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DUAL- TRI ODE CMOS | NTEGRATED | MAGER 5 TECHNI CAL FI ELD The present invention
rel ates twoai9ssvgl e chip i magi ng system and nore speci fi catdyusw/1asv7i magi ng
systemthat car. operate with timng signals generated on-chip or wits
timng signals received froman external-lsource. 10 BACKGRCU 5 20 25
30 35 I magi ng systens recei ve an i nage obt ai ned fron1a @QMWE
scanner orJ@MMEJ‘ﬂWWMﬁm that captures and stores still | |taI
data, and imge to a g@ﬁﬁﬂﬁ%ﬂ iigfage or data thauﬂhEpresents a
t wodi mensi onal -seene. A digital |nage IS conposed of plxels arranged in a
rectangul ar array mnth a certain i xel may consi st

of one or nore bits o' |HpépnﬂPpgnCﬂpépF@EEﬁFﬁﬂEDtﬁ@AﬁF ght ness of the

i mage at that point and possibly including color information encoded as RGB
(red) green, | magi ng systens have a wi de variety of

applica ionsTEhHﬁ%ﬁéL gﬁ%@ In designing the inmaging systens of the prior
art, attenpts have beeﬁhﬂa@eesendeShgﬂnsyenemelah&E roniamszegie séiot her eby

prodUC|ng an; I I Il g d. & the
overal |l size %?bﬁﬁé §Q§F§§ g%gdﬁfﬁgna Iy,Eg?nggtgbhgge E@%&n@%&k@k% make

i magi ng syst 8kBtgfar aperesepatithl éiWing evoBal&c HesIeF@F Sch Br-d&int @Ir educe
the overall. ypewer;idisgi pated1isn Yebeis¥st erchy abeieng «abla tohave the
controlling circuitry made from CMOS or some ot her | ow power-dissipating

| ogi c ﬁinly For exanple, U S. Patent No. 5,841,12G to Fossumet al.

di scl oses anBhRORGROUNBY&RE&M i n mhich the controller eIectronics are
integrated onto the same sugstrat X he %tgsen5|t|ve %I £ O
Fossum et al. device i5 compatiBle wftﬁe aftt HAS 9 e QRS S|zeraﬁb power
di ssi pati on dueitieot hameont r skasysteprebehent devdgeh theti neggratisoand

timng, A'D cpp gésbgﬁlle%ﬁa s asVho 9%’%3596 . 22B@T Hﬁ%%&%ESEE%be'ng
integrated on the sane su Strate as tR of osensi tine el ément

i nvent éPs of1mﬁeepFes@ngfﬁﬁ@éﬁeeoﬁmﬁa@eordéﬁtﬁfFéétarﬁ@éesewt§oﬁetweers of
i magi ng syst gikhch95Bax¥e acshepl i hi edgsystemmbhat ikeddesed Ledweadls
nunber of signals to._control the i However, ot her user §

brovi de t hei FLBRRYER N Rgot 6FRE™BHUGE NG S9Xt BrbP Resd Erat RRIORG &YSt em to
be conpatlbleldthh aRaek- pexerdl mBRPGAcarietherf dewi oe bak aiteady includes
cl ocklOand t rol . IS e to

i magi ng deV|%gk€% %895 Eategbgégg k&g %fggﬁkkggF P%WI% 6?%% cols I n
the pribr arthattposnknemﬁ pQSHabéydaﬁﬁéuéhngiﬁpﬁgrpneﬁ@cubelperea—

parti cul ar_si.ggah- aFOkexaumbe, 15aBAY B@hevteldbiegoseznegaa% seadotional s
of two differ-ent lengths, for éxanple S.  Patent 1 toChesl ey
et al.: 5,49528842t 61 NECREARG Yt O4l 20PIsaYionst dnWRgHt tdelsE. . and
5,625,358 to Vogl ey. I-mwewersltghes@ pateemﬁegdeal s%ﬁ:e’ﬁxsalotfeftll'l@gb@l@&rtl cul ar
ti m ng20si gnal raEF %hag g ed|n Shhe, user with th g choi ce ofu5|ng
either an extarnaf ‘tFIPhG S9¢CemsP 9|nlﬂg §YSEEMGER FgFe& &t P8ty

wi t hi n2bhe |magengodee»cehHmebgrpcaﬁuy;ngnaQIngt9w$tehethaaesbéen
assem bl i es of)ggparalg ﬁﬁgggneeha %HQ haygiRadeae gegb ﬁ%cs%§%'%Q and an
anal og section. To achieve maxi num or-nance an fferentiate their
products, deVBeopevshave éﬁﬂﬂﬁﬂﬁéélgﬁe PFﬁ?ﬁ@tanbaﬁea§€§nc6@@@0¢Plng

t heanal og Seﬁék@nlﬁgglﬁg sBR chidB @88l Ba¥, cbhgasignal wehal rmoke cech-
anal og-t o-di converter). There val ue in30al |l owing simlar access

for |ntegratgaiggétéﬂsoF?ertpheeéﬁfechﬁfOYﬁéaﬁﬁeggﬁﬁflH& FEPGh Sopfovi de
a CMOS3Dnt egtatedystegebyspetam thak ks bpecabhei poeittrber iadf icist- node
using an intern tlnlng ele r d. d_ X I
timng eleneﬁF §£¥ g afFurPEgbgo jecgm 8gﬁ8rrgven ?g%%fﬁﬁﬁgvkg l%

i mages syst ekPBia®i Agmahyi nt EpHakxeimilag @Ié n@ntenhaNOre@u@éé LRé ﬁ@nber of

signal s requipgduh0cc0n1tr Ak sbhebaRgas ;A 2R eRY=ss aPPLICRH QRe

controller electronics are integrated onto the same sub-
35 strate as the photosensitive element. The Fossum et al.

device is compatible with CMOS and has reduced size and

power dissipation due to the control system elements,

such as integration, timing, A/D conversion, etc...,
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WD 01/93566 -3- PCT/US01/17877 SUMMARY OF THE | NVENTI ON The above objects
have been net by a CM)S rote- grated inmager systemthat uses on-chip | ogic
to gener awve wEBeex tim ng on-chip. The inmager system has rROT/U$Itars7?5 face
for receiving data, address and control signals, including a node signal
for setting the systemeither to operateusing the on-chip timng system or
to bypass the on-chip timng system and operate using an external timng
system The imager of the present invention provides 10 high quality imges
usi ng an easyeingeihaegranddsonptbeopemat sobsitmatedes tboe- padtoseanisie and
cost. The |n¥fgglgmeﬁ LLs@ provides the user the option to take control of
every aspect scan timng externally in an FPGA if the user requires the
modes of operation to Bbeexp¥mpgbdrfopiltheapvanced inHgnHdONBREFRE

DESCRI PTI ON' Ohe A HE s DRAVLNGSEI 8y éoh@ asehgckszdllaqa@a%ofs hemaveral | i mager
system of the present |nvent|on sh ov\nn%a bot h i nt ernal 20 externa

timng opti oARVEFRgSIBPLeTieH| S¥REETAg ﬁ16FqPﬁée?n§gé§Q§§§§eﬁl %he
present invesfi ghgnkllg. t3 tenarblockedingtam. of H@We&btrernaherem@disnent of

t he i mages system o Fig, 2. 25 Fig. 4 is.a.block agram of th
configuratid%f8$th °iH§8¥§d§ng8h?o?wﬁiS%ménﬁnga ghﬁsﬁmﬁgégg Fygﬁgpbtion.
Fig. 5 is a dtoockedi agrammefiitbesgshéigtpabeononpathelenages system of Fig.

2 108 Secondepnde fhoRPeradtulloneyTha. fiske 3. blask sdagnam oh che | mge

sensor array O I mages system o agr am of
the sthit pa@@@rhl@#n@oﬁpﬁéﬁglandTﬁ@%ﬁﬁpéﬁklh@ éﬁeﬁ&ﬁﬂéﬁ?lﬁntph@rprrst nmode

35 of operatiQhe Eh91m§ 1ﬁ8dd851@éethbﬁlBgndbggkéﬁé shew-ngya shefrl L first
f gane of |n§g 1/ PCT/ US01/ 17877 Fig. 9 is a timng diagram

356
showi ng a r oW bl AhiRiAE Q%PBBEO??r 10 is a tining diagram showing a row
read strobe. In the prior art, it is known to have different

timing protocols for a particular signal. For example,

15 many patents disclose having read signals of two differ-
ent lengths, for example, U.S. Patent Nos. 5,3%4,541 to
Chesley et al.; 5,495,594 to MacKenna et al.; 5,587,961
to Wright et al.; and 5,615,358 to Vogley. However,
these patents deal with altering a particular timing

20 signal, rather than providing the user with the choice of
using either an external timing system or a timing system
generated entirely within the imaging device.

Historically, imaging systems have been assem-
blies of separate components and have had a digital sec-

25 tion and an analog section. To achieve maximum perfor-
mance and to differentiate their products, developers
have optimized the timing and biases controlling the
analog section (e.g., the image array, the signal chain,
the analog-to-digital converter). There is a value in

30 allowing similar access for integrated systems.

It is the cbject of the present invention to
provide a CMOS integrated imager system that is operable
in either a first mode using an internal timing element
or in a second mode using an external timing element.

35 It is a further object of the invention to
provide an imager system having an internal timing ele-
ment that reduces the number of signals required to con-

trol the imager in an end-use application.



5 Fig. 21 is a timng diagramshowng the end of a rowread . Fig. 12 is a
timng diagram showing the end of a frane. Fig. 23 is an electrical
schemat i cwafo1@3pioxel 20 array used in the imager system of PEI/GSOI2L78Fi g. 14
is atimng diagramfor the pixel array showmn in Fig. 13. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON15Wth reference-to Fig. 1, the imger system
ofthe present invention is shown with both internal andexternal t-rning
options. The inmager system 17 includesan inmager acquisition die 15 having a
plurality of SPEYAEt €Fs THE TANVENREPYg-t o-di gital conversion bl ock 23,
a20correl ated doubl e sappl ihvCBB); heChAR RRG ald MRIY AIMRY idke-The

i mger system 17 has an i nternal thninggfnerator,3l f or, generatkgg{on-chip
‘timng to t hEYE5fRtY SFEPRNGYEE 35 o FhESaa #5887 199\ dés R8T A&

t her egi st er sc3thplAxbypas sigmeht-icpliexer T2@ iisnegeinestsatknt ci25t ke dentarol bus
.35 and ks us o -hypass, t.he i nternal tim gener at or, in order to use an
exter naF ti m%%S I 5?’;{ %&,Cevlw‘ﬁl@ﬁ ggﬁai’n%filrjg g‘%és %n‘r?l' r?é)r*ff‘lréad Sp“rgélgr arfmabl egat e
array (FPGA) inThudéxtepnaiods wilogabl ok BPttd ngs edwshety stteen sdhearedqui res a
speci al i zed bLELAGCPLALOEOlpel BAOLRLS edsend g fxhernal d egiedd agle 19 1
interfaced wththe imager 17 utilizing all of the device pins and

t heext er nal PRAFRGPDHIESERNEO SWSEEM RBA FREGHAFE ASLNGF 2h&XYHTG Llarkd-Tont r ol

signals to thag epgeenl?. Thie igxber- bal thegis ek 11 dmaldides -an g er nal

ti mng. generato 35anﬁécolorﬁrecoven% bl ock 41, whichis de%%gﬁd Qy t heuser,
and al $8 i nci'u88s FHemeiyr y 324G SDNE 1 Ht 8P £8€ YbILoEeFd 2P &g dP £

recogni zes thperwnidinf fier ertdeti nongeddes by menspelc tdoan .of Thao iewrtr-ol |1 nes
33 recel ving g, WP.0LL93866 .5+ BCTLUSOLLLTATT mpac siygnal . The coniy o
lines 33 are |nspecFed and il operate using-internal Timng unl'éss one or
bot h of theceversl akbaes rdceicen alziigmalexfiavingg ly liogies F&ES 11tk ue.
The pins havgsbpt eeRak RYl kndoybRes! 8% SLS raRddbWd Leautonmldealdy force
the device to_internal timng ifleft unconnected or tied to a voltage of
zero voPts. VWEH2REREr éHEEINE Fig. 2, a detailed bl ockdi agram of the i nager
system 17 is shown, The inmagersystem 17 has an interface consisting of a

data port 42 t 43, an rol port 44. The data
portreceivesBégggrﬁgg&giigggﬁdO?hgﬂgagggﬁégg%bplied to thedata bus 37.
Address information isTrrgceilved atbilbeaddriessaportt 43ecandarsldupplaced to

t he address . Can | ..Si S. i t ontr. r

andlb5are sup%??gggt%Qc%%%rgﬁeg§§k3%%5%ﬁgﬁ%§ %%%W?%ﬁ gﬁ&%aﬁéﬁ%gnggngggfed by
t he anaPog centesnabl 6ekigg grdiareésupplied to the data 37, address 36 and

control 35 buses. The centroh bysamuhbiR! exes2%h b carnecked t o then
con-trol bus as_expl ai ned above. The control bus nulti-20pl exer 29 is

5
used to bypa@g the PRESPRY 1PVATHYOBener at or when the systemis in external
ti mng node. The contrelibus3mikt pbérek iddagenabr olfl @tk eXtermally dmy signal s
onone or nor | _port |i - 10 i nag tem | 7i ncl udes an i nage
sensor arraygaggakﬁghogstéﬁoﬁﬁggﬁ“ngggﬁggbggi?X%ﬁ Fi'g. 6. Wth reference to
Fig. 625the i magesensoFigrrayi27ai blachi délogaamayp fofthe28rify oagation
rectangu-lariactue;pihxels YiskBraghi ghgphysiical, fHillsf aeher (of $306w th
m crol enses). A vertical stiipe RG paStel colorfilter Is used with
i ndi vi dual cBF9Rm correl ated doubl e30sanpling (CDS) correction circuitry to
produce a | ow evel of fiiyedspakt ar B1oARIE1B8QSe: oFhehe abe figd83ragus ar
pi xel s, along m@%h 31 dark i¥elsoang.one testpixel on the X-axis 322,
while there afe §CﬁP883FaF§FXSPS,Ia 59 i tR § FERTGI TECS 8hd C&%E Yest
pi xel ,30n35t heoX-axis 32i of the imge sensor array. The red 365, green 367
and blue 369 color fil resused todefi e i xels, MV 566
. PCT/ USO1/ 17877 - 6- Ref e?gibfjg%bggk%t glFi%g];{. 2 a@?%@ P%é?%éﬁ“?gn %%’/O%ﬁock 52
recei ves si gdarsyf pdmtike 10aE8T37YS&E8HY €§s869and -control 35 buses and

produces row address 4¢iandgokumy 2dehess ¢4 oHaandlrs +hEhe 1eeltuma raddress
- signals 475are input tq a colunnbgecoder 46 whi ch decodes tgﬁ ad- dress

words and | aPEhT8Ht FEEY 81 FRYePSBREGIIarPRY 23108 uRR $E% G, MPRE r ow
addr es35si gnaFsog@rareocnnputto the row decoder which decodes the address
words forimage sensor array,27_rawsselection. The,.i se .10] Qgi ¢ bl ock
52 provides the counte?%gfo§%ggﬁ§r§?iﬁg%r5%5%&960lﬁgﬁggﬁdfgggﬁégb%gls for
regi on of ingkewst fangsubzampl ed Aeadeout. It al so generates reset and
selecttimng for each row for still and viewfinder node. Am crocontroller
and nmenory interface | ogic block 50 isl5al so connected to the data 37,
address 36, and control 35buses. The interface |ogic decodes the address,
gener-ates core select signals for register addressing, andal so provi des
power and test node nmanagenent. The i nmagesensor array 27 converts the
optical images to col or30separated anal og el ectrical output signals. The
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5 215 includes the image acquisition die 217, and may in- clude an anal og
control block 288 which is optionally provided by the user. The i mge

acqui si tiwo wioesc@l7 recei ves anal og vol tage and ground si gnat/Bs@20s77di gi t al
vol tage and ground signals 221, and pad driver voltage 10 and ground
signals 223. The image acquisition die istconnected to the control bus 244
via signal line 254, and to the data bus 342 via signal |ine 275, and to
the address bus 343 via signal line 274. The anal og control block 288
interacts with the i nngégacuiisi &i sAarmding @i@gr@nsisgmmq Fey ABHlagds, 236
and 238. The;phcrecapkroller 250 is connected to the data, address and
control buses via signal lines 251, 252, 253, respectively, and provjdes
system control throughFtegi $fer sl Gadd™drd ﬁéé@gﬁmaﬁ@OMHF§%§h5%Wﬁ read
asynchronoussikpteer,upt. 20 Wth reverence to rig. 5, the inager system 715
is sho to be configured in.a,second node Qf operation. In.the secand node
of ope\rNgti on, the systcgrlr'?fi ingSi & Jeferst 8435y %5n S otv'rérnr?al%qel n%“r%g q%Inock

i ncl udi ng a BEP@AWASEEdL71 which contains a DVA control 173. The 25 inmge
acquisition die is con ted-,to.the [0l 4 i i J and to
the data bus 142 via | g %?69% f‘:}gﬁtﬂgi 8&%1%|a?“n§§wi’%§tggﬁ°¥élz%§‘%?’3fvi de
the signals befweag.the i mage acquisition die 117 and the DMA 173, and the
address signals are prayipdedst 9st he address RUS 3Qh3 W 4 1@ kA,

O herwi se, the system_ 115 is configured in the_sanme nanner as descri bed
above Wth reéFépentectoli §Re4imARPER FEFEFENSE F49Fi g 6, various signals
are input to the intertage ol theal rAgehgSYShemas gaal .chab fiixds adFaysuppl y
t he bus voltaﬂe and_g ound1§ignals for the analog, digital and pad signals.
The data por £°49"r &lef Vs a’ten-bit -register value on signal |ine 301. The
address port 43 receives a four-bit register address WO 01/93566 _8

PCT/ USO1/ 178%%.0n;,8ignahzl bARR39%e Bhe Gomi hafeR@ioyd4 1 ecei ves a plu
rality of control 'signals on signhal Iines 303 includingframe reset, row
reset,l8hannel convert Wighi pederesccef@bFédeollumihef AaRe ey iy S99 sync,
col um cl anpiheowragehect nvBhxebnr elereneR, witkehbotamhe.crand read,
andwite signals. e of the control signals is a nodesel ect, signal 333

O

whi ch sel ect §%WR&PRer CERENTePEECBSer - At'Es 7% He SYiSFED fddd 6t nd node
of operationabi ghnabeli aegul@itane idiputls hevtilhe pi Yahriddteybics radEdsi gnal
|ines 306 are the gnalog-n,and analiad oyt (Signalisan bhe J mager system
isinthe fir§t": iode of operation, the tuning i's generated on ‘chip. The

i nt er nalt i ni pgrirelehedndeizbher shapdicg t(EDRIgHlorkl 25 Begichmmdgi®e¥®t h Fi g.
7, the startpattepn i schhowpsfar ts?/%treg\wa7a@1%'sngna%tre%alr eag;eper ati ons.
The row bl anki ng”oper-ation causes fhe inmager to process a conplete row

of i mage t hr oG§REERECEDS L LBEK TERRIPE e CFoW @t et ipto C&8deP !t he

i mage out totthendabasbus. | nheaghtef Yuhke20Fi@syvilkel? dathe doldmm ng

signals are shown and gre de-fined as fol.loqws. G.gbal set (GS) lis a

si gnal thats@?glfﬁngeg%stegsgygaﬁgfgﬁﬁglgﬁﬁﬁgg.‘%r&ﬁec§§ﬂ%xﬁﬁfgg§bz is a
di gi t ak5out ptthesicgnal-ofthbtisi Adi eaties. st e efdr amebgad seuttheliimgesyred (nLS) 503
is adigital .put _si t hat ;i.nd] es t i,ne .. ead
(ROW R) 504 Eqéﬁ&%%ﬁﬁér@@?kgﬁt T T hat Segs The o Tead et on.
Row bl anki ngPeROW B 58518 saw gircdidenputtisiigralfifdd Refgemed ow

bl anki ng proggss. aTheyagkpew)edgesicgnralt L-ASH) 506 nios 1A g tRl1 Putdas

signal that indi-30cater whether or not the _process i,s bu%¥. TQ@Eplxel
sync(nPl X) 5U#eE 8 UFerar@IGrESR o FPFTAHEEY Mt FAHAS Xel réhd
out. A3¢hi p sakectasiegnahe( BESErb@8 dicier pdomkt 9 90r spriemet ey vdatta from
bei ng out put _into_aparticul ar - data regi.ster. .The w.ite_si 509

i s35a digitthFnﬁﬁﬁ t6 ngﬁcéggbﬁﬁg'%ﬁﬂtégifbee%' ﬁém? 2'3|3%5§q¥$%I» 510
is a digital ektpanadi gaalingobilegikcdettié Ir daercpeloyidhl od shdintler e t he
address regi ster n(ALDh 20aRdtNe 1daka d RRUL Heedhil®lr (1B). 5kde Tha sddress

. WO 01/ 93566 -9- PCT/US01/17877 register 511 receives g four-bit register

i nput whi | e BRe d&G4Cr 8gPster-P512G adEsy 88 s rle ddMWid ST RH ues.
Stil : | gper at beg ig@é@e:h&@\é@dew Iﬂgoﬁﬁlk Glz_lleﬁwlﬂlahlc ikalde fsmed f e:c},rh atrck woul (cji be
usual | y augnente an.exter- .5 nal mechanica ter .for. hi spee
exposur es. Tngirnaé%’dsé‘ljrsc’Sr IPSaE e g ESP Vs af")@ e qalcle?%]fﬁ{ and

t he i mages i §9r.esahebymsreabilig riche driaes rtésetcwion gt (e ts Howmndi gh. The
exposure ti IS, det erm er, . I t rql adc > AS,short as
one acknomﬂgggd%ﬁ %ghf%%%gﬁg%gr §§£ﬁ%ﬁ%Q§§“§ﬁ§-&§€$%$equ?$%§§‘§?F§r t he
exposure period, the images is read out on a line by line basis starting

with the lower |eft hand corner of the area defined in the inmage sensor
| ogi c register.
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Strobing the row bl anking Iine 505 high causes the inmages 15 to process a

conplete row of inmage through the CDS bl ock. When this cycle is conpleted,

t he i magewadnoepsoct he ac- know edge signal 506 | ow and is reedystion7str eam

data Qut . As shown in Fig. 7, during the global set pe20 riod 520, the

gl obal set signal 501 sets the registers-30 the default value. Then, during

period 521, the wite signal 509 goes lowto wite to the data register

512. After the wite signal 509 returns to high, the chip select signal is

activat ed 508cdrdstibeaiow Bhenkiong roilg 125 awl33565 ¢ s readaaddrat wild sane

time as the awl.e [ I N oY { [ cess

522, as notegggggég.ggﬁgﬁ ?ﬁgefg%ﬁbﬁgﬂkﬁﬁgﬁﬁﬁﬁfﬁgEﬁ¥iQ%;2%ﬁg¥éﬂ? t‘%n t he
s NGYANI5 64 Licg igs degtedd “Hi‘gh and

the images pybsuthe daLaL0ncSRaNe biteaha B sl ofe e placel at

every two master clock cycles which indicatés good data on the falling edge

of the PnPl Xy¥184728FgRarICAll Forsceide CEVEICEs FOBATERIEE, timeng nifhg

di agram for aeghouhcbhhstrbrame ofi data S vehewde Bie 3% d isittpart of Fig.

8A is the same as that_described above with reference tao Fig.. 7, which
descri bes the signals %ﬂgﬁhée§F§FF9ﬁ hgjﬁbmﬁblgn%%%igiﬁ?fbﬁww?ead

cycles. At onéabakfn of the maspenr eletkncyll es Balokwow ngHehenagstr WO
01/ 93566 - 105 BELLUSHLLLIBLL 8l:L 10 098,06 LHENLYE Si gndls AL L the
| ast pixel in"a row, the inagéer al'so drops the Irne sync signa to
i ndi cal@ a | bneadynessSppubi Ag -t kadr ewcohnarkilngositghdl. 50heaghita wiodt cause

the second row:koyBe ESRE-AHE ARE-SAnA @Re ALLEM 1LNGULRAL d4 N8 asdeen read
out, the inmages al so drops the frane synt signal 502 [ow col ncident with

the |ine syne@&pghdf 303 t HAFHGSEate LTFPAFO s yfic I STRIY S5 6desdS s shown
with regard kadpesksofgob244BnahiigisB8Auphhera wot Rheebereres twsFizg.. 8B, at
peri od 525, Ehe row 10 regd and row bla%kingLéepeat%ngr al | gf the |ines
and then the“PPERB sYhERET §naF S HESF865 £l IFESWHER T Ri's BSdc éés -

conpl eléd. Aktboagbpaiedchankoalkrshublier 3fay Bealsegdcbotprodyergngilisect
exposure aflgrer fRALROCOR L0SLIRIR-NRE 13ohe0unLabhe Rsels Ml contl nue

to integrate ~cur 1ent. The reado eriod, once the shutter is closed,
shoul d t her epBpPRliegetRepheasashoptl/ . agdpasssichPé padr elattiver 36 eesxposur e

time to avoidna Brhghbnesssghadient cdewn2bhe spicehike el dhithd $Jot
possi bl e, due tﬁ]gysten1or 20 transm _ssion channel constraints, then a

si mpl e al gor FERM €BR Pe- i APl EeAted o268V Eect TREr CPRETPHe ek i tame

exposure i s plakked2agasnubydsteobipgskhehkr aneet-aset tShghdl gebelkseguent

frames of inage m@ll contain.full valid dit% as the rese&1and read.poi nts
f t

; 8 p
will smoothl V98 GiFap ar stnd thd®i RaGSF o Af F&F PRe™Pafency 1% “88¢&Ph ned by

t he anount obuexposurelexeyr ammednitnbd lefecaxposaiéyr by stiemalseah i mage

data i s avai I e . recei.we t d tor obes t he
o rend o oonp Sy phot BcBHERUY, pR el BeRRke | B e e 37 ek 5p

row and | at chBS1Pfies dafalBAIENESPEPK] RgTEHge "o i RE pExENSTgR&El MOHPI X)

507. The usefebust shrebg.tbhe rowrheadrsi-ghak ear kygeneyghhso ithatk the | ast

pixel inarowis ougfut bgfore the_nﬁxt rom1b|a9Ki gk§tr%€9 is agglied in

order to avoPGthE FatdYr2dnm Befng &hrt 4FF8Y. ©35 Eﬁg. ¥ $RowE S5 EABEHT ed

vi ew of the 3kartcbiveheireWsblranki aghprbcebys5221 Adladdistdtomalofsidghal ,

the master clock,.sj .S sh sho -t he i p..sel ec i.gnal 508
(9EKRShO08b1 Blacks SNAML £ SHOUE i FRCRER! PSRedCholicd

is started on the rising edge’ of
filter is used with individual column correlated double

30 sampling (CDS) correction circuitry to produce a low
level of fixed pattern image noise. There are 1,283
regular pixels, along with 21 dark pixels and one test
pixel on the X-axis 322, while there are 480 regular
pixels, along with 9 dark pixels and one test pixel, on

35 the Y-axis 321 of the image sensor array. The red 365,
green 367 and blue 369 color filters are used to define

the pixels.



-11- PCT?US01/ 17877 nmaster clock. The start coordinate is |oaded into the

internal start register and the main counters are reset to the content of

the interwalnigsset register. On the falling edge of the chrqi/egliact’7si gna
508, this triggers 5 the register-to-counter transfer. The acknow edgnent
signal 50n then drops |lowo indicate thatsthe row bl ank- ing process can
start, the row bl anking signal 505 goes high and then low to start the row
bl anki ng procedure. Wen the acknow edgnent signal goes high, this

i ndicates 10 that the Refermahgstarck machkige Ras thieniistaed tdendoast
operation of |LAg 8% RI 8BKid. \Welh il 8henee ko bl kg Hhe Jpudead

strobe 523 i5S e aCkAcW e gnent “signal 50& 7S stro againt

i ndi cate thaB6t Ardr oankcsad §6r&Mséﬁdaﬂﬁepﬂ@@MP§Sré&w7§@§H§ﬁﬁ5@@ @@CBtrobed

to begin the-pounheadspPea&aesy. sihe fl%awemn@oau%rﬂ IR BNRC SigPRalss 4go0 hi gh
as the row read process starts. en the nPIX %39'507 IS actlvated t hen

the data is PESAIBAEEI HOt Re CQAFE™ SGCsrsrs 46 %5&495% tHhe £6km of red
pi xel s, greearpkxelsrasda2@ bhienhpioxepsit \ﬁbﬁfhlfrﬁfg@' eneedro drixgy LY, the end
of the rom1reag and s;arh .of th next ra bganqu%_ per %% 525 i.s_shown.

Wien the | astOpiRel *Fncthé Fow i g‘ré?& GIEL SPRe SHERE Sy ¢ Sighal B &3 goes

| ow and endstbhéheovawreadod@hew@ﬁcac@R@Wﬁedgmh&taﬂdyams S@f-ashéwrgoes | ow.
To start the; lLa r ow enent. sighal,,.goes high
and, then, ﬁﬂgé %ﬁ%g Q%&Q& %zl%gﬁsggﬁggggﬁﬂ %&% ef%%%@ to Fig.
12, at1Phe eh@lgbfl bh@ckr éaeps@@ldteﬁetheaﬁr@%lyﬁéSaMH |g@@e§fmcm§ i g9l s 502,

503 both go how §thﬁaneaeldtrl&%sf AR 1W tRor ebgrence it QnkidG®stl3nand 14, t he
pi xel array 900 use he i mage sensor of the present |nvent|o |s shown.

The pi xel ar?ﬁ?SEQH?B@ §ﬁ?0tyﬁé of 1pi & Foa9F§$rQﬁﬁﬁn L&F §h &gt iS . The
pi xel array eﬂﬁlugedOBSeanhIhewpfe&e@tlﬂmvanalvneW§umddﬂemmiJan&|stor
vol t age node_phot odi esi The pi xel a_reset. t ansi,stor 902 havi ng
a drain ternW§8F088ﬂﬁ£8réE t%nﬁthQSE algtrezgfebﬁa cﬁﬁi%% “a gate

t erm nab recelvongonhecteﬂDt@lk@@S@@tglzz PaﬁﬂUS@EV£%B7Eunbsetmsw@néﬁ
(Trst). Photg e 9 has it ano {o] g t .

connected to ghggsouggg tgFﬁﬁng%% g%ggg ?§§%?g5r2§g{g#%gf%%g Tnbuffer
transi stor 99Behagonedfalrcteshonall scdrieteadstert Reldresstingi ags | i ne 901,

and a gate tgr8hnglo60888CHBMtel0 ahbe teathpdaecoibhe Jrhieihedi 0d89Q%asR sel ect
transi stor 904 has its soqgce t er m nal pconnected to the source termnal of

the buffer tFPEREPStBFL8Y3<dndOrYEsi-Fests SBFECEISIGRICSTSA i %ts Gate

t er m nab. Theeﬁaahﬁeﬁeaﬁhm@b eﬂeth61saﬂeOUtbﬁtts&g&aibor a90% isencornect ed
to the outpu t age age qutput i 909 is
connect ed togaygﬁr?%n gg%ﬁce 96& égh%cgﬁde§%ag%0 5%@ corre ated doubl e
sanpl i ng (CDS}aene@uabpYGQOSThgstWeEE asaaogobaanadecbdare 306. 9Yser g. 14

shows the tighngndi agraps Lok thg ieleé%osaanaha%lg Ja88ehard @ralsc42,
phot odi ode 943, and the out put voPta e 944. To initialize the pixel, the

reset transi 8t8Fkop8. mﬁh@hap§1€6nﬁﬁﬁnwppﬁ ethees 5@F@§S6Qa§ﬁqmiﬁesls
tﬁrnedlzen andd‘jﬁgtgbﬂ)taoldlf(i@%ta@hldvgaaheﬁozotﬁbal‘:g@f‘eeulanlandWQh@@lh@ltsl al Sf
the voltage rese las. line 90 the -reset tr r. 902 ..s .turne
off 1o start Ehochnt BFRAToR oybFe 63005, A Ehargurads S0P e, ¢ ¢6

di scharge, whirohidedchar gesanatlogndiiescapaei fors, T&wdgﬂm®anegwbﬂw@g vol t age
level is bulferaby;bhe Buf bered 25 L1aRsiSEAL, 0031 raughln thecaw sel ect
transi stor After integration i S conplé row sel ect transistor
904 is tur neah@ﬂnﬁysaéﬂﬁv@frp@ﬁ%ﬁ the §é‘lté>@ﬁ1 s>rlgﬁés|e $ips PHaesdlpct AN
transi shor i 8/608BRGeVEER Obhebnsehest théaaab%?r $13@EAS S e diewraW en t he
sel ect tranS|st8 904 30 is turned on, the pixel voltage is presented to

t he col urm r¥838“dut bus 909. The photodiode will continue to integrate if
still illunmnated or untith irefilesehesetoagdign By aet iavatsirmg tehenbesdt- si gna
(TRST) to re ran t in_pr rati.gn anothe I r|od
After 35 res%ggttﬁﬁ ?ggd%oﬁggétcrn%§§§§ 2 5% k heEng¥E¥%3§%r%aE

I NS an age 1s rea

" of each coIuﬁmboﬁlmhetouﬁédtOioWb@g@nﬁﬂﬁé gogtrol signals are pro-

35 vided from an external source through the control port.
Therefore, the analog logic block 88, as shown in Fig. 2,

is not necessary in this embodiment.



WO 01/93566 d ains PCT/US01/17877 1. An inproved CMOS integrated i nmages
system having an array of pixel areas with at | east one control area, 5
wherei n a0 di/piskel areas include a plurality of |ight col IP€EGtUMgIBTEnent s
whi ch each receive |ight and store electronic information in an anount

i ndi cative of an anount of |ight received-during an integration period,
with the control area having an internal timng element, 10 wherein the

i nprovenent conprises: an interface for receiving a pl ural i ty of data,
address, and control diigialmseiemnre merfigte 4ec@?@/|¥fga@emﬂb’sis¢@n%ﬂ5fox

setting the, %Y%tl'x%g@ﬂ . On% Oéozaf fdJLSéd operAatd Mg MORes O oA S5EPNG: Hper ati ng

node characterized 15 1n that the first operating node uses the internal
‘timng el eméfit the Cfd-ﬁftsrfolmctcﬂ%‘#g Bt Gh dihe h%y%*ﬁl%‘fle%%Wt}% second

oper atl ng eQSé&@ifQ}?\ tﬂ}ge Eﬂﬁ%@aicﬁlﬂﬂ.ﬂgxtel@i@rQlT 0 COmé rs\gAz,lrhsﬁérm ngh

operation o Sys e images, syste aim erein the

“control® ar e§j15n61’\fcy}é’sdeeag %@ Yid® & ts% Lg]%n%fjé C%Iﬁ%rrgﬁl Y pud”

el ectricall y:lq:mmplaeﬂ eree tdre dorterdladel arid T4/ twierch nod uolesi andypass

mul ti pl exes tr I S erating to
A S R o fRa iR S o

i nt er connec i mng elenent to t bus upon recei pt of

a first nodeesiegvas @k opereedrpe by passmhesignetnal2 ‘éon@*%t@l ement
upon recei pt,Qf eswdgffmﬂ?a%ﬂﬂ?slls 3B e M@g@ﬁl@aﬁt@m@ &laiml,

further including nmeans receivi n%tl m ng signals from an, external
tim ng %l emsmd mé’rﬁlr{%eswje?na?sd operhft |1ﬁ‘§‘9ﬁ1 FHE5BEBIRR 351 9 pet at i ng
node. WO Ql;/n%%‘i&@d llfb BT/ a0 M7 8R4 £ 4TREL 4 NBYSa BYBL.080 Df4 Claidn 3,

wherein the ext in _giemant i.ncl udes, an ernal timi,ng generator
and a col or troec,t ?{? g‘]&“}?g B Vithe %%t%bfar& afth ' V%%I‘EI n the
external ti mivegsblbock 341 |widess ggmeEinoriynaid/ 4. Dithe dexiegecdhtookl 10
block 288 interacts with the image acquisition die via
15 signal lines 232, 234, 236 and 238. The microcontroller
250 is connected to the data, address and control buses
via signal lines 251, 252, 253, respectively, and pro-
vides system control through register loads and reads,
and through an asynchronous interrupt.
20 With reference to Fig. 5, the imager system 115
is shown to be configured in a second mode of operation.
In the second mode of operation, the system timing is
generated by an external timing block including a
FPGA/ASIC 171 which contains a DMA control 173. The
25 image acquisition die is connected to the control bus 144
via the line 154 and to the data bus 142 via lines 176
and 175. Signal lines 123 and 124 provide the signals
between the image acquisition die 117 and the DMA 173,
and the address signals are provided to the address bus
30 143 via line 174. Otherwise, the system 115 is config-
ured in the same manner as described above with reference
to Fig. 4.
With reference to Fig. 6, various signalg are
input to the interface of the imager system signal.
35 Lines 307 supply the bus voltage and ground signals for
the analog, digital and pad signals. The data port 42
recelves a ten-bit register value on signal line 30L.

The address port 43 receives a four-bit register address



6. The imager systemof claim1l, wherein the inmages operates in the first
operating node when the interface is not connected to receive the node
signal. 1Wdoi/9aséd m ng selector for a CMOS i ntegrated i magesT/ASMPrI7i8%i Ng an
onboard tim ng neans, associated with a CMOS 20 integrated inages, for
providing standard timng signals to opergte a clock circuit aboard the
integrated images; an outboard logic circuit electrically connected to the
CMOS integrated i mages generating signals established by a user for

est abl i shi ngousengzﬁdéfunwedaﬁ .m ﬁ@leswgnadmlf aomustomeed vemgep lu-

operati on, fe i c qp&@[ 4 mng
means or out %oar Lﬁ/lsg)%dﬁ c&éﬁ%ﬁ% SS %Ifi“@q”g Q%h ggfatlr gltqurggsof c&jlv?;%erm n
‘the out boar dflregiec wdStui t* has afsdns q@%ﬂ@%ﬁ%fcl%ﬂi@ sigiRits bypassi ng

the clock ciggdihe %%ﬁmm Thzeraa@%w&s 1%&'@55 7,cMNBLLI A e adpoard
| ogi c CIrCUIt has nmeans qgneratln ck Si gnal s usi ng he 'c| ock

‘circuit® . ALSBESAL. A?{lE{%& AEISCRRO . M{GL AP LRy 3E THENFIAR%N, L
1 Rdi j >PSVYuzliyz| winhe/d caleal ed cakcaleates] aalealinaliealsalanl Ca] Ca] cajc
a] caJ ca]ca] ca cal ca ] ca cal 2 39&?.DHG
{vql gh] X] ca] E%F?] alcal gléiaﬁa 3??] c@‘}*cﬂ % C]\‘/:] éq}%eq_\]ﬂecra 1] coaﬁ clac] cajke aﬁ ca] calc
a] ca] ca] ca] cakea] da) ¢cdlec dicaicajoci® /or< s@dr@ mode of operation.
Signal lines 305 are inputs to the pixel test bias and

10 signal lines 306 are the analog-in and analog-out sig-
nals.

When the imager system is in the first mode of
operation, the timing is generated on chip. The internal
timing is shown with reference to Figs. 7-12. Beginning

15 with Fig. 7, the start pattern is shown for the row
blanking and row read operations. The row blanking oper-
ation causes the imager to process a complete row of
image through the CDS block, while the row read operation
processes the image out to the data bus. In each of the

20 Figs. 7-12, the following signals are shown and are de-
fined as follows. Global set (GS) 501 is a signal that
sets the registers to default values. Frame sync (nFS)
502 is a digital output signal that indicates the frame
read out. Line sync (nLS) 503 is a digital output signal

25 that indicates the line read out. Row read (ROW_R) 504
is a digital input signal that begins the row read opera-
tion. Row blanking (ROW_B) 505 is a digital input signal
that begins the row blanking process. The acknowledge
signal {ACK) 506 is a digital output signal that indi-

30 cates whether or not the process is busy. The pixel svync
(nPIX) 507 signal is a digital output that indicates the
pixel read out. A chip select signal (nCS) 508 either
permits or prevents any data from being output into a
particular data register. The write signal (nWR) 509 is

35 a digital input to indicate the write cycle. The read
signal (nRD) 510 is a digital input signal to indicate
the read cycle. Also shown are the address register (a)
511 and the data input register (D) 512. The address
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As shown in Fig. 7, during the global set pe-
20 riod 520, the global set signal 501 sets the registers to
the default value. Then, during period 521, the write
signal 509 goes low to write to the data register 512.
After the write signal 509 returns to high, the chip
select signal is activated 508 and the row blanking sig-
25 nal 505 1s activated at the same time as the acknowledge
signal 506. This starts the row blanking process 522, as
noted above. When the row blanking process is completed,
then the row read process 523 begins. The row read sig-
nal 504 is asserted high and the imager puts the data on
30 the bus at a maximum rate of one pixel at every two mas-
ter clock cycles which indicates good data on the falling
edge of the (nPIX) 507 signal.
With reference to Figs. 8A and 8B, the timing
diagram for a short first frame of data is shown. The
35 first part of Fig. 8A i1s the same as that described above
with reference to Fig. 7, which describes the signals at
the start of the row blanking and row read cycles., At
one half of the master clock cycle, following the last
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a row, the imager also drops the line sync signal 503 to
indicate a line sync. Strobing the row blanking signal
505 again will cause the second row to be read out and so
5 on. After the last line as been read out, the imager
also drops the frame sync signal 502 low coincident with
the line sync signal 503 to indicate a frame sync. This
process is shown with regard to period 524 in Fig. 8A.
Then, with reference to Fig. 8B, at period 525, the row

10 read and row blanking repeats for all of the lines and
then the frame sync signal (nFS) 502 falls when this
process is completed.

Although a mechanical shutter may be used to
prevent direct exposure after reading of the image has

15 begun, the pixels will continue to integrate dark cur-
rent. The readout period, once the shutter is closed,
should therefore be kept as short as possible in relation
to the exposure time to avoid a brightness gradient down
the picture. If this is not possible, due to system or

20 transmission channel constraints, then a simple algorithm
can be implemented to correct for it. The next frame
exposure ig started again by strobing the frame reset
signal. Subsequent frames of image will contain full
valid data, as the reset and read points will smoothly

25 wrap around the imager. After the latency is determined
by the amount of exposure programmed into the exposure
register, real image data is available at the output. To
receive the data, the user strobesgs the row read signal
after the row blanking signal igs acknowledged for each

30 row and latches the data on the falling edge of the pixel
signal (nPIX) 507. The user must strobe the row read
signal early enough so that the last pixel in a row is
output before the next row blanking strobe is applied in
order to avoid the data from being curtailed.

35 Fig. 9 shows a detailed view of the start of
the row blanking process 522. 2An additional signal, the
master clock signal 515 is shown. As shown, the chip
select signal 508 is started on the rising edge of the
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signal 506 then drops low to indicate that the row blank-
ing process can start, the row blanking signal 505 goes
high and then low to start the row blanking procedure.
When the acknowledgment signal goes high, this indicates
10 that the internal start machine has finished the last
operation of the row blanking.

With reference to Fig. 10, the row read strobe
523 is shown. The acknowledgment signal 506 i1s strobed
again to indicate that the row read can start and the row

15 read signal 504 1is strobed to begin the row read process.
The frame sync and line sync signals go high ag the row
read process starts. When the nPIX signal 507 is acti-
vated, then the data is read out in the data registers,
shown to be in the form of red vixels, green pixels and

20 blue pixels.

With reference to Fig. 11, the end of the row
read and start of the next row blanking period 525 is
shown. When the last pixel in the row is read out, the
line sync signal 503 goes low and ends the row read. The

25 acknowledgment signal 506 then goes low. To start the
next row blanking period, the acknowledgment signal goes
high and, then, the row blanking signal also goes high.
With reference to Fig. 12, at the end of the frame 530,
the frame sync and line sync signals 502, 503 both go low

30 to end the frame.

With reference to Figs. 13 and 14, the pixel
array 900 used in the image sensor of the present inven-
tion is shown. The pixel array can be any type of pixel
array known in the prior art. The pixel array 900 used

35 in the present invention is a three-transistor voltage
mode photodiode design. The pixel has a reset transistor
902 having a drain terminal connected to the voltage

reset bias line 901 and a gate terminal receiving the
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<=>? @\BCDEFGH KL WNOPORSTUWKYZL WLA ~abedef.ghiiiklmangr stuywyzil kna

a color recovery block.

5. The imager system of c¢laim 3, wherein the external

timing block includes a memory and a DMA interface block.
10

6. The imager system of claim 1, wherein the imager
operates in the first operating mode when the interface
is not connected to receive the mode signal.

15

7. A timing selector for a CMOS integrated imagexr
comprising:
an onboard timing means, associated with a CMOS
20 integrated imager, for providing standard timing signals
to operate a clock circuit aboard the integrated imager;
an outboard logic circuit electrically
connected to the CMOS integrated imager generating
signals established by a user for establishing user
25 defined timing signals for customized imager operation,
and
a user interface allowing selection of the

onboard timing means or outboard logic circuilt.

30
8. The apparatus of claim 7, wherein the outboard logic
clrcuit has means for generating clock signals bypassing

the clock circuit.

35
9. The apparatus of claim 7, wherein the outboard logic
circuit has means for generating clock signals using the

clock circuit.



