|ustment procedure.) Figure 18 shows this
condition. Charge generated in the photosites in excess of
Qsat(SRA} spills across the barrier formed by ¢ig into the
electron sink.

Qsat(sh)

Excess charge generated in photosite spills across ¢ic barrier into the electron sink

Figure 1C: ¢ic Blas = (Vpg + 3V); Integration Control Enabled

i OF Y

Alf charge generated in photosite spills intg the electron sink when gic Bias = (Vpg + 2V
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It no charge collectlon (integration) is desired during the first
part of the scan (integration) time, then gic is clocked to a
clock-high voltage at least about 3V higher than the photogate
voitage. This is shown in Figure 1C. All charge generated
during this time will spill into the electron sink. The control of
the duty cycle of photosite signal charge collection is called
“Integration Control.” See Figure 2 for a typical timing
diagram.

Reduction of the effective intagration time by integration
control effectively shifts the dynamic range of the device to a
higher integration range. Figure 3 shows the typical dynamic
range for tim/taxposure ratios of 0.1 1o 1.0. Minimum tnt/texposure
ratlo is limited by optical crosstalk from the photoaites inta the

| Figure 2: Integration Control and Anti-Blooming

(Nole 2)

NOTES:
1. b > (b Of $x)
2 All charpe genersted in photosites during b o dumped in Vs,

shift registers during the gc clock-high time {e.Q., when the
photosite-generated charge is being dumped into the electron
sink.}

Antiblooming can be combined with integration control by
setting g clock-low to approximately the Vpg bias voltage
per the procedure below.

Optimization of Antiblooming

To optimize antibiooming, first set ¢ Lo zero voits. ncrease
Integration by increasing irradiance or texposure until the
device output is almost Vsat. Then increase ¢ig DC bias
voltage or gic clock-low voltage to the highest voltage which
does not diminish the output signal amplitude. {See figure 4).

(Now &)

‘Fortl

Duen~

A All charge generuted In photosites < Ggat during ter is tranetesmed Into the shift mgisters during ¢y clock-high period. Photosite charge > Qsar (shift

reg.) generkted during twt goms indo Vg H ant-biooming voilage is optimized

¢ clock-low = 5 10 7 volts will give best antl-blooming operation
&0 trise & tan > 4 g8 10 minimize clock coupling of $ec into Vour
To eliminate integration control, but retain anti-blooming gic = +5 VDC

voltage.

Flgure 3: Dynamic Range vs. fint/texposure Ratio

hradiance
During

teaponrs
W /foma

1 25 5
line/texposure ABtI0
he CCD145 devica iluminated by a standard 2854° K tungeten lamp with

751

To eliminale both Integration contral and anti-bipoming, gie = OVDC or Vgs(-2V} .
To use integration control without antl-blooming, use gie clock-low = 0.0 10 0 7 voits and ¢ic clock-high = same range as ¢1 or ¢ clock-high

Figure 4: Maximum Qutput Voltage vs. ¢ic Voltage




FAIRCHILD WESTON

CCD IMAGING DIVISION

Introduction

Two phenomenon affect the transfer of charge packets from
the photosites to the cutput amplifier. Photosite Transfer Loss
{PSTL) degrades the transfer of charge packets from the
photosites into the CCD shift register(s). Charge Transfer
Efficiency (CTE) dascribes the transfer of charge packets
along the CCD shift register(s) into the output amplifier gated
charge integrators.

CTE

CTE is specified on every CCD data sheet. It is approximately
8 constant percentage ot the Vaigna over at least the 1%-to-
100%—0f-Vam range. CTE is not normally affected by the
amplitudes of charge packets transferred through the CCD
shift register(s) during previous scans.

PSTL Significance

PSTL is often assumed to be negligible. This assumption is
reasonably valid for applications where (1) the minimum pixel
illumination is atleast 5-10% of Vg, and/or {2} where the pixel
amplitudes are to be digitized to < 10 gray scales {=3 bits
anatog accuracy of full scale) Such applications generally
include document scanning for facismile or PC inputs, OCR,
and some industrial inspections.

PSTL can significantly reduce degrade device performance

under the following conditions:

1. Devicein dark or very dim illumination for many successive
integration times.

2. Accurate signal information is required for pixet inputs in
the (0.01% to 5-10%) of Ega range. (e.g. a high system
dynamic range is needed.)

These requirements are typical of satellite and telecine appli-
cations. Our newer devices have much better PSTL than
standard devices.

Before discussing PSTL amplitudes further, a definition of
PSTL is given

PSTL Definition

The effects of PSTL are shown and defined in Figures 1 and 2
below. The CCD is not illuminated for a long time {taark). Then
the light source is swilched on, colncident whh the beginning
ot aCCD Integratlon time (tint). Radiant flux amplitude (light
intengity) is held constant for at least three successive fnt
periods before the light source is turned off. (LED lamps are a
convenient source for this teat.) Note that the CCD output
wavetorm (Vout) Is delayed by one tiy period {one “scan”} from
the illumination clocking. It the CCD had PSTL = 0, then the
average pixel output amplitude (Vagnal) resulting from each
iluminated tint would be the same. H 0 < PSTL < (100% of
Vsignai), then the Vgnai resulting from the first illuminated b
will be attenuated.

Application Note:

Photosite Transfer Loss
(PSTL)
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The charge lost from the first illuminated scan by PSTL is
graduaily transferred out of the pholosites after the illumi-
nation stops. A measure of this silow, exponentially-decreasing
charge leakage is defined as the “vertical charge transfer
inefficiency” or “VCTIE” in Figure 1.

PSTL Causes and Cures

PSTL is caused by three mechanisms;
Slow electron charge traps in the photosite regions.
{Absorb charge guickly, release charge over many scans.)

2. Inadequate time and/or electrical field gradients to transfer
charge from photosites to shift registers.

3. Subthreshold depletion of photosites over many scans
while device is in dark.

The eflects ot slow traps and subthreshold depletion can be
significantly reduced {better than 2x improvement) by adding
optical bias light or “fat zero” to the incident ilumination. Use
of optical bias is limited by the noise contributions. See Table
1 below. An opteal bias of ~20mV decreases PSTL by at least
2x while increasing noisa by only =~25%.

Inadequate time and/or selectrical field gradient can be
improved by (a) provide a longer ¢, puise, per Figure 3A
below, and/or (b) by also clocking the photogate (Vieg) per
Figure 3B below.

Recently designed devices (CCD134, 145, 181) have neg-
ligable PSTL: < 5% of Vygnal for (1% of Veat) < Vaignal < {100%
of Vaat)|. Older devices may have up to an order of magnitude
larger PSTL.

Oplical Bias Total Nolse in Dark”
(MVRMS) (kefims) (Kefims)
.32

“tint @ 1M%, tass = 2MHz, no € D.S, Quiput Scale Factor =
125,V/d, average dark signal x4 mV/ms, Tp=+25°C. (Typical for
143A, stc.} Note that {Peak-Paak Noise) ~ 5x (AMS Nolsa).
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Figure 1: Eftects of PSTL and Vertical CTIE

MXEL1 MXELr

Figure 2: Effects of PSTL and V-CTIE In a typical Line-image-Sensor-Based X-Y Scanning System (in “pushbroom” mods)
Mavement Past CCD Armay

image on Film

of Dotument

Facaimile Machine

Quiput

(D = PSTL < 100%)
First lllurminated Scan
is Anlenuated by PSTL

NOTE: S#e Figura 1 tor Timing Chagram
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FIGURE 3: OPTIMAL CLOCK TIMING TO MINIMIZE PSTL

CCD14s, 181: ’4
#Pa (“VRQ") o _:;
o] Iq—
‘ | {
Ty
iy, T o
CCD122, 133A, 1434, 153A:

i

(Note 2) - 4 \_I_l
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FAIRCHILD WESTON

Application Note:

CCD Input and Output

CCD IMAGING DIVISION

CLOCK INPUTS

Clock Load Characteristics

CCO clock inputs range from relatively large capacitive loads
(30-1000pF, depending on device size) to vary small capacitive
loads (<5pF). DC leakage current into all clocked inputs is
negligible (S1uA at +15V),

Recommended Clock Drivers
Standard TTL-to-MOS ciock drivers, such as the National
Semiconductor DS0026, are recommended for driving the
high-capacitance inputs They are also convenient for driving
the low-capacitance inputs with appropriate resistance be-
tween the 0026 and the CCD.

Clock Rise/Fail Times

Refer to Figure t: "Typical TTL-to-CCD Clock Input Interfar-
ence Gircuit’. The damping resistor Ry limits the tigy time so
that the CCD pin does not “ring” below Vgs. {Momentary
pulses more negalive than Vgs may degrade GCD perfor-
mance by increasing the apparent dark signal. See the
“Charge injaction” application note for further details y

Excassively fast clock rise and fall times will also degrade
CCD performance by increasing the internal clock coupling
into the output waveform and/or increasing the external clock
coupling inlo the P.C. board ground plane{s}. Rise and fall
times should exceed 30ns whenever possible.

P.C. Board La

The TTL-t0-MOS clock drivers and interface circuitry should
be located close to the CCD (within 1 inch if possible) to
reduce transmission line "ringing” problems.

Although the DC currents intc the CCD clock inputs are
negligible, large surge currents are required at the clock
transitions. Decouple each clock driver IC with a large local
capacitor between Vg and ground.

On devices with separate substrate (Vss) and signal (Vsg or
Vgg) grounds, provide separate ground planes on the PC
board

Clock inputs

Many devices have two shilt registers which can be run in
parallel. Itis preferable to run both shift registers with the same
clock drivers unless the combined capacitance is oo large for
the clock drivers. Running both shift registers with the same
clock drivers will improve CCD performance by reducing the
number of clocks which can capacitively couple into the GCD
substrate,

Damping Circuits to Avold

The gate-to-gate capacitance of the CCD transport and
transter gates (41, ¢2, ¢T. VT, $X &PG, 6IC.) is usualy a
significant part of the total gate capacitance. Internal clock
coupling can degrade device performance if the effective
impedance of the clock-driver-plus-damping circuit is exces-
sive. A particularly bad damping circuit for these gates is
back-to-back diodes See Figure2 for details.
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Requirements

Thesa dicdes are intended to slow down the CCD gate rise
and fall rates as the gate approaches the final clock-high and
clock-low voltages. However, they also act as a very high
impedance between the clock driver and the CCD gate during
the first ~0.7V of internal gate-to-gate clock coupling. This can
permit internal gate~to-gate clock coupling to become so
large that it degrades CTE and/or the oulput waveform. {See
Figure 1 for a recommended damping circuit )

2-Phase Shift Reglster Clock Requirements

Devices with two-phase shift register clocks (¢1 and ¢) have
special requirements on their phase relationship,

{See Figure 3.)

DC INPUT VOLTAGE SUPPLY REQUIREMENTS

CCD Noise Immunity

The CCD has minimal built-in noise rejection. Noise on the
Voo, Vap, and Vg supplies is attenuated by < 50% at the CCD
signal output(sj (Voyr or OS). Aiso, ¢1, ¢2, or ¢ ciock
coupling into Vo will increase register imbalance.

All DCinput voltages should be well regulatad and thoroughly
decoupled to ground. If the device has separate substrate
(Vsg) and signal {Vsg) grounds, then all output amplifier
supplies (Vpp, VRp, Voa, Veias. otc.) should be decoupled to
Vsg.-

Typical DC Blas Currents

Typical
Pin Name Curment® Comments
Voo 3-10mA Vop = Ve
Veo 3-10mA
Vmp <1uA Normally derived by resistor
Voa <<Tph dividers from Vpp
Ves <1pA
V1 <1uA Large decoupling capacitance

required due to large Vy-to¢t
internal capacitance.

* Ses data sheets for specitic values

BUFFERING OF CCD OUTPUTS

The on-chip amplifiers are designed 1o drive a low-capaci-
tance, high impedance external buffer. Maximum output load
Is <10 to 20pF and =5k to Vgg or Veg. An emiltter foliower or
equivalent is recommended.
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FIG. 1 TYPICAL TTL TO CCD CLOCK INPUT INTERFACE CIRCUIT

TTL-TO-MOS CLOCK RISE/FALL ADJUST CCD INTERNAL CIRCUIT
CLOCK DRIVER & ANTHNJECTION CIRCUIT

NOTES:
1. tise ~ traL ~ (Ay - Caare}
2 Do not use external paraliel capacitor (C1)} 1o adjust tmss/traLL. Although this approach will work, G+ acts as an A.C. shunt
into the ground plane. This makes the ground plane very noisy.
3. See datashests for actual Caatg values for a specific CCD.
4. Plane Anti-injaction diode and Ry within one inch of CCD pin.
5. All diodes are FDHBOO or squivalent.
6. VREF can be generated by the following circuit.

Y = +13VDC

FIGURE 22 DAMPING CIRCUIT TO AVOID

GATE PROTECTION
DIODE TO CHIP S8

TGGATE

Vas -

TTL-o-MCS DAMPING CIRCUIT CCD INTERNAL CIRCUIT
CLOCK DRIVER
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FIGURE 3: TWO-PHASE SHIFT REGISTER CLOCK TIMING

BEST ¢1/¢2 CLOCK TIMING:

—~ 50% DUTY CYCLE
fr——
¥
———
SIMULTANEOUS trisg/teaLL: VCLOCK - CROSS Z 4V
¢1 CLOCK COUPLING CANCELS GIVES GOOD CTE &
¢2 CLOCK COUPLING; GIVES OUTPUT TIMING
BEST CCD OUTPUT WAVEFORM.
ACCEPTABLE:
NOT 50% DUTY CYCLE
p—t——
NON-SIMULTANEOUS ¢1-trise VcLock - choss > 4V
and ¢o-traLL (& visa versa) GIVES GOOD CTE &
INCREASES CLOCK-COUPLING OUTPUT TIMING
NOT ACCEPTABLE:

VELOCK - cRosS < 4V

T 0.0VDC
IF ONE OR BOTH VeLock - cross < 4V, THEN POOR
CTE AND/OR INCORRECT OUTPUT SIGNAL TIMING CAN
OCCUR
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FAIRCHILD WESTON

CCD IMAGING DMISION

A technique catled Correlated Double Sampling (CDS) is
recommended when very low noise performance is desired.
CDS is the differencing of samples of the zero reference level
{VRer) and valid video taken at each pixel. In order touse CDS
the internal sample-and-hoid circuit must be disabled and an
external reset clock must be used. An explanation of the CCD
output circuit and the advantages of CDS follows.

The CCD output circuit converts the photoelectron signal
charge to a voltage signal. Charge packets from the photosites
are transported to a precharged diode whose potential
changes linearty in response to the quantity of signat cherge
delivered. This potential is applied to the gate of an n-channel
MOS transistor producing a signal at VIDEOout. A reset
transistor driven by the reset clock {¢a) recharges the charge
detector diode to the positive potential Vap before the arrival
of each new signal charge packet.

Figure 1 shows the three cutput wavelorm components: reset
clock capacitive Jeedthrough, zero reference level (Vrer) and
valid video. The potential dilterence between Vrer and valid
video is proportional to the signal charge.

When the diode is reset to Vap there is a thermal noise vottage
component in addition to the nominal potential. The square
root of the variance of this reset noise voltage is Vams.

kT
VAMS = q —_
MS C

where k is Boltzmann's constant, T is temperaturein °K and C
is the capacitance ot the node. At room temperature this
represents about 200uV of noise

FIGURE 1. TIMING DIAGRAM

Reset Clock Feedthru
“Zero Referance Level”

“Valid Video”

(Change in CCD output
Level due to charge
packet from the CCD)

CLK,

CLK2

Application Note:
Correlated Double Sampling
by T. Murphy

#(n—1)
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The reset noise can be eliminated by CDS. The same random
reset nolse voltage is present in both Vrer and valid video. By
taking the difference between samples of Vaer and valid video
for each pixel the random voltage is eliminated. See Figure 2
for a bleck diagram of the CDS circuit.” See Figure 1 for the
timing diagram.”

The fiiter in Figure 2 serves to reduce high frequency nolse
before sampling. If the filter is not employed, the differential
amp increases the high frequency noise in the sampled
signala negating the benefits of CDS The filter is a low-pass
filter with a cut-off frequency of approximately 3 times the
video data rate. This allows for a relatively sharp transition
from Viaer to valid video while still reducing the high frequency
noise

Another advantage of COS is that it reduces the 1/f noise in the
outpul at frequencies below fpara. Since each pixet has
indepandent VRer, there is a very short time scale for readout
ofthe signal. Therefore the low frequency noisa in the device's
internal output amplifier and in Vgrp is effectively filtered out,

For ideal supression of 1/f noise the VRer and valid video
sampling internals (Figure 1) should be very close together. In
practice, and especially at high data rates, the valid video
sample may be taken later in the pixel to assure that the signal
has settled. Maximum signal-to-noise ratio is realized by
integrating Vaer and valld video samples for as long as
possible without sampling reset feadthrough or the Vagr-valid
video transition.

*it is not recommended to use one sample and hold while
attempting to clamp Verer as is displayed in Figure 3.
Clamping to ground makes the CDS circuit very susceptible
to noise and ground loops in the “ground plane.”
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FIGURE 2. BLOCK DIAGRAM
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Technical Brief:
Position of Pixel #1
vs. Package Edge

FAIRCHILD WESTON

CCD IMAGING DIVISION

POSITION OF PIXEL i#1 vs. PACKAGE EDGE & PIN #1

EDGE OF DIE ATTACH
CAVITY
rlI— Xi
18-Pin Sidebrazed 0.295+.020 0680 0145010 +.025
0.089+ 045 + 045
+.045
24-Pin Sidebrazed 0.210+:010 +.025 +.025
0.209+ +.037 0285 +.038
0.202+ 02a5+
28-Pin Sidebrazed 0158+ +067 0.295+ 047
0154+
041
24-Pin Sidebrazed 0424t +.037 0.295+ +.038
0170+

MNote: Spaclal sslections for
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0.0+1.0
oot
0.0
0.0+
0ot
0.0+
0.0+
0.0t
0.0x
0.0
0.0+
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FAIRCHILD WESTON
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Application Note:
Comparison of

The “C” and “R"”

Line Scan Camera Families

History

Availabllity of the first member of the commercial (“C") tine
scan camera family, the CCD1300C, was announced in 1977
by the CCD Imaging Division, which was then a parl
of Fairchild Semiconductor Corporation. The family was
broadaned between 1977 and 1980 by announcement of other
members of the tamily; the CCD1100C, the CCD1200C, the
CCD1400C, and the CCD1500C. In addition to design and
development of the new 1amily member to provide customers
a cholce of camera resolutions ranging from 256 to 2048
elements, significant engineering efforts were successfully
aimed towards reducing the manufacturing costs and con-
sequently the customer prices for the line scan camera
products, to provide improved camera performance, and to
adapt the standard line scan cameras for a variety of appiica-
tion-gpecific situations for a number of valued customers.

The improved "C" cameras were well received by the market
placs, but they were not ideal for industrial uses. The camara
enciosures were not seaied nor of optical instrument quality,
the cameras couid operate only at data rates below 10 MHz
per second, and the control unit-to-camera cable length had
to be less than 2 meters for good performance. Certain
integrated circuits used in the family were archaic, and were
consequently obsaleted and made unavailable by our vendors
in and before 1985,

A first “industrial” grade, or “R" family line scan camera was
developed and announced in 1979 while CCD Imaging
belonged to the Fairchild Semiconductor Division of Schium-
berger. This camera was specifically designed tor factory
installations, was sealed for environmentat protection, and
was packaged in an enciosure only 2.25 inches In diameter
and 5 Inches in length,

The “R" camera family has been broadened by announcement
of severel new products between 1979.and 1986 and the family
of products have been continuously improved in offered
performance capabilities. The family now includes the 512 x 1
element CAM1200R, the 1024 x 1 element CAM1300R, the
2048 = 1 slemant CAM1T500R, and the 3456 » 1 efement
CAM1800R. A controller, the CB1000R, for drive and inter-
tacing of any of the cameras and systems including a camera
and the CB10G0R and a cable set are available as CCD1200R,
CCD1300R, CCD1500R, or CCD1600R. These products are
still supplied by the original CCD Imaging Division, which has
become an important part of Fairchild Weston Systems, inc..
which is a Schlumberger company and is organizationally
separated from Fairchild Semiconductor.
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R-To-C Family Comparisons

The obsolste “C" commercial-grade line scan cameras were
$0ld in diamond shaped vented sheet metal enclosures about
6inches in length, 3 inches in width, and 5% inches high. The
enclosures ware optically imprecise, and the sansor align-
ment, with respect 1o the mounting mechanisms provided on
the enclosure, was somewhat unpredictable. The camera
anclosure was not sealed, and the electronics and interna!
optical camponents could be damaged by exposure to high
humidity conditions and by dirt and dust.

The “R" industrial-grade line scan cameras were avallable In
sealed cylindrical enclosures 2% inches in dlameter and 5
inches in length. The sensor package is preclsely and rigldly
attached, with a circutar printed circuit board, to the camera
faceplate.

The "C" cameras contained logic circuits for full control of
sansor timing plus an analog video processor for interface to
the usar systern. The “R" cameras are very flaxibie operation-
ally; all timing is controlled by two ciock signal inputs which
permit the cameras to be operated optimally for any specific
application. The two time-division multiplexed video outputs
of the “R” cameras (one for the CAM1B00OR) permit user-
design of video circuitry meeting the needs of the camera
system, while the vida¢ processorincluded in the “C" cameras
met only data sheet specified interface conditions. The “C"
cameras could be driven with cables not longer than 6 feet in
length at their maximum data rates of 10 MHz, the “R" cameras
include line drivers and receivers which permit operation at
cable lengths of > 250 feet at 20 MHz with twisted pair clock
cablaes.

The “C" cameras were recommended for use only with a
control unit and power supply unit made by Fairchild. The “R"
cameras can be easily controlled by customer-provided clock
and power supply inputs, and they are strongly recommended
for OEM installations

Fairchlld Weston, however, provides at a low price, the
CBI000R controller which is adaptable for use with any
member of the “R” camera family. As is well documented in
the preceeding CB1000R data sheet, the controlter provides a
very flexible set of clock signals to the attached camers,
provides the dc supply inputs needed by the camera, and
includes an analog “video processor” and a “pixel locator.”
The video processor provides, at its BNC-connactor outputs,
ade-multiplexed element-sequential ground referenced 0-1 V
peak analog video output signal at a 75 ohm impedance level.



The “pixed locator” run-Hength encodes the camera data, and
oases the task of imlerfacing a camera to acomputer for image
processing.

it is recommended that a compiete camera system (512
slement CCD1200R, 1024 slement CCD1300R, 2048 slament
CCD1500R, or 3456 slement CCD1800R) be ordered because
of the inherent convenlence and economy In receiving a fully
integrated systern. The “CCD-—R" systems provide ail of the
functional performance faatures which were available from
the “C” cameraa when the pixel locator accessory was also
purchased, and offer many performancs improvements as
woll. OEM camera users are encouraged to specify Falrchild
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Weston Model CAMI200R, CAMI300R, CAMIS00R, or
CAM1E800R to obtaln only an Industrial-grade camera with a
resolution of 512, 1024, 2048, or 3458 elements respectively.
Owners of one of the “R" cameras are sncouraged to order a
CB1000R for use with thalr cameras—it may eass design-in of
the camera into an electro-optical system.

The “C™ family of Fairchild Weston line scan cameras has, as
do all high tschnology products, become obsolete. The “C"
family is replaced by the superior “R" famlly of line scan
cameras made available by the pioneering efforts of the CCD
Imaging Division of Fairchild Weston Systema, Inc.
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Application Note:
The Synchronous Flash Mode
For The 3000 And 5000 Series Cameras

by L Solarl

INTRODUCTION

Sometimes it is valuable to get a picture of a moving object
(perhaps an object on a moving beit). To accomplish this, the
object is illuminated by a short intense flash in an otherwise
dark environment. Under these conditions, a small amount of
light may leak under the light shield covering the vertical shift
régister and create a 'ghost’ image In the shift register. The
vertical shift register runs continuously and will move that
image some distance up the register before photogate transfer
OCCUrs.

This ‘ghost image can be eliminated by inhibiting the vertical
shift register clocks to the sensor during and after the fiash,
until the photogate clock transfers charge from the pixels to
the registers. In this way, the real image is superimposed on
the ghost image, and the ghost Is not seen.

OPERATION

To eliminate the ghostimage, supply a TTL level start pulse to
reset the central timing gate array, betfore the flash occurs. A
low 1o high transition {recommended rise time <100ns) ressts
the gate array, which triggers a new field index as seen in the
attached timing diagram. The vertical clocks to the sensor are
inhibited from reset time until the next normal photogate
trenster time, which occures 18 lines after reset. After the start
pulse is sent into the camera, the actual resat may not occur
immediately; wait one horizontat line time, then fire the strobe
light within the first 17 line times.

SPECIAL TIMING CONSIDERATIONS

QOperation of the camera in the flash mode does not affect
RS170 output, howaver, resetting the camera does. Therefore,
any frame grabber accepting the cutput of the camera should
also be triggered from the start puise. When the camera is
operating in a standard RS170 mode of operation, the
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maximum rate for strobe flashing is 30/sec, interlaced, 60/sec,
non-interlaced or pseudo-interlaced. The camara may aiso be
operated in the flash mode with external clock inputs, with a
maximum flash rate of one flash per frame. The camera may
not be operated in the flash mode while in gen-lock.

/O CONNECTIONS FOR CAMERAS FACTORY PRE-SET
IN THE FLASH MOQDE

3000 Series Cameras which have been pre-set at the factory
for the flash mode allow access for the input of the start pulse
through pin #13 of the 25 pin ‘D" connactor.

5000 Serigs Cameras which have been pre-set at the factory
for the flash mode aliow access for the input of the start pulse
through pin #2 of the user I/Q connector.

MODIFYING STANDARD CAMERAS

FOR THE FLASH MODE

The 3000 Series Cameras built since 1985 marked with a serial
number beginning with ‘C’, include a Fairchild gate array fogic
board and are capable of being used in the synchronous flash
meode. This mode may be invoked by grounding pin #24 of the
gate array. A stari pulss must be supplied to the reset pin (#20)
of the gate array. This puise may be accessed into the camem
through the 25 pin ‘D' connector, by isolating pin #13 of the
connector (previously ground), and connecting it to the reset
pin of the gate array. Pin #13 must be freed from ground both
In the power supply and on the rear mother board of the
camera.

The 5000 Series Cameras may be used in the flash mode by
installing a jumper at W4 G-H, and supplying the reset puise to
pin #2 of the 25 pin user YO connector. (Detailed instructions
ara In the CCD5000 Manual, Sections 3.1.5 and 3.1.3)



17 HORIZOMTAL LINES TIMES - 1 nSEC

RIBING EDGE TRIGGERS AESET
WAIT ONE HORIZONTAL LINE BEFORE
PIRING PLARH

Ly

NORMAL VERTICAL BLANKING
7 HORKEONTAL Ligh TIPS - 1 mpps
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CCD IMAGING DIVISION

This technical note describes the predicted effects of large
concentrations of radiant optical energy on Fairchild CCD
image sensors—such as might occur with a laser or a solar
image. It should be understood that these are only predictions;
we do not know of actual instances of such damage. All of the
effects are thermal; that is, this technical note only deals with
heating effects due to dc or pulsed radiation that is concen-
{rated in some definable way. The emphasis will be on worst-
casa conditions.

As & point of reference let us first consider how much heating
will typically oceur when a device is uniformty irradiated near
saturation at some commaon integration period. We will only
treat the case of monochromatic light at 4 central wavelength,
namely, 600nm, and we will only consider one typical device,
namely, the CCD133. The area of the dark ceramic header
(90% absorbant) is approximately 4.5cmZ At the data sheet
test condition of 1ms integration period, with the device near
saturation the radiant power absorbed by the device can be
astimated to be, based on data sheet information:

0.9 {0.4pl/cm?)  (4.5cm?)/1073s = 1.EMW

(The saturation energy density of 0.4uJ/cm? was calculated by
dividing the typical saturation voltage of 2.0V by the typical
spectral responsivity at 600nm of SV/uJ/cm?.)

A rough estimate of thermal resistance ot the package is
10° C/W. Therefore the estimated rise in temperature is;

1.6mW (10°C/W) = 0.016°C

If the radiation is confined to the area of the silicon chip
{0.2cm?), which has an average absorbtance of only about
20%, the corresponding values are:

0.2 (0.4xJ/ecm?) {(0.2cm?)/ 10733 + BuW
and
8,W {10°C/W) = 0.00016°C

Let these two temperatures be our point of reference. Next tet
us consider several representative specific examples of high
energy optical irradiance.

Case 1. The sun is locused on the device. In one specific
scenario an F/2 lens forms an image of the sun 2.3mm in
diameter on the CCD133 chip. The luminous intensity of the
solar image is:

a (16 x 10* lumen/steradian. m?)
4F?

Z3M (160 =3.2 % 10° Jux
4 (2)?

Application Note:

Predicted Effects of High-Power
and High-Energy Optical
Irradiance on CCD Image Sensors
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Using our recommended 700 nm infrared blocking filter, one
lux equals approximatety 0.33mW/cm?, giving a powsr density
of 100W/cmy? and a total incident power of 3.2W. Taking the
absorbtance to be 20% (as we did above for the mostly
aluminized chip) the total absorbed power Is approximately
0.64W and the temperature rise of the chip above the ambient
i9 approximately

0.64W (10°C/W) = 6°

Since the device is rated at 125°C maximum, there is no
danger at all of harming the device, assuming there is
adequate control of the ambient temperature.

Case |l A lpser spot 10:m In dlametsr Is focused on the
chip. The question is: What are the power and pulsed energy
limits before something gets too hot? For this case, it is useful
to think of the silicon chip as a large heat sink on which is an
insulating glass layer 1-3um thick, and an aluminum layer 1um
thick. The aluminum can absorb power faster than it can
spread laterally and downward to the single crystal silicon
heat sink. if the aluminum layer reaches a temperature of
450° C for even very brief times like a few minutes, itis possible
to damage the device. (This occurs at the aluminum - siticon
contacts.) For laser puises less than 20-50ns, the power would
not spread significantly outside the 104 spot and one can
calculate the incident energy required to heat that amount of
aluminum by 450 - 25 = 425° C. In addition to the information
we already have, we need the heat capacity of aluminum,
which is 2 4J/cm® C. The critical energy level is then

2.4J/cm* C {10*cm) {425°C) {8x107cm?) -
0.1

For pulses longer than 20-50ns, this critical energy will
increase because the heat has time to spread, but simple
quantitive predictions are probably not reliable because of the
complaxity of the chip structure.

General Observation. Since the silicon chip can withstand

125°C indefinitely and 450°C for very brie! periods of time,
and since CCD devices typically saturate at ilumination levels
that heat the device by tess than 0.1°C, it is clear that there is at
least a 1000:1 safety margin above saturation before damage
will occur

0.8
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X-ray imaging is conventionally done with either photographic
film, X-ray phosphor screens viewed directly, or X-ray image
converter tubes coupled o a vidicon-type of television camera.
Solid state image sensors can provide several advaniages
over the conventional approaches. For example, by simply
replacing the tube-type camera by a solid atate camera one
achieves the advantages of:

1} a distortion-free scanning raster,
2) an ultra-stable scanning raster, and

3} tull digital control of the image readout, as is desirable for
interfacing to digitat systems.

The above example ¢an be implemented in two ways. One
way is 10 use relay optics 10 image the output of the X-ray
image converter tube onto the image sensor, Because sensi-
tivity is generally quite important, the aperture of the lens
should be approximately /1.4 or larger, i.e., a smatler1/no. The
other way is to use an image sensor with a fibar optics
faceplate and a converter with a fiberoptic backpiate. An
improvement in sensitivity of 10 to 20 times has been achieved
with this approach. In terms of numerical aperture (NA), the
aperture of this ty pe of coupling can be approximately 1.0; this
is approximataly equivalent to 1/0.5.

Other approaches to X-ray imaging with solid state image
sansors are: {1) to use an X-ray phosphor that is deposited
directly on a fiber optics faceplate on the sensor, and (2) to let
the X-rays excite the sensor directly. This last method is not
recommended, however, since the X-rays incident on an
image sensor, especially when it is powered, lead to degra-
dation of the device similar o the way devices degrade due to
any other form of high energy radiation such as gamma rays
and high energy electrons. The eftects include (1) increased
dark signal, (2) decreased charge transfer efficiency, and (3)
drift in optimum drive voltages. Depending on the particutar
type of radiation, the dose, the device and the tempaerature,
any one of these effects may dominate.

Where X-ray imaging directly on the sensor is considered, the
following information may be of value.

1) The attenuation depth in silicon varles strongly with X-ray
energy. Above approximately 6 KeV, the characteristic attenu-
ation depth (where the incident X-ray flux is attenuated 2.72
times} is greater than 30 um. This situation results in relatively
larger crosstalk between photoslements, and also in the
pessibility of poor uniformity of responss.

2) Continued exposure to X-rays, especially while under
power, causes the device to degrade. Near room temperature,
this will generally be detectable at 10° to 10* rads, and may
make the device unusable at 10¢ to 10° rads. Annealling wlll
restore proper perfarmance to some degres, but since the
best annealling only occurs at temperaturas above the maxi-
mum recommended storage temperature, low-rigk annealling
treatments are not expectad to help very much. Annealling
assisted by ultraviolet irradiation may be considerably more
affective.

Application Note:

X-Ray Imaging with

Fairchild CCD Image Sensors
by R.H. Dyck
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3) Because good Imaging is only expacted for relatively low
X-ray energies, and because the normal giass window on the
image sensor strongly attenuates these low-energy X-rays, it
Is important to replace the glass window by a thin beryllium
cover (of course, for uttraviolet-assisted annealling a beryitium
cover would need to be removable)

4) Doslmetry. A rad is defined differently in silicon device
Investigations relative to the conventional definition for bio-
logical and health studies. For the latter, the definition is 100
erga/gram In carbon. For sllicon davices, it is 4.2 x 10"
electren-hole pairs/crm? in silicon. Another useful relationship
in dealing with radiation effects in silicon devices is that it
takes approximately 3.5 eV of energy, on the average for high
energy radiation, to create one electron-hole pair in silicon.

5) Active area. Because the aluminum that shieids the CCD
registers from light is transmitting for X-rays, the registers may
be stopped during an exposure, and the active area may be
considered lo include the registers. This situation results in
oddly shaped element areas for line-scan imagers uniess
elements are paired. For paired slements, the resuiting active
element area is approximately 26 x 260 um = 0.007 mm2.

6) Exampie of an X-ray sxposure and the resulting raciation
dose. Assume 10 KeV radiation. Each X-ray photon will
generate approximately 3,000 photoelectrons. Of these, 2,000
will be generated In the first 100 um of depth. Assume all 2,000
will be collected. Assume an average exposure of 50 X-ray
photons per 28 x 260um pixel. This will generate approxi-
mately 100,000 photoelectrons or approximately 10% of the
saturation output voltage. This exposure, expressed in radio-
metric units, is

(50 photons) {10* sV/photon) {1.6x107* joule/eV)
7x107% cm?

= 112107 jfem?

The radiation dose seen by the upper portion of the device can
be estimated as foliows: agsume a characteristic absorption
length of 100 xm. The absorption coefficient is then one
percent per micrometer. The excitation density at the top of
the device and for the average exposure used in this example
is then

50 photons) (3000 paira/photon) (0.1/um) (104
(7x1075 cm?) (4.2%10" pairs/rad)

m/cm

=§.1 mRad

Therefore, if one is careful not to exposs the device un-
necessarily to the X-ray source, it should be possible to take as
many as 200,000 exposures before the significant degradation
reaulting from 10° Rads accumulated dose will occur.

o
=
=
_
=
=
=
=
=
=
=




FAIRCHILD WESTON

| Technical Brief:
Dead-Layer Structure
of the Standard CCD222

CCD IMAGING DIVISION

DEAD-LAYER STRUCTURE OF THE STANDARD CCD 222
RELATIVE TO HIGH-ENERGY PARTICLE—SENSING APPLICATIONS

30um Unit Cell

Region of thickest dead layer
{Crosa-hatched)
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Technical Brief:
Questions and Answers
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Q: What are the length of die tolerances and pixel size Q: What light sources are recommended for use with CCD's?
;‘::;:2;’;1;’,:‘,e‘;‘;’i,j;’;?p;;?;;g;?g;’,“'“? Whatis the o Any light source in the visible spectrum is recommended
for use with CCD's. Usual choices are “daylight fluor-
A: The "pitch” of a CCO linear image sangor is defined as the escent”, or filtered tungsten. Tungsten has some IR
center-to-center photosite spacing, The pixels and thus content which should be filtered out for best results.
the pitch are defined initially on the die by the first masking
operation.

contrast is acceptable, some near IR light sources may be
used.

& How long an integration time is necessary te acquire an
image using a CCD?
cumulative pitch error is 10.00006.m/pixel*, which is
equivalent to +0.065,.m total for 1,024 pixels at 13.m pitch,
{i.e.. the CCD133) (All data above is worst-case.)

The second source of pitch inaccuracy is expansion or
contraction of the silicon die between first mask in wafer

* Cumutative pitch error is equal to the total length block
error divided by the number of pixels in the block.
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CCD Imaging
Quality Assurance Program

Introduction

CCD Imaging's quality assurance program has been devel-
oped to ensure the products with the highest standards of
quality and reliability are manufactured and delivered to
customers. These quality standards are designed not only to
meet those required by CCD Imaging. but also to meet or
exceed contractual obligations. The program covers all activi-
ties including new product development, manufacturing
process controls, control of vendors and subcontractors, and
the review and inclusion of special customer requirements
Every functional group manager is responsibie for implement-
ing and monitoring conformance to CCD Imaging's quality
assurance program.

To produce quality products, a documented plan and a
system of controls and monitors is necessary. CCD Imaging
has used appendix A of MIL-M-38510 as a model for their
quality assurance program. Some of the major aspects of this
program are described in the following sections.

Document Control
CCD imaging document control department has three basic
functions:

* Control of Procedures, Drawings and
Documaents related to materials, manufacturing
processes, lesting and product qualification are
maintainad by document control. Each is uniquely
numbered and identified by function, category and
revision status.

Change Control

Any change to & procedure, drawing or specification
must be documented and approved by the appropri-
ate functional groups (including customers when
applicable) before implementation. A history of all
changes is maintained by document control and the
revislon status is identified on each docurnent,

Records Management

Records of product manufacturing, inspections,
screening tests, qualifications, quality conformance
inspections and audits are retained for a minimum
period of three years or as specified by customers.

Training

Ajthough every position i3 staffed with qualified, experienced
personnel, training is an Integral part of CCD Imaging's
operations and includes the following techniques or methods:

On the job tralning for assigned operations.
Classroom presentations and individual or group
discussions.

o Qral and/or written tests.

» Perticipation in selected courses of study or
seminars.

Records of training are maintained and these are
updated after periodic re-training or other kinds of
training are completed.
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Maintenance and Calibration

Measuring or test equipment used in the manufacture or
testing of products at CCGD Imaging are periodically main-
tained and calibrated in compliance with requirements of
MIL-STD-45662. Records of calibration are maintained and
the standards used are traceable to the National Bureau of
Standards. The calibration status of each plece of equipment
Is indicated by a sticker that identifies the date of calibration,
calibration due date, and the name of the organization that
performed the calibration. Equipment not requiring calibration
or that are used for reference are indicated by a sticker.

Process Controls

Manufacturing and quality ensure thet all procesasing opera-
tions are accomplished using documented product flows, lot
travelors, specifications, approved materials, environmental
controls and qualified production equipment.

¢ Incoming b
Raceived materials are sample inspected for accept-
ance per applicable spacification and criteria. Rec-
ords are maintained by vendor and type of material
and may include the results of actual “use” tests or
verification of material composition of construction.

Final Inspection

All products arg 100% visually inspected and tested
to documented criteria that are specified for each
type of product. Quality inspects and accepts based
on sampling plans derived from MIL-M-38510
(LTPD’s), MIL-STD-105D {AQL's), or to appropriate
MIL-STD-883 methods.

In-Process inspections and Audite

Manufacturing inspects and monitore the results of
sach manufacturing process using documented
acceptance criterla, comparison to standards or
process monitoring materials. Results are recorded
on travelers, data logs or trend charts for the purpose
ot identification and removal of non-contorming
materials as early as possible, to identify process
trends and the need for possible cormective action(s),
and to ensure compliance to specifications. Quality
audits ali procaessing for the same purposes, but also
to ensure proper recording, disposition of non-
conforming materials and for the approval and
implementation of proper corrective maasures.

Vendor and Subcontractor Audit

Suppliers of direct materials to CCD Imaging are not audited
provided their materials are accepted and conform to certifi-
cataes of compliance, certificates of analysis, incoming inspec-
tion, specified use tests, or verlfication of composition and or
construction. However, quality does initially approve and
routinely audits ail subcontractors that provide manufacturing,
environmental and calibration services for CCD Imaging.



one of the following: rstum to vendor, use as Is, screp,
rewori/repalr, or retumn to customer. Documentation ac-
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