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Field of the Invention The present invention relates to the field of use of
| mage capturing using conplenentary netal-oxide sem conductor (CMOS)
sensors. Mo g@asisscul arly, the present invention rel ates pergeisshng
exposure control for CMOS sensors. Description of Related Art A video frane
i s conposed of an array of pixels (picture el enents) conposed of CMOS

sensor cells arranged in a grid of colums and rows - i.e. an arny of CMOS
sensor cells. Each cell in the array of CMOS sensor cells responds to |ight
by storing a proportional amount of charge. The nore light a CMOS sensor
cell is exposed to, the nore charge that -@MOS sensor cell stores. For a

nonochrome (ie., gray-scale) picture, the intensity of each pixel can be
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sensor cell being exposed to nor e $MEGS ¥, for a color video
frame, each pixel is represented by a bI ock of three or nore adjacently

| ocated CMOS sensor cells, where each CIVDS sensor cell captures the
intensity of one of the t hr BAGKGR i ENIIONe. For exanple, in
a CMOS sensor cell array 2 shown in Fi gure 1 each cell represents one

pi xel in a nmonochronme picture. The picture is forned by neasuring the
charges stored |Heldafthe@wWeitiaensor cell, a row at a ti rre For exanple, a
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ion of R:

A video frame is composed of an array of pixels (picture elements)
composed of CMOS sensor cells arranged in a grid of columns and rows -- i.e. an
array of CMOS sensor cells. Each cell in the array of CMOS sensor cells
responds to light by storing a proportional amount of charge. The more lighta
CMOS sensor cell is exposed to, the more charge that CMOS sensor cell stores. -
For a monochrome (i.e., gray-scale) picture, the intensity of each pixel can be
calculated by determining the amount of charge stored by the respective CMOS
sensor cell, with a higher amount of charge representing that the CMOS sensor cell
being exposed to more light. Similarly, for a color video frame, each pixel is
represented by a block of three or more adjacently located CMOS sensor cells,
where each CMOS sensor cell captures the intensity of one of the three colors: red,
green, and blue.

For example, in a CMOS sensor cell array 2 shown in Figure 1,
each cell represents one pixel in a monochrome picture. The picture is formed by
measuring the charges stored in each CMOS sensor cell, a row at a time. For
example, a CMOS sensor cell {0,0], a CMOS sensor cell [0,1] and the other
CMOS sensor cells of row 0 (not shown) simultaneously place their charges on a
data signal line DO, a data signal line D1, and the other data signal lines of CMOS




-2- sensor cell array 2 (not shown), respectively, when a read signal is
applied to row O signal line. Mreover, CMXS sensor cell [0,0], CMOS sensor
cell [0,1] and the other CMOS sensor cells of row O are sinultaneously

drai ned of their charges when a reset signal is applied to reset 0 signa

| i ne. Thus, wigwgnéfigrge in CMOS sensor cell [0,0] .is output ppigResigad

signal is applied to row O signal |ine and the charge in CMOS sensor cell
[0,0] is reset (i.e., cleared) when a reset signal is applied to reset 0O
signal line. Each row signal line and each reset signal line is reached-
through an AND gate (i.e., each row signal |ine and each reset signal |ine
Is connected to the output of an AND gate). The two AND gates for each row
share a comon input such that the row sigpal |ine and reset signal line
for each row are sgfids @RSHAY 2 ﬁbfsﬁovﬁd)“&& %ﬁlﬁnﬁi’élaaignﬁlhi‘ﬁp liEPto rewanpl e,
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- has a logical value of "1" as othérwise the AND gates for the row will not allow
any signals to pass.

In Figure 1, a "post-capture” circuit utilizing analog-to-digital
(A/D) converters and digital latches is used to generate each frame of the image as
follows. First, the amount of charge contained in each CMOS sensor cell is
"digitized" to obtain a quantified amount by A/D converters. The output of each
A/D converter is fed into the first digital Iatch of a series of digital latches, the set
of values shifting over as every row is captured.

The measurement of the charge for each of the cells is converted
from an analog level to a digital level through the use of a single analog-to-digital
converter for each column. Thus, A/D 16 is responsible for converting the level of
charge contained in CMOS sensor cell [0,0] after the charge has been placed on
data signal line D0, as described above, from an analog signal to a digital value.
This digital value is stored in a digital latch 18. As there are four rows in CMOS
sensor cell array 2 (i.e. four CMOS sensor cells in each column), four digital
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of the set of cells in each colum. Figure 2 is a timng/signal diagram
showi ng the operation of the circuit of Figure 1. rowgen signal line 12 and

rstgen si gRpbogiisies 14 receives regul ar clock pul ses, whil epcoggouss2sy Si gnal
| ine, access 1 signal line, access 2 signal line, and access 3 signal line

are "strobed" cyclically. The val'ues appearing on the row signal |ines of
each rowis the logical AND of the values on rowgen signal line 12 and t'he
respective address signal line (i.e., access 0 signal line, access 1 signal
| ine, access 2 signal line, and access 3 signal line). Simlarly, the

val ues appearing on the reset signal |ines-of each rowis the |ogical AND

of the val ues OnNattRdsPertohintidt uiei i stdré tiftHledstived VAGEE tHe\set sFeellsdn Sachi gnal
line. For exanple, referring to Figure 2, at tine tl, access 0 signal |ine

under goes a |0Wc£08mm'gh signal transition after which rowgen signal |ine 12
al so undergoes a | ow to hiFigure 2dsatiminglignal diagramFhewing thel aperaiompi3he per at i on

performed by ANRigak 6f Pightd Wofedsibi lin@2 andlrstgembighdl tiné 14 RRkives Ne 4,
whi ch causes the |s of row 0.to out qut t hei r char,ges onto

the data signal ’é‘sckfscg?’ﬁlgésc %’ﬁyﬁﬁ"gﬁ Oﬂgnpﬁg\eag%{si X W Fert ers.
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oSl i ng AN o e e D e e o O 10
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drai ned of t hei raccésail gigoalding, access 2 sighdd linecand acassssbsignal line)e Sinilarlyctheigai n. At
tine t2, at the yah@apgehdil oif thé R5& SignARERS choi ¥Bwidthe IopibaPANDIT theo | OW
signal, CMOS sen‘[sa?r 8e| | [0 Oéllh%ﬁ4be &1 c%n%lﬁet e sgll SC zr 'ed. Thereafter,
access 0 signal YAYFEOpFFigsP fignel lin |§ﬁ"fF B TISBYEILY PEIRA"Ti on, which will
prevent any val ue transi t Fonexample, osferming ¢ Bigure 2,iahtime 21, aeeess © sigad lige gnal
line 14 from af f\gdkigBs 4 18W t@h&h@%ﬁh thah§forfdtir WARA rowgchisipial linei12 also
respectiv ely, u n&t{dlzrgto&nflo%t?io hiagﬁ mg%ﬁ%a'nsqggn. bﬁllecl)'cvghlting AND operation performed

by AND gate 8 produces a logical "1" at row signal line 4, which causes the

CMOS sensor cells of row 0 to output their charges onto the data signal lines to be

converted by the associated A/D converters.

- After rowgen signal line 12 undergoes a high to low signal

transition, rstgen signal line 14 undergoes a low to high signal transition. The

resulting AND operation performed by AND gate 10 produces a logical "1" at reset

0 signal line, which causes the CMOS sensor cells for row 0 to be drained of their

charges and, thus, be ready to accumulate charge again.

At time 12, at the transition of rstgen signal line 14 from a high to

low signal, CMOS sensor cell [0,0] has been completely discharged. Thereafter,

access 0 signal line undergoes a high to low signal transition, which will prevent

any value transitions on rowgen signal line 12 and rstgen signal line 14 from

affecting row O signal line and reset 0 signal line, respectively, until time t3, as

described below.

From the high to low signal transition of access 0 signal line
immediately after time t2 to time t3, the other address signal lines (i.e., access 1
signal line, access 2 signal line, and access 3 signal line) also undergo the same



From-the high to I ow signal transition of access 0 signal |ine imediately
after tine t2 to tinme t3, the other address signal lines (i.e., access |
signal line, access 2 signal line, and access 3 signal line) also undergo
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line and the reset signal |ine of each corresponding row in the manner
descri bed above. At time t3, when access 0 signal |line undergoes a lowto
hi gh signal transition again, the CMOS sensor cells for row 0 has -
accunul ated charge fromtine t2 to tinme t3. The CMOS sensor cells for row O
accunul ate charge until tine t4, when the charge for each CMOS sensor cel
is read out as described above. Thus, the-4-otal charge accumulation tine is
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: : -amount of time each CMOS sensor cell is exposed to light is limited at the upper
end by the amount of storable charge (i.e. charge accumulation time is limited in a
practical sense by the amount of storable charge). In order for CMOS sensor cell
array 2 to be able to operate under a variety of lighting conditions, the amount of
time for which CMOS sensor cell array 2 is exposed to light has to be controlled.
Otherwise, in highly lit situations such as the outdoors during a sunny day, all of
the CMOS sensor cells would be saturated, returning a white picture. Similarly, in
lowly lit situations such as during evening periods, all of the CMOS sensor cells
would return very little charge, resulting in a substantially black picture.

To compensate for the former situation, the CMOS sensor cells can
be made less sensitive to light (i.e., the CMOS sensor cells stores charge slowly
under all conditions). However, this would exacerbate the problem of the CMOS
sensor cells not being "sensitive” enough under low-light conditions. Thus,
preferably, the CMOS sensor cells are manufactured to be sensitive to low-light
situations and, for highly it situations, are "protected” from too much exposure to
light through the use of an iris.
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-5- Normally, the iris can grossly adjust the anount of light that is -
allowed to reach CMOS sensor cell array 2. Thus, the iris can control the
anmount of |ight reaching CMOS sensor cell array 2 in any charge

accunul ati on period. However, under nmany -G cunstances, this anount of
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: However, with current CMOS sensor cell technology, the amount
of time required to capture and process a row (i.e., the amount of time required for
the charge contained in each CMOS sensor cell to be measured by an A/D
coriverter) is fixed and relatively large in comparison to the desired minimum -
exposure time. Thus, there is a limit to the speed of operation of the post-capture
circuitry. :
One solution that has been proposed is to increase the speed of
operation of the post-capture circuitry to capture each row at the desired speed.
However, assuming what is desired is a capture resolution at 1,000 rows of 1,000
CMOS sensor cells per row (i.e., 1,000 X 1,000 resolution), there would need to
be 1,000 rows that would need to be processed every 1/30th of a second on the
low end, 1/xth of a second on the high end (where x can be any number required
to capture the image, and can be on the order of hundreds, and thousands, even
higher numbers). Although CMOS sensor cells can be made sensitive enough to
capture at the required rates, to increase the speed of the post-capture circuitry to
be able to process the incoming data at the required rate would be prohlbmvely
expensive.



However, assuming what is desired is a capture resolution at 1,000 rows of
1,000 CMCS sensor cells per row (i.e., 1,000 X 1,000 resolution), there
woul d need to be 1,000 rows that would need to be processed every 1/30th of
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hundr eds, and t housands, even hi gher nunbers). Although CMOS sensor cells
can be nmade sensitive enough to capture at the required rates, to increase
t he speed of the post-capture circuitry to be able to process the inconmng
data at the required rate would be prohibitively expensive. WO 98/ 15115
PCT/ US97/ 15221 -6- In addition, this increased speed is unnecessary as the
required frame rate is only 30 franmes per-tsecond. Thus, any operation rate
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capture tine. ThiGHzfbend/30haf asenond) would he pngpessary for mospprodugibidure tine for
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charges contained in each CMOS sensor cell of that given row -- "opening

the shutter". Then, after a SUMMARY _OF THE INVENTION

: 8 " In providing for variable exposure time for each row of CMOS
sensor cells in a CMOS sensor ¢ell array such as CMOS sensor cell array 2 of the
type shown in Figure 1, a pair of rotating "pointers” are generated to
INDEPENDENTLY trigger the resetting and reading-out of the charges contained
in each cells of each row of CMOS sensor cells. For any given row of CMOS
sensor cells, a first pointer is generated that will reset the charges contained in each
CMOS sensor cell of that given row -- "opening the shutter”. Then, after a
predetermined period, a second pointer is generated that will cause the sampling of
the charge contained in each CMOS sensor cell of the same given row.

A method for controlling the CMOS sensor array containing the
first CMOS sensor cell, including the steps of receiving the clock signal and
generating the first address; generating the reset signal to the first CMOS sensor
cell based on the first address; calculating the read delay based on the first address
and the offset value; and, generating the read address signal to the first CMOS
sensor cell after the read delay.

The invention is used to control a CMOS sensor atray. The
invention uses a first logic circuit to receive a clock signal and generates a first
address. A second logic circuit receives the first address and generates a reset
signal to the first CMOS sensor cell based on the first address. A third logic




predeterm ned period, a second pointer is generated that will cause the
sanpling of the charge contained in each CMOS sensor cell of the sanme given
row. A nethod for controlling the CMOS sensor array containing the first
CMOS sensor cell, including the steps of receiving the clock signal and
gener ati ng wbesasiist address; generating the reset signal perbsentnist CMOS
sensor cell based on the first address; calculating the read del ay based on
the first address and the offset value; and, generating the read address
signal to the first CMOS sensor cell after the read delay. The invention is
used to control a CMOS sensor array. The invention uses a first logic
circuit to receive a clock signal and generates a first address. A second
logic circuit receives the first address-grd generates a reset signal to

the first CMOS SgRgiPfectifts thOBIEAAREs dldRalcliait a AU B8RP baséd dink first 001 C WO
98/ 15115 US97/ 15221
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_7- circuit recdddwEss Pganpfisetvalyg A fourthlngic cirgyir generating a 'F%da?f%@’f €M% 2sed on
the first addrege thefirst{tMOSsensor celllafter thewreaddelayh | ogi ¢ circuit generating a

read ?ddr ezs ?T;)ggal t;) tpq,t,&bfegm_ %t' ﬁﬁ,e?ﬁﬁﬂ%gwetngg,{,g{eﬁrggoﬁ@_@%ugﬁ ay. In
a preferred enbodi nent o e jnventi.on e.firs ig ci,rcyit.is an

addr ess gener at ", és%eé‘ef&m4‘%‘5@@?&1’&&&%‘“&1&3‘5’#H@%@%"&F‘%’s@"’&%’gder, t he
third | ogic cirdogic cirenitis amatliler, andithd founth 1pgicicirduitlingseconsi addreiss decodes second
addr ess ‘decoder. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 illustrates a
prior art CMOS sensor cell array and associ ated post-capture processing
circuitry. Figure 2 ill ugBRE CRIPTION | QOF i BRAWINGSer at ed duri ng

: L A HE| BRAY
the operation of the pri on 1Gi1 i . drgél(@ i fﬁra}a@nhl ustrates a
bl ock di agram of an, ex osurI %onté%ﬁ%jﬁg{%ﬂrzﬂ con |Sé]sgxr’§kig+in accordance with a
preferred enmbodi RS POSHEAPPICRIGRSSINGGBMYon. Figures 4-8 illustrate the
ti m ng/signal diagrans gefguredllutraiens titnivg/signal dingramn gefieratad dyringfthe r ed
enbodi ment  of t heheRiidh ©PfhepRGERE Livchit JFFIgte 19 1!l ustrates a bl ock diagram
of a second enb(r)kgal ment o e?ﬁ _%t& .
Figure 3 illustrates a block diagram of an exposure control system
‘configured in accordance with a preferred embodiment of the present invention.
Figures 4-8 illustrate the timing/signal diagrams generated during
the operation of the preferred embodiment of the present invention.
Figure 9 illustrates a block diagram of a second embodiment of
the present invention. '
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provi des a nmethod and apparatus for exposure control of CMOS video sensor
arrays. For purposes of explanation, specific enbodinments are set forth to
provi de a t Rkpoegudmsunder st andi ng of the present invention. gddgyseéfiseit Wl
be understood by one skilled in the art, fromreading this disclosure, that
the invention may be practiced wi thout these details. Further, although the
present invention is described through the use of CMOS sensor cells, nost,

if not all, aspects of the invention apply to sensor cells in general.
Mor eover, well-known el enents, devices, process steps and the |Iike are not
set forth in detail in order to avoi d obse8+ing the present invention.
Figure 3 illustrates a block diagramof a system configured in accordance

with a preferred enbodi nent of the |nvent|on V\:hl ch cont a| ns an address
generator 30; a first aBERAHE f N_OF TFODNd addr ess

decoder 36; a set of AND g ﬁ“’“'ﬁ | Py, AND gat es
46, 48, 50, and 52, for us |§§€bﬁ?‘?&gfl?n readl ?jﬁ‘ ﬁ%ttl ng of
CMOS sensor cel | S¥posEgeRNtER QE Q‘%Y‘Fie‘lse“ a%‘“’erf%l’“ xR a'!ﬂVDS sensor
cell 3, respecti wpdcjﬁceiﬁbedmtmmgmsetfoahmdprﬁﬁﬂ&aﬁmmghunddrémndmgtafdmported
over a data out ?&e@ﬁ ﬁ‘?lemk&l t}h{é:emj 1t Q¥ By Sddily' AP s fl&fm%l‘n h%inty of

expl anati on, onl rst se sor, ce arra e., only

the first CMOS smgtlﬁ‘éﬁ‘ﬁ‘ﬂ%‘“"&&@h‘hf’&ﬁ)’n ¢d3pichoys th % nsor
cells wll be ustrtheﬁpklhhemghtbemeseatmwrﬂﬁnmdeemmﬂ&doﬂghtmmbofk@m se .
generator (not s ﬂ)g@) IFBQE HL, 10, 11
" repeatedly, : ceﬁpgnd(ggg@()%ﬁ%s ol?cyc oeénrﬁgggﬁ\‘}pﬁs sﬁrt e ref erred
enbodi nent , addr VB'f*“’S ewa elzagniS sleNices, BIACESs stepsAn lgsa’Yrom

bi nary ." 00" to bmnmyfohhiﬂdeta%ﬁderdeﬁtbavexdmbsmngklmpmhmenwhmme binary -
out put generated by addresplggw tesacpbl gafrom

r

IQ%%B & ggﬁ}&l

bi nary "00" to binary "11" i 8? ftéﬁ cf 34 is a
- modul o-4 adder i aﬂfﬁmg fqtg&gﬁ{ndlmento themvcnnonw chcontamsan o
_ address generator 30; a first address decoder 32; an adder 34; a second address

decoder 36; a set of AND gates 38, 40, 42, and 44; and a set of AND gates 46,
48, 50, and 52, for use in controlling the reading and resetting of CMOS sensor
cell 0, CMOS sensor cell 1, CMOS sensor cell 2 and CMOS sensor cell 3,
respectively. The charge of each CMOS sensor cell is transported over a data out
line 60.

In the following description, for simplicity of explanation, only the
first column of 2 CMOS sensor cell array (i.e., only the first CMOS sensor cell of
each row) having four rows of CMOS sensor cells will be used.

Address generator 30 is coupled to a clock pulse generator (not
‘shown) and generates the binary sequence of "00, 01, 10, 11" repeatedly, with
i_)ne address per clock cycle received. In the preferred embodiment, address
generator 30 is a modulo-4 counter that cycles from binary “00" to binary "11".

' Adder 34 receives the value of the binary output generated by
address generator 30 and adds an offset value from binary "00" to binary "11". In
the preferred embodiment, adder 34 is a modulo-4 adder which outputs a result
from a modulo-4 addition of the output of address gencrator 30 and an offset value
contained in a two bit offset register (not shown).



from.a nodul 0-4 addition of the output of address generator 30 and an

of fset value contained in a two bit offset register (not shown).

W98/ 15115

PCT/ US97/ 15221 -9- Thus, the output of adder. 34 can be offset by a val ue as
| arge as thgoeghsgscontained in the offset register. It ispépugnenjed that
the offset register can be of any size. Thus, in sone enbodi nents, 1t would
not be necessary to nake the offset register a size |arge enough to contain
a nunber equal to the total nunmber of rows of the CMOS sensor cell array.
Instead, the offset register only has to be a size to contain the | argest
of fset needed by the particular inplenmentation. In addition, as the adder
used is a nmodul o-n adder, the result of tdpe adder will never be | arger than

Cont ai n_an addr ess. ref or erniis SR IRRELTI R bo itls By L e RS BB 101
shown), in which¥ “@W@dﬂ‘f'gg%é%ﬁﬁ@r‘céﬁ%ge B‘P‘“&’W‘é"r?fgietﬁgwﬁfg@ sed
above. 'Th_e val ueofahysize Thussiatsome einbadimests, it euld nptdeneeestaryre makedid and can
he sensi 1 5y%‘?“f‘§g§ {3 EERE Sacufn ol lePdusio thetial it BT {1 01
characteristics OWSOhEe; §ﬁﬂﬁ?’aﬁe}léﬁ?y'ﬂ8?m¥’xg’ﬁﬁﬁfégqﬂgﬂcﬂ"&}@ﬁ"?/'é‘?‘he coul d
be based on t aki size to kentain redargest bifiseyneetial /iy thoparticuiar Ghfilememationr Imr ray f or
the last frame ama@gés%éada&@e&gqﬁml&mm,wﬁsul&@mﬁmmé woul d

be to use a light n circulf to determne the anount of lighting in

ectl
the current vi ci"ﬁ'ﬂge’f'ga‘b e modplys efthe addetiet er mi ni ng an exposure frame (and
t hus an of fset val ue) usi rlgothef embodiments; the offisdy registdricars containlareakiradecoder 32

d d add ' i
and second a r%&gﬁg?%?&gcﬁ?ﬁqaﬁg&m%ﬁﬁ%@)ﬂﬂ% Fndtind O 2

ggggggda\églr ggé gg@%ﬁgﬁlu%‘ﬁné’f‘@f Hlé’-ﬁ?ﬁf'l' ’Errﬁe‘ﬁ#c&?f@# égqtﬂﬁ?g h convg(ra'fot &r) glzt ag? nary
val ues (i.e., binary "00" The@ile of thbffset variet with theexposiirecbutentedasiandal val ue
(i.e., deciml " &h’be'hlérmi;lﬁf by #erson skilled in'thd arfEl0énRRS i SHEME B8rdition, e  Coup! ed
to address g e_n e.r getng{ivi?yoofat}?e CMOS sensor array, and the particular characteristics of the '
implementation. For example, the offset value could be based on taking the
av?rage charge level of the CMOS sensor array for the last frame and performing a
look-up in a table. Another example would be to use a light detection circuit to -
determine the amount of lighting in the current vicinity to be captured and
determining an exposure frame (and thus an offset value) using a formulaora
table.
First address decoder 32 and second address decoder 36 are used
to translate a binary value to a decoded value. In a preferred embodiment, first -
address decoder 32 and second address decoder 36 are de-multiplexers which
convert two bit binary values (i.e., binary "00", "01", "10" or “11") to a decoded
decimal value (i.e., decimal "0", "1", "2", or "3").
First address decoder 32 is coupled to address generator 30 and
receives the two bit binary value generated by address generator 30. First address
decoder 32 has a set of four outputs, corresponding to a decimal value "0" to
decimal value "3", each of which is coupled to an input of respective gate of the set
of AND gates 38, 40, 42 and 44.
Second address decoder 36 is coupled to adder 34 and receives the
two bit binary value computed by adder 34 from the output of address generator



recei.ves the two bit binary val ue generated by address generator 30. First
address decoder 32 has a set of four outputs, corresponding to a decinal
value "0" to decinmal value "3", each of which is coupled to an input of
respective gate of the set of AND gates 38, 40,42 and 44. Second address
decoder 36 wogsmspised to adder 34 and receives the two bit peirRige¥is¥al ue
conputed by adder 34 fromthe output of address generator WO 98/ 15115
PCT/ US97/ 15221 -10- 30 and the value of the offset register. Second address
decoder 36 has a set of four outputs, corresponding to a deciml value "O
to decinmal value "3", each of which is coupled to an input of a respective
gate of the set of AND gates 46, 48, 50, and 52. In operation, a rstgen

signal or a rowgen signal will be alloweei0e reach a CM3XS sensor cell only
:jf t ge r ggpect I \éso&mhgaﬂa% Qlfth% bifset-Pelaes eQ&Bﬁd £d2!|réss a&oa&adalrﬁéabaoﬂddr efss
ecoder or address decoder ec neye Jn er for
rstgen signal to PESRRUSSOfrespon ‘iﬁ%l é”s‘gnc’d‘éat&‘gg%/ 03 c?g]lf“ﬁu% &““BBgl cal " 1"

to AND gate 48. mhxdllxmdupledntmarunnmofamspwummeoftm g:nafANEgaméﬁ Bell 1,
address decoder §g g, output a logical "1" to AND gate 40. As discussed

above, when a CMOS sensor gell r.eceives rstgen s har
contai ned in that CMOS senlg’cﬂpe@g?’}’ arig %‘Isi1 ?aé'awgcni ﬂw{l]ﬂ?“@ﬂ&g?ensor
cell is "reset" mha%%swmpdbonlﬁfmmsmmsmgfﬁw@‘KDS seasorbeen

reset, it will ipggrdiead ateskddao&?samda}e%ss&aaagzl thon to:the
anount of |ight to whi ch | EQ P&? fb\l so_ as dis usse when t he
CMOS sensor cell receives WB@ 18 fiorafsrtlﬂeenc,s@ 8“’@8 ‘ﬁ t he CMOS
sensor cell is " dmdeuiﬁtmustoutpm@lpglwal:"edA@ﬂ)gm%lanmﬂm mmderfon is to be
noted that the ClM¥eR@iiflio RAEH colf 1, hddr@s ke 320n@E sitPitladbdcat hprge even

after the charge read and digitized. This is the reason why CMOS
SR s

sensor cells hav set to a known, zero value at the beginning of a
sanpl i ng peri od. As discussed above, when a CMOS sensor cell receives a rstgen

signal, the charge contained in that CMOS sensor cell is eliminated - i.e., the
CMOS sensor cell is "reset” to have no charge. After the CMOS sensor cell has
been reset, it will immediately begin to accumulate charge in proportion to the
amount of light to which it is exposed. . :

Also as discussed above, when the CMOS sensor cell receives a
rowgen signal, the charge contained in the CMOS sensor cell is "read out” - i.e.,
placed on the data out line. It is to be noted that the CMOS sensor cell will
continue to accumulate charge even after the charge has been read and digitized.
This is the reason why CMOS sensor cells have to be reset to a known, zero value
at the beginning of a sampling period.

Figures 4-8 illustrate the timing/signal diagrams generated by
operation of a preferred embodiment of the invention in which the signal values of
rowgen; rstgen; offset; and the outputs of address decoder 32 (labeled "addr"), and
address decoder 36 (labeled "reset=addr+offset") are shown. Thus, the inputs to
AND gates 46, 48, 50 and 52 are illustrated in Figures 4-8 as "rstgen" and
"reset=addr+offset”". Moreover, the inputs to AND gates 38, 40, 42 and 44 are
illustrated in Figures 4-8 as "rowgen” and "addr".

Although the clock pulses generated by the clock as an input to
address generator 30 is not shown, the result of their generation can be seen in the
addr signal, and the reset signals. The shape or waveform of the clock pulses are



Figures 4-8 illustrate the tim ng/signal diagrans generated by operation of
a preferred enbodi nent of the invention in which the signal val ues of
rowgen; rstgen; offset; and the outputs of address decoder 32 (| abel ed
"addr"), and address decoder 36 (| abeled "reset=addr+offset") are shown.

Thus, the iwpweasiy® AND gates 46, 48, 50 and 52 are ill ustpapgghriaseafi gures
4-8 as "rstgen" and "reset addr+offset". Moreover, the inputs to AND gates

38, 40, 42 and 44 are illustrated in Figures 4-8 as "rowgen" and "addr".

Al t hough the cl ock pul ses generated by the clock as an input”to address-
generator 30 is not shown, the result of their generation can be seen in
the addr signal, and the reset signals. The shape or waveform of the clock
pul ses are WO 96/15115 -11-

PCT/ US97/ 15221 -nbiimpoftant] s51ong Bthey sabstdntially er6até the geserdivh af theatidrsigaaleat e t he
generation of t g gWgﬁ ‘%ﬂ.gsgsﬂshown in Figures 4-8. Figures 4-8 al so
illustrate the S|gn S pr o CMXS cells 0, 1, 2 and 3, specifically:
signals "row 0" and "resefFigures &8 alsg|illustratsthe signalgproyidedio GMOSels &l s " r ow
2" and "rleset 2;1 2am13,5dpeﬁﬂ¢as1 ! signils3'rovd 0t and "Béset 0" signdl€TPR AL andtrgser When any
rom15|gna IS ofsu N o} n

receiving the S|l mglmlsg wd 'restefg g‘?‘f&g’%& E&Ur’ge %ﬁ?ﬁ &gﬁwﬁ&%}% 60.

Mor eover, when a&ymwe?wmgﬂa#on'% high" yalue)ithgcorpgnonding OMOS sansarsebndi ng
CMOS sensor cel |repwiving the sighal will ogtput itisfopdtivhgge on diMg obttline &0. Moddoyer, of t he
mere"a o o RS A S R i, 2
are reset and savl fﬁ?‘ }&F-@ the £MQ@S senser celd ta 2680.¢j r cui t
of Lhe Er ef erlred enbodi rrem'igurénﬂﬁis&ueethéslghﬂnmﬁﬁé&agramabheﬁehﬁmhﬁﬁﬂ chosen
to be three cloc 8 ga/txs
sensor cell has %‘ gﬁ?%eggeéyyﬁl{ﬁe uﬂﬁg&n@r@ ﬂi%l?l@ﬁ%k&é%%eﬁlﬁu ‘?%s@{dzfzﬁ w??]l

sensor cell wil IMW%%W“‘W@FW&“@M“‘PW@‘ %ﬂh@mqnh Fi gure
4, at time tll, the val u_el:angaddn,théo&set@d]dehd&%eﬁﬁéh&n&bbﬁiﬁr&ﬁlodlﬁs been
Ch_osen to be 3, c@élegeﬁﬁfs,' &Etﬂeﬁ%\éﬁickzwéaﬁeg'g%ﬂ& Yénsor cell has been reset; the

charge that has accumulated in the CMOS sensor cell will be read out over data out
line 60. :

For example, in Figure 4, at time t11, the value of addr is 1, and
the value of offset has been chosen to be 3, as described above. Thus, the value
of address decoder 36 (shown in Figure 4 as "reset"), which is a modulo-2 sum
of addr and offset, is equal to zero. Referring to Figure 3, address decoder 32
will provide a high signal level to AND gate 40 of CMOS sensor cell 1 for the -
duration of the clock cycle, enabling CMOS sensor cell 1 to receive the rowgen
signal. In addition, address decoder 36 also enables AND gate 46 of CMOS -
sensor cell 0 as the output of address decoder 36 is zero.

A short time after time t11, rowgen undergoes a low to high value
change, which is passed through AND gate 40 of CMOS sensor cell 1. The
output of AND gate 40, represented by row 1, therefore undergoes a low to high
value change. CMOS sensor cell 1, receiving the rowgen signal, will read out its
charge onto data out line 60.

At time t12, CMOS sensor cell 0 will have been held in a state of
reset as the rstgen signal has been allowed to propagate through AND gate 46 to
continually reset CMOS sensor cell 0. After reset O signal has gone from a high to



of address decoder 36 (shown in Figure 4 as "reset"), which is a nodul 0-2
sum of addr and offset, is equal to zero. Referring to Figure 3, address
decoder 32 will provide a high signal level to AND gate 40 of CMOS sensor
cell 1 for the duration of the clock cycle, enabling CMOS sensor cell 1 to
recei ve t hewomssgsnssi gnal. In addition, address decoder 36perssomBsshil es AND
gate 46 of CMOS sensor cell 0 as the output of address decoder 36 is zero.
A short tine after tine tll, rowgen undergoes a |ow to high val ue change,
whi ch is passed through AND gate 40 of CMOS sensor cell 1. The output of
AND gate 40, represented by row 1, therefore undergoes a |ow to high val ue
change. CMOS sensor cell 1, receiving the rowyen signal, wll read out its
charge onto data out line 60. At tine t1212€MOS sensor cell O will have
been held in a shwttensifion a3k CMOS seasorstlh@ wilbbagiradb abamulmechargel avaemte t

ropagate thro ga,ﬂ@ﬁg nsor cell O.
thgrgreset 0 gl gna ﬁgigk%ﬁg;%s?%‘%&a h %Wféﬁ%e%@

PCT/ US97/ 15221 -12- | ow t #£enspr ogll O@E@m@mh%ﬁgml%t%@hﬁmqﬂ%em nto
accunul at e char gagaithas theatilne ob0 amixpsen dgairphds thel vatuedE 3] thereynallondigrhe st i cs of

CMOS sensor cell @}ﬁ@g ﬁsgh ﬂlﬁﬁ ly I me t14
where addr again %as t ; l? %gilségttg g%gl?nﬁﬁgégﬁwgﬂgdaéuuge

t hereby al | ow ngt 0aND gate 38 and the
val ue of rstgen to pass ttAtamyhlﬂmxgwgmﬁghalum@esanymghmam sensor

cell 0, At tlrrewamstreﬁeciea 56 DI OO DS540, 18 ob S CMROD Lokt S1 L1 on

which is reflected bg ensqQr ce to cause ensor
cell 0 to place toae ftBFth? € Sb‘é“tﬁﬂ%wéfé’c"&%?'h%%ewsm?’ll’&% fofie exposure
period:for CMOS €MOSosensorickll O wonld bk feeiop 15,08 shidwn ircRigateofin in Fi gure 4.

Referring to Figure 5, whgy Shd SfF: ‘P%lgels d?%é
exposure for sensor n s ortene to perlo eferrlng
to Figure 6, thelF® ?%&%?%epmwlgﬁ? p5d te perjod 25 short ened’
further to period T35 mherkdfdrang)fd&guméalthe@ened efdanipling for CMOS sensor
cell 0 is shortened further to period T35 when the offset value is set to 1.
_ Referring to Figure 7, when the offset value of zero is used, the
period of exposure of CMOS sensor cell 0 is at its maximum period of period T45.

It is to be noted that the function of the preferred embodiment of the
present invention is exactly the same in Figures 4-7 with differences between the
timing/signal diagram resulting from the various offset values that are used.

In Figure 8, a situation is illustrated where the offset value is
changed from 2 to 3, thereby dynamically increasing the period of exposure of
CMOS sensor cell 0 from period T55 to period T60.

Although in Figure 8 the offset value is shown as being increased
from 2 to 3, in other cases the offset value can be increased or decreased from any
first value to any second value. Also, a different offset value can be used for each
clock cycle, resulting in a very exact control of exposure time (on a per row basis).

For alternate embodiments, the exposure time might be required to be longer than
the clock speed will allow (i.e., in cases where there needs to be more than 4 clock
cycles between the reset and addressing of all rows). In that alternate
embodiment, the generation of a rowgen signal can be delayed for any required
amount of time by adding a delay circuit, and thereby allowing the exposure time




Referring.to Figure 7, when the offset value of zero is used, the period of
exposure of CMOS sensor cell O is at its maximum period of period T45. It
is to be noted that the function of the preferred enbodi nent of the present
invention is exactly the same in Figures 4-7 with differences between the

timng/signwosihsigs am resulting fromthe various offset vapgpgsdrigdhare
used. In Figure 8, a situationis illustrated where the offset value is

changed from2 to 3, thereby dynam cally increasing the period of exposure
of CMOS sensor cell O fromperiod T55 to period T60. Although in Figure-8
the offset value is shown as being increased from2 to 3, in other cases
the of fset value can be increased or decreased fromany first value to any
second value. Also, a different offset vai3e can be used for each clock

cycle, resultingolbdafladRay ndbésady f6OHE CMOPiensorReI ity th bAfture it mcdidfiry I OW
basis). For alternate enbodi nents, the exposure time mght be required to

be | onger than t':lli‘ BEE1 ock speed wW II allow (i.e., in cases where there needs
to be nore than 4 clock cmmﬁmalmhﬁmﬁguwet-8m¢fma®n@f al |

be Qb ayed o A e P s e chcuct . and
y Ui | | ui

t her eby” al | owi ng°°¥ﬁ %9[5‘ [9\(%% 'ﬁiff?m“ga“abede'lfm\{m he'sole

PCT/ US97/ 15221 -differencs wanldibe that the timing/signat diagmamts of Figueesdhv®wouldteor cel |
array to captur ey Eﬁ%&d@?&&%ﬁﬁé&ﬂ%&?ﬁﬁ&ﬁ&&s@éﬁﬁ%dnﬂ%{&mﬂﬂ&sﬁ gures 4-8
t he order of generation oMt he rom&ﬁﬁl?&?{nal and the rstaen si gnal
pul ses are of a certain c %9 Fhoppwical an
configuration cdieasihle mwfmtmpfhlm-smﬂ@ostfcaptemmmmhﬁ pressat invention he
timng/signal dij3gdpane opéupsbﬂmgﬁ& cfdm@ol\mk&sﬁae nﬁfé@&gﬁﬁm} &aﬁ&iﬁest(xahe

different perio asso I at erent. offs ues. over,
t echnol ogy pr ogre&EEe® B’vﬂﬁo&’\f @Bﬁtﬂ%ﬁ{%&”’ﬂ% very XROSHEE: firp C B e of
hi gher - speed postxample: where fiame mites are on the opder ofthundieds; onevepthausandapfibl e of
supporting the CfpibhdsPer saéo:ﬂxme ?b!s&nt%v%ﬁn&n%odlﬂ alé B RippcHifSthe shate . t he
present inventi on | Sire asl%’legesgmy %uggt%géagﬁ yery shor t exposure time). For
Figure 9 illustrates a second circuit configured in accordance with
the current invention including a set of flip flops FF1-FF8 coupled to AND gates
30, 40, 42, 44, 46, 48, 50 and 52.
In this alternate embodiment, each one of flip flops FF1-FF8
receive a clock signal with a specific cycle. Flip flops FF1-FF8 are intended to
represent standard flip flops which are well known in the art. Thus, when a flip
flop receives a pulse in its clock input, the flip flop will load a new value from its
data input, while discarding the previous value it contained. After the new value is
loaded, the new value is output on output Q of the flip flop.
The Q output of each one of flip flops FF1-FF4 are coupled to one
of the inputs of AND gates 38, 40, 42, and 44, respectively. Flip flops FF1-FF4
are used to control the reading of the charge contained in CMOS sensor cells 0-3,
respectively, out onto data out line 60 as described below.
The Q output of each one of flip flops FF5-FF8 are coupled to one
of the inputs of AND gates 46, 48, 50, and 52, respectively. Flip flops FF5-FF8
are used to control the reset of the charges contained in CMOS sensor cells 0-3,
respectively, as described below.



exanpl e, where frane rates are on the order of hundreds, or even thousands
of franmes per second, the present invention would be capable of supporting
the short exposure tines necessary to capture each frane. Figure 9
illustrates a second circuit configured in accordance with the current

invention i wdessng a set of flip flops FF1-FF8 coupl ed topéiypsekns 30,
40, 42, 44, 46, 48, 50 and 52. In this alternate enbodi nent, each one of

flip flops FFl-FF8 receive a clock signal with a specific cycle. Flip flops
FF1-FF8 are intended to represent standard flip flops which are well knoéwn
in the art. Thus, when a flip flop receives a pulse in its clock input, the
flipflop wll load a new value fromits data input, while discarding the
previous value it contained. After the newwal ue is | oaded, the new val ue

I's output on output Q of 1F|Ii9Fidpismlm-anJFFs-@Qerméhﬁ;\llgdirﬁ?@"ogé;ﬁ%tgf 4f2 lip ;
at e an
ey 4nd ’

flops FF1 -FF4 are I one of ., the inputs af
44, respectivel fmﬁ%ﬁgﬂ??%%‘iﬁ]&ﬁﬁ?ﬁ:zﬂ-?ﬁ%ma@g@'l}%?‘bpofﬁqq,- S arrgsga?% of the
charge cont ai nechat fii mspectively.s Thusgthe eyspusiof eashf flip flopsd¥d-Ffat a out

l'ine 60 ﬁsddtescrise@&hlaﬁh%mmﬁp@o?u%ﬂwm&{mﬁﬁu%aﬁggpﬂsosfm45 s FF5-FF8

are coupled to ope 0O € &N S

respectively. Fl 55'15chug&oq:@g?fég?l:&secoa@g%%tgegz%{quﬁdf ﬂpﬁ‘@&,agqsq he

char ges cont ai neen)i Figfop KRS are sinilarlp c@ypledespect i vel y, as descri bed

bel ow. WO 98/ 15115 The configuration is termed "one-hot" as, for most operations,

“one- hot " ser i al PeipespRlooRE e T Ao iR eres cinuing ekl 4 Bl AT 1) o
series and a resisduoteghe facthat pfter the cleckpuise during whighee logical ! issupplied the Q
Ay vl o g e A A
coupl ed ot he. dEAS e etFiRp o pehend Bip o n B sered s B ar ogical Bl e 3
are simlarly cobplogital “ifi bagoyashegithonghl avery flipdflapdu theseriesh dhis eagiresithat nost
operations, thergnly & single gical 'aMlis/inWSpatticulir bhcBoris@idshe series outputting a
logi cal "1 val ue.” Thi s However, there is no "requirement" that the data input to the head

flip flop be kept at a logical "0" value until no flip flop in the series contains a

logical "1". Two logical "1"'s can be placed into the read series, separated by one

or more clock pulses, to read out a sum of the charges contained in two cells. The

sum can then be averaged to obtain an average value over two clock cycles.

Moreover, in some designs, particularly where the number of flip

flop in the series is long enough so that waiting the required clock pulses for the

first logical "1" to completely pass through the series would be impracticable (e.g.,

the time it takes for one logical “1" value to pass through the series would be too

long compared to the desired frame rate), one or more additional series can be

added to each of the read and reset series so that the array can be divided into two

or more portions that can be processed in parallel.

Continuing to refer to Figure 9, the operation of the second

embodiment of the invention will now be described. As described above during

the discussion of the operation of the preferred embodiment of the present

invention, a rstgen signal or a rowgen signal will be allowed to reach a CMOS

sensor cell only if the respective AND gate of the CMOS sensor cell is enabled by

flip flops FF5-FF8$ or flip flops FF1-FF4, respectively.



Is due to.the fact that after the clock pulse during which a logical "1" is
supplied to the data input of the "head" flip flop of the one-hot series
(e.g., flip flops FF1 or FF5), the data input of the head flip flop in the
series is kept at a logical "0" until the logical "1" has "washed-though”

every flip fwopsnsiis he series. This ensures that only a singyudongieal 1"
Is in the particular one-hot series. However, there is no "requirenent"”

that the data input to the head flip flop be kept at a logical "0" val ue
until no flip flop in the series contains a logical "1". Two logical "I™s
can be placed into the read series, separated by one or nore clock pul ses,
to read out a sumof the charges contained in two cells. The sum can then
be averaged to obtain an average val ue owarstwo cl ock cycles. Mreover, in

sonme designs, particul arlymﬁsef&ek léllH?fBB&héhfﬂlf)hprﬁS@&télﬁsii%fmﬁleﬂ"es i's

79 57000 ol bR ehd Ll ol ot R ebRg R,

oepa& g t he
time it takes fornthrepgh Mgmwl " val ue to pass through the series woul d
be too | ong conpared to theodRs vathble' xméﬁanodtbe@veeﬁuﬁ?ésetﬁdmetlonal

series can be ad c t e hat.the arra
canI be divided i %?@pl@l&&%}&&&gge@ dﬂga‘?'ﬁ’ﬁh 3@‘?!038“}5? B%géd paral | eIy
Continuing to refa&tmatgcmbgumnt 0816@1"(5 Emvﬁdﬁdta)ﬂicmslweldmcemhwbnent of
the invention wilthe ddtwinpst dﬂﬂ AR&G priRebrabied Rulbdriop flotie

i nvent | on, & rzi‘%gs&:r;‘# @'Mﬁref o e A e e e,

CMOS sensor cel | by if the respective AND gate of the CMOS sensor cell is

enabl ed by flip flops FF5- F&&:@mpklxradahpaﬁwﬁEﬂocEEfdesrme&hed/ tween VO
98/ 15115 [ US97/ 15221

-15- Thus, for e%%err% eofthepsa%%tl?ﬁ%olslssm E'Bin‘f‘%feﬁgm%"ﬁ“(%fh&m "1,
t hereby outputti r?garaes@gsamﬁm'@ch ofthe CMQS sepsar cells, adogicaliiE weukd bee al | oned
to pass through Wﬂl@ﬂtoﬁrés%ts@iﬁlBﬁd@u/thiﬁ'bbﬁﬁli&hﬂ@fﬁi{ﬂbﬂﬁb&lﬂhelfih@dlo&et ween

the reset and t h%uﬁ@%&@at&@ a{’tgﬁhec f&girc%e'lpls S n ghp Hop%]AWD 49\/05

sensor ceIIs 0-3
~will allow a rstgen signal to pass through to CMOS sensor cell 0, thereby resetting

CMOS sensor cell 0.

- At the second clock pulse, flip flop FF6 will read the output "Q" of

_ ﬂip flop FFS5, which in this case is a logical "1", and store that value while also
Jproviding a logical "1" on output Q of flip flop FF6. Also during the second clock
pulse, but after flip flop FF6 has stored the logical "1" contained in flip flop FF5
during the first clock pulse, flip flop FFS will store the value at its input, which,
[during this second clock pulse, is a logical "0". Therefore, flip flop FF5 contains
a logical "0" and flip flop FF6 contains a logical "1" after clock pulse two and
before clock pulse three. Similar to the operation of flip flop FF5 during the first

 clock pulse, flip flop FF6 will output a logical "1" on its output Q to AND gate 48,
which will allow a rstgen signal to reach CMOS sensor cell 1. As flip flop FF5
‘now contains a logical "0", flip flop FFS will output a logical "0" on its output Q
to AND gate 46, preventing a rstgen signal to reach CMOS sensor cell 0.

At the third clock pulse 3, flip flop FF7 will receive the value
contained in flip flop FF6, which is a logical "1". Flip flop FF6 will receive the
value contained in flip flop FFS, which in this case is a logical "0", and flip flop
FF5 will receive the input contained on the reset line, a logical "0". Therefore,




al ternate:enbodinent, a logical "1" is provided to the reset signal line
coupled to the data input of flip flop FF5. Then, after a predeterm ned
nunber of clock pulses, a "1" is provided to the read signal |ine coupled
to the input of flip flop FF1l. For exanple, if a delay of two clock cycles
wer e desiredvbosgnsesn the tinme of the resetting of. the CMOS pgafoinsgsl | s and
the reading out of the charges contained in each of the CMOS sensor cells,
a logical "1" would be provided on reset signal |line and thus be | oaded
into flip flop FF5 on the first clock pulse. Inmediately after the |ogical
"1" is stored in flip flop FF5, AND gate 46 will allow a rstgen signal to
pass through to CMOS sensor cell 0, thereby resetting CMOS sensor cell O.
At the second clock pulse, flip flop FF6 +ig64 read the output "Q of flip

flop FF5, which Id&eimemlmklpmsa,:h@wmlsmédm FRplops FFSEFPad Fiveldhi | e

al so providing a,l Q&oﬁ r;q..o ..1Qof fllpflop FF6. Al so during the

second cl ock pul s gx%lf\{ag\gs g} p° FF6 has stored the |l ogical "1"

contained in flip flop FF5Stiliduming thethirdiclock palse; 8 fogiaal 'SIE is pladeg on thegeadrs wi | |

store the val ue 3inelchsp lédlBU’iedaYH‘ihﬁhofﬂiﬁﬂdi)@FthﬁpﬂBﬁFFﬂth@h%&sﬂié'l%cal' s a
p

| ogical "0". Thergko fli l,op FE3.con |.o a Y flo
FFg cont al ns a Iog E’Efd ngfo%ﬁwﬁgutsﬁﬂgg%atg%%b&agog‘ngek pul se P
three. Simlar ta@owsen %m@} @tﬂa&ﬁhmﬂgh M@WQS@WSFF@MH@M@&S#@ON#IQWIBI ock

pul se, flip flop dﬁﬁﬁtméﬂugel&amaoﬁthmqh\us,ademéofmMw&m&h&z&w gate

48, which will al|l %eﬁsomehtﬁ%u L;:p

rst ghal to,.reach
flop FF5 now contbé' péacf 5%1613%?31 8 m‘i‘?’?ﬁaﬁ’%‘p"
"0" on its out putputieiand s dyring:tha ehirdpleckauise.placingradogiest "L lgwahew reach
CMOS sensor cel | lﬂpupﬁfﬂi mr]rd clock pulse 3, flip flop FF7 will receive

the value contained in ward | | P flOp FF6
w Il receive the val ue con elﬁseﬁﬁngpﬁ‘f%%ﬁﬂggﬁﬁﬁ%fegﬁmc#stams case is a
| ogi cal "0", and qomr?ilenumgnsinwm,avanab&;mened eftdelayipachieverhpysthe nembes of he -
reset line, a |09til€ok|c l&betﬂ_&ﬁfvﬂlﬁdhraﬂoical "YGs éeh%h]tﬁeresetlmeandwhxcha

Flcglp ESET:/515|2:|2:é a#ggxﬁ@ 'eirsg ageed or'mlé ga& 2&5 ke risto B@Ea%ki%ﬁy adsed O dinflip
period of delay between the resetting and reading of the charge contained in the -
CMOS sensor cell can be achieved simply by waiting the desired number of clock
cycles between the provision of the logical "1" values to the reset signal line and
read signal line, respectively.

As discussed above, the delay is based on the required exposure
time, as determined by methods which are well known to those skilled in the art.
Also, it is to be noted that the circuit providing the logical "1" values to the read
and reset lines can be implemented in a variety of ways. For example, a state
machine can be used to generate the signals. Another example would be a
programmable logic array. Still another example would be 2 microcontroller. Yet
another example would be a microprocessor coupled to a memory configured to
control the generation of the signals according to a look-up table or a specific
formula. -

While the present invention has been particularly described with
reference to the various figures, it should be understood that the figures are for
illustration only and should not be taken as limiting the scope of the invention.
Many changes and modifications may be made to the invention, by one having



be the logical values "O', "O" and "1". Still during the third clock pul se,
a logical "1" is placed on the read line coupled to the data input of flip
flop FF1. Flip flop FF1 then stores the logical "1" and outputs the val ue
on its Qoutput to AND gate 38, thereby allowi ng a rowgen signal to pass

t hrough to @d¥snsgesor cell 0. CMOS sensor cell 0 will out pgipkémsshar ge on
data out line 60. Thus, a delay of two clock cycles is achieved by first
placing a logical "1" on the data input of flip flop FF5 during the first
cl ock pul se and then, during the third clock pul se, placing a |ogical "I"
into the data input of flip flop FF1l. As the resetting and reading of the
CMOS sensor cells are controlled in this fashion, a variable period of
delay is achieved by the nunber of clock-ty€les between which a |ogical "1"
is placed on theggfaRtskill il thetCwithouk BepartingGiondihe spifit aridScépedg@e on the read
signal line. It Js tO be noted that any desired period of delay between the
resetting and régﬁ?ﬁﬁnbf the charge contained in the CMOS sensor cell can
be achi eved sinply by waiting the desired nunber of clock cycles between
the provision of the logical "1 " values to the reset signal line and read
signal line, respectively. As discussed above, the delay is based on the
requi red exposure tinme, as determ ned by nethods which are well known to
those skilled in the art. Also, it is to be noted that the circuit
providing the logical "1" values to the read and reset |ines can be
inplenented in a variety of ways. For exanple, a state machi ne can be used
to generate the signals. Another exanple would be a programmble | ogic
array. Still another exanple would be a mcrocontroller. Yet another
exanpl e would be a m croprocessor coupled to a nenory configured to control
the generation of the signals according to a | ook-up table or a specific
formula. While the present invention has been particularly described with
reference to the various figures, it should be understood that the figures
are for illustration only and should not be taken as Iimting the scope of
t he invention. Many changes and nodifications may be made to the invention,
by one havi ng )



WO 98/ 15115

PCT/ US97/ 15221 -17- ordinary skill in the art, w thout departing fromthe
spirit and scope of the invention. WO 98/ 15115
PCT/ US97/ 15221 -18- CLAIMS What is clainmed is: 1. A met hod for

control | i ngowo dgifissensor array containing a first CMOS sepgpiuseista
conprising the steps of: receiving a clock signal and generating a first

address; generating a reset signal to said first CMOS sensor cell based on
said first address; calculating a read delay based on said first address
and an of fset value; and, generating a read address signal to said first
CMOS sensor cell after said read delay. 2. The et hod '

wherein said step of reset address signaligeneration mc”“llﬁ"llu““mllunlof
said reset signal to a second CMOS sensor cell based on s&id¢filrst® address.

3. The nethod of claim1, wherein said step of read address signal
generation includes generation of said CRAIMS gnal to a second CMOS sensor
cell after said wWhadseinddis: 4 An apparatus for controlling a CMOS
sensor array containing a first CMOS sensor cell, conprising: a first logic

circuit for receiving a clock signal and generating a first address; a

second logic cirguit goluy " C. MO ' G Ei bt Vi Ng said
first address ang' gen'grat |°§g°.‘1a&?§§|en?g;sl gnaﬁge?%}sal d&’ﬁ#{rﬂg{fgfmgﬁsor cel |l
based on said fife8forgellyceupiising the steps of:

receiving a clock signal and generating a first address;

generating a reset signal to said first CMOS sensor cell based on
said first address;

calculating a read delay based on said first address and an offset
value; and, |

generating a read address signal to said first CMOS sensor cell after
said read delay.

2, The method of claim 1, wherein said step of reset address signal generation
inc!udes generation of said reset signal to a second CMOS sensor cell based on
said first address.

3. The method of claim 1, wherein said step of read address signal generation
includes generation of said read signal to a second CMOS sensor cell after said
read delay.

4. An apparatus for controlling a CMOS sensor array containing a first
CMOS sensor cell, comprising:

a first logic circuit for receiving a clock signal and generating a first
address;

a second logic circuit coupled to said first logic circuit for receiving
said first address and generating a reset signal to said first CMOS sensor cell based
on said first address;



W008/.15115 PCT/ US97/ 15221 -19- a third logic circuit
coupled to said first logic circuit for receiving said first address and
calculating a read delay based om—said—first address and an of fset val ue;

and, a fourth logic ci aid first logic circuit for
generating wumdugddre!m"mmw" ﬁ & first CMOS sensor pgpigkorakiagr said
read delay. 5 . The appara m4 wherein said first logic
circuit conprises an address generator 6. The apparatus of claim 4,
wherein said second logic circuit conprises a first address decoder. 7. -

The apparatus of claim4, wherein said third logic circuit conprises an

adder. 8. The apparatus of claim4, wherein said fourth logic circuit
conpri ses a second address decoder. 9. =-1%-nethod for control ling a CMOS
sensor array containing a sfthidlogicWruic@upled wiseld! firstdopiPéitchit it rédBRingt eps of :

receiving a firsg St orl a first ad S enerating a
reset signal to %&@gﬁ%gﬂ%ﬁéﬁ:@gﬂ%ﬂ'm@%l %ff’ ‘cfalfjﬁ&?ss”t“ HMdr ess;
wai ting a predet ofifset vadee; adiber of cl ock cycles; receiving a second cl ock
signal and storing a secowogmbggmlmuplapmaﬂtﬂrg% é,gagf&%g,(m SI gnal

to said first CIV:P?{S%& OSEF%%IEI%bﬁ&teﬂ&a*gso?e ar}%rgacliéi{eggada sai d

predeterm ned nu

5. ‘The apparatus of claim 4, wherein said first logic circuit comprises an
address generator.

6.  The apparitus of claim 4, wherein said second logic circuit comprises a
first address decoder.

7. The apparatus of claim 4, wherein said third logic circuit comprises an
adder.

8. The apparatus of claim 4, wherein said fourth logic circuit comprises a
second address decoder.

9. A method for controlling a CMOS sensor array containing a first CMOS
sensor cell, comprising the steps of:

receiving a first clock signal and storing a first address;

generating a reset signal to said first CMOS sensor cell based on
said first address;

waiting a predetermined number of clock cycles;

recetving a second clock signal and storing a second address; and,

generating a read address signal to said first CMOS sensor cell
based on said second address after said predetermined number of clock cycles.



