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   summary specification  kod ak  kai-2093 ima ge sensor  1920 (h) x 1080 (v) progressive scan interline ccd image sensor  description  the kodak  kai- 209 3  image sensor is  a hi gh- perform a nce multi-meg a pi xel  image sen s or designed for   a wide r a ng e of  medical imaging  and machine vision   applic ations.   the 7.4 m square pixels  with microlen ses provide h i gh  sensiti v ity an d the large full well cap a ci ty results in  high  dynamic ran g e. the split horizontal register offer s  a   choice of sin g le or dual output allowin g  either 15 or 30  frame per  second (fps). th e ar chitecture allows for e i ther  progressi ve scan  or in terl aced readout. the imager  features 5v  clocking to facilit a te camera design. the  vertical overflow drain str u cture provid es antiblooming   protection, and enables electronic shuttering for precise  exposure con t rol.  features  ?  progressive scan  (non-interlaced)  ?  hccd  and output amplifier capable of 40  mhz  operation  ?  5 v  h ccd  clo c king  ?  single or du al  video  output  operation  ?  2 8  li ght s h i e lded ref e rence  co l u m n s  per  o u tput  ?  only 2  vertical ccd clock s   and 2 horizon t al ccd   clocks  ?  electronic sh utter  ?  low d a rk  current  ?  antiblooming  protection  applications  ?  industrial  i m aging  ?  scientific imaging        parameter   t y p i c a l   v a l u e   architectu re   inte rli n e  c c d , p r ogre s s i ve   scan or   i n te r l aced r e adout   t o tal nu mbe r  of  pi xe ls  19 84 (h) x  10 92 ( v )  numbe r  o f  e f fe c t i v e  pi xe ls  19 28 (h) x  10 84( v )   numbe r  o f  ac ti ve  pi xe ls  19 20 (h) x  10 80 ( v )  pi xe l si ze    7.4 m (h)  x 7. 4  m  (v)   active image size  14.208 mm (h) x  7.992 mm (v)  16. 3 mm (di a gon a l)  aspe c t  rati o  16: 9  numbe r  o f  ou tpu t s  1 or  2  satu rati on si gna l    40, 0 00 e l e c tro n s    ou tput sen s itivity   1 4  v/electr o n    qu an tu m ef f i ciency kai - 20 93 -aba  (490 nm)  40%  qu an tu m ef f i ciency kai - 20 93 -cba  r(620  nm), g(540nm), b( 460nm)  3 7 % ,  34 %,  30 %   total n o ise   4 0  electr on s r m s    da rk c u rre nt (t y p i c a l )      o r der ing inf orm a tion    ca talog  n u m b e r   p r o d u c t   nam e   d e scrip t i o n   m a r k i n g   c o d e   2h4 7 3 6   kai- 2 0 9 3 -aaa-c p -ae   mon o chr o me,  no micr olen s,  cerdi p  package (sidebr a zed),   taped clear cover glass (no coat ings), engineering sample   2h4 6 1 7   kai- 2 0 9 3 -aaa-c p -ba   mon o chr o me,  no micr olen s,  cerdi p  package (sidebr a zed),   taped clear cover glass (no co atings), sta n dard g r ade   ka i - 20 93   serial numbe r   2 h 47 28   ka i -  20 93 -a b a -c b - a e    mon o chr o me,  te lecen t r i c micr olen s,  cer d i p  package (sidebr a zed),   clear  cover  glas s (n o coatin gs),  en gin eer in g samp le   4 h 01 74   ka i -  20 93 -a b a -c b - b 1    mon o chr o me,  te lecen t r i c micr olen s,  cer d i p  package (sidebr a zed),   clear  cover  glas s (no coatings), g r ade 1   2 h 47 25   ka i -  20 93 -a b a -c b - b 2    mon o chr o me,  te lecen t r i c micr olen s,  cer d i p  package (sidebr a zed),   clear  cover  glas s (no coatings), g r ade 2   2 h 49 23   ka i -  20 93 -a b a -c k-a e    mon o chr o me,  te lecen t r i c micr olen s,  cer d i p  package (sidebr a zed),   qu ar tz cover  gla ss with  ar  coating (both  sides),  en gin eer in g sample   2 h 49 20   ka i -  20 93 -a b a -c k-b a    mon o chr o me,  te lecen t r i c micr olen s,  cer d i p  package (sidebr a zed),   quar tz co ver  gla ss with ar  coatin g (both sides), standard grade   2 h 46 18   ka i -  20 93 -a b a -c p-a e    mon o chr o me,  te lecen t r i c micr olen s,  cer d i p  package (sidebr a zed),   taped clear cover glass (no coat ings), engineering sample   2 h 46 16   ka i -  20 93 -a b a -c p-b a    mon o chr o me,  te lecen t r i c micr olen s,  cer d i p  package (sidebr a zed),   taped clear cover glass (no co atings), sta n dard g r ade   ka i - 20 93 m  serial numbe r   4 h 01 37   ka i -  20 93 -cb a - c b -a e   color  (baye r  r g b),  telecen t r i c m i cr olen s,  cer d i p  package (sidebr a zed),   clear  cover  glas s (n o coatin gs),  en gin eer in g samp le   4 h 01 36   ka i -  20 93 -cb a - c b -b a    color  (baye r  r g b),  telecen t r i c m i cr olen s,  cer d i p  package (sidebr a zed),   clear  cover  glas s (n o coat ings), s t andard grade   ka i - 20 93 cm  serial numbe r   4h0 7 0 5   ke k- 4h07 05- ka i - 209 3- 1 0 - 4 0  e v aluati on  board ,  10  bi t,  40 m h z ( c omple t e  ki t)  n/a  4h0 7 0 6   ke k- 4h07 06- ka i - 209 3- 1 2 - 2 0  e v aluati on  board ,  12  bi t,  20 m h z ( c omple t e  ki t)  n/a    please  see th e user?s  man u al ( m td/ps-0715)  for  infor m ati o n on  the ev alu a tion  ki t for thi s  p a rt.   please  see i s s appl ication   note ?product  naming co nvention? (mt d /ps-0892) f o r a  full de scri ption of  nami ng conventi on  us ed fo r koda k im a g e s e ns o r s .     address all inqui r ies and p u rchase orders to:  image sen s or  solution s  eastman kod a k co mp any  rochester, n e w york  146 5 0 -201 0    phone: (585)  722-4 385  fax:  (58 5 ) 47 7 - 4947  e-mail:   imag ers@kodak.com   kod a k reserves the right to change an y  in formation c o ntained herein without not i ce.  all in for m ati o n furnished by kod a k  is  believed to be  accurate.  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 5  

   device description  architecture    4  lig h t   sh ield ed  r o w s 2 buffer rows 4 buffer col u mns 192 0 x 1080 i m a g i ng pi xel s 2 buffer rows 2 8  li g h t  sh ield ed  co lu mn s 4 buffer col u mns 4 empt y p i xel s vi deo l vi deo r 4  lig h t   sh ield ed  r o w s 2 8  li g h t  sh ield ed  co lu mn s 4 empt y pi xel s 1920 4 2 8 28 4 4 960 4 2 8 28 4 44 96 0 s i ngl e out put dual  o u t put or   figure 1: senso r   architectu re    there are 4 light shielded  rows fo ll owed by 10 84   photoactive r o ws  and finally 4  more lig h t shielded rows.     the first and  last 2 phot oactive rows are buffer r o ws  giving a  tot a l  of 108 0  line s of  i m age  d a ta.  in the single output mode  all  pixels  are  clocked out of the   video l outpu t  in the lower left corner of the sensor.  the  first four empty pixels of each  line do not receive ch arge   from the vertical shift r e gister.  the next 28 pixels  receive charge from the left light shielded edge followed   by 1928 photoactive pixels  and finall y  28 more li ght  shielded pixels  from the r i ght edge of  the sensor.   the  first  and last  4 photoactive  pi xels are bu ffer pixels giving  a  to ta l o f  1 920  pi x e ls o f  ima g e da ta .   in the dual output mode the clocking of the right half of   the horizontal ccd is rever s ed.  the left half of the image  is clocked ou t video  l  and  the right half of the imag e is  clocked out video r.  each ro w consist s   of 4 empt y pixels  follo wed by  28 light  shie lded pixels followed b y   964   photoactive pixels.  when r eco nstructing the image, data  from video r  will have to be  reversed in  a line buffer and  appended to t h e video  l d a ta.          ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 6  

   pin description and physical orientation    vss vou tl es d                                                                 figure 2: packag e pin designations - top view    pin   l a b e l     pin   l a b e l   1   r     1 7   v s s   2   h 2 b l     1 8   vou t r   3   h 1 b l     1 9   g n d   4   h 1 s l     2 0    v2o   5   h 2 s l     2 1    v1  6   g n d     2 2   vsu b   7   o g     2 3   g n d   8   r d     2 4   vdd r   9   r d     2 5   v d d l   1 0   o g     2 6   g n d   1 1   g n d     2 7   vsu b   12   h 2 s r     2 8    v1  13   h 1 s r     2 9    v2e  14   h 1 b r     3 0   e s d   15   h 2 b r     3 1   vou t l   16   r     3 2   v s s     th e h o riz o n t al sh ift registe r  is on  th e side of th e sen s or paralle l to  the row of pins  1 through 16.  in s i ngle output mode t h e   pixel close s t t o  pin 1 will b e  read out first through video l, th e pixel closest to  pin 17 will be  read out last.  in dual out p ut  mode the p i xel closest t o  p i n 16 will be r e ad out  fir s t t h rough video  r.  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 7  

   imaging performance  typical operational conditions  descrip t i o n   c o n d i t i o n   temper atu r e   4 0    c   integ r ation time  33 ms (40 mhz  h ccd  fre q ue nc y,  3 0  fps f r ame  rate )   oper ation  nominal vo ltages  and timing  i m age def e cts ar e exclu d ed f r om  per f orman c e tests.    optical specifications  s y m b o l   d e s c r i p t i o n   min   n o m   max   uni t   n o t e s   qe ma x pe ak q u ant u m e f fi c i e n c y   33  36    %  1   q e   pe ak q u ant u m e f fi c i e n c y  wave le n g th    49 0    nm  1  q e (540)  q u ant u m e f fi c i e n c y  at 54 0nm  31  33    %  1   qe h   micr olen s acceptan ce an gle (h or izon tal)   12   1 3     de gre e s   2    qe v   micr olen s acceptan ce an gle (ver ti cal)   25   3 0     de gre e s   2   nl  maxi mum pho t or e s ponse  nonli n e a ri ty    2    %  3, 4  ? g   maxi mum g a i n  d i ffe r e n c e  be twe e n outp uts    10    %  3, 4  ? nl  ma xi mum si gna l  e rro r c a us e d  by no nli n e a ri t y   di ffe re nc e s     1     %   3 ,   4   note s:  1.   f o r monoc h rome  s e ns ors .   2 .   valu e is th e an g u lar  r a n g e of  in cid e n t  ligh t  f o r  wh ich  th e q u an tu m eff i cien cy is at leas t 5 0 % of  qe ma x  at  a wavelength o f    qe.  an gles ar e measu r ed  with respect to t h e sensor sur f ace normal i n  a plane par a llel to the  hor i zo ntal axis (  qe h ) or  in a plane par a llel to the ver t ical axis (  qe v ).  3 .   valu e is over  th e r a n g e of   1 0 % to  90 % of  ph otodiode satu r a tion .  4 .   valu e is f o r   th e s e n s or  oper ated w i th out bin n i n g .  ccd specifications   s y m b o l   d e s c r i p t i o n   min   n o m   max   uni t   n o t e s   vne  ver t ical ccd ch a r ge capacity  4 5   5 0     ke -   hne  hor i zontal ccd c h ar ge capacity    1 0 0     ke -   pne  photodiode cha r ge capacity  35  40    ke - 1  i d   d a r k   c u rre n t     0 . 3   1 . 0   na/c m 2   lag  image  lag    < 1 0   50  e - 2  xab  anti bloomi n g fac t or  10 0  30 0      3, 4 ,  5 ,  6  smr  ve rti c al sme a r    - 75  - 72  db  3, 4  note s:  1 .   th is valu e depends on  th e su bs tr a t e voltage settin g .  high er   pho t odi o de saturation c h arge ca pacities  will lower t h e antib l oo min g  specif ication .    substr ate voltag e will be specif i e d with each  part  for nomi nal pho t o d iode charge cap a city.  2.   this is the first fi eld decay lag at 70%  satu ratio n .   measured by stro be illumination o f  the device  at 70% of p h otodiode  sat urati o n, and  t h e n   measu r in g th e su bsequ e n t   f r ame ? s aver age pixel ou tput in  th e dar k .  3.  measur ed with a  spot si ze  of 1 00 v e rti c al pi xe ls.  4.   me asure d  wi th f / 4 i m agi n g opti c s  and c o nti n uous g r e e n  i llumi na ti on  c e nte r e d  at 5 50  nm.  5.   a blooming condi t ion is defined as  when the spot size doubles in size.  6 .   an tibloomi n g f a c t or  is th e lig h t in ten s ity wh ich  causes bloom ing divided by the light i n tens ity w h ich fir s t saturates t h e  ph otodiodes.  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 8  

   output amplifier specifica tions  s y m b o l   d e s c r i p t i o n   n o m i n a l   uni t   n o t e s   p d powe r di ssi pati on  12 0  mw  1  f -3 d b bandwi d t h   1 4 0   m h z   1   c l max off- c h i p  loa d   10  pf   2  a v gain   0 . 75     1   ? v/ ? n   s e n s i t i v i t y   1 4    v/ e - 1  note s:  1.   f o r a 5 ma o u tp u t  load on  each  a m plif ier .  per  am plif ier .   2.   with to tal ou tpu t   load capacitance  of c l = 10 pf betw een the outputs a n d ac gro und .  general specifications  s y m b o l   d e s c r i p t i o n   n o m i n a l   uni t   n o t e s   n e- t t o tal noi s e   40  e -  rms   1   d r   d y n a m i c   ra nge   6 0   d b   2   note s:  1 .   i n clu d es system electr on ics n o ise,  dar k  patt e r n  noi s e  and dark c u r r e nt shot  noi s e  at  20 mh z.  2.  u s e s   20log (pne /n e- t )    ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 9  

   typical performance curves   monochr o me quantum efficiency  0. 00 0. 05 0. 10 0. 15 0. 20 0. 25 0. 30 0. 35 0. 40 0. 45 0. 50 300 400 500 600 700 800 900 1000 w a v e l e ng th (nm ) ab s o l u te qu a n t u m e f f i ci en cy w i t h  c l ear  c o v e r   g l as s w i th o u t c o v e r   g l a s s w i th o u t c o v e r   g l a s s ,  w i th o u t mi c r o l e n s   f i gure  3: q u a n tu m e ffi c i e n c y  spe c trum  for m o noc h rome  se ns o r s     monochr o me with microlens angular quantum efficie ncy  0 10 20 30 40 50 60 70 80 90 100 0 5 10 15 20 25 30 a n g l e ( d eg rees ) re l a t i v e qu a n t u m e f f i cien cy (% ) h o r i zo n t al v e r tic al   figu r e  4 :  an g u la r depen d en ce of   qu an tu m ef f i ciency    for  th e cur v e ma r k ed ? h or izontal?,  th e in ciden t  lig h t  an gle is var i ed in  a plan e par a llel to th e hccd.  for  th e cur v e ma r k ed ? v ertical? ,  th e in ciden t  ligh t  an gle is var i ed in  a plan e par a llel to th e vccd.  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 1 0  

   color with lenslet quantum efficie ncy  0. 00 0. 05 0. 10 0. 15 0. 20 0. 25 0. 30 0. 35 0. 40 400 500 600 700 800 900 1000 w a v e l e n g th  (n m ) absolute quantum efficiency re d gr e e n bl u e w i t h  cl ea r   c o v e r   gl a s s   f i gure  5: q u a n tu m e ffi c i e n c y  spe c trum  for c o lor f i lte r  ar ra y se ns o r s     bl ue f i rs t  imagi ng p i xel hor i zont al re g i s t e r green re d green vertical re gi s t e r   f i gure  6: c o lo r f i lte r  a rra y pa tte r n   ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 1 1  

   frame rates  0 5 10 15 20 25 30 35 40 0 5 1 0 15 20 25 30 35 40 h c cd  cl o c k  f r e q u e n c y  (m h z ) fr a m e  r a t e   (fr a m e s / s ) du a l  o u t p u t s i ng l e  o u t p ut   figure 7: prog re ssive frame ra te vs. hccd clock  fr equ e n c y  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 1 2  

   defe ct def i nit ions   operational conditions  descrip t i o n   c o n d i t i o n   temper atu r e   4 0    c   inte g r ati o n ti me   33 ms (4 0 mhz  h c c d  fre q ue nc y,  n o  bi nni ng,  30  fps  frame  rate )  li ght sou r c e   c o nti n uous g r e e n  i llumi nati on c e nte r e d  at  55 0 nm   oper ation  nominal vo ltages  and timing  specifica tions  n a m e   d e f i n i t i o n   major  def e ctive  pixel  a pixel whose signal deviates by m o re tha n   25 mv from the mean val u e of all active pi xe ls unde r  da rk  fi e l d c o ndi t i o n or b y  more   than  15% fr om the mean value of   all active pixels under u n ifo r m i llumination of  80 % of  satu ration  minor de fective  pixel  a pixel whose signal deviates by m o re th a n  8  mv  f r om th e mean  value of  all active pixels u n d er  da r k  f i eld con d ition s   c l uste r de fe c t   a group  of  2 to  10  c o nti g uo us maj o r de fe c t i v e  pi xe ls wi th a wi dth no w i de r than  2 de fe c t i v e  pi xe ls  c o lumn de fe c t   a  group of  mo re  than 10  c o nti g uo us  major  def e ctive pixels  along a single column  note s:   1.  ther e will be at least two no n-defective pixels sep a rating  an y two major   def e ctive  pixels  2.   bu ffe r a n d da rk  r e fe re nc e  pi xe ls  a r e  not  us e d  fo r d e fe c t  te s t s   defect zones  4  lig h t  sh iel d e d  ro ws 2  bu ffe r ro ws 4  bu ffer  co lumn s 2  bu ffe r ro ws 2 8   l i ght shie lded col u mns 4  bu ffer  co lumn s 4  em pty  pix e ls vi de o l vi de o r 4  lig h t  sh iel d e d  ro ws 2 8   l i ght shie lded col u mns 4 empty   p i xels 19 20 4 2 8 28 4 4 96 0 4 2 8 28 4 44 96 0 sin g le  ou tp u t du al  o u t p ut or zo ne  a 64 0 x  3 8 0 64 0 c o lum n s 64 0 c o lum n s 38 0 r o ws 38 0 r o ws   f i gure  8: de fe c t   zone s  defect classes  ka i-209 3-aba-cb-b1   maximu m num b er of   def e c t s   maj o r poin t   min o r  p o int   c l us ter   c o lumn   within   zo ne  a  outside   zo ne  a  within   zo ne  a  outside   zo ne  a  within   zo ne  a  outside   zo ne  a  within   zo ne  a  outside   zo ne  a  3   1 0   2 0   10 0   0   4   0   0     a ll oth e r  part numb e rs   zone  a i s  no t use d   maximu m num b er of   def e c t s   maj o r poin t   min o r  p o int   c l us ter   c o lumn   1 0   1 0 0   4   0   ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 1 3  

   operat ion  absolute maximum ratings      min   m a x   uni t   n o t e s   temper atu r e  oper ation  with out damage  -5 0   7 0    c     vsu b  to g n d  8  20  v  1  vdd, og  t o  g n d   0  17  v    vrd to  g n d  0  14  v     v1 t o    v 2   - 2 0   2 0   v      h1 t o    h 2   - 1 5   1 5   v      r  t o   g n d  - 15  15  v     h1,   h 2  to og   - 15  15  v    voltage   between pins   h1,   h2 t o    v1,    v 2   - 1 5   1 5   v     c u rre nt  vi de o output  bi as c u rre nt   0  10  ma  2  note s:  1.   for electronic sh utteri ng vsu b  m a y  be pulsed to 50 v fo r up  to 10  s .  2.   t o ta l fo r bot h  ou t p uts .   c u rre nt i s  5 ma fo r e a c h  o u tput .   n o te th at th e cu rr en t bias ef f e cts th e amplif ier  ban d width     dc bias operating conditio ns  s y m b o l   d e s c r i p t i o n   min   n o m   max   uni t   n o t e s   o g   ou t p u t   g a t e   -3 .0   - 2 .5   - 2 .0   v     v r d   re se t  drai n   10. 0   1 0 . 5   1 1 . 0   v     v s s   outpu t   ampli f i e r  re tu r n   0 . 0   0 . 7   1 . 0   v     v d d   o u t p u t   ampli f i e r   s u p p l y   1 4 . 5   15. 0   15. 5   v     g n d   g r o u n d ,   p - w e l l     0 . 0     v     vsu b   s u b s t r ate   8 . 0   t b d   17. 0   v     v e s d   esd  pr otectio n   -8 .0   - 7 .0   - 6 .0   v   1   note s:  1.  vesd must be at  leas t 1 v more  negative than   h1l  a n d    h 2 l du ri ng  s e ns or ope r a t i o n  and d u ri ng c a m e ra  pow e r tu rn o n .    ac operating conditions  s y m b o l   d e s c r i p t i o n   min   n o m   max   uni t   n o t e s    v 2 h  ve rti c al c c d  c l o c k hi gh  7.5  8.0  8.5  v     v1m,    v2m  ver t ical ccd clo c ks midlevel  -1 .6   -1 .5   -1 .4   v     v1l,    v2 l  ver t ical ccd clo c ks low  -9 .5   -9 .0   -8 .5   v     h1h,    h 2 h  hori zon t al c c d  c l oc ks hi gh  0.5  1.0  2.0  v     h1l,    h 2 l  hor i zontal ccd c l ocks low  -5 .0   -4 .0   -3 .8   v     r   re se t c l oc k amp l i t ude     5.0    v     rl  r e set clock low   -4 .0   -3 .5   -3 .0   v    vsh u tte r  e l e c troni c  sh utte r voltage   44  48  52  v    ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 1 4  

   clock ca pacitance  c l o c k s   c a pacit a n c e   unit s   not e s    v 1  to  g n d  25  nf   1   v 2  to  g n d  25  nf   1   v1 t o    v 2   5   n f      h 1 s to  g n d  45  pf   2   h 2 s to  g n d  38  pf   2   h 1 b  to g n d  21  pf   2   h 2 b  to g n d  20  pf   2   h2b t o    h1s   1 0   p f   2    h1b t o    h1s   1 0   p f   2    h2b t o    h2s   1 0   p f   2    h1b t o    h2s   1 0   p f   2    r  t o   g n d  10  pf     note s:  1.   gate capacitance to gnd is vol t ag e dependen t.  val u e is for nominal  vccd clock volta g es.  2 .   for  n o min a l  hccd clock voltages,  total capacita n c e f o r  on e h a lf   ( h 1s r  on l y  or  h 1 s l   o n l y ) .     ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 1 5  

   operation notes  progressive  a n d int e rlaced   timing  progressive and interlaced  output mode s are  achieved  by  the applying  the proper waveforms to t h e vertical clock  input pins   v1,    v2e and   v2o.   for pr ogressive output,    v2 =   v2e =   v2o, with each of the 1092 lines re ad  out  individually u s ing the timin g  in figure  9.     for interlac ed output, there are two modes,  field  integration mode and frame integration mode.  in  both  mode s, 10 92 /2 = 54 6 lin e s are read  in each frame   readout, with one even frame readout and one odd frame   readout necessary for  a complete frame.   field  integration mode bins together alternate lines, and the  t i m i n g  i s   s h o w n  i n  f i g u r e  1 1 .    a s   w i t h  p r o g r e s s i v e   readout,   v2 =   v2e =   v2o.  frame integration mode reads  out the photodiodes  of  the  even and odd   lines  separ a t e ly,  and the timing is  shown in  f i g u r e  1 2 .   i n  t h i s  c a s e ,    v2e and   v 2 o are clocked   individually.  single output  mode  when operating the sensor in single  output mode all  pixels of the i m age  sensor  will be shifte d out the video l  o u t p u t  ( p i n  3 1 ) .   t o  c o n s e r v e  p o w e r  a n d  l o w e r   h e a t   generation the output amplifier for  video r  may be   turned off by connecting v ddr (pin 24) and voutr (pin   18) to  gnd (z ero volt s).  the   h1 timing from the timing diag rams sh ould  be  applied to   h1sl,   h1bl,   h1sr,   h2br, and the   h2  timing should be applied to   h2sl,   h2bl,   h2sr,    h1br.  in ot her words, th e clock driver  generating the    h 1  t i m i n g  s h o u l d  b e  c o n n e c t e d  t o  p i n s  4 ,  3 ,  1 3 ,  a n d  1 5 .     the clock dri v er generating the   h 2  t i m i n g  s h o u l d  b e   connected to pins  2, 5, 12,  and 14.  the horizontal ccd should   be clocked for 4 empty pixels  plus 28 light  shielded pixels  plus 19 28 p h otoactive pi x e ls  plus  28  light  shielded pixel s  for  a total o f   1988  pixel s .  dual output  mode  in dual output mode the c o nnections to the   h1br an d    h2br pins are swapped fr om the single output mode to  change the di rection of ch arge transfer  of the right   side   horizontal  shift register.  in  dual output  mode both v ddl  and vdd r  (pins 25,  24)  should be connected to 15 v.  the   h1 timing from the timing diag rams sh ould  be  applied to   h1sl,   h1bl,   h1sr,   h1br, and the   h2  timing should be applied to   h2sl,   h2bl,   h2sr,    h2br.  the clock driver generating the   h1 timing  should be  co nnected to pins 4,  3,  13,  and 14.   the c l ock   driver generating the   h2 t i ming should  be connected  to  pins  2, 5,  1 2 ,  and 1 5 .  the horizontal ccd should   be clocked for 4 empty pixels  plus 28 light  shielded pixe ls plu s   964 p h otoactive p i xels  for  a tot a l  of  9 96 pi xels.  if the camer a  is to h a ve  the option of dual or  single   output mode, the clock driver sign als  sent to   h1br and    h2br may  be swapped by  us ing  a relay.   another   alternative  is to have two  extra clock d r ivers for   h1br  and   h2br  and invert th e signals in the timing logic  generator.  if two extra clock drivers are  used, care must  be taken to  ensure the rising  and falling edges of  the   h1br and   h2br clocks  occur at the same time (wit hin  3 ns )  as  the  other hccd clocks .  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 1 6  

   exposure c o nt rol  if the s e ns or is  operate d  at 20 mhz horizontal ccd   frequency then the frame rate will b e  9 fp s  and  the  integration time will be 1 / 9 s or 11 1 ms.  t o  achi eve   shorter integration time s, th e elec tron ic shutter op tion  may be used by applying  a pulse to the substrate (pins 22  and 27).  the time bet w een the falling edge of the   substr ate pulse and the  falling edge of  the transition  of  the   v2 clock from   v2h to   v2m is defined as the  integration time.  the su bstrate pulse  and integration   time are sho w n  in  figure 14.  integration ti mes l o nger than  one frame time (111  ms  in  this examp l e) do not re qu ire use of the electronic  shutter.  without the elec tronic shutter the integra t ion  time is define d as the time  between when the   v2 cl ock  is at the   v2 h level of 9.5   v (when the   v 2  c l o c k  i s  a t  t h e    v2h level  charge collected in the  photodiodes is  transferred to the vertical shift register).  to extend  the  integration time, increase  the time between each   v2h  level of the   v2 clock.  while the photodiodes are  integrating photoelectrons th e vertical  and horiz o n t al   sh ift register s sh ou ld be c o n t in u o u s ly c l ocked to preven t  the collection of dark current in  th e vertical shift  register.  th is i s   mo st eas i ly done b y  increasing the   number of l i nes read out  of the i m ag e sensor.   f o r  example, to  double the integration time read out  2184   lines  ins t ead  of 1092 lines (but  remember only the  firs t   1092  line s w i l l  contain  i m age dat a ).  depending on the image qu ality desired   and temper at ure  of the sen s or , integration t i mes longer t h an one  second   may require the sensor to be cooled to control dark   current.  the output amp l ifie rs will  also  generate a n o n- uniform dark  current  pattern near the  b o ttom corners of  the s e ns or.  this  can be reduced  at  long integration  times by  only turning on  v dd to each amplifier du ring  im age reado u t.  if the  vertical  and  horiz o ntal  shift   registers are  also stoppe d during integration time,  the  dark cu rren t   in  th e sh ift registers  sh ou l d  be flu s h e d ou t  completely  before tran sferring ch arge from the   photodiodes t o  the vertical  shift regi ster.  dark  re fe r e nce s   there are 28  light shielded columns at the left and ri ght  side of the image sen s or .  the first and last two light   shielded colu mns sh ould n o t be used  as  a d a rk refere nce  due to some   light leakage  under the edges of the light   shielding.  only the cente r 24 colu mns should be u s ed   for dark reference line  clamp i ng.  there are 4 light  shielded rows at the top and bottom of t h e image sen s or.    only the cent e r two light shielded rows  should be  used  as  a d a rk refe rence.  connections  to the i m age s e nsor  the reset clock signal ope r ates at the pixel frequency.    the traces on the cir c uit  bo ard to the reset clock pins  should  be kept  short and of  equal leng th to ensure  that  the reset pulse arrive s  at  each pin simultaneously.   the   circuit board  traces to the ho rizonta l  clock pins  s h ould  a l s o  b e  p l a c e d  t o  e n s u r e  t h at the clock edges arrive  at  each pin simultaneou s ly.    if  re set pulses and the  horizontal clock edges are misaligned the n o ise   performance of the se nsor will b e  degraded and  balancing the offset and gain  of the two output ampli f i e rs  will be  difficult.  the bias volt ages  on og,  rd, vss  and  vdd should  be  well filtered  with cap a citors  placed as  close to the pins  as p o ssible.   noise on the video outputs will be  mo st   strongly effected by noise  on vss, vdd, gnd, and v s ub.    if the electr o nic shutter is not used  then a filtering   capacitor sh ould also be placed on vsub.  if the   electronic shutter is used, the vsub voltage should   be  kept as cle a n  and noise  free as p o ssible.  the voltage  on vss may be  set by using the 0.6 to 0.7 volt  drop across  a diode.  plac e  the diode fr om vss to gnd.    to disab l e on e of the outp ut amp l ifier s   connect vdd to  gnd, do not let vdd float.  the esd volt age  must re ach its operating point before  any o f  the ho riz o ntal clock s  reach their  low level.   if   any  pin on the se nsor comes  within 1  v  of  the esd pin the  electrostatic  damage  protection circuit will bec o me   active and w i l l  not turn off until all vo lta g es are powe red  down.   operating the se nsor with the esd prote c tion   circuit active  may d a mage   the sensor.      ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 1 7  

   timing  requirements and characteristics  s y m b o l   d e s c r i p t i o n   min   n o m   max   uni t   n o t e s   t hd hc c d  de lay  1.3  1.5  10. 0   s     t vc cd vc c d  t r ansfe r  ti me   1.3  1.5     s     t v3 rd photodi o de  t r a n sfe r  ti me   8.0  12. 0  15. 0   s     t 3p vc c d  pe de stal ti me   20. 0  25. 0  50. 0   s     t 3d vc c d  de lay  15. 0  20. 0  10 0.0   s     t r re se t pulse  ti me   5.0  10. 0    ns    t s shu tte r p u lse  ti me   3.0  5.0  10. 0   s     t sd shu tte r p u lse  de l a y  1.0  1.6  10. 0   s     t h hc c d  c l oc k pe ri od  25. 0  50. 0  20 0.0  ns    t vr vc c d  ri se /fall ti me   0.0  0.1  1.0   s     t ve ve rti c al c l oc k e dge  ali g nme n t  0.0    10 0.0  ns    ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 1 8  

   frame timing  frame  timin g  ? progre ssive sca n                                        f r a m e  t i m i ng  f o r  ve r t ic a l   b i nni ng  by  2 li n e  5 4 5                            p r ogr e s s i ve  f r a m e  tim i n g l i n e  109 1            figure 9: prog re ssive frame timing  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 1 9  

   vertical c l oc k edg e  align m ent   see d e tail  b v1 v2 v1 v2 t h i s  fa ll i n g ed ge  of v 2 s h o u l d  be the s a m e   as th e r i s i n g  e dge  of  v 1 or  s l i ghtly  afte r i t . v1 v2 t h i s  r i s i n g  e dge  of v 2 s h ou ld  be  the  s a m e  a s the fal l i ng e d g e  o f  v 1  or slig ht ly b e f o re  it . de ta il b det a il a ka i - 2 0 9 3  ve rtic a l  clock  ti ming - edge  posi ti on t h i s  r i s i ng e d g e  of v 2 s hou ld  be  th e s a m e   as the fal l i ng edg e  o f   v 1 o r  sligh t ly b e f o re  it . t ve t ve t ve   f i gure  10:  ide a l v e rti c a l  clock edge position  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 2 0  

   frame  timin g  ? field integration m o de  in t erl aced fram e  t imin g -  f i eld in t e grat ion  mod e  -  e v en field re ad ou t  v1  v2 =   v2 e =   v2 o t l t v3 r d t 3p t 3d t l in t e r l ace d  frame t imin g -  field in t e gr a t ion  mod e  -  o d d field r e ad ou t  v1  v2 =   v2 e =   v2 o t l t v3 r d t 3p t 3d t l   f i gure  11:  in te rla c e d  f r a m e  t i min g  - field integrati o n mode  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 2 1  

   frame  timin g  ? fram e int e gration mod e   in te r l ace d  frame  timin g  - frame  inte g r ation  mod e  - even  fiel d  r e ad ou t  v1  v2e t l  v2o  v1  v2e t l  v2o t v3 r d t 3p t 3d t l t v3 r d t 3p t 3d t l inte rlac e d  fr ame  t i ming  -  fr ame   in te gr ation  mod e  -  o d d  fie l d  re a d ou t   figu r e  1 2 :   i n ter l a c ed fr ame timin g  - fr ame i n tegration  mode  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 2 2  

   line timing   v1  v2 t vc c d t l t hd  h1  h2  r 31 2 3 4 5 6 32 33 34 35 19 57 19 58 19 59 19 61 19 62 19 87 19 88 1 36 19 60 19 86 p r o g r e s s i v e  l i ne  t i m i ng  v1  v2e ,  v2o 3 x  t vc c d t l t hd  h1  h2  r 31 2 3 4 5 6 32 33 34 35 19 58 19 59 19 61 19 62 19 87 19 88 1 s i n g le  o u tp u t pi xe l  co un t 19 60 19 86 i n te r l a c e d  l i ne  t i m i ng and  l i ne  t i m i ng f o r   ve r t i c al  b i n n in g  by t w o 31 2 3 4 5 6 32 33 34 35 99 5 99 6 1 99 4 dua l  o u t p u t pi xe l  co un t 31 2 3 4 5 6 32 33 34 35 99 5 99 6 1 36 99 4 s i n g l e  o u tput p i xe l co un t d u a l  o u tput p i xe l co un t   f i gure  13: li ne  ti mi ng  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 2 3  

   electronic shutter timing   v1  v2 t v ccd t s t hd  h1  h2  r e l ec tro n ic s h u tter l i n e   t i m i n g  v2 i n teg r a t io n  t i m e  d e fi n i ti o n t sd vshutter vs u b i n t e gr a t i o n ti me vshutter vs u b   f i gure  14: e l e c t r oni c  shu tte r t i mi ng di a g ra m  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 2 4  

   storage and handling  storage conditio ns  d e sc ription   s y m b o l   minimum   maximu m   uni t s   not e s   t e mpe r ature   t   - 5 5   7 0    c   1   humi di t y   r h   5   9 0   %   2   note s:  1 .   lon g -ter m exp o su r e  towa r d  th e m a ximu m temper a t u r e will  accelerate color filter degradatio n .   2.   t =25 oc . e x c e ssi ve  humi d i t y wi ll de grade  mt t f .  esd  1.  this device  contains limited protection again s t  electrostatic  discharge (esd).  ccd image sensor s  can be damaged by electrost atic disch a rge. failure   to do so  may  alter device p e rformance and reliability.  2.  devices shou ld be handled in accordanc e  with strict  esd procedures for class 0 (   mechan ic al drawi n gs  completed assembly    figure 15: comp leted assembly (1 of 2)    note s:  1.   se e  o r de ri ng i n f o rma t i o n  for ma r k i n g c o de   2.  cover  glass is manually placed an d visually aligned  over die ? loca tion  accu r a cy is n o t  gu ar anteed  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 2 6  

     figure 16: comp leted assembly (2 of 2)    note s:  1 .   cen t er  of  image is n o min a lly coi n ciden t  with  th e cen t er  of  th e package  2 .   die is align e d wit h in     2 deg r ee of  any package cavity edge   ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 2 7  

   cover glass  cle a r co ve r glass    f i gure  17: c l e a r  c o ve r g l a s s  dra w i n g  note s:  1.   c o ve r g l ass mate ri al:  sc hott  d2 63 o r  e q ui vale nt  2.  dust/sc r atch:   5 microns maxim u m  ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 2 8  

   quartz cover  glass  with ar coatings    figur e  18: q u ar tz cover  glass with ar  coating  dr a w ing    note s:  1.   c o ve r g l ass mate ri al:  sk13 00 o r  e q ui va le nt  2.  dust/sc r atch:   10 micro n s maximum  3.   mar c o at e a c h  s i de :    3 4 0 n m  - 360 n m : r e f l ect a n c e    glass transmission  0 10 20 30 40 50 60 70 80 90 100 200 300 400 500 600 700 800 900 w a v e l e n g th  (n m ) t r an sm i ssi o n  ( % ) c l ear  g l as s q uar tz   g l as s  w i t h  a r  c oati ngs   figur e  19: co ver   glass tr ansmissi on   ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 3 0  

   quality assurance and reliability   quality strategy  all image  se nsors  will c o nform to t h e specifications  stated in this document.  this will be accompli shed  through a combination of  statistical process control  and  inspection  at  key p o ints of  the production process.  typical specification  limits  are not guaranteed but  provided  as a  design target. for further information re fer   to iss  appl ication note  mtd/ps-02 92, qu ality  and   reliab ility.    replacement  all device s  are warranted  agai nst failu r e in accordance   with the terms of terms of sale. this does n o t inc l ude   failure due to mechanical  an d electrical causes defin e d  as  the li abilit y  of  th e customer below.   liability of the supplier   a  r e j e c t  i s  d e f i n e d  a s  a n  i m a g e  s e n s o r  t h a t  d o e s  n o t   meet all  of  the specifications in this document upon   receipt by the customer.   liability of the customer  dam a ge fro m  mechan ical ( s cratche s  or breakage),  electrostatic discharge (esd) damage, or other ele c tri c al  misuse  of t h e device b e yond the  stated  ab solute   maximum ratings, which occurred after receipt of t h e   sen s or by th e  cu stomer, sh all be th e respon sibil i ty of  th e  customer.      reliability  information   concerning the quality assur a nce and  reliability te s t in g procedu r es an d resu lts are  av ail a ble  from the image sensor solutions  and can be supplied   upon request. for furth e r information refer to  iss  applic ation n o te mtd/ps- 0292,  qu ality   and  reliab ilit y.   test data  retention  im age sen s ors sh a ll  h a ve an   ide n tifyin g  n u mber  traceable to  a test dat a  file.  test data  shall be kept for a  period of  2  ye ars after date  of  delivery.    mechanical  the device assembly dr awing is pr ovide d  as  a refere nce.   the device  will confor m to the pu blished package  tolerances.     kod a k reserves the right to change an y  in formation c o ntained herein without not i ce.  all in for m ati o n furnished by kod a k  is  believed to be  accurate.    warning: life support appl ications pol icy   kod a k i m age sens ors  are  not  authoriz ed for  and  s h ould not  be   used within life support syste m s  with out  the  specific  written consent of the east man  kod a k comp any. prod uct warranty is limited to re placement of defective components  and   does n o t cove r injury or  property or other  consequential damages.        ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 3 1  

   revi si on  chan ges  revision nu mber  description  of changes  0.0  ?  i n itial for m al  version .   1.0  ?  page  8 se c t i o n 3. 5 ac  t i mi ng c o n d i t i o ns tabl e: add e d tve: ver t ical clock edge align m en t  ?  page 10: added figure 5 vertical  clock timing ? edge position  ?  page 15: updated figure 9 fram e  rate to show d u al mode out to  4 0 m hz. pr evio us pl ot cut o f f d u al m o de at 35 mh z  ?  page 22: added that a cluste r defect will  be no wider that  tw o defective pixels.  ?  page 22: added a  note that there  will be  at least two good pixels between any  two ma jor defects (pixels or clusters)  ?  removed append ix 1  ?  added revision changes  2.0  ?  section  4 . 2 ,   n e w color  qu a n tu m eff i cien cy  3.0  ?  updated format  ?  updated defect definitions section  ?  added storage a n d handli ng section  ?  updated completed assembly drawing  ?  added cover glass drawings  ?  added cover  glass tr ansmission cur v es    ?east m an  kodak compan y,   2 007  www.kodak.com/go/imager s   r e vision  3 . 0  mtd/ps-0 30 7  p 3 2  
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   ?eastman kodak company, 2007.  kodak and pixelux are trademarks.   
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