;NCe3e85<X" 6XT" +! ACTI VE PI XEL SENSOR W TH PHOTO DI ODE DI SCHARCGE 5
I nventor(s“ Kal want Singh Richard S. Lewi son FI ELD OF THE | NVENTI ON The
.present in wm , tes to active pixel sensors 1o and, nore

speci fi cal m"” Mmmlﬁ”’mermval of image artifacts associ at ed W th i|[’|cli)r1‘"ﬂﬁ\%t2t903
or inconsi st entogbxel reset in such sensors. BACKGROUND OF THE | NVENTI ON 15
‘Referring to Figs. 1A-1B, a representative prior art pixel cell

(hereinafter referred to as a "pixel") 10 and a timng diagramtherefor are
respectively shown. Pixel 10 includes a photo diode 11, a reset transistor
13, a read transistor 15, a photo diode output node 17 and pixel 20 out put
node 19, anobngst ot her conponents. A typical active pixel sensor (APS) is

formed of a plurality of such ]g}xels arranged in an array and havi ng
necessary control |ogic. BeforieEexiedir @El‘%@é‘ WAdHo di ode of pixel 10 (and

of all other pixels in an arpgyrol prbgEehrdyurEeset signal, 25 RST, i.e.,
charged to a reset voltage, VasT. that approaches VDD. During exposure, the
photo di ode 11 discharges to a voltage level, VEXp, that will vary with the
amount cof incident light. The ﬂ{\férﬁfcﬁ”&g b a\ﬁ/e‘,%pltt@e }agll':;ST and VEXP is thus
represent ative of the anmount of 30 incident |ight on particul ar pixel.
during an exposure tine period and i s used Richgarebrsat devisesul t ant i mage.
After exposure, a reset signal is propagated to the reset transistor 13
whi ch rechar ges t he photo diode fromAttorney Docket No.: 10991781-1 ~
I~ MAR 2003 VEXP t owarRIEDASF (WHoWNVENTECY. 1B) . The actual VRST of
eachpixelvmll iffer.,. ouever, base h P_f Wmchthe
nixel is char gedl‘ﬁe,y%l)feageéxré:% Je% i b‘ot O\{Léteg o) gc%rlvre %%E; S(elia%@
-ohe t hat vmsd,em:sedspecnﬁxcmﬂy,nctcdet\hel rgmwaw blE nmageharrgefta@ttshe sarre
.VRST as a socgcoladc c? th a r{}}ngglhet\é Pér Tbnﬁ?orqg gtér%t igéil frg(s:te% (ﬂn ghost
i mages in FesUl ath oth I'mage Si

such sensors.

BACKGROUND OF THE INVENTION

15 Referring to Figs. 1A-1B, a representative prior art
pixel cell (hereinafter referred to as a “pixel”) 10 and a
timing diagram therefor are respectively shown. Pixel 10
includes a photo diode 11, a reset transistor 13, a read
transistor 15, a photo diode output node 17 and pixel

20 output node 19, amongst other components. A typical active
pixel sensor (APS) is formed of a plurality of such pixels

u) arranged in an array and having necessary control logic.
Before exposure, the photo diode of pixel 10 (and of
all other pixels in an array) 1is reset by a reset signal,

25 RST, i.e., charged to a reset voltage, VRst, that
approaches Vpp. During exposure, the photo diode 11
discharges to a voltage level, Vgp, that will wvary with
the amount of incident light. The difference between the
Vegr and Vggp 1s thus representative of the amount of

30 incident light on a particular pixel . during an exposure
time period and is used to generate a resultant image.

After exposure, a reset signal is propagated to the

reset transistor 13 which recharges the photo diode from

AR

*166166*
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" The failure to obtain a constant or consistent reset value occurs in part
because reset transistor 13 is a MXS to transistor that enters thq ,hMAR 2003
. subt hreshol d region as the photo di ode vol tage approaches VDD. In this
regi on, the conduction of the MOS transi stor wanes and beconmes exponenti al
(to a first order) . This results in the photo di ode never reaching VDD,
~but slowly converging towards it. 15 Wth a fixed duration reset signal,
pi xel s charge to different |evels based on their respective VIP at the tine
chargi ng began. As alluded to above, 4his in turn results in different
final VRST levels at the plurality of photo diodes and the appearance of
“ghost | ng"v&% L 6ARAEE LV NE 2ondwragen | ORI "18nd the desedl anls, idmgsacH\ need
thus exists for an APS that nininizes or reduces the presence of artifacts

in the resBi¥aht WikdgetYRiGRblY afdd feki stROWHeTan BPSCEhAD r E8Gcebxe hese
artifacts byo@r QHidingeRe CYANAt €05 r@n8lgeR! t A8L. SRmpMVARY GhdtE

I NVENTI ON Accordingly, it i's an object of" the present invention to provide
an APS t hadip@dueéshor dioWniVest ekl & 1/ foRE SLhAL r¥as| FERPSPARGES MBE . It s
anot her, ob} gl adiie { DEg PSLN) TN QPR detnd viES ddhad gves a
consi stent reset Tevel for substantially all pixels. Attorney Docket No.:
10991781- 1diode 4wiiiR 20D3gh ¥exett Thé salresudinsobpeertdffache mresdmst

i nvention Vj t r qyi.des .t benefits in an

ef ficient }érﬁ?j&%%oinrg%%é;%n%r}r%rpﬁ e éﬁa?fg"aggl ggggégbj ects of the present
invention 5 areThehfavbdréytasebbaianaacrinvaptxelr semsdstsinth ywtto di ode
di schar ge 9&19&%&&&9 }Qr‘?r?!aPt EQEQPSee?@gQ’cnﬁ%nsigﬁoPr?%eflts Isd 1 on
|$cludes a prxel “celT, having a photo di ode having an oufput node, a reset
t /ansi st ort caopl stbxt o thae photerdi odes anvdbthrssheddabkggionenadl edin e

di schargi ng_cir cui. o] 0 di,ode at,_.sel e di ar ges
t he photo %i]%te tﬁégggl %fcga\#ﬁ %'é?g?%ﬁ%ée’s\,g’?q-agéﬂ ‘Ithrzle‘;di g%ﬁglﬁéé c@?‘%uit may
i nclude a gatditeiaonnett i bine beM@Bentirhesphbtoo dwedesaneniche Hexwontesy el

reference voltage.. Alternatiyel h | schak ge Lrcuit ihcl ude a
supply vol?’é%%n 5-te E%t% ’é?ﬁ%fé {3 g?gk's Egmigcﬁég}lglcﬁe \kleécnwh I}ogctholevel
ref erence dbbdageswend tdwcHiow [Vewel buefelence awlveageing rteveotdeerit.

enbodi nt..the present, i pventi on incl udes. cti i xel .sensor .circuit
havi ng{EZ pvf]ht%%l ia[)yef\f)if‘egi x‘eriol%ﬁl I%eseeal{ch%ﬁ \F}Fﬁg aggﬁg%% d?%%re,ecotn? rol
| ogi ¢ t hatdpf Deraeyat ebeveredetses] gmaltialint hegpleotta v dde @ft édeh tpimee| cel |

i schar gi g Te Ehdverth o TheodrdCEd: ghoklr Dl & r e oo
t he photo i odé§ferent final Vgzsr levels at the plurality of photo
diodes and the appearance of “ghosting” or “capacitive
20 1image light” and the resultant image.
A need thus exists for an APS that minimizes or
1) reduces the presence of artifacts in the resultant image.
A need also exists for an APS that reduces these artifacts

by providing a consistent reset voltage.

25
SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention
to provide an APS that reduces or eliminates artifacts in
resultant images.
30 It is another object of the present invention to

provide an APS that achieves a consistent reset level for

substantially all pixels.
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25 prior to issuance of a reset signal by the control logic. The present

i nvention also includes an active pixel sensor circuit having pj‘]ﬁemﬁeht[ﬁ

_ that each contain a photo diode discharge circuit. The attainne t
foregoing and related 30 advantages and features of the invention should be
nore readily apparent to those skilled in the art, after review of the
-follow ng nore detailed description of the invention taken together with

t he drawi ngs. Attorney Docket No.: 10991781-1 "1 4 MAR ~Cb~ - 4 BRIEF
DESCRI PTI ON OF THE DRAW NGS Figs. 1A-1B is a schematic diagramof a
representative prior art pixel cell and a timng diagram5 therefor. Fig. 2

s a schemalic g agian ploanpachh Yool K EROSYrJdnfCCOEJaliCEo Ly L he
present invention. Figs. 3A-3B Is" a schematic diagramof a pixel wth photo
di ode di schaegedandught ian n§Pdi &dpedm phevides ithese dwrwmfddasceimi tamn t he
present in o) Fi.gs. - J mati c di agram of an alternative
enbodi rrentggﬂéal%lltxe %%ﬁ%ﬁﬁgtégidﬁgglg’%rscharge and a timng diagram

t herefor in accbrelkmcendi tielistedrasgetts neénttiton. pi&sOET AlibERnDESGRI PTI ON

Referring to Fig..2 hepati ¢ di_agram of an S_in_accordance with the
resent v roneed Bin SoRpET G IR BReaLT ot gr e OBl ERRYS (it
a pluralityicode 24 quheaige A3 4@ scaribedt heaelhntow and col unm i ntersection),

control logic 24, row decode {o%i c_26 apd.caol ugn outﬁu% grocessi.r)l%ll ogi c
28. Controf™ | 99F cEBA°PtBeilces POuPEEFERE ARYCPESRE $PGhArSS (8n&1*Filschar ge
si gnal s" aseIl schwssiaty el phdto Colode bavpuy phnoocaspubgnbag) cCalieiseel udes

col um 25 anépl ifiers, a rfw buf fer and ot her .k%%wn Ci cuitrﬁ f or _processing
array out puteiigiats. cawpted &°d ePBAC c -0 o RAT5UL 2 psE §§§iaﬁgyl ogic is
Khown 1ion tiealirdab1Suid addiea epinig adit@gitc dsupled kamowme phbebt dwicdeout the

provtsion 3L, phote i gde, diacherge g felated aopects S0 Vel e Lauoht
of a pixelrefmirde phelvagk 0de e chas ghiifge ard raut tMndg oiw@lade t Ber ef or,
In accor dagnacteab'AZ\Ltet OégrelXec?gggr?t bg%w:ee%logtgl%g8%3_h%to Ic’{ilocPe ~Ial'1 - t%?eD low
level reference voltage. Alternatively, the discharge
15 circuit may include a supply voltage to the photo diode
that is switchable between a high level reference voltage
and the low level reference voltage.
In another embodiment, the present invention includes
an active pixel sensor circuit having a plurality of pixel
20 cells each having a photo diode, control 1logic that
propagates a resét signal to the photo diode of each pixel
x) cell, and a discharge circuit coupled to each of the photo
diodes for selectably discharging the photo diode. The
discharge circuit preferably discharges the photo diodes
25 prior to issuance of a reset signal by the control logic.
The present invention also includes an active pixel
sensor circuit having pixel cells that each contain a
photo diode discharge circuit.
The attainment of the foregoing and related
30 advantages and features of the invention should be more
readily apparent to those skilled in the art, after review
of the following more detailed description of the
invention taken together with the drawings.
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- 5 wth the present invention are respectively shown. Pixel cell 30

i ncludes a photo diode 31, reset transistor 33, a read transistor 35, ED

~ phot o di ode out put node 37 and a pi xel output node 39. Pixel fﬁ‘l)l.am 2 3
i-ncl udes a discharge 5 transistor 36 that discharges the photo diode after
VExp 1S read. Control logic 24 (of Fig. 2) generates a dischargesignal,
-DSC, (shown in Fig. 3B) that causes the voltage onphoto diode 31 to

di scharge to ground (or to anotherlosuitable Iow | evel reference voltage)
before the resetsignal, RST (also showa in Fig. 3B), is issued.

Byperm tting the photo diodes to be discharged (after VEXp isread), all of
the photo diodes of an array are at the sanevoltage level, e.g., ground or
a chosen reference, beforelbthe reset signal is issued. |Issuance of the
reset signal now causes HH R P i ¢ REWENGP ge t oappr oxi matel y
the same voltage;lgvel {Abghcatgd as; VRS hdbRigs. 3B #H because, in
| arge part, the photo diodesare i1dentical and are charged with the sane
vol t age foregprasesbaeiper podonbf artmpiRels el card a dondingt ehtadRBT anong
pi xel s dn tpegaLegy and hence the renoval O VEXp dependent artifactsfrom
the resultant Tnmage. Referring to Figs. 4A-4B, a schematic di agram of

an25al t er nat i veFégbod néat eof sahehxelc4@iwigramphof o adi odetiseharigiely, and a
timng dia her e i r.dangew . _[.nvention are
respecti ve%gg%%v\ﬁ ?%f%&cgec%&% SQ:% Opyr%étegg, R%?)%@I@rlﬁ “includes a photo
di ode 41, areseFigsanSAsB8r i43,a aschadatiansdisgorm4®f aa ppdke ldivaide80out put

node 47 an L xel ;.out put . 9. _Pi,xe oi hc| S ransi st or
switch 44 ?Irlgé%er)(esdel%;éeed %%?%ﬂagﬁq%ongﬁhf oalr m%?ﬁgbgg.&f%%haﬁh%%;gégs A suppl y
ndde Sibet aceordamce hwarid tthd guweseingr emyentdlohage, for exanpl e, Att or ney
Docket No.: 10991781- =~ 4_MAR_2 T bet ween VDD _an round. Swtch
44 may be inple %?éd?mf%}? éﬁaﬁp 88g§'§tégcﬁ£g¥%{%? erar\/viaﬂht%ﬂba%divsechar ge
si gnal (DS&Enobddiment 3BY as pheel npuitthsipgimato Whedeswiitscdiedrdeo gnadured or the
| ow | evel fef eren(ée vol tage switch 44 di schaé%gs Sgphgto di ode 41. Control
| ogi c 24 geHBTAY eS A& sERE GO %1 gllal ST RATTERT r S swh e h AR SSTHF has a
vol t age | eireventhidni s effectively the conpl enent of the supply node voltage
V51 (vﬂen switch 44 is inplemented as a CMOS inverter). Wen |0 node 51 is
driven’ ow, photo diode 41 discharges through this path causing VaP to
ground. Node 51 is then returPERATIEDR DHIPRIRAIEN vol tage (VDD) and a reset
signal, RST, i nerat e i.ch |1 s the at o di_odes f al ixels in
the array) to @i’éﬁem{lﬁ%d@%ﬁg&r I%tu’oa{hsecqla(:"r”lr%'anl§erdncsjlr’?‘tgrc?‘fn él%g.anS P[yi Hé
arr angenendicadrdance 4Rkiahsalechpegssntt cdonsirgtient VRSEhammng Abge @oxel s of
the array and]ghgnce ;lhe r%r‘r,%val .)% Vlalg depe?%j&gt 'ﬁ%ti fac%s f;ognthef
resul tant THEQgEICEi §8. HA AT BETH) &6t o Yambodt nBntE2torY 28
achi evdong gt s d36¢é0di solearage aadhr eset , atdit cohempr esarir dentdrini)gn i s not
limted to_these t enbadi nents.  Any . design t rovides phot g di ode
Ic;ljschar ge %‘?‘ﬁ'%o n;[\gg?'?n ?géetro\yol a5t si\%g%ﬁi %aé[ h%“%r SSEH‘PRi r?\}‘g:rﬂuiton.

gs. 3A anbdssiapy esemnic p2&el Coesrghslbyht adeptreddcky mess s28 qatoduci bl e
ina "cell" format,and thus lend,th mse}jves to .use .in, APS f bricatidon.
Whi le the THVeREPEH RaSTidh (84 | BedoPREE8nmactiog wi th SPECFe
enbodi nentise Idwer eofoluin wolitpie pndesssog 1baici R8I $neapakbke cofl iy t her
nodi fi cation d this_30 application is iptended to cover any variations,
uses, 20r aﬂ%%ﬁ‘?ﬁ%’ of* t%oé’Pi h%g?‘iﬁoﬁmﬂil ?g}(}\fﬁg%qoﬁmgeﬁﬁ%‘i]%t}t(%e 5% nci pl es
of the inyerddewsiang intaidi rentguch deparaiyn.es sierbilee pleeseldt @inscl osure
as come within kno or, Attorney,Docket No.:,610991781-1 '~ 4 MAR 2003
cust omary Pr-attt ¢4 L{thepszFeF%lﬂHi cﬁm@ﬁ‘é i hYerfiYM pemt aith€ afdtas may be

appl i ed t sdihealsissesdbnetol eabyies iBeraisdhefrgvn ,sex1hort hwianduas thal |
within the scope of the inventign and the limts of the agé)ended cl ai nms.

At t or ney BIRELS @ - °fog§F¥§1-fl°de discharge and relat aspects
30 that are taught herein.

Referring to Figs. 3A-3B, a schematic diagram of a
first embodiment of a pixel 30 with photo diode
discharging, and a timing diagram therefor, in accordance
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,. ,. CLAIMS ~ 4 ~~~ 200 s 1. A pixel cell, conprising: photo.qi OW%IH'Q
an output node; 5 a reset circuit coupled to said photo di ode;\

sel ect abl y enabl eabl e di scharging circuit coupled to said photo diode that
sel ectably di scharges said photo diode to a given reference voltage,
wherein activation of said reset circuit when said discharging circuit is
- not enabl ed 10 achieves a charging of said photo diode. 2. The pixel cel

of claim 1, wherein said discharging circuit includes a gatable connection
bet ween sai d photo di ode output node-and said given reference voltage. 15
3. The pixel cell of claim1l1l, wherein said reset circuit includes a reset

transi storgal sigd dppbetAt dijedentibpula fR0deedSe SOUR B §RowRI d prigzat
transi stor, and further wherein a supply to said reset transistor is

swi t chabl €4idt nine dfs 20 PhetD <|‘“e<?%ﬁ? ehte (OFehgErandiserd gdver

reference Mol{ ageandistdie BbXela Chbt O agbBEMhitJut! tASke COAPTASANG a
switch provided in the sup plggto said reset transistor, said swtch being

swi t chabl @ielweeutrithi nede e38 Radedaidd Filan DEcledes encdivsheage, said
given gef etfr(;%{}l%g]s\t%'rt%et%%rtv'd&%cm leéctﬂﬁéggpéﬂbddl?g%oa@tQQGVEXP 35 The

pi xel cell aim 1, wherein sal given reference voltage is a | ow Leve
ref erence negld.age equal approximately 30 to ground. 6. The pixel cell of

claim2, whereid, §3id GASGPL €260MNRGCLELD. 15)a JUR IS ARSI 51 QG scharge
signal, DSC, (shown in Fig. 3B) that causes the voltage on
photo diode 31 to discharge to ground (or to another
'F) 10 suitable low level reference voltage) before the reset ’
signal, RST (also shown in Fig. 3B), 1is issued. By
permitting the photo diodes to be discharged (after Vgygp is
read), all of the photo diodes of an array are at the same
voltage level, e.g., ground or a chosen reference, before
15 the reset signal is issued. Issuance of the reset signal
now causes each of the photo diodes to charge to
approximately the same voltage level (indicated as Vgsr’ in
Figs. 3B and 4B) because, in large part, the photo diodes
are identical and are charged with the same voltage for
20 the same period of time.
This achieves a consistent Vgsr among pixels in the
Q) array and hénce the removal of Vg dependent artifacts
from the resultant image.
Referring to Figs. 4A-4B, a schematic diagram of an
25 alternative embodiment of a pixel 40 with photo diode
discharging, and a timing diagram therefor, in accordance
with the present invention are respectively shown. Similar
to pixels 10 and 30, pixel 40 includes a photo diode 41, a
reset transistor 43, a read transistor 45, a photo diode
30 output node 47 and pixel output node 49. Pixel 40 also
includes a MOS transistor switch 44 (represented in
functional form in Fig. 4A) that couples a supply node 51
between a high and a low reference voltage, for example,
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~ ~ M~ ?~0~ 9 7. The pixel cell of claim4, wherein said switc
inverter switch. 8. The pixel cell of claimi1, wherein said phoaolaﬂg%gﬁﬁz
5 reverse biased. 9. An active pixel sensor circuit, conprising: a
" plurality of pixel cells each having a photo diode; control |ogic that
propagates a reset signal to the 10 photo di ode of each pixel cell; and a
-discharge circuit coupled to each of said photo diodes for discharging the
photo di ode. 10. The circuit of claim9, wherein said discharge circuit IS
di scharges said photo diodes prior te gssuance of a reset signal by the
control logic. 11. The. circuit of claim9, wherein said discharge circuit

i ncludes a,sgl&aat Vgl unanahleall.e Fiischarge i @nekstabhenoda) e¢let ween
t he photo di ode of each pixel cell and a |ow |evel reference voltage. 12.
The circuiexamPlgaiaf @ diYegdeEr pibtdl tha (diisshiayges sadgnaset(DSLansi st or

coupl ed tq,¢ hg; photg) dhgdenal sthate MXflai25 wedd  s@dchde sUPR%uRl each
reset transistor is swtchable between a high level and a | ow’l evel
reference el thgelow3 leaurl crefarenee gloditwge2, swiHertei A4 sdilgchairgelsabl e
supply i s gehievad i t,h @ MOS switch. 30 14. The circuit of claim9,
wherein each pi xel cell includes a reset transistor coupled to the photo
di ode of that PgweiradellqgiandRhcyénaratoes okhehdisebarger angnaiothatien said

char gi ng STOSMO Dhatd taroad 1810a BEF LY oo ledr ARRL PERRE CTsT, o
sensor (ARSfed iomdy itdiengeomel enaps of | tproviugpdy arwd&PSdilahagry ¥s:
plurality ofy i xgl; €6l | #2108t 16R9REAELUIS A PNAKGs Ui QY8 8| SRR MU t
gyd a di scharge ClrTcuit; _ '

10 node 51 is driven low, photo diode 41 discharges through
this path causing Vexp to ground. Node 51 is then returned
to a high level voltage (Vpp) and a reset signal, RST, is
generated which pulls the photo diocdes (of all pixels in
the array) to Vgsr’. .

15 Similar to the arrangement of Figqg. 3A, the
arrangement of Fig. 4A also achieves a consistent Vggr
among the pixels of the array and hence the remova% of Vgyxp
dependent artifacts from the resultant image.

Figs. 3A and 4A illustrate two embodiments for

20 achieving photo diode discharge and reset, but the present
invention is not limited to these two embodiments. Any

r) design that provides photo diode discharge and a uniform
reset voltage is within the present invention. Figs. 3A
and 4A represent pixel designs that are readily mass

25 producible in a “cell” format and thus lend themselves to
use in APS fabrication.

While the invention has been described in connection
with specific embodiments thereof, it will be understood
that it 1is capable of further modification, and this

30 application is intended to cover any variations, uses,' or
adaptations of the invention following, in general, the
principles of the invention and including such departures
from the present disclosure as come within known or
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+ resetting the photo diode of each pixel cell after 10 exposure, ﬁ\ﬂ 0
di schargi ng the photo di ode of each pixel cell before said rés[ét &%ep.
16. The method of claim 15, wherein said discharging step IS includes the

" step of discharging each photo diode to a | ow | evel reference voltage.

.A3. IR A

?. AFu, . Al yR AFY?. ASNFR. A3l ?. A. A. Ay267CDLM ] by8T! pqy{vpj d_ZU] ca] ca] cal] cal]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]c<a]calyz. 3z 8EK+NQ b=yt g e_ZU] ca] caU] ca] ca] ca] ca]c

a] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] caU] ca] ca]ca]c
25252] ;fﬁdé&!éngﬂy HEREERE L™ vt ey dlagl] X 8_2Hl fdiealigal caherheabeal cal cal

a] cal] ca] cfrizdren] ard)] 4] BaY cRec AURddleda]tta] Bt eapeaféad) égptaresa

+k-. .=/ EOQ%IJ%-W} 33149 T6 L

88+{vql gb] X e_ c] ca]l c%%a?ggfﬁé] %g]gcaa]scaﬁ%:%i] géicgércz;:]hcea] %%?%%] gaf] calcalc
a] ca] cal] ddie ajroegrddjccsancakbg] dapéhpcaf chiie azpperrde 10UCIRs ( ) - @ CF&L0%&' ()
-@ 10%& ()--F, @09 ()- &3

+109%&' ()- @910%&' ()- y8To!wlJ3!Y' 10%&' ()-!!x, Y 10%E& ()-!!'Y 10%& ()-!!'Y" 10
% ()-!'Y 10%J U & ()-!!i#F&10%66& ()-@}oM Y 10% % Z+109%$0O$0C& ()-, 10"3"3
10"3"3 10"3"3M 1 #Y' 1096 3"3& ()-!!'Y 10%& ()-!!'Y 10%& ()-'M zX6M !l 3
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8&10%&' () - S2! FF f&10%&' () - S2FSS10%&' () - %d0%&' ()- 100 100 1008;
10908 ()-j 1v\ &WS3_=!"FF f&L0%& ()-S2! FF f&L0% () - S2! (FF f &LOYNNE () - S2! FF
f &10%&' () - S2! FF

CLAIMS

1. A pixel cell, comprising:
photo diode having an output node;
5 a reset circuit coupled to said photo diode; and
a selectably enableable discharging circuit coupled to
said photo diode that selectably discharges said photo diode
to a given reference voltage, wherein activation of said
reset circuit when said discharging circuit is not enabled

10 achieves a charging of said photo diode.

2. The pixel cell of claim 1, wherein said discharging
circuit includes a gatable connection between said photo
diode output node and said given reference voltage.

15
3. The pixel cell of claim 1, wherein said reset circuit

includes a reset transistor and said photo diode output node
is coupled to said reset transistor, and further wherein a
supply to said reset transistor is switchable between a high

20 level reference voltage and said given reference voltage.

4. The pixel cell of claim 3, further comprising a switch
provided in the supply to said reset transistor, said switch
being switchable between a high 1level and said given
25 reference voltage, said given reference voltage serving to

discharge said photo diode. .

5. The pixel cell of claim 1, wherein said given reference
voltage is a low level reference voltage equal approximately

30 to ground.

6. The pixel cell of claim 2, wherein said gatable

connection is a MOS transistor.
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11. The .circuit of claim 9, wherein said discharge circuit
includes a selectively enableable discharge transistor
20 coupled between the photo diode of each pixel cell and a low

level reference voltage.

<) 12. The circuit of claim 9, wherein each pixel cell includes
a reset transistor coupled to the photo diode of that pixel
25 cell, and the supply of each reset transistor is switchable

between a high level and a low level reference voltage.

13. The circuit of claim 12, wherein said switchable supply
is achieved with a MOS switch.

30
14. The circuit of claim 9, wherein each pixel cell includes
a reset transistor coupled to the photo diode of that pixel

cell, and activation of the reset transistor when said
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15. A method of operating an active pixel sensor (APS),
5 comprising the steps of:
providing an APS having a plurality of pixel cells that
each include a photo diode, a reset circuit and a discharge
circuit;
resetting the photo diode of each pixel cell after

10 exposure; and

) discharging the photo diode of each pixel cell before

said resetting step.

16. The method of claim 15, wherein said discharging step
15 includes the step of discharging each photo diode to a low

level reference voltage.



