


Doring the '70s, Fairchild led ine
developmaent of CCD Technoiogy.
Since the beginning, the buried-channei
concept has been ulifized in all CCD
products. The product line theralore
exhibits all the edvantages of buried-
channel technology including low
noise, high speed and high density.

Transtarring this process from an
R&D operation o a volume production
environment required extensive afforts
in research, dasign, development and
production engineering. Our efforts
paid off. Fairchild ieads the way in
CCP technofogy.

Fairchild CCD Imaging offers a

broad product line. Specifically, we
offsr line scan sensors with 256 fo
3,456 clements of resolution. We carry
a full ling of both tine scan and area
cameras. In addition we have a new
line of vision interface processors. We
also offer signal processing devices
including video delay lines.

The '‘8Ds is the CCD Decade. And
Fairchild is the CCD Leader,
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INTRODUCTION

Line Scan Image Sensors

Basically, a ine scan wmage gensor 12
composed of d row of Imange sensing
elements {pholosies), two analog
transport requsiers, angd an output
amplifier Light energy falls on the
photosites and generates charge
packets proportional 10 the hght
intensity Thess charge packets are
then transtesred in parallel 1o two
analog transpont registars, which are
clecked by 2-phase clocks. The
packets are nexi delivered o an
an-chip output amplifier where they
are converled to proportional voltage
levels A series of pulses, amplitude
modulated with the oprical informa-
tion, appear af the output

Key advantages of Fairchild GCD
line scan sengers, due to Farchikd's

|zoplanar buricd-channel structure,
inciude high data ralas, high charge
frranster efficiencies, low noiss, and
refattyely small de 5263

Line scan sensors find applica-
tons rarging trom optical characler
recognition {QCRY using the 256 <1
dewice to facsimile sensmg Lsing the
1728% 1 or 3956 1 device The
precise lacation of the photosites on
the sensor allows the davice 10 be
used i1y high precision non-contact
measurament applications such as

dimensional measuraments of abjects,

shapa recofnition and sorting, and
defect detection.

The ‘ollowing tables summanze
the features of Fairchild's Line Scan
Irnaging Products

Element
Size

Rasponishity
{Typical)

1317 micrans
T3=17 mcrons
13413 microns
13x13 microng
1371 3 meGrons
1343 mberang
101 3 microna.
13x13 microns
13%13 microns

GO ADG
COMNsDe
CoDZDG
CCO 3o
CLH D0
ComEDo
CCzanc
CCE1430C
CCD1450C

comsInG TXT  microns

13V per yjfon
1.1 ¥ per wjiomd
30Y paruiomt
A0V par pyfome
A0V per y /ema
35V par g /amt
35V par pfomt
30V per g fom
40V per wy/omd
&0V per gjfemt

Line Scan Dusign Als (do not lnchude senuoni}

Sensor
Supporied

Order
Cods

Commants

ColTrADC
LOTA3IDT
cCoane
CoDi4a0c
L5100

-SGANT

[een kal:]
CCoazDA
CCD14306
TCDIEI0B

Fawchild offers a saenes of prioted circull boands For Usa
B3 COnSTUGhon uids for exparnmerial aystems using CLD
lina sean imaga sensors Thage design and developmant
boards are ity assembled and testad, and require only
power supphes and an oscioscope o Ksplay the video

ding 10 the image T n

Indormitkon
' fronl of the Bnsor

*|-BCAN mchabics CO111ADC
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Camera Subsysiems

Fairchild CCD carmera subsystems
are fully agsembled and calibrated
electro-oplical instruments usetul n &
wrde vanely of scientific and industnal
applications.

Each subsyslem s comprised
of a camera, & ne-pawered conlro!
unit, and interconnecting cables. The
camera, whch may be ordered
separately, may be equipped with
a lens suiable for the applicalian

Line Scan Camera resolutions o
256, 512, 1024 and 2048 alements per
ling are avaitable Lirne scan sub-
systems are particularly usaful fov
acquiston ot optical data for objects
in motion, 1.e., 1acsimite scanmng of
dacuments trangported past tha
camera's held of view or measure-
ment of ohjects carmed past a camera
nspschon stalion on a conveyeor dell
Typical subsystern applications
include microfiehe and mmcrofim
scannming. decument scanning tor
merk sensing, facsimile transduction
and OCR dala acqusifron; precision
non-contacl measurement and
inspecton, flaw detection, shape

Commarchsl Line Scar: Camars System

analysis, dimensional measursment,
color sorting: and for 2 wide variety of
laboratory uses.

Arwa Cameras are ideally suiled
for industnal anvironmenis The
CCD3060 Video GCommunicalans
Camera provides standard telavision
output signals for display of high-
resolution Mages on low-cost
manilors or for digial analysis using
NTSC smage processng aquipment
The CCD3000 15 also availabig with
a hiber optic faceplate for interfacing
1o customer hber ophic imags nputs
as well as with an image densifier for
low hght level applicalions. Tha
CCD4001 Robotics Camera provides
image data culput In a non-intatlaced
256 by 256 element square pixef pitch
format which can be utilized by a CPU
for automatic ingpeclon, recognition
and robot guidance Al Farrchild area
cameras can be used as a refalively
small single-component camera, or
be separated into & camera conlrol
unit pus a cabla-connectad sense
head which 15 rebust enough to be
maunied onto a rebol arm,

Includes Camera Gontrol Lmi and |nterconnec’ Gables
Carmera onfy mey b ofclerad as CAM1100C. CAMI 2000, CAM1 3000, CAMTAO0C or CAM1500C

Orclar
| Code

Humbas of
Elemuniy

Lina Besn
Ante

Exposurs
Time

Dula
RAaie

cooinoc
cohnG
CCO13000
CCDY 4000
CCD 5000

256x1
Si2x1
1024=1
172871
20481

BltHz - 35 KHr
BOHZ - 20KH2
BOHz - GKH?
B0 Hz - B KMZ
EOHz - 5 KHz

Az - 165 ms
S1ps- 16ms
102 us - 16ms
175s - 1Bme
20405 - 16Ema

1 DO KHZ - 10 MHz2
1(FKHE - 10 MHz
1 DOKHE - 10 Mz
108 KHz - 10 MHz2
100 KHz - 10 WiHz

* Tee ClL 10 and CAMT400C aia benvg dreconlinued SWich & carentty Bvailable in smal quentibas

Induabrial Line Scan Camera Syskem {camers poly)

Order
Cods .

Nusnirir of

Elmmants

Max. Live
Scas Awte

Dula
RAate

CCO1200R
CCD1300R
CCO1500R

E12nt
1024x1
20481

8K ingsssec
149K ilnes/sec
4 7 K hnes/sec

100 KHz - 20 MHZ
100 KHz - 20MHz
100 KHz - 20MHz




Araa Camara Byxhioo

inciudes Camera Power Supply and Aembte Sanse Head Cable

Carmera only may be ordered as CAMI0OD, CaMI00 GAMIDOOF CAMITOOF or CAMERD

Orclar ]—
Conde - Scanning format | Commant
| ecoaome Full 388380 NTSC Resoiubon
C203100 Full 488x380 NTSC Resoluton 2Z2A Sensor
CCO3NF Full 488=380 NTSC Reselulion Fiber Cptc Faceplale
CCOAI00F Fuil 488380 NTSC Resoluton 2228 and Fiper Jpi Facepiale
) CCD4001 256256 Mon- Interiaced

Comern Acoussorios

Order

Dascription

! Code For uss wiih
LENS13C All{except CCI1500)
LENS250 Al {excapl GCD1590}
LEMNSS0C Al jexcept CCR1500)
LENS28R COD1SOC, SCDi 5008
LENS508 CCON500C, CCD1S00R

I CNTARLINE Comm Line Scan Camea
CABLE Comm Lwe Scan Camera
CABLAUTC CCO3000, CCO3DD0F
CARLA0S SCD400Y
PWRSEPLY SCO000
PIxX1i0Q CCDY 1 HC
Pix1 200 CCD1 20600
P 300 CGIN300C
PIXI 400 CCD- 000
Plxt S CCD1S000
MONITOR J CCO3000, CCDIe01

13mm Lens, Siandard  Moum
25 mm Lens, Standard C kMourt

50 mim Lens, Standarg C Mount

28mm Lenz, Bayonel Moyn|

S0mm Lang, Bayonel Mount

Contted Lirt wilh Imerconnec Cables
Inlarcannect Cables aaly

Rernove Sence Haad Cabia for CC03000
Remote Sense Head Catde lor GED4001
Porwar Suppry

Pheal Localor

Pixed Locator

Fragl Locator

Pixel Lowatar

Pixel Locator

NTEC Monrter, Black and Wastc

Yision Interiace Processor

in many apphcebens there is a neod
for decision-making basad on the
data from CCD cameras rather than
just for a display of imagery. To yeid

a decrgion, the camera data must hrst
be converled from analog 1o digital and
subrsequantly interpretad. Fairchifd's
multibus” lormatted VIP{00 Vision
Intertace Processor accepls analog
video from any Farchild CC0 camera,
it converts the analog vide to binary
and than processes tha converted
data, which enables it 10 perform a
host of industriai inspection and
robotic vision systerm funclions
Processing Is accomphshad using

1he en-boarg 16-bit 20Mrz Farrchid
FS445 microprocessor. Apphcations
nclude Non-Contact Measurement,
Delfect, Surface Flaw and Edge Flaw
Oetection, Automated Pards sorting,

OCR, Shape and Pattern Recognition,

Obact Recogrtan and Robot
Guidance.

This versatle board 15 capabte
of being used as a stand alone
processor or as part of 4 larger
systern using the link to the mulhbus,
aither of two RS-232 ports or separal

2

user configuratie 16-bit data input and

culpul pons

Compuier Irterisce Syaterna

r
Order 1
Code For uss with Descxiption

' VIP100-20 AR Farghild cameras Vison knlenace Cand wih 20 MHz FO445

* Multibus s @ Iradémark o Intel Comporation

e L
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Signal Processing

The capability to mampuale afarma-
tion in the form of discrete charge
packels makes CCD technology ideal
for analog signal processing Fairchid
signal processing components are
monaithic siieon structures com-
prised of CCD analog shift registars,
charge injecton ports, and output
charge-gensing amplifiers They

carn be advaniageocusly ised for
delay and temporary storage

of analog wiieo signals The fime
delay tor dasa transit through the CCD
register 15 precisedy canolled by the
frequency o the externally supplied
transport clock signal Fawchid srgnat
processing components include a
sample-and-hoid signal output stage
for ease of apphcaton

Signai Processing Products

Farchild wideo detay modules are
printed circuit baard strucltures which
welude the CCD321A2 device and
are soid ag tully ageembled and
cafitrated units. The module is
equipped for use as a varable delay
circiit, using either an externally
suppied or nterrmel variable
frequency clock, or for temporary
analcg data storage in a stopped-
ciock mode

Typical apphcations for the GCD
signal processing components and
madules include time base corraction
for video lape recorders, fast input-
stow ouipul data expansgn systems
tor A-D converter systems, comb filter
raglizations, drop-out COMpansatars,
and gther analog applications up to
frequencies of 30 MHz daté rate

Ordar

Cods Dascription

CoDa2ial NTSC Broadcast GQualty vedeo Oslay Line
CCDaz | az NTSC Indusinal Quality wideo Dalay Line
CLIHZ 1A NTSC Tene Base Gorrecliun Yoo Delay Ling
CCD321wM Vigen Delay Madule {includes the CCD321A3)
Co03200 IJ PAL ¥ideo Delay Line

For further informabion on Fairchiid COD Imaging srd Bignal
Processing products, call your nearsst Fatrehitd Suies OWce,

reprasentative, or disiribulor,

For technical or applications informabon snd asslstprce, calf
(415} 453-8001, [TWX 910-373-2110} or write Falrchild CCD meging,

3440 Hiftview Avenve, Paio Aito, Callforniz $4304,
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CcCD 111
256-Element
Line Scan Image Sensor

CCD wneging

Deaciiption

Tha CCD111 is a monolithic 258-alemant ing imaga
sensor. The davice is dasigned for optical charactar recag-
nition and other imaging applications that require high
sansitlvity and high spead. The CCD111 is pin-for-pin
compatible with and a functional replacemeant for the
CCD110F. ’

In addition 1o a line of 256 senaling elements, the CCD11
chip includes: two charge transfer gates, twa 2-phase
anaiog transport shifi reglaters, an cutput charge
delsctoramplifier, and a compengaticn amplifiar. The
tranaport registers both feed the tnput of the charge
datector resulting fn asquential reading of the 258 sensing

Connection Dagram

Pin Namas:
PG Photogate
tya dxg  Tranafer Clock

Ml Transport Glocks

g

0(3 b2 Qutput Gate

05 Output Source

QD Output Deain

cs Compensation
Saurca

oy Reset Clock

RD Fegat Drain

TR Teat Polnt

Subatrate {ground)

olmants.

The call size is 13 xm {0.51 mila) by 17 um {067 milg) an

13 wm §.51 mits) canters. The device 13 manufactured
using Fairchitd advancad charge-coupled device nchannel
lsoplanar buriad-channal technology.

DIP (TOP VIEW)

W DYNARIC AANGE TYPICAL: 25001

® ON-CHIP VIDEO AND COMPENSATION AMPLIFIERS
5 LOW POWER REQUIREMENTS

 ALL OPERATING VOLTAGES 15V AND UNDER

B LOW NOISE EQUIVALENT EXPOSLRE
 DIMENSIONALLY PRECISE PHOTOSITE SPACING

Block DHagram
LT Y Vo oo
@9 °@ @

®

A
™0

of FTE T A1

s TAANSFER QATE .
O l I . AMPLIRER l | o os

@ [ | meaqe sensinG —
Pﬂ e | 53 2:( M3 |wwef 2 1 DATE _] . @

TRJNSFER QATE

. cg {} {;_/L' {/L, COMPENSATION

AMPLIFIER ————1Ccs
wz >

"o FRANSPORT REGISTER | L]
@
& ©6 60

TRANSPONT REQISTER

Wy b®
L

#i



Funclionsl Deseription
The CCDIN11 conslsta of the following functional slsments

INlustrated I tha Block Diagram:

Image Sensor Elemnants — A row of 256 image sensor
slemants separated by a diffusad channel stop and
coversd by a slilcon phatogate. image photons pasy
through the transparent polycrysialline aillcon photogate
and are abaorbed in the single crystal slticon creating
hole-slectron palrs. The photon genarated slectrong ara
accumdlatad In the photoaites. The amount of charge
accumulated in sach photosite is a lingar function of the
incident Ifumination irtensity and the infegration perod.
Tha cutpwt signal will vary In an anatcg manmar from s
thermally ganaratad background leval at 2ero Wumination
10 & maximum at saturatlon under bright Hlurminaticen.

Two Trangher Gates — Gate structures adjacent 1o tha row
of image sensor slements. The charge packeis sceumu-
lated In the imaga sensor alaments are transterred cut via
the tranefer gates 10 the transpor regiatary whanever the
tranatar gate vottages go HIGH. Altemata charga packets
are transfemed 1o the left and right transport registers. The
transter gates aiea control the integration time for the
senatng slements,

Two 130-Bit Anslog Tranaport Shift Registars - One o0
wach aide of the tine of image senaor elements and are
separstad from It by a fransfar gate. The two raglsters,
calied the tranaport registers, ans used to move iha light
genwratad charge packets deliverad by the transfor gates
serially to the charge detector/amplitier The com-
peamantary phase relationship of tha last siamants of the
twa transport reglatens provides for altemate delivery of
charge packets to esitebllah the original sariel seguence of
the lina of videa [n the output clrcult. '

A Gated Charge DetectorfAmpHfler — Charge packets are
transportad to a precharged dlode whose potential
changes iinaarty in reaponss to tha quantity of the signal
charge deliverad. This potentisd s applied to the pate of
the cutput n-channel MOS translstor producing o signal at
the sutput OS. A roset tranalxtsr s driven by tha rezet
clock {¢p) and racharges tha charge detactor diode capacl-
tance bafore the arrivai of sach new signal charge packet
from the tranaport ragisions.

Definttion of Terms

Device — A charge-couphed device is &
semiconducior device In which finite isclatad charps
packels are transporiad from one poaition In the
ssmiconductor to an adjscent position by sequential
clocking of an array of gatea. The charge packets

are minority carriors with reapect to the sericon-
ductor subatrate.

Trangfer CIOeks dy,, dyp — The voltage waweforms
applied to the transier gates to move the accumulated
charge from the Image sansor alements o m CCD

tranaport reglsiers.

Tranaport Clocks dyy, gy, g, Sz — The two sets of
2-phass wavalforma applied to the gates of the trans-
port registers to move the charge packets raceivad from
the Image sensar glemanta to tha gated charge detec-
torfamplifier.

Gsted Charge DetectorfAmplitier = The output clrcuit of
the GGD111 that receives the charge packets from the
traneport reghsters and provides a signal volisgs propor
tlonal to the alze of sach charge packet received. Batore
abch new charge packet is senssd, a resat clock retums
the charge detector voltage to a flxed level,

Rusat Clock g — The voltage waveform raquired to reset
the voliags on the charge detector

Dynamic Aange -~ The saturation sxposure divided by the
rena nolsa equivaient sxpasura. (This doas not take into
accoun! dark signal componants) Dynamic mnge s soms-
timea deflned in tarma of peak-to-psak nolss, To compare
the twe definitions 8 factor of four 40 six ia genemlly
apprapriate In that peak-towpask nolse (8 approximately
aqual to four to aix Urnes rme nokee.

ANS Nolss Equivalpat Exposurs =— The sxposure level
that glves an cutput-signal equal to the rma noise leved at
tha output in the dark.

Seturation Exposurs — The minimum exposure Fevel that
wll profuce a saturstion output aignal. Exposura Is aqual
to tha light intsnaity times the photosite intagration time.

Charge Tranefer Efficlency — Percantage of valld charge
information that ia tranafarred betwaan sach successlve
siage of tha trangport registars

Spectral Responss Aange — The spactral band In which
the reapcnse per unll of radiant power ts more than 10%

of tha peak responas.

Ryaponsivity — The sutpul signal voltage per unilt
axposure for 4 apecifled spectral type of radiation. Re
aponaivity equala output voltage divided by exposure.

Tetal Phetoresponse Non-unlormily — The diffarence of
tha rasponse levels of the most and the least senaltive

apseemr 0 €
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slomant under uniform Ilumination. Meaaurament of
PANU excludes firat and laat elementa. (See sccom-
panying photos for details of definttion. )

Dark Signael — The cutput signal in 1he dark caused by
thermally genaraied afectrons that (s a linsar tunction of
the integration time and highly sensitive to temperature.
{See accompanying photos lor details ef dafinithon )

Saturstion Output Yoltage — The maximum useable gignal
outpul voltage. Charge far afflclency dec
sharply wher the saturation cuput voltage |8 aiceaded.

Integration Time — The time Interval beiween e talting
adgas of any two transter pulsos by, or éyg as shown in
tha timing dlagram. The intagration time ia the thma
allowsd for the photosites to collect charge.

Pixel — A picture glemant (photosite).

Pariphen! Response — The ouipy signal caueesd bty lght:
generated charge that iy collected by the tranapart
registers {instead of the photosites). The devica Is
covered, axcept aver the photosites, by a gappad matal
layar, which lunctiona both aa an array of inderconnections
and 48 & raflective ight shield. The major componant of
Peripheral Responss ior visible light (A % 700nm] ia
generated tn the tranaport reglsters by light tranamliited
through theas gaps In the metal above tha reglatars. For
near-infrared light . 2 700nm), especlatly on CCD1T1A
davicas, a portion of the charge generated by light
absorbed undar the photosites and one transport register
ia coliacted In the cpposite transport reghatar.

Major Difierences Betwesn the CCDM11A and CCIMNIB

Both the CCDH1A and the CCDI11S have the same
responsivity 1o vislble sighi {400-700nm). The principal

DC Charscteristics: T, = 254C (Nots 1)

diffarences are az follows:

The CCO111A |3 intended for use In applications
whera very low dark slgnal and high responsgivity b
very nsar-infrarad (700-800nm) (ight are needad, and
whare pedphetal rasponse 13 not critical.

Tha CCEM 118 is selected for use In applications
whare atandard respanaivity to very naar-infrared
[700-800nm) iight and standard dark signal are accap-
tabie and whete perpharal responae neads to ba
minlmized.

it s not recommanded that either part be used with
Wurnination containing wavelengths graater than
S00nm jnear-Infrared). ¥ vae of such a light sourse
{unfillered tungsten, for axampla) is unavoidable, the
CCD111B will generally provida the usar wilh more
satigfagtory resulis. The table on performance char-
eotaristios provides more information,

Absolute Maxlmum Ratigs

- 25°C to 100°C

Stovage Tamperaiura
-25*C to 55'C

Oparating Tamperature
Pins 2,3 4,586,710,

12, 13, 14,15 - 0.3V to 15V
Ping 1,8, 11, 18 = 0.3¥ to 18V
Ping 7, 16 output, no voltage appiied
fing o
Caution Note

Thiz davice has Hmited bulit-in gate protection. it Is rec-
ommended that static discharge be controiied and mini
mized, Care must be taken to aveld shorting pins DS and
CS to Vgg or Vigp during operation of the davice. Shorting
these ping femiporadly 10 Vog Or Voo may destroy the cut
out amplitiors. -

Limis
Symbod Charscleriatic Min Typ Max Unit Condithon
Yoo Quiput Transiator 145 150 15.5 v
Drain Voltage
Voo { Raset Transistor 1.5 120 125 v
I Drain Yolage
Yog Output Gate Voltags 5.0 ¥
Vog Photogate Vollage 95 100 125 v
TP1, TP3 Teat Points u.o v
TP2, TP4 Test Points 145 15.0 1585 v




ccDim

Clock Charsclarisiicn: T, = 28*C (Noww 1)
Limits
Symbaol Chassciaralic ftin Typ Max Linkt Comdition
x""‘-' :""- Teanspart Chocks LOW 00 0.5 08 v Nota 2
wzALr Ye2BL
Vo Yorom Tranaport Glocks HIGH 75 80 85 v Note 6
arr YyoEM
Voar: Vam, Tranafer Clock LOW oo 0s 08 v Notea 2, 5
Vo VogH Transter Clock HIGH [#:] 8.0 &5 v Mota 5
Vg Pyaet Clack LOW 040 05 o8 v Notes 2, 5
Vorn Reaat Ciock HIGH 15 80 8.5 ¥ Notes 3, 5
Taa Tan Maximim Tranapor! Clock 50 MHz Note §
foon Yoo Fraquency
fin Maximum Reset Clock
Frequency {Output Data Rate) 0.0 MHz Mote 6
AC Chamcienatios: T, = 26*C, = 10 MHz, t, = 320 us, = 250 gp, Light Souroe = ZMGA"K + diters sa
specitied. AN cpersting voltiges nominal led valusa. (Noke 1) ’
Range
Symbol Pasasmader Min Typ Max Unlt Congithon
OR Dynamic Rangs
[ralative o rme nolse) 12501 25001 Note 7
[ralative \o pedl-to-paak noise) 2501 500:1
NEE AMS Noisa
Equivalent Exposure 2'x 10 wlicm*
SE Saturatien Expoaure a5 wifem?
CTE Charge Tranaler Efficlency 9H.995 Kute 8
SR Spectral Rsaponss
Ranga Limits 0.45 - 1.05 A
P Powsr Disaipation 100 v Vop = 13V
z Oulput Impedance 1000 2
N AMS Nolss 80 N
Paak-to-Psak Moiss 400

n
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Performance Chamctiaristics: T, = 25°C, Iy = 1.0 MHz, 4, = 3203, lanspon = 258n8, Light Source = 2854°K + filtera
as spaciiied. Al oparating voltages nominal spectied values. (Mot 1)

Range
CCD1118

Characteristic Min | Typ | Max Condiion

Fhotorasponse Mon-unHormity
Peak-to-Pesk
2BEA"K, + T00 nm cutolf filter 25 14, 15, 16

2854°K + 900 nm cutof! flter 45 14, 15, 18

2854°K yntHtered [ ] 14, 15, 16
15, 16

20 15, 16

Single-pixel Pos:tive Pulses

Single-pixel Negative Pulses

Register Imbalance
{'Odar'Evan') 15, 16
2.9 10
28N
9, 11,12

Bark Signai DC Component
Low Fregquency Component
Singhe-pixal DS Non-unitormalty

Parlpheral Response
2B54%K + 700 nm cutoff Fiiter

2854*K + 900 nm cutoft filter
2854* K untilterad

Responsivity
2B54°K + 700 nm cutoff flller

2854 K + 200 nm cutoff filar
2854 K untiltered
Saturation Quiput Virtage

Te & aahined an Ihe peckage lemps r < on the back asriace of the ceramlc body.
N.QCII\‘Q Iranslanis on any cleh pim qnmq bdaw 00Y may cause charge Injeclion Ihat reasubia tn a0 Increass in the apparenl Dark Signai,
¥ apmpy SHOUID trACK ¥
Tha dmou!nul Iraquancy fy 1% twlco mll oI WACP UARSEOr E10cK [y by Yeau teanl
=mprcu rz =onC il
he

M?“mum inanl clock fmqumc, is ||I‘|'Illld by NCIBARS -n D.m Signal

Dynamic Ranga s delined as *'Ve,mu itemporal) Nolse” or Vg Peak-io-Paak (lemponsd} Noise "

CTE i3 maasured lur & one-stage franater

Sea photograghs for Dark Signar detinitons

D and lgw-inequency Cark Slgnil compenants apmoamately doubla for avery 57C ingreage i T, Tha shift regléter companenl |s alse

Invarssly peoportional to 1,
Single-poet Dark Slgnat non-uniormity (SPOSMLUY approximatsly doubles for mary B'C Increass in T, They ara slag dirscily propertional 1e
the intagralon times iy

Epch SPDEMNU iy Makturad frovn the DS el adlacen) 1o tha base of the SPDSNL

RESPONSIVITY s defined as tha “voita of widea oulpul ™ per “InCiden] Radlant Enargy measured over tha 350 nm- 1306 nm band.” The device

will 1o reapond 1o Infrerod wavaienglhs [ongar (han = 1200 nm Howevar, 243 of the redient andrgy froam & 2854*K source is at ) > 1200 nm
Forthe unflilerdd 2854 £ soource, the reaponsivity vaines for hght msddutéd dobr 024 < @ will B - 03X of the ralponiinty villudd for light

Messurad owar 350 nmee k< 1200 nm
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Notes (cont"d}
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CPTICAL FILTERS. & “T00 nm catofl” fliter |3 realkoed by Lsing ons "Wics Band Hol Mimor™ (Gptlcsl Goating Labs, Ing., Santa Ross,
Calitgerla) ard and 20 mm thick "BG-38" bt glana (Scholt Cpticel 31osa, Durysa, Panfbylvamed) Tt 7 aares. The “900 am cutodF" 1 ia
wallable g apaclal orowr; consull Fainchild CCD Applications Englnaesnng for getpily. Tranamitance curves for lhe fwo cutaf fillers snd
Spuctral Enargy Distnbution cudma lor thasa fiMars with & 2ZB54° K light acuras are given 10 the “Typleal Pedformancs Curves” saclion of this
data shaat |1 ahould be noled thet the "Z854*K + 700 nm culod!'' source 4 & good approximation ic 4 Dayiight Fluorescent bulb

All PRNU measuramiants lakan 8l 4 350my outpul jevel uping x FI5.0 lens; all PRNU masaurements saciude tha outpuia from the Het mred sl
photosiaments of the sreay Tha “I" number 19 defined & he ditancs Hom IRe iena to 16 Areay drvided by Ihe disraler of 108 A8 SDartuee,
A% § nuMBAr Incisasss, the resulling more highly collimsaiad Ngh! causss peckage window abarmrions o dominaty end incrsase 1he PRNU A
tauear £ Aumber  5.5) resulls in lees colimated ght, causing photostie biamianes to dominale PR

o ph ha far BRMLI definl

Sovi tant Iomd tonfhgembion.
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