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simpler to reprogram in the field then EPROM’s, less expensive than EEPROM's, easier to implement than

battery-backed SRAM’s and available in higher data storage densities.
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is required to periodically poll a status register of the flash memory device to detect the end of the program or

40 erase operation before initiating a read operation to the flash memory device.
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274L | abel™8d ﬂ_ﬂ%‘%"éﬂf‘“ﬁﬁo‘“ "SuEReribeis ehageitrisine TREHIP P Wefanmﬂﬁ éﬂﬁ‘g?ge"de ‘l?& anp.
The 2t a 40mokei perbusBdid gake pgida thitkpessip suppsEmiye lowMoltage ofapplabdu 5 vak95U | abel ed
UDSI Bn an@dligordil, @1@&1& mtm%%@lm fifhQrzt @ ﬂldm&&hme%%%&éﬁm?&? 43400 27903

| ower sense lLer 29 Lpl 180. The
i nputs of ll"ﬁ ‘{1 Eaéf‘ B ET“SI’S aﬁ‘%&h&%"o’ﬂf}ﬁﬁf‘ ¢ ‘l"? ‘?térg"lfg‘r{”\?é"d%? Yeast in
part, fromllehpripgpensiswridnd lnvier zas dmskoldyokage Mipf sbbitet volts. Traddistg AP s |,

respect | VellrdénoldRthg@érAbduap Bk, USAi n and LSAIin, respectively. It will be
ra].g'?rgse::’ Iat/:g ]E ?gtﬁe\%eﬁle em%etp l%gltsC\)'(lillEaEeL'\t/ wiﬁrgx))ﬁe beéw%ernsaboqx?y‘fonaﬁvlowv tq%et}_agg S)I,Uetgnpu;rsl d 3
al so depi d?ltSéé\zbv%geu)nmwdsre'@)wavgs for the upper and | ower sense

pre-anplifi ersineidner tned@diderki Yolthde BRbRInGME hifs siZe/dd tle K 192 4hd bankt BB ednaaty dDATABN

and LOATAGN SSRESY! oy SOATNRLER Lok, b0 Gpanke 8 B ABLLENH . fuipPE"

and | ower sense er an

banks 194 thgnf> ngeﬂe tPﬁelgrsec?'ell '\7@13 &?rgem?aa ahopi32 ﬁé’r MopsiPeefeebly, t&efma"eFPfgw& 2 and 3
al so3@epi dhnké wip bi nosinglacths Motk dellatdRSTRe Q6 bhikawitl bé ddJdrfer 318 MbMThehin the s et
the 10 URRGLInRRALChENRed0Rd éze '9# Jm BahildGied ifl a ardgmg bRGLR08 Mb'lﬁd MRl the

arrpllflcatlon function. of th re- sense Iers and which derlve from

portions ofiderHiEnesittenk sz V“’?’i‘b'ﬂ‘“é’ﬁﬁ%““’l’ feptize o2 "@ Ribfings foppuNeare RfRBBIEA 197 7U
and LgBPDS#® banksth the mplriplexkds 174hes podwevanidion anfheccadingly, tiedas bit nescamyiyg datk bieline and

| ower sen %&na@rz%@aﬂpﬁiﬁf. h@nﬁ the mbIBRBES td theSipder ant/iler SBRL prb- E}n;!rﬁ%?rs hal B Gidb C‘atnﬁfoﬂ al

circ &t structure £ per sense pre-anplifier |abel ed Ucascodr is
sho ﬁo& owéf:apacuance to htgh capacitance.

The wide variation in loading and voltages have been handled previously by adjustments in the
metallization of the chip by changing the metal masks. Changes in the metal masks are themselves
inconvenient. In addition, chip fabrication requirements resulting from allowing a choice of different metal

masks produce additional use of chip space, which reduces chip space available for important chip functions.
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15 while the structure of the | ower sense pre-anplifier |abeled Lcascodr is
shown in FIG 5. The internal circuit structure and operation of each
circuit is identical; the operation will be described i pcqaisdoroonl y for
the upR@foinsRpse pre-amplifier. Al the n-nos tranS|stors are md-vol tage
transistors with a gate oxide thickness that can tolerate up to about 12
volts applied Dednsigeniigatdsiéfotn s Ousvioverting érpliGiér, wichnagpistooB 1 1Deiggthd puiamt

| eakage; thgids amnsts{oam kh%wr &wﬁ'&&sﬁﬁf k@ﬂm&rysnfam ﬁ@ﬁﬁﬁh'&k@onﬁ lmvéung
characteristic. @n& stors 318 and .mar ked

because t h@]PPﬁeﬁéf‘E‘WFtﬁgl%?ﬂ’ﬁlgﬁé é“pctéfﬁs’sé‘lﬁﬁ'ﬁdﬁaf's‘sﬁ?ﬁ?vﬂéf p%b&?“(?d’la‘isﬁ‘@é 38 to
about 3.5 realopesation, The inveriingtamplified bk ke adtivasicy 3 h€radve eigmbldBEFDSAwhibh tam'o”  t 0
i ndi cate t[%&széré”ﬁyaﬂ%\/%o%&fngmh imérﬁ.l@sn@nfmn@mgﬁgo@a sagar,ascbol d voltage V.

Transi stors narked with a ut with k, 313 and
e e Cal chre et st 7 Bres Sou At wry e saase e TR ol ¢ oo v,
of about . Henigkd srliel Haneves the fen@ be- almlsﬁeaalsctﬂnngssuhbﬁedlmgatseﬁer@mw froi- . 8

volts. 25 kg, %X%?e cfcsrtmls ﬁﬁsme%om@uv\luamok the £RAGR- ap,sﬁfve@ems@eba%smg gvol ts
("l ow vol ta ange.

;
[ ench of ~tretueluRgng °S‘\}’8\{’t’%‘§‘§'g§-3 R T Ko e AR P 209
and Hénk 1@Bsigadldand slafively highWik fransietor 345 oAseshon aPuadt eis alffigjently highaaiwtr oof t hese

enbodi ment Sansifid}6315 AR N € 'E:urﬁfxt qtnbﬂy ﬁé@@i ﬁﬁﬂ%ﬁeﬂ% phy @th@@gh%& @ﬁstan@e%ﬁs ermléd M)
r an era

while the ab

e e LSl DOl 05 oLRA RO S MDEE PLEL SRR (1,
the two bafikis kigker'] furtweonm)esmealplgeaseﬂ@l liresitua®igns vihen tiepapncitiverioading on taititbiati U TASn
contenpl at ﬁthgetb&a,ssmzszetaf th B¥8k mwsg r‘da%r:d lﬁ§e s Aun¥¥ofl & mloR Gl b&t»mm iDow Mo

and M. Thi iatio | ze ea fe , capaciti
| oadi11g o natta out?bV pélc:imse et othe mnj)lr)]s oé the cin cxrcun don ﬁ%.'teas ‘H“CPV attlow Ve ém "|2des tA/l%t .

mul ti pl exepizuiyepldpaly Slawwb% ‘%’PP"&@%W %Fr!‘éi"s oprretse evahgl y, the dat a bit lines
carrying data bit line signals 275U and 276L fromthe multiplexers to the
upper and INDUSTRBENSRPLIOABHATYI! ifiers has a wide variation 35 from|ow
capaci tance to high .ca aci t The wi de variation i d vol t ages
have been handl E‘Hqﬁ? ‘QV E%’?@Eﬁiﬁﬁﬂﬁfg"tsﬁ‘é‘ﬁ?’g -apgfiipg e °°‘?F§’("§‘? q"i‘&g ife("j%“&““f"he
chip by chamginpigiet fTbe fratira¢rtingagplifier €iramiges 31 iand Bid foratadiedeiciesroticenplitedirs el ves
i ncomeeni e B&ti]ut USaiR del irdnkiQst, 310 irh abrwmt dt RYe tegséwaamms& of @@MJ‘SE pragmplireim

|1 f chi
2pag\é\n n\?m Ia a(% Y tl’l esu IhatQIhelc%sed ?oo;(z: smrgﬁ sn&nﬁl 5381 o% 515 selx)\sre%rel-'la%ﬁli%r {s LIQR.? f"ﬂ'ﬁec I gn s ¢ I]_ljzl_)

PCT/ US00/ 2%9@3’3Ck h\mgm*ﬁ sggdp thFreémgsws*t 6rlsth3aa5' o&ﬁeuﬁlstllmvewes mpaﬂqrewgrtbh nverting
anplifier, giieh.whdd R iiheqhin 3flifle sdndigvetthhg afpidiven YUP g, /E.3/8 SABboihglA N shallansi st or

.314 t he pu |51|onag¥mf bl 8RS bx%talq lifier 1£ @n ?3} msmggléi' (g 13/5.8 n)? Sofl"llﬁarlp %Ee%eﬁba@lﬁ&g)%gin is

I nver fier, ransi transistor and

t ransiit or emégmerﬂégmptﬁwodﬁm'sw%masgidd? its Wiy rqtin ép pgovide rah %;ple?"ef’l’lefiﬁe fugthged
i nverting &y apfroxémaselycsee Vi epinsianatlil viatied witly a latieyadvw WA rﬁtiogﬁlﬁbwdcqm whi ch

turn on sMI@FkS'.GSEr%ﬁsw?iﬁ @ﬁk@d%ﬁ%r&&lﬂ&?ﬁﬁv'mr&ﬁ _/ﬁrd%égfdah ' Ghers to

their power_ sup Pfé‘ Vcc.. The sense pre-anplifier rovi es out %t USAI n

to upper r éﬂﬁfn‘éeef gred bt F‘fpf°é'lma'f'ﬂfﬂ° A5 A ﬂg}y U‘?résd’elé‘b’(FlP' ogyand 4y J3TEktEPL
sense pr e- gwytingon balance| imyrelativiely dpy feggdbdck h@ 2aDATAB 450 2 relagivelyiew elbsuechlgopl smaibl f rom

the g.w:J ”f s £aB0Q (m@akesirem oﬁh&aaém&é%%%’ﬁdbﬁfh%@u@m ! tNeE;aﬁdqtﬁH{m lthE Reswagnse
pre-anpl i ui c at a

begi nni ng (5‘?"" ?’Hég? @%dmr(? yerd rebaﬁ’p[e%émmﬂ' Fig R’érfam(ffsf’l{’fﬁ P %f“c'fr‘ TIPS 03}% ‘{W f‘. 10
transi st or s@a@naheh lhee?hmltlvédaymgmghdwmtlm EPATARNGS 108 b&ausdthe sigonthalznini@e a i s
suf fi ci ent lpYindYesdlis sho@t. tWhtnGur @3 fasae& a&sn .%Jpsrrs§ th3 ¥ata ARk opdrating feVdi rw&n& beq&brﬁkl y

passes from fEr V\ﬁat e o heplpodéé o}/the sense pre gmphﬁer circunt haJ reac}le%ttifaeg g;%ra u?g lev%ls \%ere that

35 circuit lag to occur, the likelihood of glitches at the nodes or LSAin output amplifier would increase. On the

other hand, because the gain A is higher, better LSAin noise margins result.
The relatively low feedback loop gain means a lower voltage at node a. This low voltage at node a
taken together with the approximately zero V, is sufficient to bias pull-up transistor 311 even though Vgs for

transistor 311 is relatively small, especially if V. is about 2V.
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by transistors 313 and 315, thereby quickly charging up upper data bitl]ine
UDATABn to its operating level. This "kicker" function is especially
useful in situations when the capacitive |oading on the bltllne P TABn is
| ar ge bewmn/esa«me SI ze of t he bank 194 bei ng r ead | s. | ar gRCT/PRN0ZT nct| on
is nore useful Q h q gu%e the

portions of Ml ll?l“?‘&‘lﬂ"’t‘ s‘b‘?)blerffﬂ‘s‘sb“ﬁ&feéfpém g8 Efﬁl"ff’k‘?" LRI (fn?asur t he nodes
of the micrdtetisbr ricroisiiforthd ansistanshjchirakeuy theldepiqrdgisquitthavecbesiomitiedfiom e j t s

oper ati gg,dsey Glive LW§I&%R&@D hil AR llelcﬂ_\{en-ﬁgﬁnctu\&n 'lh@ﬂ&éfg'h l'eﬂtﬂreﬁéﬂib' ahd h&r S

form ng The sense Bf ggp |$ éh frnle qpk JSense
pr e- anpFiPpYilisies andrlimitarions of the pagi at’i‘“ffé’“‘é&rﬁ'icini‘ é?a“S’i’ prf’cre%fhlg SRS °5Rd 314
f orSim a fhe eicthiaskvel astthupedfornaogrequirgments of thomecifigembadimgBA| n vi a tranS|stor 313 to
the i/p UDATARheRkord ¥REHedthat El@ﬂﬁ@@ﬁé‘deﬁfk%'dys&iip‘ﬁome rdgh@ed 2 MNGsratie &thall'fﬁﬂni fier

| ds th |t ) ral.l  si | .gal
r O e S o o R B, B b

expr essidefing théspirit andis¢ppe of shiisrinvgdtion.ne first inverting anplifier given by
9.311/9,,,314 while A is the gain of the second inverting anp given by
9nB813/9nB816 Accordingly, the small signal gain of the sense pre-anplifier
is (g,3131g,,,316) [I + (gnBl11/g,,,314)]. Simlarly, the feedback | oop gain
is 25 (9.313/9.316) (g,,,311/gnB14). Transistor 314 is sized inits WL
ratio to provide high 9.314 an objective furthered by its approxinmately
zero V. Transistor 316 is sized with a relatively low WL ratio to provide
arelatively smaller 9,,,316. Transistor 311 is sized with a relatively
low WL ratio to provide relatively low g, 11, an objective furthered by
its approximtely zero V, Accordingly, Al is relatively lowand A . is
relatively high resulting on balance in a relatively | ow feedback | oop
gain AAl and also a relatively | ow closed |Ioop small 30 signal gain k (I
+Al). As a result of the constant gain bandw dth product |aw, the bandw dth
of the feedback |oop and also the entire sense pre-anplifier circuit is
increased resulting in faster circuit response to handle the situation
when the capacitive | oading on the data bitline UDATABn is | ow because the
size of the bank 194 being read is small. Wthout that faster circuit
response, the data bitline operating | evel would be reached before all the
ot her nodes of the sense pre-amplifier circuit had reached their operating
| evels. Were that 35 circuit lag to occur, the likelihood of glitches at

t he nodes or LSAin output anplifier would increase. On the other hand,
because the gain Ar is higher, better LSAin noise margins result. The
relatively | ow feedback | oop gain neans a | ower voltage at node a. This | ow
vol tage at node a taken together with the approxinmately zero V, is
sufficient to bias pull-up transistor 311 even though Vgs for transistor
311 is relatively small, especially if V, is about 2V. 12 WO 01/ 29842

PCT/ US00/ 27903 It is to be noted that suitable transistor sizes specifying
channel width to length ratios (neasured in mcroneters or mcrons) for the
transi stors which make up the depicted circuits have been omtted fromthe
figures. It will be appreciated that suitable ratios may be chosen
depending on the design requirements and the capabilities and limtations
of the particular integrated circuit fabrication process used for

i npl enentation of 5 the circuit as well as the perfornmance requirenents of
the specific enbodinent. It is therefore intended that the foregoing
detail ed description be regarded as illustrative rather than limting, and
that it be understood that it is the follow ng clains, including al

equi valents, that are intended to define the spirit and scope of this

i nvention. 13
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WO 01/ 29842 PCT/ USOQ 27903 CLAIMS: 1. A sense pre-anplifier circuit (274U
for a flash nmenory device (100) capable of sinultaneous operation, the
flash nenory device having a first nenory bank, (194) of flash nenory cells
and a wesombssenory bank (196) of flash nenory cells, thRCEHESHR7I03
pre-amplifier circuit characterized by: 5 a first inverting amplifier (311,
314) coupled to the first nenory bank (194); a second inverting anplifier
(313, FAANMEpupled to an output (USA in) of the sense pre- anplifier
circuit; and the first inverting anplifier (311, 314) form ng a feedback

network for jthe %eseeegrelammeertaraﬁt (zvaﬁmﬂafﬂaﬂ{me&réﬂy%m"axﬁxb) capddicdf The sense
pre-anplifier circui eedback networ k

has o TFeRs St e 5 B St e s GirdiemBy Bk () FFep PR Ere ®Has a | ow
cl.osed 4 sewmpd mamorybiatk (4260 of flashhrembry wellf. dledénseciive-anhplifiey cigrait chamrerizedy: cl osed | oop

ci scui t Igaicn bei QQirs?HfrJrﬁx%laﬁﬁ\}fleﬁ’(ﬁ10W4)tc9uﬂlé8QJtﬁ‘éi9{§fﬁnfeJﬂé‘rybﬁnl@@%)dth of dt he tsense
re- a IT1er Clrcu a I T1 er L LCU accordil n (0]
B o o e ei o A OE U Pl SRR Bieboran@Sh 8 deBe Sr o "

suf fi ci mplifieycityiiighndgai n to increase the noise nargins of the second
inverti ng arrpl | f iR fird AedifBRmpIERNG A, DUProRiR altdelitibi deiwofkibrline séondiMRrig£NS e

pre-anpli 3% [ Ult accordl ng to Caim3, further conprising: a signal
line (2 fer 34 8 |ng the first inverting anplifier (311, 314) to the first
menory bank (194); and 20 circuitry configured to cause the signal |ine

(2P5U) to rike r ke emsp Precplifisr GsEtaatording o @) 1. wiereinthedeadbaghegtvorli a2 5. A
s e nse plo®feadiadkildop @4in 4hid ke Sdnke p(eZa?r(i»ht)er it ks & loaSlseaRIPEijtuitigin, Belod IBdbpckcapabl e

Ot T ASRS, ARS8 B sl B P AR tﬁeebamky)dédg?gm? sl Torory

a  second nenory of flash
menory #elifigcirpite sense pre-anpli f| er circuit conprising: 25 a first
transistor (311) having a gate, a source and a drain, the source being
sel ecti vel y 3.couplheeenteprecamplifiedcignitheivedinggo Claim, wiebreinghet shand invegting mephibery  bank
(154) apgh, @fssrmwfﬁmnmlgh@wto.e&agehenéem.,eeﬁnes@ammeheg afiphifid'ehd thed Second

transi st or '(e zlﬂf vi.ng a gate, a source and a drain, sald source being
coupl ed>PEPPRRIEFF AN of the first transistor (311) and an output of the
sense pre-anplifier (274U) and the drain of the 30 second transistor being
sel ecti vel y ®oupl B sangs pee-applifien gfesuitasearding tnflpim 3y yrtkengpmpridinge]| Va, the first
and second tran5|sdignﬁlsmet(amlbhﬂplmgmemnsmmmgg@phﬁerrsm|3m;efthdmgnﬁ:nmi fier
(311, 3k ¢ i rd tranS| stor (313) having a source coupled to ground, a
a# coup ed 0 t he | é1275 of the sense pre-anplifier, and a drain;
Qurth transi stYPUE ijg“ﬁ ﬁ?l"ﬁ@“ﬁe%ﬂl"&"ézyybﬁl"é“daﬂ‘w‘PH@%‘I’@FH“‘&?@ the third
transi sthesigr@Bih8) and 35 having a gate and a drain selectively coupled to
the voltage source (VW,), the third to fourth transistors together formng

a second i nverti ng seaseprd dnipBfier £xxa&8(z74$1iﬁ,} a ﬁ’smé.mymwae (imskp@felsf net wor k
couplin glmgxlblgeorlsl OrI‘JCSI‘LthEI rt}%r}ls Ihsr;\[eglgry evice Lavm hrlstI rrllelmlolyI bank (99%)103&1 111' memory cells and
a second memory bank (196) of flash memory cells, the sense pre-amplifier circuit comprising: :

25 a first transistor (311) having a gate, a source and a drain, the source being selectively
coupled to ground and being coupled to the first memory bank (194) and comprising an input of the sense pre-
amplifier (274U); |

a second transistor (314) having a gate, a source and a drain, said source being coupled to
the drain of the first transistor (311) and an output of the sense pre-amplifier (274U) and the drain of the

30 second transistor being selectively coupled to a voltage source with voltage level V.., the first and second
transistors together comprising a first inverting amplifier (311, 314);

a third transistor (313) having a source coupled to ground, a gate coupled to the input
{275U) of the sense pre-amplifier, and a drain;
a fourth transistor (316) having a source coupled to the drain of the third transistor (313) and

35 having a gate and a drain selectively coupled to the voltage source (V,.), the third to fourth transistors together

forming a second inverting amplifier (313, 316) providing a feedback network coupling the first transistor

14 / /”/I!/ ///’L// lllf/ //'/I///II/



S| ~I WO 01/29842 PCTI USOO 27903 (311) gate and the first transistor
source, the feedback network being configured to increase the bandw dth of
the sense pre-anplifier circuit; and a fifth transistor (315) having a
source cOUPPELBED the third transistor drain, a gate coupPEIHKH02TM2 f|r st
transistor drain, and a drain selectively coupl ed to the voltage source,
the fi ft@112sae andihe Fstirpnsisior sSrren Ge Fedyerk mefwerls inegentigered to ineraase e hapdavidiingfy t
(275U)  tife seist fre-hiraiflifietlcitcuitm@n Operating | evel of the input.. 6.. The sense

pr e- arrpl ifier cir %LHRL n'a%g’@gr (%ﬂgwk%a s%r@é cronlp?e’d tci,m?e Jn?d tr%s%lor drEu ea égtg é%n@ed%g ors are

intrinsic transistor
C ai m 6, thef transiprondeain. and @ drate s¢leptively com*ﬁdmfhe(ggasy sowamsheff Bimm@ Hm(i Bapgijtors

t r afsi Stwing caafigired td e thé inpl RI75W)Q6 Sse rapidlyBo an bpRatis £B&Cofe@panpl i fier circuit
according to Claim7 wherein all the transistors are mdvoltage

transistors. . Thege SRB Ex%-alﬂ%lﬁrﬁl’ﬁdmhﬂ af:c!oﬁfintg% Eifitd '5twh%ﬂaﬁ9ﬁ ﬁxk Bhsiibrs Qe Alrilid

wherein the voltage source he range of about 2 volts to about
3 vol ts.rgsrsThe sense pre-anplifier circuit according to Claim8 wherein
the voltage source (Vu) is 15 about 3 volts. U The sense pre-anplifier
circuit accordi ng These@k aemmslifinhrincei arcotding /i dgenespuireeo(dVie) thirg318bout  2V.

12. The S8R5&h GleSeATRbd &l BEpLidmbidd. according to Caim9 wherein the third
tran5| stor (313) and fourtyﬁ transi stor (316) have sufficiently | ow and

QE transi StSOr gallhe ehse Plelﬁ'tercxrgu abcoPd?ngPor a:m h;,r al tﬁdgaF olz('sarezo net wor k

a | ow feédback e tne ¢l ose p pre-sense
arrpl i fi emidygitpge fransistgys-t h a I ow circuit gain, the |ow feedback | oop gain and
| ow cl osed | oop pre-sense anplifier circuit gain being sufficiently lowto
i ncrease t he hhandviiheléehse pfe-anblifiesdmgiecqording anfidiinBindereia ihe ealtge souicd (VeF sdn sense

pre- anpl gf LEL oGblfsldis G Fold to C aim8 wherein the second transistor
(314) has a suffici ently | ow gain to increase the noise margl ns of the

d t ILifi
TR st e e e

about 3 volts.

11, The sense pre-amplifier circuit according to Claim 8 wherein the voltage source (V) is
about 2V.

12. The sense pre-amplifier circuit according to Claim 9 wherein the third transistor (313) and
fourth transistor (316) have sufficiently low and high transistor gains, respectively, to provide the feedback
20 network with a low feedback loop gain and to provide the closed loop pre-sense amplifier circuit with a low
circuit gain, the low feedback loop gain and low closed loop pre-sense amplifier circuit gain being sufficienty

low to increase the bandwidth of the sense pre-amplifier circuit.

13. The sense pre-amplifier circuit according to Claim 8 wherein the second transistor (314) has
a sufficiently low gain to increase the noise margins of the second inverting amplifier (313, 316) and the sense

25 pre-amplifier circuit.
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