.'fge3eqcq” $~6TDH - 1 DRIVE CIRCU T W TH OVER- VOLTAGE PROTECTI ON FOR
USE WTH PI XEL CELLS AND OTHER Cl RCU TS FI ELD OF THE~lI NVENTI ON The present
invention relates to drive circuits and, nore.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 Voo (or V~~) voltage is

desi red. BACKGROUND OF THE | NVENTI ON Phot osensitive or "pixel" cells and
drive circuits for controlling those cells are known in the art. A typica
drive circuit consists of a conventional buffer that is capable of

propagating to a pixel cell or other circuit a voltage | ! m o]

hi gher than a logic high voltage level. In CMOS circuitsjnmuummmmmﬂ mrhigh
| evel is often Vpp. As discussed in nore detail below, this |ipgdeation is
di sadvant ageous in use with pixel cells and other types of circuits.

Referring to Fig. 1, a representative photosensitive cell i Cel
10 includes three transistors 12 r - 2 14 (which are tyﬂ@“ﬁ@mﬁwgmmmpe
field-effect transistors) and a light sensitive or "photo""diode 15.
Transistors 12 and Z3 are coupled to Vpp and transistor 14 is'ﬁ@ﬁ%led to
the source of transistor 13. Arowreset signal is applied to the gate of
transistor 12 and a row select signal is applied to the gate of transistor.
| 4: In a typical node of operation, thelrew. reset line is asserted high to
charge the parasitic capacitance of the reversed biased photo diode to a
reset level. After diode output node 17 has stabilized, the rowreset is5s
pulled | ow, allow ng photo induced charge carriers to discharge the photo
di ode at a rate propRiviEooakcOOT tMETH OVERRMOLTIAGE: PROTBASIOY. After a
specific exposure tine, the row select linpe. ] ted hj al l owi ng the
vol tage at node 17 HOR 6’@%%%&’512‘@?1 hgkkﬁgl f‘@u‘?’fi@?‘{ ncglg}acmf%%( normal | y
coupled to a colum of pixel cell outputs), through source follower buffer
transi stor 13. The row reset signal is again asserted high and |ow to reset
node 17 a second tine. The reset |level is sanpled at output 19. The

di fference between the voltage |evel at output 19 after exposure to
incident light and at a reset level is proportional to the incident |ight
intensity. The row reset signal is driven by a digital gate that limts the

hi gh level of row reset to Vppr@sptdw STHES inveNgably t he hi ghest avail abl e
supply voltage on a CMOS integrated_circurt. Wiile beneficial ,for sone

purposes, tHee ugEesdnh LyBPREIOD| Xelakes| tof AR1VBW HESRIESi 9hd WPER a high
level |imtggdoerMogrhps dirgadvantiaggeousi p6REEE S. 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 (or Vec) 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-



One di sadvant ageous aspect is that the dynam c range at output 19 is
limted to a maxi mum of Voo -(2 x the NMOS threshold; Vvtn). One Vtn is |ost
at transistor 12 and the other is lost at transistor. 13.. Thus, dynam c
range for a 3.3V Vpp cell is approximately 3.3 -(2 x70.8) or 1.7 to 0.4 r
- 3 (the turn-off voltage of a current source transistor coupled to pixel
colum output 19). This results in a typical dynam c range magnitude of

1. 3V. Anot her disadvantageous aspect is that the row reset signal nust be
held high for a relatively long tinme, on the order of 100 m croseconds,
before node 17 ~. reaches its final settled voltage due to~ sub-threshol d:
| eakage currents at transistor 12 as that transistor approaches its cutoff
state. Due to timng constraints, imagiglg systens may be forced to use a
shorter reset interval. Shorter reset intervals can inturn result in a

di fference between t he "before osure" re "after osure
reset signaf? st'eHgt h&TeTHE B ‘i Icg'fe'ct YR® ath mem)ry 0 eﬁ erérsséﬁ% Skapt ur ed
i mage whi chngan aQlitgher s@dl@ﬂt(iv@r osubiphatib”f doodehes pre%eamsnsatpﬁmeml mage,

giving the appearance of S|t|ve or e ative ho t, i.mage supe osed on
the desired@tfndg: I\WNF@ qREVP NRESEPE Ad -5 YRS S é:L tg‘gj ect of
the presenfthkenveahre@ LOF PRAWNSa st ol | ys Ci raui tow h&teSIe$ cab@behb OJTs
i mprovi ng perfornance in a pixel cell or other f%/rcwt iS a QC
obj ect of PRELpEEsER ThGerddich ©F proffHe @ dri¢e2Rf I‘C%I Fhdt® esc apabl e

of produci BgqaR10WEPHppsigAatot BAE ggtereﬂtefammoa: suappl y ,voltage and
that provi des sui tabl e gver-voltage protection. |Is al an ot}!.ect .of t he

present inventi é® taotyﬁll&?lldé‘ogedPlfvé’pélrf"&b?‘f" t 1§ ‘f‘h‘&r ases afit range

-and that ipggkeases HigH ate ahawbéclinst ghlr@sstatesapaditenet bevele are
reached in a pixel cell. These and rel ated ob%/ectjz%of the\f_p:r esecpt nvention
are achi evé&vsysé%béﬁsﬁddPh%ocFFegFt EQi Ehrever YoVthge er ot ection

for use w phtphxelndfd | $7amhOt Besb i {£ek f StRE d@&crtm heselpmll'léhze use of
such a drive circuit with a pixel cell permts the delivery ,of a hi gher

vol tage | e¥elrr @ddwdingnath e t hEdPBer égéfg?r SALFLEE? &P tHached9e

first adva%@geprp;tca 8i 9her Jrovy I esele S rtQlongat etdothagaricfidehﬁt |t
al l ows the phot'o di ode cat hode (node 1% to be reset all thetga to Vop
r

wi t hout al Léghtiginkenpikyl deStGF a HREGITdCe £&XPRG ERe tdRam afde of t he

cell by Vtge Ihis)16aR B8 & <AWNRELC Hig/hoe i IGwiaye raat v@pma@achrtng:oaef act or
of 2, depending on supply voltage | evel and process spec ics i aﬁgé,
t he

t hr eshol d dpdriehte TRk BFasthen SBLONPUABVENIHYE | % WA g

cel | reset cgﬁgﬁléasw ”E&QEmﬁpBEO?EHﬁ eetpféu@isuwg r@Rlught Reudicede
out put node charges to the reset Ievel faster. Athird advIant age is

that becaufelhoder1pufdeat straalr!LSthrfé)RNaif to \7[9}? e Feiat PLERELI &Fel is
not dependg L pryghstef}etb ﬁbﬁ{lgeadoe@bwoftot he. ahot godi odg pai @ecbadt he
ere

reset opera I on nating the occurrence of ghost |rraq‘els.
ime. The reset level 1is sampled at output
difference between the voltage level at output 19 after
exposure to incident 1light and at a reset level 1is
proportional to the incident light intensity.

The row reset signal is driven by a digital gate that
limits the high level of row reset to Vpp as this is
typically the highest available supply Qoltage on a CMOS
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



An additional advantage is that the higher reset level results in a
stronger reverse bias on the photo diode, resulting irn smaller parasitic
depl etion capacitance. The small er capacitance results in higher
sensitivity to photo .generated charge carriers and potentially inproves
image quality in low lighting conditions. In addition to use wth pixe
cells, the drive circuit of the present invention nmay be used in any
application where the designer desires to use a nonconpl ementary

transm ssion gate for gating signals with |arge dynam c range. For exanple,
t he gate of an nchannel MOS device can be driven by a simlar drive - 5
circuit to allowit to control transm ssion of signals approaching the
positive supply. Such a function woul d et-herwi se require use of a p-channel
MOS device in parallel with the n-channel device, with a conpl enentary
gating signglhe Oein-ROSST RIA taRR! | 62t | nscilrerithe sduiree Crikatbisebrt he
present invention include use ~~in: (1) pad_circuits. which Egst,interface

wi th hi ghercaunedeteedinGlogrekumy opuppep, 103y fukRigi FEGHLES (D BRAM
() EEPRO'Vltaﬁﬁdca(ﬁ)daJrldﬂfﬂb B maGh8 tabbabamengyof the foregoing and
n

rel at ed advant ages eatures of the invention should be nore readily
apparent to thoshnaiier edisadyaetagaousarasieGtevievi it (HE 1 5PY o8 Yt nor e

detail ed descripti fithe J (on kgn t-aget hen yWitdhgt Reinl awbhgs.
BRI EF DESCFﬁ]FdH%\I %&—SQHEED%A&\%V%%%?J&% igs a bl 3ck %I/i agr gm of a typical
phot osensi tihe order xef te0| mdtropecenped URREPTH Referct [ vESHTFHRS kéﬁsor
devi ce, such as, a digi c r nnersor stiberhidshold 9. 12akSgd

di agr am of J‘%';15‘%% veg%?{r:%%%lt gﬁgl&?ﬂg p?ﬁ%l %O Fi sg 1twi th c:/vhi ch i? n%y be
used i n aconiigEids wath tieasiisesent1? neentihak. FFNSIFHAE 2PPRPAGNST agr am

that illustyales, operation of drpyer (& redhingSEdistadntd | Nimsgoiglance
with the present  invention. Fig. 4 is a schematic diagramthat illustrates
over vol t agesyrterect ney dier cidresdf 60 cthtponeshOrsLIdiaretci 1R ¥Vak0 of

Fig. 2_|ni§ﬁg¥é£ GE M N W Jahesenl, 1RVeRthOBeshi g iR ASdAfférémde di agram
of a single row of an active pixel sensor array in accordance with the
present inuerttwerm the 6 “lefpré iexposwtedimtiesali agign ofhea repfleent ati ve

active pixel sensor, array,utilizing the diive cipfgUide0fefi ~3sangd 4 in
” . 1 NG £ sV, rhe tOle FEOSE ~4s
accordance%ﬁﬂ??%ﬁ%epF%%%%tsﬁﬁyentlon. f _
memory of the previous captured image which can either add
to or subtract from the present captured image, giving the
appearancé 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 tp.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



Fig. 7 is a schematic diagramof a circuit for generating a plurality of
over-voltage drive signals in accordance with the present invention.

DETAI LED DESCRI PTION Referring to Fig. 2, a block diagramof. a drive
circuit 150 coupled to a pixel cell 110 in accordance with the present
invention is shown. Circuit 1SO achieves a row reset signal that is

i ncreased in magni tude such that the dynam c range and response tine of
cell 110 are inproved. Circuit 150 essentially conprises an overvoltage
generation conponent 149 and an over-voltage protection and drive conponent
1S1. Grcuit 150 includes a CMOS inverter 152 that conprises PMOS

transi stor 153 and NMOS transistor 159. The inverter is coupled is between
Vop and ground and its output is coupled through capacitor 160 to node 170.
Node 170 is al so coupl ed through diode 165 to Vpp and through switch 175 to
the row reset signal Iine 180 that is int o I

transi stor Pl‘l%ted?gt’t%} I‘L'Clrldlf‘?/m‘l"%ﬁ‘igl’éﬁgl 85%355 ?lg&)t §glr]é?s{:g$cgg£%f 8(L:el | 10
of Fig. 1).gdNtiiBet Mygreiswi tch 185 and a capacitor 195 (indicative of the
parasitic capacitance of .the row reset signal lin r C ed
bet ween the row eS8 §fal SiFhea ld’reou%hsé%etlf e'rg%'lcﬁg%t ?H‘é}’%& %‘l‘p-% timng
di agr am t hgje kil tist raleesdepevatyoroOf adr higheri reelitageSO lefvelki gregetn
accordance with the present invention is.shown. The si | nage..

abbr evi at | GHOTSHL FiQy. the FQv 4Ee$oF | bRt keTd 2% e%eaftss ¥ obe; iﬂel\lfr“-TSt

i_nt erlruE)Ej lragﬁggntds,lgggg‘na;ﬁh @R\&gh@%iy@d rgﬁ@seﬁi@iaghadalrzagmitmmg@mmeset

si gna elivered to the gate of transjstors \ . Priogr,tqQ a [reset
operation (Wt néll Bylowe tihmsPhPbA Gighe &ﬁ]ﬁ%c{}ﬁ ggfl%cged EZ&koﬁ"o l:;%w agai n
of- the row fesat S19Mae) waheodmy aricaian tQrtekbfigi shehpiged, d@RgsMW t ch
175 is open and RSTB is_high (driving the. outgﬁt glf invlelrtg‘(é 184, 1ow). As
a reset opdifdts oANBEGRHENY t KBSy St 9 e%21M9%t Chod®®176°1s St t1ed at

appr oxi mat edpy; O. £¥n(ope i OQ?nQﬂhQ@) halq YpprobRvesti tapprba&hisgopen, and
the INT switch is closed, holding the ro resi;C Iin? Ioga;‘rhe Irl\g'eggvitch
185 i s t herfasfere®ind | clanfadRE Sf 5RPLY5 VPLtaPRUTEEREoRAT VPEPGRRY. This

causes the Mol tage 0N jhile thewshesat depBRdefcei 6 Baclamiegual i zed wol t age
| evel determ ned by charge transfer fromdrive capacitor 160 to.the

parasitic cwaeid adeantgaie The FheEr FedCst dNPorHesete ot t Bh3 TeVer” equal s

appr oxi mat ‘%le\beqp:a%l?l@a&eg Jedt JFERSHuridge RIEB, i stiideniasieer bedpdri ven
| ow) which raises i

e output of the inverter towarg:s pp, whi.ch furéher
drives the nasle rebergesgital the a Nesedl ; LRGw REYEDR _aégﬁf(-z*vﬁp-ﬁ?% | (CRST
+ CD) Eqn. o, RAWJELSEL LRatNBRcAULkEEGJRW BOakdsdtys OpENi ngeDRMysWES ch 175
.and closing INT swtch 185. The RSTB signal is s bs%giuent I é dri ven, high in
prepar ati orVeof ttHee ndimadowreegkt et itdn. "Pt W r 8B8Yni Ze&d t hat

the size ofdiC%H'asr el ectefl r@ athye giptRSdisaeh prfiak the hihgh feset of Row
Reset (given by Egn. 1) Is at least 1 Vtn above Vop. This way,, t.he source
of device Idgemdtiiorpul thapely| ¢hieniRaLing vﬁBEdu?‘?‘ﬁg‘%eﬂceeseP i gVl It
shoul d al sc%‘ngagqgsecogni zed that the CMOS processes used to inplenent the

above descri circuit have specific limtations tin maxi Lrum operating
supply voltage Anr additional advantage 1s that the higher ese

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 guality 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 wuse 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



- 8 in order to guarantee circuit reliability. The maxi num supply vol t age
is typically about ten percent above an industry standard such as 5 volts
or 3.3 volts. Provisions are often made, however, to interface between
newer process technol ogies and ol der, higher voltage process technol ogies.
This |l eads to special design rules for allow ng higher voltages on an
integrated circuit, typically confined to the pad rings, w thout

conpromi sing circuit reliability. These special design rules restrict the
maxi mum vol t age across any pair of FET device nodes to being | ess than the
maxi mum rated supply voltage. G rcuit design techniques should adhere to
this restriction in realizing the above described circuit inplenmentation.
An exenplary circuit is now discussed.. Referring to Fig. 9, a schematic
diagramillustrating drive circuit 151 including over-voltage protection in
accordance wi th.the present inyvention_] o] | I pput. 4 egi on 151
i ncl ude RSTB9 aﬁg fﬁgigfgﬁglq%%oﬁ?%%ﬂ%f1gga?§g%€%bébpegn5”' 5&#%. DRV

i s gener at egpirolaethialg ythy posétsiven soippiliye | NTush gaalfuwsitéhni svqprlspagat ed
to transistQr or .INT switch 185 (Fig.. 2). Th i i erated by
inverter 18TPSAYIE8 i F&Bd o ﬁﬁ%s %Fanéis?o?h%ﬁgngﬁgﬁéRﬁﬁgggﬁhl%fg al so
gat ed wit hpr@1lRSIB witgnathand-phepagat edvice NMBS thr @nstanmrerkgg.arthe RSS
signal fromnode 170 is delivered to R

etor 1 Uit 151 ]
i ncl udes di98&én81 5%¢ sta.?h%ﬂr?%ﬁﬁl%%%f%éﬁ%gﬁﬁégﬁsN%gé ?&%ﬁgF%fégs a0

186- 190 (netieculiat df atisé spoesedt 8inveBtiandid®Dude eusé f &t i dly Rashfi gur ed
as diodes). .Devi,ces that protect other devices froom hi ol ge

i ncl ude di Gd&EBEtEnd Y ist“%’isi: LA, e h 8%95% taé@ﬁg:lﬂ Se
gener at ed akchedeoyi@s(RSY) i BPGERL ed3byfusansistoitd,76(4] f DRNY, i S(3low when
t he pul se arrives, - % tgen transi.stor 176 is turned on and the pul se
passes t hr 5E§RMe #RE A8 F&8aP PFRRTY80. 1f INT is high when the pul se
arrives, then trraesi shetaimfens twhedthéf afutreigodngow aedet reilgitald i s hel d
|l ow. Referring to Fig. 5 timng diagram for erat j,on -0 prcuit 151 in
accor danceaﬁvgﬁt?ﬂgspraé%n?e?ﬁ\}ﬁﬁgi 8f IS e osprl':orua]tél oﬁéo L(l)écier cui t
1S1 i s nowrdasgs§niybagpaieatnjtonthoes wkiblédein i thegumh, agifamrofrefiigw 5.
Before tine t0, INT and RSIB are highdand.§g§ i? stablg.gi Vgg -t%ediode
drop (appr &fi méts y BOHARWIRG ncBOBRY FEtPIWSY i ntEPRATPRudE 181 (signa

DRVB) is stakkatabnVpakenOtdgebRbdi wgth remsictaeringd6 in an off state. RRST
is held at its low level which is defined by the trickle current from
constant current source |89 driving diode connected devices 189 and 190.
Constant current sour cesdBéF PHESCEIEST FON @Fy THAWDRAWIKES , such that the
vol t age across devices 189,190 is agErOX| tely two n- h%%g%hsggg%%holds
(2vin). At tineEtd:- ENFSgBeDlrGl, déadsfligP ¥Pkﬁ?%ﬂé§% tar ni ng of f

transi stor o17%ixEle @utipusf oth&NDygat aséd2igoaa hicghvet pirehgsensbransi st or
183 which pulls DRVB down to one n-channel threshold aboge g OHQd (i.e.,
transi st or §€¥8SeangueBeasr 8 HighEAt sSTBH YeSC2BPFOWhg i ot Eonnect ed
device 187 to pulily DRVE sdowyifrdm dviLaii®&é dinkaief kndt theep¥ikelabove
ground). When DRVB is pulled |ow, transistor 176 turns, on, sggkti%% RSS and
RRST t oget Rér Figl| dwiigha“hishsibr m8¥ BRaveRd bR Lares: bt &

capaci tancg gkehhei hQWnhtg8at |ine, CRST- Since transistor or switch 185 is
off, the rowreset line is no | onger coupled to ground and RRST and RSS
settle to an i nfFéenedi dte asttafdnovAfaoraRe that a39cn ORGG2VS66 0. 7. -
10 At tinggetly(appr oxi pabely 1200 g piger ot On RIFdancd i weeh | @we forcing
t he output of AND gate 182 low, turning off transistor 183 and all ow ng
DRVB to fl paese8tnuhventdasky, the voltage at node 170 drives RSS and RRST
(since transistar 176 i; ) t&ggb irch11ssakav¥esVeRel-f Cp is
si zed correctl y)%.lgAquéé %sseést?et eelpépar asﬁéirng t\gé&ga(r}iltlgr?ce bet ween RSS and.
DRVB (the gafiéagapapirbérctioh transistoy 176) pmANReERYS t 6fa RF4NEr | evel
such that the volta across..the gat.e o Adsi st o kK6 S ek exceed
process Iiﬁffgff%ns?§%hfvg Eéébiﬁg f%hné?é%or f%% Pﬁkghéggﬁ gtate. It
shoul d be hHeseghired that after DRVB is pulled lowto turn transistor 176
on, DRVB is subsequently_all owed. fi. W ransk st orns,w175r agg 183
both off such t%&g'DE%B¥F0f+o§ggﬁg§.dﬁ%?FSmRﬁg? %sgéﬁ?génrggbve Vpp,

transi st or at88vbkuffieres thenstewi eesayohneecedrdangoddel 193thAd PEEISER Y rom t he
overvol t age congition. Transi stor 188 itself does not experience excess
gate oxi de *PSF'ad88 'since the gate is tied to VDp. At tinme t2

(approxi mately 300ns after tl), INT is driven high which pulls DRV | ow,
turning on transistor 175 which in turn pulls DRVB up to Vop - 0.7 again,
turning transistor 176 off. Sinultaneously switch 185 turns on which pulls
RRST back down to 2Vin




At time t3 (approximately 100ns after t2), RSTB is driven high again,

pul l'ing 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 |Iow, transistor 183 renmains turned off
and DRVB is not pulled low, leaving transistor 176 turned off. Since RSTB
is driven low, forcing RSS above Vpp, the parasitic capacitance between RSS
and DRVB agai n causes DRVB to - 11 follow RSS. This action guarantees
that transistor 176 stays turned off while RSS rises, isolating RRST from
RSS such that RRST stays low (at 2vtn). As DRVB is pulled higher, diode D1
becones reverse bias, isolating transistor 188 fromthe excessive voltage
of DRVB. In a simlar fashion to the pregtection transistor '18B offers,
transi stor 186 now protects transistor 183 fromthe voltage at DRVB. Wile
DRVB wi | | exceed..\¥po dur.iing._s ' | oft s SO | t age
of transistor 1 é’doeg ﬁﬁ? nggggggﬁgggsgﬂéggﬁ?fPganqﬁgéE?nceffﬁ%M%FBT | ow
|l evel is abowdvgr quinklbyseNsar Refewr iuwtgligippgthe, daiggh&ddaué tdialgr am of
a representative agtiyvg BiXelo aehsateali ey gRO widddtl navehesdpl ve cirouit
of Figs. 27a § 4% n"accordance wi th the present invention is shown. Fig. 6
illustrates driwagcir@uiis1Sd chdmatito dippurml ialy of FiFearty foxw anged

pi xel cells 1101, .1102 a R, . The: R e i gnalk; J i e romthe
drive circgfpefgt%ﬁé f%s@ggi%gﬁgyéfg;s8¥%§i?§%fg¥gaﬁ%l%ﬁz%gg?xggcﬁigixe
cell. The picxelrdeekckswatbd #&hal pgessntoipveetiee! | s 10 and 110 di scussed
above. The Row Select |14 and source 'follower/buffer transistors |13 of
cell 110 (Fig. 2) are shown as buffers 1311, 1312 and 131n, that are
enabl ed by Row Sel ect. Array 200AILEDePESSBHPAIONe of a row of a

one-di nensi onal _or. two-di npnsi.onal array. ferr] Fi.g. <, : ematic
di agr am of a:ciF@&FfIQTQ f 6F géL Ta??ngXa p%ﬁshJé%%b%éhoégr-%of?gggpdrive
signal s i ncaccoidanse woupleke tpr esenkelneehli dhoisn strsgrdanioec wiitth210

i ncl udes an, over-vol tage gengrating ¢ nent ~: . di S : e, and a
plurality BPeo&3$¥V3Viab%9%?of%%tﬁ%ntﬁh driv%}ggékﬁi?gylégﬂl%ggﬁggt ot her
features, FEbg. réseltl ySignatlestHatati shimcrdases! dasimagn itadpr suiche thagl ural ity
of over-vol tage -.12 ul ses ere _only one. pul i neraf e t a
time, thist%Sn g%“%@h?ev%éb%ftﬁ”gpsi365P3¥eocgygio??agéeggngﬁg{i%ﬁ%bircuit
149 and a phptaketly of mwerumol 1s@e psseetiably amdmgrivesciarcuiovert51l. In a

preferred enbodi nent, an over-voltage | se, kS generate _ r.ation
circuit 14¥°3h898i ndPPERBEISPY 88??@8?55 tg4%he Séﬁhpg?g%?ggggﬁ%of t he

protectionpabdedtiva shacdiriselbdmp¥hehe k. over-vol tage .pulse is
delivered to each of the_protection and dri cir.cui th ec | ogi c
8;}6{:?“&& | &%Osi Mlu[des éﬂ%s ]t?th%Fﬁ 59 Qggt

171 provides an 0 onf? one of rality o
prot ecti oncangrisb¥ePROBCHIrhasi®nby 1ha pndt WS ornrawd s¢oirvd Sdi-r et whose

INT signal ,is low w ]| pass .the pulse through to_ its E$§gdo t ;¢Lhe RRST
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output is coupled through capacitor 160 to node 170. Node
170 is also coupled through diode 165 to Vpp and through

switch 175 to the row reset signal line 180 that is in

turn coupled to the gate of transistor 112 of cell 110
(which is analogous to transistor 12 of cell 10 of Fig.
1). An interrupt switch 185 and a capacitor 195
(indicative of the parasitic capacitance of the row reset
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 is shown. The

signal name abbreviations of Fig. 3 are as follows: RSTB =

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



VWil e the invention has been described in connection with specific

enbodi nents thereof, it will be understood that it is capable of further
nodi fication, and this application is intended to cover any vari ations,
uses, or adaptations of the invention follow ng, in general, the principles
of the invention and including such departures fromthe present disclosure
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INT switch 185 is then opened while the DRV switch 175 is
simultaneously closed. This causes the voltage on the row
reset line to rise to an equalized voltage level
determined by charge transfer from drive capacitor 160 to
the parasitic capacitance 188. The intermediate row reset
voltage level equals approximately Cp+ (Vpp—0.7)/ (Crst + Cp) .
The RSTB is then asserted (driven low) which raises
the output of the inverter towards Vpp, which further

drives the row reset signal to a level:
Row Reset = CD* (Z*VDD—O-7) /(CRST + CD) Eqn. 1

Row reset is then pulled low again by opening DRV switch
175 and closing INT switch 185. The RSTB signal is
subsequently driven high in preparation of the next row
reset operation. It should be recognized that the size of
Cp is selected relative to Cgsr such that the high level of
Row Reset (given by Egn. 1) is at least 1 Vtn above Voo -
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



5 June 2003 - 14 voltage drain path fromsaid over-voltage signal at said
output. ' 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 selectivel'y 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 claim1, wherein
sai d power supply voltage level is V.sub.DD. 6. The apparatus of claim1,
wherein said transistor has a back gate connection. 7. The apparatus of
claim1, further conprising a constant current source coupled to said

vol tage drain path. (. . _. . . 5 June 2003 -15 8. The apparatus of claim
1, wherein said overvoltage circuit andssaid gate circuit are provided in
t he sanme singular substrate. , 9. An over-voltage creating and passing

appar at us, GPNPriéinNgo agseracosasdueti peusubsedabbihavyng & HainoskOnam

eleCtrom(:éﬂggnytngEggg %ﬁ?rgyglcally about ten percent above an
industry standard such as 5 volts or 3.3 volts. Provisions
are often made, however, to interface between newer
process technologies and older, higher voltage process
techndlogies. This leads to special desigﬁ rules for
allowing ~ higher voltages on an integrated circuit,
typically confined to the pad rings, without compromising
circuit reliability. These special design rules restrict
the maximum vdltage across any pair of FET device nodes to
being less than the maximum rated supply voltage. Circuit
design techniques should adhere to this restriction in
realizing the above described circuit implementation. An
exemplary circuit is now discussed.

Referring to Fig. 4, a schematic diagram illustrating
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), Vpp 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 D1, 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,



an over-voltage creating circuit forned in said sane sem conduct or
substrate and havi ng 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-vol tage passing circuit provided in said sane sem conductor substrate
and coupled to said over-voltage circuit that selectively passes said
over-vol tage signal fromsaid over-voltage circuit to said functiona
circuit. 10. The apparatus of claim9, wherein said overvoltage creating
circuit includes a capacitor that is charged and the charge of that
capacitor is selectively f 5 June 2003 -16 added to a non-over-voltage
signal to produce said overvoltage sigral. 11. The apparatus of claim?9
wherein said overvoltage. passing circuit has a bias voltage that floats
rel ative t @hsai dtowesivodt agd 6si gmaltugmeds e previthe oPBLTSEI tRARFSeS
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storing a swemnementrd spétagion of circuit 151 is now 'desqribed in
conjunction with the timing diagram of Fig. 5.

Before time t0, INT and RSTB are high and RSS is
stable at Vpp — a diode drop (approximately 0.7V). Since
DRV is low, internal node 191 (signal DRVB) is stable at
Vpp — 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 t0O, 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, Cgsr- Since
transistor or switch 185 is off, the row reset line is no
longer coupled to ground and RRST and RSS settle to an

intermediate state, Vrl, that is between 2ven and Voo

0.7.



,. 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-vol tage 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
bi as voltage. 16. The apparatus of claim 15, wherein said floating bias
vol tage substantially foll ows said over-voltage signal. 17. The apparatus
of claim 14, wherein a bias signal for said gating device has a magnitude
t hat when present at said gating device at the same tine the over-voltage
signal is present at said gating device, does not exceed process
specification imts for the gating devhge. 18. The apparatus of claim 14,
wherein the listed conponents are provided in a single substrate. rr..
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Simultaneously, 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 capacitance between RSS and DRVB ' (the gate
‘capacitance of transistor 176) pulls DRVB to a higher
level suéh 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 is
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 1line) while RSTB is pulled 1low,
transistor 183 remains turned off and DRVB is not pulled
low, leaving transistor 176 turned off. Since RSTB is
driven low, forcing RSS above  Vpp, the parasitic

capacitance between RSS and DRVB again causes DRVB to



a gate circuit that controllably passes said overvoltage sighal, 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 claim 19, wherein said gate circuit includes a transistor ~

that is configured to controllably pass said over-voltage signal, said
transi stor effectively having an input and an out put and a control

el ectrode, and wherein said floating relative bias voltage is delivered to
said control electrode. 21. The apparatus of claim 20, wherein said contro
el ectrode is selectively coupled through a predefined voltage drop to
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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 is shown. Fig. 6 illustrates drive

circuit 150 coupled to a plurality of linearly arranged

pixel cells 1103, 110; and 110s.

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 plurallty 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
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pulses where only one pulse is generated at a time, this
can be achieved with a singular over-voltage generation
circuit 149 and a plurality of over-voltage protection and
drive circuits 151.

In a prefefred embodiment, an over-~voltage pulse is
generated by generation circuit 149 and siﬁultaneously
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 driQe 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, or
adaptations of the invention following, in general, the
principles of the invention and including such departures
from the present disclosure as come Wwithin 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.
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CLAIMS

1. An integrated circuit apparatus, comprising:
-. .- . -..-an over-voltage :circuit, that is capable of operating
at a given power supply voltage level, and that produces an
over-voltage signal that is greater in magnitude than said

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 floating

relative bias +voltage is 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 is selectively coupled to said .powef__supply _

voltage level.

3. The apparatus of claim 1, wherein said control
electrode 1is 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 claim 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, wherein said over-
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 wvoltage 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;
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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
biags 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 sgaid 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 1is 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

ig 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.



