WO 2006/ 017296 PCT/ US2005/ 024711 DUAL PANEL PI XEL
READOUT I N AN I'MAGER FI ELD OF THE | NVENTI ON [ 0001] The -
WORMSHITI8h rel ates generally to i magi-ng devi cepamds2005/024711
nore particularly to dual panel pixel readout in an

i magi ng devi ce. BACKGROUND [ 0002] A CMOS i mager

cach one of the cel I3 1l udl ng-a phot osensor lllllﬁlﬂlﬂﬂllﬂHIllllHHlllHll!

~exanple, a photogate, photoconductor or a _photod hot odi@4
overlying a substrate for accunulating

phot o- gene rtion of
the subst ?ﬁt@ﬂ IS:EQWQ@L ggﬁ%i& ﬁqlﬁ%ﬁmc‘tﬁkcw t
that includes at |least an output field effect

transi stor forned ﬂﬁwﬂﬁ_mmarge
storage region fornmed on the substrate connected. to
the gate of an output transi stor The charge storage

" egi Oonmy TR IROBAGEN SLISt 33 Oﬁ%t,gg%m OUELLEL 80d more

regi on Each pi xel may 1 ncl u

deV tAdudl pd tgb&g%ac{o‘z{tﬂ%%{ %ngggar ge

fro the ot osen storage re one
devi ce, aI so typically a transistor, for resetting the
storage region to a predeterm ned char ge |l evel prior
to charge transferenc CMOS i mager, the
active elenents of a pi orm the necessary
functions of: (1) photon to charge conversion; (2)
accumul ation of inmage charge;, (3) resetting t he
st or ad@0Redi ©MOE imagrOriz006ir@hTR36 fRCII PISAO ADf 28 kel
cells, each one of the cells including a photosensor, for example, a
photogate, photoconductor or a photodiode overlying a substrate for
accumulating photo-generated charge in the underlying portion of the
substrate. Each pixel cell has a readout circuit that includes at least an
output field effect transistor formed in the substrate and a charge storage
region formed on the substrate connected to the gate of an output
| transistor. The charge storage region may be constructed as a floating
diffusion region. Each pixel may include at least one electronic device
such as a transistor for transferring charge from the photosensor to the
storage region and one device, also typically a transistor, for resetting the
storage region to a predetermined charge level prior to charge
transference.
[0003] In a CMQOS imager, the active elements oia pixel cell perform

the necessary functions of: (1) photon to charge conversion;

(2) accumulation of image charge; (3) resetting the storage region to a
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known state before the transfer of charge to it; (4)
transfer of charge to the storage region acconpanied

. Whyosenge anplification; (5) selection of a PRCREB2005P24711
readout; and (6) output and anplification of a signal
representing pixel charge. Photo charge may be
anplified when it noves fromthe initial charge
accunul ation region to the storage region. The charge
at the storage region is typically converted to a
pi xRhowntgpate begdreabe tiansfar &0 Uharge td @ (4)WeinsfdioPéharge to the
transistor. [0004] CMOS imagers of the type discussed
aboyrag Eregehieh D | 3epEs&Hiont
VLR ARPRR ol By A ARPRACIon! () sENEHBA & o
6,3 ' . t : R .
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por at ed r

mhigh are hereby 1nco eference in therr

ent j{ighlchar 9O Qgﬂunﬁllgboﬂ rééi%)iﬁ& Rl %r%st {dr0 cl?arge at the

conventi onal  CMOS | nager The 11 ated 1 mage

col EIREREGTIUBRANG ottt SpfRNBRE Yl elby a source
[ n?cglo?’/?er O{&gu@ ([;:;gﬁﬁgto}o al so includes a row decoder

and driver m decoder 44, readout _
| ; b

Bnal o el g aEL el o 0oy 28 Abve arg generally known
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the control © Circu fow nes
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activat'ed ‘by the row decodef "an river

PLaBo. €fb4 o4 it B PURL ol BRI USienBIVRALIG 'Y @

reset nd prxel “signal . . necessarl _
| hatedolEy, AL, AnfRIIEMRANSY RoRSiEled bl Ribrehtdfh eir
entirety.

[0005] FIG. 1 illustrates a portion of a conventional CMOS imager 10.
The illustrated imager 10 includes an array of pixels 20 connected to a
column sample and hold circuit 42 by pixel output lines 32. The imager 10
also includes a row decoder and driver 40, column decoder 44, readout
programmable gain amplifier (PGA) 50, an analog-to-digital converter
(ADC) 55, an image processor 60 and a control circuit 70.

[0006] Under the control of the control circuit 70, row lines RL
connected to a row of pixels 20 are selectively activated by the row
decoder and driver 40. Each pixel 20 in the activated row outputs
sequentially a reset Vgt and pixel signal Vsig/ not necessarily in that

order, on a corresponding pixel output line 32. The column sample and |



\Vgg%&?g§ﬁgl7296 PCT/ US2005/ 024711 hold circuit pdfus2005024711
sanpl es, holds and then outputs the reset Vrst an

pi xel signals Vsig to the anplifier 50 as sel ected by
the col umm decoder 44. A differential signa
(VMrst-Vsig) is produced by the anplifier 50. The
differential signal is digitized by the

| i‘gﬁ'%ﬁ i SU%‘%PP B b an éith.fz%a*%u§:+ 3?%5?55& Cpifpoel
Zufpﬂsn"al%fx‘; by I of aelecied it slbynelecoder as. A
i {er%‘x%dalaa«& llr(JX;ste tEe@d?q%kx‘#@Eg%S}&’ﬁL%r%E&%% e

sequgg;lall re dog fron1the sanpl e and hold circuit
42 foiter E‘F’{* Ad digitizedyby ARe aRalag-tarJigitahropyerter 55. The
d|agran1of the plxel readout and serial colum
r eacRRlogdoidigitak canvester A5 suppligs thesdigiizasbpixebsighalsite the
FIG. 2, row processing tine tr is equal to tp+ tcr,
V\her’énQ&f Pgocﬁﬁ@rtﬁionwm%\ fempon digitd imags eutpist and
pi xel gnals Vsig fromthe pixel 20 and tcr is the
col urm [09QZ3 dduss, every pikelR0 intremy is rmlom andddput irga ¢he
colum in a serial manner). An imager's franme rate = =
(t hecqlppuy sample anrbheldwirquité rasdl thenreaghi soturan is serially (or
entire arraﬁ i s dependent upon the row processing
t i mesequentially repsiout &tsine the sarnple avé hald cimajed? forffuather
rate. If tpis 6 secs and to is 42.67 secs (e.g
2048prasiessing. @mexamplary bmipgotisgeam of therpixet reasloadx& a6d serial
secs. [0008] Accordingly, there is a desire to
decr edlwmn redous tedbishgtad imeFlKo 2. t Aatcan e seag éroms FIG. 2, row
frame rate can be inproved. SUMVARY {0009] The
i nv enmqgﬁsxpgdun@ esxsmuah'@gt@+ taf, twheredr,ds Sertimewto readout the
processing tinme and inproved frame rate. 3

reset Vgt and pixel signals Vsig from the pixel 20 and tcy is the column

readout time (i.e., total time to readout each column in a serial manner).
An imager's frame rate (the inverse of the time required to readout an
entire array) is dependent upon the fow processing time ty. It is desirable
to improve an imager’s frame rate. If tp is 6 psecs and tep is 42.67 psecs
(e.g., 2048 columns @ 48Mhz), row processing time t; is 48.67 psecs.
 [0008] Accordingly, there is a desire to decrease row processing time so

that an imager’s frame rate can be improved.
SUMMARY

-J0009] The invention provides an imager with decreased row

processing time and improved frame rate.
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WO 2006/ 017296 PCT/ US2005/ 024711 [0010] Vario <
WAy enbodi nent's of the invention provi de#]c::ﬁusm(bmz““

i mager having two panels of pixels (i.e., the imgers .

rows of pixels are split into two panels) that are

control | able by separate row decoders. The dual panel

architecture all ows pipelining of pixel readout and

colum readout operations to inprove the imger's

frane [081@. VIteusierdmpharglemizodimenes olithe imypntion paovide an

standard pi xel configuration, a shared colum and/or

as hﬂ\ragéir Having o copdnain of pi¥el Ofie atho ima@Ri €Fows of pixels are

DESCRI PTI ON THE DRAW NGS [ 0011] The foregoing a nd-

ot hgpliaghtamivagsmeld) dhi earielossrollabldiey séparatd fom decbders. The

become nore apparent fromthe detailed description of = -

ex el pYn&HeRiteR 1S a6 WY ipdealirifl @tvpikd] e @bt AL Eolthn

the acconpanying drawings i'n which: [0012] FIG 1 is

a_diggd AP HerdiSMB i&xﬁ‘ﬁﬂﬁfe;thﬁ%%g]er’gh%n@rdté. %E'dglﬂg]anel

di agram of ‘the operation of the FIG 1 imager; |

FI Gardhitedtidredhad iR aﬁd‘cﬁ'ﬁhifﬁ&telﬁaéﬁgi hi¥RESH; a 5i¥ALE]column

FIG 4 1s atimng diagramo eration of the

FI Goarid/ by B Y8Ired rbAP36) Bhihn Sohfigardlicdr am of a CMDS

I mager constructed I n accordance” wth an exenpl ary

enbodi nent of the invention; [0017] FIG 6 is an

exenplary tim ng diagram of the operation of the FIG

5 i mager; [00]8] ST o 1= o (= ToaBal Y | mager

constructed i Simer-yiiva- Tanot et —exe

enbodi nent of the invention; 4 WO 2006/ 017296

PCT/ US200S/ 024711 _ _
[0011] The foregoing and other advantages and features of the

invention will become more apparent from the detailed description of
exemplary embodiments provided below with reference to the
accompanying drawings in which:

[0012] FIG. 1 is a diagram of a CMOS imager;

[0013] FIG. 21s é timing diagram of the operation of the FIG. 1 imager;

[0014] FIG. 3 is a diagram of another CMOS imager;

[0015] FIG. 4 is a timing diagram of the operation of the FIG. 3 imager;

[0016] FIG. 5 is a diagram of a CMOS imagér constructed in accordance
with an exemplary embodiment of the invention;

[0017] FIG. 6 15 an exemplarj/ timihg diagram of the operation of the
FIG. 5 imager; |

[0018] FIG. 7 is a diagram of a CMOS imager construc..ted IN accordance

with another exemplary embodiment of the invention;



[0019] FIG 8 is a diagramof a CMOS i mager
constructed in accordance wth yet another exenplary
WaHUAIMAt of the invention; and [0020] FI G PCIHEREsH24711
processor systemincorporating at |east one inaging
“devi ce constructed in accordance with an enbodi nent of
the 1invention. DETAI LED DESCRI PTI ON [ 0021] Referring
to the figures, where |like reference nunbers designhate
Iikee Fl G 35howsan|maer 110 having a :
shar ed @qgﬂﬁca&‘ B diesram of afO3 @a&%oﬂéﬁr‘gﬁbgdﬁl agcordance
pi xel s 120a, 120b in the same row share readout
ci r Ctifthyet anether Rremplay emboskimeah af Hiedavertiomaind can
be OUtEO to the sanme colum's pixel output |ine 132.
Thi s | PBhEIGS shaprog @raqessor systams inaorpertating atdéast one
120a, 120b, but as is discussed below with respect to
FI Gimaging devise cppdtringtpd dvaccosdamrese itbsinngmbodieent of the
[0022] The illustrated imager 110 includes a col um
sanpnéew hold circuit 142 connected to the pixel
output lines 132 by nultiplexers 134. Miltiplexers
134 are required to ensure that the signals from each

pi xel 120a, 120b afﬁﬁ@@ﬁ%ﬁ@g?ﬁffbﬂy appropri ate

circuitry wthin the ld circuitry

142. The |rrager 110 al so includes a row decoder and
144, readout programabl e

driver 140 Iunn decoder

gai n ”i F\? £ n{l@@}hq%@reanwhﬂw Ig¢e teferéngt nainbers designate

con t? % 155, an inmage pr ocessor 160 and a

con "d’f‘?‘é‘lﬁi Q?cﬁhwmazsqmmﬂ: dd0tharingasharedgfixelhe

contr oI circuit 170, row lines RL connected to a row

of prifitesturgoThal mpbvaneighbiosiag pixtls 1302 126G dr thé sirhy row

5 WO 2006/ 017296 PCT/ US2005/ 024711 :
share readout circuitry such that their reset and pixel signals can be output
to the same column’s pixel output line 132. This is done to improve fill
factor of the pixels 120a, 120b, but as is discussed below with respect to
FIG. 4, it does not Improve row processing time.

[0022] The illustrated imager 110 includes a column sample and hold

circuit 142 connected to the pixel output lines 132 by multiplexers 134.
Multiplexers 134 are required to ensure that the signals from each pixel
120a, 120b are sampled and held by appropriate circuitry within the
column sample and hold circuitry 142. The imager 110 also includes a row
decoder and driver 140, column decoder 144, readout programmable gain
amplifier (PGA) 150, an analog-to-digital converter (ADC) 155, an image
processor 160 and a control circuit 170.

[0023] Under the control of the control circuit 170, row lines RL

connected to a row of pixels 120a, 120b are selectively and sequentially
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activated by the row decoder and driver 140. Each pair
f 120a, 120b in the activated row out
wreezggdt/dﬁrggt and pixel signals Vsig onto a p&/ESi&bm”"
- correspondi ng pi xel output line 132 (at appropriate
separate reset and pixel readout stages). The
mul ti pl exer 134 ensures that the colum sanple and
hold circuitry 142 inputs the reset and pi xel signals
Vr st

o eacti RSy bl B0 BRI dnd d0er TAE AR A of Bidfistooa

o xel 2biin e S8 RIEd sONERBIDH Fockl V1SRG piXERNgRTE ¥ sig onto
. Z o SerEsprine pivs! Anﬁc'rﬂlflif M4 5t BRIt St Rariafetht and
convarel %@% S4E e SBE KEPBNG en B dhftthe pdumn sample
or oL Bptd Gt ieh g resey A iovedl g Yt sig from
ot antts 3l Dot B e sasrBetovey ﬁﬁﬁasarléf)g Aﬂdahéf’ff

and, t hen each colum _is ser

Eieaﬁghﬁ@o]aa# e RalIn AR A e 0 B let s and

142 for furth progessin An exempl ary timng

di ag‘i}‘éﬁ]%ﬁ‘tpf‘ﬁe‘gﬁ reset ¢ saadbﬁplx%ﬁw'ék&‘i’ag te é‘l‘%i‘ﬁﬁ‘?hﬁef 150 as
readout gi the imager 110 is illustrated in FIG 4. As
can GE@ By the dasoders144. Aré(#%‘?’é dsignad (Viars :ng) isproduced
equ tota+Péb+t where ta is the tine t

r ead fhet aeplfieelS0yrhe difierpntialsignal r’ﬁa‘#%l%qcbb}' theranteg-to-
fIrSt pi xel 120a, tb is the tine to readout the reset

Vr st lﬁhtél X teg ilgPral Be vaplpg-to-digitah eomeartand Spisupplies the
120b,, and to is the colunn readout tine (i.e., total
t i redigifizeckpiyet signals te hasmagnpeocessar AP0 mshichrfprmsta digital

is 6 psecs, th is 6 6 WO 2006/ 017296 PCT/ US2005/ 024711
image outpu

[0025] Thus, every pair of pixels 120a, 120b in a row is readout and
input into the column sample and hold circuit 142, and then each column
is serially (or sequentially) readout from the sample and hold. circuit 142
for further processing. An exemplary timing diagram of the pixel readout
and serial column readout of the imager 110 is illustrated in FIG. 4. As can
be seen from FIG. 4, row processing time t; is equal to ty+ ty, + tor, where t;
is the time to readout the reset Vg and pixel signals Vsig from the first
pixel 1203, ty, is the time to readout the reset Vg and pixel signals Vsig
from the second pixel 120b, and t; is the column readout time (i.e., total

time to readout each column in a serial manner). If t, is 6 usecs, t, is 6



psecs and tcr is 42.67 psecs (e.g., 2048 colums @

48NVhz), row processing tinme tr is 54.67 psecs. [0026]
W60 EY¥n t hough fill factor has inproved, thBCF®&005/024711

processing .time of the imager 110 (FIG 3) has

i ncreased, which has decreased the imger's 110 frane

rate. This results fromthe serial readout of the

first and second pixels 120a, 120b, foll owed by the

serial columm readout operation. It is desirable to

| mpr owecstand tpsgr67liskcs (e f., 2048 coluntrai @48MIE), rioksB processing

inmproved fill factor, yet also has inproved row

procéss tags $4.6kpsed. frame rate. [0027] To make the

imager's 110 frane rate insensitive to the increased

time fdo0z6] deHus| eedothioughtfill SadisiORRSBtbroved) PRl rbPepidiessing

pi xel readout and columm readout sequences rather

t hantifrevofite ifapROLIOUFIGES) Rdd ivicrelXdd tRigh ak Sel-FaB@d the

architectures require extra sanple and hold circuits

per imagdtil10T hirfe rite! GaseEesuk Won @Q@Pér’?&iirtﬂ?%ta&%;tﬁg First

addi tional chip area, which is undesirable.

Thes sndedvridasikls 42081 190bORIMoA 8 BRLITLRREShIrEh rGRidht

circuits, which have storage capdcitors at the

anpl b?ér@ﬁoﬁ”‘lﬂ'&iﬂesﬂrﬁbl@ﬁS%&JrQG& ¥ infleer 116 sSLOBR: if Raintains
anplified, a subsequent anal og-to-di g% tal conversion =

st epits fmpRASIORIMRGtorVEE G0 HAS ih BRVRIBIRN r&&@siﬁgmg and
and hold circuits prior to the gain CIFC& ts ar

avai frahllegrafe@r readi ng out the next row of pixels.
Thus, pipelined pixel readout with anal og-to-digital

conver $0027] T® MRS tHA iﬁaagelr’%fﬁ'b_tfﬁﬁﬂé 4% ,mylérlsﬂi\?e%i tﬂ% I%récreased

col um readout and anal og-to-digital conversion,

B Ry R BFROES PHTEERAR
column readout sequences rather than having them occur serially.
Existing pipelining architectures require extra sample and hold circuits per
column. This increased column complexity requires additional chip area,
which is undesirable.

[0028] These architectures also contain column parallel gain circuifs,
which have storage capacitors at the amplifier output. In operation,' after
the signal is amplified, a subsequent analog-to-digital conversion stepis
performed. During the conversion, the sample and hold circuits prior to
the gain circuits are available for reading out the next row of pixels. Thus,
pipelined pixel readout with analog-to-digital conversion is possible.

Unfortunately, with serial column readout and analog-to-digital

conversion, the next row of pixels to be readout cannot be processed until



the current sanpled row is readout conpletely. As

such, the existing pipelining architecture is not
WBé%‘W"éHP% [0029] FIG 5 illustrates a CMOS i REFAIS20050924711

~constructed in accordance with an exenplary

enbodi nent of the invention. The illustrated i mager

210 uses a unique configuration and pipelining to

i mprove row processing tinme and frame rate without

increasing colum circuitry conplexity and area used.

The the Fagenhsamplederger isxtad asteeonaplétaly. Parseichpiheekisting

array 212, consisting of a first panel 212a and a

sec@ﬂelpanglarﬂmm@tumnsl nekgesietbde. dedi cat ed row

decoders and drivers 240a, 240b to operate the panels

in a [PARYEFIG.Fatlusirhmea QVIQS imegd @10 censtraaed i accordance

readout to be pipelined (described belowin nore

det awith anh ehempdrgeimbaodifieat ofthe iRRRBHnTMheiillhsteiteatRdger

i mger 210 has a shared pixel architecture. That is,

t wo 2@ iuged unitepionigtir 22610 and pbelirling 6 i pr®yd R processmg
share readout circuitry such that their reset and

pi X dlmesanyh &tasnecrite hﬁt}mﬁtﬁm@rehﬂng kRelEARRIrcGtty %Plexxty and
pi xel output line 232. This is done to inprove f

f actaea whedt Hihe illus@heedBlaer 220 BsesTA@uANBAR) E%J(Q aPa§212,

includes a colum sanple and hold circuit 2

conkendisithg of 4 fiestiparel 2024 414 a kbl Pael RY2b, and t
mul ti pl exers 234. ItpI\/ultlplexers 234 ‘ensure thatseﬁarae

VI sdedMategl iy dabsddrs QRdRRKrHDE®, 22898 opARDHRY ;?anels in a
sanpl ed and held by appropriate circuitry W|th| n

col widhnes &g Lloanthikel faBbhieahd bYlu2? reatlfutitsBe ?ﬁpéﬂn%d

al so includes a colum decoder 244, readout

pr ogdasartbbdl Belpdt th atRk idetLr witheddp e’é@@ FRD. gnal og-
to-digital converter (ADC) 255, an i mage processor 260

gg% a S[g%%ms 7%1{;41%1%&3@& inapr 280 V&Y & QRRLH K% Parchitecture. That
is, two neighboring pixels 220a, 220b in the same row share readout
circuitry such that their reset and pixel signals can be output to the same
column’s pixel output line 232. This is done to improve fill factor of the
pixels 220a, 220b. The imager 210 also includes a column sample and hold
circuit 242 connected to the pixel output lines 232 by multiplexers 234.
Multiplexers 234 ensure that the Vygy, Vsig signals from each pixel 220a,
220b are sampled and held by appropriate circuitry within the column
sample and hold circuitry 242. The imager 210 also includes a column
decoder 244, readout programmable gain amplifier (PGA) 250, an analog-
to-digital converter (ADC) 255, an image processor 260 and a control

circuit 270.



[0031] The colum decoder 244 generates col um

ddr to address the colums associ at ed Wgdy/gd@os/o24711
ngzg‘é(’?osi?)%?iel 212a and the second panel 212b. The

colum sanple and hold circuitry 242 al so has separate
controls for the first and second panels 212a, 212b.

[ 0032] Under the control of the control circuit 270,
row lines RLa connected to a row of pixels 220a, 220b

RN N R T Y

pi xel s 220a, 220b.in the gcti.vated outputs its

r esethegodemas@spesiated V&‘iﬂéaéﬁ r%a@e[)z% adnfé"ne second panel
correspondi n i xel output |ine 23 t.appropriate
sepa?kite T@sg@lg&ﬁﬁsﬂéﬂR@Paﬂde‘aamﬁégéjgéfaﬁ) s separate controls
mul ti pl exer 234 ensures that the colum sanple and

hol dfai the dirst ynd aecondmarsls He2ay k& signal Wrst from

the first pixel 220a, followed by the pixel signal

Vsi g f rioeaz]Heénder e qongl of Phpeprisoligigcuifa7p, ropp nes RLa

mul ti pl exer 234 then ensures that the col-.um sanpl e

and hohmeatéd tuproy Gfxelngede 32Ak in dehrdipghgl 2ijaare
fromthe second pixel 220b, followed by the pixel .

si gnatlevivaly factinatedebystheditat prw slecodemans driner 240a; (Each pair of
[0033] Simlarly, under the control of the control

ci r cyiixel@ZZ0a, 280b in Hesactivated i @etptstits rgsetdysornd pixel

pi xel s 220a, 220b in the second panel 212b are _

sel esignald Yspodntoat adrdsponiing piehdutp lnecdddat appropriate
driver 240b. "Each pair of pixels 220a, 220b in_the

act i sapaate peweband pixel readladstageshdThe multipkixgnaidensures that
Vrst, Vsig onto a corresponding pixel output |line 232

(at thepolopnn admpdepad Aol ciecetrys242 ippxdd theaasrsgignal Vgt from
stages). The nultiplexer 234 ensures that the colum
sanplthe éinst pisk220ar fliowed Pyt hé pixel signgl Vgigdramtthe first pixel
reset signal- \rst fromthe first pixel 220a, foll owed

by t I20piokéhe pagndTheVsulgipléxer 234 then ensures that the column sample

and hold circuitry 242 inputs the reset signal Vgt from the second pixel
220b, followed by the pixel signal Vsig from the second pixel 220b of the
pair.

[0033] Similarly, under the control of the control circuit 270, row lines
RLb connected to a row of pixels 220a, 220b in the second panel 212b are
selectively activated by the second row decoder and driver 240b. Each
pair of pixels 220a, 220b in the activated row outputs its reset and pixel
signals Vgt Vsig onto a corrésponding pixel output line 232 (at
appropriate separate reset and pixel readout stages). The multiplexer 234
ensures fhat the column sample and hold circuitry 242 initially inputs the

reset signal Vgt from the first pixel 220a, followed by the pixel signal Vo



WD 2006/ 017296 PCT/ US2005/02-1711 fromthe first
pi xel 220a of the pair. The nultipl exer 234 then
WQr@W‘E@S\Ghat t he col um sanpl e and hol d ci rCLPqTNSZQQF’ZOZ”“
i nputs the reset signal Vrst from the second pixe
220b, followed by the pixel signal Vsig fromthe
second pixel 220b of the pair. [0034] The col umm
sanpl e and hold circuit 242, sanples, holds and
outputs, to the anplifier 250, the reset Vrst and

pi xefrof @\@&ir_?}th&bmeﬁWﬂﬁ@palrf ThetmiRiptéxe? 23a therd ehdifres that

second panel b (described below with respect to

FI G th@)coliinflishiril€Bhd bl tigbditry( M2Shpi(Es thl reset R, from
by the Czgl)rrpl [ fSI g\?ﬂ 250. Thel di 1l‘rrfyc(er ent| al signal éﬁm%gt

di gi dHezeeohty EIQPZWE(‘}IH)W& @g ?ﬁxe‘l’ Signal Vel fr3§n5the-gaébnd

anal og-to-digital convert er upplies t dlgltlzed

p| X By tnt Bafrthe i mage processor 260, which forns
e%‘."tea? i mage gat put. [0035] Referring to FIG 6, an

examol ?0 tr'i\% BiBRh s gw&ﬁ@%m &rcdi’hﬁ@f‘ shiI&, ¥8lds and

readou col urm readout oper ations of the i nvention

PR Eéév.“ﬁ% P 2 R VR R R g fom the
are ﬁ%@ggﬂél 1255hd r%%&\é% eci‘éll esEﬁﬁQcﬁ’ eI vhﬁ?respect

st or I gnal's t pan roma prior row

oo HG, 6} R‘f“e‘%‘gw‘tﬁq‘ PRREF(VGF VaEA ProRRel b Bl hplifer
ol L‘?}gnb; RN Hefal SARHzcd WY icnatGfTRo TR converter
21? tn girsv%am{p iﬁ%ﬁ %'d@ ﬁl ¥ ea%?#t ﬁs g e éfé‘g%%q%%endeﬁ"s‘? 1

o el PR i B?é\é@ﬁ%lndgffgf‘?g s Mg e e teput.
panel @5&@9{%&5 (3 FRE! & YlBthm ) {é ??i;ﬁas eBmAffet in

from F oW~ prdcessing een

redug e &etd'i)%elrtgi\&gm AP bt tXROLE Bpeﬁg@loﬁg of the invention

“occur is now explained. When the current row ROW(N) of pixels is being
readout, the second panel’s pixels are readout first. Meanwhile, column
readout of the stored signals from the first panel from a prior row
ROW(N-1) is performed. Once the second panel’s pixel signals are
readout, the first panel’s pixels for the current row ROW(N) are readout.
At the same time, column readout of the stored signals from the second
panel from the current row ROW(N) is performed. Afterwards, when
pixel readout of the second panel's pixels for the next row ROW(N+1) is
being performed, column readout of the stored signals from the first panel
for ROW(N) is performed. Thus, as can be seen from FIG. 6, the row

processing time t; has been reduced to the column readout time t.y, which

10



10 WO 2006/ 017296 PCT/ US2005/ 024711 is a vast
I nprovenment over other inagers row processing tinmes.

Wd 2006017396 42. 67 secs (e.g., 2048 col unmms @ 48MZ)/USI003/024711
processing time tr is 42.67 secs. This reduced row
processing time tr yields an inproved frame rate for
the i mager 210 of the invention. [0036] FIG 7 is a
di agram of a CMOS i mager 310 constructed in
accordance wi th anot her exenplary enbodi ment of the
| nveRtd @ikt ikPRovendrit DveRbatbriifagers rdkOpriessih @ Sntdl IUE., is
dual panel array 312 configuration and pipelining to

| DY 9X67 [1QMs ra&.g?;@@@é E8lubir¥ee 389IHz), 38% ﬁﬁk@séﬂléwt js 4267

i ncreasing colim circuitry conplexity and area usé

The Léécb'.%@}&fhceh%%?r&%@siﬂ ﬁ%\%tfggﬁhs BANRIprBlE®Yrame rate

312, consisting of a rst panel and a“secon

panefor%ﬂ@ﬁnagé}dzlﬁ%@@ﬁ@ﬁﬁ/eﬂﬁgwat ed row decoders and

drivers 340a, 340b to operate the panels in a manner

that alibaes FRGXPs J GaRPHh RBCMER il dr 60 st et in

pipelined. "In the illUstrated enbo I mager
non. SRErAHE POEFRGR! e S ey P E pE AT ) he
the” TOREIEREPREED10 a5 METAESE: oo Aoy 2 Adiyration
nave st CBROEI unirieaoBpicRb i LR EREhedple tidhour

il uﬁxltcgegaglﬁ%cﬁ 1 Cé‘ircﬁitlr{vJ gﬁ&?é%%ﬁgaﬁa% é%%tJéggedfﬂeer%ated

310 a udes a co hol d” circui
342 ' . b ixel
oot o ShAdedh SRR AR 2R iRl 5128 anc

0P C 28 oRA HArEPI AR SBb IS dIAR otk e UL UL P arivers

circuitry xel ~ouft he T mager

glr g 8%46(11'%?%{952530&%5&3 lnt%?pﬁqgl? oG mar tflgfaﬁpo%s pixel readout and

column readout to be pipelined. In the illustrated embodiment, the
imager 310 includes panels 312a, 312b using the conventional non-shared
pixel configuration illustrated in FIG. 1. It should be noted that because
the imager 310 uses the dual panel array 312, respeétive row decoders and
drivers 340a, 340b and pipelining, the imager 310 will have improved row
processing time and frame rate as illustrated in FIG. 6.

[0037] The illustrated imager 310 also includes a column sample and
hold circuit 342 connected to each column of pixels 320 by pixel outbut
lines 332. Multiplexers are not required because each column of pixels has
its own output circuitry and pixel output line 332. The imager 310 also

includes a column decoder 344, readout programmable gain amplifier

11



11 WO 2006/ 017296 PCT/ US2005/02-t711 (PGA) 350, an
anal Zﬁg-to-di gital converter (ADC) 355, an inm

e |
WORWESE3F 360 and a control circuit 370. [OO%@]MW@S/OZ”“

col um decoder 344 generates colum addresses to
address the colums associated with the first pane
312a and the colums associated with the second pane
312b. The col um sanple and hold. «circuitry 342 also
has separate controls for the first and _second panels

3124PGA9Bf, arff aop-tonsdgitaligpavear (AP o A58 an isarge processor
circuit 370, row lines RLa connected to a row of

pi x&¥68 aBd@ ¢ontrdlgircuit$¥0panel 312a are sel ectively
activated by the first row decoder and driver 340a.

Each pl00és8] colnmrhdeccgler B¢4 genenatey colepntasidresses esaddress
Vrst and pixel signals Vsig onto a correspondi ng

pi xdhe oolumuts dssoeiaRdwithithe fipstqmniehs B2 ssaphttet mluesst

and pixel readout stages). [0040] Under the contro

of tassoctated vdth the sabnd Patel 31R. [TheeslRinln sacgriaaatidwbld |

to a row of pixels 320 in the second panel 312b are

sel ettciitey §42 also hasibephrbie domeradefornble fiost atelcsedond pacels 312a,
driver 340b. Each pixel 320 in the activated row

out @dkk. its reset Vrst and.pixel signals Vsig onto a
correspondi ng pi xel output line 332 (at appropriate

separ aj0839atentid copitvod bf tleactmittol sirrgsyo, (o fikks Rhe
col um sanple and hold circuit 342, sanples, holds and

out pohaected té Aeoardlpikélse 828 hOthel fixet paR€lt31va ate seléctively
pi xel signals Vsig fromthe first panel 312a and the

secaatvpeddly tBéZhstadwldscrddrechdadiove 340h ) Eaéls pe@l 320 & the

FIG 6. Adifferential signal (Vrst-Vsig) is produced

by tabtvaterirov @itputs its reset Vgt and pixel signals Vsig onto a
corresponding pixel output line 332 (at appropriate separate reset and
pixel readout stages).

[0040] Under the control of the control circuit 370, row lines RLb
connected to a row of pixels 320 in the second panel 312b are selectively
activated by the second row decoder ahd driver 340b. Each pixel 320 in
the activated row outputs its reset Vgt and pixel signals Vsjg onto a
corresponding pixel output line 332 (at appropriate separate reset and
pixel readout stages).

[0041] The column sample and hold circuit 342, samples, holds and
outputs, to the amplifier 350, the reset V¢t and pixel signals Vsig from the
first panel 312a and the second panel 312b as described above with respect

to FIG. 6. A differential signal (Vrst'vsig) is produced by the amplifier

350. The differential signal is digitized by the analog-to-digital converter

12



350. The differential signal is digitized by the

anal og-to-digital converter 12 WO 2006/ 017296
WS008/ 024711 355. The anal og-to-digital perys200s024711
converter 355 supplies the digitized pixel signals to

t he i mage processor 360, which fornms a digital inmage
output. [0042] FIG 8 is a diagramof a CMOS i nager

410 constructed in accordance with yet another

exenpl ary enbodi nent of the invention. The

illu ed i er 410 uses a upigue confjguratiopn an
oi perrh T seAoR iz Bal SRRt eSL R b B el ppet
nd siEoalbohe TrRgS proGstarARqwhiRtRrmS AsGEaLITsAR Pt

panel array 412, consisting of first panel 412a and

a sec o?le%%vi G- Bivp diaggam %%QN?@% igageichilsprshucted in
decoders and drivers 440a, 440b to operate the panels

i n aafRndence With vt pBQEhep exempray ¢aiodRgnt of thedinvention. The
readout to be pipelined. [0043] The illustrated

i maglusirated sager I fsisgea usngneernignraBeyand pipglinting to
readout architecture such as one of the architectures

di scI™BBEQV oW REsepEiagitone and framy rate wifwudncreasing column
10/ 721,191, also assigned to Mcron Technology, Inc.,

t he @FredfysepmeBlewity mgaﬁewéedw eFlapijlusatadionages 410 yses a dual
reference in their entirety. That is, two neighborin

pi xepand zggay 4t Eonsisting phafiasipangbd e agwbm&qogdmm?glzb,
420c, 420d in the adjacent row share readout

ci r caid sopargtdedisated remr deceslers andid pivees 449p gHibso operate the
be output to the sane columm's pixel output |ine 432.

Thi sparelgima mannerghatallawy pixebrsadout and cokimn xeddout to be
420a, 420b, 420c, 420d. The inmager 410 al so includes a

col upipelisgflpl e and hol d circuit 442 connected to the

pi xel output lines 432 by nultiplexers 434.

Mul ti pil sThegHusirateddmagee 414 basasombinddbashared-row/column

3! gnggxsél readout architecture such as one of the architectures disclosed in
application nos. 10/721,190 and 10/721,191, also assigned to Micron
Technology, Inc,, the disclosures of which are hereby incorporated by
reference in their entirety. That is, two neighboring pixels 420a, 420b in a
row and two neighboring pixels 420c, 420d in the adjacent row share
readout circuitry such that their reset and pixel signals can be output to
the same column’s pixel output line 432. This is done to improve fill factor
of the pixels 420a, 420b, 420c, 420d. The imager 410 also includes a column
sample and hold circuit 442 connected to the pixel output lines 432 by
multiplexers 434. Multiplexers 434 are required to ensure that the signals

from each pixel 420a, 420b, 420c, 420d are sampled and held by

appropriate circuitry within the column sample and hold circuitry 442.

13



from each pi xel 420a, 420b, 420c, 420d are sanpled and

hel d b);7 appropriate circuitry within the colum =
WOIMNYYH'HAd hold circuitry 442. 13 WD 2006/ 0172B6T/US2005/024711

PCT/ US2005/ 024711 The i nager 410 al so includes a

col um decoder 444, readout progranmabl e gain

anplifier (PGA) 450, an anal og-to-digital converter

(ADC) 455, an inmage processor 460 and a control

circuit 470. [0044] The columm decoder 444 generates

col ubke HoRgasdd 8 alsoonghwles esolema desiogien ¢44sreadpat ed

with the first panel 412a and the columms associ ated

wi t hprdgeameraiiel gpiaragh plifieh(PGANitd G an analhg-totdigital converter
enbodi nents of the invention, the colum sanple and

hol dAPCET, an i@ egirecedsas 466G epdaaioatodmincaitst70or t he
first and second panels 412a, 412b. [0045] Under the
cont r o[[00d#] fhe cobmhnalecodercdd4 getitdates aniimneridrbsses to address
connected to a row of -pi xels 420a, 420b in the first
panethe4dRemas essosited wWittethe fact paatleti Zayarichehef dolgtng ow
decoder and driver 440a. Each pair of pixels 420a,

420bassaciated withithebesbridoparml 4 b s SirhiHar Bséie Mhset elabbdiments
pi xel signals Vsig onto a correspondi ng pi xel output

| i neof4B2 iffedntikpp Hepedlairth sBaApRs @tehoRbaircwin; £12%@bo has
readout stages). Row lines RLa connected to the

adj aspatate @ontdlsfox ehesfidR@nd sé2ded paneket1Ray s12bpanel
412a are selectively activated by the first row

decode[0CaSH Utider ehe 40! diabie cpairbl efrciit M4Z0Srowt BREs RLa
420d, in the activated adjacent row also outputs its

r esetoniesedadt ropr £pix@IUMBLS4A0Y i hetfrsBpanel 412a are
correspondi ng pi xel output line 432 (at appropriate

sepageddctiveBERIt vabed By Meé fifse380Ude®idrd @al- ddiPa4ala, Each pair of
Simlarly, under the control of the control circuit

o S e ok el e
signals Vsig onto a corresponding pixel output line 432 (at appropriate
separate reset and pixel readout stages). Row lines RLa connected to the
adjacent row of pixels 420c, 420d in the first panel 412a are selecﬁvely
activated by the first row decoder and driver 440a. Each pair of pixels
420c, 4204, in the acﬁvatéd adjacent row also outputs its reset Vg4 and
pixel signals Vsig onto a corresponding pixel output line 432 (at
appropriate separate reset and pixel readout stages).

[0046] Similarly, under the control of the control circuit 470, row-hnes
RLb conr;ected to a row of pixels 420a, 420b in the second panel 412b are
selectively activated by the second row decoder and driver 440b. Each

pair of pixels 420a, 420b in the activated row outputs its reset Vgt and

pixel signals Vsig onto a corresponding pixel output line 432 (at

14



sel ectively activated by the second row decoder and

driver 440b. Each pair of pixels 420a, 420b in the
Warwoe/er’es row outputs its reset Vrst and pi xalCT/US2005/024711

signals Vsig onto a correspondi ng pi xel output line

432 (at 14 WO 2006/ 017296 PCT/ US200S/ 024711

appropriate separate reset and pixel readout stages).

Row | ines RLb connected to the adjacent row of pixels

420c, 420d in the second panel 412b are selectively

L ot i gsand e, K 0
adj agSitectddodhs %dglééwo%v bf ﬁace{se&%E, zx\goﬁtiﬂ t%ﬁ%fgc:o%(’lﬁldaanel 412b

signals Vsig onto corresponding piI’x 0

ot aghy  RRH O A TR B S B BRI 4o, Bac
150, PERSPpBRls L oA u ARG R AR r§MRaiss pnfuts s
. ! . h -
e A e B o
j ' ' t - [ rodu
B HES EPiE
09 L FRh7 P 8l AN G hald S P L e Ie Rolds mad
3{18: of-@é: EJ) glgét §‘ iné%z fa.the | ggﬁ &ggéssorl%q, ¢
whi c(% tf)? of s a EHI%B:C {fflérlzﬁ%l n&&ereéﬁtté% :;‘? ; ]Sl‘ﬂ;\ai ?“?Eleéom the
be nt‘?xts?ﬁa.ﬁttglgltucség (Sll#e (% %ﬁm i B X«gutqqlﬁmanner
dual pahelarfa e #ab iny &S
ot SRR i rea B o By %mgﬁhggtééi?lgg‘iyltrst)\i/sig) is
' k. ' t e . netal contro
w 1 SOTHGEFET ETRRLRER fﬁ%?ﬂ@&a&srﬁéﬁwﬁf dtized by the
o1 e B E b 38he dRe BRlokcto-diiteb cihsnter 455

how supplies the digitized pixel signals to the image processor 460, which

forms a digital image output.

[0048] It should be noted that careful placement of the pixels in the
dual panel arrays of the invention prevents the boundary between the
panels from creating image artifacts (due to discontinuity between the
pixels). One desirable technique is to route the metal control wires under
an upper metal shield (upper metal shielding is commonly used for power
routing in the pixel). Then, the gap between control lines impacts how
much light strikes the panel.

[0049] The present invention has the additional benefit of reducing the
lbading on the row decoder/driver circuits. Reduced loading leads to

faster pixel readout times. Timing to the separate row decoders and
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much |ight strikes the panel. [0049] The present

i nvention has the additional benefit of reducing the
wDaa@in@29%n -t he row decoder/driver circuits. Reduoesdooso24711

| oading leads to faster pixel readout tinmes. Tinng

to the separate row decoders and 15 WD 2006/ 017296

PCT/ US2005/ 024711 drivers can be made the sanme in the

case that pipelined pixel readout id not desired or

required. [0050) It should be appreciated that the

i nveditivens canbeuhadé e saptey/in tharaese than pippliredi firel raadout id

is not to be limted to a dual panel construction.

Thatnotsdesired qraegqlisedised i n the invention can conprise

2, 3, 4, or nore panels as deened appropriate for the

appl i c40050n It sNduld batappsedfadith@thesnvdritidn @acltlgRahny

be driven by its own row decoder and that the colum

S/ H pariel euhfigiiratidits @0AtE Abt € BCkinited tB& G@d)ipadbl &hstr@iction.
operate the panels as described above. [0051] FIG 9

shovEha)is, ttRepARGLs el Y tiecdin vRHA6R ¢8R Cofptise D SRk histe
to include an imagi ng device 908 constructed in

accopAtansss dédrhedt e B the @b pliSLSRY AN th s Coquired i
imagﬁers 210, 31%, 1Apf‘rilé)ﬁttliescribeg ove). The stequired is

Pr 006 84chFaRY be IR HRAM B0E: bamS¥eNBb&der ahdahyHkeBlumn S/H
having digital circuits that could include inage

Sens@f laf@SconWol BRELI YV brlfighirkd B ope S thedpaiwd! &M

coul d include a conputer “system~ canera system
scand@kcribedBebi &€ Vi sion, vehicle navigation, video
phone, surveillance system auto focus system star

tracke{omsYpFRD) 9 SRSW 8 HGh80b] PR HAYARBLed £ ifi
st abi | |[zatfon system gyand dat a @chﬁnpr gs%g}:%rﬁ S steé%mOdmed to

ggggﬁgﬁu%%?g%%ig% g@gfce IR EBARr At SR TR b Y AR With an
embodiment of the invention (i.e., imagers 210, 310, 410 described above).
The processor-based system 900 is exemplary of a system having digital
circuits that could include image sensor devices. Without being limiting,
such a system could include a computer system, camera system, scanner,
machine vision, vehicle navigation, video phone, surveillance system, auto
focus system, star tracker system, motion detection system, image
stabilization system, and data compression system.

[0052] System 900, for example a camera system, generally comprises a
central processing unit (CPU) 902, such as a microprocessor, that
communicates with an input/output (I/O) device 906 over a bus 904.
Imaging device 908 also communicates with the CPU 902 over the bus 904.

The processor-based system 900 also includes random access memory

(RAM) 910, and can include removable memory 915, such as flash
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central processing unit (CPU) 902, such as a

m croprocessor, that communicates wth an

wihpwshoavput (1/ O device 906 over a bus 904. pLMAGLEVE/024711
devi ce 908 al so conmuni cates with the CPU 902 over the

bus 904. The processor-based system 900 al so incl udes
random access nenory (RAM 910, and can incl ude

renovabl e menory 915, such as flash 16 WO 2006/ 017296

PCT/ US200S/ 024711 menory, which al so comruni cate with

the - \ 04. The .i i evi ce .90
oy BRI HER alsBoBR G 1T eI Q0L 80 % 6l3B0s. Tre

di gi Si gnal. essor, or,.m groprocessor, wth or

i hifpe Rt SRERET Besn b BT R RFSSRier She PSR GPU.
or. o .-aB_giffe ent chip than the QLrocessor. . 0053] It
ehoufIEH AL SISt BEPSSSH PRARCISIEresSHb SARhEnHathgrt mpgmory

i nvention include a nethod of fabricati the i magin
v, oS o Sistile STEAled GRei: Capr 4 et Ship Tathihe

8. Faor exanxpl e, in one exenplary enbodi nent, a nethod
of in%CgEF%? ing an i magi ng device conprises

fabricat,j n_ar,r of pixels.in at |east, tw panpels
and fa@bb%’gt@ﬁl}o’é‘d 6?‘%‘?‘?@@@ lf’ﬁlﬂ&ihfrt?“lt% the
panel, the readout circuit ablin pi pel i ned readout

of t HYSRERay @3‘%0@&]6%@ 06?%8&!5% the ¢masingdayices 210, 310,
descrj above. i rate preferred nethods and :
t ypi égff) ﬁg’é\'ﬁaé"efg %H#gﬁéy It%f BCEm gx3PRPgsiEPngeremplary
produ]tez_\%d., The aboye description and draw ngs )

i |1 uETPRAIMERD FINREIRCO! IHfRBIALng @R IA8ING Eeaes eqmprises
features, .and advantaﬁg_es of the present invention.

HowelAdricafing;an af5Ry phipixelsdn atheast twe panelsand fahrieatinga
be strictly limted to &he above-descri bed and

i 11 uSTAOUEHireHE Sa1RIEA: S thamngh dhe Fedonbircuit enabling
‘pipelined readout of the panels.

[0054] The processes and devices described above illustrate preferred
methods and typical devices of many that could be used and produced.
The abéve description and drawings illustrate embodiments, which
achieve the objects, features, and advantages of the present invention.
However, it is not intended that the present invention be strictly limited to
the above-described and illustrated embodiments. Any modification,
though presently unforeseeable, of the present invention that comes
within the spirit and scope of the following claims should be considered
part of the present invention.

[0055] What is claimed as new and desired to be protected by Letters

Patent of the United States is:
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o

15

20

t hough presently unforeseeable, of the present

invention that comes wthin the spirit and scope of

the follow ng clains should be considered part of the
present invention. [0055] Wat is clained as new and
desired to be protected by Letters Patent of the. MCSLLP
United States is: 17 MCSLLP dains 1. An imaging

¢§yhce conprising: an array of pixels conprising first

ahd Second panel s, each panel being organized into a
H[UraUﬁth?%gE@W@e%BﬂpﬁQh.”ns’ a first side of said

first pane el ng adj acen 5 a first side of said

seghifl, elnﬁl(elsaé&h&' g akBari sRBAA phMS Aalh %bgérﬂe?’r%dor%anized

i
into palrs and each pair shares readout circuitry an

a respggtl ﬁ(@raﬁg‘i}p#&vslén@f&‘dohﬁnr@, f%?ﬁst IsRW H1881@4REt panel being adjacent

connected to the rows of said first panel, said first

row defpgelide HehikREh@E5MHI, $44 FixSI8 ©Pastrsiodear8forgumizdd into
first panel opposite the first side of said first

panel ;pak0 aRd S8&ORH SHASIRGAERCIreAHIaRE BdedpctiteolitpiiSine;
of said second panel, said second row decoder belng

adpaeg Mbw HEcAIe B6Madtetl t8 Ehedfowsaf daid €t Ppendas@d first row decoder
opposite the first side of said second panel, said

first aapgsREREA tb aWedesddas of &/l AG pabpgoxitednd first side of
respectively and i ndependently activate rows within

sai d fispgtiir@pdneisecond panel s; 15 sanple and hol d
circuitry connected to the colums of the first and

SeaRdonddReeodetdnAc 8 tihe 8RO BRaiL 5UBRE thafell ai6 8écbnd row
sanple and hold circuitry, said colum decoder being

cont r oldegghidr Beird dEpEEnt8IatbeTandPkiBe anshideésbrei gamei dppysite the
such that pixel -
first side of said second panel, said first and second row decoders being
configured to respectively and independently activate rows within said first and
second panels;

_ samp!e and hold circuitry connected to the columns of the first and second

panels; and

a column decoder connected to said sample and hold circuitry, said _column decoder
being controlled to address said sample and hold circuitry such that pixel
readout from the ﬁrst and second panels and column readout of stored signals

are pipelined.

2. The device of claim 1 further comprising a plurality of multiplexers connected

between the output lines and said sample and hold circuitry.
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readout fromthe first and second panels and col umm
readout of stored signals 20 are pi'‘pelined. 2. The

device of claiml1l further conprising a plurality of

mul ti pl exers connected between the output |ines and
sai d sanple and hold circuitry. 18 MCSLLP 3. The
device of claiml1l, wherein each pair of pixels in a

f3|

adj acent row and shares readou

rst ThOWLTiS 55861 AtRkroh Eactﬁgﬂﬁbf pi)@_fli i %ﬁlsgroivsﬂs @Bsociated
circuitry and a

Wﬁﬁ% rioY Bixe/Q Utk QHtadJa'ceﬁ’t bl tdhdtshareaseadduatipslitpaand a Fesflective

evice of claim3 further conprising a plurality

g[mlnfe'm!hqxsragso&éz@@ss&ed bet ween the output |ines

sald sanple and hold circuitry. 5. The device of

cla|n11, wherei n said col unm decoder provides first
addresses to said sanple and hold circuit, the first

addr e?ﬁ@%e\ﬁ@é B%Qﬁﬂﬂfm‘@\eﬁ Sorpriditgg plirdiiby of mdl@plé@rd

fi

rst panel . The device of claim5, wherein said

%ehﬁéf&bdmé’@f thBIoR¥ LY eSS safpleent esid arcaiayd
sanple and hold circuit, the second addresses

corresponding to colums within said second panel. 15

7.

The device of claiml, wherein said stored signals

GONDI ITRE dEASSH @fith PiwiRrein Sh@n@iuind decodenpvides fitst addfesses
second panels. 8. The device of claiml, wherein said

b X84 Sardple doBSId drgitNge firsk abl8resseXlcddres pondimpigi coiumns within
device conprising: first and second panel s of pixels,
eaehirpaaeél. bei ng organized into a plurality of rows

and colums, a first side of said first panel being

adj acent a first side of said '

6.

The device of claim 5, wherein said column decoder provides second

addresses to said sample and hold circuit, the second addresses corresponding to

columns within said second panel.

7.

The device of claim 1, wherein said stored signals comprise reset and pixel

signals from said first and second panels.

8.

9.

The device of claim 1, wherein said pixels are CMOS imaging pixels.

An imaging device comprising:

first and second panels of pixels, each panel being organized into a plurality of rows
and columns, a first side of said first panel being adjacent a first side of said
second panel, said pixéls of each row are organized into pairs and each pair
shares readout circuitry and a respective output line;

first means for activating the rows of said first panel, said first means being

19

MCSLLP



10

second panel, sai-d pixels of each row are organi zed
into pairs and each pair- 25 shares readout circuitry
and a respective output line; first neans for
activating the rows of said first panel, said first

nmeans being 19 MCSLLP adjacent to a second side of MCSLLP

said first panel opposite the first side of said first

panel ; adia 22565904 §E§§r%33|895d§a% hr‘é’tclbérnagog%né@(@ﬂr&fs@%bﬂsald first

second ‘panel’,; “sal nmeans acent

'secong? %de of sai d second panel opposite the first

si de ' said second panel, said first and second

ac%éc%ﬁ{i mng?@rrb%tlgﬁﬁeqﬁé fg} l c%f samdsecbﬁ‘&jﬁﬁg‘%%m ée)éopd means

activating rows wt S irst and seco panel s

sanpl %eﬁg%fd,s%lgﬁt ﬁ%aéé%oﬁ@&gé ¥Rhil @ecmgoahel édp%gltéfhgwﬁét%.de of

from sai t and secon panel means

cont r g B's@%ﬁcﬁgé’néaﬁm fRsed LebAd §BRAEnSMEbnd Re@bed‘ﬁvé@'and

readout and col utm readout operations are

pi pel i *rﬂi%gen&é?ﬂly-ggﬁva@ﬁé{ ks \Qﬂ‘thlﬁlsﬁl'dm@ ahHSEE&Hd panels;

conprising a plurality of nultiplexers connected

bet y&ao aﬁ&‘ﬁo%%@éﬁs o %Iﬁ?%n@‘%o@ £ fOH AR st and second

means. 15 11. The device of claim wher ei n. each pair
of pi xghs: émja first rowis associated with a pai r of
pi xel s 1n an adj acent row and shares readout circuitry

anﬁheangﬁesmhsm it Pdthple th%oW rhBarls"RicA %R §ixf REdout and
pair. . The device of claim 11l further conprising a

pl ur alcblh%nQEaH&Utto'pgllaﬁ&%r&e paskipegnect ed between the
output lines and said sanple and hold neans. 13. The

device of claim9, wherein said controlling means
conpri ses a columm decoder that provides first

AedtIRS§RRed & At RARE @rdRidingd slulity O uitifRxees conhB&ed

first addresses corresponding to colums within said
foetwdenRR8Litput lines and said sample and hold means.

11. The device of claim 9, wherein each pair of pixels in a first row is associated with a
pair of pixels in an adjacent row and shares readout circuitry and a respective output

line with the associated pair.

12. The device of claim 11 further comprising a plurality of multiplexers

connected between the output lines and said sample and hold means.

13. The device of claim 9, wherein said controlling means comprises a
column decoder that provides first addresses to said sample and hold circuit means,

the first addresses corresponding to columns within said first panel.

14, The device of claim 13, wherein said column decoder provides second
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25 14. The device of claim 13, wherein said colum
decoder provides second 20 MCSLLP addresses to said

sanpl e and hol d neans, the second addresses MCSLLP

corresponding to colums within said second panel. 15.
A processor systemconprising: 5 a processor; and an
i magi ng device coupled to said processor, said inmaging
Ue4HRELAYI Sidifle 2R b IMNar! 1Rl Bbi SAITBLIES Bitelddriing to
and second panel’s, each pane eing - organi zed Iinto a

Ekﬁs Shhgﬂ€gm%g&§mg§%ngplunns, a first side of said

pane el ng Jacent a first side of said
second panel, said pixels of each roware 10 organi zed
into pairs and each pair shares readout circuitry and

a5r espeg Y& or %%&ghhﬁgm%a first row decoder

connected to t said first panel, said first

row gdecader jhei ng adj acent to a second side of said
first panel opposite the first side of said first

paaﬁlim%g‘laﬁg %ﬁ@&%nerdqwsg@g@e@éssep@eia%sgﬁng Qelibe c6@PBsing:
of said second panel, sai second row decoder being

adj acent t %n%r?a‘?%ﬁ&e%ic@ﬁ‘lfp@ifsinﬁqirﬁ aP8GeRshdMels. each panel being
opposite the first side of said second panel, said

first RoshiARGRRG HIQWIKSF RIS Snd BRiMBs, GaME i &aldirst panel
respectively and i ndependently activate rows within

sai d  deifgsddjsHaet & 8ePSide BRERH SecoHd prREPESId 3@ I & ich row are

circuitry connected to the colums of the first and
Secon%r@mﬁdsmg%ﬁs ang ebmaieigrgaéﬂea@@w&em&q ah@ aS8bgbctive

sanple and hold circuitry, sa
output line,
a first row decoder connected to the rows of said first panel, said first
~ row decoder being adjacent to a second side of said first panel opposite the first
side of said first panel,

a second row decoder connected to the rows of said second panel, said .
second row decoder being adjacent to a second side of said second panel
opposite the first side of said second panel, said first and second row decoders
being configured to respectively and independently activate rows within said
first and second panels,

sample and hold circuitry connected to the columns of the first and
second panels, and

a column decoder connected to said sample and hold circuitry, said
column decoder being controlled to address said sample and hold circuitry such

that pixel readout from the first and second panels and column readout of

stored signals are pipelined.
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col um decoder being controlled to address said sanple

and hold circuitry such that pixel readout fromthe

first and second panels and col um readout of 25

stored signals are pipelined. 21 MCSLLP 16. The MCSLLP
system of claim 15 further conprising a plurality of

mul ti pl exers connected between the output |ines and

éﬁlaud %?g@l/ mﬁrﬂ%‘# cllg% qS?ur{r%J 'cBﬁ%érispirﬂia pmglit?l{\s@ﬁﬂkl‘%t(ers connected

ereln each

ib%tv\?e%ﬁgﬁé ﬁﬁtﬁgt lings &Qa.ﬂ SQFH e SMd rl&il&gﬂr&.thﬂ an adj acent

row an es re out cir U|try an respective
output line with the associated pair. 18. The system
of claim17 further conprising a plurality of

Myl ti H%@é?&ém%‘?@ﬁﬁﬁggdwh@'@w@a%ﬂ p%l?%f BB U alle?‘?@w %r‘é%socnated

sai d sanpfe and circuitry The system of

ad@ ek YRR aBRlcdnCR ﬁ%@qgédcﬁﬁ QLIS ahd & Hspective

resses to sal sanp e an circuirt, the first

ﬁh@§§g§mpmggg§ﬂgﬁga grto colunns within said first
pane 15 20. The system of claim 19, wherein said

col utm decoder provides second addresses to said
sanpl e and hold circuit, the second addresses

q@r I eSipRRYLES JfQIalrQQVHLUﬁ}%erh Héing alptlir8IRg 8NFhuRIBRRERs connected
The system of claim 15, erein said stored

%kemn%h&emeuﬂuﬁ@s %ﬁ&%bld%%qwf@é %@l hol@@ir&liignal s from said
first and second panels The systemof claim 15,

wherein said pixels conprise CMOS i magi ng pi xels. 23.
A processor system conprising: 25 a processor; and an

@Rgi NGedgatbMmef CRIA 180wharefmAdat (I10EAISOEder PRdVHdsITRE N
devi ce conpri si ng:
addresses to said sample and hold circuit, the first addresses corresponding to

columns within said first panel.

20. The system of claim 19, wherein said column decoder provides second
addresses to said sample and hold circuit, the second addresses corresponding to

columns within said second panel.

21. The system of claim 15, wherein said stored signals comprise reset and pixel

signals from said first and second panels.
22. The system of claim 15, wherein said pixels comprise CMOS imaging pixels.

23. A processor system comprising:
a processor; and
an imaging device coupled to said processor, said imaging device comprising:

22
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22 MCSLLP a plurality of panels of pixels, each pane

bei ng organi zed into a plurality of rows and col ums,

a first side of one of said plurality of panels being

adjacent a first side of another of said plurality of MCSLLP
panel s, said pixels of each row are organi zed into

pai rs and each pair shares readout circuitry and a 5

respective, gH}QW Fgg},%,s fglﬁx%ﬁs @Eéﬂﬁarié%eﬁgto'rd%ﬁz'eﬂ%té R&iurality

rows of sal one’ of ur al

first fBansnBLbR r%dlaﬂps BleldPo 5@&9@Blu?éllﬁﬁof‘yanélé'b@mg
S

one of said plurality of  panels opposite the first

si de Qc{jjaéeq{tg fﬁ’&%lo%fofsa‘%b epbpgeﬁ’cﬁ bl‘.lyallﬂfofpﬁ'é'@lsg sa@%%%dof each

means for activating. the rows of another of said

pl uralduf ¥ QTQZémHSJ wg%%k:l%a%ﬁ‘ﬁgirﬂgh%@@ac}%%{ 8&tuitry and a

adj acent to secon said another of said

pl uraj ésbg +RE Oggﬂ_glh,sreoppo& te the first side of said
anot her said plurality of panels, said first and

second aCt firéfbieBls F@%@ﬁva‘?lﬁé BRLho & Xa@%e'o‘ﬂgQ@%ﬂﬂﬁfy bfpanels,
activating rows wthin said one and anot her of sai

pl ur a'f.él& ers@zpe%ﬁg%lefng RIpEBh oA bR Qldg%@ﬂﬁdfoﬁé of said plurality of
sanpl 1 ng an ding signals fromsaid one 15 and

anot h ned ofsHle PhdHirdS él&é’o@;a@@ﬁ@bﬁaa|@ﬂgrariﬁ‘/%?%aﬁél§

contro 't ng sald sanpl e and hol d neans such that pixel
readout  angde GAlUYRATaAsSBO L atREMATOVPNST Aothd?ioP§Aid PRERIity of

23
panels, said second means being adjacent to a second side of said another of
said plurality of pane_ls opposite the first side of said another of said plurality of
panels, said first and second activating means respectively and independently
activating rows withi.'n said one and another of said plurality of panelé,
sample and hold means for sampling and holding signals from said one
and another of said plurality of panels, and

means for controlling said sample and hold means such that pixel

readout and column readout operations are pipelined.



