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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



conducti
- materi al

exanpl e,
integrity tests are currently carried
tests typically

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

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

cireuits @g@ﬁ&%i%te' Ori?éd;alaf’/‘ltﬂgta éé/p' 6 lelny COPPLi 885 the)APS,

time to

| eavi ng T

e room

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

require

anplifie
the pr esexmholzem huehnsuAasiog deyersst &L gnal

f or nal processing

ode, test 1 processi ng C|rCU|try

t hat

f?)d' E'o%%! gl oge t%éﬂk&éﬂ £90% Lokt er s, And , REagr angmbl eqgai n
S e

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

art APSs, paryicylarl y 1ht ﬁ?@ﬁft#otgggsr% é?EPéill ly V\E%@rla&l ng a

" pi CtSUI'e It 1S 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

§pi prior a sequ

y enab es or disables
each rcwnnodncerray 8ndc§he@a¢mDﬂaﬁunﬂ«§hxﬁ Peegesshfes EhBCcKeEFE| es,

this

requires,, $20p S3ulft < n‘(ﬁmo&{k(a&ﬁé [E‘é%ln% 1AL § Okefe Pir¥ghiB@sarray of

1280 roms THhI

10

canera ven
a 51gnif1cant amount of time to process all testing

~signals and necessitates a significant amount of logic to

15

20

25

30

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,



specifications of 50us or |less. Another prior art enbodi nent sends out a
gl obal reset (or enable/disable) signal. Wiile this satisfies the timng
requi rement, 25 May 2005 - 3 - parasitic capacitance creates a 5 mA current
spi ke per rowresulting in a 6.4 A current spike for the array, which is
unaccept able. Thus, a need exists for asserting the reset signal 5 for an
array of pixel cells in a rapid manner that does not introdsggryngesired
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principal conductors, such as stB®mR8WOF 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



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
arrangenment may, for exanple, detect nmetal integrity faults. In operation
node, this arrangenent may, for exanple, provide a global signal in a
manner. that is 25 May 2005 -- 4 rapid, but does not cause ﬁﬁmggm rabl e
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or at the ends of conductors to in effedttvely create a continuous and
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schemati c di agram of _  an, APS havi ng a EOl um conductor test circuit in
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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



present invention. Fig. 4 is a schematic diagramalternative selectable 25
enabl eabl e conductor arrangenents (with tri-state capabilities) for row
and/ or reset conductors in accordance with the present invention. DETAI LED
DESCRI PTION 30 Referring to Fig. 1, a schematic diagramof an active pixel
sensor with efficient test and operation in accordance with the present

I nvention is shown. The sensor is preferably fornmed as mat ristgtg é&at

i ncludes a 25 May 2005 plurality of actiye pixel cells 12 arrang % I'n M
rows and N columms. A pixel cell is provided at the. intersection of each
row and col umm, il e AP Palelo]s ti e1op gnyentd arbwRyarke any
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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



the metal integrity of the row, reset and columm signal conductors,
respectively. The tests preferably entail assertion of a test signal onto
the first of the row, reset or colum conductors- The test signal is
propagated 25 through the remai nder 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 netal integrity for the typezf,o{(,[ag%}guctor
(row, reset or columm) under test. The #anner in which these tests are
-30 inplenented is now di scussed in nore detail. For row conductors, an
initial testgsignal irceirneferablbesdel évarkd HEE)owd: gepbct2Nhghc 264 hat
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41, NOR gate 42 and inyert 43. Ra sel.ect _Logi a t rsi gnal
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forth down 1b,¢der@vem and odd rows, respectively, is preferably

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 signall 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 traces- at each end) have line widths of

approximately 0.5um and these lines have a parasitic



repeated until the last rom{M1) is reached. Row(M 1) select logic 60
preferably includes an AND gate 61, NOR gate 62 and inverter 63. Simlar
to the other row select <circuit, rom{ M1) select |ogic passes, the test
signal 20 onto row (M1l) . The TE signal is preferably generated by the
test signal generation and conparison logic (signal gen and test |ogic)
80 and delivered to each of the row select logic circuits (2ﬂgaﬁggﬂ;er
part reset select logic 25 circuits disgussed bel ow). The TE sighal enabl es
test node operation. The TD signal preferably provides both [|ogic high
and | ogi c | pwpstgrahseansgnanyrdsiddtide-s enisabcidateal othdirkvétent Thegse
states. In one test, data i | nput to.rowO sel ect Ho e th%nd EonPgred to
that 30 reP@Fe&dtiFsm rBtPERFe1) Y t dSPSESET 861 PHe r onSi gnaf?
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produce an ipher epbneeiB¥tednNey 0Gie ca@RANENtEagksodindustodel. ayThbut
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a serpentingopesst bbitkBmIbf 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



arrangenment. The arrangenent is shown in dash lines to distinguish it from
the rowlines and also so as to not crowd the drawing. It is to be
understood that the same |ogic and signal conductors provided for row
conductor 1s test are preferably provided for reset conductor test (and
for normal node reset operation). Thus, reset select |ogic between each
row i ncludes an AND gate, NOR gate and inverter (and test L& 280

i ndi vi dual address signals, etc.). The-tsest |ogic 80 provides a separate
test enable 20 and test data signal for the reset conductors. These

signal s arevwgsignat etdrdksiandrTD15 espectdogiled | it pied ergsggré@stopode,
the test of .row signal Eond ctors and_reset,s;ggal.conductors are carried
out simul t ZAESTHIFCTHE" TD &nd eASt <! Btiedr &02506 gFadimmry t he
conpl enent  afragddls taiher3t andnel ease kbgecki kalgr2000;i 9f aggt eehi Ry shprts or
open circuitsLt e.%., brid iqg, gtc. Referring to Fig. 2, a schematic

di agram of 2 FefredHAATIIRctPve pixel cell for use in accordance 30
with thespresent Tmnventiy@idas sheuws. o%el dpdapisher ably Fosdudegpkhree
transi stors 13-1§F%v ich are typically n- type field-effect transistors)
and a | i ght 288N SIFR ERhERGT I8 M2I a3 ihkt sEBPaCcianRe p£f dhe

coupl ed to BeWe2sedhyb208884VOEhand tdidtsd ster 45 rescaoupkedit o thesgqurce

of transistor .14. A reset signal .is applied to the gate of  transistor 13
and a row s8f8ge ﬁ%ﬁ%ﬂti%oéﬁpﬂﬁe@Qﬁ)%¢%?l%ﬁﬁ%9mﬁt@?aﬁ%?@?oﬂslgmﬁiﬁ#la

typical nodegoef enQrAiim, phbeol eseluckld@Harge carriers to discharge
10 the photo 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.



 asserted high to charge the parasitic capacitance of the
photo diode to a reset

the reset is pulled

reversed bi ased
| evel . After diode output node 17 has stabili zed,
| ow, allow ng photo induced charge carriers to

di scharge 10 the photo diode, at a rate pr
intensity. After a specific exposure tine,
high allow ng the voltage at node 17 to b
19 (where the colum conductor is connecte
buffer transistor 14. The reset signal is

reset node 17 a second tine. The reset ,le
di fference between the voltage Ievel at o
incident light and_at a reset |ev L?%s RI

light intensity™ FGY™ M9 stfhteg e €O

oportional to the incident I|ight
the row select line is asserted
e sanpled at the MaPbbgaut node
d), through sourcggiorfomer i5
again asserted high and lowto
vel is sanpled at output 19. The
ut put 19 after exposure to
gggit 1R28! 10 tOPee ) JNG) de

nt
ing o e row, reset - and

col unm comdset or #nablanyamd testpideta,cekbsmd®. thRef eptimpy tteski giCW, a

am.of an AP§e&1

oY BlohiRedl e

schemati c diag%
€ present

in 25 actofld Y%ﬁgtan%

vent |

Qati

on.

| ugp ggg%agoquctor

reset conductors are

How and-

not shownpkovidedritby =of pher&élyuy eof t R¥G§h tinenisdsterpe 1d8déPSt e 4 hat

rov
era

they a

f er abl
112 V\Ih %l?u:gu

0 are pr

__ et |
chond N

o

of APS 10toénfigtods FI2B, B3IU6dst r at 852RSiFePites

col ums i R8N AES arraye, g2 iMaY 205 snhdtt

Transistors 137,147,157,167,etc.,

column to be sensed by the subsequent column.

is

135,137 are
Transistors 145,147 are
155,157 are

transistors 165,167 ar

Transistor 125
{col0}.
coll.
col?2,
col3,

3

from

10
Transistors
c
transistors c
and
next column
165

remainder of the columns.

15 and the

transistor continues

In a preferred column
108 in a logic high state. This
by

asserted

inverter 115 and results

at the

20
top of col0

logic high is sensed at the bottom of
asserted at the bottom of coll.

137 low is

This

and then a

low is
of

the

25 at the top

of

asserted

across the remainder
logic high
(CTO)

102

signal is preferably

that is

30 preferred embodiment,

reset and column test

approximately isolated and

coupled between Vpp and

{not shown).

test mode,

is

driven into the output node 107.

accessed by column test

contact pad 102 is

selectable.

| ugdes ﬁgﬁ4éqfﬂ§tgfof ARSscel | s

nd arranged as the APS cells 12

Satlidve 1Py $8° f Gt
circuits in test mode.
permit a signal on one

column®

coupled between coll and
coll and
col2 and

oupled between

oupled between

e coupled between column
The CT signal output
to propagate through the
CT is input at node
to a legic low

high

changed

in a logic being

transistor 125. This

col0 Dby

via

transistor

sensed at the top of coll and a high is
col?.
APS and

This pattern continues
terminates with a
The CT output
a contact

105.

propagated to

logic In a

common to the row,
while

signals, being

Technigques for



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 of NMOS transistors 135, 155,¢etc.,
5 and through inverter 115 to a plurality of PMOS transistors 125, 145, 165.
Transi stors 125, 135, 145, 155 and 165, etc., function as short circuits in
test node. Transistors 137,147,157,167,etc., pernt a signals ghy One

col um to be sensed by the subsequent™ ¢8I utm. 10 Transistor 125 is coupl ed

bet ween VDD and columO (Colo). Transistors 135,137 are coupl ed. het ween
col O and delllathoanging orelaasiany gYehcSFpI® ‘B’el?z%%’é%go‘égPH%‘g . ’gm 2,

transistors 159,157 are 1§QuURlgd between colt and col3, and transistors
165, 167 are coupled between colum 15 3 and the next col um ( oet ﬁhown) .
The CT signal owtigut 3 fabaet Addsisse@t eFe Gt hudSUE6%pr Sfagate thFough

the remai ndglr %f th& COFUmsh | Ro1dumbky.ef erfied calmmant esourees, &feis
i nput at n&d 8§ ' a oglc}hi gh state. This is_changed tg a Iolﬁig | ow
20 by i pvertrerfertbland inpdementied a dsogic8rhEgk bBARGOESsePPEd BE'The top of

col 0 via transistaor 125 I.S.4l.0Qi | ghyl s sensed at 137 and then This | ow
t he bot t omTGH 8 301}3;at%ea-r%‘§etlos(r)g!§clg§wgli s ‘asserted at the bottom of_ coll.

sensed at the tgmonfgstoldthend Zeatiupess T 253 abbbrFetrbeSt Redt8HTRF col 2.
This pattern continues, across fha f6fai gdepngbmbhe. APS N taiginales with |

] 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 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 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



| 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

|l ogic 105. In a 30 preferred enbodi nent, contact pad 102 is common to the
row, reset and column test signals, while being approximately isolated
and sel ectable. Techniques for - 10 25 May 2005 isol ation and sel ecti on,
such as nultiplexed connection, are known in the art. Fig. gmh)sgoos
illustrates current sources at the top and bottom of each colum. The
current sources are 5 preferably inplamented as current mrrors and permt
columm voltage levels to go | ow. Anbngst other features, Fig. 3 illustrates

a digital rcﬁg)éunn gaRduct et texdd N@eAriragerdnt -afbi saldiagi paleferedlivng i s
significantly faster t han anal og testing 10 because ADCs and programrabl e
gai n anpl idefiounddt A CMORe tare TRt SFTIYSE - 1t is also | ess consunptive

of die real estpte; Ref&idd N9rtenhEi 8ddd rowsschenmise doagiad ob the

alternative sel ectably enabl eabl e couplers fqr an APS ip_ 15 or dance
with the pPsenndi nddlt i PRy, 2% | (W& ra?“g%set%"éemfrsfo‘f'hréggsr%omggof

represent aliNe: ARSia219 Assekgelahl e t mhist apatdevince iiss prefiedellet ween

each row or reset conductor (only the row_ condu s.are . ,sho . , TID
and ADR sieeratinaed gradvi e gem&iqdsr 8% 2 B e?%l% bgarabtohv%,mgaEETE

pl aces the APS ip haskreede and TD is the test data that is prbpéi;at ed
through the Coggiqggﬂf ﬁgggwgégfation, the left side 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



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). Ri ght
side .30 tri-state devices 230, which are preferably CMOS tri- state
devices, are coupled to the right end of the odd rows, e.g., row in Fig.
1. The left end of the odd rows (rowl) are coupled to |eft 2ginlg d005-state
devices 240. Each left side tri-state device preferably receives the TE
signal and the ADR signal for the correspondi ng odd 25 May 2005 - 11 rows.
The left side devices 240 are also preferably configured as CMOS tri-state
devi ces. Tqﬁjéﬂ; engu0f ahBeueld reoust i sighad touplled €elife 9ePETAE ADR

t

i nputs of e subsequent .row. (row 2 ) ntial |y Shwn; n, Thinge
pattern isf§¥eP8?§5P9téBﬁ?iﬁaéé FBF%FHE ﬁgﬁg%%diégofﬁfﬁglAPS for the row

and reset g o Sof | fhéeshvandeonperation) -t Resesf signad @#Pd&s 240

are tri--stated such that a signal _on the deft of . ; 10 edd rpw
propagat es ¥agihedReBHCHGEN T of SERAHPPR, Vi ag C(J)C%g%gt of D45 ‘between row and

row2. The rdghty sigde darigaey 23hid e bnabieationpastshabe HIGRAIAGES he

preceeding even row to the subsequent odd row, _e.qg. .. WO fifyveoW . 15
I n nor nal mhnpu@peréﬁﬁnnr?ﬁétcoﬁ%QQHékﬂﬁ%nggﬁenﬁh%éﬁ%%%?igured.Fﬁght

si de devi Ce&é@&%{&ﬂéi appiakemhatelyt MRtnshef applsy Reropgaistidual s

pern1ttlng.;eséglcggéuctor (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.



row signals to be propagated onto rows fromthe left side of the APS. 20
Nor mal Operation Modde In normal node 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 inmage
input data. is integrated. For exanple, in a canera enbodinent with a
rrechani cal shutter, activation of the reset signal wll typisogh}yodsnitiate
"exposure" and closing of the mechanjcal shutter 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 imges. Qher prior art :
enbodi ments that assert a global 25 May 2005 - 12 (i.e., simultaneous)
reset signal to all cells generate an unacceptable EM current spike (as
di scussed in the Background of thé&LAIMSNtion section). Reset signal enable
| ogi ¢ 90 achi eves assertion of a reset signal, for the 5 start of imaging
data integration, that propagates through the reset conductors as

di scussed above, experiencing approximately 5 ns of delay per individual

reset condpctopAﬁkng@pngfgmﬁgw&Kﬁgj gﬁgiﬁﬁrlng the reset signal to al

pi xel cells in the array (5nsxl 28 'n 10 6.4 us. This arrangenent
pr.ovi des reset%§ugmﬁﬂ§uff|0|ently rapid time interval, but does not
produce a

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.



di sadvant ageously | arge anount of EM (i.e., current spikes, etc.) . 15
Wil e the invention has been described in connection wth specific

enbodi ments thereof, it will be understood that it is capable of further
nodi fication, and this application is intended to cover any variations,
uses, or adaptations of the invention followi ng, in general, the 20
principles of the invention and including such departures fi%i hgpspr esent
di scl osure as cone within known or ustomary practice in the art to which
the invention pertains and as nay'ﬂg'applied to the essential features
herei nbefore set forth, and as fall within the scope of 25 the invention
and the limts of the appended clainms. 25 May 2005 - 13 CLAIMS 1. An
active pixel s#nsiouitcas claimed cionpringi lngwheresulsaitlr setlectabdy pinablzkbley of pi xel
cells provided on said substrate and arranged in at least a plurality of
rows; a pécupihg tepnddctdrs rasé psavidedl atCalretingr ends asthsaid yhaahtyedf Wdth a gi ven
row and coupled to the pixel cells of that row, and a plurality of

sel ect ablssi%]ﬁi\ebﬁcﬁi&&s GRIAhAMNOsi SO Sk 5 & fir&NT sRIOYisHGgnalR@hUeesseach of
said plurality of first signal conductors, and each providing selectable

[ fi i . t t her;
Chor ei noobgiefes ih' £t SR BIINE RS 6 AR FHOUld oMbl BPEL T
c_on_ductprs i ncl,udi.ng reset Ssi n?l wﬁogd?ctorf an éoow itgnal conductors. 2.
A ci 1 out (5500 FPHER PR Sctesit £ Salleler menal aORBietony Bty HealEbl o
ToreL ' Y, Gmapiie ohtn fb dhisgian £N:R SRSt ATEP RO S e BORAMOEBHY are | ©

enabl ed to conduct,
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



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. 25 May 2005 - 14 3. Acircuit as clainmed in
claim1l1, wherein said selectably enabl eable coupling conductors are

provi ded at alternating ends of said plurality of first signal conductors
such that a signal input to a first of said first signal congligl,0hg0s
propagates in a first direction on that first of said first signal
conductors, in a second direction on a second of said first signal
conductors that is generally opposite of said first.direction and in said
first direction again on a third of said first signal conductors. 4. A
circuit as clafnirality of s5eperd seleetpbly ocnableable apoupbing venseustarsatoneeast sone
of said sel ectably enabl eabl e coupling conductors each include

conbi nat i proalded| wgveenacethaoft st phrdity ef iseqatl, sigred ebpductdrs,aartioeachct pol arity
signal at said test enable input causing a signal on a preceding first

si gnal cop@utiing sdletddte pampsiag of Heueind sidialcs@dubionat oy loGBatGft 0 a
subsequent first signal conductor. 5. Acircuit as claimed in claiml1,
.claim 2, gHotikdrai m 3, wherein at |east some of said selectably enabl eable
coupling conductors include tri-state logic and a test enable input,

receipt of a CPJ&%&& ROl Akl YinShaRes, \ch]ieéiﬁi sqi&t g&% s apé&ghg@kg agdusing a

signal on a preceding first signal conductor e passe rough said

tri-state logjic to a subsequent firs ignal, conductor. 6. A circuit as
ol ai med | PrRea o of HERd aBdhe s iotufng Pt R doRfPoom apflalii £y of
second signal copductors each associated with a_given rqw and coupled to
the pixel StgRal eangeiarh. a0 saidsoeand S-lgnﬂgwngBCtW?@GE?ﬂéﬂﬁf &aégliow- of second
sel ect abl y enabl eabl e coupling conductors, one provided between each of
said pl urél i t yAgtircyd esralaigiedrinl clamnd fortberscommrisingaiert logicosaugledgosel ect abl e
~coupling of the second signal .conductor of one rowto that of

said reset signal conductors and said row signal conductors, said 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



another. 7. Acircuit as clainmed in claim6, wherein said first signa
conductors are one of the group of signal conductors including reset
signal conductors and row signal conductors, and said second signa
conductors are the other of that group. 8. Acircuit as clained in claim?7,
further conprising test logic coupled to said reset signal conductors and
said row signal conductors, said test |logic generating testgﬂ@m$2@Q; one
of the reset and row signal conductegs that is the conplenent of test data
for the other of the reset and row conductors. 9. A circuit as clainmed in
any one of clainms 1 to 4, wherein said first signal conductors are reset
signal conductors and said circuit further_ includes,reset si nak enabl e

| ogi ¢ coupbletgnad C@%ﬂlﬁtqi’%éfbﬁu@iag‘ﬁéqmeégﬁaﬁ elpysis F%hﬁ%lr%?cg%ta sel ectably
enabl eabl e coupling conductors and initiates a reset signal to start

i nt egr at ithat input signplet chctaspbsataent. ong Of said &irst signel epgdegteismed in claim 1,
wherein said first signal conductors and said selectably enabl eabl e
coupl i ng gondug bRt & Gaigled amglain $0ovhdréiatsaididetnyds psingribt a fimctioput to a
first of said first signal conductors and said coupling conductors are

enabl e, tfre i nptonsi 0RAkIdsDFRRAHE il bohdREeRRgat ed to the remaining - 16
25 May 20 Irst signal conductors in such a manner that a delay is

real i zed peforg £ eepibiffed MRkl Ao SUgRAY 1 Alnéei ey Baggenkss one of sai d

first si I clrcuit as claine n clarm 10, wherein said
delay is primarily a fg ction of parasitic characteristics of the first
si gnal cdRaRRREPEMARYY 2ANEPFIAFt as claimed in claim10 or claim 11,
wherein said delay is |less than approxinatel¥,25 gs per r0%L 93. A circuit
as cl ai melB.i n Alciwit anclaigies imclaim 185 claimilhy arxlgipel evhesy spididelay i s
analog. 14. Acircuit as clained in claim1, wherein said plurality of
pi xel celikanglbg further arranged in a plurality of colums and said
circuit further includes: a plurality of columm conductors each associ ated
with one pf sahqiRiXek claimed in claim 1, wherein said plurality of pixel cells are
further arranged in a plurality of columns and said circuit further 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 conductor when the intervemning
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:



colums and coupled to the pixel cells of that pixel colum; and a
plurality of selectably enabl eable coupling circuits, at |east one provided
bet ween each of said colum conductors such that a signal on one colum
conductor is sensed on a subsequent columm conductor when the intervening
coupling circuit is enabled. 15. Acircuit as clainmed in claim 14, wherein
when said plurality of selectably enabl eable coupling C|rcu2§§m§Qg05

enabl ed, a signal on a first of saig;colum conductors is sensed in a
substantially serpentine manner through the remainder of said columms. 16.
An active pixel sensor circuit, conprising: - 17 - 25 May 2005 a substrate;
a plurality of pixel cells provided on said substrate and arranged in at

| east a pl ur alsbbsfrats, rows; a sel ectably enabl eabl e continuous conduct or
that is coupled to each of said pixel cells and arranged such that a
signal input telsality deliedicall yroeidadbeabidesubste imliuangedndaticest when
enabl ed is propagated in a substantially serpentine nmnanner to said

plural ity g row@l |'s, wherein said selectably enabl eable continuous
conduct or |ncludes one of the group of conductors including reset -signal

conductors ang Lo $08LIGHM EGHRSus conductor that is coupled to each of
said pixel cells and arranged such that a signal input to said selectably enableable
continuous conductor when enabled is propagatgd in a substantially serpentine
manner to said plurality of pixel cells, wherein said selectably enableable
continuous conductor includes one of the group of conductors including reset

-signal conductors and row signal conductors.





