1 ACTI VE PI XEL SENSOR W TH ENHANCED RESET 5 The present invention rel ates
to active pixel sensors and, nore specifically, to rapid and conplete
reset of pixels cells within these sensors. 10 Active pixel sensors (APSs)
capture digital imge data and often used in digital still cameras,

digital video caneras and inmage copying apparatus, etc. APSs are typically
formed of a plurality of pixel cells that each contain a photo- sensitive
di ode, commonly referred to as a photo diode. 15 Representative APS array
sizes include 352 rows x 288 colums (CIF) and 640 rows x 480 col unms

(VGA). Array denﬂ(é‘ils’,sﬁf a%g)ffﬁpgﬁkgg tﬁfﬁ{m‘%n t%ﬁﬁﬁ&t ure. Before an

image is captured (. ore a prcture an APS, picture
paranmeters for the 20 proposed inmage are preferably sanpled to obtain data
for exposure and focus algorithnms. These algorithnms nay achieve auto
focusi ng, white bal ance, RG voltage equalization, exposure tine/gain
boost adjustpent, etc. Initial icturﬁﬁﬁara ter determnation is %ypically
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10 Active pixel sensors (APSs) capture digital image data
and often used in digital still cameras, digital video cameras and
image copying apparatus, etc. APSs are typically formed
of a plurality of pixel cells that each contain a photo-
sensitive diode, commonly referred to as a photo diode.

15 Representative APS array sizes include 352 rows x 288
columns (CIF) and 640 rows x 480 columns (VGA) . Array
densities are expected to increase in the future.

Before an image 1s captured (i.e., before a picture
is taken) with an APS, picture parameters for the

20 proposed image are preferably sampled to obtain data for
exposure and focus algorithms. These algorithms may
achieve auto focusing, white balance, RGB voltage
equalization, exposure time/gain boost adjustment, etc.

Initial picture parameter determination is typically

25 achieved 1in a process called “sampling” in which the
pixels are exposed to the incident light of a proposed
image. The amount of time required to read and reset each
pixel and calculate the difference between the exposed
and reset voltage levels (representative of the intensity

30 of incident 1light) is, however, disadvantageously long.
To reduce this delay, a procedure termed “sub-sampling”

has been developed.



30 of incident light) is, however, disadvantageously long. To reduce this
del ay, a procedure termed "sub-sanpling” has been developed. - 2 To
reduce this delay, a procedure termed "sub-sanpling” has been devel oped.
In sub-sanpling, a smaller portion of the array, or several small portions
of the array are exposed during 5 initial picture paraneter determnation
but not the entire array. A tradeoff 7€ Sought between exposing a

suf ficient nunber of pixels for accurate sensing and ‘redu0|ng the Dunber
of pi xel s T®anpF@dCe o Lt edb2Y pr scaxyzicrAv T ee teroed Yheb chasphing

sub- sanpl ihag tREMifUe 1 kg exanple, selects alternate rows or groups of
alternate rows, this tré%% off may be effectively achi eved, but not
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10 If the chosen sub-sampling technique, for example,
selects alternate rows or groups of alternate rows, this
trade off may be effectively achieved, but not without
the iﬁtroduction of some disadvantageous aspects. One of
these disadvantageous aspects is that reset of a

15 T“portion” of the array, but not reset of the entire
array, produces pixels that have different reset values
(due to 1leakage current and additive reset effects,
etc.). This results in an inaccurate APS output signal
and the occurrence of these artifacts in the resultant

20 image. This problem is exacerbated when the proposed
image is dark. In this instance, only a small amount of
photo diode discharge occurs, resulting in an increased
reset  value (due - to ' additive effect) and greater
differences between reset values of sampled and non-

25 sampled pixel cells.

One possible manner of alleviating the problem of
different reset’ values is generation of a global reset
signal that would sequentially reset each of the pixel
rows. Sequential reset is preferred because simultaneous

30 or parallel reset would produce unacceptably high EMI due
to the large number of simultaneous signal transitions.
The generation of sequential reset or the like for the

entire array, however, is disadvantageously long.



reset value (due to additive effect) and greater differences between reset
val ues of sanpled and non- 25 sanpled pixel cells. One possible manner of
alleviating the problemof different reset' values is generation of a

gl obal reset signal that would sequentially reset each of the pixel rows.
Sequential reset is preferred because sinultaneous 30 or parallel reset
woul d produce unacceptably high EM due to the large nunber of

simul taneous signal transitions. The generation of sequential reset or the
like for theThenefpaear cayresdwevefsi §of SHUVART a§balsBR IS 3ub-
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accordance with the present invention there is 15 provided an active pixel
sensor wibhtentidamded raksketof the pixel cells in the array.

The present invention aims to provide an APS with

10 look ahead (or behind) reset that resets portions of an
array not read in a sub-sampling or like operation.

The present invention also aims to provide such an
APS that operates in a rapid, low-cost and low-EMI manner.

In accordance with the present invention there 1is

15 provided an active pixel sensor with enhanced reset.

A preferred embodiment of the present invention
includes combinational logic that is provided between sub-
sampled rows and non-sub-sampled rows. This logic senses
when the circuit is operating in sub-sampling mode and

20 generates reset signals for the non-sampled rows when the
sampled rows are reset. This arrangement provides a low-
cost, rapid and efficiently implemented manner of
providing universal reset following a sub-sampling event.

In another embodiment, reset of the sub-sampled and

25 non-sub-sampled rows after a sub-sampling event may be
implemented in the reset control logic at the control
logic level.

Embodiments of the invention will now be described,
by way of example, with reference to the accompanying

30 drawings, in which:



A preferred enbodi ment of the present invention includes conbinational

| ogic that is provided between sub- sanpled rows and non-sub-sanpl ed rows.
This | ogic senses when the circuit is operating in sub-sanpling node and
20 generates reset signals for the non-sanpled rows when the sanpled rows
are reset. This arrangenment provides4a-ow cost, rapid and efficiently

i npl emented manner of providing universal reset follow ng a sub-sanpling
event. In another enbodinent, reset of the sub-sanpled and A 25 .

non- sub- sanpFéaurews hft éf a dub- §&H3HYShg BVEARL néyﬂb%orinﬁféﬁﬁnteanin t he
reset control. | ogic .at t o l.agic .l.evel . odi nents of the
inventi%ﬁcﬁfpﬁnﬁghlJgjbégﬁéi@géggh%yl&g§ggf§§§aﬁgﬁgP with reference to the
acconpanyi ngri dQrer aw Ngsa isthdngti c 4dFegubam lof Soan actdodipexel osensor
(APS) in accordance with the present invention, and Figure 2 is a

schemat resdtagramhofinrceppdanpentish W d5@5¢vhi eNVARAECSdance with
the present invention. Referring to Fig. 1, a diagramof an active pi xel
sensor (APS) 10 in accordance with the present invention is shown. APS 10
i s preferabl geanratiray 6b Nrews ¥ MalOdtebuams,ofhere HNcardeM pisepositive
integers. A pixel «cell is provided at the intersection of each row and
col um aadseach(BPKEel 1del inprefcordince evéieshe r pgepent invention

is shown. APS 10 is preferably an array of N rows x M
10 columns, where N and M are positive integers. A pixel
cell is provided at the intersection of each row and
column and each pixel cell preferably receives a reset,
row select, and column or read signal, etc., as 1is known.

APS 10 illustrates one representative embodiment of

15 the present invention and, more specifically, a manner of
conducting sub-sampling while providing rapid, universal
reset of the entire array after sub-sampling.

Block 11 represents row select and reset signal
control logic and block 12 represents row and reset signal

20 decode logic. Suitable control and decode logic for timely
generation and processing of row select and reset signals
is known in the art. In sub-sample mode, logic 12
propagates a row select and reset signal to each of rows
0,1,4,5,8,9,12,13, etc. Rows 2,3,6,7,10,11, etc., are not
25 used 1n sub-sampling (reasons discussed above).

Logic 20 preferably causes a reset of rows not read
during the sub-sampling procedure. The reset signals
generated by logic 20 are generated substantially at the
same time as the reset signals for the read rows.

30



row sel ect, and colum or read signal, etc., as is known. APS 10
illustrates one representative enbodi ment of 15 the present invention and
nore specifically, a manner of conducting sub-sanmpling while providing ’
rapi d, universal reset of the entire array after sub-sanpling. Block 11
represents row select and reset signad - control |ogic and bl ock 12
represents row and reset signal 20 decode |ogic. Suitable control and
decode logic for tinmely generation and processing of row select. and reset
Si gnalls is Kgowmei nemhedament] ro&ubhsamilas el NVEFIEA 2 brobagates a
row sel ect and reset signal to _each of o , D18 2, -
2,3,6, 7}§O,Cl%}pje?€.,he§ Fot2 25T0SEd ?% ssub-—gsfjfn%ﬁﬁeg% f?gso%\%ddﬁgglussg\é\s
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i ssuance = of "a reset signal on row 1 during sub-sanpling node, |ogic 20
gener at @3 qaudeesdt) sitgnad fartsows. dogieoR0 FltadFi gapetl) "erierdSs as a

| ook ahead reset mechani sm
issuing a reset signal at the Nth + 2 row in response to
10 receipt of a reset signal at the Nth row. In this manner,
the entire APS 10 is reset and this reset is achieved in a
rapid manner with minimal EMI generation.
While the embodiment of Figure 1 represents a look
forward reset mechanism, it should be recognized that the
15 auto reset function of the present invention could be
embodied in a look behind fashion, for example, with rows
2,3 being sub-sampled and rows 0,1 being reset therewith.
Tt should also be recognized that although N + 2 reset is
shown in Figure 1, the auto reset scheme of the present
20 invention could be implemented in any ratio of sub-sampled
to non-sub-sampled rows, for example, N + 1, N + 3, N + 2
through 3, N + 2 through 8 (or other), etc.
Referring to Figure 2, a schematic diagram of one
embodiment of reset logic 20 in accordance with the
25 present invention is shown. Logic 20 receives row reset
signals from sub-sampled rows, for example, rows 0,1, and
includes combinational logic that possess these signals to
generate reset signals for non-sampled rows, for example,
rows 2,3, respectively.
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issuing a reset signal at the Nth + 2 row in response to 10 receipt of a
reset signal at the Nth row. In this manner, the entire APS 10 is reset
and this reset is achieved in a rapid manner with mnimal EM generation.
Wil e the enbodi ment of Figure 1 represents a |look forward reset

mechani sm it should be recognized that the 15 auto reset function of the
present invention could be enbodied in &a-l ook behind fashion, for exanple,
with rows 2,3 being sub-sanpled and rows 0,1 being reset therewith. It
shoul d al so be r.eg90@ni zed tihailwddhougiio N ¥ARDr espitds 3shpad, i nfleugure 1,
the auto reset sche of the present 20 inven%igg could be inplenmented in
any ratio Jd?V%{l‘b@’é%tg%I?’éaG EFIN IS MR aAPF8E Pdwe? -f P exENpl 8, TRSETL, N +

3, N+ 2 JhpoughBsTh) +i2 Hhreugh i oudh oAk )gated c21 RRhehr tAg &abF gure
2, a schematic diagram of one enbodi ment of reset logic 20 in accagrdance
with the IBwplesBade; hvent SéANRd dFomteseRdi-c e reekPvesof ofrf8set

signal g from %‘é‘%ﬁa”@*e@nr O¥\Braf Olen@XalP! EENY 0WS gBal, @hdnorncludesd
conmbi national "l ogi c that possess these signals to enerate reset signals
for non- sampredtedvse feormeilgmprevw 2remmet? BigpakpettT4ely. 30 Logic 20

i ncl udes two NA%RU 21, rqi ers: 437126 ; es
27,28. The row rggéeﬁy'si&% I('BR%TO ?ggégt eszl hrlouéﬁgm \Ig%%ag%hMen

the sub- saEnpbegmoddNPSYatsd gdadl whenpridsensubThemplepumodsf gageallis

present. The output of gate 22 is gated by the enable

10 signal at NOR géte 28 and inverted to form the row 3 reset
signal, RST3.

Logic 20 méy be repeated many times, for example in
APS 10 of Fig. 1, to provide the desired reset of non-
sampled rows. The combinational logic within logic 20 may

15 also be mhltiplied to provide auto-reset of an increased
number of rows.

It should be noted that the auto-reset taught herein
may be implemented in row select and reset signal control
logic 11 by being programmed into the software, firmware

20 or hardware of that logic.

The auto reset features of the present invention are
applicable to conventional APSs and those utilizing
serpentine row select and/or reset signal propagation as
taught by U.S. Patent application no. 09/371,745 by Ray

25 Metzer, entitled Improved Digital Imaging Circuit and
Method. ‘

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

30 application is intended to cover any variations, uses, or
adaptations of the invention following, in general, the
principles of the invention and including such departures

from the present disclosure as come within known or



5 is gated by an array enable (EN) signal at NOR 27 and inverted to form
the row 2 reset signal, RST2. Simlarly, the row 1 reset signal (RSTl) is
gated through NAND gate 22 when the sub-sanple node signal is present.
The output of gate 22 is gated by the enable 10 signal at NOR gate 28 and
inverted to formthe row 3 reset signal, RST3. Logic 20 nmay be repeated
many tinmes, for exanple in APS 10 of Fig. 1, to provide the desired reset
of non- sanpled rows. The conbinationdl -l ogic within |logic 20 may 15 al so
be nultiplied to provide auto-reset of an increased nunber of rows. It
shoul d beumtt@dh thatptare iangt o-imesehet aaght ther eimichmaychee npketented i n
row sel ect q$d.reset si.gnal_.cant rol lOﬁi 1%a%¥ being Prggranged into the
sof t war e, PH THiAT e 3025r I dvar @PBH $Hat O ddic. STRe atto fE85P Faat ur es
of It_he_ PresEItnb d e ieetarfeglrta}ppléxgcfbbe t@1c1onyeﬁh%ﬁnaJheAF§sQI:aé1dothose ]
utilizin serpentine row, sel ect. and/ or_reset sign propagation as taught
by U. & Plent P Temash mee 08RER Sy, 2R Lot ent | t | od

| mproved Digital Imaging Crcuit and Method. Wile the invention has been
described in connection wth specific enbodi nents thereof, it will be

understood that it is capable of further nodification, and this 30
application is intended to cover any variations, uses, or



adaptations of the invention following, in general, the principles of the
i nvention and including such departures fromthe present disclosure as
come W thin known or - 7 customary practice in the art to which the
invention pertains and as nay be applied to the essential features

herei nbefore set forth, and as fall wsthin the scope of the invention and
the limts of the appended clains. €8AIMSLAIMS 1. An active pixel sensor
circuit, conprising: a plurality of pixel cells having at least a first 5
portion and a second portion, the second portion being distinct fromthe

first portion, sanpling,logic.that r sajd first I ring a

sub- sanpl i ng de ‘ot %%E%Xgiﬁﬁ%egné“gése og?%iﬁhafgﬁ'ggggjgﬁih gaid first
portion and JO0psaidhisecpndrpositon afdlers anaeadgofasailkdst st phitson
during sub-sanpling node. 2. The circuit of Claiml1, wherein said plurality
of pisxelpeetisnarandr mranged¢ond appréiari-t ytbe roagondaiRei1B1PRr fepoPti on

including, at.least _a first distinct grouping of rows and said second
pprtipn‘? %?hﬂfﬁg%gpnﬁ§5§i éérét Nd agﬁfinct groupi ng of rows. 3. The
circuit of Cadmp2inyhelRiit saishk resetisl egiicd £20rsncpodes osuppl eient al
reset logic between at |east a first
sub-sampling mode of operation; and
reset logic that resets both said first portion and
10 said second portion after a read of said first portion

during sub-sampling mode.

2. The circuit of Claim 1, wherein said plurality

of pixel cells are arranged in a plurality of rows, said

15 first portion including at least a first distinct grouping
of rows and said second portion including at least a

second distinct grouping of rows.

3. The circuit of Claim 2, wherein said reset logic

20 includes supplemental reset logic between at least a first
row of said first grouping and a second row of said second
grouping, said supplemental reset logic propagating,
during sub-sampling mode, a reset signal to said second

row 1in response to receipt of a reset signal for said

25 first row.

4., The circuit of Claim 3, wherein said reset logic
includes a plurality of supplemental reset logic circuits
each capable of propagating a reset signal to one of the

30 rows in said second grouping in response to receipt of a
reset signal for a corresponding row of said first

grouping.



row of said first grouping and a second row of said second grouping, said
suppl enental reset |ogic propagating, during sub-sanpling node, a reset
signal to said second row in response to receipt of a reset signal for
said 25 first row 4. The circuit of Claim3, wherein said reset |ogic
includes a plurality of supplenental -meset logic circuits each capabl e of
propagating a reset signal to one of the 30 rows in said second grouping in
response to receipt of a reset signal for a corresponding row of said
first grouping. -TRe Birthelti pdui¢laindlai rrWQ?r\%Hé‘rﬁﬁlgaifahblF%}JaFYty of
pi xel cells are arranged in a plurality.of ro - wherei n e y row
N that i3 réﬁd“%%dcﬁégét,aggi :?%§%qe% ﬁ%bié régggﬁ%gg éfgeggﬁksi%ﬁgl f or
row N + % cwbene rX Sy | PbRORT thét The ddduindoteCeai, mdnidheesen X is
a positive integer. 10 7. An active pixel sensor circuit, conprising: a

pl ur al i tyoof cppxelpaceities axr anged isianal ufari tpvofN T ows, EEAE rbwifavi ng
a corresponding row select and reset line, and said plurality of rows

i ncl udi P at"FE48E -row N 15 and row N + X, where N and X are integers; and
reset propagation |ogic coupled between the reset

6. The circuit of Claim 5, wherein X is a positive
integer.
10
7. An active pixel sensor circuit, comprising:

a plurality of pixel cells arranged in a plurality of
rows, each row having a corresponding row select and reset
line, and said plurality of rows including at least row N

15 and row N + X, where N and X are integers; and

reset propagation logic coupled between the reset
line of row N and the reset line of row N + X that
propagates a reset signal on the reset line of row N + X
in response to receipt of a reset signal on the reset line

20 of row N.

8. The circuit of Claim 7, wherein said reset
propagation logic includes logic responsive to a sub-
sampling mode signal that functions in such a manner as to

25 enable said reset propagation logic when a sub-sampling

mode signal is present.

9. The circuit of Claim 7 or Claim 8, wherein X is
a positive integer.
30
10. The circuit of Claim 9, wherein X is an integer

between 1 and 8.



line of row N and the reset line of row N + X that propagates a reset
signal on the reset line of row N + X in response to receipt of a reset
signal on the reset line 20 of row N 8. The circuit of Claim7, wherein
said reset propagation logic includes |ogic responsive to a sub- sanpling
node signal that functions in such a-nanner as to 25 enable said reset
propagation | ogic when a sub-sanpling node signal is present. 9. The
circuit of Claim7 or Claim8, wherein Xis a positive integer. 30 10. The
circuit of Allm Bnwhetéva Rikelapani@yetibetweenCPT@id B8 "94410 11. An

active pixel sensor circuit, conprising:. a plurality of pixel cells; read
control | ogi catfﬁgltlr?géag z?fs@dgxre:%)l o(fei;gi d pixel 5 cells during

sub-sanpl i ng pode; -and dasetod 08i eheeuptashs oasaiubgendoeontriel pogét that
causes a reset of the subset of pixel cells that were read during
sub- sanpt¢ hiys node iand saulr-esatp bing mwodemabnder of pixel cells that were

1ot oA G g, syb-serpl g e 10 L2 he et el o, Qo paerer
causes a reset of the subset of pixel cells that were read
during sub-sampling mode and a reset of the remainder of
pixel cells that were not read during sub-sampling mode.
10

12. The <circuit of Claim 11, wherein said pixel
cells are arranged in an array having a plurality of rows,
said subset of pixel cells being arranged in a subset of
read rows and said remaining pixel cells being arranged in

15 remaining rows.

13. The circuit of Claim 12, wherein said reset
logic includes supplemental reset logic that is coupled
between the subset of read rows and the remaining rows,

20 said supplemental reset logic propagating, during sub-
sampling mode, a reset signal to the remaining rows in

response to a reset signal for the subset of read rows.

14. The circuit of Claim 12 or Claim 13, wherein
25 said subset of read rows includes row N and said remaining

rows include row N + X.

15. The circuit of Claim 12 or Claim 13, wherein
said subset of read rows includes a plurality of rows that
30 are designatable as row N and said remaining rows have a

plurality of rows that are designatable as N + X, each N +



sai d subset of pixel cells being arranged in a subset of read rows and
said remai ning pixel cells being arranged in 15 remaining rows. 13. The
circuit of aim1l12, wherein said reset |ogic includes supplenental reset
logic that is coupled between the subset of read rows and the remaining
rows, 20 said supplenental reset |ogix fpropagating, during sub- sanpling
nnde,zkrgﬁgtdgﬂyggpgﬁaiﬁ§ EeMRidd Ngfrewsd N respenséndioe aNr eget %i gnal
for the subset of read rows. 14. The circuit of Claim12 or Caim 13,

wher ei mr@Sosahdistubgetrsofanedl ¥dwe Paeltd&Es AeWwSIHNnd said remaini ng
rows include row N + X. 15. The circuit of daim1l2 or Caim13, wherein
sai d subset of read rows includes a plurality of rows that 30 are
designatable as row N and said remaining rows have a plurality of rows
that are designatable as N+ X, each N+ -11 X row corresponding to one of
said N rows, where N and X are both integers and Nis a positive integer.
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