SYSTEM AND METHOD FOR FLI CKER DC OFFSET DETECTI ON AND CORRECTI ON CROSS
REFERENCE TO RELATED APPLI CATI ONS [0001] This patent application is related
to U S. Patent Application No. 11/290,308 entitled "FLI CKER DETECTI ON GAI N
CONTRCL CIRCU T, DIG TAL | MAG NG SYSTEM AND METHOD' filed on Novenber 29,
2005, which is hereby incorporated by reference in its entirety. This
patent application is also related to U S. Patent No. 6,900,834 entitled
"METHOD OF DETECTI NG FLI CKER, AND VI DEO CAMERA USI NG THE METHOD" filed on
August 21, 2001 and issued on May 31, 2005, which is__her j,acor por at ed
by ref er enEXSTEY @30 METHOD, FOR) FUACKER DO AHRER FF TR f‘g% %eby cl ai ms
the priority to the U S. provi spgpakckabgnt application serial No.

60/ 875, 267 filed on Decenber 15, 2006. The prior provisional application
is hereby incorporated by reference in its entirety. 1 BACKGROUND [0003]
Digital inmaging devices are currently inplenented in nmany types of

electronic devi Cepodie SEfHAMEP ¢ HENAPES APPLICATIONS

[0001] This patent application is related to U.S. Patent
Application No. 11/290,308 entitled “FLICKER DETECTION GAIN
bONTROL CIRCUIT, DIGITAL IMAGING SYSTEM, AND METHOD” filed
on November 29, 2005, which is hereby incorporated Dby
reference in its entirety. This patent application is also
related to U.S. Patent No. 6,900,834 entitled “METHOD OF
DETECTING FLICKER, AND VIDEO CAMERA USING THE METHOD” filed
on August 21, 2001 and issued on May 31, 2005, which is
heréby incorporated by reference in its entirety.

[0002] This patent application hereby claims the priority to
the U.S. provisional patent application serial No.
60/875,267 filed on December 15, 2006. The prior provisional
application is hereby incorporated by reference in its

entirety.




may include digital still cameras, digital video caneras, nobile
camer a- phones, conputer web-cams, and other types of devices.

Sem conduct or conponents are conmonly used to capture images and digitally
process the captured i nages. These sem conductor conponents may i ncl ude
charge coupl ed devices and conpl enentary netal - oxi de sem conduct or (CMOS).
To capture or acquire inages, digital imging devices often use a sensor
array made of an arranged pattern of photodiodes. This type of sensor
array is commonly known as a "pi X8 CRERAYND The pixel array may al so be
referred to as image pick-up unit hereafter. [0004] Digital inaging
devices may encounter "flicker. Artificial lighting that uses an

al t er nat jop@sjcur e i €AC) imsguh§e devicR sasatd uouesentlyl iighlengntedntiai ns a
brightness nodul ati on conponent known as flicker. The frequency of

flicker Fnﬁﬁyart';}sdésc'&’f Li @Bt ipg; kS deWicRd. he ’fﬁégée@@éc@froﬁﬂc AMe-HeELce.
For exanple power system and a AC power systemresult in

short ani ol fckanc Dsosenelos Crgenes vaou Al ot maally
2 mobile camera-phohes, computer web-cams, and other types of
devices. Semiconductor components are commonly used to
capture images and digitally process the captured images.
These semiconductor components may include charge coupled
devices and complementary metal-oxide semiconductor (CMOS).
To capture or acquire images, digital imaging devices often
use a sensor array made of an arranged pattern of
photodiodes. This type of sensor array is commonly known as

a “pixel array.” The pixel array may also be referred to as
b Y Y

image pick-up unit hereafter.

[0004] Digital imaging devices may encounter “flicker.”
Artificial 1lighting that uses an alternating current (AC)
source, such as fluorescent lighting, contains a brightness
modulation component known as flicker. The frequency of
flicker for artificial lighting is twice the frequency of an
AC source. For example, a 50Hz AC power system and a 60Hz
AC power system result in 100Hz and 120Hz flicker
frequencies, respectively. Flicker typically arises during

image capturing when an electronic device and the frequency




of an AC source are not synchronized. As an exanple, a franme rate commonly
used in the electronics industry is 30Hz. Wien this franme rate i s used,
flicker can result from artificial lighting enploying a 50Hz AC power
system [0005] Each pixel elenment typically includes a photodi ode and
other integrated circuitry. The photodi ode generates a current accordi ng
to the anobunt of |ight detected, and a sum charge is stored in an

i ntegrated capacitor. The stored charge is then converted into an out put
vol tage, where the output voltage is proportional to the anount of charge

stored 4 hﬂe Aapachior. Al endhakynan, 8Rakeg: t o- dkgidal exappyerter (ADC)

converts the output voltages of the pixel elements into digital val ues,

and he g ol val uesBLey RLOCESSEY 1Mo 1010 Lal oLeges, L0006, Thor ml

| eakag way s &K s gniticant
as the detected flicker envelo e. The t he akage, once .converted into
di rect 3 Q§ﬁreﬂﬁk??x3 %%IFE@@E §ebés éﬁ%@énﬁﬁéﬂﬁﬁg'g‘ ngéy Ot f set .
SpeC|f|caIL%@:a pixel area is substantially larger than a plxel arranged

for pr@dudiiginls eridy ig1o S Eing chOs AL fRAKLT oFY BFSTi ght . Thus,
there may be a chance

[0005] Each pixel element typically includes a photodiode
and other integrated circuitry. The photodiode generates a
current according to the amount of light detected, and a sum
charge is stored in an integrated capacitor. The stored
charge is then converted into an output voltage, where the
output voltage is p:toportional to the amount of charge
stored in the capacitor. After that, an analog-to-digital
converter (ADC) converts the output voltages of the pixel
elements into digital wvalues, and the digital wvalues are

processed into a digital image.

[0006] Thermal leakage always exists in an image pick-up
unit and may be as significant as the detected £flicker
envelope. The thermal leakage, once converted into direct
current (DC) voltage, may be represented as a DC voltage
offset. Specifically, a pixel area is substantially larger
than a pixel arranged for producing a series of signals
which is a function of light. Thus, there may be a chance

of imaging some part of the scene which contains a




of imaging sone part of the scene which contains a 3 flickering |ight
source. This large area pixel array is generally referred to as a
superpi xel . 4 SUMVARY [0007] According to one enbodi nent of the present

di scl osure, a nethod for detecting flicker DC voltage offset is provided
that includes receiving an output signal of an inmage sensor, the output
signal conprising a reference signal and an i mage signal, and generating a
conbi ned signal by conmbining the image signal with a peak flicker DC
voltage signal during a first tine period. The nmethod al so incl udes

per f or mng.,an. i o%§§£9 f égn | Nep ﬂgsaq%?gﬁgrgg% rategydurd ng the

first tlne perl ween ref erence e conblned si gnal and

conpari t reference SI naI and the i e signal with the auto zeroing
conpar ﬁeg'f 1Ef‘flllrll eatr c?l?’l% %e??%%lr%%mgquent to the first tine

period. The nethod may further include storing a first charge
corresponding to the image signal during a second tine period and storing
a second charge correspondi ng




to a current peak flicker DC voltage signal. The method may also include
conparing the image signal to the current peak flicker DC voltage signal
and producing the greater of the image signal and the stored peak flicker
DC vol tage signal as the peak flicker DC vol tage signal. [0008] According
to anot her enbodi nent of the present disclosure, a device is provided for
renmoving flicker direct 5 current (DC) offset from an output signal of an
i mge sensor, the output signal conprising a reference signal and an

i mge signal. The device includes a peak flicker DC voltage input, an auto
zeroing conparator, configured to ggggek¥e the reference signal on a first
termnal and the inage signal on a second termnal, and performan auto

i t d irst ti d. _The d
Fer Ol PORlIE! ! BRCEVELRg °, LSt gl ALt de corpleo a%%@.gén%ﬁfstﬁ
th dt | d t f t .t riod. F th h
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storage elenent, configured to store a first charge corresponding to the
i mage siynARroWifpAg thadechhaludee peceayingndm @eEbHl signal of “an

image sensor, the output signal comprising a reference
signal and an image signal, and generating a combined signal
by combining the image signal with a peak flicker DC voltage
signal during a first time period. The method also includes
performing an auto zero function 1in an auto zeroing
comparator during the first time period between the
reference signal and the combined signal and comparing the
reference signal and the image signal with the auto zeroing
comparator during a second time period subsequent to the
first time period. The method may further include storing a
first charge corresponding to the image signal during a
second time period and storing a second charge corresponding
to a current peak flicker DC voltage signal. The method may
also include comparing the image signal to the current peak
flicker DC voltage signal, and producing the greater of the
image signal and the stored peak flicker DC voltage signal

as the peak flicker DC voltage signal.

[0008] According to another embodiment of the present

disclosure., a device is provided for removing flicker direct




charge storage element, configured to store a second charge corresponding
to a current peak flicker DC voltage signal. The peak flicker DC voltage
detector of the device nay also include a second conparator, configured to
conpare the first <charge stored in the first charge storage el enent and
the second charge stored in the second charge storage elenment, wherein
the first charge storage el enent and the second charge storage el enent are
coupled to the peak flicker DC voltage input, and the first switch couples
one of the first charge storage el enent and the second charge storage

element 6 to the second termnal of th zer ol cgepagat of ed

upon anc%ﬁ%lﬁtf o] (‘?)he orskgfcsoeﬁ:d cfgr%pmar é—"tnor%u[%g%)%Q] gi%(&:%?di %gpt %ﬁanor{\%%ér

enbodi mrent of the present disclosure, an,i magi n evice is %I{aqlviéjg t hat
na

i ncl udSERECT mabBe s SHEEM e FHTRRIr eTCTBT 0ELRS! 2a & &rEe Y and an

i mage signal, and a flicker DC voltage offset renoval _circuyi }( The flicker

DC vol taige Gigget siemalal ePecufeViffcl tRekudepedk PSdkef 1BEXGE tBge

i nput, an auto zeroing conparator, configured to receive the reference

si gnal -orliagéi ristputer memal aahd therdimege sinprtater a sesdaduredn kal
receive the reference signal on a first terminal and the
image signal on a second terminal, and perform an auto
zeroing function during a first time period. The device also
includes a first switch, configured to coupie the peak
flicker DC voltage input to the second terminal during the
first time period. Furthermore, the peak flicker DC voltage
detector of the device may include a first charge storage
element, configured to store a first charge corresponding to
the image signal during a second time period, and a second
charge storage element, configured to store a second charge
corresponding to a current peak flicker DC voltage signal.
The peak flicker DC voltage detector of the device may also
include a second comparator, configured to compare the first
charge stored in the first charge storage element and the
second charge stored in the secénd charge storage element,
wherein the first charge storage element and the second
charge storage element are coupled to the peak flicker DC

voltage input, and the first switch couples one of the first

charge storage element and the second charge storage element




and performan auto zeroing function during a first tinme period, and a
first swtch, configured to couple the peak flicker DC voltage input to
the second termnal during the first time period. The inmagi ng device
further includes an image processor configured to process an output of the
auto zeroing conparator. The peak flicker DC voltage detector may further
include a first charge storage elenent, configured to store a first charge
corresponding to the image signal during a second tine period, a second
charge storage elenent, configured to store a second charge correspondi ng

to a C%&JEQ%epggéokhi%E%&iBQlVQh¥aQﬁeSEQE@|Z 3908 RS2t AIDT
d et i

configure 0 conpare t rst charge store n “t-hpfirst charge storage

el enent and t he second rge. 7 stored in the second charge storage
el enentPELAThe? HiTE: ofﬁg’qgﬁ%cfo%%a?%%p%?%?%ﬂe el enent and the second

charge storage element may be coupled to the peak flicker DC voltage

el rendOBR 1 hECSERHHIShdye SHOrEEE BPERBRPSTE « RE Scdbnd NErRRal of

e A I Satte, O Y maging - device i 8" proided chdf IERqNGSARAr At Or-
image sensor configured to output a reference signal and an
image signal, and a flicker DC voltage offset removal
circuit. - The flicker DC voltage offset removal circuit
includes a peak flicker DC voltage input, an auto zeroing
comparator, configured to receive the reference signal on a
first terminal and the image éignal on a second terminal,
and perform an aﬁto zeroing function during a first time
period, and a first switch, configured to couple the peak
flicker DC voltage input to the second terminal during the
first time period. The imaging device further includes an
image processor configured to process an output of the auto
zeroing comparator. The peak flicker DC voltage detector may
further include a first charge storage element, configured
to store a first charge corresponding to the image signal
during a second time period, a second charge storage
element, configured to store a second charge corresponding
to a current peak flicker DC voltage signal, and a second

comparator, configured to compare the first charge stored in

the firat charae storace element and the second charge




[ 0010] According to yet another enbodi nent of the present disclosure, a
circuitry for detecting and renoving flicker DC offset is provided that

i ncludes an image pickup unit configured to output a plurality of flicker
DC voltage signals for a plurality of captured pixels. The circuitry also
includes a flicker DC of fset detection nodule that conprises a first
charge storage elenent configured to hold a first flicker charge
corresponding to a first flicker DC voltage signal, a second charge
storage elenent configured to hold a second flicker charge correspondi ng

to a s f1 cker age i gna a i dnilnCOMpRkatekneeal i gur ed
to corr%grgggtdhei#i ?k‘gltef ?cﬁ%‘? %@a\?&@faé‘éc’g? ﬁalélvénﬁ]nthe second flicker DC
p

vol tage. signal and to identify a pe flicker vol t i gnal he

ci rcui tP§ ngFﬁgr ?H%?%ﬁessEP¥é$?cK% eTf?%ff%ﬁgl%%§§bvgﬁgﬁggtlgﬁﬁﬁgg
conprises a second conparator configured to c are the peak flicker DC
vol t agEtogagiegngll elpbh am?EfeP%nc%p%Pﬁﬁgl,t?o1§g£nﬁi a 65%?3% Bgetmeen
the peak flicker DC signal and the reference signal, _and to renove the

of f set vodtageaninpiio, zendi wgpef ehinee. PECTH TR oFEFRGSt #3fet OCAndtRer
enbodi nent of the present

first charge storage element and the second charge storage
element to the second terminal of the auto zeroing

comparator based upon an output of the second comparator.

[0010] According to yet another embodiment of the present
disclosure, a circuitry for detecting and removing flicker
DC offset is provided that includes an image pickup unit
configured to output a plurality of flicker DC voltage
signals for a plurality of captured pixels. The circuitry
also includes a flicker DC offset detection module that
comprises a first charge storage element configured to hold
a first flicker charge corresponding to a first flicker DC
voltage signal, a second charge storage element configured
to hold a second flicker charge corresponding to a second
flicker DC voltage signal, and a first comparator configured
to compare the first flicker DC voltage signal with the
second flicker DC voltage signal and to identify a peak
flicker DC voltage signal. The circuitry further includes a
flicker DC offset removal module that comprises a second

comparator confiqured to compare the peak flicker DC voltage




di scl osure, an imaging device is provided that include an inage pickup
unit configured to output a plurality of flicker DC voltage signals for a
plurality of captured pixels, and a flicker DC voltage offset detection
and renoval circuitry configured to identify a peak flicker DC voltage
signal, to detect an offset between the peak flicker DC voltage signal and
a reference signal, and to renove the offset using an auto zeroing

featursi?i{%lf iwghngﬁggmgre%%o sackides 2k | ¢asheale aaal ogrigedi gi tal

converte ADC) con ured to convert the plurality of voltage signals

into | urali of dig-tal, si | s. and- a_plurali t A
procesg?ggeggnﬁé%eﬁ%§i%ﬁﬁiﬁﬁeaéﬁgr%%%ﬁa%oaggtE%ﬁo%ﬁggggﬁggdfl n?léf t he
present _di scl osure, net%od for .detecting and renoviing an flicker DC
of f set 2P€ pPoVPEEYSt FGE PR ﬁ&&e?sdéﬁeﬁ§tﬁ@%QazﬁFﬁﬂgﬁiFﬁ E8ESF1 i cker DC
vol tage signals, identifying a peak flicker DC voltage signal, detecting a
flicker DC of fset between the peak flicker DC voltage signal and a
r ef er eW8&1lsi grFCORGHNT r ERDVT Rl EREthETC keFPPRiBeRE e Oy BRRUPEEFERGI ng. 9
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disclosure, an imaging device is provided that include an

image pickup unit configured to output a plurality of
flicker DC voltage signals for a plurality of captured
pixels, and a flicker DC wvoltage offset detection and
removal circuitry configured to identify a peak flicker DC
voltage signal, to detect an offset between the peak flicker
DC voltage signal and a reference signal, and to remove the
offset using an auto =zeroing feature. The imaging device
also includes at least one analog-to-digital converter (ADC)
configured to convert the plurality of wvoltage signals into
a plurality of digital signals and a plurality of post-ADC

processing components.

[0012] According to yet another embodiment of the present
disclosure, a method for detecting and removing an flicker
DC offset is provided that includes generating a plurality
of flicker DC voltage signals, identifying a peak flicker DC
voltage signal, detecting a flicker DC offset between the
peak flicker DC voltage signal and a reference signal, and

removing the flicker DC offset via auto zeroing.




[0013] For a nore conpl ete understanding of this disclosure and its
features, reference is now made to the following description, taken in
conjunction with the acconpanying draw ngs, in which: [0014] FIGURE 1
illustrates a flicker detection system [0015] FIGURE 2 illustrates a
digital imging systemhaving a flicker DC offset detection and correction
circuitry according to one enbodi nent of this disclosure; [0016] FI GURE 3
illustrates an el ectronic device having the digital imging system
according to one enbodi ment of this disclosure; [0017] FIGURE 4
illustrates a timng diagramof a flicker DC offset detection and
correction systemaccording to one enbodinent of the present disclosure;
[0018] FIGURE 5 illustrates a diagramof a flicker DC offset detection and

correction system ac i ﬁ&ﬁ?fgﬁo 'gﬁgﬁ present disclosure;
10 [0019] FIGURE 6 iﬁ%ﬁg%ﬁa,%%ca IC egﬁ of?gé?£%§§ection systemw th
two scenarios according to one enbodi nent of the present disclosure;

[0013] For a more complete understanding of this disclosure
and its features, reference is now made to the following
description, taken in conjunction with the accompanying

drawings, in which:
[0014] FIGURE 1 illustrates a flicker detection system;

[0015] FIGURE 2 illustrates a digital imaging system having
a flicker DC offset detection and correction circuitry

according to one embodiment of this disclosure;

[0016] FIGURE 3 illustrates an electronic device having the
digital imaging system according to one embodiment of this

disclosure;

[0017] FIGURE 4 illustrates a timing diagram of a flicker DC
offset detection and correction system according to one

embodiment of the present disclosure;

[0018] FIGURE 5 illustrates a diagram of a flicker DC offset
detection and correction system according to one embodiment

of the present disclosure;

10




[0020] FIGURE 7 illustrates timng diagranms for flicker DC offset
detection and renoval ; and [0021] FIGURE 8 shows a graphical representation
of a flicker correction according to one enbodi ment of the present

di scl osure. 11 DETAI LED DESCRI PTI ON [ 0022] FIGURE 1 presents an el ectrical
schematic diagramof a digital image capture device 100. The inmage capture
devi ce 100 includes a superpixel gain stage 102 (or other 1nmage sensor)
coupled to a digitization stage 106. The digitization stage 106 includes a
conparator 104a and an ADC 104b. In response to a visible |light signal

109, ?m gupersiottle 98l N Shase - PROJICESkER Blecdf osuic gkgaatidd2.
[0023] he signal 112 includes two conponents. \WWen black swtch 108 is

closed, cLhe-gi gRah 112 istetla d %géﬂ:léféﬁ{ NEE ohev eve{k =1 &F I:Hﬁ bl ack

switch il 'S open t he signal S at si gna whi ¢
represents ation of light fromthe inmage wth a fllcker conponent
fron1arPF??%F5l FFgEPFHg dnd a DC offset fromthermal and | eakage effects
in the gain stage 102. The flicker DC offset

[0020] FIGURE 7 illustrates timing diagrams for flicker DC

offset detection and removal; and

[0021] FIGURE 8 shows a graphical representation of a
flicker correction according to one embodiment of the

present disclosure.

11




107, as shown in the bottomhalf of FIGURE 1, nmay be represented as a

di fference between the image signal and the black reference signal. Wile
the flicker conponent is represented in the signal 109 and the signal 112
as a sinusoidal waveform it will be understood that the flicker nay be
of other forns other than a sinusoidal wave. [0024] The flicker voltage
out put and the DC conmponents are fed through the conparator 104a and ADC
104b. Thus, the 12 effective range of ADC 104b nmay be |limted by the DC

conponents (which are unwant ed cially i ditions where the DC

of fset is of significant nagﬁﬁhﬁiggh;ﬁkﬁékéékéb o flicker anplitude such
as, for exanple, at higher operating tenperatures. [0025] Large pixel
areas nelfp02 neddSVRE HePBeEeRfghen faleKeri®nv s dpmatiter AapSreRk e may
be dependent on pixel area and the process used and often appears as a DC
of f set. aAnyighwaht edndfe valapdgerecodlevilse silgfi.f i cdhite asimdge dCEPELEE
flicker envelope. Therefore, there is a need to reduce this DC offset
prior togdPceonwsy sianlu@est ke BGpetpseelmmaid i sthgeha oef f éoti wahess in

subsequent flicker correction in
image sensor) coupled to a digitization stage 106. The
digitization stage 106 includes a comparator 104a and an ADC

104b. In response to a visible 1light signal 109, the

superpixel gain stage 102 produces an electronic signal 112.

[0023] The signal 112 includes two components. When black
switch 108 is closed, the signal 112 is at a black reference
level 112a. When the black switch 108 is open, the signal
112 dis at a signal 1level 112b, which ©represents a
combination of light from the image with a flicker component
from artificial lighting and a DC offset from thermal and
leakage effects in the gain stage 102. The flicker DC offset
107, as shown in the bottom half of FIGURE 1, may be
represented as a difference between the image signal and the
black reference signal. While the flicker component is
represented in the signal 109 and the signal 112 as a
sinusoidal waveform, it will be understood that the flicker

may be of other forms other than a sinusoidal wave.

[0024] The flicker voltage output and the DC components are

fed through the comparator 104a and ADC 104Db. Thus, the

12




the digital domain. Conventional nethods address flicker detection and
correction in the digital domain without canceling this DC offset effect.
[ 0026] The present disclosure provides a systemand a nmethod that enables
the DC of fset detection and correction in the analog domain. The system
and nethod may be easily integrated into analog circuits within the sensor
array w thout external conponents and w thout additional digital signal
processing (DSP) units. 13 [0027] FIGURE 2 illustrates a digital imaging
system 200. The enbodi ment of the digital imaging system 200 shown in

F| GJREerfécéﬂre"éaH@ter aljeon a9l ¥ 1 o@iNemagnbadi nenhsc o the whai tod

i magi ng system 200 may be used without departing fromthe scope of this

i ool ooWgscd 09281 T i gubal LIBGLIGCYSLERLE00na n L %

2, alsoreferr o as” an nage pi ck-up unlt
hereafter a fllcker offset tection.and. correcti.on CIrCUItr 00, an
ADC. 2061 ThocBh FOEFRE 250, OF aRdSHALiRAGE TPEOCLHr 205 TG tal

i magi ng system 200 nay be enployed in a digital canera, a d| vi deo
Cangra%xay flicker amglltudgp sﬁc as, EJ example, gkléhe

operating temperatures.

{0025] Large pixel areas may be needed to detect light
flicker envelope. Thermal leakage may be dependent on pixel
area and the process used and often appears as a DC offset.
Any unwanted DC voltage could be significant as the detected
flicker envelope. Therefore, there is a need to reduce this
DC offset prior to ADC conversion, or the DC offset may
limit the effectiveness in subsequent flicker correction in
the digital domain. Conventional methods address flicker
detection and correction in the digital domain without

canceling this DC offset effect.

[0026] The present disclosure provides a system and a method
that enables the DC offset detection and correction in the
analog domain. The system and method may be easily
integrated into analog circuits within the sensor array
without external components and without additional digital

signal processing (DSP) units.
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a digital canera-phone, or any other suitable device. [0029] The pi xel
array 202 is capable of receiving |ight and generating outputs
representing an i mage. For exanple, the pixel array 202 nay nmeasure an
intensity of anbient light to generate outputs representing an imge. The
pi xel array 202 includes any suitable structure or structures for
generating outputs representing an inmage. As an exanple, the pixel array
202 coul d include an arranged pattern of photodi odes and other electronic
circuitry. [0030] The flicker DC offset detection and correction circuitry

400 is 10 abl ﬁxéﬁﬁﬁetze%mué&sk@g RC gfifsebli Nimakfiddhespnabag 2bomai n. The

flicke of fset detection and correction circuitry 400 is further
operabl g to_ correct the . defected.DC-of 1 hr n 0s%BAI NG,
featurgﬁmtb?gﬁ?glm%?étﬁgff?%%kgg%' 3Tf%@%éﬁégecgggﬁﬂhﬁgﬂiofrection
circuitr 400 i s depi ct in FlGURE 4_and cribe reafter. .. [LQQ31] The
anal ogfi&EHi4 ot cg&e?ngsﬁﬁ%t?QHCSHﬂVgur g’?}%te& %ﬂg]@gﬁ\?‘gngﬁalogg tg%eput
signals and convert the analog signals into digital output_signals. For
exanpl digit@lanameging- |eFeal 2BhvEayerboos | W1EBRVES 19 Yd*%i gnal s

from the scope of this disclosure.

[0028] The digital imaging system 200, in this example,
includes a pixel array 202, also referred to as an image
pick-up unit hereafter, a flicker DC offset detection and
correction circuitry 400, an ADC 206, a microcontroller 210,
and an image processor 208. The digital imaging system 200
may be employed in a digital camera, a digital video camera,

a digital camera-phone, or any other suitable device.

[0029] The pixel array 202 is capable of receiving light and
generating outputs representing an image. For example, the
pixel array 202 may measure an intensity of ambient light to
generate outputs representing an image. The pixel array 202
includes any suitable structure or structures for generating
outputs representing an image. As an example, the pixel
array 202 could include an arranged pattern of photodiodes

and other electronic circuitry.

[0030] The flicker DC offset detection and correction

circuitry 400 is operable to detect a flicker DC offset in
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representing a captured inmage into digital values. In addition, the
anal og-to-digital converter 206 could also convert anal og signals
representing the current lighting conditions into digital values. The
anal og-to-digital converters 206 may include any hardware, software,
firmvare, or conbination thereof for converting analog signals into
digital signals. Al though shown as a single conponent in FIGJRE 2, the
anal og-to-di_gital c .t er c hapl d t

£ a?x&é%g] Qoyather #R8 coyl b HAPISIRILE] ft RARAYA! @nd

convertéers. i rage” processor y include one or nore

circuits or modul es, t hat per m, i ing rel ated 0Cessi I di gi tal
donain?q§ﬁ§95i9?[ﬁ%ﬁﬁﬂ&ﬁ#&)%@éuﬁgﬁaiﬁéhﬁﬁi?ﬁ&ﬁaééﬁe§§oF8?ﬁg?eigagapable
of nonitoring lightin conditions so that the digital imgi sy.st em 200
may bedePFQ%ﬂdbéﬂédoigsﬁﬁ 5ppPYpRi &t ??EmtFﬁﬁo%qu5@ﬁ5§¥eFoEg%§%§%ﬁ e, the
flicker detector may detect whether there is flicker fromthe anbient

| i ghti od, sShehfasckénoP€sceifisedr drtestiart anfcicorrec§hringlAR gy

particul ar exanple, if an output signal fromthe flicker detector includes
only a4@@ icomepienied tire HlGUReE4 deidkciascmiibedaastadstsmg an absence

[0031] The analog-to-digital converter 206 is configured to
receive:analog input signals and convert the analog signals
into digital output signals. For example, the analog-to-
digital converter 206 could convert analog .signals
representing a captured image into digital wvalues. In
addition, the analog-to-digital converter 206 could also
convert analog signals representing the current lighting
conditions into digital <values. The analog-to-digital
converters 206 may include any hardware, software, firmware,
or combination thereof for converting analog signals into
digital signals. Although shown as a single component in
FIGURE 2, the analog-to-digital converter 206 could be

implemented as separate converters.

[0032] The image processor 208 may include one or more
circuits or modules that perform imaging related processing
in the digital domain. One such processing module is a
flicker detector that is capable of monitoring lighting

conditions so that the digital imaging system 200 may be
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of flicker. If the output signal fromthe flicker detector includes an AC
conponent, the flicker detector has detected sone anmount of flicker.

[ 0033] The microcontroller 210 is capable of controlling the operations of
the digital imging system 200. For exanple, based on data received from
t he anal og-to-digital converter 206, the mcrocontroller 210 could
generate control signals for the pixel array 202, the flicker DC offset
detection & correction circuitry 400, and the imge processor 208. This
may allow, for exanple, the mcrocontroller 210 to use the output of the

t ADG. L t output
PoSt | A H\IBGR PLOCERSRE20B SHER a3 ghetiuce hioteaulpicel oredio deiTd ne

0 adjust t Ion of thRhe pixel array 202 to reduce or

i m the .eff ect f fLi . ' I 1 ' d
har uar e | SO EiEFe, S EPRREF o " SRR Rat 'ARCERGr COr Tor “Con r o ing. ¢ o

operation of the digital i j ng system 200. 1 00341 |In s i ments,
t he nié?ﬁﬁbnﬁ#51IéFgEf@tnagﬁgngPgol ?H%gbﬁﬁﬁhgﬁ §E8Fe§tca§¥5#ggmgﬁage by
adjusting the integration tinme or exposure timng of the pixel array 202
or contawtifigiah Ahahbingi gnds befBRELLAELARALEEIPISdi ditt F2 OUtPU

signal from the flicker detector includes only a DC
component, the flicker detector may be detecting an absence
of flicker. If the output signal from the flicker detector
includes an AC component, the flicker detector has detected

some amount of flicker.

[0033] The microcontroller 210 is capable of controlling the
operations of the digital imaging system 200. For example,
based on data received from the anélog—to—digital converter
206, the microcontroller 210 could generate control signals
for the pixel array 202, the flicker DC offset detection &
correction circuitry 400, and the image processor 208. This
may allow, for example, the microcontroller 210 to use the
output of the post ADC image processor 208 such as a flicker
detector to determine whether to adjust the operation of the
pixel array 202 to reduce or eliminate the effects of
flicker. The microcontroller 210 may include any hardware,
software, firmware, or combination thereof for controlling

the operation of the digital imaging system 200.
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converter 206. For exanple, the pixel array 202 could operate with an
exposure timng of 13ns as the correct brightness. The flicker detector of
t he post ADC processing unit 208 nay detect the anbient |ighting and
produce an output signal. If the output signal includes only a DC
conponent, the mcrocontroller 210 may not need to change the exposure
timng of the pixel array 202. If the output signal includes an AC

COWO“@B&ﬂcorrﬁ%PMQQ B A AC RQVeT SUSI R 18l | 910 i akor, and
(0]

t he exposure timng or 1ntegration tinme Tint of the flicker detector may
be significantl horter than the flicker period tg e ' y anpl e
the fIFER F.C’?Aé:hz? S‘Qﬁﬁ*@iﬂ%‘?g e?%n‘ﬁl &apg"\)f(?é)slyréatlggem B%pé{iiﬁ%%ﬁ t tfr*}% frames
per second may .use a franme period of 33ps ang %gp Iineﬁlper fragg The
|i ne pePESILaFdPEr ddd o°F a8*PREVLR gt BtidnCti dderimt=ed s353#¥/ %96 = 60s.
Therefore, the flicker detector may use Tint with a specified val yue of
60s f opreiqdmsirod 180Kz oy BBHOACGpoRet bpéesm theoaloocRE 3394 ust r at es
an electronic device 300 according to one enbodi nent of this disclosure.
The 1éoeneadierenp06f theFat ecwample devihee B08edhoanmran R GURESYds

operate with an exposure timing of 13ms as the correct
brightness. The flicker detector of the post ADC processing
unit 208 may detect the ambient lighting and produce an
output signal. If the output signal includes only a DC
component, the microcontroller 210 may not need to change
the exposure timing of the pixel array 202. If the output
signal includes an AC component corresponding to a 50Hz AC
power system, there is flicker, and the exposure timing or
integration time Tinxe ©of the flicker detector may be
significantly shorter than the flicker period to effectively
sample the flicker. As a particular example, a VGA system
operating at 30 frames per second may use a frame period of

33ms and 550 lines per frame. The line period, referred to
as the integration time Tin, is 33ms/550 = 60us. Therefore,
the flicker detector may use Tine with a specified value of

60us for either a 50Hz or 60Hz AC power system.

[0035] FIGURE 3 illustrates an electronic device 300

according to one embodiment of this disclosure. The
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for illustration only. O her enbodinents of the electronic device 300 may
be used wi thout departing fromthe scope of this disclosure. [0036] The
el ectronic device 300 includes the digital inmaging system 200 as shown in
FIGQURE 2. The el ectronic device 300 may al so include a storage unit 302
and other electronic conponents 304. The storage unit 302 is capable of
storing and facilitating retrieval of digital data representing one or

mor e C%Rﬁo%%e'h@%ﬁ -tthg%lcggéféﬁi§a§%éi£§pﬁ@éeaﬁwﬂ anceptukredsi qege nay,

for exanple, 1nclu output o anal og-to-digital converter 206 of

FI GURE 2. The storage unif. 302 al sg i a it ahl ile or
non- volfgﬁri Ijeﬂsl{so e BhdPPEY + | e\ﬂﬁye ev?rg%o%ﬁ%g%f c(gg, iwguc eg:é:\%lnﬁcash
menory._ [Q037]_The other electronic conponents 304 in FIGJRE 3 nma £ provi de
any suidEYBIce FIRMEt PaYalet yieRheNdFRG b SERE T taR8c ot BV FERPS00" For
exanple, if. the device 300 represents a nobile canera-phone, the other
el ect r 6liic dderdosewes 304 may represent circuitry for transmitting the
captured i nages over a conmuni cation network. |If the device 300 represents
a digital still canmera, the other electronic o

[0036] The electronic device 300 includes the digital

imaging system 200 as shown in FIGURE 2. The electronic
device 300 may also include a storage unit 302 and other
electronic components 304. The storage unit 302 is capable
of storing and facilitating retrieval of digital data
representing one or more captured images. The digital data
representing a captured image may, for example, include the
output of the analog-to-digital converter 206 of F}GURE 2.
The storage unit 302 may also include any suitable volatile
or non-volatile storage and retrieval device or devices,

such as a flash memory.

[0037] The other electronic components 304 in FIGURE 3 may
provide any suitable functionality depending on the
electronic device 300. For example, if the device 300
represents a mobile camera-phone, the other electronic
components 304 may represent circuitry for transmitting the
captured images over a communication network. If the device
300 represents a digital still camera, the other electronic

components 304 could represent controls used to initiate
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conponents 304 could represent controls used to initiate 18 inmage capture,
make adjusts to the digital imaging system 200, or delete captured inages.
The other electronic conponents 304 could inplenent any other or

additional functionality. [0038] Although FIGURE 3 illustrates one exanple
of an electronic device 300 having the digital inmaging system 200,

various changes may be nade to FIGQURE 3. For exanple, the electronic

devi ce 300 could include any other or additional conponents dependi ng on
particul ar needs. Also, the digital inmaging system 200 may be used in any

ot her syitabl e dewiee RUkSYEMstk0039] tHORE A ss andlaapanegécanf|icker

DC of fset ~ detection and correcCtion system 400 according to one enbodi nent

of the %feQ§rqi§Ci g;e??ggggé&ic %?%ggoffs o Ustgcti ot and-Gor& ection

system may i nclude set detection nodule 430 and' a
flicker DC offset correcti npdul e 410. [0040] The flicke et
detecti%ﬁ@?ﬁﬂﬁﬁ%§43%p%ayco?ﬁaluﬂgpiﬁﬂeﬁﬁaréﬁyst%Fgﬁﬁ c%ﬁac?§%$€i§§§§36 and
CB 438, two

functionality.

[0038] Although FIGURE 3 illustrates one example of an
electronic device 300 having the digital imaging system 200,
various changes may be made to FIGURE 3. For example, the
electronic device 300 could include any other or additional
components depending on particular needs. Also, the digital
imaging system 200 may be used in any other suitable device

or system.

[0039] FIGURE 4 is a diagram of a flicker DC offset
detection and correction system 400 according to one
embodiment of the present disclosure. The flicker DC offset
detection and correction system 400 may include a flicker DC
offset detection module 430 and a flicker DC offset

correction module 410.

[0040] The flicker DC offset detection module 430 may
include two charge storage capacitors C, 436 and Cs 438, two
metal oxide semiconductor (MOS) switches SW, 432a and SWg
432b, a comparator 433a and the associated logic circuits

such as a flip flop and reset circuit 433b. The capacitors
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nmet al oxi de sem conductor (MOS) switches SWA 432a and SWB 432b, a
conparat or 433a and the associated logic circuits such as a flip flop and
reset circuit 433b. The capacitors 19 436 and 438 cooperate with the
conparator 433a to turn on or to pulse the MOS switches pair SWA 432a or
SWB 432b. Wien the voltage signals for the flicker lighting arrive at the
DC of fset detection nodule 430, a peak signal or the offset signal goes
into either the capacitor CA 436 or the capacitor CB 438 depending on the
state of the DC of fset detection nodule 430. The conparator 433a deci des

whi ch of3¢ henq CapachbobeFAL436:0h CReAB iR U3 RAMY &wdl tagef rom the

output of the inmage pick up unit according to the result of the decision

gl 443,000 4430, 00411, The apecaty oo, berfer Bpd Al s |1 ety DO

of fset ~d ctronno may i nclrude: eceiving & prarality o
flicker_DC voltage si.gnal.s representi aptured pixels from _the

associ atl Vﬂé{b@gﬁi (,SI%%{Ppﬂtﬁl fgﬁt %F‘ﬁe f@%‘é’;ﬁ]{ O{ngﬁgéﬂ% ERELVEASLCi T cB b)
Conparing a newy received flicker DC voltage signal against a_previous

peak fIPEkeFLsetyvertageios godulend X or & ngetke siGRade sl ithe 1Rt flicker
DC
signal goes into either the capacitor C, 436 or the capacitor

Cz 438 depending on the state of the DC offset detection
module 430. The comparator 433a decides which of the
capacitor Cp 436 oxr Cp 438 to hold of sample voltage frdm the
output of the image pick up unit according to the result of

the decision logic 443a and 443b.

[0041] The operations performed at the flicker DC offset
detection module 430 may include: a)Receiving a plurality of
flicker DC voltage signals representing captured pixels from
the associated image pick up unit at the capacitor Cp and the
capacitor Cg, b) Comparing a newly received flicker DC
voltage signal against a previous peak flicker DC voltage
signal and storing the new peak if the new £flicker DC
voltage signal is greater than the previous peak flicker DC
signal. Specifically, if the voltage at Cp is greater than
the voltage received at Cz, then the switch SW, 432a is off
and the switch SWg 432b is driven by the pulse signal.
Otherwise, the switch SWg 432b is pulsed and the switch SW,

is driven by the pulse signal SIG; and c¢) Storing or
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voltage signal is greater than the previous peak flicker DC signal
Specifically, if the voltage at CAis greater than the voltage received at
CB, then the switch SWA 432a is off and the switch SWB 432b is driven by
the pulse signal. Qherwi se, the switch SWB 432b is pulsed and the switch
SWA is driven by the pulse signal SIG and c) Storing or 20 nenorizing
the new peak flicker DC voltage signal in either CA or CB depending on the
closure of switch SWAOr switch SWB. [0042] The flicker DC offset
correction nodule 410 may include a DC offset correction conparator 41l4a

and t WonéhbPizZ8h0tnE MG PMdiches: Sy ABC41612R0eSWR MG 1418, dhendX of f set
correction conparator 414a is coupled to an ADC 414b. The DC offset

COrT eClé 0L UIPREBLARI AL48A] $nEORLLANLRT oM (i R012UE o Gl feRlur €. The
DC of f sét correctron ci curtry 4 may be associ ated with an I mage pick up
unit such as the pixel array 202. [0043] The operations at the flicker DC

ni } [0043] at K
Cor m ndP O} g P nd IAONGEr abr SEARCH poREFrrehr BRrdt 458" dRehal *rrom

the flicke of f set tection nodul e
fhc{ugé:a DC ofiset correctign comparator 414a and two auto

zeroing MOS switches SWa az 416 and SWs az 418. The DC offset
correction comparator 414a is coupled to an ADC 414b. The DC
offset correction comparator 414a is configured with an auto
zeroing feature. The DC offset correction circuitry 410 may
be associated with an image pick up unit such aé the pixel

array 202.

[0043] The operations at the flicker DC offset correction
module 410 may include: a) Receiving at the positivé
terminal Cgg of the comparator 4l14a a peak flicker DC
voltage signal from the flicker DC offset detection module
430 via either the switch SWa_a; 416 or the switch SWs_az 418;
b) Receiving a black reference signal at the terminal Cpy Of
the comparator 4l1l4a from the image signal pickup unit; c)
Identifying a difference or a flicker DC voltage offset
between the peak flicker voltage signal and the black
reference signal by comparing the two signals; and
d) Correcting the identified flicker DC voltage offset using

the auto zeroing feature.
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430 via either the swtch SWA Az 416 or the switch SWB_AZ 418; b)
Receiving a black reference signal at the termnal Cblk of the conparator
414a fromthe image signal pickup unit; c) Identifying a difference or a
flicker DC voltage offset between the peak flicker voltage signal and the
bl ack reference signal by conparing the two signals; and d)Correcting the
identified flicker DC voltage offset using the auto zeroing feature. 21
10044] The auto zeroing feature allows the flicker DC offset correction
nmodul e 410 to reduce the flicker DC voltage of the image voltage signals

or i NPyapsaj INakfie %ﬂ@oggélroiiﬁgt et N8 dWPULS| ANahed NG Aauard the

ref erence signal. one enbddi nent of the present disclosure, the flicker

DC vollage qffset mgﬁ%h?e &Y [Tgst e 4. eRR0 Iffl TG cye! %1%8’3 4 xel
sanpl i ng period.” | n"anot her enpodi'nent, an of fse correction operation may
be perfqrnmed over nEItip

Ie,%%gg!ing cycles. [0045] FJ.GURE 5.is a

super i e"R9%i NG+ &PLGr & HFCh Pk DRI sERE d8P8Lt i'6n Hhd

correction operation according to one enbodi ment of the present

di scl odige the input signals trend toward the reference signal. In
one embodiment of the present disclosure, the flicker DC
voltage offset may be corrected for each framing cycle, or a
pixel sampling period. In another embodiment, an offset

correction operation may be performed over multiple sampling

cycles.

[0045] FIGURE 5 is a superimposed timing diagram 500 of a
flicker DC offset detection and correction operation
according to one embodiment of the present disclosure. The
timing diagram 500 includes a diagram of pixel wvoltage
output 510, a timing control diagram 520, a flicker DC
offset detectioh diagram 530, and a flicker DC offset
correction diagram 540. The timing diagram 500 generally
illustrates the relationship between a voltage output of the
superpixel or image pickup stage 102, the timing control
signals, outputs of the flicker DC offset detection module
430 and outputs of the DC offset correction module 410. The
superpixel stage voltage output represents both a pixel

output voltage and a black or zero output.
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timng diagram 500 includes a diagram of pixel voltage output 510, a
timng control diagram 520, a flicker DC offset detection diagram 530, and
a flicker DC offset correction diagram540. The tim ng di agram 500
generally illustrates the relationship between a voltage output of the
super pi xel or image pickup stage 102, the timng control signals, outputs
of the flicker DC offset detection nodule 430 and outputs of the DC of fset
correction nodul e 410. The superpixel stage voltage out put represents both
a pixel output voltage and a black or zero output. 22 [0046] The

super pipgle; Vol rage %&ﬁiﬁéfg{m@& i B%PQES dﬂ{&iarxolstl@geiﬁe&mgé, or

ni ne sanplings of piXels as voltage ™ out pu from to L9. A black light

si gnal i ref e signal_or _a bhase signal. lJ cycle in
the tieRy 8h s " GEBREET <3 iy ratme B T e RS R OB
(BLK)signal, a tinme point for_an input voltage signal _(SIG, . and a tine
poi nt f%#tﬁﬁ%'aﬁ#ﬁmkeﬁain@o(ﬁ&g'oﬁbrgﬁﬁﬁg. f%%% r Ao B QVéaﬁﬁdi%nnt of
the present disclosure, the fjrst step of a frame_sanpling cycle is

pul si ngFefrrencrksigepér &Fcer sPgaal sismadh rlepsaBRALBEIt FYChiexaln cHeg ge

reset.
timing control diagram 520 may include a time point for a

black (BLK)signal, a time point for an input voltage signal
(SIG), and a time point for the auto zeroing (AZ) operation.
According to one embodiment of the present disclosure, the
first step of a frame sampling cycle is pulsing the black
reference signal, which represents the pixel charge reset.
The following step 1is pulsing the input image wvoltage
signal, which represents a pixel read. Then the third step
is auto =zeroing operation, which designates the pulse for
auto zeroing of the pixel comparator 414a as shown in FIGURE

4.

[0047] Flicker DC detection diagram 530 shows that the
detected flicker voltage levels are stored at the capacitor
Car at the pixel sampling cycles L3, L4, L5 and Lé6. The
flicker voltage levels are stored at the capacitor Cy at the
pixel sampling cycles L1, L2, L7 and L8. These peak voltage
levels will then be used for DC offset correction using the
auto zeroing feature described in conjunction with FIGURE 4

herein. The flicker DC offset correction diagram 540 shows
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The follow ng step is pulsing the input inmage voltage signal, which
represents a pixel read. Then the third step is auto zeroing operation,

whi ch designates the pulse for auto zeroing of the pixel conparator 4l4a
as shown in FIGURE 4. [0047] Flicker DC detection diagram 530 shows t hat
the detected flicker voltage |evels are stored at the capacitor CA at the
pi xel sanpling cycles L3, L4, L5 and L6. The flicker voltage |levels are

stored @ie theaicappcetor 68 abvehe thbxelrsamplriregteyr|as e 1% cHer and L8.
These peak voltage levels will then be used for DC offset correction using

the auy 5&%@&@&@&9{&%@&&&96%0 GRRISEN @ #i itdkdy BRE drelhier i n.

The flicker set correction diagram 540 Shows 23 the peak flicker DC

I I's th | i : d ' 410.
Thece. pENG 0 AP BLPRVE S oHRe e Fhke £ reeP ToefT ot 1 abaia e

"menorized". at the pixel sanmpling cycles Li, L2, L7 and L8. [0048] FI GURE
6 il ust3IRENS FYFERIbC Tt £ Skt ’i‘)‘%‘gejcﬁi on systemand two scenarios, the

scenario 610 and scenario 630, according to one enbodi nent of the present

di scl osure. The _ ) .
[0048] FIGURE 6 illustrates a flicker DC offset detection

system and two scenarios, the scenario 610 and scenario 630,
according to one embodiment of the present disclosure. The
scenario 610 shows that if an input flicker DC voltage at
the capacitor Ca 436 is greater than the voltage at the
capacitor Cp 438, then the switch SWa 432a is turned “off”
and the switch SWg 432b is driven by the pulse SIG. In the
scenario 630, 1if the vqltage at the capacitor Cp 436 is less
than the voltage at the capacitor Cg 438, then the switch SWs
432b is turned “off” and the switch SW, 432a is driven by the
pulse SIG. As a result, the peak flicker DC levels are
stored in either the capacitor C, 436 in the scenario 630 or

the capacitor Cp 438 in the scenario 610.

[0049] FIGURE 7 illustrates timing diagrams 700 for flicker
DC voltage offset detection and removal for two scenarios.
The timing diagrams 700 include a timing diagram 710 for the
scenario where the voltage in the capacitor Cpz 438 is greater
than the voltage in Ca 436. At step 1 of the timing diagram

710, flicker AC and DC voltages are sampled at the capacitor

24




scenario 610 shows that if an input flicker DC voltage at the capacitor CA
436 is greater than the voltage at the capacitor CB 438, then the switch
SWA 432a is turned "of f" and the switch SWB 432b is driven by the pul se
SIG In the scenario 630, if the voltage at the capacitor CA 436 is |ess
than the voltage at the capacitor CB 438, then the switch SWB 432b is
turned "of f" and the swtch SWA 432a is driven by the pulse SIG As a

resul t o t hggpgak Johirekan aCHeualsS AbLrciSt Oed 3 eidutieduleatagpatiet or CA
436 in the scenario 630 or the capacitor CB 438 in the scenario 610.

En(‘) 1(‘) gg% tglaat?gé i Zn(j,_%#%sgfatgﬁ tifTi?Jg S@9EaRs P05 Oﬁsf 11 £k8leq D6nValt age

renova Or “two scenarios. The timng diagranms 700
710 for .the scenari

include a tim di agra where .t he valt i.,n the
capaci £6FPCE 438'F% ‘%ree;?e%?cktﬁ%ﬁer‘ﬁ%c%ﬂ%%?i ﬁSCRuﬂ'f@.% Rt% sst%%gJ T of the
timng diagram 710, flicker AC and DC voltages are sanpled at th
capaci Bér the emma3gize .comte oVPihagy @ife i tEn LSUB agglag Y3586 tly the
trailing edge of the flip and flop 433b is latched on at step 2. Then the
bl ack rdfeekencefesrenad issgnalsedls asestteptd. that compaamEor | AR4at ed ol t age
at the CB 438 along with the

the offset is cancelled through the auto zeroing feature.

[0050] The timing diagram 700 also includes a timing diagram
720 for the scenario where the voltage in the capacitor Cp
438 is less than the voltage in the capacitor C, 436. At the
step 1A of the timing diagram 720, flicker AC and DC
voltages are sampled at the capacitor C, 438 as controlled by
the switch SW, 432a. Subsequently the trailing edge of the
flip and flop 433a is latched on at step 2A. Then the black
reference signal is pulsed at step 3A. At the same time, the
voltage at the C 436 along with the black reference signal
is sent to the comparator 414a and the offset is cancelled

through the auto zeroing feature.

[0051] FIGURE 8 shows a combination 800 of a flicker DC
offset correction module and a correction scenario accorxding
to one embodiment of the present disclosure. The combination
800 includes the flicker DC offset correction module 410 and
scenarios 810 and 820. The flicker DC offset correction

module 410 may include a comparator 41l4a with a wide range
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bl ack reference signal is sent to the conparator 414a and the offset is
cancel l ed through the auto zeroing feature. [0050] The tim ng di agram 700
al so includes a timng diagram 720 for the scenario where the voltage in
the capacitor CB 438 is less than the voltage in the capacitor CA 436. At
the step 1A of the tim ng diagram 720, flicker AC and DC voltages are
sanpl ed at the capacitor CA 438 as controlled by the switch SWA 432a.

Subsequgid YZéP@iﬁ%aifbia@er%dgﬁl&f at hgaid | bp MU féwpddaa BE, gt ahed on at
step 2A. Then the black reference signal is pulsed at step 3A. At the sane

time, tabﬁh Mel tagg,at Lhe Go,d36: 4l eRgpwit hhyt he Bhaclkirgher area ssidgnal s

sent to the conparator 414a and the offset I's cancelled” through the auto

zeroing feature. [,0051] .E R a i |0 of flid r DC
of f set qggrlrcec??onéhr%dé}lécgc% 53 (20?3:% g\cgtseltong%g%r:lg?%}% gl‘ncoﬁ‘{r1 I négot o(lr{)ar%
enmbodi nent of, the present disclosure._The_ conhi nation 0 i.ncl.ydes the
f1i ckerSPO¥ofits HIGTHE obt | BAY nB80ReCRIY the Nakest &F g%é* and B39 The

flicker DC offset correction nodule 410 may include a conparator 4l14a with
a wi de fldsger 25 exigtlo £6r oithg f PREEF&VENdEETPARALOf Ces 9 t Mes WA AZ 416

comparator 4l4a through either the switch SWa _az 216 or the

switch SWB_AZ 218.

[0052] The flicker DC offset correction scenario 810 shows
correction or cancellation of three offsets for the sampling
cycles from L1 through L9. The first offset is corrected or
cancelled via the auto =zeroing feature for the sampling
cycle L2 through L6. The second offset is canceled for the
sampling period L7. The third offset is canceled for the
sampling period L8. The flicker DC offset correction
scenario 820 shows the DC voltage levels that are passed to
an ADC after the offset corrections for the conversion into
digital signals. The digitals signals represent the DC

voltages without the offsets.

[0053] It may be advantageous to set forth definitions of
certain words and phrases used in this patent document. The
term “couple” and its derivatives refer to any direct or
indirect communication between two or more elements, whether

or not those elements are in physical contact with one
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and SWB Az 418 (as shown in FIGURE 4). The sinple decision logic of the
flicker DC of fset detection nodule 430 (not shown in FIGURE 7) may send
only the highest of the lighting flicker level to the positive term nal
CSI G 420 of the conparator 414a through either the swtch SWA Az 216 or
the switch SWB Az 218. [0052] The flicker DC offset correction scenario
810 shows correction or cancellation of three offsets for the sanpling
cycles fromL1 through L9. The first offset is corrected or cancelled via
the auto zeroing feature for the sanpling cycle L2 through L6. The second

of f set ji.gceancel edrforc thgs SAMRIINEPEENAd IdomThesd Ni rdsoffsrt bs

canceled for the sanpling period L8 The flicker DC offset correction

pen o HR AR AN T VA0 LSS b N £ ABG: PRSAREL fonn Al AT ter

t he ofPSet corrections conversion into signals. The

digitals signals represent. the DC voltages w thout the offsets. 053] It
may bet&dPant &féousts o YEI UG dePFARt %nsaB%VOEertaiE%ﬁorgé&aﬁ%%phrases

used in this patent docunment. The term"couple" and its derivatives refer

to any“@eeeciaged | warhéctardmansagiaitbetReERiRS Or ABr &%t emdft s,

whet her
derivatives thereof, may mean to include, be included
within, interconnect with, contain, be contained within,
connect to or with, couple to or with, be communicable with,
cooperate wifh, interleave, Jjuxtapose, be proximate to, be
bound to or with, have, have a property of, or the like. The
term “correction” in the phrase “flicker DC voltage offset
correction” may be used interchangeably with the term
“removal”, the term “reduction” or their variants in the
same context. Similarly, the term “circuitry” in the phrase
“flicker DC offset detection and correction circuitry” may
be used interchangeably with the term “device’, the term

“system”, the term “module” or their variants in the same or

similar contexts.

[0054] While this disclosure has described certain
embodiments and generally associated methods, alterations
and permutations of these embodiments and methods will be
apparent to those skilled in the art. Accordingly, the
above description of example embodiments does not define or

constrain this disclosure. Other changes, substitutions,
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or not those elenents are in physical contact with one 26 another. The
ternms "include" and "conprise," as well as derivatives thereof, nean
inclusion without limtation. The term"or" is inclusive, meaning and/or.
The phrases "associated with" and "associated therewith,” as well as
derivatives thereof, may nean to include, be included wthin, interconnect
with, contain, be contained within, connect to or with, couple to or wth,
be conmuni cable with, cooperate with, interleave, juxtapose, be proximte
to, be bound to or with, have, have a property of, or the |like. The term
' COrr eGP LB dheoplr ase AlbbokelsPEOIAgRR! (dilaxtCOid ool Epdmy be
used i nterchangeably wt tﬁe term 'rem)vaJ] ", the term "reduction" or
their variants in, the same.context..Simlarly, the rm"cirgyitrny” in the
phr ase SP¥1 1k DcS5PPSet Sfet %f'?ondja%cgi% 1‘?’lfée/’ct ialogn tg%rfc%]iet&ryﬁyrraége be used
i nterchangeably with the term"device', the term "system', the term

" modul eﬁ'oﬁlro"t’ rct2MSnts in the same or similar contexts. [0054] Wile
this disclosure has described certain enbodi nents and general |y associ at ed
nmet hods, alterations
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and pernutations of these enbodi nents and nethods will be apparent to
those. skilled in the art. Accordingly, the above description of exanple
enbodi ments does not define or <constrain this disclosure. O her changes,
substitutions, 27 and alterations are also possible w thout departing from
the spirit and scope of this disclosure, as defined by the follow ng
clainms. 28 WHAT IS CLAIMED IS: 1. A device for renoving flicker direct
current (DC) offset froman output signal of an imge sensor, the out put
signal conprising a reference signal and an image signal, the device

conpri g 18 RealkeMEn cker DC vol tage input; an auto zeroi ng conparat or
configured to receive the reference signal on a first termnal and the

i mage signal on a second terminal, and performan auto zeroing function
during & T1rst ] TR REL Ofk Mg Shy FUES Nas SOBL | AU Egh osupl  the
offset from an output signal of an image sensor, the output
gsignal comprising a reference signal and an image signal,
the device comprising:
a peak flicker DC voltage input;
an auto zeroing comparator, configured to
receive the reference signal on a first terminal
and the image signal on a second terminal, and
perform an auto zeroing function during a first
time period; and
a first switch, configured to couple the peak flicker

DC voltage input to the second terminal during the first

time period.

2. The device of Claim 1, further comprising a peak
flicker DC voltage detector, configured to produce from the
image signal a peak flicker DC voltage signal at the peak

flicker DC voltage input.

3. The device of Claim 2, wherein the peak flicker DC

voltage detector comprises:
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DC voltage input to the second termnal during the first tinme period. 2.
The device of Caiml, further conprising a peak flicker DC voltage
detector, configured to produce fromthe inmage signal a peak flicker DC
vol tage signal at the peak flicker DC voltage input. 3. The device of
Claim?2, wherein the peak flicker DC voltage detector conprises: 29 a
first charge storage elenent, configured to store a first charge

correspondi rg firdtheldmge sigride BIdiehta, SeebighiéedePpasticak aa second
charge storage elenment, configured to store a second charge correspondi ng

to a cuiineil RAKd |dakadsddna MR a1 HRdge a8HyRa B eHORthe Qpar at or,

configured to conpare the first ~charge stored in the first charge storage

elenen%éa§£%fgi éiﬁgggggparge stored in the second charge storage el enent,
wherein the tirs arge storage elenment and the second charge storage

el ement areéugggéﬁﬁtéhéggéF§¥%&§éécé éméﬁ%, configured to store a

second charge corresponding to a current peak flicker DC
voltage signal; and
a second comparator, configured to compare the first
charge stored in the first charge storage element and the
second charge stored in the second charge storage element,
wherein
the first charge storage element and the second
charge storage element are coupled to the peak flicker DC
voltage input, and
the first switch couples one of the first charge
storage element and the second charge storage element to the
second terminal of the auto zeroing comparator based upon an

output of the second comparator.

4, The device of Claim 3, wherein the first charge
storage element is a first capacitor and the second charge

storage element is a second capacitor.

5. The device of Claim 3, further comprising a second

switch, configured to couple the image signal to the first
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vol tage input, and the first switch couples one of the first charge
storage el enent and the second charge storage elenent to the second
term nal of the auto zeroing conparator based upon an output of the second
conparator. 4. The device of Claim3, wherein the first charge storage
element is a first capacitor and the second charge storage elenent is a
second capacitor. 5. The device of Caim3, further conprising a second
switch, configured to couple the inage signal to the first 30 charge
storage el enment and the second charge storage el enent based upon the

out put Hatde SEseade cCOMPAEat 0ind bthd heedenticehatgél at ordge whibemeemt; based
upon the output of the second conparator, the peak flicker DC voltage
det ect @5, QDETA&ES LHe BSOSO £0PhL OHEBLhANcoMPEESESri he  first charge
storage elenment 1s configured to store the first charge corresponding to
the current peak flicker DC voltage signal and the second charge storage
elenment is configured to store the second charge corresponding to the

| TRge SIgnalunrlgﬁeadggfggdo£lgfagsrg?dWherein, based upon the

output of the second comparator, the peak flicker DC voltage
detector operates in a second configuration, wherein the
first charge storage element is configured to store the
first charge corresponding to the current peak fiicker DC
voltage signal and the second charge storage element is
configured to store the second charge corresponding to the

image signal during a second time period.
7. The device of Claim 1, further comprising an

analog-to-digital convertor coupled to an output of the

auto-zeroing comparator.
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7. The device of Claim1l, further conprising an analog-to-digital
convertor coupled to an output of the auto-zeroing conparator. 31 8. An

i magi ng devi ce, conprising: an imge sensor configured to output a
reference signal and an inmage signal; a flicker DC voltage offset renova
circuit conprising: a peak flicker DC voltage input; an auto zeroing
conparator, configured to receive the reference signal on a first term na
and the i mde 2gi gnedgiony dessicond canpriedngand perform an auto zeroing
function during a first tine period; and a first switch, configured to

le th k flick t tot d t | th
et time (B GRS iRcge FRUCAACErS Lohi U S 1 & PF TEUes L lithut of

the auto_zeroing conparator. 9. The imaging deV|ce of Caim8, further
conpri Sy & ﬁﬂﬁﬂ@f%%gﬂéﬁf[x:voltage detector, configured to produce from
the 1image signal a peak flicker DC voltage signal at the peak flicker

a flicker DC voltage offset removal circuit comprising:
a peak flicker DC voltage input;

an auto zeroing comparator, configured to receive
the reference signal on a first terminal and the image
signal on a second terminal, and perform an auto zeroing
function during a first time period; and

a first switch, configured to couple the peak
flicker DC voltage input to the second terminal during the

first time period;

an image processor configured to process an output of the

auto zeroing comparator.

9. The imaging device of Claim 8, further comprising a
- peak flicker DC voltage detector, configured to produce from the
image signal a peak flicker DC voltage signal at the peak flicker

DC voltage input.

10. The imaging device of Claim 9, wherein the peak

flicker DC voltage detector comprises:
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DC voltage input. 10. The imaging device of Claim9, wherein the peak
flicker DC voltage detector conprises: 32 a first charge storage el enent,
configured to store a first charge corresponding to the inage signal
during a second tine period; a second charge storage el enent, configured
to store a second charge corresponding to a current peak flicker DC

vol tage signal; and a second conparator, configured to conpare the first
charge stored in the first charge storage el enent and the second charge
stored in the second charge storage elenment, wherein the first charge

st orage el ereenfirgid ahverge conoiragd ae hematioy agen®l quesd ao estoowplaed to t he
peak flicker DC voltage input, and the first switch couples one of the

first charge clsfagsetamidang ¢derisechnshehed gea Bt @iapey ed enent to the
second term nal of the auto zeroing conparator based upon an output of the
second LM AlMe period;
a second charge storage element, configured to store a
second charge corresponding to a current peak flicker DC
voltage signal; and
a second comparator, configured to compare the first
charge stored in the first éharge storage element and the
second charge stored in the second charge storage element,
wherein
the first charge storage element and the second
charge storage element are coupled to the peak flicker DC
voltage input, and
the first switch couples one of the first charge
storage element and the second charge storage element to the
second terminal of the auto zeroing comparator based upon an

output of the second comparator.

11. The imaging device of Claim 10, wherein the first
charge storage element is a first capacitor and the second charge

storage element is a second capacitor.
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11. The i magi ng device of C aim 10, wherein the first charge storage
elenment is a first capacitor and the second charge storage elenent is a
second capacitor. 33 12. The imgi ng device of Claim 10, further conprising
a second switch, configured to couple the inmage signal to the first

charge storage el enent and the second charge storage el enent based upon
the output of the second conparator. 13. The inmagi ng device of O aim 10,
wherei n, based upon the output of the second conparator, the peak flicker
DC voltage detector operates in a second configuration, wherein the first
char ge storddge. elBrenmagimpniegicedof oCsabmel @, f fusthehacgeproingspondi ng
to the current peak flicker DC voltage signal and the second charge

St or agesed @i Ndwi tScle ONd it P d® 56 OESuPL & CERRTimeHar §Eg8AT IS Peneli Hitr &1
the i mage signal during a second tinme period. 14. The I nmagi ng device of

A ai m &nd ée NS o C U d Bdifiéht AL @NEhO9sL o8k g&ﬁﬂ%éogt\!@féé’é EpsRLed to an

out put of t aut o-zer ol ng conpar at or, wherel n the I mage processor 1S

confi 0yt d QuR5PoHss SRk Y B t0E-A08! 89rpozdigital  convertor.

13. The imaging device of Claim 10, wherein, based upon the
output of the second comparator, the peak flicker DC voltage
detector operates in a second configuration, wherein the first
charge storage element is configured to store a first charge
corresponding to the current peak flicker DC Voltagevsignal and
the second charge storage element is configured to store a second
charge corresponding to the image signal during a second time

period.

14. The imaging device of Claim 8, further comprising
an analog-to-digital convertor coupled to an output of the
auto-zeroing comparator, wherein the image processor is
configured to process an output of the analog-to-digital

convertor.
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34 15. A method, conprising: receiving an output signal of an inage sensor,
the output signal conprising a reference signal and an i mage signal
generating a conbined signal by conbining the inage signal with a peak
flicker DC voltage signal during a first tinme period; performng an auto
zero function in an auto zeroing conparator during the first time period
between the reference signal and the conbined signal; and conparing the
reference sipal anvethedi negmesighag: with the auto zeroi ng conparator
during a second time period subsequent to the first tinme period. 16. The
met hod of Clwecedbind ushheiteotpsiShal opr adutingget Benpeak théecker DC

vol tage signal fromthe image signal. 17. The nethod of Caim 16, wherein

producigcple Pegkal fébkels g Vel tagerehgpaki EHLT hehacoAPihsegs: storing a
first charge corresponding to the imge signal during a second tine
periodigignal;
generating a combined signal by combining the image
signal with a peak flicker DC voltage signal during a first
time period;
performing an auto zero function in an auto zeroing
comparator during the first time period between the
reference signal and the combined signal; and
comparing the reference signal and the image signal

with the auto zeroing comparator during a second time period

subsequent to the first time period.

-16. The method of Claim 15, further comprising
producing the peak flicker DC voltage signal from the image

signal.

17. The method of Claim 16, wherein producing the peak
flicker DC voltage signal further comprises:

storing a first charge corresponding to the image
signal during a second time period;

storing a second charge corresponding to a current peak

flicker DC voltage signal;

35




storing a second charge corresponding to a current peak flicker DC voltage
signal; 35 conparing the inmage signal to the current peak flicker DC

vol tage signal; and producing the greater of the inage signal and the
stored peak flicker DC voltage signal as the peak flicker DC voltage
signal. 18. The nmethod of O aim 17, wherein the first charge corresponding
to the inage signal is stored in a first capacitor and the second charge
corresponding to the current peak flicker DC voltage signal is stored in a
second capacitor. 19. The nethod of Caim 17, further conprising:
operating i ncemparistg cond | Quagd | ohgnahetei the heufrest pediar fbicloer espondi ng
to the inmage signal is stored in a first charge storage device and the

second mhavgEcagoOrseppondifgito the current peak flicker DC vol tage signa
is stored in a second charge storage device; and based upon a result of

ggg}g:{: gg .t nrt?récﬁ@cgfné'&{@lgfé’até:peofU’El‘ignim&)&é‘ksiéﬁgi(eén@ctﬂé’l tage signal,
stored peak flicker DC voltage signal as the peak flicker DC

voltage signal.

18. The method of Claim 17, wherein the first charge
corrésponding to the image signal is stored in a first
capacitor and the second charge corresponding to the current
peak flicker DC voltage signal is stored in a second

capacitor.

19. The method of Claim 17, further comprising:

operating in a first configuration, wherein the first
charge corresponding to the image signal is stored in a
first charge storage device and the second charge
corresponding to the current peak flicker DC voltage signal
is stored in a second charge storage device; and

based upon a result of comparing the image signal to
the current peak flicker DC voltage signal, operating in a
second configuration, wherein the first charge corresponding
to the image signal is stored in the second charge storage

device and the second charge corresponding to the current
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second configuration, wherein the first charge corresponding to the inmage
signal is stored in the second charge storage device and the second charge
corresponding to the current 36 ....................... peak flicker DC
vol tage signal is stored in the first charge storage device. 20. The

met hod of Gl aim 15, further conprising converting the result of conparing
the reference signal and the inmage signal froman analog signal to a
digital signal. 37

peak flicker DC voltage signal is stored in the first charge

storage device.

20. The method of Claim 15, further comprising

converting the result of comparing the reference signal and

the image signal from an analog signal to a digital signal.
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