2 4 Viv? 230L WD 01/93566 -1- Description DUAL- MODE CMOS | NTEGRATED | MAGER
PCT/ US01/ 17877 TECHNI CAL FI ELD The present invention relates to aZdikyl 8
chip i mgwigy em and nore specifically to an inmaging system that can
operate with t%%lsg signal s generated on-chip or with ti mBg/ESYAIsT

received froman external source. 10 BACK ND ART | magi ng systens receive
an image obtained from a video canera, scanner or other device that
captures and stores still imges as digital data, and converts the 15 i mage
to a graphical imge or data thatI%ﬂB ;ent a _two- dinmensional scene. A
digital image is conposed of pixels arra ??la.rectangular array with a

certain height and w dth. Each pixel may consist of one or nore bits of

informtion, representlng b ﬁLbﬁbﬂﬁtEﬁéé 9§E§§§%§E§E§M@#5830 t hat point and

possi bly including col or ormat | on en- green, blue)
triples. |Imaging systens have a wide variety of applications in many

fields. Isn degeganteatherkmpoi ng systems of the prior art, attenpts have
been made to design systens that mni- 25 m ze noi se, thereby produci ng an

obut put that closely foIPbﬁsPFﬁéeP#agﬁveaﬁdonha@lﬁmmsnmneath&n@ﬂﬂ!aﬂh45|ze of

t he device. Addiabiigaak t a st ens
that are conpa%a?Iegﬁﬁ?gtgscgﬁgggéfg %?eEi%PﬁEgg %thﬁﬁégﬁgn%% §WaH
t

power dissipa |ﬁa§0°Pﬁ§a§fsWéﬁPbﬁlﬂéP§gSaﬁmélﬁogﬁmﬁgaﬂa@<nmﬂnhﬂd|dn;(nr-

cuitry nade fwinhChvifiing 89§RalkheeckdVeBOWebnlihbsS khd &of amly. For
exanmpl eq U S. Patent No. 5,841,126 to Fossumet al sc oses an i magi ng

systemin which the controller electronics are integrated onto the sane sub
35 strate as BAEKGROUNDeABTti ve el ement. The Fossumet al.

Imaging systems receive an image obtained from
a v1deo camera, scanner or other device that captures and
stores still images as digital data, and converts the
15 image to a graphical image or data that represents a two-
dimensional scene. A digital image is composed of pixels
arranged in a rectangular array with a certain height and
width. Each pixel may consist of one or more bits of
information, representing the brightness of the image at
20 that point and possibly including color information en-
coded as RGB (red, green, blue) triples. Imaging systems
have a wide variety of applications in many fields.
In designing the imaging systems of the prior
art, attempts have been made to design systems that mini-
25 mize noise, thereby producing an output that closely
follows the image, and that minimize the overall size of
the device. Additionally, attempts have been made to
make imaging systems that are compatible with CMOS tech-
nology in order to reduce the overall power dissipated in
30 the system by being able to have the contrelling cir-
cuitry made from CMOS or some other low power-dissipating
logic family. PFor example, U.S. Patent No. 5,841,128 to
Fossum et al. discloses an imaging system in which the
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...,



device is conpatible with CMOS and has reduced size and power disz}gﬁtjgm
due to the control systemelenents, such as integration, timng, DVl
conver si on éfiﬁb , WD 01/93566 -2 PCT/US01/17877 being integrated on the
sane subst Y 36 he phot osensi - tive el enment. The invent @CI/uso1s1ter? pr esent
I nvention have identified a need by sonme users of imaging systens to 5 have
a sinplified systemthat requires a reduced nunber of signals to contro

the i mages. However, other users prefer to provide their own timng to the
| magi ng systeg1,or need the imagi ng systemto be conpatible with an ex-
ternal FPGA oPedPHetndegratedhen bheeadpei nubsteatel asktB pREtbLEEHEY-
control . Thereioeeellehs desirable to pro- duce an inmaging device that can
operate under two differ- ent timng protocols. In the prior art, it is
known to have different TRg #HENEPES 006l theopresentt invénatishghabe For

exanpl e, 15 idemtpétiedt s desgl pse i adesi | s_of differ ent
Iengths,5for anple .U.§“ Patéﬁ? ibs. E?%@%,gﬁli@%81 e§¥%§QQ§ gP.;

5, 495, 59% to MRtReAnSlBPlifiedssysremsthatoremniheses séduceddnambab, 358 to
Vogl ey. Howevef, sigghaie pateshtrdeathyi i&%geriﬁﬁw&gprtégﬂé@r tinmng 20

signal, rath roviding the user with the chorce of  —ushng & ther an
ext er nal tinﬁ%ﬁggggtgﬁlBroglg?n€h§1§y§W%n¥l@éh§rh?eﬁhewima@iwgwsyhtemthe

i magi ng devi cex meedothealhygindbgy&CemyedcHE @a%§a99§ﬂeaéffﬁnanie§ of
separate conpg ad a diﬂital sec- tron and an an%*og

section. To ac |e%£ %ggfgﬁﬁfﬁ FOraFEhce Bt talapade rine ludes tdikock

pr oductk?d dgv@¢@pbimin9acepbp¢1n1ZEWefQE%féﬂiﬂQ ?Qd%§§§§£§lﬁoﬂﬁrﬁ4$lng the
anal o5 tosdi GRSF & theG hg ™ A0 Wnal "Ca| 30erate e Hiep st ar- access
f or integratéﬂngyg%@%ﬁg Protecel®. obj ect of the present invention to

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. 5,394,541 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 syetems 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 object 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 intermal timing ele-
ment that reduces the number of signals required to con-
trol the imager in an end-use application.



provide a CMOS integrated imager systemthat is operable in either a first
nmode using an internal timng elenent or in a second node using antr Bkt erhal
timng el eRyhiogs |t is a further object of the invention to grovi de an

i mager system having an internal tining ele- nent that redute¥UHABUnber of
signals required to con- trol the imager ip_an end-use application. WO

01/ 93566 PCT/ US01/ 17877 -3 SUMVARY OF THE TNVENTI ON The above objects have
been net by a CMOS inte- grated inager systemthat uses on-chip logic to
generate conEumMARYIGW i GvRNTIOg | Mger systemhas an inter 5 face for
receiving data, address and control signals, including a node signal for
setting the system eit héfhe baygeeitieaks fpvehdenn ciwtp My @ QIO Strma-or t o
bypass the oryrtidq timy 1S4 rnal _tim, ing
system The inager. of t,ggp?@%?.?%etﬁ?ﬁ)% gord(;\%‘:}{d}"g)sei%(?%gl %ho FFRSAFS mages
usi ng an easy qcﬁ?@r@éé@w samghd P -opding iigmder cntidrent hiaseducdrttiers and
cost. The i nveacd |y dleeiviiol Gt e diBiisd N PRIdAT A0 didliggont rol of
every aspect aqf sc timng externally in an F iT the™ us reduires the
hodes of oper éﬂ%ﬁa}d‘%é &% Feqmedr Tors seikime dhasyistem BRItERr to

DESCRI PTI ON Oepkifa HeRAWMGS thied onl chipA tilnfigly dhademf ﬁ%&\égsalgh% mager
an

system of the pregent .i.nvention show bot h ‘1 nt'er nal ext erna
timng opti oné??{ Iﬁ%‘b‘fp Fyming tﬁyﬁ5ﬁﬁﬁggzﬂﬁ%ﬁa§%élﬁ%én sdreamaloft imre
present inventingn.systen.3 iThed ibhgelt difagAM el iR/t Prloddent of
the i maggr sy§1ti§;ﬂ Ocﬁ.xa'?ﬂl%a{ 2. 25§'tFlé‘%'i6ff-1’ S aeagslyofj.%%qa ram of _the
confi guration’ the T .géma%? By S5y 1 P SHTRIser a-
tion. Fig. b5 ioPerafiiosk ih agden db trechuwenftigw alidrosy. t Mhd MRERIL-SYSt em
of Fig. 2in %f%ﬂ“yﬁﬁdnﬂ¥%6¥hé%p%5%'user the option to take control of
every aspect of scan timing externally in an FPGA if the

user requires the modes of operation to be extended for
15 advanced imaging.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of the overall imager
system of the present invention showing both internal and

20 external timing options.

Fig. 2 is a block diagram of the imager system
of the present invention.

Fig. 3 is a block diagram of an alternate em-
bodiment of the imager system of Fig. 2.

25 _ Fig. 4 is a block diagram of the configuration
of the imager system of Fig. 2 in a first mode of opera-
tion.

Fig. 5 is a block diagram of the configuration
of the imager system of Fig. 2 in a second mode of opera-

30 tion.

Fig. 6 is a block diagram of the image sensor
array of the imager system of Fig. 2.

Fig. 7 is a timing diagram of the start pattern
of row read and row blanking operations in the first mode

35 of operation.

Fig. 8A and 8B are timing diagrams showing a
short first frame of image.



30 tion. Fig. 6 is a block diagramof the imge sensor array of the imager
systemmof Fig. 2. Fig. 7 is a timing diagramof the start pattern?idfyiow
read and gﬂ¥#¢§3 ing operations in the first node 35 of operation. Fig. 8A
and 8B ar di agrans showing a short first frane of PAHHSU/178R0

01/ 93566 PCTIUSO /17877 -4 5 Fig. 9 is a timng diagram show ng a row bl ank-
Ing strobe. Fig. 10 is a timng diagranf?hbmﬁng a row read strobe. Fig. 11
is a timng diagram showing the end of a rowread. Fig. 12 is a timng

di agram show ng t he en%.of 3 tranet.FLg.nég is an electrical schematic of a
pi xel 10 array used ifi fhe”i Mig8r “SYePENFILIEAG SPoWIng & 49w Rlankr ng
di agram for tng giteebearray shown in Fig. 13. BEST MODE FOR CARRYI NG OUT

THE | NVENTION 15 Wth referepce._t Lg._ 1, .the imager system of the_ present
invention is shown wit ﬁqﬂét Eai %Fegngﬁg‘éﬁg dé?@éraﬁb%%tq“fﬁ% BHFHBEadrhe
i mager syst e@t¥Phbiencl udes an imager acquisition die 15 having a plurality ,
of regig- ters 21, an ogyt o-dLgital: _conversion block 2 a 20.,correl ated
doubl e sanmpling (CDS) g?%EKQES?Sa%dkgﬁlpﬁh éngﬁFhﬁgfvﬁfﬁE%#HadﬂFi tem17 -
has an inter AaFoMW Fedgl-generator31 for generating on-chip timng to the
control timng bus35. Thgda Sa3L:RGEaV a e registers21. A
bypass nul tipl exer 29 isggo%%e?%ea ?8H%g¥iﬁggggﬁ%}gﬁﬁﬁégﬁ§§§§%davi‘ﬁ%ed to
bypass t he iﬁtéFﬁEP-_tining generator 31 in order to use an external timng
bl ock 19, which can inghyde13 15mhA0ehietkdiREAIRNTEEEC of a pixel

10 array used in the imager system of Fig. 2.

Fig. 14 is a timing diagram for the pixel array
shown in Fig. 13.

BEST MODE FOR CARRYING OUT THE INVENTION
15 With reference to FPig. 1, the imager system of
the present invention is shown with both internal and
external timing options. The imager system 17 includes
an imager acquisition die 15 having a plurality of regis-
ters 21, an analog-to-digital conversion block 23, a
20 correlated double sampling (CDS) block 25, and an imager
array 27. The imager system 17 has an internal timing
generator 31 for generating on-chip timing to the control
timing bus 35. The data bus 37 provides data to the
registers 21. A bypass multiplexer 29 is conmnected to
25 the contrel bus 35 and is used to bypass the intermal
timing generator 31 in order to use an external timing
block 19, which can include a timing field prograrmable
gate array (FPGA). The external timing block 19 is used
when the user requires a specialized timing proteocol. 1In
30 this case, the external logic block 19 is interfaced with
the imager 17 utilizing all of the device pins and the
- external timing block 19 will then provide all of the
timing and control signals to the imager 17. The exter-
nal logic block 19 includes an external timing generator
35 and color recovery block 41, which is defined by the
user, and also includes a memory and DMA interface block
39. The imager 17 recognizes the two different timing
modes by ingpection of two contrcl lines 33 receiving a



gate array (FPGA). The external timng block 19 is used when the user
requires a specialized timng protocol. In 30 this case, the extefpnal(,l;oQic
bl ock 19 i o ¢irekdeaced with the imager 17 utilizing all of_the device pins
and the external timing block 19 will then provide all of RGFUSOI™Rg and
control signals to the imager 17. The exter- nal logic block 19 includes an
external timng generator 35 and col or recdvery block 41, which is defined
by the wuser, and also includes a nenory and DVA interface block 39. The

i mager 17 rec ' t i Isd_n modes .by i nspectiqn of _two
control Ii nesﬂgj??%g%g?l\g?ﬁgmgh%E%ﬁ% S@g&@ll@ %&13/ @§@1Ff¥§?ﬁtﬁ§dén§i ¥adl The
control |ines 9PBrate ugdpociatezndlwithimingp erdiessusneg ornodthabft khend

unl ess one or Rlckeaf 14 . [ receive a signal having a_logic
level "1' val ue. %hel%?EE Eggg&?%tér%§§“8@1ﬁ?§8w% PesPSE6r eaﬁg S Il
automati cal | y veduge t Abedpinsehavei hheeralall ipullgdokm ekl s¢reenpagt ed or

tied to & vol {3494 : AN refergnce to Fi 2, a detailed block
di agram of the inaggfégég%égg}g Fgéé%oﬁﬁg F%ijﬁh 8r1%§$§P€&|f?mﬁ&S ak

i nterface condiedti Bgcenngcgadaopotied2tol@ awliddreess perb 431tand a contro
port 44. The data port el r pal a-ang t data s supplied to
the data bus 37. Addregggﬁn%gséggﬁgﬁ ?g Fg éi&gdgapggﬁéie§d5ﬁ8§§ port 43
and i s suppli 832852 etahreinapes systemi dis shgwal.s The heageyed at the
control port sketh 19 A8 sHPRhE C I . ~Anal og_cont r.ql
si gnal s gare éghega%ed bé t he ana?ggh%gn?$%ﬁ§%ﬁ€¥§§ ég gnggggepog pﬁgVed to
the data%37, RESLeSE BRYTCcAAer 8NA38 EEEETOL Dewtcdhtr olfhieudakul boplkexer

29 is connect edce@veBeefPBrnhloHabHS a3 A @Ytz2iiRe - e.gantrol bus
mul ti 20 plexgrtZQ IS y§eq égﬂgégass t he 1 nterna l%i%?% &égﬁélgtggg when t he

systemis in B RYF 27 n S FREOTBRtASM lsuzereived exethes
control | ed exaddressypbytsdBnaht 98 sQpRl19ed @i theNbiakeRQr buki AgS. The

i mager systemalfiro1 signals are received at the control port 44 and
15 are supplied to control bus 35. Analog control signals
are generated by the analog control block 88 and are
supplied to the data 37, address 36 and control 35 buses.
The control bus multiplexer 29 is connected to the con-
trol bus 35, as explained above. The control bus malti-
20 plexer 29 is used to bypass the internal timing generator
when the system is in extermal timing mode. The control
bus multiplexer is controlled externally by signals on
one or more contreol port lines. The imager system 17
includes an image sensor array 27 which is shown in more
25 detail in Fig. 6. With reference to Fig. 6, the image
sensor array 27 is a pixel array of 1283 by 480 rectangu-
lqr.active pixels with a high physical fill factor of 43%
(with microlenses). A vertical stripe RGB pastel color
filter is used with individual columm 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
pPixels, 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.




i ncl udes an image sensor array 27 which is shown in nore 25 detail in Fig.
6. Wth reference to Fig. 6, the image sensor array 27 is a pixéls Bty ay of

1283 by 4899 rﬁifﬁ%ﬁ?@,g”‘ | ar active pixels with a high physieal fill factor of
43% (with ?n nses). A vertical stripe RGB pastel col oPCTAIS0IIG877I S used
wi th individual colum correl ated double 30 sanpling (CDS) correction
circuitry to produce a low |evel of fixefi~pattern image noise. There are
1,283 reqgular pixels, along with 21 dark pixels and one test pixel on the
X-axis 322, while there_are 480 regul ar pixels, along with 9 dark pixels
and one test pixel, on Refereinghackspg Bigi h2, | tegeimens atersomy. The red

365, green ogianblhisle $P9-60:0%ef! & r edh, L oy def i t i xels.
WO 01/ 93566 - PCTi Uso1/ 17@7? Referri ng&'tijijé ff#ﬂ 'gk.‘éz‘,ig%ej]f'néé%?‘s%%or

| ogi ¢ bl ock i SRRLEP N3P SPRFS A PRAAGTS voldraddress 4ndcmebntrol 35 .

buses and pr ozhlosm raddrasis €53 $9gRals . oMM tHSS ' 1s 4§ col um
addr ess i gnaalzs 417 5 arg I nput,to a_col unm decoder 4%‘1%?%19%@8%&53 eIhe ad-

dress words and IHIHY ot it SPhEmR ndgeodensth whidy decodes e sel-ecti on.
The row addr eb=eas gratds 48ndr Bat clpubutpet tHisyr rwggcm%mﬂ#%qodes t he
addr ess V\ordé,_,zgl%mi%?gee ﬁensor flrar:g 27 row sel ection. e I mage sensor 10
| ogi ¢ bl ock provides T neCtount &F st %rd St5Hnabiv ¢hredinpwt addr ess
signals for rayitdre ofow decedéer anlicls ubserde e i€ s ss oS Fggener at es
reset and selﬁlgg td | for chorow for. sti]Jl and viewfinder node. A

i crocgnt rol I er .aendéérlr]egrf% ygllur-\% r%c@o‘foﬁ?]ce‘b?’o%"k' 50The g SEnEenected to
the datid 37, lemicedlass ahdoronides Bte duseserdhford nf@idmng Py decodes
the address, LRN}Ns11@3LE | s for register addressjng, and

oL RSt 6as Rifhale B rodlod Fh bt eiit mng

al so provi des power and test nagenent". ray 27
converts t he RSAERLeGaRad (eukol oFt 20l s (generat em atexpte| ARt "edalctout put

signals. The t3@Rf for each row for still and viewfinder mode. A

microcontroller and memory interface logic block 50 is

15 also connected to the data 37, address 36, and control 35
buses. The interface logic decodes the address, gener-
ates core select signals for register addressing, and
also provides power and test mode management. The image
sensor array 27 converts the optical images to color

20 separated analog electrical output signals. The sensor
array is addressed digitally by row and columm as ex-
plained above. The three analog signals blue 69, green
67 and red 65 are supplied to an analog gain and offset
block 60. The analog gain and offset block 60 provides

25 adjustable offset and gain for the three analog channels
and the output of the analog gain and offset block 60 is
provided to an analeg bias line 70. The glbbal analog
gain block 54 provides global gain for the three analog
channels and produces the output on the bias line 70. an

30 A/D converter 23 converts the analog signal into digital
words.,

With reference to Fig. 3, an alternate embodi-
ment of the present invention is shown. In the alternate
embodiment, all of the analog control 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.



array is addressed digitally by row and colum as ex- plained abowe. , The,,

t hree "anal og signals blue 69, green 67 and red 65 are supplied td ah‘aha1og
gai n and ofWg@inasgs ock 60. The anal og gain and offset block 60 ﬁgow des 25
adj ustabl e offset and gain for the three anal og channel s 38it7put  of
t he anal og gain and offset block 60 is prOV|ded to an analog bias |line 70.
The gl obal anal og gain block 54 provides” g1obal gain for the three anal og
channel s and produces the output on the bias |ine 70. An 30 A/D converter 23

converts the anal og si gpal..d ' taI rds reference to Fig. 3, an
al ternate embodi - ment o 1%2&%%%2 tﬁvgﬁgloﬁ §%§h&WﬁganS¥ﬁ§e@I?gﬁnate

enbodi nent, alis showmre tmaieogzcaxfnUum'ledsugnal fiase mbde?:afvbgggau_gﬂl an

external sourgg EB%OQQQ I efore anal og | ogi ¢ bl ock
88, as shown in Fig. é&Pgmﬁ%?Eﬁgcggggrﬁopn s gﬁﬁﬁﬁlgéﬂﬁng %D 01/ 93566

-7 PCT/u501/1€8?¢rﬂF@@ 0¥ dhendoage Ricguisitibe diegen7systae 2§Btels shown

to be cosfiguned iihcayud nt first, node, of
operation, the sy;tgnrtfﬁfﬁgﬂ?gﬁa nergﬁgﬁlggbphdlenggg ' 288 BAYi dR-die 217.

The system 5 §i§dﬁnépu&§§1pﬁéqo@§§@1abé99klBBanﬂueh21§ ophdonayli/n- cl ude
an anal og conpirokideacky?8haisel ISTQQtaaaggIgcgglgggQSQ Y of gﬁguser The

| mage ach|S|t|on die 217 _ receiives analo olta roun nal s 220,
digital volti§& aﬁﬁsgﬁﬁﬁ&@gblﬁﬂéPgeZEEd aﬁauﬁédsdgnﬂés 280t adégieaand

ground S|gnaly0223geThad @&gﬂuﬁp%u hub092Q|eaha n contro
bus 244 .yi a shggal h8§_254 b% the daf a bus %a aggggg 1i’81[:9§ene 275,
S

and to t e ad s3g9al; a 2229nalfhpi ABagesacand sakipagdienisol bl ock
288 i nt er act scannkctld toagheacguitoli basdRedviidalaighgnah ihbnegs232,3234,

236 and 238 ThecRbChARA LY 140 vER0signSnIeLeY,k0 Lhg daty address and
dress bus 243 via signal line 274. The analog control
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 FPig. 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 signals 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
receives a ten-bit register value on signal line 301.
The address port 43 receives a four-bit register address



via signal lines 251, 252, 253, respectively, and pro- vides system control
t hrough register Ioads and reads, and through an asynchronous i Btiéfliiupti. 20
Wth refer\ea(be s%FI g. 5, the irrager system 115 is shown to be configured
in a second rm f operation. 1In the second node of oper RCTAISP1/11887 Syst em
timng is generated by an external timng block including a FPGA/ ASIC 171
whi ch contains a DVA control 173. The 25-8tfmge acquisition die is connected
to the control bus 144 via the line 154 and to the data bus 142 via |ines
176 and 175. Si nal%i es 123 and 124 provide the signals between the

i mge acqui sith 141%7entP4 he mmrob@nmeﬁhc&hmés gnabkuare

pI’OVI ded to tﬂaalﬁt:hﬂr@sscmw shidhal st em 115
is config- ur & t he same nanner aassa(?eiscr}?ﬁ%z% alg%{/% ﬁ erg]‘@fcg
Fig. 4. Wth Terer htt®ro 1Y reFetyachamnel g:m\sem,e chimweleact he

interface of m@lermlumy,stﬂ’anﬁé %]ﬁlic 353 rd MBS0 R Yo %}bur_s ‘¥ol t age
and grouwnd SI foé g af;erregﬂga gﬂ(teg1 and pad si gnal's dal a port
42 receives a h- bit - F%yi Sue B el qfnem%!%}”ead'heﬂmbdress port
43 receives éNfrJd:Le ﬂmg‘nabsy stare addrtes con\&QcQLl/& s & LE/ddEl/ 17877 on

signal line 304 t 44 r.eceive u- raI|t of control
si gnal S on si naﬁ 'l:'r %Sﬂan lﬁciﬁe %r e r@é&ce nerrel
convert, chi ﬁl'ﬁﬁ g, th@r@l:biaa: c:tddemaa,r fseuthd Yitile |dﬁ1%p%ﬁghld‘rpl um cl anp,

row select gtfd1 Mef nmple, .and read, and wite S|gnals
One of .the cont r ol s%g%ﬁe?@s a%le)r(rg'algu% té’ctt'a@ﬁ Fhidie 35‘?%|W%é}
whet her% he @HIMAL obicres 406 ane the Binadiogwide a1 weRAE<BEE Dper ati on.

Signal |inesn¥d® are |nputs to the pixel test bias and 10 si gnal i nes 306
are the anal og-in and anal oq: out sig-
he 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
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 sync
(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 (Aa)
511 and the data input register (D} 512. The address

20




nal s. Wien the imger systemis in the first node of operation, ghq tlnqng
i s gererated on chip. The internal timing is shown with reference”td Fiys.
7-12. Begiwg 5 with Fig. 7, the start pattern is sho for the row

bl anki ng aﬁ(?drlg\?vﬁ%ead operations. The row bl anki ng oper - \QVB’FJH‘%%%S@% t he

| mager to process a conplete row of |nag§ t hrough the CDS bl ock, while the
row read operation processes the inage odf to the data bus. In. each of the
20 Figs. 7-12, the follow ng signals are shown and are de- fined as follows.

G obal set ( S S e registers to default val ues.
Franme sync (SE§§§Q%85 SglafgggiYé$ u?gﬁ EfgnﬁFg?ﬁg?rlﬁBPBEtgg iﬁetFPane
read out. Lin€éa ?nEeghEB?rSBBZ|EEQeﬂvgsthD bmtpHEadVgﬁateZEathaba&ﬁdscateS
t.he line read out. Row ( tal.input s t hat
begi ns the row read o e?g?ﬁ%léﬁ Eﬁ%ﬁiglanklﬁglgk§§VE§1%85anegg gﬁPFéF i nput
signal that Bedfnshupker osnd| wonldgbereeesily Taugmekhed bggen ekgea- ( ACK)

506 is asdlglhal ﬁg& N not, t he process
is busy. The Elxe Hﬁ%lé%ﬂgﬁﬁ é%%% E?g ? ggggdwgggpg E ?

i ndi cat es t he'™pPRePRERN %RﬂlcﬁF%gﬂiﬁgélé%tfsrghaSGFnCED15@81éiﬁheand
pernits or preheniﬁagér thﬁeéé@ﬂ&@eﬁﬁﬁoBEﬁBUEhé”E?aﬁe paLktCyih gg gdata
|

regi ster. The ww swggaghéﬁvva 509 is 35 a gi tal ut to i cate the
wite cycle. 58 TS ePeosurg BF@Ptaﬁ ﬁﬁEﬁFméFQﬁapnﬂér
i ndi cat e theexbarlnaycbentfdﬂscmsdlmabé sBesREdECss bAg §Eﬁho(v’ﬁad?511 and

the datfnin r (D.5 ress WO 01/ 93566 PCTI USO [17877 -9
reglste?051gu%8%g?€2éfg éﬁh?st)QHQEﬁﬁ gg? PABHt TRAPEESEBhe AJSEE FBSi ster 512

recei ves 10- bP¥pesudevpertodat the almeger S sl Feageoati oA kslaabi Byedingi ng an
echanycal_srat is PEREEARIION Adn SR A XA R R BB SRPRERL 00T o
is first set #Eealdeiined EﬂthQfmmﬂmegsenserréegicbyegnsbbrng the frane
reset input strobing the row blanking line 505 high causes the imager
15 to process a complete row of image through the CDS block.
When this cycle is completed, the imager drops the ac-
knowledgment signal 506 low and is ready to stream data
out.
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 is 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. 82 and 8B, the timing
diagram for a short first frame of data is shown. The .
35 first part of Fig. BA is 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
cne half of the master clock cycle, following the last



(not shown) high. The exposure tinme is determ ned under external contrgl
and can be as short as one acknowl edg 10 anent cycle or as |ong ad ‘t he user
requires. o %Qe exposure period, the imager is read out on a |ine by
line basis starting with the lower |eft hand corner of thdCTAiSe#1Ma7i ned in
the i mage sensor logic register. Strobing the row bl anking |ine 505 high
causes the imager 15 to process a conplet@row of inmage through the CDS

bl ock. When this cycle is conpleted, the imger drops the ac- know edgnent
signal 506 |o d_is readg to streamdata out. As shown in Fig. 7, during
the gl obal set@peiP9oefPgoEobhe RRIY| shanaseb0%| foul the1lastspikelr tni sters

to the defaula vawueth@hemagetralgoparbgs ER4. 1148 Wrhkess 'g?aé goé’ogoes
é*r%a B ret urns

low to wite ilgdlggtgata}regi st er 51%. éfter the wite si
to high, the ¢hip - sel Bct*BF MRS s AETPRIRGdtResrawdbiaking sigmaing sig
25 nal 505 i s5@%tégaindwilltbsusanehéi secosdt Pewacknewl edea o5k 05ay 596

This stagts thg ro nki 0o, process 522,. as_ noted above, Wen the row
bl anki ng process i‘igfg%%p#(%?e%}%%tt P2 PGP E8ad pPBEesEhe2mager ns. The

{ﬁM/Lead fig-alﬁ$ @IMP$stbs§f:amel$yn$|s%@h&nesb?ay@ﬁ @gi?cia@?gaiftgnl30
e bus at a i r of s at,eyery two pms- ter clock cycles
whi ch i ndi cat%%égoog _da% aconlg?r%l ?%¢$|'ﬁ% 1 %b‘égfﬁ ?hgg@ﬁﬁl $yn6o7 Erifal .
W th referend® s gk FrowmwBeh régard ntagperiodr 5euf on mighogi, first

frame of dat artén Sh@im Lr t Fig. 8A.I sane as that
descrihed above .with ré%%f%éékgéoééﬁgﬁé7, mhi%ﬁ Q@%ﬁ?ﬁbé@gth QiHPMl s at

the st of TFRA AR rem b lapking roepeatsl forl 2kl &f theelbak§ &idt he
mast er cl ock tlyert ethé of Fmé né}_fﬁ@esﬁgl ZEIEFSYQQZ;/?‘;;??QW&Q%P [ US01/ 17877
e as In

falling edge of the nPl X signpal 507 for pI Xe W the imager
al so drops t & ITHE SAE ed3 to

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 is 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 strobes the row read signal
after the row blanking signal is 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. An additional signal, the
master clock signal 515 is shown. As shown, the chip
select signal 508 is started on the rising edge of the



indicate a |ine sync. Strobing the row bl anking signal 505 again will cause
t he second row to be read out and so 5 on. After the last line as 2b%egir~;rﬁ.r read
out, the iigefbised! SO drops the frame sync signal 502 |ow coincident wth
the line sync signal 503 to indicate a frame sync. This pFPEEESY I8 5hown
with regard to period 524 in Fig. 8A 'I:B]en, with reference to Fig. 8B, at
period 525, the row 10 read and row bl an ']n“g repeats for all of the lines
and then the frame sync signal (nFS) 502 falls when this process is

conpl eted. Al fhqugh haniscal t y.be used.to revent direct
exposure after readicﬁ'gé%?' t hni‘eﬁ?nsé%%y%a%o@%%ﬁﬁn}st'}n%a%?‘ge‘l'%t% 1€ conti nue
to integrate HRTad stant Teelseedond peie alainnceuhbershaté efedes: cl osed,

shoul d t herefif g.he oS SPOLte aﬁ@%&fgté& rf,égié?&?rt ':1:)(%11l Ih@ exposure

time to avoid_ a brightness gradl ent down prctur Shot
‘possi bl e, ductdldingsiedgeroDothe aelip ssebert hargrdl cHO8! rehns stridusrsa

xpoSUr e P St e o TR T ane Toe cprndufeRitay 000
frames of i meatyE™A Isaﬁrﬁr}é?rh dxeps oW itp dtndlcaketbbatctke zowl blamkpoints
Wil | smoot hl b pacaiesss st &Bert oGS - i [SLakioend ok £8EY1 | SodISiesgn ned by
the amount of, e QSW € ,br0 aned into the exposure register, real 1 nage
data is avai I}E‘rﬁ‘gaﬁ t'ﬂgerbg"[?)‘ﬁtWT%ta‘F‘éc & ?%:Dmb}ngmr%@iugq.r obes the
row read sigrilen aftteeradireowbeddrhenki siged Dngdes shagknovhesopdaf @r&ach 30
Lov nd atching W b e LA ARt ol PRBLEL (S (T
pi xel in a ropaeration mit teé orewtbbamleigr ow bl anking strobe is applied in
Ul ew of the start of . Tt iPbrEenclits s88: 30, 2the Fod R B R nal
the naster ADCKRSsisgewn 515The aslwpwledomentnsighel chi isesrdbed gnal 508
i's started omddi® esi 8806 Ofhdbee M0 Ak 98258 B/ USQM 1484 the row
15 read signal 504 is strobed to begin the row read process.
The frame sync and line sync signals go high as 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 pixels, 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 alsc 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



-11 master clock. The start coordinate is |oaded into the internal, sfart..,,
regi ster and the main counters are reset to the content of the i ntlet nay <
start regqi ﬁ{cﬁ@ S&the falling edge of the chip select signal 508, this
triggers 5 P2 ster-to-counter transfer. The acknowl edgrenusoirgmal 506
then drops low to indicate that the row bl ank- ing process can start, the
row bl anki ng signal 505 goes high and th&2-low to start the row bl anki ng
procedure. Wien the acknow edgnent signal goes high, this indicates 10 that
the internal start machine has finished the |ast operation of the row

bl anki ng. W t FeF&teSdmk ol Tusk) -10 Phokodiofer &7 Hamhies Hdes cdipwn. The

acknow edgmenhesitedalt o> dund e thaddl Ronhddidfale Hhat, the row read
can start and,the.row 15 read signal 504 isot?'?lrodg-'cegﬁta%o 5 FIHES ow r ead

process. The “Frigaady ot IGeFets FRENSL§RATs IR hi dgh et fiene trans rssad

process start sor\\0e3 Has PldfasirgtehmdAill Sontldet HLES edata is

read out 5i n tlﬁ gagglr e%iéls ers,  shown to %e in%ﬁ]ééflftgd?n%}%%]eiﬁéeéfmpi%a%,

green piXel s ang Bl ci)iéké'ﬁaé;.e WErRipafecomneated-ity the qathoded of the

row read andtbeaphosbdilelen®r.row beasking aeidied 32%( S&aSM% Wen t he
' 4'5 goes | ow and

| ast pixel in ow_ls.read out, th | i ne sync signal

ends the row Fqég%.cET\gg 5 ?kﬁé’ﬂ“&&%ﬁénFonglﬁaﬁ%q Hermjewd lofivthro st art
the next rowPBFaRKi tyapedisddr O0e anknpetedyeenia WAt Gaqhaihin@kaNd,

t hen, the rowygl [ ' .al.§0 ¢ igh. Wth reference to_Fig. 12, at
the end_qf the f?gﬁeaggﬁ %ﬁfaﬁ'érreeg%n@rgﬁ& Itier@”ﬂ?ﬁc%ﬁ Jhe sed@rt 503
both gotfow SvaR8isker: 894 isnsonmechedetor thee durgdtgsroltagend ike the

pi xel array 909.usedel | n of, pregent inven- tion is
shown. The pixel arra ?ﬁQggeg%%%Pége?g#lepi(@m)argr v 1 Sraestete 5 i or
art. The pixef SPFEFRS06°YEEe 998 andhingludest a modntirorcrrelated

three-transi sdounbyel EagplifedgcpRyt edtederdesuer The Jrielaas 31t
transistor  gecoder 906.

15 Fig. 14 shows the timing diagrams for the se-
lect signal 941, reset signal 942, photodiode 943, and
the output voltage 944. To initialize the pixel, the
reset transistor 902, which is common with others across
each row, is turned on and the photodiode active area

20 charges up to the potential of the voltage reset bias
line 901. when the reset transistor 902 is turmed off to
start the integration cycle 930, the photodiode 907 be-
gins to discharge, which discharges intrinsic capacitors,
and the resulting voltage level is buffer by the buffered

25 transistor 903 through to the row select transistor 904.

After integration is complete, the row select transistor
904 is turned on by activation of the select signal 941.
The select transistor is common with other select tran-
sistors across the row. When the select transistor 904

30 is turned on, the pixel voltage is presented to the col-
umn read out bus 909. The photodiode will continue to
integrate if still illuminated or until it is reset again
by activating the reset sigmal (TRST) to reset transistor
902 in preparation for another exposure period. After

35 reset, the read out cycle 932 begins and the voltage is
read out of each columm on the output voltage line 909.



902 having a drain termnal connected to the voltage reset bias |ine 901
and a‘gate termnal receiving the WO 01/93566 -12 PCT/USO01/ 17877 P set, 2y
signal (Trst). Photodi ode 907 has its anode con- nected to ground“and
cat hode connected to the source ternihRal of the reset transistor 902. A
buffer transis- tor 903 has a drain térm nal connected to the reset bias 5
line 901, and a gate term nal connected to the cathode of the photodi ode
907. A select transistor 904 has itgj,3pu4rce terminal connected to the
source termnal of the buffer transistor 903 and receives a sel ect signal
TSEL on its gate termnal. The drain term nal of the select 10 transistor

904 i ted to th t | i 909. Th t tput Ii
(VOUT) 505" | 5 briBRt it o IKE It efPetely (aagtn srACPRcTafios a colum

correl at %r%%@@%iﬂ%éﬁﬁ)c?&éuﬁﬁéﬂ P081udés ehptsea col um
e

decoder 906. ig. 14 shows imng diagranms for the se- |ect signal
941, resestaiagmlandxaphotodverdeion3ef aan indeeouspid spbtage 944. To
initialiag t he pixelf the _reset. transistor 90%, which is con@Dnlmﬁth ot hers
across eXCRTHY i AT ndb BhEGhd T id® phibtBd7 babeatti 988 areRt58  char ges up
to the pojesd | alhofelhesy it g0Re1 e88Labi 88c1hd8ea YPLurhepyt be reset
transistor 902 is turned off to start the integration cche 930, the

phot odi odei @7 ¢elleghing cetevents gehiohi eackli separyesliahti asfdc capacitors,

dth [ ti | | | is.buff h ff 25 i 903
P ougn 155dte PR bAEE PR mal i oLS 2R YebOFn e AET & Ee BROSH 01

the row sghegit teANBiGhOrref0tve8 durieg N bytegtavabhopepiolihe sel ect
signal 941. The select transistor is conmon with other select tran- sistors
across t heltlviheveenthel sareathayingi 8 oinboynab Fimingnedesalt he pi xe

vol t age i?%§¥§ﬁﬁ”@ﬁ@ {ﬂ$#g§?§§+ﬁiﬁ$ﬁ%¥f§ 4out bus 909. The phot odi ode will

conti nue egrate nated or until it is reset again
a user interface for receiving a plurality of data,

address, and control signals, said interface configured to
receive from a user a mode signal for setting the system
in one of a first operating mode or a second operating
mode characterized in that the first operating mode uses
the internal timing element to control timing operation of
the system and the second operating mode bypasses the
internal timing element to control timing operation of the
system, wherein the system remains set in one of the first
operating mode and the second operating mode throughout

the imaging cycle.

2. The imager system of claim 1, wherein the control
area includes a data bus, an address bus and a control bus
electrically coupled to the interface and further includes
a bypass multiplexer connected to the control bus, said
multiplexer operating to interconnect the internal timing
element to the control bus upon receipt of a first mode
signal and operating to bypass the internal control

element upon receipt of a second mode signal.




by activating the reset signal (TRST) to reset transistor 902 in h e
preparation for another exposure period. After 35 reset, the read oaf'tyéWe
932 begins and the voltage is read out of each colum on the output voltage
line 909. -13 Cainms 1. An inproved CYS integrated i mager system for
carrying out an imaging cycle that inCl'udes capture, storage and data
conversion of an image, said system having an array of pixel areas with at
lleast oneycontfid i@RiGdr ¥PSEEhNoBALTaPhXE! ARPRSetNEhUHEaENE! MERRELY Of

i ght collecting elenents which each receive light and store electronic

i nf or mat i &P i reced ahmant inbog catgnel of fnom ampemtephali ghhingcei ved during
an integra&%on eriod, .with the control grea havéng an inéernal timng

el ement ., SUHRTRY "R FRpr VERER: TR oRpr T 36499 a1 Uiselei fEePPdce for receiving
a pluralidyerdt ey amod@ddress, and control signals, said interface

configured to receive froma user a node signal for setting the system in
one of a first operating node or a second operating node characterized in
that the first e ' S i pter | 1 to contro
timng oﬁ%?ati%ﬁ?%#ﬁg%%% %§§€%ﬁ1§%dC§ gms%td%% o%%#g%ﬁgggﬁgggﬂé§passes t he
internal timimy «leanent ivcTaodésohnteRtagnapet ahing généhatosyahdna wherein
the systemremains set in_one of the first operating node and the second
oper at i ndbfe ¥PFARFOUPLOERe i magi ng cycle. 2. The inmager system of claim
1, wherein the control area includes a data bus, an address bus and a
control bus electrically coupled to the interface and further includes a
bypass m#ti pl Bxerivapmecsesteén chectannrd| wosresai dhensktéphaker operating
to interconnect the internal timn el ement _t he _contr ol S_ypon receipt
of 'tiroriht BLSghal TaleheR sPERRTY oAby pasRMbnin AT ErAE BESRET o

el ement upon recei pt of a second node signal. -14 3. The inmager system of

claim1, further including means . .
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.

7. A timing selector for a CMOS integrated imager
comprising:

an onboard timing means, associated with a CMOS
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 defined timing signals for
customized imager operation, and

a user interface allowing selection of a first mode
of operation using the onboard timing means or a second
mode of operation using outboard logic circuit, said
selected mode of operation being used for at least a

complete imaging cycle.



for receiving timng signals froman external timng elenent when 2 Z .
systemis operating in the second operating node. 4. The inmager syst N]Gfm
claim 3, wherein the external timng elenent includes an external timng
generator and a color recovery block,c5. The imager system of claim 3,
wherein the external timng block |ncFudes a menory and a DVA interface

bl ock. 6. The imager systemof claim1l, wherein the imger operates in the
first opegati i age ve t he
e signal. 7 e el L A R e A e %5 5o o1 g
an onboarditdu nchaeansanasfori gérerat ihg acBMIS sighabs abedassiggr, for

provi ding standard tjmng signals to operate a clock circuit aboard the
|ntegratéa“?é£ﬁﬁ% %&F%ﬁf%oard logic circuit electrically connected to the
CMOS i ntegrated i mager generating signals established by a user for
establishing user defined timng signals for custom zed i nager operation,
and a use?. int%héa@mparabmsngfsel@tmibn @heaeimrshenodeboafdobegation usi ng
the onboard tim means _or_a _secon operation using outboard | ogic
irour . e Dot d et o “S5arser Ui refngR LELdPe b7 URt R B 2 ol ot o
i magi Nng Y& cild8ir The apparatus of claim7, wherein the outboard | ogic
circuit has neans for generating clock signals bypassing the clock circuit.
9. The apparatus of claim 7, wherein the outboard logic «circuit has neans
for generating clock signals using the clock circuit.



