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present invention relates to drive circuits and, nore specifically,
drive circuits with over-voltage protection that provi de a vol tage greater

than a supply “ﬂl\‘MﬂM‘W‘WhCI rcuits are beneficial for pixel cells

vol tage is desired.«sBMEKGROUND OF THE | NVENTI ON Phot osensitive or "pixel"
cells and drive circuits for controlling those cells are known in the art.

di scussed herei

to

as

er uses where a greater thalirgofBor V~~)

A typical driv sists of a conventional buffer that is capable
of propagatlngﬂWﬁNWﬂmmﬂwmmwell or other circuit a voltage |evel that is no
hi gher than-a |ogi ¢, voltage level. In CMOS circuits this voltage high
|l evel is often Vop. dlscussed in nmore detail below, this limtation is

di sadvant ageous in use with pixel cells and other types of circuits.

Referring to Fig. 1, a representative photosensitive cel
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DRIVE CIRCUIT WITH OVER-VOLTAGE PROTECTION
FOR USE WITH PIXEL CELLS AND OTHER CIRCUITS

FIELD OF THE INVENTION

The present invention relates to drive circuits and, more
specifically, to drive circuits with over-voltage
protection that provide a voltage greater than a supply
voltage. Such circuits are beneficial for pixel cells as
discussed herein and for other uses where a greater than

Vpp (0r Vee) voltage is desired.

BACKGROUND OF THE INVENTION

Photosensitive or “pixel” cells and drive circuits
for controlling those cells are known in the art. A
typical drive circuit consists of a conventional buffer
that is capable of propagating to a pixel cell or other
circuit a voltage level that is no higher than a logic
high voltage level. In CMOS circuits this voltage high
level is often Vpp. As discussed in more detail below,
this limitation is disadvantageous in use with pixel cells
and other types of circuits.

Referring to Fig. 1, a representative photosensitive

cell 10 is shown. Cell 10 includes three transistors 12-

10 i s shown. Cel



14 (which are typically n-type field-effect transistors) and a |ight
sensitive or "photo" diode 15. Transistors 12 and 13 are coupled to Vpp and
transistor 19 is coupled to the source of transistor 13. A row reset signal
is applied to the gate of transistor 12 and a row select signal is applied
to the gate of transistor 19: In a typical node of opgr%nieo?b o he row reset
line is asserted high to charge the parasitic capacitance o ({he reversed
bi ased photo diode to a reset |evel. Afifer diode output node 17 has
stabilized, the rowreset is pulled |ow, allow ng photo induced charge
carriers tpqdigehangetdhetppota1diy0ds Biped fiadiei{yiapeitt | onals it dihg
incident light intensity. After a specifig ex(g)osure time, the row sel ect

line i s as¥eftadlhph afrewWrhyct AE vBIPage AOTOdE 17 16 e o éF at the
cel | outpuinfods 19e(Rumlddy 1COURlednto t&a6ek §EBr O 4piixelcot@liledoutput s) ,
t hrough source follower buffer transistor 13. The row reset si glnal_ is again
asserted hilyh HRPIRY OF rEseRshsler 172 h secHnd I mESSThe FEE¥L | del is

sanpl ed at,Quf piy 13 dhe difdeer gpce helweenrt e vehtage Lewelsealkcut put 19
after exposure to incident light and at a reset |evel is proportional to
the inci deptgnaghis i drhised yto THee Ak e e¥fett rginghdt oFs1driven by a digital
gate that |imtsythe. i gba| ex8he Ob £ OYEFEERIN I A NPR RS reflliet 1SnkYRIscal |y

t he hi ghest avail abl e supply voltage on a S integrated circuit. Wile
benefi ci alaj#rrefrehpahpdoesshaiae uske | RaE2E Bl ¢ af2 PR etaRET | Obf t&er ow
reset signalyiddy a Oy | gvslo lidded.d o MRp dtas sdlegadvart-ageausdaspect s.
One di sadvant ageous aspect is that the dynam c range at output 19 is

linmited toowtmwki pedeofl Mppas (stabiHe Rehr 88HolEE st n)S ©HE19En i s
| ost at tr IS n i i t i st dynami c
range for a 3 {L/B%grégl g)higggaglprtr%ﬁér?;t&e}lq%lf%éf%%g{?f%. %’ c%iS(l:. ?E?S 0.9 5

June 2003 th& phohe tdiradef ftval t ageeofprapoutiendl sdwr cehe r ARSILEEBE coupl ed
to pixel -'gqg@ () ABLE T s% 1 FDcackyBLGRAL fyRam enLangg

magni tudec%f .3%%%%#?2? dgggg\gaﬁt% %gﬁg gsSe%t 'iqs that the row reset

si gnal nustelbecthel thdi gh feseated| hiphekylbohgat Fhe, vohteage okFdepdef 100
m cr oseconds, .hefore |7 reaches I fLnabysetibhed vol tagendye t o
sub-t hr esﬁdt?eatﬁaggggl ?Lregntagt at%ﬂt%r a%é‘s]islst gr%%% as that t ra(nsi rsnt or Y

appr oachescdursl elittof fa stakuweun Do pioxed malg corental nt $hrpradi AGUSFSt ens may
be forced {9 use 2 $h9£é{;\r trrgﬁ‘:é&s't%erl‘ﬁafl : ?S.Qgr Ler reseh iaig{yel gscan in
turn result i'n adifferéence between the "before exposure” reset and the
"after exposurre" asesetedi gnajh shnéngtdws. tFheeset efddsct 1is aa geaenrg of the
previ ous captured j,mage which, can ei.ther_add to_or raciqfromfhe
present captifed i+n%ege,re§fa\9i g ¥ he alﬁ’pe%armglceeé o?ga ‘po |tutt| v%g'or negative
ghost i magti Sipesridposetiveant b edesd Ytethd mhgeel SUVMVBRYPGE THE & NVENTI ON
Accor di ngl it is an object, of the present inventi p Lde drive
circuit thE‘y pcl’ssurceapg&@ elSFlidﬁﬁrtovilﬁagﬁer?%crj na%tcerlll n(%gstﬁ?‘xepgg% I g? ot her
circuit. Igroporanaindr tabjwet iofcitdemtpriéegént inheenityn to provide a drive
circuit that is,capable of producing an,autput signal . t Ls.g er than
a supply .vol tgﬂée and’ t%eaﬁe'grsoj\ﬁrlﬁelsg*ssuidtralgleen t(})3\}/er'—j- %F%%gg !rig e%tﬁ?%n. I's
al so an objiagit Of thbe pig@senteviglveati aow orpsevi de avgriag dhricui st hat

i ncreases dynam c range and that incre s€s thelr ate ,at V\/nio%h E;st&!%g states
and reset DRI ar et heabheherh &VEiikEP EeSupPPLY Vvoltage

integrated circuit. While beneficial for some purposes,
the use in a typical pixel cell of a row reset signal with
a high level limited to Vpp has disadvantageous aspects.
One disadvantageous aspect 1is that the dynamic range
at output 19 is limited to a maximum of Vpp -(2 x the NMOS
threshold, vtn). One Vtn is lost at transistor 12 and the
other is lost at transistor 13. Thus, dynamic range for a

3.3V Vpp cell is approximately 3.3 -(2 x 0.8) or 1.7 to 0.4



These and rel ated objects of the present invention are achieved by use of a
drive circuit with over voltage S June 2003 _ g protection for use with
pixel cells and other circuits as described herein. The use of such a drive
circuit with a pixel cell permts the delivery of a higher voltage |evel
reset signal to the row reset transistor of that cell. A first advantage of
a higher row reset signal or gate voltage is that it aMuBHOPRe photo di ode
cathode (node 17) to be reset all the-way to Vpp without altering the pixel
design, thus increasing the dynam c range of the cell by Vtn. This can be a
dynam c rangeel npoevepeEfit apptegehi off a f actrorendaf 2oudepentragsoststppl y
vol tage | evel and process specifics like th hol epe on back bi as.
A second a&?&ﬁ&&%e‘?% Pﬁé?fsfﬁéém¥heP%EﬁHt réggt t?gﬂgfspgggggﬁe%naﬁ%roaches
cut of f durikpgicasedynthecdiradgeombgni tudeeothiaryjes to the reset |evel nuch
faster. A third _advantage is, that because noge.17t%%%egﬁla“k“}he to
Vpp, the final PESLSFevHIS3WYaRERIGEFENGERE TIPSR t1hE "discharge T&Ver of the
photo di Odgi?hiaQr rust ee r asel GREhAtican, at hei ebyvely nminati ngntehe on
occurrence of ghost inages. An additional advanta%f i .}hat t he hhgyer
reset | evefFbpeSFdes 9 & Q% mtfgers s8R eiSse B558< ot eslpho’ieoacd}eosdel,

resul ting ifRpsel |t Parasi voLrfepl ehen eapaddmntgeshivadsnmaldstage
capacitance results in higher sensitivity to photo qenerated char.ge
carriers aRHYpEREAt i | YEPRAPEBLRE ilfad®® qUARFt Y53 SIGWCFi fHE 1y Coidi ti ons.
I n additi oRtt0 as€ofdt stpiveel ceaddes, tbher thike ebhedikhints| helnpgsent
invention may be used in any application where the desi%ner.qfsir S to use
a nonconpl EXELERPY HPankRi SOEFdatR PSP Gat PRGTSFHnafEShi CH TG dynani ¢
range. ForgsgyagBkerebhe gaterohlancaghannehrMEeseM cen cardi@fardriven by a
simlar drive 5 June 2003 - 5 circuit to allowit to contrq]

transni ssi BAtBECE gides aﬁﬁ#@é@hiﬁ&FFﬁérﬁosiFF§§tsu689y.t%ﬁbh £ 55%ct i on
woul d ot hepyhsgur-eaUi s diSes 0fn& Ps¢hangehs MOS dieyi aeti eyl | ek wth the
n-channel device, with a conplenentary gating siqpal. Q her, possi bl e

appl i cati onempsy Phethlei PECELPEE FABFIFRR HRakeNiGh &Y & Hhed @9 use in
(1) pad ci FS%ES s%\:?gcguj?gofn%ﬁz/{ 39%&%% h- 4 aherq vieldgge Jiechrolog es, (2)

FPGA, (3) tfuse circuits, (9) ( EEP and (6) flash nenor

appearance of a positive or negative ghost image

superimposed on the desired image.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention

to provide a drive circuit that is capable of improving
performénce in a pixel cell or other circuit.
It is another object of the present invention to provide a
drive circuit that is capable of producing an output
signal that is greater than a supply .voltage and that
provides suitable over-voltage protection.

Is also an object of the present invention to provide
a drive circuit that increases dynamic range and that
increases the rate at which stable states and reset levels
are reached in a pixel cell.

These and related objects of the present invention

are achieved by use of a drive circuit with over voltage



The attai nnent of the foregoing and rel ated advantages and features of the
i nvention should be nore readily apparent to those skilled in the art,
after review of the follow ng nore detail ed description of the invention
taken together with the drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1
is a block diagramof a typical photosensitive or pixfb &?bbo?f the type
used in an active pixel sensor device, such as a digi al"cdimera or scanner
or the like. Fig. 2 is a diagramof a-dgjive circuit and the pixel of Fig. 1
with which it may be used in accordance with the present invention. Fig. 3

is a timng, diagramdhal, ilddstiatesiperatipn ghadbiNer eikeuits1aQ of
Fig. 2 in accordance with the present invention. Eig. 9 is a schematic
di agr am t hatesd4idstd dxees idver vol t age protection circuitry for components of

drive circuit 159,0f,Eigor2 dqviacgorgdance M tdutdewpersantpixwention. Fig.
5is atimng diagramof a single row of an active pixel sensor array in
accor dance pauH tishe theeséntivaventaona highehre YOPR I Gleﬁﬁg. Beseta

schemati ¢ di;agramQf @d SREESEM AL | VL. RGHd M Rixetnsensar arraycutbti zi ng
the drive circuit of Figs. 2 and 9 1n accordance with the present

i nventi on. advgntadies of scHermiide whagreseof SO cF 19367 Yehetdtihy a

o ural 1 G s age, oo R AIELAL SRMICEAE Mabhe o cent
reset all the way to Vpp without altering the pixel design,
thus increasing the dynamic range of the cell by Vtn.
This can be a dynamic range improvement approaching a
factor of 2, depending on supply voltage level and process
specifics like threshold dependence on back bias. A
second advantage is that since the cell reset transistor
never approaches cutoff during reset, the diode output
node charges to the reset level much faster. A third
advantage is that because node 17 resets all the way to
Vpp, the final reset level is not dependent wupon the
discharge level of the photo diode prior to the reset
operation, thereby eliminating the occurrence of ghost
images.

An additional advantage 1is that the higher reset
level results in a stronger reverse bias on the photo
diode, resulting in smaller parasitic depletion
capacitance. The smaller capacitance results in higher
sensitivity to photo .generated charge carriers and
potentially improves image quality in low lighting
conditions.

In addition to use with pixel cells, the drive
circuit of the present invention may be used in any
application where the designer desires to use a non-
complementary transmission gate for gating signals with
large dynamic range. For example, the gate of an n-

channel MOS device can be driven by a similar drive



Referring to Fig. 2, a block diagramof a drive circuit 1SO coupled to a

pi xel cell 110 in accordance with the present invention is shown. Crcuit
150 achieves a row reset signal that is increased in magnitude such that

t he dynam c range and response tinme of cell 110 are inproved. Crcuit 1S0
essentially conprises an overvoltage generation conponent 199 and an
over-vol tage protection and drive conmponent 151. CirchiJunt5®0Bncl udes a
CMOS inverter 152 that conprises PMOS_tgansistor 153 and NMOS transi stor
159. The inverter is coupled is between Vpp and ground and its output is
coupled thr .capagci tar 0;f1o0 nod 1 Nede 1705, al $¢ co t hr ough
di ode 16S ng%gﬁ%anggt ﬁ(riolug %%\n ttg)h ?9%8%)% t he Ir]ow ?es%t si gnal ﬁse 180
that is inappreactipgedch® pheigave ofupplansi s$eeh 12 foncddlon @1 dvhi ch is
anal ogous to,transistor 12 of Ll of, FLg N g ergiptswtch 185
and a capa(?i%pc?rrwfég (i(%r?giu(‘}é:%i vgl%c?f t%%e f|3ar gs??i})&n%g\pacﬁ ance o% tHe row
reset signahrkilie)l arieclshoma ceuvphedebetdeménet heritbw a esetpdngardiaty ne and
ground. Referring t.o Fi.g. 3, .a timng..di agram.zthat. il ahes gfation of
driver cir8GitP956 % g, SN ROt Harce F\’/ﬁnﬁfﬁ% e pr g?elrnt h|eenv&e)£?1&ti on is
shown. Thecsirgnal rahetlabbpewsant ohsvehtFoy. i8chnde agséolihowdl) RSB = reset
strobe; INT,.- interrupt. reset signal; - driyv . e 2003 L.enet

si gnal andcﬁﬁng:SrovVH?lecs}ét IM§hal 14V %d "tqb&f' he%é#g of trar?ggl%stors
12, 112). Pecanoftogaeseset?)oper@,i on3) détsaedibyuibe, t (AhsSPRAYR fdm | ow to
high and b | ow,again_of fhe row reset signal), the drive capacitor
160 is chaggg&b&DR@ngvmggéhf%?é‘i 'ge%%lé}’f and RSTB is high (driving the output
of inverter 159Thew).a#sahnmeset aperathen begienpinghe aodt agelladesl at

node 170 is settled at approxjmately 0.7V (one di.ode dro bgl ow Vpp, DRV
switch 1753P¥38 Qﬁ?saﬁd“fhte#\ﬁr§% %éh tlz’se c’rrb‘{see'ﬂ:,l nolsl(?llgg)fcé hger gvﬁ\é%gset
line | ow. FhadilNy apbkebnt8%oi shbbenskpehed ivhitles tder DRV tewi tredvik®s is

simul taneously cl osed.. This causes the vol ﬁja(ge n the éow reget Iti ne to
rise to an®équdii®ed Yot ayRd | eVRFE defEFATL B béeéﬁéf'% 198 an&fer HFom dri ve
capaci tor 1fQeheibhetpreastbyetrapaeitianae |B&withe.i ntermedi ate row reset
vol tage | evel equals approximately Cp. (Vpo-0.7) / (CRST + Co) . The RSTB
is then asserted (driven |low) which raises the output of the inverter
towards Vpp, which furtireresrppSERIFEONOWE €5et DRARMRGSt 0 a | evel : Row
Reset = Cp* (2*VWpp-0.7) 7 (CRST. + Cp) Eqn. ."1 Row reset i.s then pulled | ow
agai n by openi n§rBRVswt éhbi?gkaﬂggg%’gi‘ﬁﬁ ?W%Waﬁcﬁ%se?ﬁétﬁg‘% si gnal
i s subsequgnt by xdni wen 1high tre ptepar aseé@niaf ahhacrext pawelesensoper ation.
It should be recognized that the size of Cp is selected rel aiive to CRST
such that SRELRPghSPEDeRSof RLU:RRScFYiA &t GyeBqRT 9F FReat*feast 1 win
above Voo. Thispygy, 2t Hg SOWGRQIm dgviceirit? Wildcuptl lndp takl pikelway to
Vpp during a reset interval. It should also be recognized that the CMOS
processes @§edifo LnplehehbifhelbbBod BRsEFEDed AT “ﬁ&vé’%ﬁec‘f?‘?i c

limtati ongrggep{@xgmgb@pgﬁati ng supply voltage

Fig. 3 is a timing diagram that illustrates operation

of driver circuit 150 of Fig. 2 in accordance with the
present invention.

Fig. 4 is a schematic diagram that illustrates over-
voltage protection circuitry for components of drive
circuit 150 of Fig. 2 1in accordance with the present

invention.

Fig. 5 is a timing diagram of a single row of an
active pixel sensor array in accordance with the present

invention.



5 June 2003 _g_in order to guarantee circuit reliability. The maxi num
supply voltage is typically about ten percent above an industry standard
'such as S volts or 3.3 volts. Provisions are often made, however, to
interface between newer process technol ogi es and ol der, higher voltage
process technol ogies. This |eads to special design rules for allow ng

hi gher voltages on an integrated circuit, typically cénfuneezD3o the pad
rings, wthout conpromsing circuit relgability. These special design rules
restrict the maxi mum voltage across any pair of FET device nodes to being
less than the maxignungr gteds Suplenatald aggaq QG cuict deskghe @t gres

shoul d adhere to this restriction in realizing the above described circuit

i mpl ement aBF&A VAR ISENFARGOET PEGRY 9 iddWI8Ps &iiss & VRefRGUAG tf Fig. 4,
a schemati ¢;dkagbaghil hushr akicBgadniwewsthCthé Jdsdiclindiengiouer - vol t age
protection in accordance with the present invention is shown. Signals input
to region 151 i iéBude?RSTB, 3 NFERMAHE sPgAarafr &b nddeC179 ¥ RSIOT Vpp and
ground. DRY.is, deRgRpatLdph tghRal! Yo bYoloyersi eyof at hee | NMigahgpalighi ch is
propagated”to transistor or INT Switch 185 (Fig.” 2). The DRV signal is
gener at ed bgcpndepcerwi8h 4hd bekseatednvenPMIS transi stor 17S. The DRV
signal is also gated with the RSTB signal and propagated to NMOS transi stor
1B3. The RSS signal fromnode 170 is delivered to PMOS transistor 176.
Circuit 151 also includes di o@ETBILE® OEASRAARTICNrrent source |89 and NMOS
transi stors 186 Nt e atn;t ransi st or , 0 ar ffeectivel y
configured as dﬁézgg%.mgev?%esht%at §p')r o?ecﬁl%%}heégg%@&?‘geégfr%m%ﬁ h vol t age
damage i nctudeudtodieODtoapdetr spsipsPdxs11861AnH1A88n T udadirey dlittdge pul se
gener at ed n (BeR) i at ed r ansg {7 | tchNEves lzow when
the pul se gb(rei 3%%,518?&8 Junenézlg%rg ELgg st?ﬁ‘ijgri trgﬁgi&glt%r?%(% is turned on and
the pul se passessehr signatlo thed rigy irseraddche n gRgnift udRT suehhit§id twhen t he
pul se arri Vs &ehntLanslsfor P i:3hihoed ofd. and theLt oW IPsalesi gnal
is held | ow. Re )érrlng to g. b, atimng diagramfor operation of circuit
151 i n accomgancedw t h Gihecyirtesédl i aveantdnlly shopnisThe Apewatiron of
circuit 151 is now described in_conjunctio it h im _di-agr of Fig.
5. Before Y?#‘réa?%, ? eﬁﬁgl?{gTBchﬁ‘ H?a% ag?jWRS%'ClE seasr% abrqdeégrasllog/ggag]a di ode
drop (apprpxbrmatelynOan¥y)drSraceomRvnest | ow, . i nt ernal node 191 (signal

DRVB) is stable.at Vpp - .Q.7, .hol.di ng transistor . Lp.an;qbf e. RRST
is held at its F%\Fvc}lggel 1\%?% cﬁrﬁcslugéegi néd b%yM%Eshe ltnrzli%éllgﬁé c&r@frzent%hf%trtom

const ant caompnisssuPges188adsivitng dbddend oMt echrdeviteoas 1289 Ahe | 90.
Constant current source |84 .provide ver ow r u h t he

vol t age acf’r&g%r%%{/i ces F§5PLS i%sagape%owxe?errr%t {é‘f"y %ﬁv\% ﬁq%ﬁgﬁng}“{ hraté:ghol ds
(2vtn). Atottpettfs kNipdees thowugbausiprgibRY tLé0gechingde fdPni NgAef
transi stor 5., The out put of ~AND gat 82 go hi.gh,,, tucpyn ansi st or
183 whi ch bﬂigl ds Odo'aﬁu?ge%ngpﬁ-ggﬁgn#épdghﬁgghoﬁ%d a?Boxg}gbgrqé‘gﬁé’bf‘i e,

t ransi st or swiB83dnhand s18€o atdet nEis Nk eséONsgghes, lahkowisig tiaddeisonnect ed
device 187 to pull DRVB down until device 187 .shuts ﬁéf K gnlevririoabove
ground) . WABRN DRISRLED (P edPPovd2 G aRSi $E4P°176°F uls &, Shorting RSS and
RRST toget hgrichl iewidihbddanster tehnehatge fleomfcapddi tid &6 Fag.

capaci tance of the row reset |ine, CRST. %I nce tdransi stor or switgh 185 is
of f, the rdW resef? iA@Y orgdrt Toupi®d 38 %r GundBAG RRST and RSS
settle to apphinter iedi ake tHlealradiltid Ralpaics thateeen 2Wenrand repet0. 7.

signal line) are shown coupled between the row reset
signal line and ground.

Referring to Fig. 3, a timing diagram that
illustrates operation of driver circuit 150 of Fig. 2 in
accordance with the present invention 1s shown. The
signal name abbreviations of Fig. 3 are as follows: RSTB =

reset strobe; INT = interrupt reset signal; DRV = drive



5 June 2003 - to At tine tl (approximately 200 ns after t0), RSTB is
driven low, forcing the output of AND gate 1B2 |low, turning off transistor
183 and allowing DRVB to float. Sinmultaneously, the voltage at node 170
drives RSS and RRST (since transistor 176 is on) to a voltage Vr2 which is
above Vpp (if Cp is sized correctly) . As RSS rises, the parasitic

capaci t ance between RSS and DRVB (the gate capacitance Bret#¥isi stor 176)
pulls DRVB to a higher |evel such that the voltage across the gate of
transi stor 176 does not exceed process limtations, while keeping

transi stor ip. on st Lt shoyld.pesfgcooniged: Jhaty afd e, PRVB i's
pul I ed | owr%%ggurgﬁgﬁfgzlingpét 55&1"76 5% F)LRVeB ié gubseguent ly all owecr to
float, withatean§i sroansid¥é6rant218Blbbth of f such that DRVB fol | ows RSS.
Wil e RRST is dpi oye | r(d88; bud figr scide: deW;

connected to nog‘gY%gS@gn% ngg\?v Féggngtcﬁégo&%%vlolﬁt ag]@(r conditi on.lﬁfbélnsi stor
188 itsel f fdoes lpet texperglengedekeess tgatlowxageivodbf afbs somcedased gate is
tied to Voo, AL, ti t2 (approxi 30Qns aft a. | Ngvi s, drdyen high
whi ch pul IEleva%hFurén‘?l%e oﬁagf?%%%%t g(rglalf%f mﬁ%fl%ﬁé% nturn ptﬁflj]tsc\ﬁDRVB up
to Vpp - 0175agiad nopewr nang tREFBI stsor high ofdriGinml thAecestputswiafch 18S
turns on which pull ST back down to 2Vt i 3 oxi pmtely
100ns afte%‘n't”if?eﬁsﬁs-{ Fq?\'/en %isghaagﬁ?she?t pé%lel&ﬁggﬁés té)%%(k“ down to Vpo -
0.7. In theotasge whevel the hdde sighals ofetat Yabett drppumxdimadigilty i0s 7Wel d hi gh
(so as to not pass,the RSS se on t he row r t, i ile 1B is
pul | ed | ow!°%§ a‘%s?%? o‘?r(lfiii tg)%llr%‘i' n\g""t u[rg%%ds%ﬁgy}anlgﬁebﬁ\% ?r?’?“h\é\?‘”p‘%‘mt gd | ow,

| eavi ng tramsi st DEcH 76s t ¢ir desd pf ol Simy ec HRST®W Sedieitv éni nleowowf.or @heg RSS
above Vpp,_the parasitjc capagitance between RSS and. DRV aibp-.cayses DRVB
to 5 Jun@srﬁoﬁ‘élgc 1%50'1?03/%&@59;)?3?@ \Q’Etl?gn%gﬁa@g‘\r{t 3gs§t?ﬁaw?r§%si st or
176 stays $imhedcapddusiy | 1SS ri SHsi s isolsts ndheRRSI thigemoRSEhsuchwt hat
RRST stays low (at.2vtn). As DRVB is pulled higher, di b S
reverse bi ’é‘%s,e'fsoﬁéf‘?ngtf’r arsisst ort9 88a?roﬁqu]ﬁgléﬁ%es‘s’?gga%l tgégggf DRVB.
In a sinmlastéasiian bp thergeoteahsdart raosi drdvel88patitos, 16Pansi st or

186 now protects transistor 183 fro e valta at DRVB. Waile B wll

exceed VpotRfar P SHch: &~ RSB THIER yathh tﬁg]_eg_dtglg:-e_srgﬁrg?eé%\% toggée(%)@’/

transi st orydv6agloese vl @yeged Jpmessnaspeyi Cho@ahh-ons s (taer th€oRRST | ow

| evel is above ground by 2vtn. Referring t? Fi‘g. 6 a}scgenﬁti g.gieggram of
a representati vEN&cRPTR pisxdinerddieErihy (Yo R i 19 nE the dritv& circuit
of Figs. 2cpad dhdputaceer depse wddrddie poeseds iviyentdioreh s fahower Fig. 6
illustrates drive circuit 150 coupl eld to a gl uaal ity of linearly arranged
pi xel cel 141493, the oo fesetp signal to a level:

Row Reset = Cp* (2*Vpp-0.7)/(Crst + Cp) Eqn. 1

Row reset is then pulled low again by opening DRV switch
175 and closing INT switch 185. The RSTB signal 1is
subsequently driven high in preparation of the next row
reset operation. It should be recognized that the size of
Cp is selected relative to Cpsr such that the high level of
Row Reset (given by Egn. 1) is at least 1 Vtn above Vpp.
This way, the source of device 112 will pull up all the
way to Vpp during a reset interval.

It should also be recognized that the CMOS processes
used to implement the above described «circuit have

specific limitations on maximum operating supply voltage



The Row Reset signal is delivered fromthe drive circuit to the reset
transistors 1121, 112z and 112 of each pixel cell. The pixel cells are

‘anal ogous to pixel cells 10 and 110 di scussed above. The Row Sel ect 114 and
source follower/buffer transistors 113 of cell 110 (Fig. 2) are shown as
buffers 1311, 131z and 13l1a that are enabl ed by Row Sel ect .. gééfy 200 is
representative of a row of a one-di nensional or two-di r?en"é o] array.
Referring to Fig. 7, a schematic diagragnof a circuit 210 for generating a
plurality of over-voltage drive signals in accordance with the present
[nvention La SHMME EbT Gl atRd Nelpides: abe pYeEs Vol age 1Rneratidih
conponent i§9 I scusse szrg\%]e, “and a pf_turaflai ty Bf o){/er-vol tage protection
and drive shpplyt svdBlagdAnosgstywidrelly eabares,tef gpercent usbpaeesart hat
when it is; mﬁ%'sE%g %Qagag\flddgu%h.plagr al Ly, of opversvoliage PrOE\IL‘JSUZLQ%SZOOB -
12 pul ses ere only one pul'seé is génerated at a tine, this can be

achi eved wath aoditegul ardever hogketvage géner abtenfeade curetWen andvwer
plurality of aver-voltage, protection and drive Gircuj ) eferred
embodi nent ?rgﬁeg\slerg%%}lng%lg(ggbﬁ se‘amlcgI 82%%?%& edlgoyergelﬁé;fgf}?%n dcl‘?)rcgeusios{ 149
and si nul t anebuslygdleki ver thitso 18adRSId nppecoil eadsigh t heles otfest i on and
drive circuits 151. ile the over-voltage pul se i.s L i ver .each of

t he prot ec?#oﬁwéﬂg d\r{‘\‘ly‘]L é]eé:i rc‘t’ﬁlttsefg'?%e 8’30038 Iold]lt(‘:ag%%fe\ér O\?ﬁ- ecg]lgtri active
| NT signal typioalyyorendfinkHe tpl utral igad of irprsot ecittilem tanbrgriond. sginge ui t s.
Only the protectjion and, driye circuit whose |NT, si.gnal_is i ).l ..pass the
pul se throﬁbﬁcf]bki fgﬁﬂ?ﬁg‘]’iégﬁ'put Thape Ifl??fsléailgﬁjaels&%gf rtuﬁzéso%es\rlwﬁrcgt ection
and drive ehécmaksmuinl Vobeael dckovs Myl pathesf nEIhtdeon deasidoiesn tdescri bed
in connectjon with specific, enmbodinents thereof, it w.ll be erstood that
it is capaBfel8f EFEFt E@la”nt?&‘ief MBI S rﬁugpéﬁplvioclattaig%ﬁ il(l:'rslqicrtlltsltetnded to
cover any dasighi aisshriisffes Oshadagt addiens oftot hehiisnveast oiicf od ovinng, in
general, the principles of the jnvention and incl.uding such.departures from
the pr esenfeﬂgééf‘&%uFBeaggé’é’ﬁe C{ﬁstctﬁl&PeI?nc‘f\MCSrltcd@éﬁ%??gﬁpé%?|'cetklnn t he

art to whi ghehpBaipventtent pes t@dwsd ssxhsasedray be applied to the essenti al
features herei nbefore set forth, and as fall within the isﬁ%%%r()f .t he

i nventi on and tRETRFRIPS bP Fhe- appefdad erafifs dtagram ating

drive circuit 151 including over-voltage protection in
accordance with the present invention is shown.

Signals input to region 151 include RSTB, INT and the
signal from node 170 (RSS), Vpy and ground. DRV 1is
generated internally by inversion of the INT signal which
is propagated to transistor or INT switch 185 (Fig. 2).
The DRV'signal is generated by inverter 181 and delivered
to PMOS transistor 175. The DRV signal is also gated with
the RSTB signal and propagated to NMOS transistor 183. The
RSS signal from node 170 is delivered to PMOS transistor
176. Circuit 151 also includes diode Dl, a constant
current source 184 and NMOS transistors 186-190 (note that
transistors 187, 189 and 190 are effectively configured as
diodes} .

Devices that protect other devices from high voltage
damage include diode D1 and transistors 186 and 188. The
high voltage pulse generated at node 170 (RSS) is gated by

transistor 176. If INT is low when the pulse arrives,



5 June 2003 -13 CLAIM5 1. An integrated circuit apparatus, conprising: an
over-voltage circuit, that is capable of operating at a given power supply
vol tage | evel, and t hat produces an over-voltage signal that is greater in
magni tude than said power supply voltage level; a gate circuit that

controll ably passes said overvol tage signal, mhereln gkﬁhgszY@Itage of said
gate circuit floats relative to said over- voltage signal so as to provide
over-voltage protection at said gate ciscuit; wherein said gate circuit
includes a transistor that is configured to controllably pass said

over.-vol t agg, §{ 9paknssakd t rensi storcefdect brelahdavhag pan senpghsaad an
out put and a control electrode, and wherein said floathg reh@hlve bi as
a

vol t age |suhﬂqw@WeEDtéhgmﬁ9%xﬁﬂWQQ Bt Hde: Wheréifn t BEni s

coupled to (1% 140 grpatbst higugh vinghsaoeapae tisvecureldaager f r amua
devi ce couple at sald outpuf can be drained; and wherein a buffer

t ransi st or Qkﬁnnﬂy|E?&ﬁﬁuﬂ#ﬂﬁﬂdeﬂﬁeéﬁl§a#ﬁwoutput and said node to protect
conponents in sg é% 3 NG, 2093 . - 34 vol tiate Ardi dyad hdr ospeaation

over-vol tage signal at said output
of circuit 151 in accordance with the present invention is
shown. The operation of circuit 151 is now described in
conjunction with the timing diagram of Fig. 5.

Before time t0, INT and RSTB are high and RSS 1is
stable at Vpp - a diode drop (approximately 0.7V). Since
DRV is low, internal node 191 (signal DRVB) is stable at
Vop — 0.7, holding transistor 176 in an off state. RRST is
held at its low level which is defined by the trickle
current from constant current source 184 driving diode
connected devices 189 and 190. Constant current source
184 provides a very low current, such that the voltage
across devices 189,190 is approximately two n-channel
thresholds (2Vtn).

At time tO, INT goes low, causing DRV to go high,
turning off transistor 175. The output of AND gate 182
goes high, turning on transistor 183 which pulls DRVB down
to one n-channel threshold above ground (i.e., transistors
183 and 186 are transmission gates, allowing diode
connected device 187 to pull DRVB down until device 187
shuts off at one Vtn above ground). When DRVB is pulled
low, transistor 176 turns on, shorting RSS and RRST
together, allowing a transfer of charge from capacitor Cp
to capacitance of the row reset line, CRrsT - Since
transistor or switch 185 is off, the row reset line 1s no
longer coupled to ground and RRST and RSS settle to an

intermediate state, Vrl, that 1is between 2vtn and Vpp

0.7.



2. The apparatus of claim1l, wherein said control electrode is selectively
coupled to said power supply voltage |evel. 3. The apparatus of claim1,
wherein said control electrode is selectively coupled through a predefined
vol tage drop to ground. 4. The apparatus of claim1l, wherein said
transistor is a FET transistor. 5. The apparatus of g{@jn1#0 ﬁherein said
power supply voltage level is V.sub.DD. 6. The appar n g aiml,
wherein said transi stor has a back gate;gaonnection. 7. The apparatus of
claim1l1, further conprising a constant current source coupled to said
voltage drain patfl: cind 1NY 290k By T PRl A, ofp o] akstd spher ei 0
sai d overvol tage CIrCUIt and ate circuit are provi ded in the sane

si ngul ar subsivert e .18, Aﬁomvengvothageomkﬁﬁﬂl ®§ ahlDpasing ldgpatatius,
COmpr L S1 N9 B RH CaRgucl ol Sbell ab gaha 0. by | 8RO, Sl eckinic
circuit formed ther i i'n; an Over-vol e Creaf Ing citculrt fornmed rn said
sane senlcmmhumuunenﬁEmyalehanwdmﬂaqm powerodsupbl § daﬂVssom%ﬁcmnd and a

supply volt ai d Over vol t at.in ircuit NGy A5 vol t age
signal that™1s greater ﬁaﬂﬁgnegﬁdge haf f é dx?ferg%@%£%etmeen9§g§a rails;
and is above Vpp (1f Cp is sized correctly). As RSS rises, the

parasitic capacitance between RSS and DRVB (the gate
capacitance of transistor 176) pulls DRVB to a higher
level such that the voltage across the gate of transistor
176 does not exceed process limitations, while keeping
transistor 176 in the on state. It should be recognized
that after DRVB is pulled low to turn transistor 176 on,
DRVB is subsequently allowed to float, with transistors
175 and 183 both off such that DRVB follows RSS. While
RRST is driven above Vpp, transistor 188 buffers the
devices connected to node 193 and below from the over-
voltage condition. Transistor 188 itself does not
experience excess gate oxide voltages since the gate is
tied to Vpp.

At time t2 (approximately 300ns after tl), INT 1is
driven high which pulls DRV low, turning on transistor 175
which in turn pulls DRVB up to Vpp - 0.7 again, turning
transistor 176 off. Simultaneously switch 185 turns on
which pulls RRST back down to 2Vtn.

At time t3 (approximately 100ns after t2), RSTB is
driven high again, pulling RSS back down to Vpp - 0.7.

In the case where the INT signal of a reset drive
circuit is held high (so as to not pass the RSS pulse on
to the row reset line) while RSTB is pulled low,
transistor 183 remains turned off and DRVB is not pulled
low, leaving transistor 176 turned off. Since RSTB 1is
driven low, forcing RSS above  Vpp, the parasitic

capacitance between RSS and DRVB again causes DRVB to



an over-voltage passing circuit provided in said sanme sem conduct or
substrate and coupled to said over-voltage circuit that selectively passes
‘said over-voltage signal fromsaid over-voltage circuit to said functional
circuit. 10. The apparatus of claim9, wherein said overvoltage creating
circuit includes a capacitor that is charged and the §Qarg§)\9§5 t hat
capacitor is selectively 5 June 2003 -16 added to a’ n8AS -vol t age
signal to produce said overvoltage signal~- 11. The apparatus of claim?9,
wherein said overvoltage passing circuit has a bias voltage that floats
relative t @c3aioth ovEs - volttrage scghah goaasnteepr dhiade tonearsicittcagel’6

protection at said over-voltag ing.circuit.,12. T p. tu f claim
9, wherei nS8&Yd SVENR6 Oafgée ‘gg’(;s?pﬁég%l glcﬁef?’ i Hic luatljtelsn _%%ﬁsﬁé orl§§%at i's
confi gur ed sihehcoridtol RAbTY spass sbbwl Quer 2wehnt age B$ gPAVB sia dptlbedi st or

effectivel igl.havi ng an. input and an output and a confyr.olS el efgcr)fglg and
wher ei n safddbegat i ngiPetat iVe bLESNEPt aghe TS Hel | VAFEA t o~ 2ATd 0%t r ol

el ectrode. +13nsTheogppawat thsof ti6d abREd2siwherel vagai df cORVBol ealrecdrode is
sel ectively coupled to said supEI y voltage. 14. An.int eg,r138t8ed g' rcuit

appar at us, SéBdpRTsi g iengr bandhand R b9 SR DD T ESRAGECSr T capatttor for
storing a syppkerental 196l t ag®; protects transistor 183 from the

voltage at DRVB. While DRVB will exceed Vpp during such a
RSTB interval, the gate-source voltage of transistor 176
does not exceed process specifications since the RRST low
level is above ground by 2Vtn.

Referring to Fig. 6, a schematic diagram of a
representative active pixel sensor array 200 utilizing the
drive circuit of Figs. 2 and 4 in accordance with the
present invention 1is shown. Fig. 6 1illustrates drive
circuit 150 coupled to a plurality of linearly arranged
pixel cells 110,, 110, and 110,.

The Row Reset signal is delivered from the drive
circuit to the reset transistors 112;, 112, and 112, of
each pixel cell. The pixel cells are analogous to pixel
cells 10 and 110 discussed above. The Row Select 114 and
source follower/buffer transistors 113 of cell 110 (Fig.
2) are shown as buffers 131,, 131, and 131,, that are
enabled by Row Select. Array 200 is representative of a
row of a one-dimensional or two-dimensional array.

Referring to Fig. 7, a schematic diagram of a circuit
210 for generating a plurality of over-voltage drive
signals in accordance with the present invention is shown.

Circuit 210 includes an over-voltage generating component
149, discussed above, and a plurality of over-voltage
protection and drive circuits 151.

Amongst other features, Fig. 7 illustrates that when

it is desired to provide a plurality of over-voltage



5 June 2003 -17 a circuit that adds said supplenental voltage and an i nput
signal of V.sub.DD or less to produce an over-voltage signal greater than
‘V.sub.DD ; and an over-voltage passing circuit including a gating device
for selectively passing said over-voltage signal. 15. The apparatus of
claim 14, wherein said gating device has a relatively floating bias

vol tage. 16. The apparatus of claim 15, wherein sa& dufd @463 ng bi as vol t age
substantially follows said over-voltangsignaT. 17. The apparatus of claim
14, wherein a bias signal for said gating device has a magnitude that when

present at said ga ce at the sane tinme the over-vqltage signal is
present at P& |85g§%\ﬁg’ v#%e?n%ogg?HStlgx@enﬁrSFsgess spgbﬂ¥|cd§?b% linmts
for the gatkhng weveeaiel8d Rhaﬁappamahmmhm&(ﬁwnﬂﬁib&tagmwgnﬁeﬁéﬁndnsted
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over -vol t agei@er etictui hat 163 .capabl e of operatlng at a given power supply
vol t age | evel agd Create vervol.tage signal that ﬁ% 8reat r.in

magni tude than $Bi ¢ PowereREpYI STUBRLAERLT edll Ovkaqvoltade “Pulse’ is

generated by generation circuit 149 and 51multaneously
delivered to the RSS input of each of the protection and
drive circuits 151. While the over-voltage pulse is
delivered to each of the protection and drive circuits,
the decode logic 171 provides an active INT signal to only
one of the plurality of protection and drive circuits.
Only the protection and drive circuit whose INT signal is
low will pass the pulse through to its RRST output. The
RRST signals of the other protection and drive circuits
will be held low.

While the invention has been described in connection
with specific embodiments thereof, it will be understood
that it is capable of further modification, and this
application is intended to cover any variations, uses, oOr
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
customary practice in the art to which the invention
pertains and as may be applied to the essential features
hereinbefore set forth, and as fall within the scope of

the invention and the limits of the appended claims.



a gate circuit that controllably passes said overvoltage signal, wherein a
bi as voltage of said gate circuit floats relative to said over-voltage
‘signal so as to provide over-voltage protection at said gate circuit. 20.
The. apparatus of claim19, wherein said gate circuit includes a transistor
that is configured to controllably pass said over- vgll ta%?j §i gnal, said
transistor effectively having an input and an out put*8hd¥33cont rol
el ectrode, and wherein said floating relative bias voltage is delivered to
said control electrode. 21. The apparatus of claim 20, wherein said control
el ectrode is selectively coupled through-a predefined voltage drop to
ground. .A A .AY. Al .AY. AF& AF2. AFI . AL A2. Al . AF9. AL AL A A . A . AByk&, S _e$06*
19" ~yt ni d_Z] ca] ca] ca] ca] c”a] ca] ca] ca] cal] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca]ca
] ca] ca] ca] ca] c™a] ca] c”a] ca] ca] ca] cRACIAEMD"N'h' t' -) 6) =+B+x++++-. . 45566~;
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power supply voltage level;

a gate circuit that controllably passes said over-
voltage signal, wherein a bias voltage of said gate circuit
floats relative to said over-voltage signal so as to

provide over-voltage protection at said gate circuit;

wherein said gate circuit includes a transistor that
is configured to controllably pass said over-voltage
signal, said transistor effectively having an input and an
output and a control electrode, and wherein said flocating
relative bias voltage 1is delivered to said control

electrode;

wherein said output is coupled to a node in a path
through which a capacitive voltage from a device coupled at

said output can be drained; and

wherein a buffer transistor device is coupled between

said output and said node to protect components in said
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voltage drain path from said over-voltage signal at said

output.

2. The apparatus of claim 1, wherein said control
electrode 1is selectively coupled to said power supply

voltage level.

3. The apparatus of claim 1, wherein said control
electrode is selectively coupled through a predefined

voltage drop to ground.

4, The apparatus of claim 1, wherein said transistor

is a FET transistor.

5. The apparatus of c¢laim 1, wherein said power

supply voltage level is V.sub.DD.

6. The apparatus of claim 1, wherein said transistor

has a back gate connection.

7. The apparatus of claim 1, further comprising a

constant current source coupled to said voltage drain path.
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8. The apparatus of claim 1, walerein said over-
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voltage circuit and said gate circuit are provided in the

same singular substrate.

9. An over-voltage creating and passing apparatus,
comprising:
a semiconductor substrate having a functional

electronic circuit formed therein;

an over-voltage creating circuit formed in said same
semiconductor substrate and having power supply rails of
ground and a supply voltage, said over-voltage creating
circuit creating an over-voltage signal that is greater in

magnitude than the difference between said rails; and

an over-voltage passing circuit provided in said same
semiconductor substrate and coupled to said over-voltage
circuit that selectively passes said over-voltage signal

from said over-voltage circuit to said functional circuit.

10. The apparatus of claim 9, wherein said over-
voltage creating circuit includes a capacitor that is

charged and the charge of that capacitor is selectively
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added to a non-over-voltage signal to produce said over-

voltage signal.

11. The apparatus of claim 9, wherein said over-
voltage passing circuit has a bias voltage that floats
relative to said over-voltage signal so as to provide over-

voltage protection at said over-voltage passing circuit.

12. The apparatus of claim 9, wherein said over-
voltage passing circuit includes a transistor that is
configured to controllably pass said over-voltage signal,
said transistor effectively having an input and an output
and a control electrode, and wherein said floating relative

bias voltage is delivered to said control electrode.

13. The apparatus of claim 12, wherein said control

electrode is selectively coupled to said supply voltage.

14. An integrated circuit apparatus, comprising:

a ground and a V.sub.DD conductor;

a capacitor for storing a supplemental voltage;

1l g
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a circuit that adds said supplemental voltage and an
input signal of V.sub.DD or less to produce an over-voltage

signal greater than V.sub.DD ; and

an over-voltage passing circuit including a gating

device for selectively passing said over-voltage signal.

15. The apparatus of claim 14, wherein said gating

device has a relatively floating bias voltage.

16. The apparatus of claim 15, wherein said floating
bias voltage substantially follows said over-voltage

signal.

17. The apparatus of claim 14, wherein a bias signal
for said gating device has a magnitude that when present at
said gating device at the same time the over-voltage signal
is present at said gating device, does not exceed process

specification limits for the gating device.

18. The apparatus of claim 14, wherein the listed

components are provided in a single substrate.
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19. An over-voltage producing integrated circuit
apparatus, comprising:

an over-voltage circuit that is capable of operating
at a given power supply voltage level and creates an over-
voltage signal that is greater in magnitude than said power

supply voltage level; and

a gate circuit that controllably passes said over-
voltage signal, wherein a bias voltage of said gate circuit
floats relative to said over-voltage signal so as to

provide over-voltage protection at said gate circuit.

20. The apparatus of claim 19, wherein said gate
circuit includes a transistor that is configured to
controllably pass said over-voltage signal, said transistor
effectively having an input and an output and a control
electrode, and wherein said floating relative bias voltage

is delivered to said control electrode.

21. The apparatus of claim 20, wherein said control
electrode 1is selectively coupled through a predefined

voltage drop to ground.



