Categorization of Image Devices

* Image Pickupdetetors individualpixel areorganized
serially in a singleelectrical signalsuitable br transmision
(TV, etc) or processig

* Direct-Vision detetors an intensifed or spectrally conver
tedreplica ofthe inputimage is sippliedatanoutputscreen

Requisites for Image Pickup devices:
¢ aphotosensitive sugceto accommodate NxM pixels
¢ aprovision tosingle outtheindividual image pixed
¢ an arrangemehor sequential readowf photogeneratecharge
¢ anintegrationof the photogenetad chargdetweensuccessive
readoutsi.e., theframe period {
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Internal gain andbeam effects

o Actually, the targe is a PC andyields a photoconductive
gain M. Thus spectral sensitivitya Mao.

e Trappingtime 1, (determininggain M=t /T) Is kept less
thanor comparable torame period {16 or 20ms), to avoid
Image lag

e Gain is proportionalto target voltageV, - an easyway to
adjustthe videocurrent

* Electronbeam current | shallbe> I, (of brightestpixel), or
charge depositedby beam Q=i t, will not compensate
Q=opT; (=It,), leaving a residualQ-Q, after a frame Next
frame residual charge douhlesd so omntil charge spreads
transversallyon adjaent pixels thebloomingeffect

* Bestwith i, as small as possble, to: (i) make crossover
small; (i) keepthebeamreadout noise low
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Signal and noise

Theaverage leveatf the videocurrent jis calculated as
.= 0 P,= 0AE, = 0A d E, /4(F/)?

where E, is the targé il luminance given by o E../4(F/)? using
scendllumination d=scenediffusivity and F/= objective lensF-
number

Noise current variance as
0% = 2e [1+2(M-1)7](i+ 0)B + 2exi ( B+4KTB/R,

where | and } are thesignaland targedlark-current second
term isthe eleabn beam readout noigaith k afactor about

unity), and thdast term istheload Johnson nogs
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A sample of vidicons
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Fiberoptics and Intensified Vidicon
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Vidicon parameters

 luminousor spectal sensitivity givengA/lm or pA/W

e darkcurrent |, in therangel-10nA typ. for a vidicon

* video dynamic ange ratio of themax to min uséul signal limited
by saturatiorandnoise usually2-3 decads

» linearity of responseory (gamma) of the log Vs logE cune,
givenby the slopeof thecurves,

e Imageformat or thediagonal (expressgin inche$ of theimage
scanarea,which influenceghe totalnumberof pixels

e spatial esolution expresedin Ip/mm or Ip/fr (line-pairsper mm
or perframe) thatcanbe reeslved

 residue olag, usually pecified aghepercentagef signal
persistingafterthree franes

 uniformityv of the targetesponsé& om point to point

e Imagedefectivenes in theform of white/blackfixed points
appearingon theimage calledblemishes
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Blemish classification

In zonesl, I, Il, atop quality (A-

class) tubenay hawe 0O, 1, 3 defects

A not larger tharl pixel, a class B1,
3, 10 and a industriatclass (X-
class) 5, 20, 20.

Tube price is dependenton this

specification with a typical ratio

10: 5 :1 @tequal sizg
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CCDs

512x512pixels
_Popular 1024x1024
silicon CCDs
In several
formats
400x1200
2048x2048
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A few results about electricaparameters

* Potential wik: &=V - (P, -P,,) - €(VWN,+N)/C_,

well depth W = [Z2DJeN,] 12

depletion capacitapc C,=&JW =[ee N, /2D |12 (<<C,,)
e Saturation charge

stronginversion condion: ®_ = 2®.= (2kT/e)In(N,/n;)

saturation charggensity: Q.= Co Ve = EoxV /W,y
 Dark current

=1yt gt ls =AE NWI2T + Ae n?D /L N, +Ae nJ2t
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CCD frequency response

sourcef intrinsic responserequencycutoff:

» photodetdmn (drif t/dif fusiontime),

e iImage samphg in pixels(i,ntegrabn anddump,

e scanningandreadoubf thecharge pdets(transfer).

sourcef extrinsicresponserequeng-cutoft:
« preamplifier or output font-end (eadout sdmn).

For eaclof theabove a transfefunctionF(w) will be computedand
the productof cascadedr(w) will gi ve theoverall cutof - to be not
smaller tharthe videosignal frequency .

Important tonote, F(v) is connectedtthe spatial resolution function
F(k) of thedevice: scanningn time t, pixels spaced bW, the
scanning speed =W andangular(time) frequencyw (rad's)is
related to angulaspatia) frequencyk (radmm) of theimage v=w/k.
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Cell equivalent crcuit

—

| exp -jwT
k-1

Lobs
il

o0

+

/

> 'k
h+

k-th cell is schematized ydelayT (clock phase, a transfer
Inefficiencye andshotnoise generatsi, (transfer) and, (stolage
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Resumé on intrinsic cutoff and noise

Summarizingtheabove rusulit
 frequency cuff: transferhasa severeffect requiring
e’ 0.20 avoid loss respect to
Nyquistdquencyl/2T
samplinggivesa minorloss neafl/2T
even vth completecell fill ing (n=1)
* noise transfehasa minoreffect(zero in
gicabout2ng,/T at re=0.2
storageis maxin dc, then denpsoff;
at 8=0.2 gives(0.7-1) 2ngT
In practice storageroise domnatesin surfacechannel CCI3, while

In buriedchannel CCI3 it is stongly reducednd one caachievea
performancdimited bythe darkcurrent noise
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Image organization interline-transfer CCD
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Output stage

Vb

M3 N
T3 Lo T 45 e

T — out

| | | | ¢2—|‘,M2 ) %
_________ R

L_eee /- /) | 0 c c <

collection L :

noise V2, = 2eFl . +2nl B R2+ (8/3) KT B/g,, + KT/C + 4kTBR
= 2e[Fl,,+2nl B R2+ (8/3) kT Blg,,+ KT/C  (for g, R>>1)

from:”Photodetetors”, by S.Donati, Rrentice Hal 2000 34



Correlated double-sampling output stage
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V2, = 2eFl ,+2nl|B R2+ (8/3) KT B/g,,

f, = 2eFl,+2nly]B+ (8/3) KT B/g,,, R?
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