25 May 2005 . 1 | MPROVED DI G TAL | MAG NG CIRCU T AND METHOD 5 FIELD OF
THE | NVENTI ON. 10 The present invention relates to digital imaging circuits
and nore specifically to efficient processing in such circuits in test
and/ or normal node operation. BACKGROUND OF THE | NVENTION i s Various types
of digital imaging circuits are knowmn in the art and they include circuits
based on charge coupled devices (CCD) and active pixel sensggﬁmgaa@§. One
di fference between CCDs and APSs is that: APSs include an active device
such as a transistor in each pixel cell and 20 hence their nanme stens from
t he presence of these active devices. A typical APS cell includes a photo
di ode and several transistors and has a reset, row.and col unn node (see
Fig. 2). Wile thelIfPROUED DHGETALonMAS NG GIRGET PNRAHTRAD e to APSs,

t he del ayed continuous signal 25 propagati on and ot her aspects of the
present invention are applicable to other digital imaging circuits and to
menory cell arrays. APSs are typically fabricated in a sem conductive
medi a. Each APS in a wafer nmust be tested for proper 30 operation and a
certain rejection ratio is expected. Many problens that cause rejection or
failure are related to the integrity of the metal conductive material.
Integrity issues nornmally arise fromthree areas: (1) voids in the 25 May
2005

FIELD OF THE INVENTION

10 The present invention relates to digital imaging

circuits and more specifically to efficient processing in

such circuits in test and/or normal mode operation.

BACKGROUND OF THE INVENTION

15 . Various types of digital imaging circuits are known

in the art and they include circuits based on charge
coupled devices (CCD) and active pixel sensors (APS). One
difference between CCDs and APSs is that APSs include an
active device such as a transistor in each pixel cell and
20 hence their name stemns from the presence 6f these active
devices. B typical APS cell includes a photo diode and
several transistors and has a reset, row and column node
(see Fig. 2). While the present invention 1is particularly
applicable to APSs, the delayed continuous signal
25 propagation and other aspects of the present inven'!:ion
are applicable to other digital imaging circuits and to

memory cell arrays.
APSs are typically fabricated in a semiconductive

media. Each APS in a wafer must be tested for proper
30 operation and a certain rejection ratio is expected. Many
problems that cause rejection or failure are related to
the inteqrity of the metal conductive material. Integrity

issues normally arise from three areas: (1) voids in the



2 conductive material that cause open circuits; (2) extraneous conductive

- materi al

exanpl e,
integrity tests are currently carried
tests typically

t hat causes shorts; .and (3) corruption of vertical |ayers,
due to pinholes in insulating |ayers, etc. 5 Various netal
out on conductors w thin APSs.
i nclude individually and sequentially selecting each row

for

These

in an array and then repeating this process for the reset apd\gG ﬁn
conductors. This testing arrangenent requires 10 a-significant ahount of
process all testing signals and necessitates a significant anount
of logic to process the signals. It should be recognized that in APS

time to

cireuits @g@ﬁ&%i%te' Or@édﬁé’i‘l 2had d' &é’é)' C{Bk" COPPEL SES; t NQ2APS,

| eavi ng T processing circuitry.

€ room ode, test and o

Fur t her neerasemgs GUNV@W@tDW@lHE€31ﬂHﬁ}I §hé@necapﬁﬁsaﬁﬁkﬁaﬁ%igﬁaﬂs t hat

require

anplifie
the preseihol@si hvehbpuAaplog deyersst @tcsi gnal

s for signal processing

Féi)d E'o% QJ O0gds t%éi:ltgl.é% %Qg}e%r St erﬁo@ngxaﬂlbqgr anggb! %ogal n

spéct to nor nal node operati on,
processing than in prior

art gpSs, "paﬁéégfgg£|%é@ fl ﬁﬁ%ﬁi&t#otgg@sr%ﬁﬁ§ é?EP@ﬁ v@%&rlé&'ng a

" pi CtSUI'e It I'S necessar

eset signa

| s be asserted

at apprmontratcaiyctdmiucsta)mtlwnd:l'(xm Pafisce g&meentte@@ﬁos;#,mncaﬁrége) and it
'S 25 LR o AL viBhsuSPNAla AS8EhEReR Ry Uhala Ay vaagcepkab! o

current

10

3 prior a sequ

and column conductors. This testing arrangement requires

a significant amount of time to process all testing

~signals and necessitates a significant amount of logic to
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process the signals. It should be recognized that in APS
circuits approximately 2/3-3/4 of a die typically
comprises the AES,'leaving little room for decode, test
and other processing circuitry. Furthermore, some
conventional testing is done with analog signals that
require additional analog to digital converters and
programmable gain amplifiers for signal processing.

With respect to normal mode operation, the present
invention provides faster signal processing than in prior
art APSs, particularly with respect to the reset signal.
When taking a “picture,” it is necessary that the reset
signal for all cells be asserted at approximately the
same time (to reduce gradient across an image) and it is
necessary that this signal assertion not create an
unacceptable current spike. One prior art embodiment
sequentially enables or disables each row of cells. Since
each row takes at least three clock cycles, this requires
120ns per row which {(at 25 :mHz) is 154us for a pixel
array of 1280 rows. This does not meet camera vendor
specifications of S0us or less. Another prior art
embodiment sends out a global reset {or enable/disable)

signal. While this satisfies the timing requirement,

y enab es or disables
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requires
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120ns per row which (at 25 nHz) is 154us for a pixel 30 array of 1280 rows.
This does not neet canera vendor specifications of 50us or |ess. Another
prior art enbodi nent sends out a global reset (or enable/disable) signal.
While this satisfies the timng requirenent, 25 May 2005 3 parasitic
capacitance creates a 5 mA current spike per rowresultingina 6.4 A
current spike for the array, which is unacceptable. Thus, a9gRdo8ed sts
for asserting the reset signal 5 for an array of pixel cells in"a rapid
manner that does not introduce undesired”EM. SUMVARY OF THE | NVENTI ON
Accordingly, it _is.an ol:c)'j ect_.of the present 1o _invention to provide an

i magi ng ci r c 33T Gn “APES Cepr&?‘?%l%‘%se@f iei Bfit $WSt9Hy. SPikes perot her
obj ect of therqweseBtlitAngnti®nat 6. HravidEe @h ng?'mg (‘{id’ICUi:BeVVia%agﬁ APS
that efficiently tests the integrity of row, reset and col um conductors.
1s It is al sdBIFbpiedRFCeRePER@sent invention to provide an i maging

circuit with an AMidialaprdciestapidl cepabliaghdhsalling:plopellis Lher ein

in a manner that does not generate undesirable EM "l eve
rel ated oBj ecdi®¥ ARt RELPYeSentPi¥Rlentebhs 20 & el evaeney Lbatofioas

I mproved di gida in@@ditte Gidddd {ra0deNet hod as described herein. The
present invention nmay be practiced in many enbodi nents. The present

i nvention, in at | east one
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present

10 invention to provide an imaging circuit with an APS that
provides efficient testing.

It is another object of the present invention to
provide an imaging circuit with an APS that efficiently
tests the integrity of row, reset and column conductors.

15 It is also an object of the present invention to
provide an imaging circuit with an APS that provide rapid
enabling/disabling of cells therein in a manner that does
not generate undesirable EMI levels.

These and related objects of the present invention

20 are achieved by wuse of an improved digital imaging
circuit and method as described herein.

The present invention may be practiced in many
embodiments. The present invention, in at least one
embodiment, includes a plurality of selectably enableable
25 coupling conductors that are provided between each of a
~ particular type of principal conductors, such as the row,
reset or column type of conductor. The coupling
conductors can be enabled such that a signal propagated
on to one conductor is propagated on to other like (or

30 portentially unlike) conductors. In test mode, this
arrangement may, for example, detect metal integrity
faults. In operation mode, this arrangement may, for

example, provide a global signal in a manner that is



enbodi ment, includes a plurality of selectably enabl eable 25 coupling
conductors that are.provided between each of a particular type of

princi pal conductors, such as the row, reset or colum type of conductor
The coupling conductors can be enabl ed such that a signal propagated on
to one conductor is propagated on to other like (or 30 portentially unlike)
conductors. In test node, this arrangenent may, for exanple%sgﬁ 8645 et al
integrity faults. In operation node, this arrangenent may, for ~exanple,
provi de a gl obal signal in a manner, thdt-is 25 May 2005 4 rapid, but
does not cause an undesirable current (EM) spike. The coupling conductors
are pref er ablpidy ovutdedoamanotr cusdeasndmndsfsioahiiet shgreat n(EMI)
effectively create cont i nuous and ar e L i j | 5
conduct or t#RkK%endd" o %%u?g+rﬁ%d Cloﬁldgl%rs{g’%%en %%eﬁ%gﬁgﬁﬁ%rﬁzﬁi%ﬁ@acti ve
pi xel sensale#4¢r &y 2Zhi stisel emiddl eof coopbucgoasr ahgentht sEiedel Yrb¥i ded
for all, sone or one of.the pringipa c ; &f ta fpent of
the foregoiHEal ?e‘F%?‘éﬂnu?Bgaaf}én{%aegngggggg %%éltebr)régg%ofs%e@% n%enti on
shoul d he MR ucERdi tyaBppanest tio dobermdd | ivdai sedpendrine AamMeT r evi ew

of the follow ng nore detailed descriptio o% %EA I nyenti o, akem foget her
with the drieioRE: #8 Bﬁ“éﬁ’ﬁgéﬁﬁgﬂ%@ﬁr—}T EE W N Lléig. 11s a
schemati ¢ diQ@ MG 2 BFaRGénYet phagl besproui deAPSprwiatll effdrd et Bt and
operation in_ "accordance mith tge Qresgnt invention is shown.-
of the principal conductor Types.
The attainment of the foregoing and related
10 advantages and features of the invention should be moxe
readily apparent to those skilled in the art, after
review of the following more detailed description of the

invention taken together with the drawings.

15 V BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of an active pixel
sensor (APS) with efficient test and operation in
accordance with the present invention is shown.

Fig. 2 is a schematic diagram of a. representative

20 pixel cell for use in the APS of Fig. 1.

Fig. 3 is a schematic diagram of an APS having a
column conductor test circuit in accordance with the
pfesent invention. ‘

Fig. 4 is a schematic diagram alternative selectable

25 enableable conductor arrangements (with tri-state
capabilities} for row and/or reset conductors in

accordance with the present invention.

DETAILED DESCRIPTION

30 Referring to Fig. 1, a schematic diagram of an

active pixel sensor with efficient test and operation in
accordance with the present invention 1is shown. The

sensor is preferably formed as matrix 10 that includes a



Fig. 2 is a schematic diagramof a. representative 20 pixel cell for use
in the APS of Fig. 1. Fig. 3 is a schematic diagram of an APS having a
colum conductor test circuit in accordance with the present invention.
Fig. 4 is a schematic diagram alternative selectable 25 enabl eable
conductor arrangenents (with tri-state capabilities) for row and/or reset
conductors in accordance with the present invention. DETAlHEHMQE§Q% PTI ON
30 Referring to Fig. 1, a schematic diaggamof an active piXe ensor with
efficient test and operation in accordance with the present invention is

shown. The _sensor. . r - f brh¥rafgthatin nelrdes and5 May
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pr opagat ? on S$éfREne?§ or dBht present” 10 invention. Features
of the serpgakiene mPS| ithatcoimedDizdx 19@neEsah R iFledPEBEPRG ldsthdbde or

normal node  .operatian. cfest. mde operalionsw,l be discussed first
fol | owed by drjrgﬁeﬁlﬁ’lmrlf‘g’dec)foglzersas’[ ion. RPN R

Figs. 1 and 3-4 illustrate a serpentine or like

signal propagation scheme in accordance with the present

10 invention. Features of the serpentine or like connection
scheme can be used during test mode or normal mode
operation. Test node operation will be discussed first

followed by normal mode operation.

15 Test Mode
The present invention, in one embodiment, provides
selectably continuous signal conductors that incorporate
the row signal conductors and the reset signal
conductors. A similar arrangement is preferably provided
20 for the column signal conductors. These arrangements test
the metal integrity of the row, reset and column signa;
conductors, respectively. The tests preferably entail
assertion of a test signal onto the first of the row,
reset or column conductors. The test signal is propagated
25 through the remainder of the conductors (of that type)
and read as an output of the last conductor. Receipt of
the correct test signal at the output indicates metal
integrity for the type of conductor (row, reset or
column) under test. The manner in which these tests are
30 implemented is now discussed in more detail.
For row conductors, an initial test signal is
preferably delivered to row0 select logic 20 that
jincludes an AND gate 21, NOR gate 22 and invertgr 23. AND



15 Test Mode . The present invention, in one enbodi nent, provides

sel ectably conti nuous signal conductors that incorporate the row signal
conductors and the reset signal conductors. A simlar arrangenent is
preferably provided 20 for the colum signal conductors. These arrangenents
test the netal integrity of the row, reset and col umm signal conductors,
respectively. The tests preferably entail assertion of a teﬁMﬁg?ﬁﬁ onto
the first of the row, reset or colum-cenductors. The test sign 'S
propagated 25 through the remai nder of the conductors (of that type) and
read as an qutput 20f nemilast gondsdt cenalecei(FE)of sighal camibed’ teadt

signal at the out i ndi cates tal.~ i 0t hty: forthedt Yegrefiggonsuct or
(row, reset drta cgﬁhﬁn)siﬁ{baef' tggfa. Tll?ﬁeg%gﬁ%%r llgh \E/:\)/r?i ch thesg t%sts are 30
i npl enent ed SO @ disQUSKegata 2Dr eThet ather FonpubwooNGBCYTE, 22n isni ti al

test signal Is refera delivered tg rowO.seleciyl Q@i e dQrihagt tdshcl udes
an AND gat e 9 Oga*t‘gé %n&lfjﬁegrt@‘rl‘%} 13N (?_6 955 Vay 2005 gate 21
recei vessa tisde £Nethd erl TE) gsa hnebnabmuas t teroudht ANVEDEeEi difalte HR&ELTD
signal is passed thyough D t t £ Z2¢re TH8 OLReN denpie of
NOR gate 22 $&-€Gthe ?%gf) g\gldrégg g’iaé%alﬁv\,hl C q\?és h‘% a I ow %uri ng test 5
node. The TRxsi@nAkncoidhmnues thebnghounverpart26inorevfl sedd®@ctlaBWd ¢ 30.

Counter part in NOROUWBRFeot? | BRFEes20 encEd gaiatd) (abm Skl hroreh,
onto row thQu&htek nyverter 33.

10 The TD signal on rowl is then propagated through
inverter 36 to row2 select logic 40 which includes an AND
gate 41, NOR gate 42 and inverter 43. Row2 select logic
40 passes the TD signal onto row2. This serpentine
pattern that propagates the TD signal back and forth down

15 the even and odd rows, respectively, 1s preferably
repeated until the last row({M-1) is reached. Row(M-1)
select logic 60 preferably includes an AND gate 61, NOR
gate 62 and inverter 63. Similar to the other row select
circuit, row(M-1) select logic passes the test signal

20 onto row(M-1).

The TE signal is preferably generated by the test
signal generation and comparison logic (signal gen and
test logic) 80 and delivered to each of the,row select
logic circuits (and counter part reset select logic

25 circuits discussed below). The TE signal enables test
mode operation. The 7TD signai preferably provides both
logic high and logic low signals and may include serial
data of different logic states. In one test, data 1is
input to row0 seléct logic 20 and compared to that

30 received from row (M-1) by test logic 80.

The row signal conductors (and the serpentine
connector traceé at each end) have line widths of

approximately 0.5um and these lines have a parasitic



10 The TD signal on rowl is then propagated through inverter 36 to row2
select logic 40 which includes an AND gate 41, NOR gate 42 and inverter
43. Row2 select logic 40 passes the TD signal onto row2. This serpentine
pattern that propagates the TD signal back and forth down 15 the even and
odd rows, respectively, is preferably repeated until the last row(M1) is
reached. Row(M 1) select logic 60 preferably includes an ANR Ig@%go(@l, NOR
gate 62 and inverter 63. Simlar to the7ther row select «circuit, row(M1)
select logic passes, the test signal 20 onto row{(M1). The TE signal is
preferably gepatatedcby ihe teslistsirgnral ageoeriatieah ahdreenphr.i sBhekegic
(signal gen and . test |lo ic& 80 and deLigFred to %aih of tQ%erOM/gekgct
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serial dat 81gpigiFrBlént 1P idesﬁaVeé:f@ﬁ'gH%?%E%H,p%ER%F?%ng§EB§PaPO r owO
sel ect 190i ¢nL30 apgnepipaced Wy thale 38ghaqei vedckr ogimnewsibht). byheest

| ogic 80. The row sign conductors (and the serpenti nﬁ%ﬁcg nect or traces

al
at each endyehave Indiess dehs2of OVagsiidt el y0.Bifm ese-{1nes have
a parasiti Ca%éuh@ﬁgZQQFsoocmqﬁwceisar@%@ﬁ@ﬁmﬁ@eyass@ci atearl &enBsi th.
iti de

These parasitics produce_an inherent ay. The logic tconpgnent &grlnso
i nduce del apf BEEOt APYSA&Pdy PERASVES Be S O MTWRIJ 1L T 97774, few
hundred pi ceggcendppttBanof 6.4us.

10 Fig. 1 also shows a serpentine reset 1line 091

arrangement. The arrangement is shown in dash lines to
distinguish it from the row lines and also so as to not
crowd the drawing. It is to be understood that the same
logic and signal conductors provided for row conductor

15 test are preferably provided for reset conductor test
(and for normal mode reset operation). Thus, reset select
logic between each row includes an AND gate, NOR gate and
inverter (and test enable and individual address signals,
etc.). The test logic 80 provides a separate test enable

20 and test data signal for the reset conductors. These
signals are designated TE’ and TD' respectively.

Iin a preferred test mode, the test of row signal
conductors and reset signal conductors are carried out
simultaneously. The TD and TD’ signal, however, are

25 preferably the-complement of each other to increase tine
likelihood of detecting shorts or open circuits, e.g.,
bridging, etc. |

Referring to Fig. 2, a schematic diagram of a
representative active pixel cell for use in accordance

30 with the present invention is shown. Cell 12 preferably
includes three transistors 13-15 (which are typically n-—
type field-effect transistors) and a light sensitive or

“photo” diode 11. Transistors 13 and 14 are coupled to



5 that contributed by the signal trace dinensions. The delay induced by a
row conductor in the APS of Fig. 1, assumng 1,600 colums, is
approximately 5ns. For an APS of 1280 rows this achieves a signal
propagation tinme from top to bottomof 6.4us. 10 Fig. 1 also shows a
serpentine reset line 91 arrangenent. The arrangenent is shomn i n dash
lines to distinguish it fromthe rowlines and also so as t 2069 owd
the drawing. It is to be understood that st he same |ogic an S|g ?
conductors provided for row conductor 15 test are preferably provided for
reset conduther dmest tfandlfsnbrnoa@al irpdediggetd ORQT atﬂmf\) sJﬁ‘t@e reset

select logic betmﬁa) ga i ncl udes an A%[)g NOR gate and inverter
(and test efaBPE™: V| dfral” St 593 s <3 ppé%‘éd) tOTﬁé‘eté?s% q ogf ¢ 80

provi des a sepaursats&dxesmeaabll % 20candetiest @algmadl gnal appl ithe des@le
conductors. These §: nals are 5| gnated TE' and TD respectively. In a
preferred t 8&8ndde, %%H?%%%ﬁ 0 rOM/S|gnaI conductors and reset signa

conductoss are calhrladtg@tlcas.l nibdaneduséyerdtitord P @Rd TR sst gnghe hnever,

are 25 preferabl¥F§p§} enment of each other to increase the |ikelihood
of detectin§38kd ‘ﬁ‘beﬁocfs eiides the parapiiigi raracitanpef &frithp to

Fig. 2, a sehewmtied dbagsam qﬁh@tormrcﬁf@ntatIa/eraecstétvelakzéql celdrdeyr use
in accordanﬁe 30 wi,th the @resent invention is_shown. Cell 12 preferably

i ncl udes t hPE8IEr SR Re4]. 14 b C?Faé?leht%?ﬁ'ca'ﬂl‘? ﬁesﬁij’pésflfé%%%#fect
transi stors)oandad ldwdilitg SER6tb1 YdRked RIMQe doEL: dds ThaRBi s $el3 and

14 are 5§uplge ﬁ%oto diode at a rate proportional to the incident
light intensity. After a specific exposure time, the row
select line is asserted high allowing the voltage at node
17 to be sampled at the cell output node 19 (where the
column conductor is connected), through source follower

15 buffer transistor 14. The reset signal is again asserted
high and low to reset node 17 a second time. The reset
level is sampled at output 19. The difference between
the voltage level at output 19 after exposure to incident
light and at a reset level is proportional to the

20 incident light intensity.

Fig. 2 illustrates the coupling of the row, reset
and column conductors of any of the pixel cells 12.

Referring to Fig. 3, a schematic diagram of an APS
110 having a continuous column test conductor in

25 accordance with the present invention. Row and reset
conductors are not shown for c¢larity of the figure,
though it is to be understood that they are preferably
provided.

APS 110 includes a plurality of APS cells 112 which

30 are preferably constructed and arranged as the APS cells
12 of APS 10 of Fig. 1. Fig. 3 illustrates a

representative first four columns in an APS array.



25 May 2005 -e VDD and transistor 15 is coupled to the source of
transistor 14. A reset signal is applied to the gate of transistor 13 and
a row select signal is applied to the gate of transistor 15. 51n a

typi cal node of operation, the reset line is asserted high to charge the
parasitic capacitance of the reversed biased photo diode to a reset |evel.
After diode output node 17 has stabilized, the reset is puligg g

al | owi ng photo induced charge carriers to discharge 10 the p oto i ode at a
rate proportional to the incident Ilight intensity. After a specific
exposure tinme, the row select line is asserted high allow ng the voltage
at node 17 to be sanpled at the cell output node 19 (where the colunn

conductor is connec é@%} th ou s urge fal hgrerth%é tl‘éffeéffd&rﬁ?ei

The reset S|gn |gh a 0 reset no 7 second
time. Theteseset elne‘bele |a$nc$arqelsed @ataout parmd®. thee dpitmer efestbetG®en the

vol tage | evel at output 19 aft e r [ de | &g htg gglat a4 reset
level is ﬁ}gﬁﬁitl onal pf:8vf'ﬂgé %& i %gﬁ'ggn?lolhgghi{&% nt gﬁsel t(§/ 1§ *
i || ustrat psovhéedoupl ieng pluthbitowefr edMOS FrancdbtanscAAGuépdratedf, any of

the pixel g8ll's J2,,oRel ehplBgelp Figss e schegpbis diageam obugy APS 110
havi ng” a 8B%t i ntous "€ol unm test conductor in 25 accordance with th

present i nvensiehorRowl2hdl 4965 - condEebetstare AtS dRGwWA4Pot 2l a“?‘rPny of
the figurggs Lthough it 4z diqohe undergiged tdialodikey arne pe&der akbde.

Transistors 137,147,157,167,etc., permit a signal on one
column to be sensed by the subsequent column. .

10 Transistor 125 is coupled betweeh Vpp and column®
{col0}. Transistors 135,137 are coupled between c¢o0l0 and
coll. Transistors 145,147 are coupled between coll and
col2, transistors 155,157 are coupled between col?2 and
col3, and transistors 165,167 are coupled between colunn

15 3 and the next column (not shown). The CT signal output
from transistor 165 continues to propagate through the
remainder of the columns.

In a preferred column test mode, CT is input at node
108 in a logic high state. This is changed to a logic low

20 by invertef 115 and results in a logic high being
asserted at the top of col0 via transistor 125. This
logic high is sensed at the bottom of col0 by transistor
137 and then a low is asserted at the bottom of coll.
This. low is sensed at the top of coll and a high is

25 asserted at the top of col?. This pattern continues
across the remainder of the APS and term;nates with a
logic high driven into the output node 107. The CT output
(CTO) signal is preferably propagated to a centact
102 that is accessed by column test 1logic 105. In a

30 preferred embodiment, contact pad 102 is commeon to the row,
reset and column test signals, while being

approximately isolated and selectable. Techniques for



provi ded. APS 110 includes a plurality of APS cells 112 which 30 are
preferably constructed and arranged as the APS cells 12 of APS 10 of Fig.

1. Fig. 3 illustrates a representative first four colums in an APS array.
25 May 2005 9 _In colum node, a test signal that is effectively test
enable and test data, terned the colum test (CT) signal, is provided at

input node 108. The CT signal is provided to a plurality ofosNWB2005
transi stors 135,155, etc., 5 and throughH® hverter 115 to a plurality of PMOS
transi stors 125,145, 165. Transistors 125, 135, 14

1 an 165 ,
function adssferttion rangd tsel@ctEIp, msYen aﬁ%ﬂﬂiﬁﬂ 9 7?929?&@%?367,etc.

permt a signah. Qn.0ne §Q WPy to be sensed by the subsequent colum. 10
Transistora%%Sﬁng gbup ed between VOO and col unnO (Col O istars

.. lransi
135, 137 are couliad bbtaken Gdllesdiategol FUrnelnsFeroresS 144, 1 a§%pcoupled
bet ween toIIéﬁngotgght,%grQ%§h§tg§gjﬁ§§,157T@@e(§ggﬁ&ﬂﬂ ketwees cak2 and
165, 1

col 3, and &&hsPStors are coupl ed between colum 15 .3 and tge next

col urm gnotpretfeuably ThepCEmsingesl 6§t pGUrTEPEm PAERSESt 0P T65PEbNt Fnues to

propagat e t hr.ough _t enl g gsplums. In a preferred colum test
mode, CT i $9 3§rﬁﬁgeq%ﬁ%¥%F#€1#ogic high state, This is chagggd to a

logic low 20 byariomgartt ertheds femturesl tEidn & FbRECRRERS bRi AG98588rted at
the top of lo via transistor 125 ;.10 sarkeghenbheh i srisensedigitahe
bot t om of &6 t?3n5|s%or )
testing is significantly faster than analog testing
jo because ADCs and programmable gain amplifiers and the
like are not required. It is also less consumptive of die
real estate.
Referring to Fig. 4, a schematic diagram of
alternative selectably enableable couplers for an APS in
15 accordance with the present invention. Fig. 4
illustrates the first three rows of a representative APS
210. A selectable tri-state device 1is provided between
each row or reset conductor (only the row conductors are
shown). TE, TD and ADR signals are provided generally as
20 described above, e.g., TE places the AES in test mode and
TD is the test data that is propagated through the
continuous conductox.
Tri-state devices 230 on the right side of the APS
(only one of which is shown) receive the TE signal and
25 are coupled to the end of the preceeding conductor (even
conductors in the illustrated embodiment) . Right side
tri~state devices 230, which are preferably CMOS tri-
state devices, are coupled to the right end of the odd
rows, e.g., rowl in Fig. 1. The left end of the odd rows
.30 (rowl) are coupled to left side tri-state devices 240.
Each left side tri-state device preferably receives the

TE signal and the ADR signal for the corresponding odd



137 and then a lowis asserted at the bottomof coll. This lowis sensed
at the top of Coll and a high is 25 asserted at the top of col2. This
pattern continues across the remainder of the APS and term nates with a

| ogic high driven into the output node 107. The CT output (CTO signal is
preferably propagated to a contact 102 that is accessed by col um test
logic 105. In a 30 preferred enmbodinent, contact pad 102 is powwpmogso the
row, reset and columm test signals, while being approxinmately 1solated
and sel ectabl e. Techniques for 10 - 2bivhy 2005 isolation and sel ection,
such as nultipl exed connection, are known in the art. Fig. 3 also

i |'lustrates,gurrentrgoufees adidde dedficeand2iot t are ofalearhpeelfemablYhe
current sources are s preferably inplengnted as current mrrors and permt
col um volceyeigeyesasoCHES| bl t4OtHer features, Fig. 3 illustrates
a digital col upp.CORGYCIHIg testing aurangeenis dhés dogpladl tvesheng is
significantly faster than anal og testing io hecause QDCso‘gnd %Qgr%mabl e
gai n anpl iTE er engnd 0%e  1BReL®r eChot t1}%quisr eqyeRty oF QY | 587 condunpt i ve

of dieg .re&lzb%%ﬁwalﬁ'f ekki NghbOnFi 0. 4hia sphenmtrinc disagpamfiefrably
alternative sel ect abg/ﬁ enabl eabl e coupl erf f§r§ a}ﬂPSA‘P? Ln }ﬁes aggordance
with the presehnupdydny ohhe Frgnadindqysefatls vhe’ f FPst YH et T ons of a
represent afl Ve ABSndat@ord .Sel ectable tri-state device is provided between

each row or reset conductor (only the row conduciors .are .
In test nmde(opg&ation, E%e(&g£t 3ide” devices 240

are tri-stated such that a signal on the left end of an

10 odd zrow ‘propagates‘ to the next row, for example, via
conductor 245 between rowl and rowZz. The right side
devices 230 are enabled to pass the signal on the
preceeding even row to the subsequent odd row, e.g., from
row0 to rowl. |

15 In normal mode operation, the converse arrangement
is configured. Right side devices 230 are tri-stated so
that they appear as open circuits permitting individual
row signals to be propagated onto rows from the left side
of the APS. '

20

Normal Operation Mode

In normal mode processing, the selectably continuous
reset signal conductors provide advantageous control over
when reset signal is received at each cell, and hence the

25 period over which image input data is integrated.

For eXample, in a camera embodiment with a
mechanical shutter, activation of the reset signal will
typically initiate “exposure” _and closing of the
mechanical shﬁtter will end the exposure period. Prior

30 art methods of sequentially' addressing each row for
activation result in too long of a turn on period between
top and bottom rows, thereby producing a gradient in the

images. Other prior art embodiments that assert .a global



shown). TE, TD and ADR signals are provided generally as 20 descri bed
above, e.g., TE places the APS in test node and TD is the test data that
is propagated through the continuous conductor. Tri-state devices 230 on
the right side of the APS (only one of which is shown) receive the TE
signal and 25 are coupled to the end of the preceedi ng conductor (even
conductors in the illustrated enbodi ment) Right side tri-stahaydmesces
230, which are preferably CMOS tri- state devices, are coupled to the right-
end of the odd rows, e.g., row in Frgiz . The left end of the odd rows
.30 (rowl) are coupled to left side tri-state devices 240. Each left side
tri-state dgvice psehelabhyousgeireasett heigiiEl sitgnadllandel he ABReIPdFal for

t he correspondi ng odd 25 My 05 -1 I |l afd il deyi ¢ase 240
are al so praéf ePﬁBF?epEﬁﬁﬁf"gLﬁ}iﬁ Sgréﬁfé tsrplql\-/% ag-ggdece‘lsté:es. The left end of

the odd rows,disahed coEpted taveheiodEsantisDR.i Rpaes of opid sHESdGuent
row (row 2) 5 substantially as shown. Thi a rn is; f er aBky tgent i nued
for the renmdider 98f adhe f%?sFﬁﬁlg?lawo ndg %Eeegg? 'Szlo deﬁlctors. I'n test
mode oper ati%tthgfl efihaglithgy dewites P4Oegrakeion) - sthasd PFEPARAESa

the

signal on eft end of "an 10 odd row propagates extydom, for
exanpl e, vithwomduct #he245rgeeheer? CV% r owz. T%{e&ﬂ% ?@si Je  dévi ces

230 are ena@l&? 1o PASS gggr%&gﬁlglte(l@r thens podcadeliayy peen inslivtisivgHe
subsequent © row, e.g., from

reset conductor (i.e., per row) and delivering the reset

signal to all pixel cells in the array (5nsx1280 rows} in

10 6.4 us. _

This arrangement provides resets in a sufficiently
rapid time interval, but does not produce a
disadvantageously large amount of EMI (i.e., current
spikes, etc.). .

15 While the invention has been described in connection
with specific embodiments thereof, it will be understood
that it is capable of further modification, and this
application is intended to cover any variations, uses, O
adaptations of the invention following, in general, the

20 principles of the invention and including such departures

from the present disclosure as come within known oI

customary practice in the art to which the invention

pertains and as may be applied to the essential features
hereinbefore set forth, and as fall within the scope of

25  the invention and the limits of the appended claims.



rownOto row. 15 In normal node operation, the converse arrangenent is
configured. R ght side devices 230 are tri-stated so that they appear as
open circuits permtting individual row signals to be propagated onto rows
fromthe left side of the APS. 20 Normal Operation Mde In nornmal node
processi ng, the selectably continuous reset signal conductors provide
advant ageous control over when reset signal is received at gaghy ¢&ls . and
hence the 25 period over which inagg,input data. is integrated.” For
exanple, in a canera enbodinent with a mechanical shutter, activation of
the reset signal will typically initiate "exposure" and closing of the
mechani cal shutter will end the exposure period. Prior 30 art nethods of
sequentially addressing each row for activation result in too |long of a
turn on period between top and bottomrows, thereby producing a gradient
in the images. Qther prior art en@GbdiMsnts that assert a gl obal 25 My
2005 12 (i.e., sinultaneous) reset signal to all cells generate an
unacceptable EM current spike (as discussed in the Background of the

I nvention section). Reset signal enable [|ogic 90 achieves assertion of a

reset signgl, f@ﬁa&hgééﬁ§gaﬁgr&&mhq§ SEﬁlgggata integration, that propagates
t hrough the reset conductors as discu above, experiencing

approxi mat el y %Jﬁ%st?afte;del ay per individual

a plurality of pixel cells provided on said substrate and arranged in at least
a plurality of rows;

a plurality of first signal conductors each associated with a given row and
coupled to the pixel cells of that row; and

a plurality of selectably enableble coupling conductors, one provided
between each of said plurality of first signal conductors, and each providing
selectable coupling of the first signal conductor of one row to that of another;

wherein said first signal conductors are one of the group of signal
conductors including reset signal conductors and row signal conductors.
2. A circuit as claimed in claim 1, wherein said selectably enableable
coupling conductors are provided at alternating ends of said plurality of first
signal conductors such that when said coupling conductors are enabled to conduct,
a signal input to a first of said first signal conductors propagates in a generally
serpentine manner through the remainder of the plurality of first signal

conductors.



reset conductor (i.e., per row) and delivering the reset signal to al

pi xel cells in the array (Snsxl 280 rows) in 10 6.4 us. This arrangenent
provides resets in a sufficiently rapid time interval, but does not
produce a disadvantageously |arge anount of EM (i.e., current spikes,
etc.). 15 Wiile the invention has been described in connection wth

speci fic enbodi ments thereof, it will be understood that it,qdg,cappple of

further nodification, and this appl1|40at| on is intended to cover any
vari ations, uses, or adaptations of the invention follow ng, in general,

the 20 principles of the invention and including such departures fromthe
present disclosure as cone within known or custonmary practice in the art
to whi ch 3.he iAventitons grémediinsclamd laswherginheaidppiléatably cenahlealdgsent i al
features hereinbefore set forth, and as fall within the scope of 25 the

i nvent i oncoupling kRendudark &r@fprd»ﬁkﬁda:ﬁtpﬁwﬂmingl edesof sHbd MayraRGObF fitss CLAI MBS
1. An active pixel sensor circuit, conprising: a substrate; a plurality of

pi xel cel {isnpeondudests Qlibhstﬁhtda §g&?a§'iﬁ1ﬁ%?o ariﬂstadfrsaiagﬁ@t §iBndltcoh@@iérs @
plurality of rows; a plurality of first signal conductors each associated

with a g;ﬁ/%ﬁ %@Q’e@?fgg F& Qﬂﬁklﬁ(ﬂl E}? tltlqu'lr E&a g&u& Hrk mglflalt&ﬂriuét&‘g pfRd a

pluralit y ena e cou con ors, one ptovided

B?\E)YIVIESP ngsa%cbm{) direé 1on rll%r é%:lc!m% fsalfdI {irsE si ngp concﬁlc{.'o(il‘sl:J %ha&rls ge%@%u?“h

opposite of said first direction and in said first direction again on a third of said
first signal conductors.

4, A circuit as claimed in claim 1, claim 2, or claim 3, wherein at least some
of said selectably enableable coupling conductors each include combinational
logic and a test enable input, receipt of a correct polarity signal at said test enable
input causing a signal on a preceding first signal conductor to be passed through
said combinational logic to a subsequent first signal conductor.

5. A circuit as claimed in claim 1, claim 2, or claim 3, wherein at least some
of said selectably enableable coupling conductors include tri-state logic and a test
enable input, receipt of a correct polarity signal at said test enable input causing a
signal on a preceding first signal conductor to be passed through said tri-state
logic to a subsequent first signal conductor.

6. A circuit as claimed in any one of the preceding claims, comprising a
plurality of second signal conductors each associated with a given row and

coupled to the pixel cells of that row; and



sel'ectabl e coupling of the first signal conductor of one row to that of
anot her; wherein said first signal conductors are one of the group of
signal conductors including reset signal conductors and row signal
conductors. 2. Acircuit as clained in claim1, wherein said selectably
enabl eabl e coupling conductors are provided at alternating ends of said
plurality of first signal conductors such that when said coMppaRgoos
conductors are enabled to conduct, _ g signal input to a first of sald first
signal conductors propagates in a generally serpentine manner through the
remai nder of the plurality of first signal conductors. 25 May 2005 14 3.
Acircuit as clained in claim1l, wherein said sel ectably enabl eabl e

coupl i ng condugtirmlity of presendy seleeiably| enshisablengouplise emdseipe, pinaral i ty of
first signal conductors such that a signal input to a first of said first
si gnal copwytiedristwanogmbatfesmid pluzality of tseatind esigriab ronductdrat arfd exh of sai d
first signal conductors, in a second direction on a second of said first
si gnal copdulling selddusble tcupliap @f el sycondpniai édndattos af end fowsto Hitrg¥ct i on and
in said first direction again on a third of said first signal conductors.
4. A circgidihegs claimed in claim1, claim2, or claim3, wherein at |east
sone of said selectably enabl eabl e coupling conductors each incl ude

combi nati pnal al 4ahf AideiGRlIBAE! FrdBRUbid BRESIdk Qndfcf hECt pol ari ty
signal at said test ena f'e i nput cdu5|ng asig preceding first

si gnal copdu r 1o be ed throu aid conbl at| |l ogic to a
Subsequent 1t B %?L@Dngf B3 ey By esf T B by Cﬁ‘%fa PR EVai m 1,
claim?2, qr ¢lai rei.n at | east sane ai d sel ectably enabl eabl e
coupl i ng YEHUGER i, ﬁeﬁa@é speqndsigne cqné@?teméﬁﬂ%s of thahgwug. nput,
receipt of a correct polarity signal at said test enable i nput causing a

si gnal on8a pracdnuigsfdaigreddhgham &dhrthet comprisitgeteptalogisdcaupledugh sai d
‘tri-state logic to a subsequent first signal .conductor. 6. Acircuit as

cl ai med isaidingseorsigmat dohdugpomcadi vgd alosi signalc oompiuckrs)gsaid test logic

generating test data for one of the reset and row signal conductors that is the
complement of test data for the other of the reset and row conductors.

9. A circuit as claimed in any one of claims 1 to 4, wherein said first signal
conductors are reset signal conductors and said circuit further includes reset signal
enable logic coupled to said reset signal conductors that enables said selectably
enableable coupling conductors and initiates a reset signal to start integration of
input image data.

10. A circuit as claimed in claim 1, wherein said first signal conductors and
said selectably enableable coupling conductors are arranged such that when a
signal is input to a first of said first signal conductors and said coupling

conductors are enable, the input signal is sequentially propagated to the remaining



plurality of second signal conductors each associated with a given row and
coupled to the pixel cells of that row, and 25 May 2005 - 15 a plurality
of second sel ectably enabl eabl e coupling conductors, one provided between
each of said plurality of second signal conductors, and each providing

sel ectabl e coupling of the second signal conductor of one rowto that of
another. 7. Acircuit as claimed in claim®6, wherein said figstagbgisl
conductors are one of the group of ;gLgnal conductors including reset
signal conductors and row signal conductors, and said second signa
conductors are the other of that group. 8. A circuit as claimed in claim?7,
further conprrsrng test | ogi¢c couple ard naI uctors and
sai d row fyplgvignal comNGtars i Such 4 Iﬂalfl@éﬁ"altégﬂ yl@é %pﬁ%%gcplpggfa for one
of the reset and row signal conductors that is the conpl ement of test data
for the dhitdnpwisignhlatcashesubserdentone obprid firss signalcondudpiscyit as cl ai med in
any one of clains 1 to 4, wherein said first signal conductors are reset
signal conductescdnss dsiinddéh clatsh 1 0,fudidréiesaidnielayde primesibyt a §ingtier  enabl e

| ogic coupled to said reset signal conductors that enables said selectably
enabl eabl g a&gﬁﬂccﬂ&aeeﬂﬁrt@to@ﬂfem@ph | térlue®rsax reset signal to start

mtegratror? i nput 1 nage data. 1 A circuit as claimed in claiml,

wher ei n S‘?o rstm§ gg@?almg@r}ge@ﬁmah&pg %ﬁ&kﬁ%@&)hmaﬁqamseabl e

coupl i ng € arrange suc en a signal Ts input to a
first of ard frrst conductors and said coupling conductors are
enabl e, gnprppg%m@%){]g 0§ BTS®Yuential Iy propagated to the remmining 25 May
2005 - 16 first signal conductors in such a rran er .t hat a lay is

real i zed Ifsf ork cireeibapelaipted inelaim; 19pelein il dnen claim Whe%eﬂ'biaé@] g4 one of
said first signal conductors. 11. A circuit as clained in claim 10, wherein
sai d del aig ahslogri marily a function

14. A circuit as claimed in claim 1, wherein said plurality of pixel cells are
further arranged in a plurality of columns and said circuit furrther includes:

a plurality of column conductors each associated with one of said pixel
columns and coupled to the pixel cells of that pixel column; and

a plurality of selectably enableable coupling circuits, at least one provided
between each of said column conductors such that a signal on one column
conductor is sensed on a subsequent column cronductor when the intervening
coupling circuit is enabled.
15. A circuit as claimed in claim 14, wherein when said plurality of selectably
enableable coupling circuits are enabled, a signal on a first of said column
conductors is sensed in a substantially serpentine manner through the remainder
of said columns.

16.  An active pixel sensor circuit, comprising:



of parasitic characteristics of the first signal conductors. 12. Acircuit
as clainmed in claim10 or claim1ll, wherein said delay is less than
approximately 25 ns per row. 13. Acircuit as clained in claim110, claim
11, or claim 12 wherein said delay is analog. 14. A circuit as clained in
claim1l1, wherein said plurality of pixel cells are further arranged in a
plurality of colums and said circuit further includes: a plg gl byopf

col utm conductors each associated whg4h one of said pixel colums and
coupled to the pixel cells of that pixel colum; and . a plurality of

sel ect abl y enabl eabl e coupling circuits, at |east one provided between
each of said columm conductors such that a signal on one colum conductor
is sensed on assbdttayuent col urm conduct or when the intervening coupling
circuit is enabled. 15. A circuit as clained in claim 14, wherein when said
plurality of seflealinifpixednald pabided onwspidisubstuite end tanped ivpblohed, a si gnal
on a first of said colum conductors is sensed in a substantially

ser penti ng,@RRESf rbwE;ough the remai nder of said colums. 16. An active

pi xel sensor circuit, conprising: 25 May 2005 17 a substrate; a plurality
of pixel cellg @ﬁe%\/dbgfg?egg?a?g% goxﬁifﬂg‘]&é abiriRne tRit BN@Rdlddntoddachesst  a

plurality of rows; a “se enabl eabl e conti nuous” conductor that is

coupled to, each o sai d pixel .cells .and . i.gnal i nput
o bai d saiarshseys eitprulst sucttBet £ MR b RIER Gl B Rables
propagated in a substantially serpentine nner to sai lurality of pixel
cel |'s, wrepEnypus dioﬂd%‘lnéwlﬁlble?a@%gﬂﬂ E@Bﬁﬁat%%tai ﬂ%&@%g@ghg?fé,’?%}“% ncl udes
one of the group of conductors including reset _ -signal conductors and row
si gnal canahmet dpssaid plurality of pixel cells, wherein said seléctably enableable

continous conductor includes one of the group of conductors including reset

-signal conductors and row signal conductors.



ABSTRACT OF THE DI SCLOSURE An active pixel sensor (APS) circuit which
provi des enhanced test and signal processing capabilities. APSs wusually

i ncl ude pixel cells arranged in an array of rows and colums. Sel ectably
enabl eabl e coupling conductors are provided between principal conductors
in the array to permt a signal on one principal conductors to propagate
to anot her principal conductors. The principal conductors iﬂppgggompma
reset and columm conductors. Signal propagation for testing purposes and
for normal node operation are disclosed. FIG 1 ACCOWAN ES TH S ABSTRACT

_18._.

ABSTRACT OF THE DISCLOSURE
An active pixel sensor (APS) circuit which provides

enhanced test and signal processing capabilities. APSs
usually include pixel cells arranged in an array of rows

5 and columns. Selectably enableable coupling conductors
are provided between principal conductors in the array to

i permit-a signal on one princigﬁl conductors to propagate
. to another principal conductors. The principal
conductors include row, reset and column conductors.

10 Signal propagation for testing purposes and for normal

mode operation are disclosed.

FIG. 1 ACCOMPANIES THIS ABSTRACT



