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AN | MAGE SENSOR W TH HI GH DYNAM C RANGE LI NEAR OUTPUT

Oigin of the Invention The invention described herein was nmade
inthe 5 performance of work under a NASA contract and is

subj ect to theopremsosi ons of Public Law 96-517(35 USC PCP0896/18287Whi ch
the Contractor has elected to retain title.

Field of the Invention 10 The present invention relates to

sem conduct or i mge sensor, and nore specifical Iz:/, to a system and
met hod of ext endi ngP¥yFMAREC SEXSGB WETW%&\FWI& RBNGE LINEAR SHHFUT
circuits. 15 Background and Summary of the Invention

An active pixel sensor ("APS") is a, special kind . of |ight sensing
devi ce. Each active pixel include YV ng el ement and one
or nmore active i grhgnfs?st&@tﬁorv\idéﬁd}lima ﬁéxeingﬁ%@ﬂade'rhﬁé @ﬁbi ?/_e ﬁo
transi stors anplify an uffer the signals generate . the light
sensing el enents A¢HEREMAPREl 2F Y?ﬁ$t%ﬁﬁ%roﬁ NASh“co Eﬁﬁ%gAﬁ§ddé§ices is
disclosed in U S daedt No.the provixsibak 5¥5PhylFoskawn ®-5al7.(35t heC

di scl osure of whi S . ., lncorpar.ate erein reference. .25
APS devi ces repregzgjr%) an 3%?5i geteoc%ﬁglcgﬁe ?‘%SaePé(CteJ W ée‘%Péng of
i magi ng applicationgle. APS has a nunber of significant advantages

in conparison with the well - mﬁwlrf_o?_ﬁ_gjﬂ%oﬂgﬂy used charge
coupl ed devi ces gCCDs). Because 0 e_nunper of stages in a CCD, a
30 nearl§y perfect &harpecsenrhsinsterdfincirehayemise sRmiconductagi nt ai ned
ina CCDin order itRqumisBhabp, 9008 i @a&pbecifically, to a system and

method of extending dynamic range in CMCS active pixel

sensor circuits.

15 I Inv
An active pixel sensor (“APS”) is a special kind

of light sensing device. Xach active pixel includes a
light sensing element and one or more active
transistors within the pixel itself. The active

20 transistors amplify and buffer the signals generated by
the light sensing elements in the pixels. One type of
such APS devices is disclosed in U.S. Patent No.
5,471,515 by Fossum et al., the disclosure cf which is
incorporated herein by reference.

25 APS devices represent an emerging technology in a
wide range of imaging applications. APS has a number
of significant advantages in comparison with the well-
developed and widely used charge coupled devices
{CCDs). Because of the number of stages in a CCD, a

30 nearly perfect charge transfer efficiency must be
maintained in a CCD in order to maintain goed signal
fidelity. This usually makes CCDs susceptible to
damage from both ionizing and displacement damage. 1In
particular, the displacement damage caused by high-

35 energy particles and photons may prove to be deadly to
CCDs.



fidelity. This usually nmakes CCDs susceptible to damage from both

I oni zi ng and di spl acenent damage. In particul ar, the displacenent
darmage caused by high- 35 energy particles and photons nay prove to be
deadly to CCDs. WO 97/ 17800

PCT/ US96/ 18 4 17800 . . . .2 1*(:1‘/11596/14527r ge CCD
arrays present engineering difficulties I n manuf act'uri ng. Vi ce

m niaturization is difficult with CGD devices since the extreme
requi renents of CCDs necessitate a special formation process. This

W th on-chip integrated Tircuits such’ o ' . ] o
conpl enent ar y- net &l D3R RCYERNgondReVase (eeturizatioppniegdaf BEwlity cui t s.

CCDs al so suffergithnid®devices sSRBEL tRE &BSROANRSIrGLY rbRBEEs adf dandout
rates. 10 Furthernore, the read Is destructive, i.e.,

ut of CCDs
their stored valﬁﬁc?isﬁ%ﬁ??ﬁyéﬁeﬁbﬁg %%5@ﬁ?&f?nﬁ?°cess' ThiPl enent ati on of
t he nondestruct i ¥ermepltpidtedsChbevents COmvifd@n dedhbf beslily
In contrast, an APS device receives, and, processes 15 . _input signals with
the active pixel l?’f%%’f?t,ecfﬁﬂg% on=chig, ’r’ﬁ??\%’fa}%rﬁ?tcﬁécgﬁﬁgﬁu%aﬁfer over
di stances that atemplementdmhaeenl-oridEbseniConsiaguent [(gMOgaNy dr awbacks
associated with OCDs are avqli LN devi ces. [or _ xanpl e, the
per for mance of APS d%égltceecg1 cc5%%35320'6@@0%&?1&%5#&5%55 %ﬁré‘lg?gay si ze
i ncreases. The #p&tral respoadduityarengs arsliddeagiontghereshan that of
CCDs. Singg FurMh&id, C Wk YebSoRE L&A @siOGisabed WiERiLbe | nmge
sensor, the power consunption can be significantl ~ reduced. APS
devi ces are inheFRt¥ StQFAshiABNE HFt ReStroyed upcn reading out.

Implementation of the nondestructive readout in a CCD

5 formation procegs,qu %t‘?j“ta§r§(}95pg§9éﬁ@%d&n%%§iih)§ difficul fii&grated

device is difficult.
In contrast, an APS device receives and processes

15 input signals with the active pixel itself, thus
eliminating the charge transfer over distances that are
inherent in CCDs. Consegquently, many drawbacks
associated with CCDs are avoided in APS devices. For
example, the performance of APS devices can be

20 maintained as the array size increases. The APS
readout rate is usually higher than that of CCDs. Since
CMOS circuitry is often associated with the image
sensor, the power consumption can be significantly
reduced. APS devices are inherently compatible with

25 CMOS processes, allowing reduced cost of manufacturing.
Many on-chip operations and controls can be relatively
easily implemented including timing and analog-to-
digital conversion. APS devices are alsoc less
vulnerable to radiation damage and can be designed for

30 non-destructive readout. Moreover, the active pixels
of APS devices allow random access and on-chip signal
processing.

One important benchmark in performance of imaging

devices is the ratio of the saturation level of the

35 detectors and the noise level thereof or the signal-to-

noise ratio (SNR). This can be expressed in terms of



25 CMOS processes, allow ng reduced cost of manufacturing. Many
on-chi p operations and controls can be relatively easily inplenented
including timng and anal og-t o- di gital conversion. APS devices are
al so | ess vul nerabl e to radi ati on damage and can be designed for 30
non- dest r uct we@9rvsadout . Moreover, the active pixels PCTSIpB8Tevi ces
al |l ow random access and on-chi p signal pr ocessi ng. One

i mportant benchmark in perfornmance of inmaginy devices is the ratio

of the saturation |evel of the 35 detectorfg t he noi se | evel thereof

or the signal -to- dynamic gapge ¢Lithe EENRFE - Th P e¥F88sed in terns
of WO 97/uk43Q0 y expressed in dB by 2010g(SNR) or in bEGEkHS96/18287

2xpr essed ?%nggg raggggggN;ng gﬁ}é b.%‘??‘ g%%mtgfbayg?mbﬁ THH err?‘fSN

The larger the dymertiterr angémagirey deviceshetter an inaging devices.

In particul a largedy 1 C el i . ons
for 'sensi nga?r ow | ight sﬂggg&l%%%g @ ﬁa?gé_ Egg%ﬁlgcirrfaéq 0 gﬁgkgggieé
variations in bridm appdications for senﬁendyham biqfsrn@eg@ﬁls and

previously-report ed images RAREd 147 ecbéfﬁé&%rﬂa%nb%‘%@gktf{%ﬁégsby

both the 10 saturpatlon | evef of the si aln circui
typi cal ly about 1.2 vofFhs fypami&-rasde Sév@l’fe!;%u%‘mSN‘IEpOftEdaﬁﬂoﬁhe noi se

floor of the sensgsewhineh !:§rc§IY:R4.sC@4a|SYbeen limi B0 Wy kRkherhkV. This
results in a dynam c range of pr oxi matteI%lrb dB (13 bits), which is
f

conpar abl e Y& 15 satpgac él%a}r‘?Y:e]r &g fstlﬁéaét%ﬁ‘ Cleﬁct“‘léCDwHéWch%
The out put vol t ageypiigaak yodbaut i Inegiviedtde¥beeai 5~volt power supply,

and the noise floor of the sensor, which is typically

about 150uv. This results in a dynamic range of

approximately 78dB (13 bits), which is comparable to
15 the dynamic range of the state-of-art CCD devices.

The output voltage signal of an imaging device is
dependent on the input light level, the efficiency of
the optical coupling device and the detector
characteristics including the quantum efficiency, the

20 effective active sensing area, the integration time,
and the electrical conversion gain of volts/electron.
The output signal can be approximately expressed as the

following:

. @
CJRAN,

Vout 4f2 opticsAdetTintnG' (1)

where ® is the incident photon flux, f is the f-stop of
25 the coupling optical éystem, Tptics 25 the transmission of
the optical system, A,. is the pixel size, T,,, is the
integration time, 1 is the pixel guantum efficiency,
and G is the conversion gain in volts/electron. The
typical values for a APS device are f/8, 80% for T ..,

30 20pum for A,.., 33ms for T,., 25% in m, and G=10uv/e-,

respectively.



dependent on the input light level, the efficiency of t he opti cal

coupling device and the detector characteristics including the
guantum efficiency, the 20 effective active sensing area, the
integration tine, and the electrical conversion gain of
volts/electgﬂﬂr The output signal can be approxXi matghyusEppgssed as
t he 0 Qﬁ?ﬁg: [err] where [err] is the |nC|dent phot on
flux, f is the f-stop of 25 t he coupl igng optical system J[err] is the
transm ssi on of the optical system Alerr] is the pixel size,

T[err] is the T}hélt@qjcfﬁu:(énotfl BB, ip8§idg i detdite Foteh guashum
efficiency, and I s .the converS|on nin voI /e ectron The
typi cal val ues fB?rﬁViﬁﬁs%ﬁﬂﬁ%ﬂ?ﬁ&réOP/és GﬂQﬁﬁ?ﬁ 20[err]m for

Alerr] 33ms for Ehenging:§i%her ﬁaerhpanduﬁblOl{ﬁux]ﬂﬂstop) or the
Lg;?ﬁgggYﬁg¥é7 lntegratfm%s% %7809f the input lngf level 'is low, the
5 integration time is increased to improve the signal-to-
noigse ratio. If the input light is bright, the
integration time is reduced to avoid saturation of the
detector while maintaining a high SNR. The lower limit
of the integration time is set by the readout time.

10 A number of prior-art techniques exist for
controlling the integration time. For example, the
integration time cf a CMOS APS device with N rows of
pixels can be controlled by resetting a row of pixels
in advance of readout. If the readout time for one row

15 of pixels is T,,., the total frame readout time is NT,,.
Since the pixels of a row are reset for a new
integration upon readout, the integration time is
simply the frame time NT,.,

FIG. 1 illustrates an exemplary APS. A pixel

20 array 102 has N rows of pixels with each row having M
columns. A column-parallel signal chain 194 such as a
sampling capacitor bank with M storage cells is used
for readout.

In a specific operation of readout, a particular

25 row is selected for readout at one time. The sensor
data from the M pixels in the selected row is copied
onto the capacitor bank 104. The copy process also
resets the pixels in the selected row and begins a new
integration. The M storage cells in the capacitor bank

30 104 is then scanned sequentially for readout. The
above readout process is then repeated for the next
row. Therefore, the integration time for each pixel is
identical and is equal to the readout time of a frame,
i.e., NT,..

35 Another prior-art approach uses an electronic

switching mechanism built in the pixel design of a CMOS



The exposure of an inmaging device for a given har dwar e confi guration

is usually controlled by changing either the aperture (i.e., f-stop)
or the integration tine. If the input light level is low, the 5
integration tine is increased to inprove the signal-to- noi se ratio.
I f the input woatbsdes bright, the integration tine |ECTEsYere®8? t O
avoi d saturation of the detector while maintaining a high SNR The
lower limt of the integration tine iss set by the readout time. 10
A nunber of prior-art techni ques exist for controlling the

integration time. ARSrdexaepl ealldwing electranbgrahitdreningeasfl a CMOS APS
device with N ro“@éﬂtltane usiﬂﬁyﬁﬁiaQﬂp nbe fﬂﬂérﬁgéfﬂiﬁaﬂokgﬁeﬁﬁ'@g & row of

pi xel s i n advance rea he readout tine for one row 15
of pixels is T[erFPFoviptonat aﬁpﬁ]rwlpéaﬂeuﬁ@(@ﬂeon@ﬁ\rﬁ[léﬁﬁ] on Januaryj nce

the pixels of a row aﬁggg%ﬁtpggumae@ewl, i ntegration upon readout,
thelntegratlontlmls nply the frane tine err

FIG 1 illustrates an ER%nﬁl“éﬁr}F%ISSOfAtBFXEFe%%m ln"eﬁnrt&fnl%ﬁcﬁ%ii?q ows of

pi xels with each ':aow:l.h@-t’éﬂﬂ)ﬂvlof the abekuMso n?eﬁ&idmrhp&maltl ehesi gnal
chain 194 such as ng c %am or th Mstoragg cells is

used f or rééBSﬁPre & PA™S §BEC ?? e FarT8d%of Fohtout, a

particul ar 25 caoWr e su bl B tdid tat iveadbut hat dare tedremagéheis esrsos

data fromthe M p%?#ﬁmé@aﬁ@@s.self%‘it EQFH\QWe',SaIQO&%OI sceneomgﬁ]s e he

capaci tor bank 10 e copy process als esets the
sel ected roW and lbeginaliy nexposed forj fhegsanibhn. arEws bust @rvagexe@qsqe% in

the capacitor bank,3Phe shdd¥dsP daal . Serinedasesantd all vokar ofeadout.
The above readout process is then repeated for the next r OW.

Therefore, the inté§rati bn sharewesr a&&ek-pi xel is identical and is

equal to the readout top® £41eildnAfB, the abové .ErobI¥H @il ko 88e a
Anot her prior-art aggroaoh uses an el ectroguch a sensc 1scg|egggrrlreghan| sm

built in the pixeP°8esPEH St PUEMSSnSOL -

15 have a high differential gain for light levels, and low
differential gain for high light levels. It is
desirable that the nonlinear gain be achieved within
each pixel. As a result, pixel to pixel variations in
the transfer function can lead to unacceptable values

20 of fixed pattern noise.

Another approach is to implement multiple storage
sites in each pixel in CCD devices to record different
integration signals from the same pixel. 1In case of
two storage sites in each pixel, one storage site

25 corresponds to a short integration pericd and the
second to a long integration period, thus increasing
the dynamic range. The readout data can be transformed
to a lower bit count encoeding using nonlinear
techniques for display, storage, and transmission. One

30 limitation of this technique is a decreased readout
rate since the readout time may be doubled since twice
as much of the amount of data may need to be read.
Another limitation is the reduced fill factor since two
storage sites occupy considerable pixel area.

35 In view of the above limitations, the present

invention describes a new technique in APS sensors and
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5 - APS device, allowi ng electronic shuttering and

simul taneous integration. This was disclosed in U S. Pr ovi si onal
Appl i cati on No. 60/010, 305 filed on January 22, 1996 by Fossum et

al . nventors of the present invention recogni

Ilmtatl on o9 %B%zghove two nmethods in that the exp gf’% I ns the
sane for the entire inmage. This can gesult in distortion of the
detected inmages in sone ci rcunst ances. For exanpl e, an outdoor scene
m ght be 10 opshdE d Mo re X Bedst OhebbSE S&tf"lricz%%‘éés Reir oaﬁ{a%aosed

in the shadowed areas This can result in | oss of detai l |n shadowed
ar eas. rangfs soARPSALRS ERet 2D RAL LRI e PPt BeRs of t

nonl i near output Seasait lsu:@lataoﬁgnsar1e§stda§4cgm¢fbeeﬁé 1nté’@2¢éﬂ:1@>m| gh
differenti al galnfor lig | eyel differential gain for

high 1ight |evel st37gs |as‘7e Obtamﬁasf?ﬁb?%&f t’r”aﬁtlt"ﬁephﬁﬁh nedte i MBFE
achi eved wi thin column-gatalpielekigAsl aclieaid tarepusel tO Pmpdedmatas itdfel Ons

in the transfer function_can legad to ynage ptale val u 2 of
fixed pattern nof%sltlple in egrag%notﬁe’?e%pfpor 03CNT |§CF6 VE ipt Erent %ﬁfl tiple
st orage sidreARS deardicepivith onl CChalaexdlcwn-terableal cbijjrfafler ent

integration si gniéerf 4 ¥01 e .380E, péé@r&pi'ﬂelc%e sQTu le Zr& Sg:ﬁ{m%%e

sites in each pi one storage §it cor responds
i ntegration peri ommY Bheingle frameorrRrddita [t rﬁs'elgtmq om period, thus

i ncreasi ngyp miNe Aamcegkap96n tiifed adout data can be tr ansf or med
to a lower bit count encodi ng using nonlinear t echni ques for

di spl ay, storage, andANCAHEH §8PBRT The i Present iperbiPRflRIHES®EChni que

is a decreased re@c@tﬁrame raterapeusim@endm treadedt &b IEmiBYyake 1¢qubl ed
since tw ce roun need to tbe read.

f_.data
Another |imtati o%lq'balt ﬁg’atl@dﬁ8ea° tY°® f’%l@ttc}rpalsﬁ ﬁ‘ggx BRiRts °f siorage
sites occupy condiddfeadeing pnxebratean Bimes for eachnpixelw ofA treximadve

Iinitationfs the £%§&§QEte is achieved for a given APS device by having
the number of column-parallel signal chains match the
number of different integration times. A preferred
operation mode of such system in accordance with the
present invention includes simultaneously copying

20 multiple columns into the column~parallel signal chains
and subsequently reading out all the column-parallel
signal chains simultaneously with each being scanned in
a seguential manner. The frame rate is increased by a
factor equal to the number of the column-parallel

25 signal chains as compared with achieving the same
number of integration times with a single column-
parallel signal chain for readout. The dynamic range
of the APS device is thus extended by a factor given by
the ratio of the longest integration time wversus the

30 shortest integration time.

A new readout method 1s also described. This
method can be used toc improve the dynamic range of a
conventional APS device having a single column-parallel
signal chain by achieving multiple integration times

35 for each active pixel. Special advantages are obtained



i nvention describes a new technique in APS sensors and WO
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6 ’ operation nethods thereof to increase their dynamc

ranges. According to the preferred enbodi nents of the pr esent
invention, atwh@afiged Wo different integration times pepusdshiaisned for
each active pixel. One or nore 5 colum-parallel signal chains are
used to inplenment the multiple integration tinmes for each active

pi xel . For an APS device with only one colum-parallel signal

chai n for readout,wkeathigEKeliths neanpéedruiet iveplreatibpesof an AP eviigea
single frane reado S | n, It ipge Ji nes.
Anot her aspect of % }ggggh% ﬁn@ggg%%nlﬁé%:raeyé cBhEs' 8£r§HéHeH¥} &ate by
usi ng nore than one coHUnnﬁpanabpett incorpogiapesl dibatal tprersdiamrs nultiple

data points of incLli{del atlopnwg&f&i@ﬂ td R rk Qs €26 Ne il X& 1urfh -Maxi Nal
15 frame rate I's gi ven APS device by having t he
nunber of coPum- p@ﬁ%ﬂlkﬁlfﬁHgﬁéF Ehat®s- match t he nunber of

different integration tofRsipAbREeterhéfory unltsoaaaabmﬁu Ofscured
systemin accordance with the g ggent |nventhon |g ¢h?
si mul t aneousl y cop§fiPays maﬁup?lb?% cEPUMRED RigeLnEC cHE TR SRRENSE
si gnal chains the aﬂdaﬁtmaaweahaypéﬁadtmwaathethﬁswﬁym paral | el
signal chains simnultane ust% g bei ng .scanned in a sequenti al
manner. The frame $8E¥ 99 @Pé sEﬁebgr%Fen lnvepﬁé?Br equal to the nunber
of the column-parallel 25 nd) aso§ 1 1Da gk achi eving the
same number of I-j{eqra dOQtﬁ Sadidh RS o@gkﬁecgwmt
paral l el signal chain for rea e dynamT™ rang

invention will become more apparent in the light of the

following detailed description of preferred embodiments
thereof, as illustrated in the accompanying drawings,
15 in which:

FIG. 1 illustrates an active pixel sensor with a
single column-parallel signal chain to produce the same
integration time for every pixel.

FIG. 2 shows an active pixel sensor with two

20 column-parallel signal chains for readout in accordance
with a preferred embodiment of the present invention.

FIG. 3 shows one example of an active pixel
structure
and a cell for the column-parallel signal chain

25 disclosed by the U.S. Patent No. 5,471,515,

FIG. 4 shows a readout method for achieving
multiple integration times using an active pixel sensor
with a single column-parallel signal chain.

FIG. 5 shows another floor plan for positioning

30 the two column-parallel signal chains relative to the

active pixel array.

Description of the Preferred FEmbodiments
The description of the preferred embodiments will
35 use CMOS APS devices as an example for implementation.

However, it should be understood that the method and



of the APS device is thus extended by a factor given by the ratio of
the | ongest integration tine versus the 30 shortest integration tine.

A new readout nmethod is al so described. This met hod can be used to

i nprove the dynam c range of a conventi onal APS device having a

si ngl e col unn- | el signal chain by achieving ml gration
times 35 rw?%ﬁﬁ ch active pixel. Special advantages arL %@6{1?\%}2

WO 97/ 17800 8 PCT/ US96/ 18287
7 when used wi th non-destructive readout of an APS device in

achi eving mul ti phgsigﬁe&@tdl% e RpPEmEREL piﬁ(ec!th \r actlve pixéyother

aspect incorporates digital processors I ncl udi ng anal og-to-digital
converters in theesaprgm-ands may Bgr yepelesigymthethdimgge acquiring  (On-chip
buffer nmenory unii,scapg/ or multiple source foll owers may be used for
each pixel to further enhance the flexibility and performance of the
systens in accordance with the present invention. 10

Brief Descrg ptlor)esigafm&rﬁadw&es and OperatiditMddaad ot her advantages of
t he present i nvention wll becone nore apparent in the |ight of the

fol | owing detailed debtfi pt il SFeprefetPRd thitfodinfhfirged embodifigheof, as
illustrated in theoastotpampgs@ndr awegsiod5 An ddtiwel elixel array FI G

1 illustrates an tive pixel sSQr 3|ngle C l'le
signal chain to Bﬁgdh%%'fﬂé §h@€% L cmﬁugﬁgegrd%lon 8 F8£ gv%FQ%S?xel
FIG 2 shows an atkeéle. piBeeth gaxedr comphisew 20light cehsingpealtahémt signal
chains for readogﬁdlgngg%p%ﬂggp%c ive trihids@o Py ef gred eqpodi ment of the

pr esent [ nvent I on.
transistors amplify and buffer the signals generated by

the light sensing element in the pixel. Each active
pixel has one output source follower that is connected
to the corresponding column bus. There are two column-
15 parallel signal chains for readout. Each of the signal
chains, 204 and 206, has M storage cells for
temporarily storing the electrical signals from the
pixels being read. The column-parallel signal chains
204 and 206 can be implemented with capacitor banks for
20 analog processing and analog-to-digital converters
{ADCs) for digital processing or any other device that
is capable of storing image information.
The device 200 also includes an control circuit
{not shown) having row and column decocders for
25 addressing the proper row/column of pixels, clock
generator circuits for synchronization, and readout
circuits. The control circuit is operable to control
the readout of the pixels and the operation of the
column—pérallel signal chain{(s) in a desired sequence
30 with desired integration time(s).
An example of such active pixel and the storage
cell in a column-parallel signal chain is shown in FIG.
3. This is disclosed in the incorporated reference
U.5. Patent Application No. 5,471,151 which describes
35 an active pixel array with a single column-parallel

signal chain for readout. FIG. 3 shows the active



FIG 3 shows one exanple of an active pixel structure and a

cell for the colum-parallel signal chain 25 di scl osed by the U S.
Patent No. 5,471, 515. FIG 4 shows a readout nethod for

achi evi ng multiple integration tinmes using an active pixel sensor

wi th a singl ewoodunssepar al | el signal chain. FI GPCI/USAEH387

anot her floor plan for positioning 30 the two colum-parallel signal
chains relative to the active pixel aPray.

Description of the Preferred Enbodi nents The description of the

preferred enbodi nenixehi 192 3gcludipgea B APE UM %eed HS BH2®XAnpl e for
i npl ementation.  ransHOMRMRIe 310, ShAUbELHE: Lﬂdﬁrtsé[rrl?oditbagim@mt od and
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8 desi gn cERSEl SrPS Listorentnt e FFRR t%’r&é‘&lf’f}egé)%m? gate

SbgnfSOFSA aﬂd may bgob‘ﬁ@%)'ﬁ)lillbvﬂétrheﬂﬂi,m@@ ACEPu rdgl@ction trsysisos: 5
sign Architectures_an eratiaqn es F 2.111lu tes the

first preferred enggaéli rrerlr"ff%3 Clrcultzgggofe?ﬂ%sepr}tesseantStf)ﬁ\%ﬁt ?%Jﬁi %}ngec i ve

pi xel array p202 dekund rcfwacaddeMpixélsms, THeesteragehcall o3@ of NxM

pi xel s. Each pixel ,conprises .a_liagh | e : d Qr nore
active transistorsi™® %eséca[ il\?ead %r%nﬁ%t?%ﬁg?%bg%r%?i ?f}tgﬁg %%efr{rt he
signal s generated B9l for buffering and exporting the reset level, and a

second output circuit 322 for buffering and exporting
10 the signal level. In the architecture shown in FIG. 2,

each active pixel of a column is connected to two such

storage cells substantially similar to 304. It should

be understood that other design of the active pixel and

column storage cell can also be used in accordance with
15 the present invention.

In operation, a row of pixels in the active pixel
array 202, e.g., the row n 210, is first selected for
readout. The signals representing the M pixels of the
row n 210 are copied simultaneocusly to the

20 corresponding M storage cells in the first column-
parallel signal chain 204. The time duration of the
copying process is T, typically about 1-10us for an
APS device. The copying process also resets the pixels
in the row n 210 and a new integration in the row n 210

25 is started. Secondly, the signals of M pixels in

another row 220 that is shifted by A rows relative to

row 210, i.e., the row (n-A), are simultaneously copied
to the corresponding M storage cells in the second

column-parallel signal chain 206 during time T, and

30 the pixels in the row (n-A) 220 is subsequently reset
for another integration. The M storage cells in each
of the first column-parallel signal chain 204 and the
second column-parallel signal chain 206 are
simultaneously and respectively scanned for readout.

35 The M storage cells in each column-parallel signal



the light sensing elenent in the pixel. Each active pi xel has one

out put source follower that is connected to the correspondi ng col um
bus. There are two colum- 15 paral l el signal chains for readout. Each
of the signal chains, 204 and 206, has M storage cells for
tenporarily I the electrical signals fromthe I i ng
read. The c&ﬁéﬁ%yﬁ all el signal chains 204 and 206P§§ﬁ§%§8£s

i npl enented with capacitor banks for 20 anal og processing and

anal og-to-digital converters (ADCs) 1]‘Oor digital processing or any
other device thatehain is géqﬁéﬂé‘%ﬁyfsé&rﬁ{éd‘%{xh”@% 5 rﬂ%l{gatﬂh%'}ein

The device 200 al so 1 ncludes an _conttol circui shown) havi ng
row and col urm deddtd&eads ghtz2s This jeRpRkASafy thRe rprapet @b \ihoIr@im Nof

pixels, clock 510 GENGLALQL K] TSMLS AR SHAChLONLzakian, and eadout

circuits. The control circuit is operable to control readout of
t he pi xel s and t heagliegatnenpdket hes T..... whichuim- prritd ely siegweknchai n(s)

in a desired sequence ith desired. integration tinmg(s).
An exanpl e of sutﬁrﬁbé‘c”[“i@&spi xﬁ’e%vhdt hdditorrygerovs are malleﬁztr‘?dafor

colum-paral |l el sigi@lutChal Bhessshowrashlidd .G Thereford, dhingdle dowcl osed
in the incorporat e%d'o%fter%nces re sl.éwso. sFéat ent éppl‘idcat' an .. 5,471, 151
whi ch describes 3% aR*8EFP Ve p'i“;(el arrafa\ﬁl tR% %l?lg‘f RS -parall el
signal chain for read@he abbG& Beadtows piveexst repeats until \WeFF 3800
PCT/ US96/ 18287 . . . ixel 302

i ncl udi ng a phot olgnattgle3f6:,tlgelﬁlﬁ%s%rdray 202 af?aﬁg?%rt%a?%mpg’fﬁé &n out put
floating di®fusi ofra@ie4, Fhis resuleseln thiwmsiessorf3dsta of thmiavedivl f usi on
316, a gate actIQN e xEQ! EAVEKe 3rray@ithd LAY BELAECLHONE lANSI stor

column-parallel signal chain 204 and another one from
the second column-parallel signal chain 2086,
respectively. The two sets of data have different

15 integration times and the two data points for the same

pixel are read out at different times by a time lag of

the time for a row readout process multiplied by A.

The time for a row readout is

T =2T +MT

row copy scan’ (2)

comparing to (T.,,*+MT..,) in a row readout in the prior-
20 art system as in FIG. 1. The total readout time for a

frame is given by:

NT

frame = row® ( 3 )

In the prior-art system of FIG. 1, the integration
25 time for each pixel is the same and is the readout time
for a frame. However, the two sets of readout from the

two column-parallel signal chains 204 and 206 in the

system of FIG. 2 have different integration times. The



5 318. The circuit 304 represents a storage cell shared by a
colum of active pixels. The storage cell 304 i ncludes a | oad

transi stor 320, a first output circuit 321 for buffering and
exporting the reset level, and a second output circuit 322 for
buf f eri ng an@RIB ng 10 the signal level. In the arPRIPESHESE shown
in FIG 2, each active pixel of a colum is connected to two such
storage cells substantially simlar to 304.1}t should be under st ood

t hat ot her design of the active pixel and ., colunm ,storage cell can
al so be used in ac®6FEAAELCH T 58& tiﬁhglﬁ?%in‘fofﬂﬁ%ﬁﬁt(?n.tge Efrse
I n operation, a rewlalhnppxeikleln dimadcthaenp2&elis given &yray 202, e.g.,

the row n 210, is first selected for readout. The signals
representing the M pixels of the row n 210 are copi ed sinmultaneously
to the 20 correspondi ng stppgggdiells in the first colum-

paral l el signal chain 204. Theinti ra’i on of the (4) copyi ng process
is Tferr] typically about 1-10 [err]s for an APS devi ce. The
copying process al so resets the pixels in the rown 210 and a new
integration in thgypophd 20ed@ition kimdt 8bkethe sRAEAND Yoplibe sbhoppd s of M
pi xels in another row 220 that is shifted by Arows'relative to

row 210, i.e., th&eFeRA(RoRymn-paradil@dl faABRLsFRA RGN is givent Byt he
correspondi g M storage cells in the second col ume- paral | el si gnal
chain 206 during tinme T[err] and 30 the pixels in the row (n-A) 220 is
subsequent |y reset for apofsrer, i.ntegration. Ty Mstorage cells in
each of the first colunn-paralrel signal chain 204 and the

second colum-parallel signal chain 206 are si mul t aneousl y and
respectively scanned for readout. 35 The M storage cells in each

col um-paral l el signa
As a result, the dynamic range D, of the active

pixel sensor 200 is improved over the dynamic range D,
of the system 100 by a factor of T./Tan:
10

Zaint
D, (dB) =log (——)+D, (dB) ; {6)

2int

T .
D, (bits) =log, T“"‘) +D, (bits) . (7)

2int

For example, when N=512 and A=2, then a 13-bit dynamic
range is thus extended by 8 bits to 21 bits, or from
78dB to 126dB.

15 The detected image is reconstructed by reading out
the bright portions of the image with the data of short
integration time T,, from the second column-parallel
signal chain 206. Conversely, darker portions of the
image are read out using the data of long integration

20 time T,, from the first column-parallel signal chain

204. Therefore, portions of a scene which appear
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10 chain is sequentially scanned and the signals therein are
read out. This conpletes the readout of the row n 210 and row (n-A)
220. The tinme for scanning and readi ng one pixel is T[err] , which
I's typical | ywoet/ywvaen 5 100ns-100[err]s. Then, the neggride/ ks are
sel ected for readout in the sanme fashion. Therefore, a single row
readout process reads two separated rows ofi2pi xels. _ ~ The above
readout process repeats until every row in the active pixel array 202
are read to conplsttarateg by fhankong ThitegreddibnstimetTn, setrsbef data from
every act i Viariigeel pNlub e ARSYSrllE, 10RRGELIMA NEiild 1!

colume-paral l el signal chain 20% and anot her e second

col um- par al | el si gnalTh€hgpAop@eembodimente febnpvRr§gsemhanvantdens of data

have di fferent 1%yses ithkegbabibep ﬁéémﬁq?u&d fferthsQ@ééln l%onto% fr% the same
pi xel are ad out gi_ldlfferent tines b he time for

a row read t prdce enﬁP’FFﬁﬁ"lé%otﬂ/fﬁmy 1 Yo extermetfﬁ rﬁb’nfaé'rlca r ow

readout is [ efanlge. The réSdMAd igugydeddelier il rW{ &iddd iinh Fagr ow, r eadout
in the prior- 20 art, syskema srilole‘ %he The,total readout tlge for a

frame is given b;%e Yow n plxe in active pixel array 10
is first selected for readout. The signals in the M
pixels of the row n 110 are then copied simultaneously

10 to the corresponding M storage cells in the column-
parallel signal chain 104. The copying process also
resets the pixels in the row n 110 and begins a new
integration in the row n 110. Subsequently, the M
storage cells of the column-parallel signal chain 104

15 is sequentially scanned and the signals therein are
read out. Next, the signals of M pixels of another
row(n-A) 402 are simultaneously copied to the
corresponding M storage cells in the column-parallel

signal chain 104. The row 402 is displaced from the
20 row 11C by A number of rows. The pixels in the row (n-

A) 402 are subsequently reset for another integration.

Subsequently, the M storage cells of the column-

parallel signal chain 104 is again sequentially scanned

and the signals therein are read out. This completes
25 one row readout process which takes a total time of

(2 Teopy +2MT,,,) =2T,,,.

The above process then repeats for row {(n+l) and
row (n-A+l), etc. until all N rows of active pixels in
the array 102 are processed. The total frame readout

30 time is N(2T

copy

+2MT, ..} = 2NT,,, which is twice as long as
the frame time in the prior-art readout shown in FIG.
1. However, two sets of data are obtained using the
readout of FIG. 4, one set having a first integration

time, T,. = {(N-A)2T., and another set having a second

35 integration time, T,, = A2T,,. Two data points of



[err] In the prior-art systemof FIG 1, the integration 25
time for each pixel is the sane and is the readout tine for a frame.
However, the two sets of readout fromthe two col um-parallel signal
chains 204 and 206 in the systemof FIG 2 have different integration
ti mes. The WO9717800A0 97/ 17800 PCHCYY6UEBB/ 18287

11 Integration tinme for the signals copied into the first

col um-paral l el signal chain 204 is given by3 [err] and the
integration tinme for_the signals copied to the second col um-paral | el
signal chain 206 i $ibisRAN Yy ntegration times from thgr ppme pixel are  (5)

As a result, the dysadicut atgewb| @iffepént hEinkE.l V€he time lag between
reading out the two data points is A(2T,,,+2MT,...) =2AT,,..
The increase in the dynamic range is essentially
5 the same as in the first embodiment using a sensor
design 200 of two column-parallel signal chains
although the integration times are different. The
second embodiment has an additional advantage of being
compatible with previously-fabricated CMOS APS sensors
10 with single column-parallel signal chain but has a
reduced frame rate for readout due to the increased
readout time per frame.
A third embodiment implements more than two

integration times in an active pixel array. For a

18 number of k integration times (k>1) for each active
pixel, the respective integration times are T,,.=kAT..,
Tone=kK A.T., ..., and T,,=k(N-A-A,..-A,_)T,.., if the
architecture 100 of FIG. 1 is used in which there is

only one column-parallel signal chain for readout. The

20 respective readout time for a frame is T,,,..=NkT,.. For
example, N=585 and k=4, A, may be chosen to be 1, A,=8,
A,=64 so that T,.= 1x 4T.., T,.= 8x 4T., T,.= 64x 47T, ..,

and T,,.= 512 x 47T,..
In addition, k column-parallel signal chains can

25 be implemented and used in a similar way as in the
first embodiment 200. k rows of pixels are read out
simultaneously and stored in the k column-parallel
signal chains, respectively. The k column-parallel
signal chains are subsequently scanned and read out

30 simultaneously. Thus, the frame time is reduced by
approximately a factor of k while achieving essentially
similar dynamic range increase comparing to the use of
a single column-parallel signal chain for k integration
times.

35



pi xel sensor 200 is inproved over the dynam c range Dfer] of the
system 100 by a factor of T[err]/T[err]: 10 [err] [err]

For exanple, when N=512 and [err]=2, then a 13-bit dynam c range is
t hus extended by 8 bits to 21 bits, or from 78dB to 126dB. 15

The det ect ed“jd’ga,ﬁgsohs reconstructed by reading out t hepdisgbligapor ti ons
of the image wwth the data of short integration time T[err] fromthe

second col um- par al | el signal chain 20g. Conversely, darker portions
of the i mage are read out using the data of long integration 20

time T[err] fromthe fiStheG@lo+an- RAT dht &tmediGRal nGhBER of coR@fth-

Therefore, portions of i
PCT/U896/18287 paralléﬁ i&%&%lwghgyngpﬁgﬁgeen 1 anfzk cgg)gg/&gggx%o

produce a desired set of k integration times and a
frame rate tailored for a specific application. At
5 least one of the column-parallel chains is used to
obtain at least two sets of data with different
integration times.
The above embodiments contemplate using a
destructive readout, wherein an active pixel is reset
10 for another integration after the signal therein is
copied and read out. One advantage of the destructive
readout is that the on-chip correlated doubling
sampling can be implemented in many active pixel
sensors to suppress neise such as the fixed patten
15 noise and the KTC noise. This is disclosed by Mendis
et al. in "CMOS Active Pixel Image Sensor", IEEE
Transactions On Electron Devices, Vo0l.41(3),pp.452-453,
March, 1994. A non-destructive readout can also be
used with the above embodiments for an increased
20 dynamic range and possibly increased speed. Each pixel
continues to integrate the signal and the pixel value
is copied and read out without resetting. One
advantage of the non-destructive readout is that a
fewer number of rows are needed than that in the
25 destructive readout to achieve the same multiple
integration periods. For example, non-destructive

readout can be used to achieve four different
integration times T.,= 1x 4T.., Tun= 8% 4T.., Tiy.= 64x
4T,.., and T,,~= 512 x 47,.. using one column-parallel

30 signal chain with 512 rows of pixels rather than 585

rows in the destructive readout. This can be done by
choosing A,=1, A,=7, and A=56 in a 5l2-row active pixel

array.

35



saturated by the long integration tine T[err] can be managed by
using the short integration time T[err]. The second enbodi nent
of the present invention uses the readout technique for the system
200 of FIG 2 5 in the system 100 of FIG 1 to extend the dynamc
range. The r e¥@8U1788kquence is illustrated in FIG 4. PCTHESHBRT n of
pi xel s 110 in the active pixel array 102 is first selected for
readout. The signals in the M pi xel s1&f the row n 110 are then

copi ed S|nultaneousLY to the corresponding Mstorage cells in the

col um- aPRViEe IPplepentalii®®i04. The copying process al so

resets the pixels in the)roMoicd ¥ FiGebegThe ardieitectures bmtegtﬂﬁeon in
the rown 110. Subse ent | cel

0
col um- par al | el sﬁ@‘ 855%% %ﬁﬁl?ﬁ?ended gyggﬂbgnf7%ﬁﬁ3?55&%8H3&yand t he
signal s therein arescribed t&aceouinplidamentetiheish gnalsnbelr Mfpi xel s of

anot her ert 402 e sinul e opi ed.to_the
correspondlﬁb M s?w%gg% T3 %%%Sln %aé%o?grEgg 8¥?+y ééé%d% 1tsS|gnal chai n
104. The row 402 mQOdpgthCQMDSrRﬁﬁtﬂh@wn2®n FIGomﬁinﬁdyﬁvpgnrpanunber of

rows. The pixel Sglr}etlhaeg%\fé 5£ active-t 493d Ak £s SURS K g@%nEEM BSSEt for

anot her integrati ubsequent |y, "t he letora ec
col um- pargiedel EBrgnrlet WUPU41P§186§|QP%@ﬁgéﬁ¥i§NP§ éE%nn@d

and the signals thgrgen §ﬁ6t6&¥shéﬂdMoSThPS CQH@'@%@%&&%?leelone row readout
process which takes a total tine of he above process

[err
then repeat¥lfor PHRTPALPSEpepsOr, the FB@F?ﬁ refyiatdon deyicgnpfrivg| N
rows of active pixalkeli Bensor, ardi®iponay t02neiet@r-acassegdixéhe. t ot al

frame readout 30 ti N(2T] err] +2MI[err] )= 2NII which is tw ce
as long as t he ? ﬁgep?lo&gﬁ?tc?¥§ﬂﬂ£§?r§ﬁgﬁﬂ in FIG
1. However, two setignefl dhgansu&anﬂusa dedfeseny ¢hmments in tbedpikebs FI G
4, one set hav'ngt%8r55§tﬁhéﬁﬁﬁﬁ 'éy%ac1tors aﬁ&rgﬁaigéﬂﬂaLdlgltal

(N—[err])ZTIer ] anot her set "having a second
converters (ADCs). The physical floor plans of

multiple column-parallel signal chains such as FIG. 2
and single column-parallel signal chain as in FIG. 1
can be varied as desired in practicing the present
invention. For example, the second column-parallel
20 signal chain 206 can be positioned with the first
column~parallel signal chain 204 at the lower part of
the active pixel array 202 as illustrated by FIG. 5.

{3) Multiple Outputs per Pixel The inventors

contemplate that a plurality of output source followers

25 can be included in each pixel rather than one output
source follower as described hereabove(e.g., FIG. 3).
Each output source follower can be attached to a
separate column bus and each column bus in turn can be
attached to its own column parallel signal chain. This

30 approach may provide greater flexibility in choosing
the integration times.

(4) Pixel Svnchronization The above-described
embodiments use multiple data points of different
integration times from the same pixel which are read

35 out at different times rather than simultaneously. If

it is desired to synchronize the output of the two or



35 integration tinme, T[err] = [err]2T[err]. Two data points of

WD 97/ 17800 PCT/ US96/ 18287
13 ‘ different integration times fromthe sane pixel are _
read out at two different tinmes. The tinme | ag between readi ng out

the two dataveeirsm is [err] (2T[err]+2Mrerr])=2[err]T[ errperrusssnsasr
The increase in the dynamc range is essentially 5 the sanme as in the

first enbodi nent using a sensor

si gnal chains

with previously- s?lgna ‘ﬁq‘ g@%t Ap§h§eﬂﬁ?fér lrgemordzu?fgggﬁfgﬁgl 53&% f or

col ume- par al | el
readout due to tﬁéomn%rmkﬁﬁkiuntll allr@é@@umoxmt&aﬁngm thatepixel are

third enbOdlnEntréﬂ@'&ﬁE”Hé;ﬂﬂ%ﬁeaﬁhaehémeata pointd %%ﬂgﬁétégﬂtt6€§
xgl arraymuFor a nunber of K integration tines >l ) for

active pi
each acti

Vv

Jp‘f%é'éﬁous‘tlﬁ’e r 88pERei 7S¢ Mg itdasti apeodiment

Tlerr]=k[err]T[es64 of FIG. iT[%BE]be£§£r$éHg€y %?ould beaﬂd6%¢§rrg

k(N-[err]-[err]-[err])T err],) if
used in which thgizeiand has a gabgcohe @6I$ﬂnr¥nQWMauélo§|Qh@JdaﬂHn n for

r eadout .
=NkT[err].
[err] =8,

tecture 1

The 20 fromréﬁ”%%ﬁgeVQnr@ﬁgouﬁréir%%;é”' & £ Iy ﬂ”@geﬁ ﬁ%@r J
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For

exanpl e,
used, the output of the buffer memory can be the input

to the ADC.

A High Performance Analog-to-Digital Convexter (“ADC”)

A high speed ADC with a high resolution can be
made using the described techniques of the present
invention. The multiple data points generated from
each pixel can be converted from analog to digital with
multiple ADCs with each data point being processed by
one ADC. This can generate both a high resolution
conversion by combining the bits from each data point
and a fast conversion speed since the multiple ADCs
operate in parallel.

For example, the architecture shown in FIG. 1 with
a readout of four data points per pixel can be used for

such a ADC. For illustration purpose, it is assumed
that N=585, k=4, A=1, A=8, A=64 so that T,.= 1x 4T..,
TZint= 8x 4Troul TBint= 64X 4Trmvl and T:’int= 512 X 4Txou' If eaCh

data point is converted using a 3-bit ADC, an ADC word
length of 12 bits can be generated by patching the four
outputs of the ADCs together. The time domain, which
can be accurately controlled, is used to provide the
effective gain of Bx between each of the four data
points. This is shown in Table 1. Each of the four
ADCs is shown as a single slope ADC, with an increment
of 0.250mV per step and a total of 8 levels. The time

required for each conversion is 8 cycles. Since the

desé gn 200 of two col um-parall el
al though the integration tines are different. The
second enbodi nenhohasdama guuintisofabmatiensage pixdici A on-chip ewffat i bl e

s in an

of " FIG 1 is

chosen to be 1,

A



[err]=64 so that T[err]= 1 x 4T[err] T[err] = 8x 4T[err], T[err] = 64x

4T[err], and T[err] = 512 x 4T[err]. In addition, k
colum-'paral | el signal chains can 25 be inplenmented and used in a
simlar way as in the first enbodi ment 200. k rows of pixels are
read out wo wiimebt aneously and stored in the k col umm- p&CATYSaq/18287
signal chains, respectively. The k col um-parall el signal chains are
subsequent|ly scanned and read out 30 si mulipaneously. Thus, the frane
time is reduced by approximately a factor of k while achieving
essentially Sidtid DOy BAHI Bel GPEa T riendaradlpay i tige ttwtaletine of
8 0P San0 UM Par A ] ey tBkng b b O rds 1Nk SORAEERN remain LiSTES: 30
14 Furtheirgy.e, Tepital by raslicl eyeuebes of €id Whder lus so
paral l el signal chains between 1 and k can be used to produce a

desired set of k intWytat campiate eorversion canfpaninkihed dinl §ned fBre a
Speci fi ¢ appl i 62l 1 O; Al £ el £AS! 2R ObrbUgpERLHE- R ld:elachal NS 1

used to obtain at [east two sets of data wth d

integration times. points are repeseARS SHSEANARAY ST HRGHRAEt Ehasldm a
destructive readout ,pwh@pebdean active pixel is reset 10 for anot her
integration after the signal therein is copied and read out. One

advant age of the dedPd€titve

10 H_r"f—

Integration 1 8 64 512
Time {Tel

15 Number of Steps 8 8 8 8
Actual volts 0.250 mV 0.250 mV 0.250 mV 0.250 nv
per step
Effective volts | 128.000 mV 16.000 mV 2.000 mv 0.250 nv
per step

20
Full effective 1024.000 mV 128.000 mV 16.000 mV 2.000 mv
range

25 It is noted that achieving n-bit dynamic range is

not equivalent to obtaining n-bit resoclution. For
example, the sensor of the above-described case could
be saturated for the three long integration times for a
given light intensity at a pixel, thus only the data

30 with the shortest integration time is used. One way to
improve the number of significant digits is to used a
higher resolution ADC to have some overlap in

conversion range.
Although the present invention has been described
35 in detail with reference to several embodiments, one
ordinarily skilled in the art to which this invention



readout is that the on-chip correl ated doubling sanpling can be

i npl emented in many active pi xel sensors to suppress noi se such as
the fixed patten 15 noi se and the kTC noise. This is disclosed by
Mendi s et al. in "CMOS Active Pixel Imge Sensor”, |EEE

Transact i on%v&,ll%&ct ron Devices, Vol.41(3), pp.452-453, pPCT/USOVARESY, 1994.
A non-destructive readout can al so be used with the above

enbodi ments for an increased 20 dynam ¢grange and possibly increased
speed. Each pi xel continues to integrate the signal and the pixel

val ue i's %@EtﬁﬂnanﬁlIrﬁﬁprHCﬂ&tbh@ubtrE§fiéusumodaﬁicatlons aslyant age
of the non-destructive readout rows are

th

needed than that SPREPREMSRES masaz?t t“l?éif"’l Ve Faﬁd%?ﬁcﬁlt?egcﬁfng’\‘?gl?ﬁ%t%ane
mul '([jl pl e . i ngegs‘atl ﬁ:ﬂazﬂﬂlaf odﬂmedlE}aF:haan@k eof note dedodimtnye
readout can be used t ieve fo [ re i nt a
T[err] =1x 4T[ePchr+F%§ Tse Eﬁ<4éf[err [Q%rfowsfﬁfd JoLTHh Eh%%é%%?Eand T
[err] = 513 x 4Tkeadpuusch§pmme dal winoupdr be| @ppBiriatedsitipadl rehdont wit h
212 rows of pixel, gll’t@t Bgh1d el i pixel 59%% 0 4 destieughibyps fgadout.

005|ng

This can be done err =1, 7, err 6 in a
512-row active pmﬂéﬁl patches gfg & x§5Plxe1 areaS)ANBIQ?PY7SQDer

PCT/ US96/ 18287  gesired shape. Accordingly, the redddut chains can be

changed to accommodate the choice of readout units.

10 While the embodiments describe obtaining two
integration signals for each pixel being stored, it
should be understood that any number, e.g., 3 or 4,
integration times could be used. Additional column-
parallel signal chains may be added to maintain the

15 frame rate while increasing the number of integration
times. Alternatively, the chip design can be
maintained at a price of a slower frame rate to
increase the number of integration times using the
readout method of the present invention.

20 These and other modifications and enhanceménts are

intended to be encompassed by the following claims.



Devi ce I npl enentation (1) Choi ce of Pixel The architectures of

active pi xel arra nam C range previously
descri bed can be inpl ene t‘ Mﬁ r possibilities. The
preferred pixel design i LM tdgate CIV% APS shown in FIG 3.

However, manWwo 9717800 pi xel desr gns of active-type and passiRE¥SPHE8280n be

used. Exanpl es of such include photodi ode CMOS APS, a pi nned

phot odi ode CM3S APS, the passive pixel 10 19 phot odi ode sensor, the charge
nodul ati on device active pi xel sensor, and bi pol ar transr st or - based
pi xel s. What2}s crlpinedydft: One or nore col um-paral | el

signal chains can _use different elenents . in the ;E)rxel S t her eof

i ncl udi ng capacitdrs and arf oG §RVaFe15°oMP It ers (ADCs). The

physi cal flopr pl ans of a deﬂﬁdtfdrpher§9|hl«ﬁmxrﬁt_ﬁralﬁleﬂra&hgpabfqhﬁtd’ﬂs such

as FIG srn rall el arnasrnFIGl
can be var| et as &é§FPeﬁ ﬁlsrﬁofcetrajé%ga%llﬁﬁ E)? %%'%f Sther o °fi Avention. For
exanpl e, ther secosdmdtobndmetpar alubalt rafle, eashgmﬁlsanhhlprixé%cd:auubm

posi ti oned th th u a in 4204 at t he
| ower part V\’A‘f %CE %%t‘%c?rll vogtﬁ'%%él ggprgg{:laé%fleéé q’%I Egte baglltrl FIG b5.
(3) Multiples CQut pelecperniy xelenfng itovennpest said ll@dsxrtt anpbage that a
plurality of, out PUb oBOLIC81 fac}n%wer%aaé le&f‘r‘cPchf’c%| %gegawne & pi xel
rat her than one out put source . ower as_descri here ove(e.g.,
FIG 3). 8 ESeResatpLAn SiifiEd of éPFjé)ﬁEFlt%rpfb@natltnﬁéﬁeécﬁbe

separate colggm bus and each @Qsltmgll@ugllﬁuf%ﬁ £ yYWRaving a attached to

o caver § el b PrESuFRL LR aRF " oo Thco Penpe AR LIRR 18VeHLS

greater e ili e

(4) Pixel Synchroaezattoen fﬂ‘hﬁh}abﬁ:v%adeséﬁbbeﬂate, saldemshﬁdbﬁeaémmﬁ

L e

sinmul taneousiy. kb store eldctirscddsisigdals Ewochy diiirs¢ phecbudpusaigf t he
y

two or 14 pixel circuits:

15 a second signal buffer array having a

16 plurality of buffer cells disposed relative to said

17 detector array on said substrate, said buffer cells in
18 said second signal buffer array respectively operating
19 to store electrical signals from a second patch of said
20 pixel circuits; and

21 a controlling circuit controlling said first
22 and second signal buffer arrays in a way such that each
23 of said pixel circuits is sampled into both said first
24 and second signal buffer arrays at least once during a
25 readout of said detector array.

1 2. A device as in claim 1, further comprising:

2 a transfer gate and a first transistor source
3 follower disposed on said substrate in said electronic

-9

element in each of said pixel circuits, electrically

5 connected to said first and second signal buffer

6 arrays, said transfer gate relaying a signal from said
7 optical sensor to said first source follower;

8 a semiconductor switch in each of said buffer

9 cells in said first and said second signal buffer
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16 nore data p0| ll!m"’&ulﬁm%ﬂﬂe pi xel , an on-chip buffer
menory i s needed. The bu s the data froma pixel

until all data points fromthat pixel are read out so that all the
data poi nt sueap, sent out 5 simul taneously. In th W he
first enbodi rren{lt?ﬁm 200 of FIG 2, the buffer rrem)ryePs ou lgPJDe7t[err]
rows in size and has a capacity of,storing half of the data
froman imge in the worst case. |If on- chrp ADC is used, the output

of the bufer rrearpfa/ymrzell&ttrheaumpuz:oéh@ect Dgeatleeb{}??er cell to A Hgh
Per f or mance Anal o fdt‘isg‘nt al Converter A hi gh speed
I

ADC with &?*high ? SCXK CBe foliSues et & @tﬁé PhesyEd Riasdd

t echni ques2of t heipresent al@ invention. The nultiple data points
generated from each can ge converted from gnal og to digital
with 13 nultiple ADCs %ﬁl Cgﬁﬁﬁoﬁ 129 foi it ife CREt pPOEERE etf i)

one ADC. Thi s caswisrtercl ealoht bfashigrﬂomﬂsﬂ Welds in saidCOIWS Snah by
conbrnrng he bi ol n nd a_fast, conversion speed
si nce the rrsrult %éc%l%%%q %ﬁk%ega e’g? ot e fa1de1eenhie aﬁl

exanpl e, tibe ar c$nqrea:1tajr1e1 §Ia0an|LnSFI @d 1sesidrid signal buffexeutragfs f our
data point§ per e h a ADC. For illustration
pur pose, |1t IS akgés‘}tjl?r{egd%ggg%e% gnégié%%%on tli‘lé%['err] =1, [err]=8, [err] =64
so that T[err] =1 x 4T[err], Tlerr] 8x 4T[err] Tlerr] 64X
AT[err] and Tlers] ﬁ%%\?ic@-r['igr £h-c1dim GZa-Ckfurther cgﬂﬁﬁlm tgis conver t ed
using a 3-bit ADC,_an ADC word | e t of 12 bits can e gener at ed by
pat ching t he fodruffer memory,formag ?’Presmqbéééﬁﬁéropwlmwodormr n,

whi ch 3 store a plurality of data of different integration
4 times obtained from said pixel circuits at different
5 times in a frame readout.
1 4. A device as in claim 2, further comprising a
2 plurality of analog-to-digital converters in each of
3 said buffer cells in said first and second signal
4 buffer arrays, operating in parallel to convert
5 electrical signals of different integration times in
6 said buffers into digital format, thus forming a
7 digital indicia indicative of said input scene.

1 5. A device as in claim 2, wherein said optical

2 sensor is a phototransistor or a photodiode.

1 6. A device as in claim 2, wherein said controlling

2 circuit has means for enabling each of said pixel

3 circuits to accumulate signals produced by said optical
4 sensor during consecutive readouts by one of said

5 buffer cells in said first and second signal buffer

6 arrays.

1 7. A device as in claim 2, further comprising:

2 a reset gate in each of said pixel circuits

3 being disposed on said substrate; and



30 can be accurately controll edm| ﬁﬂrsed to provide the

effective gain of 8x beglf\tm“u ij four data points. This is
shown in Table 1. Each 4 ADCs is shown as a single slope
ADC, with an increment of O.

\ 250rrv per step and a total of 8 |evels.
The time 35 woob/efdhd red for each conversion is 8 cycles. BChUs6rins?

WD 97/ 17800 PCT/ US96/ 18287
17 four ADCs can be operated in paeallel, the total tine
to achieve the 12-bit resolution could renmain as 8 cycl es.

Typically, each cycle is of sehe eenferolilimgr Fdrspit Controutlﬁ@t sgidonpl et e
conversion can be JégytSEQQe'EOS&éiéﬂésaéEﬂ%ulatéd sidhdSs fyaddes B?Uf ADCs
correspondi ng to four poi nts are reassenbl ed externa

generate theé12- said opthrplosepsdr in each ofgpped pixeljgircuits u on”
Integration , 1 4 completgon of a saﬂ%ﬁlng by eibf&r said firBtmeighberr] )
15 Nunber of St%P 8 8 Act ual
vol ts 0. 280 mv bu ﬁ?rzeérﬁw or %?%ﬁﬂfQﬁﬁnd §198RL RpIfer arrays, oiep
Effective volts 128.000 nV 16. 000 nv 2. 000 nVv 0.250 nmv

1 8. A device as in claim 2, wherein said controlling
2 circuit operates to sample each of said pixel circuits
3 at least three times with said first and second signal

buffer arrays during said readout of said detector

o

array to generate three sets of data with different
integration times for each of said pixel circuits,

thereby at least one of said first and second signal

(2 BN N« I &)

buffer arrays sampling said pixel circuits twice.

9. A device as in claim 2, further comprising a

fn

plurality of additional signal buffer arrays disposed

w N

relative to said detector array on said substrate, said

additional signal buffer arrays being substantially

L]

similar to said first and second signal buffer arrays,
said controlling circuit controlling said signal buffer
arrays in a way such that each of said pixel circuits
is respectively sampled into each of said signal buffer

© 0 N W

arrays at least once during a readout of said detector

10 array.

10. A device as in claim 2, further comprising a

second transistor source follower disposed on said

w N =

substrate relative to said first source follower in

4 said electronic element in each of said pixel circuits,

[8)]

said second source follower being electrically parallel
6 with respect to said first source follower, said
7 control circuit controlling said first source follower

8 to read out a first signal from said optical sensor



per step 20 . Full effective 1024.000 nV 128.000 nv 16.000 nmVv

(ijgg(r)n gvr ange is anae H“J“ﬂ“l I“ﬂi“lﬂ']”“lol ib?gf ﬁ?nghﬁt b?'fhir :\s/i)lngt Poﬁl t For

exanpl e, the sensor of tHe &bove-"descri'bed case could be saturated
for the thwaeedosm i ntegration tines for a gi ven | pcintsosmgdnsi ty at
a pixel, thus only the data 30 with the shortest integration tine is
used. One way to i nprove the nunbegp of significant digits is to
used a hi gher resolution ADC to have sone overlap in
conversiongrangaith a first id%édunnﬁmnth&mpresenﬁaidn&audmmnsbaSCbeen
descri bed, 35 i ] r&fere I one
ordlnarlly§skllle2 E?héog%%g?dgj c%%?ﬁkg §§§§£ fé%H) §iﬁ@{]97/17800
PCT/ US96/ 18287 sensor with a second integration tlma£3respect1vpéytains will
appreci ate that various nodifications and enhancenents may be nade
I n the described enbodi nents. For exanple, the techni ques of
the enbodi hents1l. An ﬂ@BGimgmﬁPWkﬂﬁlr@9@§G@59h@ts of rows and

col um-paral lel 5 reag gét&éxadﬂ%rralyt h§99Hid BRANRY Bled kbat

r eadout units coul d be other pixél such as™neig Eorlng

pi xel pat ches (@1§CU1?§7dﬁ§R%ﬁEQU49%§FlV8rt8n9aﬁ%rﬂﬁher on a desjred shape.

Accordi ngly, theemgadadticebai SsoNAIRRE each of CHAWEM AQ 2Geennedate the

choi ce of reado t uni
unc ud&ng an optical sensor to receive light and an

6 electronic element to convert said light into an
7 electrical signal, said pixel circuits operating to
8 generate an indicia indicative of an input scene;
9 a signal buffer array having a plurality of
10 buffer cells, each of said buffer cells having a
11 semiconductor switch formed on said substrate and
12 electrically connected to said electronic element of a
13 patch of said pixel circuits to store electrical
14 signals from a pixel circuit in said patch of said
15 pixel circuits; and
16 a controlling circuit operating said switch
17 in each of said buffer cells in said signal buffer
18 array in a way such that each of said pixel circuits is
19 sampled into said signal buffer array at least twice
20 with different integration times during a readout of
21 said detector array.
1 12. A device as in claim 11, further comprising:
2 means in said controlling circuit for
3 selecting a first patch of said pixel circuits in said
4 detector array, sald electronic element in each of said
5 pixel circuits in said first patch and said switch in
6 each of said buffer cells operating in combination to
7 simultaneously read a first set of electrical signals
8 in said first patch pixel-by-pixel into said signal

9 buffer array:



10 Wil e the enbodi ments descri be obtaining LWOI i b ijnt e?raél ?E t
signals for each pixel bei m 1,1“' shou e under st oo a
ang nunber, e.g., p3 or 4, f'H" Hnlﬁ l ‘l”u times could be used.

Addi ti onal col um- par all et si‘gnsal *thai ns may be added to nmaintain
the 15 f reir87/1o@ whil e i ncreasing the nunber of integratTososnssr
times. Alternatively, the chip design can be mai ntained at a price
of a slower franme rate to i ncrease tB& nunber of integration tines

using the readout nethod of the present invention. 20 These
and ot her nddifications andS@hhaficidntsfies array sequemtdedlyo be

enconpassedidy thexbehrhewyngath & ifst set of elgpcgféalf%q(%nal\ihstored
PCT/ US96/ 18287 _ cl ai ned
is: 1 12 in said buffehgeddd @ECosgApei 5o ry:first operation of a

detector array ha\slamg aoﬁkﬂéﬂiiﬂ@/ Afr Rii%¢l eadh of ddiHiduFrdiSpased relative
to each ot hﬂ' on tor substrate, each of said pi xel

c
circuits i r‘f(?lsﬁatﬁﬁgaﬁ" dapt’}“gg'l albfToFald $¥RUINAEA ght and an 6
el ectronic Eﬂ enent to convetdarsaiich Isiaght coAt 6o Bing C1J&|1QCE65C6| tS| gna:c i
I d pixel rCUI ener at ndici a,indicative o
;Sﬁlput IC)Is)éene : SBo9BGLENE 1P 4 ClTelcr%é'tng ﬁSFo%gfL?are}rC}hPrfaﬁaﬁgvPhﬁeh 10
plurality of? buf f eircelits, ds@rrbsad@crtebaucvelememaudn ehkh ofdeheatpixeﬂ”ay

on said subgtrate.;s | [ i rst._signal buf fer
array respelcszei i vel ;logg?%pﬁ\rt Egaf?e Seéom %%eh rzcitsrallgalswél af¥ %7
first patchtf saPf Said bu %(relceélllscept‘-satlllt5 in comblnatlonatsecond SI gnal

buffer arrasp havi Bgmdltanecusly read a second set of electrical signals

21 in said second patch pixel-by-pixel into said signal

22 buffer array; and

23 said signal buffer array sequentially

24 exporting said second set of electrical signals stored
25 in said buffer cells according to a second operation of
26 said contrelling circuit.

—

13. A device as in claim 12, wherein said controlling

2 circuit has means for enabling each of said pixel

3 circuits to accumulate signals produced by said optical
4 sensor during consecutive readouts by one of said

5 buffer cells in said signal buffer array.

1 14. A device as in claim 12, further comprising:

2 a reset gate in each of said pixel circuits

3 disposed on said substrate; and

q means in said controlling circuit for

5 controlling said reset gate to delete accumulated

6 signals produced by said optical sensor in each of said
7 pixel circuits upon a completion of a sampling by said

[+ o]

signal buffer array.



16 plurality of buffer cells dlsposed relatlve to said 17 det ect or

array on said substratj Im ”W{f in 18 sai d second signal

buffer array respectively mm to store electrical signals from
21

a second patch of said "20° pl'kels ci*rcuits; and

control | i nowglohgHesd controlling said first 22 and seceopgySbeiasdy buffer
arrays in a way such that each 23 of said pixel circuits 1s sanpled
into both said first 24 and second signal buffer arrays at |east once
during a 25 readout of said detector array. 1 2. A device as in
claim1, furtheri1sonX infdthda 3f detecting an optlikcanstesngate and a first
transistor source 3 . . follower disposed on said substrate in said

el ectroni c?4 W9 each of said pixel circuits, electrically 5

connected Bo said first arpdrosvedd)nd mg&m—fd:bna‘rfsamnﬁl arraiyrcaﬁl&‘pi)&ajsd

transfer gate re [ [0 a C Sensor, said first
3 é%é/rl N % %dggg.‘ efl.s haélﬁgg ad]uccfp P:tah. ?Eﬁe?‘ho & said

source fol |l ower

buffer 9 5 cel Ieslecrtmm: fpiixet amdcxsaf des‘rec;muYeSltgngl 1 toud ff ell‘lght WO
97/ 17800
20 10 gr r ays e & ect ri cgltll;c/:a(l:o?lcr:\ee% |1f1r§t°s§n ?§?§ég|% qnallland sai d

first sourée follower in é‘eaﬂ@tléhgoffl%%lmlcﬁﬁlxalgl@ls ipi said trixedisd 103
sai d contrglling, cgéféatteop%farc%hlaﬂdseérﬁfp&iﬂal seavvehe@ ph SAch pf; said

buffer cells in said first and second signal buffer arrays to allow
sai d el ect Pi cal RBraigitgnsts Pf‘ﬁeéa‘#ﬂtﬁ i ¥igh SEEBRdIRTRMEALISUf fer arrays
10 times from each of said pixels during a readout of said
11 array.

=

16. A method as in claim 15, further including:

2 selecting one data from said plurality of

3 pixel data for each of said pixels according to a

4 predetermined criterion to form an indicia indicative

5 of said optical scene.

1 17. A method as in claim 15, further comprising:

2 partitioning said pixels in said array into a
3 plurality of pixel patches, each of said pixel patches

4 having equal number of said pixels;

5 providing a first signal readout buffer array
6 having buffer cells, said buffer cells respectively

7 corresponding to said pixels in each of said pixel

8 patches;

9 simultaneously reading a first pixel patch

10 into said buffer cells of said first readout buffer

11 array'on one-ta-one correspondence, thereby obtaining a
12 Zirst set of electrical signals that are characterized
13 by a first integration time in said readout buffer

14 array;

15 sequentially scanning said buffer cells in

16 said first readout buffer array and reading out said

17 first set of electrical signals;



17 havi ng different int : A device as in claim
2! turtner conpricing a 2 IINB{MEIMHEEI M or rea”on <ai 6 cunstrat e
operating to 3 store a plurélity 'of sdatta of different integration 4

times obtained fromsaid pixel circuits at different 5 times in a frame
readout . lwo 9747800 A device as in claim 2, further conpriPETNI$615287
plurality of analog-to-digital converters ig each of 3 said buffer cells
in said first and second signal 4 buf f er érrays operating in parallel

to convert § el ectrical gj t 0,6
said buffers’into digital fgsreﬁggﬁ?‘ﬁ d%‘j'&q‘r“egkxe? Bet&, 10‘{1 ﬁlr‘qei‘éu &Ya
i ndi cative dP sai de¢egraingdmesa selectiors critRrdenice as | n claim 2,

wherein sai gooptical 2 RBAOK 1oL EaAIAlY 203L0E s £1a ARAAOiRde. 1
6. A device as in claim2, wherein said control g I rcul as
means for edblingPakseh igitos gpad phykfer Cellscplfcﬁﬁt forgcagagioste signal s

produced by.sai d apit&d sAray oﬁe&@-ftdjiﬂden&ofi98§§§h@éﬂ/€e r%@%b% by one of
said 5 buffer cells in said first and second al buffer 6 arrays.

1 7. Adevi cePHLining i af §°“ Feh&t &6 FF%F b512;nals that are a
reset gate kn eachcrritiedipedeby Cd raddnst antegbew@m diisRosedsangsai d

substrate, %Qd first readout buffer array; and
26 then sequentially scanning said buffer cells
27 in said first readout buffer array and reading out said
28 second set of electrical signals.
1 18. A method as in claim 17, wherein said second pixel
2 patch is spatially separated from said first pixel
3 patch by a predetermined number of pixel patches,
| thereby said second integration time and said first
5 integration time having a difference affected by said
6 predetermined number of pixel patches.
1 19. A method as in claim 15, further comprising:
2 partitioning said pixels in said array into a
3 plurality of pixel patches, each of said pixel patches
9 having equal number of said pixels;
5 providing a first signal readout buffer array
6 having buffer cells, said buffer cells respectively
7 corresponding to said pixels in each of said pixel
8 ‘patches;
9 providing a second signal readout buffer
10 array with multiple buffer cells respectively
11 corresponding to said pixels in each of said pixel
12 patches;
13 reading a first pixel patch into said buffer
14 cells in said first readout buffer array on one-to-one
15 correspondence, thereby cobtaining a first set of
16 electrical signals that are characterized by a first

pt
~J

integration time in said first readout buffer array:;
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21 4 sai i ircuit controlling said 5 reset

gate to del ete accurmlaﬂ Hnﬁmllgﬂﬂrlﬂ“iced by 6 said optical sensor in
each of said pixel circustsc uponmu/ s +a conpletion of a sanpling by either
said first §icRbged buffer array or said second signal duiiBEnBEs ay- 1

8. A device as 1n claim?2, wherein said controlling 2 circurt
operates to sanple each of said pixel cirgyts 3 at least three tines
with said first and second signal 4 buffer arrays during said readout of
said detegfgor 5 array ts@16eRehat 8 sdess Bl 10badahaim s4: didfenent 6
integration tinmes for each of said E)I_XG| circuits, 7 t hereby at '| east
one of sai'd firsFCENF L 5 2sPREFTBOD CHf4% P r rays sanpl i ng sai d pi xel
circuits taice. 1 9.thef geMilCaiSoudl £l@adidg EHidheEcemdyiaing a 2

plurality of additianal .signal, butfer ar s di sposed 3 relative to said
detector dfray ofts d”%t@o%tarlgt Eu%gfdc%{lag ozfg(f’latll%oﬁgf:o%?gﬁ%? W fer arrays
bei ng substanti abhffér arrsiymohavntetsavitk fagrstespoddencendtisegeat buf fer
arrays, 6 said controllin LLcuit controlli.ng.sai.d_signal_ Jbuffer 7
arrays in 23 way %J%%lrﬁ?agt aeggﬁggfi %%%dmgi%(le thrilrcg&i P%ggaig taril%t raersepecti vel y
sanpl ed i nto eacthafasdd zedgbhyl abaéfend dintegratdps &imeedstsaitte during a

readout ofyssai d det§ed YealBut pBEESY-arrdy; andl0. A device as in claim 2,
further conprising a 2 second transistor source follower disposed on

said 3 26substrate rel attihgs Fé‘_“ﬁh"—ﬂn??‘%%l_ty sﬁﬁ?ﬁ@é“ﬂoﬁ?b@e@ﬁ?ﬁ sai d
el ectroni g-el enepd1id 9AcRiAf £32k¢ Phdeleddds HehBioud buf f&ai £ &BEONd Sour ce

foll ower being electrically parallel 6 Wi th respect to_said first source
fol l ower, 28aid 729 T&AAING ogfr ot EbRiT 5195 of §3FATFiF_l LML f ol | over
29 and said second set of electrical signals,
30 respectively.

1 20. A method as in claim 15, further comprising:

2 performing an analog-to~-digital conversion on
3 each of said plurality of pixel data with different

4 integration times from said pixels to obtain a digital
5 representation thereof; and

6 forming an digital indicia indicative of said
7 optical scene based on said digital representation.

1 21. A method as in claim 15, further comprising:

2 depleting electrical signal in said

3 electronic pixel circuit upon completion of obtaining a
4 pixel data from each of said pixels during said readout
5 of said array, thereby a subsequent pixel data being an
6 accumulative signal of a different integration process.
1 22. A method as in claim 15, wherein a first pixel

2 data with a first integration time of said plurality of
3 pixel data for a pixel is a sum of an accumulative

4 signal during a first duration and a second pixel data



optical sensor WO
PCT/ US96/ 18287

8 to read out a first
97/ 17800 '
d said second source 10

22 9 with a first in

foll ower to read out a second S|gnal fron1sa|d optical 11 sensor with a
second i nt egWwartsr/aTsoe i ne, respectively. 11. An i na@Chgseensesie,
conprising: 2 a detector array having a plurality of pixel

3 circuits disposed relative to each otBér on a 4 sem conduct or
substrate, each of, said pixel circuits 5 i ncluding an optical sensor to

recei ve |ight and'idh 3 secopfeéptemiat idreféfe thetorvettaidisd IRt i nto an

7 electrigcal sidmale thel Seeix@inqzldfpwatl@ gpesat u@gaﬁibn 8 ther@@perate an
i ndicia |nd|cat|ve of an ut scene; nal_ buffer
fgfsaf

array having a pl3#id RHegraty i éﬁ“@epﬁéngeﬁcﬁ“’&fogaﬁ bEAEEE cells
having a 11s saefureariduchay sadd cdedandadtenragidnstuhsd rate and 12

electrically connected to said electronic elenent of a 13 patch of said
pi xel circuits to store electrical 14 signals froma pixel circuit in
said patch of said 15 pi xel circuits; and 16 a controlling
circuit operating said swtch 17 in each of said buffer cells in said
signal buffer 18 array in a way such that each of said pixel circuits is
19 sanpled into said signal buffer array at |east tw ce 20 W th

different integration tinmes during a readout of 21 sai d detector array.



1 12. A device as in claim 11, further conprising: 2
means in said controlling circuit for 3 selecting a first patch of said
pi xel circuits in said 4 detector array, said electronic elenment in each
of said 5 pi xel circuits in said first patch and said switch in 6
each of said buffer cells operating in conbination to 7 si mul t aneousl y
read a first Yo% ectrical signals 8 in said first p&XCETHSI6/18287
pi xel -by-pi xel into said signal 9 buf &3 array, WO 97/ 17800
PCT/ US96/ 18287 23 10 sai d
signal buffer array sequentially 11 exporting said first set of
electrical signals stored 12 in said buffer cells according to a first
operation of 13 said controlling circuit, each of said buffer cells 14
resetting to a null after said exporting; 15 means in said
controlling circuit for 16 subsequently selecting a second patch of said
pi xel 17 circuits, said electronic elenent in each of said pixel 18
circuits in said second patgmaEM Sar 3w uhfﬂ; aqir19 of said buffer

t

|

cells operating in conmbi ngtifenl {20 sijul epuglyl read a second set of

el ectrical signals 21 nisaj djsgcophd{paf ch pi xel by} pi xel into said
\nd} 2 i gnal buffer array

St i cal signdl02 stored
‘LgpzﬁrQQG sai d

cciar
110
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sequentially 24 export
25 in said buffer cel
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1 13. A device as in claim12, wherein said controlling 2 circuit
has nmeans for enabling each of said pixel 3 circuits to accunul ate
signal s produced by said optical 4 sensor during consecutive readouts
by one of said 5 buffer cells in said signal buffer arrag/. 1 14.
A device as YWP/HMA 12, further conprising: 2 CT{US9648B7 gat e
in each of said pixel circuits 3 di sposed on said substrate; and 4
means in said controlling circuit for 5 /5 controlling said reset gate to
del ete accunul ated 6 signals produced by said optical sensor in each of
said 7 pi xel circuits upon a conpsequentialhf scanmadpl i ng by said 8

signal buffer array. WO 97/ 17836r readout

PCT/ US96/ 18287 24— 1 15,.. A net hod

of detectingyaf, BHn‘-:ﬁArafg%iegf’ 2 conpri qug]; 3 — 3?igrg\r,]i di ng
5

a two-di nensio n%r ﬁ%ﬁ‘u s, @ ea¢h said p
optical detector¥a e ectronic pixel crrcurt tor converting input
light 6 from sai d opti dal —seefre—rtromrreect+heat—s+gnal ; and 7

sanpling electrical signalg ijn _gaild pixells in s¢l gcted sp@2 al and
tenporal sequence to obtai D pl yral ity fof | piixgl ¢atja w di fferent
integration 10 times fronireacn o] saijd pl el b qurfing g €eadout of said

11 array.
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1 16. A nethod as in claim15, further including: 2

sel ecting one data fromsaid plurality of 3 pi xel data for each of said
pi xel s according to a 4 predetermned criterion to forman indicia
i ndicative 5 of said optical scene. 1 17. A nethod as in claiml5,
further conpr partitioning said pixel said_array
into a 3 ‘?’ura’?’ Py of pixel patches, each of said pixel EﬁT’UFP(?Q824f7
havi ng equal nunber of said pixels; 5 providing a first
signal readout buffer array 6 havi ng B fer cells, said buffer cells
respectively 7 corresponding to said pixels in each of said pixel 8
patches; 9 simul taneously reading a first pixel patch 10
into said buffer cells of said first readout buffer 11 ray on
one-to0-one correspondence, thereby obtaining a 12 fi B¥&et of
el ectrical signals that are characterized 13 by a fAfrst integr tinme
in said readout buffer 14 array; 15 sequenti al ly /Acanni ng
said buffer cells in 16 said first readout muffer/array amd-readi-ngiout
said 17 first set of electrical signals; | = VD 977717800 — 1
PCT/ US96/ 18287 | 25 18 VDD T
sel ecting a second pi X patch in said array 19 according to a | |
sel ection criterion; t hen s“nwltan3§ﬂ§L¥1 eading said
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24 characterized by a second integration tinme in said 25 first

readout buffer array; and 26 then sequentially scanning said
buffer cells 27 in said first readout buffer array and readi ng out said
28 second set of electrical signals. 1 18. A nethod as in claim
17, wherein ¥@#/¥8Wond pi xel 2 patch is spatially sepa?GK¢H¥28m sai d
first pixel 3 patch by a predeterm ned nunber of pixel patches, 4
t hereby said second integration tine angﬂ§aid first 5 integration tine
having a difference affected by said 6 pr edet er mi ned nunber of pixel
pat ches. 1 19. A nethod as in claim15, further conprising: 2
partitioning said pixels in said array into a 3 plurality of pixel
pat ches, each of said pixel patches 4 havi ng equal nunber of said
pi xels; 5 providing a first signal readout buffer array 6
having buffer cells, said buffer cells respectively 7 corresponding to
said pixels in each of said pixel 8 patches; 9 ovi di ng
a second signal readout buffefF—% Sy ht-R—r-t-ple—buf f er S
respectively 11 correspondi mg it of sdi d| piixell s|in epcl said pixel 12
pat ches; 13 repding ajfijrsf pixel | pdtch ifntjo 1d buffer 14
cells in said first readout bfTer ajrgy prnjone-to-[ONE T
correspondence, thereby obt ai piHrgta—~i+-rHst t—of11.4 Lﬂctrical signal s
that are characterized by a first (17 it egrlat {on t ijn said first
readout buffer array; 402
Row n-A
110
Row n
104
column-parallel
signal chain I l l AJ—”}
sequentially scanned
for readout
100
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26 18 sel ecting a second pixel patch in said array 19
according to a selection criterion; 20 t hen si mul t aneously
readi ng said second pixel 21 patch into said buffer cells of said second
readout 22 woOufif&8e array on one-to-one correspondence, t RET@IS)S/15287
obt ai ning a second set of electrical signals that are 24 characterized
by a second integration time in said 25 second readout buffer array; and
26 t hen sinmultaneously scas@gng said buffer 27 cells in
said first and second readout buffer arrays 28 and readi ng out said
first set of electrical signals 29 and said second set of electrical
signals, 30 respectively. 1 20. A nethod as in claim15, further
conprising: 2 perform ng an anal og-to-digital conversion on 3
each of said plural imagiog Rixeldrayata with different 4 integration tines

representation thereof; and 6
7 opitgat scene based on

fromsaid pixels to obtaimya digital 5
form ng an digital indicig\\p —g-atr

P .
p AL gl Al
E

said digital representation. 1l b getho s lnjclaim15, further
conprising: 2 deplietfi ng gl ept i cal |silgnpl |in] said 3

el ectronic pixel circuit upon|T e qn p1 |obk afnijngla & pi xel data
fromeach of said pixels duripgt+sai-e+dadpei—5s gf—pahe—prray, thereby a
subsequent pi xel data being ap_© cqunul atilvelsilanhl loff a different

i ntegration process. 1 2. { A netHod] ag i 1 Wherein a first
pi xel 2 data with a first FEreOraraReCreral TRt

BT R
Sl 3

TRl | A
-"~552',3 ng%%dl(%é' ng a

pi xel data for a pixel is a
first duration and a second xel |dat a
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27 5 with a second integration time that is obtained right 6 bef?gi,__ o
|

the bedginning of said first duration, thereby 7 said first i ntegrat'
time being a sumof said first 8 duration and said second ‘,3‘) i on
tine. OMDIS
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(57) Abstract

Designs and operational methods to sequ:::n;ll:dmnmd
increase the dynamic range of image sen- > 06
sors (200) and APS devices (300} in par- flel 2
ticutar by achieving more than one inte- 2"“:‘:{:;‘ ghaln l ] L [ [ ] ] ﬂ [ l L_./

gration times for each pixel (302) thereof.
An APS system (200) with more than one
column-parallel signal chains (204, 206) /

202

for readout are described for maintaining
a high frame rate in readout. Each active
pixel (302) is sampled for multiple times
during a single frame readout, thus result- 220
ing in multiple integration times, The op- ¢
eration methods can also be used to ob- Row n-A
tain multiple integration times for each 210
pixel (302) with an APS design having a

single column-parallel signal chain (104)

for readout. Furthermore, analog-to-digital Row
conversion of high speed and high resolu- n
tion can be implemented.
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