Features

* Designed{orDigital[Photography,GraphiclArts,MedicallandScientificlApplications
* Pixell4mA4mMPhotomoswith[100%Aperture
* ImagelZone:[28.67[hmX[28.67m
* Frame[ReadoutThrough(d,2[0r4utputs
* DatalRatesUipfo4X20MHz{CompatibilitylithA5Frames/Second)
* PossibleBinningR2X2MPixelsFormat1024X[1024Mvith [Pixels0f28[m X[28[im)
* Highynamic[Rangelupfo12600:1)@ven(at:
— RoomT@emperature
— 20 MHz/Output
* VerylowDark[CurrentMPPMode)
* Optimized[Resolutionl@ndResponsivityihihe400E1100MmEBpectrum
e Other[PossibleFulllFrame[@OperatingModes:
— 1536X[2048PixelsOf14[pmXA4Hm
— 768X[1024PixelsBf28umX280im
e Compatiblelwith[Fiber[OpticFacelPlate[Coupling
* On[Request:[FramelTransferfArchitecturelOn-chipMemoryDefined By Mechanical(l
Shielding)Featuring:
— 1024V)X[2048[(H)ActivePixelsof 14 [um X A40um
— 512[(V)X[1024[(H)ActivePixels6f 28[m X 28[im
— 512[(V)X[2048[(H)[ActivePixels6f 14m X A40Hm

Figure[1.0ITH7899M[Drganization

Summing gate O]
Ouiput gate O——
Readout gate C——"

Reset gate O
Reset drain O———

9 Summing gate
0 Quiput gate
—© Readowut gate
(PLAD) w6 O Reset gate

29 horizontal CCD clocks Reset drain

e -

- -
V()53|4-1 <®—— A Readout register ~——3 D‘I vVOS4

' | et
TTTT

DTA|
Transfer gate
L)

| A A Azone (520 lines) "'_l PAi

4@ vertical CCD clocks

7 dark mfererlzces — B zone (520 lines)
C zone (5620 lines)
' ' D zone (520 lines)

¢TB

Transfer gate eo e [T 11

i NS
YOS lrﬁ' - B Readout register _= 'D‘| VOS2

I ]

[—— OPBi
4@ vertical CCD clocks

L}
t—— POPCi
I 4P vertical CCD clocks

e OPDi
| 4P vertical CCD clocks
]

3 et BB B RBIRBIVBBBBIBDVRGY,

Reser drain r——— (PLBi)iz1106 ——) Reset drain
Reset gale (G 2@ horizontal CCD clocks L——+o Reser gate

Readour gate @———
Output gate r————
Summing gate (y———

o Readout gate
o Oulpui gate
¢ Summing gate
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Y (F)

Full [Field[CCDLO
ImagelSensorl]
2048x[2048[]
Pixels

TH7899M
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GeneralDescription

ATMEL

The[TH7899M$ensorlis[@2048x2048ulllframeChargeCoupleDevicel{CCD)
designedforlalwidefangelof@pplicationsldue foothlitsoperatinginodefexibility[and
itsthighldynamiciange[dombinedwithlits(high[fesolution.[Theldevicelis[180°[Symmetri-
cal8oliffitismotpluggedlhihefightSideitwillinotbeldamaged.

TheMominallphotosensitivelarealisthadelip[0f(2048X[2048Uiseful[pixelsSplitivertically
in[4zones[A,B,[CAnd[D.[Each[ZonelcanbeldrivenSeparatelybyfour-phasel¢locks
(PP1[PP2 PP3EANd[PP4)AlIowingldifferentloperatinglimodes(asidescribedinfimage
Area’lOn[pagel3.

TherelarefwvolidenticalthorizontalShiftltegisters:dneatfhebplofithelimagelareal(regis-
ter[A)[and[onelattheottom{registerB).[Atl@éachléndloffhefwoeadoutfegisters,@
summing(datelislbcatedwhichl¢anbeldlockedfolallowAhorizontalpixellSummation(ih
frontloflthe[on-chipldutputlamplifier.

Ap P lications The[TH7899MSensorlis[particularlySuitedibihedollowing@pplications:
« Digitallphotography
¢ Medicall@pplications
e Graphiclarts
¢ Industrial@pplications
e Scientificlapplications
Functional[
Description
Pixel ThelpixelSizels14[HmIXC14Mmavith(100%@Eperture. ThedollowingfiguresShowlihe
pixellStructure.
Figure2.0FrontlViewlof[a[Photoelement
Channel stop A Pixel
¢ P1
bp2
¢ P3
bP4
b P1
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ImagelArea

FullFieldModes(NoO
MechanicalBhield[On[

Package)

TH7899M

Figure[3.[Cross[Sectional View[[AA") bf[@PhotoelementandPotential lProfile[During

Integration
’< 1 Stage >‘

Poly Si

Signal charge

+V

Thelimage[@realdonsists(oflan@rray6f2048X2048useful(photoelementsiorlimaging.

Thelhatrix[@lsolihcludes:

e 7[6olumnsiofldarkfeferencelandBlisolation[dolumns((halfldovered)dnthelrfightland]
left[Sides.[Thelisolation[@éolumns(areliblénsurefhe[2048[Activedolumns[and@rel]
100%[photosensitive,

¢ 8SupplementaryllineslinléachzoneABIC@AndD;fheselines@resefulivhenlusing
anlopticalShieldlin[dase [0f[frame(fransfer(architectureiithimemoryZone(fbldorrect
smearing({digitall@orrection).

AmongltheseBlineslinzones[Aland[D,3dinesatfhefopandatihe Mottomofihe Full
imagelarealarelmaskedithf@luminium,@lldhebtherZupplementarylines[are
photosensitive.

Thelimagelarealisidivided(into[4[parts(of(520dines@éach{electricallybutimotdptically).
Theseldpartsicanbeldrivenlindependently@llowingldifferentloperatinginodes@s
describedhereunder.

In[Buchldases(almechanicalShutterlisiheededioShieldfhel@rrayfromlihcidentilumina-
tionlduringlfthelfeadoutlperiodib@voidlparasiticiSignallsmearing)[particularly@tlowldata
rates.[SuchlalShutterlis(mothecessary(ifmoightlisidomingldntofhe [photosensitiveldarea
duringihefeadoutime({e.g.lih[daseof[pulsedlightiSource).

Therel@relmainlyfhreeldifferentinodeswhichl@éansquarewith[differentldpticalformats,
with[feadout[Optimizedlih(Speeddriwith[Simplified0peratingdonditions.

A photosensitive zone

D photosensitive zone

- A .
A photosensitive zone A photosensitive zone T

D photosensitive zone D photosensitive zone

Configuration 1

2201A-IMAGE-02/02

Configuration 2 Configuration 3
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ATMEL

UsedO |Number@fll Configu-

Active[PixelO Usefulll | Readoutl| Possibled| rationfoO
Number ImageZoneimension Zones Register Outputs belllsed |Characteristics

A,B,[CO Simplified[Operating
2048[(V)X[2048[(H) |28.67[Mm{V)X28.67Im{H) andiD B 10r2 1 conditions
2048[(V)X[2048[(H) | 28.67MV)X28.67[Mm(H) ’Zﬁﬁm ARNdB 20012 2 f;ismmgptm'zedata[
1024[(V)X[2048[(H) |14.34m(V)X28.67mhm(H) C@andD B 10r2 2 Adapteddpticalformat
1536[(V)X2048[(H) |21.50m{(V)X28.67Mm(H) B,[CO B 1B 3 Adaptedopticalformat
1365[(V)X2048[(H) |19.11hm{V)X28.67Mm(H) andD Equivalent24X[B6mmltatio
512[V)X[2048[(H) 7.17mIQV)X28.67Imi(H) A A 10r2 3 Adaptediopticalformat
Note: 1. Binnedihodes[(RXR2[0r2X1)GanbelsedWhichillleadibSpecificBinnedfrmatslihparticularfheformat1024X 1024 With

anlequivalentpixelSize[df28[MX28{m.

FramedransferMModesO
(OptionOn[PackageOn

Request)

/ B zone (memory zone)

Optical shield in
package (option)

A zone (memory zone)

C zone photosensitive

D zone photosensitive

Configuration 4

TheseldaseslihvolvelplacinglaniopticalShieldlinthepackage{oniequest)ibldefineldne
orlwolhemoryZzoneslaccordingibfhe@pplication[Shownlihfhelfiguresbelow.

A zone (memory zone)

—

B zone photosensitive

C zone photosensitive

1N

Optical shield in
package (option)

D zone ( memory zone)

-——

Configuration 5

UsedOd |Number@fll Configu-
Active[PixelO Usefuld | ReadoutO| Possibled| rationfoO
Number ImageZoneDimension Zones Register Outputs belllsed |Characteristics

1024x[2048SimplifiedO

1024[V)X[2048[(H) | 14.34m{V)X28.67m{H) | CRAndD B 102 4 operating Gonditions
1024(V)R(2048((H) | 14.34m{(H)X28.67m(H) | B@ANAIC | A@NdBO| 20r2 5 rlaotimmo“sm'm'zedata[
512[(V)RX[2048[(H) | 7.17m{V)RX28.67mI{H) A A 10r2 5 Adapted@pticalformat
Note: 1. Binnedhodes[(RX20r2X1)[Ganbesed,fhiswillleadibSpecificinnedformats,ihparticular,theformat312X[1024 Mith

anféquivalentpixelSize[6f28[MX28Hm.

4 TTH 7 80O IV sssss———
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Horizontal[Registers

ThelSensorhas[fwolfeadoutfegistersibcated@tlthefop{registerlA)@nd@tIheottom

(registerB)0ffhelimagel@rea.Theyldanbeldrivenihdependentlyyfwolphasel¢locks.
Neverthelessiolallow@multiple[@hargedransferidirectionforthe iseful (pixels{left, Hight
or(Malfleftandalfright), thefivoldlocks(areSplitihtoBdlocksIPLA ., s,z TorfheAlfegis-
terland[@®LB,_, 3,z forThefegisterB).Thelransferldirectionisfixed byIheldonnection
mode0fltheSix[¢lockslihto2[Elocks.

Theldescriptionoflthel@onnectionWiththelfransfer(directionlisdescribedih[T'[dnpage 9.

Thelfeadoutegisterhias2072(Stages, With@further18@éxtralStages@tiéachénd.What-
everthel¢hosen(fransferldirectionforfheuseful(pixels,The18[@xtralpixels,the7 [dark
referencesland(theBlisolations(arelalways(iransferredibthelfearestoutputlasiShownlih
thelfigurelhiereunder.

Figured.[AAndBReadoutRegister[Structure

Unidirectional

Unidirectional

o transfer ', Bidirectional transfer _ _ transfer ]
P E— — ——
: - ; :
! - —> X '

~<H_ L 1

} 2048 usefulpivels | ]"{]—v

18 extra stages

BinnedModes

2201A-IMAGE-02/02

7 dark references

5 isolations

5 isolations
7 dark references
18 extra stages

Theldeadoutfegisteridanbeldrivenlihthe MPPhodeliflhecessary.

TwolypesofiSummationldanbeperformed:
¢ VerticallSummationlih[@éach(StageloftheSerialfegister{AdrB)

¢ HorizontallSBummationih@ndutputBummingivellldrivenby®S[élocklandIbcatedat]
eachléndloffhelfeadoutfegisters((ARNdDB).

Nevertheless,@nelSummationdanbelperformedlihDothfhelfegister@ndiheButputSum-
ming,@llowinglihfhisiWway, fohave@esultingSignal Bf[{(RX[2)[dontiguous(pixelsfromihe
imagelarea.Thus,fhelSensorlsleéquivalentfo@1024X[1024[arrayof[@AR28HIMX230um
pixel.Whenllisingdhebinnedmodewith@dhargedevel, AfterlSummation,[Smallerhan
300Ke-[(typicalValue)litlisMetter{optimizationBfldynamic@ndlinearity) foKeepiheldon-
versionfactor@t{ [pV/e-[withDVGLEAV@AndVDREZA3.5V). ButforSummingfhodeith
chargelevel,@fterMinning,Migherfhan300[Re-,fheldonversionfactoriShouldbelfeduced
bylihcreasingfhe WGLIgatefb12V[@andiheWVDResetldrain@od5V.With[Such@method,
theBaturation[éhargelis[0ptimizedforihe binningfhode. I

ThislSummingechniqueeadsiol@nlincreased[signalfomoiseatio,Targerpixelsize,
higherframedates[{forerticalinningonly)but@tfhe@éxpenseof@lbsslihesolution.

ATMEL ;



OutputlAmplifiers

Multi-Pinned-Phasel]
(MPP)Mode

ATMEL

ThelTH7899M8ensorhasfourldutputlamplifiers.Thesel@rellbcatedlin[éachld¢ornerof
theldevicelatlfheléndsldffhedeadoutfegister.[Chargelpackets@rel¢lockedo@pre-
chargeléapacitor({floatingldiffusion)lhose[potential Variesinearly withThe[duantity [of
chargelin[éach[packet.This[potentialls@pplieddofhelihputlgatedflafwolsStageSource
follower@mplifier@ndiheloutputiSignallisiiead.Then,fheeset¢lock[@Removesihe
chargelfrom(ihelfloating[diffusion¥ialthe Mesetldrain[WVDRvhichimposeslisieference
level.

Figure®.0Dn-chip[@OutputlAmplifier($tructure

VDR  Substrate VDD

onf
T T

TheTH7899MI[SensoroperateslihfheMPPIhodelihdrderibSubstantiallyldecreaseldark
current({typicallyfromD.6[MA/cm?fbR25[PA/cm?@tR25°C).[ComparedioStandardfechnol-
ogy,fhePPinode@llows,Wwhilelkeepinglalllotherperformancesinchanged, @ithero
increaseleéxposureliime,oribldperatelatthigherfemperature.

DarkdurrentisduelibfhermallgenerationlihfheSubstrate6ffhe [CCD.[Theldifferentlgen-
eration[Sources(arelas[ibllows:

» surfacelStates[atthe[$i-SiO,ihterfacewhichlisiheain{dontribution

¢ generation@nddiffusionihheDulk

e generationlihfheldepletedZone
Iffhe(gates@rebiasedwithladequateegativeDiases, holes@ppear(atihel3i-SiO,lihter-

facel@nd(illlin[fhelinterfaceStates[Suppressingdheirldarklcurrentcontribution.[As@
result,[onlyfhelminorbulkl@ndldepletedZoneldontributionsfemain.

YOS

AbsoluteMaximum[Ratings*

Storagelfemperature.............ccevveeee
Operatingfemperature ...................

Temperaturel@ycling ...........ccccceee..

................ -40°Cib#@85°C device[failure.[Functionally(atiori@bovefheselim-

55°C{bF[150°C *NOTICE:  StresseslabovelthosellistedinderlABSOLUTED
MAXIMUMIRATINGShay[dauselpermanent]

its(is[@otimplied.[Exposurefd@bsolutehaximum
ratings(foréxtendedperiodsihay(affectreliability.

6 TTH 7 80O IV sssss———
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Maximum[Applied[Woltage

Pins[A3A8A13[A14B3B13[G1[G15J1J15FP3P8P13R2R3RER13 OVground)
Maximum¥oltage@pplied[(VGB)WithfespectibihelSubstrateVSS
PinsB5B4P12P11P4P5P6[P7B12B11M10MBIMISHIRERSALI0ALILASAARIZRILRA0| |VGB|ZA5V
R7[A9A12[R1

PinsB6AGB7[A7PIRIPIOMRIO0 |VGB|ZEO2V
Pins[R1R15A1A15A2[R14[P2[P14B2B14P1P15B1MISKIKISFIFISMIMISELELS VGB[Z[H0.3[{b[15.5V

PinsM11M15M1MD15

VGB[EZ[H0.30ba2V

MaximumtoltagedifferencelAVbetweenfwolpinsiofi@achlgroup

Pingroup:R6R5P4P5P6[P7HIRAIRTY |AV|EF15V
Pinlgroup:[A10[A11B12B11B10BIMHIS[A9AL2 |AV|EF15V
Pinlgroup:B5B6ASA6BAB7A4ATRI2[PIRI2RIPLIIFPI0RILRIOMIIHIS |AV|EF15V

Operating[Range

Operating
Precautions

Operating[Conditions

Tablel.0IIDC[Characteristics

Operatingange(definesihelimitsbetweenihichfhefunctioninglislguaranteed.
Electricalllimits(oflapplied(SignalslarelgivenlihfheldperatingldonditionSection.

Shortinglone[oflthe lideoloutputsfoloneoflthelinputpinslévenfemporarily,[¢anperma-
nently[damagefheldutputlamplifier.

DuelfbMPPhodeldrnegativeoltages,imagelzoneldlocks@ndfeadoutegistersidolfiot
includeESDIprotection.[Tolavoidldegradation,fthe(TH7899M(devicelShouldbeMandled
with@lgroundedbraceletlandStoreddnlaldonductivelayeriisedfor8hipment.

See[IPin-out/PinDesignation’@npage23.

Parameter Min. Typ. Max. Notes

Vemmnm) ov

Vb 14.5v 15V 15.5v

Vss ov ov

Vesmumz) 3.7 4V 4.3V 2VibrMPPmode[{option)
Vormmiz) 13v/14.5vV® 13.5v/15v® 14v/15.5vV®

VbEgaandB) 5.5V 6V 6.5V

VeLum) 0.7V/11.7v® 1v/12v® 1.3v/12.3v® 0V/12VforMMPPode{option)

Note:

1. VgpEOA2v@andVpgEA5VisbnlyWwhen@sing@SummingodeiboptimizeSaturationlevel.

TheldeferencellevelVg) @flanunusedutputi@mplifierléanbeldisconnectedib@voidihedonsumptionoffhis@mplifier.

2201A-IMAGE-02/02
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Table2.IDDrive[ClockCharacteristics

Parameter Min. Typ. Max. Notes
Doy 24w ForléachlA,B,ClandDZones,thel
Low 11V -9V -8.5V capacitanceslibldrivelare:
High +3.5V +4V +4.5V COP1E=FCPPI=N0MFO
P2= P4z F
1 Co [Cop a3m
Low -11vV -9V -8.5V
High ov 0.3V 0.6V
T hanam)o COTAEZCOTBR00PF
Low -11V -9V -8.5v
High +3.5V +4V +5V
DL -8ViorMPPhodel(option)

Low -2.5v -3V -3.5Vv +3VibrMPPhode{option)

High +5.5V +6V +6.5V Forléach[AlandBfeadoutegisterland]
afterBaving(fiedfheldifferent@locksihfvol
clocks[@L1@nd[@L2[@AndIh{heMonMPPO
mode{inthePPhodefhel®L[dlock
capacitances@refoughly30%!higher)

oLl L2
I | |1oo pF I
l4oo pF 400 pFl
BS o -8VforMPPhode((option)
Low -2.5V -3V 3.5V +3VibrMPPhode{option)

High +5.5V +6V +6.5V ForléachlSumming[gate:[CPSZBOPF

PRI gm0 For@ach(fesetlgate:[CORL[20[pF
Low ov 0.3V 0.6V
High +9V +10V +11V
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Timing[Diagram

ATMEL

FulllFramelTimingDiagram{WithoutMemory[Zone)

10

Readout time Tyeadout
100 ns min 100 ns min ,: 100 ns min :‘ 100 ns min
>— >l 100 ns min no delay T .
2 T T 100 ns min
s : . »—
C oo E‘xposure I Virt:ca; tranfer | | : : | Honzt')nt'a/l tmzsfer of The video line comprises:
perio time | of one line | | Lo one pixel / readout . 18 inactive prescans
see note 1 seefigure 5 | see figure 6 | + | seefigure 8 7 f‘“’k r.eferences
i ¥ | Horizontal | - 5isolation elements
| | | summation | - 2048 useful pixels (1 output)
| | | - | or 1024 useful pixels
Xy _| i seefigure 7 * (2 or 4 outputs)
|
| xhs |

X hnb/(hs+2) minimum

X vnb/(vs+1) minimum (can be continued until exposure time signal appears)

return to exposure time as soon as vnb (vs+1) min vertical transfers are over or when exposure time signal is clocked

Summationoptions:
vs[ZFMmumberofiverticallSummation{vs A [{bSum2ineslihlfheeadoutegister),
hsZhumberdffiorizontalSummation(hsZ0bSum2[pixelsihfhe@S[gate,dnly[addhe

timingldiagramlonceloffigure10),

vnb@ndhnblareldefinedldaccordingibfheldhosenldperatingodelin[T@onlpage.

Note: 1. Cleaning(periodl@onsistsioflémptyingfhelimageZoneldffallichargesidreateddyiher-
mallgeneration.[TolachievelSsuchl¢leaning,fhefeadoutdimelTreadoutldefinedlindhe
aboveldiagram(shallelised.Mevertheless, [itlis[possiblefoleducel¢leaningfime [of
thelimageZoney@ccumulatinglSeverallineslihihe[outputegister(Figure7)before
readingloutlihelfesulting(Signal[(Figure®).[Themumberdflaccumulatedlines(isdimited
byihefeadoutfegisterSaturationevel.

TTH 7 80O IV sssss———
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Figurel®.[Exposure[Time

Notes
o
©B b— —————————————————————
S '
o 00
oLl : ®L1,OL2.®S and PR

) . are clocked as indi-
o2 TTIITITITITIITITTIIIITITONINL cated in figure 8
os  TIITIIITTIITINITHITIOTIITIT

! _ _ ) ®S and ®R can be

Figurel7.Vertical(Transfer@f[Onelline

TO=T2 /7
—— Notes

T2 min =5.5pus
tr min = 170ns
tf min = 170ns
dv/dt = 77V/us

0.3T0 < tr <0.5TO
0.3T0 < tf < 0.5T0

dI1.2 !
&S , X
@R - i

b o o e e e e e o e e e e e e e i e e i e —d

ATMEL i
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Figurel8.[HorizontalPixellSummationon[@S[Gate[[TwolAdjacent[Pixel[Summation)

T3
- - Notes
®A T TTTTTr o TTTTo K
. : S o
- T3=T described on
®C ’ . ] figure 8
- T —— e —— — — — —
®D L ‘
— S ] t1=T/5 typ
— 2 —_— e —— —_ 2=T/10 typ
L1 N : B3=T/3 typ
1 L T
L2 N s :
5 : Cross over of
' complementary clocks
(PL1,PL2) between 30
dR and 70% of max ampli-
| tude
vos
! _——— 1
. Delay=4ns typ ‘
Figure[@.[HorizontalTransferPeriod[andReadout
- T - Notes
®A : l
OB : :
®C ! . : T=50ns min
- - ——
oD L e ' t1=T/5 typ
. 12=T/10 typ
LI WL 13=T/3 typ

@ L2 X _________
®S Y 777777777

®R !

vy Reference level :

' Reset

' Signal j

' #———Zq Delay =4ns typ

Cross over of
complementary clocks
(®L1,PL2) between 30
and 70% of max ampli-
tude

12 TH7899M
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Frame[TransferTiming(WithiMemoryZone(s)D

Exposure time

TO(S ns min
<

cl

period

seenote 1

see figure 10

T| summation [T
| |
i ¥
| |
L

X hnb/(hs+2) minimum

X vnb/(vs+1) minimum

! 100 ns min ! |
» 100 ns min nqdelay! 100 ns min 100 ns min
e ———
1 1
Vertical tranfer of one line ) ) Horizontal transfer of M 'y Zone Vertical transfer of one line
| | from the memory zone to I I | | [ one pixel / readout cleaning from the image zone to the
| | thereadout register I L A - 'y zone
1 | | Horizontal | see figure 11 see note 2
orizonta
| see figure 9 I L 4 see figure 12
|
|

X nbv minimum
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Thellideolline[domprises:

18lihactivelprescans
7darkfeferences
5likolation[@élements

2048usefullpixels{readoutihroughlonedutput)0r1024 Wseful(pixelsi{readout

through2[6r40utputs)

Summationfoptions:[

vsZFMmumberofiverticallSummationvs A {bSum2inesihfheeadoutfegister),

hsEZhumberdffiorizontalSummation((hsZ0bSum2[pixelsiihfhe@S[gate,Only[addihe
timingldiagramlonceloffigure10),

vnb@ndhnblareldefinedldaccordingibfheldhosenldperatinghodelin[T@onlpage.

Notes: 1. Cleaning(periodldonsistsofiémptyingfhelimageZoneloflallichargesidreateddyiher-

mallgeneration.[Tolachieveluchltleaning,(iheVerticaldransferloflalllofthedmage
zone(foltheinemoryZonelshallbeldlocked@ccordingfoiheldiagramShownlinfigure

12.

2. Memory[Zonel¢leaning[periodl¢onsistsloflemptyingihememoryZzoneloffalllcharges
createdby@hermallgeneration.[Tolachieve$uchltleaning,@heVerticaldransferdrom
thenemoryzoneodheleadoutegisteri3hallbel¢lockedAccordingfoihediagram
shownlihfigure®.Mevertheless, [itlis(possiblefbeduceldleaningdimefithefhemory
zonelby@ccumulating$everallineslinthe deadoutegister{figure[®)before[feading
outfheesultinglinelSignal{seeigure[11).[Theumberloffaccumulateddinesisdim-
itedbyheldutputlfegisterSaturationlevel.

ATMEL
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Figure10.IVerticalTransferdf{OnelineFromheMemoryZonelibfhe[ReadoutRegister

TO0=T1/7
»——y

Notes

T1 min =5.5ps
tr min = 170ns
tf min = 170ns
dv/dt < 77V/us

0.3T0 < tr < 0.5T0
0.3TO < tf < 0.5T0

Notes

T=50ns min

t1=T/5 typ
2=T/10 typ
3=T/3 typ

Cross over of

complementary clocks
(PL1,PL2) between 30
and 70% of max ampli-

VoS : T " Rew O~ tude
' Signal »————= Delay =4nstyp
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Figure12.MHorizontalTransferPeriodlandReadout

Notes

— T -
dPA !_ !
e
dPB E_ ______________________
O PC
!— ______________________
$PD b
oma L
Y —
dMC
ﬁ —_
®MD .t—
oLt WV
o2 N T
®S N~ 7
- .
®R |
|
VoS "
Referqnce . Signal ~ Reset |
level »w——= Delay =4ns typ

T=50ns min

t1=T/5 typ
2=T/10 typ
3=T/3 typ

Cross over of
complementary clocks
(PL1,PL2) between 30
and 70% of max amplitude

Figure13.VerticalTransferdf{OnelinefromihelmageZonelfbfheMemoryZone

Notes

|
|
|
shall continue to be clocked with the same |
frequency and the same timing as described :
|
|
|

figure 11

T8

T8 min =5.5us
tr min = 170ns
tf min = 170ns
dv/dt = T7V/us

0.3T0 <tr < 0.5TO
03TO<1f <0.5T0
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Electricalll
Performance

Table[3.[BtaticlAndDynamicElectrical[Characteristics

ATMEL

Value
Parameter Symbol Min Typ Max Unit Remarks
DCOutputTevel® Vref 10.5 \Y VDR[EMD3.5V;[VSEDV
OutputImpedance® Zout 200 230 250 Q
OutputlAmplifierSupplyd VDDEAS5V;
Current® IDD 10 MA | VDREI3.5V;VSEDV
ChargeffoVoltagelConversion
Factor
WithiVGLEAV@ndVDREZ13.5V CVF1 6.6 7 7.4 piv/e- For[StandardMode
WithiVGLEFO2V@ndVDREO5V CVF2 4.2 4.5 4.7 piv/e- ForBinningode
Image[ZoneEl’o[ReadoutD = 100 180 KHz Wlthout_[ReductlonIZDfD
RegisterFrequency Saturation[Charge
Readout[Register[AndReset] FH 5 20 MHz
Frequency

Notes: 1. MeasureddnVOS1VOS2[VOS3@ndVOS4.
2. Measuredlih[@éachYDDIpin.

Electroopticalll
Performance

L]

L]

Illumination@onditions:

Table[d.IElectro-opticalPerformancelCharacteristics

Generallheasurement{donditions[{unless(Specified):
TCER25°Cl{packagelfemperature).
Verticalfransferfrequency®FVEF100RHz.

Horizontallfransferfrequencyl@ndldutputfrequencyFHEFBIMHz.

3200KhalogenlampER2mBG38Hilter#[F/3.5[@perture.

Value
Parameter Symbol Min Typ Max Unit Remarks
Saturation[@utputVoltage
WithoutBinning VSAT 1.4 1.9 \% @
Saturation[Charge@fElementaryd
Pixel
WithoutBinning QSAT 220 270 ke- @
Satu_ratlon [Chargelof(Readout 320 360 ke- @
Registers
Saturation[Charge@f[SummingO @
Gates[®S 550 630 ke-
Saturationlevel@nihe@utputd
Node ®
WithiVGLEFAV@AandVDREFA3.5V 280 300 ke- For[StandardMode
WithiVGLEFO2V@andVDREO5V 530 570 ke- ForBinningMode
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Tablel4.[Electro-opticallPerformancelCharacteristics[Continued)

Value

Parameter Symbol Min Typ Max Unit Remarks
RmsOutputAmplifierMoise @
With[@aBandwidth[0f(BOMHz N1 20 e- OutputFrequencyZ20 MHz
With@Bandwidth[£BMHz N2 5 e- OutputFrequency&1 MHz
Dark[Current
MPPMode 01 25 30 pA/cm? TER5°C
NonIPPMode 102 0.6 1 nAlcm? | TER25°C
Dynamic[Range
Exposure[Time[ZF10ns . -

SNR 9800 TER25°C,[WithoutBinning®
ReadoutTimeZ2s,[FVEI00KHz houtizinning
Readout[Through[@ne[@utput
Ehoto-response[&lon|1]Jn|form|ty,D PRNU 1 5 %VOS
Dark[SignalMon@niformity,d
Exposure(Time=10ns,

DSNU 2.2 3 mV TEFR5°C
ReadoutTimeZ2s,[FVEI00KHz
Readout[Through[@ne[@utput
Horizontal Transfer Efficiency 1EeH 0.99993 | 0.99997 ©
VerticalTransferEfficiency 1EeV 0.99998 0.99999
Contr_astErransfer[E:unctlon@tl] CTE 67 %
NyquistFrequency
Responsivity R 8.5 Viudicm? | WithBG38Filter
Linearity[Error LE <A % WithoutBinning
Flatness[{Peak[ToPeak) 13 20 ptm

Notes: 1. Saturationllevellisiheaximumléhargellevelbeforeterticalfransferéfficiencyldegradation[{outldfSpecification).
2. SaturationlevellisfhemhaximumldhargelevelBeforehorizontalfransferléfficiencyldegradation[{outlof[Specification).
3. SaturationOevellonoutputfhodeltan[beldptimizedbyrunninghelteadoutltegistern[MPPLmode.[Nevertheless,[Sucha

method(implieshatfhedapacitancesfithe@L[dlocks[areoughly30%TMMhigher.

4. Measuredwithfhe[CorrelatedDoublel$Sampling[{[CDS).
5. Dynamiclfangelis(definedbyfhefatiodffheSaturationIevelfofhefemporalimsmboiselihdarkness.
6. Withfaorizontalfrequencyaximum0fl20MHz,fhisfalueWillbelimprovedWwhenldecreasinglthisfrequency.

Figure14.Typical($pectralResponse
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Figure15.[TypicalDynamiclRange(fbrDifferentlOperating[Conditions

Typical dynamic range

Thousands

ATMEL

Vertical transfer frequency (kHz)

Temperature=25°C

< Operating conditions 1
4 Operating conditions 1bis
& Operating conditions 2
< Operating conditions 3
= Operating conditions 4
- Operating conditions 4bis
+ Operating conditions 5

Theldynamiclfangelis[definedDyhedatioldffhe[Saturationevelfoihelemporalims

noiselihldarkness.

Thelihcreasedfl[dynamicfangeith(fheNerticalfrequencylisduelibihefeductionldfdark
currentiivhenhelerticalfrequencylincreases[{inparticulareductionloffransferfime
where(theldevicelisolbngerlinthePPhode).

OperatingMode Number@flUsed@utputs OutputEFrequencyMHz)per@utput ExposureTimel{ms)
Conditions1 1 20 50
Conditions1bis 1 20 100
Conditions(2 4 20 50
Conditions[3 4 10 50
Conditions(d 1 5 10
Conditions[4bis 1 5 2000
Conditions3 1 2 10

Forloutputfrequenciesowerfhan200MHz/output,fitlis[fecommendedfoldut-offtheout-
put@mplifierandwidthDymheansof@anoffidhipldapacitancelSo@siominimize@mplifier
noise.ToldoSofhedutput@mplifierandwidthhasfobe Adjusted@tBimesihe dutput
frequency.Thelresultsigiven@boveibkelihto@ccountihis@ptimizationéf@mplifieroise.

2201A-IMAGE-02/02



s | H 7/ SOO M

Figure16.[TypicalDark[CurrentMNoiseWith[RespectibfheTemperatureforDifferentl@peratingConditions

1

Dark current noise (e-)

000

100

-
o

0.1

A
[
/r’

| 7

y/a ”/n

3

7Y 7 //r—‘ll
4 o7
X o A
/y/"/; A m Operating conditions 1
‘ /;,ﬁj{/ ¢ Operating conditions 1bis
/%/%’// 4 Operating conditions 2
- e 5 Operating conditions 3
2
{// <A ; & Operating conditions 4
). WAV a4 : , . )
.V ! a Operating conditions 4bis
T
//M o Operating conditions 5
J//// 17
7
7 7
A/
Z i
|
-50 0 50 100

Temperature (°C)

AllldesultshaveDeenCalculatedWwith@Nerticalfrequencydfl100RHz.

OperatingMode Number@fUsed [@utputs OutputBFrequency(MHz)per@utput ExposurelTimelms)
Conditions1 1 20 50
Conditions1bis 1 20 100
Conditions(2 4 20 50
Conditions[(3 4 10 50
Conditions(d 1 5 10
Conditions[4bis 1 5 2000
Conditions3 1 2 10
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Preliminaryimagel]
Gradel$pecifications

BlemishDefinition

ImagelGradel
Specifications

ATMEL

Imagelqualityldgrades(are@vailable:

e Grade[H,@rderingldodeTH7899MCRH
e GradelT,0rderingldodeTH7899MCRT
¢ GradelE,@rderingléode[TH7899MCRE

Theselimagelqualitylgrades(arelguaranteedlat25°Clandprovideldaldoodlimagelfor@ppli-
cations(atl@ambientfemperature.

Operatinglfemperaturelfange:[0°ClibZT0°C.

e Column:
Itis[onepixellihwidth[and 2T pixelhighldefectivhoselheightlis[¢onstantiwithdight
level.

e Blemish:

Therelarelusuallyfhreelfypeslofiblemishes:

—  Whiteldefect,[dependent@nfemperature,(dsldark(Signal:its@mplitude
doubles(forléveryBio10°Cliemperaturelse.

— Blackldefect,notldependentionfemperature,butivhosel@amplitudelisd
proportionalbfhemean(dutputiloltage.]

WhiteldefectslarelSpecifiedlih[darkness,[@t#+25°C

BlackldefectslarelSpecifiedinderfillumination,@slalpercentageofimeanlllumination
upblVSAT/2inlihdependentlyoflfemperature.

Traps(@re8pecified@sldefects{white #black)lih[darkness,@t#25°C.

alisfhe@mplitudeofi¥ideolSignallofblemishes.
Eg:MR0%[[a
Forl@amplitudeZ20%, [pixellisot@Dlemish.

Z1llis[@Alsquarelarea,iwhoselSidelishalfloffheheightloflthelimagezone,[@enteredlinthe
imagelZone.

Z2(is[thelfestloflthelimagelzone.

ImagelgradelisimeasureddonVOS[OutputSignal,Wwith[4dutputs(Operatingodel{lslihte-
gration{fimelih(darkness,[100KHzNerticalfrequencylandBMHzhorizontal frequency).

lllumination[@onditions:[(3200KMalogenlamp#BG38(ilter# [F/3.5.

H[Grade
Z1 Z1F[22

Type(WhitefoBlack) JZSJ;@:&%@E&D DefectsatVSAT/2 J’;’:‘;ii’:&‘;@?‘cﬂ DefectsatiVSAT/2
Pixels@ffectedByblemishes 30 150
Arealthaximum({pixels) 2x2 2x2
Amplitudela aZ30mV 20%<[d| a330mV 20%<][d|
Columnumberaximum 0 0 0 0
Amplitude @ ARV 10%[Z (| ARV 10%[Z (|
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TGrade
Z1 2122
. White[defectslin( Whiteldefectslih
TypelWhite[drBlack) darkness@t25°cC Defects[atlVSAT/2 darkness@at25°C Defects[atlVSAT/2
Pixels@ffectedByblemishes 150 600
Arealaximum{pixels) 2x2 2x2
Amplitudeld a3HE0mV 20% 00| a330mvV 20%<u|
Columnumberaximum 0 5 0 20
Amplitude aBR2mmV 10%E[u| aBR2mv 10% 0|
ElGrade
Z1 Z13[Z2
. Whiteldefectsih{ White[defectsih(l
TypelWhite[drBlack) darkness@t25°cC Defects[atlVSAT/2 darkness@at25°cC Defects[@atlVSAT/2
Pixels@ffectedbyblemishes 600 2000
Arealaximum{pixels) 5x5 5x5
Amplitudel@ a>@20mV 20%<[h| a>@20mV 20%<[u|
Columnumberaximum 3 10 10 40
Amplituded aBR2EmV 10%E[u| aB2mv 10%= 0|
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OutlineDrawing
Theldhipldenterlislbcated@tpackageldenter.

[0 41.50+0.42
[J 33.00+0.33
3.17+0.30
21.00 @
- —
Q 7 m
(g]
\ ——
4 1 l|_
. . —
= Vos3| | Vos4 & Ztop=2.07+025 Al =
©
= p — Zpot=2.70+0.23
%5 Tl’ . / E—
> Top view
—
— 8
IR
— S =
¢d
—— o
6 Q
@ Vos1] | vos2
[ ) [ ] @/ —
4 -/ ="
N | B ]]'
X = 6.42+0.1 1.5+0.1 0T
4.57+0.25
35.56+0.20 (2.54 x 14)
|| 254x0.13
151413 12 1110 9 8 7 6 5 4 3 2 1 .~ A/©
TN 4.77+£0.45
DAAADIADADIDAADIADADADNMD A
AN ZAAN VAN PN PN VAN VAN P AN AN PN VAN AN AN AN VAN &)
DD AD-D-D- DD DD-D-D-D-D-AD-D B
AN ZAAN VAN PN PN VAN VAN P AN AN PN VAN AN AN AN VAN &)
| L& |c
:Eeg: :g;: D @ Glass window
E
'69' 30.00+0.30 '69- F (@ Die and photosensitive area
-@-«: ='€9‘ G ® Optical distance Zy,, between
a () H external face of the window
and photosensitive area
D= 2 =& ||
_Ea_ 9 _Ea_ K @ Mechanical references/
S die positionneing (first pixels)
y L
:Eeg: \ < :Eeg: M ® Pinn° Alindex
_69_ —“ \ LI ”_ '69- N @ Cotiordlna(\jte;X,t\(,Z oft?e flrs:t |
DD AD- DD DD DD D-D-D-D-AD-AD P active and photosensitive pixe
AN AN VANV AN P AN N VAN 7N VAN PN VAN VAN VAN VANV N on VOS1 output.
AD-D-D- DD DN DD DD D-D-AD-D R
AN 7N VAN PN PN VAN AN ZAAN AN PN AN AN AN AN M AN &)
< Dimensions in mm
\
Metallic plane connected
2.97+£0.25 to Vss pins (must be grounded on electronic board)
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Pin-out/PinDesignation

DD3 VDEA VSS ¢PB3 4PAJ GPA4 oPB4 VSS ¢S] SLA1 SLA2 9S4 VSS VSS VDD4
A OO0 O0OO0O0O0O0O0O0

VS3 VDRI VSS P8I #PAI GPA2 HPB2 VSS ®LAG SLAS $LA4 LA VSS VDR4 VS4
B OO0 0000 O0O0o

vOs3 VOSs4
C

VGL3 VGL4
D

VGS3 VGS4
E

$R3 R4
F| O O

VSss VSS
G TOP VIEW

+T8 STA
H| O O

VSS VSS

QR SR2

VvGS1 VGS2
L

VGL1 vGL2
M

VoS! vos2
N

VS1 VDR! VSS 4LB3 &LB4 oLBS ®LB6 VSS ®PC2 ®#PD2 4PD1 ¢PC1 VSS VOR2 VS2
P OO O0COO0O0O0O0O00OO0O0

vDD1 VSS VSS 451 oLB2 @LB1 ¢S2 VSS <oPC4 ¢oPD4 oPD3 #PC3 VSS VDEB VDD2
RIOOOO0OO0OO0OO0O00OO0OO0O0

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

Pinm® Symbol Designation
R6,[R5,[P4,[P5,[P6,[P7 ®LB1,[@LB2,[®LB3,[®LB4,[PLB5,[@LB6 | Bleadoutlegisteridlocks
A10,(A11,B12,[B11,B10,B9 | ®LAL DPLAZ,[PLA3,[DLA4,[DPLAS,[PLAG Alfeadoutegisteridlocks

R4,[R7,[A9,[A12
M1,IM15,[D1,[D15
L1,M15,HF1,E1S
N1,N15,[C1,[C15
R1,[R15,[A1,[A15
P1,[P15,B1,[B15
K1,K15,F1,[F15
P2,[P14,B2,B14

PS1,[PS@,[PS3,[DS4
VGL1,VGL2,VGL3,VGL4
VGS1,VGS2,WGS3,VGS4
VOS1,IVO0S2,lVOS3,IV0S4
VvVDD1,¥DD2,WDD3,¥DD4
VS1,IVS2,lVS3,VS4
OR1,[PR2,[DPR3,[PR4
VDR1,VDR2,WDR3,[YDR4

Summing[élocks[offhe@utput,2,[3@And14

Readoutlgate biasofltheloutput,2,[3[@and4

Outputldatebiaslofitheldutputl,2,[3[and4
OutputiSignalilideo(1,2,[3@nd34
Output@mplifierldrainSupply@fiheldutputd,2,3[@And2
Output@mplifierlSourcebiasloftheldutputd,2,[3[@nd4
Resetldlocks[ofliheldutputd,2,[3[@EAnd14

Resetbias[oflfheloutputl,2,[3[and[4

B5,[B6,[A5,[A6 OPAL,[PPA2,[DPA3,[PPA4 AlimageZonelglocks
B4,[B7,[A4,[A7 OPB1,[®PB2,[®PB3,[®PB4 Blimagel(Zoneldlocks
P12,P9,[R12,[R9, OPCL,[DPC2,[®PC3,[®PC4 ClimagelZoneldlocks
P11,[?10,[R11,[R10 ®PD1,[®PD2,[®PD3,[®PD4 DiimageZonelélocks

Transfer[gatefrom(fhelimagelZoneliblthefeadout

H15,H1 PTA[@TB registers[AlandBrespectively
A2,[R14 VDEA,VDEB Shieldldrain
A3,[A8,[A13,[A14,[B3,B8,0

B13,[G1,[G15,031,0015,3,0 | VSS SubstrateDbias

P8,[P13,[R2,[R3,[R8,[R13
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AtmelHeadquarters

CorporatelHeadquarters
2325[0OrchardParkway
SanlJose,[CA[@5131
TEL[(408)[441-0311
FAX[1(408)487-2600

Europe
AtmelBarL
Routeldes[Arsenaux[41
CasalPostale80
CH-1705Fribourg
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TEL[Q41)[26-426-5555
FAX[(41)[26-426-5500

Asia
Atmel[Asia,dltd.
Room[1219
Chinachem[GoldenPlaza
77ModyRoad[Tsimhatsui
EastKowloon
HonglKong
TEL[852)[2721-9778
FAX[(852)[2722-1369

Japan
AtmelQJapanK.K.

9F,TonetsulShinkawaBldg.

1-24-8Bhinkawa
Chuo-ku,Tokyo[104-0033
Japan
TEL[{81)[3-3523-3551
FAX[(81)(3-3523-7581

Atmell@Operations

Memory
Atmel[Corporate
2325[0rchardParkway
SanlJose,[CA[®5131
TEL[1(408)436-4270
FAX[1(408)[436-4314

Microcontrollers
Atmel[Corporate
2325[0OrchardParkway
SanlJose,[CA[®5131
TEL[1(408)436-4270
FAX[1(408)[436-4314

AtmelNantes

LalChantrerie

BP[70602
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ASIC/ASSP/SmartiCards
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AtmellColorado[$prings
1150[EastlCheyenneMtn.Blvd.
Coloradol$prings,[COMB0906
TEL(719)576-3300
FAX[(719)540-1759

AtmelSmartCarddCs

ScottishEnterpriseTechnologyPark

MaxwellBuilding
EastKilbride[G750QR,Scotlandd
TEL[{44)1355-803-000
FAX[{44)[1355-242-743

RF/Automotive

Atmeleilbronn
Theresienstrasse(2
Postfach[3535

74025 eilbronn,[Germany
TEL[{49)[T1-31-67-0
FAX[(49)71-31-67-2340

AtmellColorado[$prings

1150 astiCheyenneMtn.Blvd.
Coloradol$prings,[COMB0906
TEL[(719)%76-3300
FAX[(719)540-1759

Biometrics/Imaging/Hi-RelIMPU/
HighiSpeediConverters/RFIDatacom
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Avenuelde[Rochepleine
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38521[Faint-EgrevelCedex,France
TEL[33)[4-76-58-30-00
FAX[(33)4-76-58-34-80
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