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AT WORDLI NES AND SELECT LI NES TECHNI CAL FIELD 5 This invention rel ates
gener al ' wotea/9r23w decoders used in NOR Fl ash nmenory archi treatusogssosivor e , ,
particularly, it relates to a sem conductor integrated circuit nenory
devi ce which includes an apgaratus and a nethod for reducing capacitive

| oadi ng i "METHPRSO REDUEE CAP4CETYE LOSDING IN ELASH MEMQRY XJJWIOHR KOk

vol tages at sel¥ T RAMLYAHTHEE CONFROLGTKWORDLINES ANRSELEORIMNEBUND ART 10 As
is generally down in the art) there exists a class of non-volatile nenory
devices referred to as "Flash EEPR iN" i has recently energed as an

oyt

i nportant menory device by conbi AT fhe auvant ages. of EPROM density with
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conduct iméihby fol Red@th Sipaaiive loadilg IN-alFIARE meARH Gkdodr kY asIOMEERel) 63EQ %evalEaQ&d
integrally with the substrate, and an N-type conductivity drain region al so
fornmed iarselegedatordlinasiabdblovk bdivet Ibdst rate. A floating gate is separated from
the substrate by a thin dielectric layer. A second dielectric |ayer
separates a control gate from t hPACKGROUNIQAREt e. A P-type channel region in
the substrate separates the source and drain regi ons. One type of

- archPt ect ur e A3 deHreFdl kmpvach teerolpere existssa ¢lasp piciep-velatilehemoriadp viees referred tONGR

Fl ash I t whi ch is ¢ f Flash EEPROM cel | .

(1 T ont | nEEE Qi AL PG et 5t ARG (5 H1-pEy oA L% erbpe
Furth . it hi. ). t 9 in. . Of

U Lne! e BAPRIBE YLD, SRGh OG0 AEEALARASH L0 PR Ly
source hLeghp &llgfze.eﬁczhcoﬁ\% t_}lolnslg?agtfﬁﬂﬁlvll ?M(S:ﬁl\%\l}' tﬁ?]v%@,(wphﬁﬁﬁ}t & on §'m§i§t§rq:of'e%elﬁ

common node. Therefore, al e ce In a particular sector can be
erased Sdafipk GREDUS b herRBAIRIR Sts@atd TBY wiliéh Q6 £ T REnPRedBorSELHRE chiMucifGt OF
basis. The control gates of the cell transistors are coupled to 25

WOX a5 i Nesbstrag chn t Mieypel rcaddngivityh @sues f reglére fee@edD inegrallyo whik tthel kubfite, and ad N-tggeder to
program the Flash EEPROM cell in conventional operation, the-drain region
and t he cendnativigyl drgjm ragionalso forhelcintedraily witbid glieamirirsie dA flottea italssermbrd o e
potential applied to the source region. For exanple, the drain region has
appl i ed SPREtyd thin digpdricdwery P ssfondiplectici 1ayan senaates & captre] ghte Fomyhe foatipgeateoAt r ol
gate VG_havi vol t age .of approximately +9 volts applied thereto. These
vol tageS‘WS%g’aﬂ e ?‘gls‘é’éﬁfﬁtﬁiﬁgm%é%maﬂfwn%04 WO 01/ 97230
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the Fl ash EEPROM cell i h conventional operation, a positive potentia
(e. 9., obsetiftkt BokthérSthé maRpy deBhwiltfh daliie@ R dFeGftapfilih Rk of WEAIGE Und rmBRbbitl S
applied with a negative potential (e.g., -8 volts), and the drain 5 region

i s al | ovied iftasebting & rowd obWdrdliags. Ghewiucs ©gibi @leadh ch\tahsapRs wittel seectériivied toaat i ng
gate and the source region, and a negative charge is extracted fromthe
f 1 oat i ngemyaingoden Thireforsoaliraf e cellyivithin b partieer gftofF@ubesrashibsidilenarustymd ebsureg .
may be performed on a sector-by-sector basis. The control gates of the cell transistors are coupled to
25  wordlines, and the drains thereof are coupled to bit lines.
In order to program the Flash EEPROM cell in conventional operation, the drain region and the
control gate are raised to predetermined potentials above the potential applied to the source region. For N

example, the drain region has applied thereto a voltage Vpy of approximately +5.5 volts with the control gate

Vg having a voltage of approximately +9 volts applied thereto. These voltages produce "hot electrons” which




In order to determ ne whether the Fl ash EEPROM cel|l has been pz&owdvyzgm
programed or not, the magnitude of the read current is neasuréc ,
Typically, in the read node of operation the source region is held 10 at a
ground p&y@9i/ddhe (O volts) and the control gate is held agcq.n%g{/%{al of
about f5 volts. The drain region is held at, a potential between +1 to +2
vol ts. Under these conditions, an unprogramred cell (storing a logic "1")
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cell (storing a logic "0") .will  have consi der ess current OW ng.
For exanpligreas obthe Mntigd R aéshgld DY IBprokimatly R0 3l @y architecture is
illustrated in Figure 1 15 which consists of four vertical blocks 10, 12,
14 and 16. Ealth ewfing theFlwh BEPROV chll mekisrerkional Gpetation; & pRAsepbtatialldi. f i5Woky\R
sectors. Each of the 128 sectors store 512 Kbits of data arranged in 256 =
rows of " apeled e thespurgenssion Jde canlrelrpats isapplied with 4 megasive fotentidh@rz,, -Ealk), af tht BGin
sectaors S through S 127 is forned of two array bl ocks (Figures 2a and 2b)
AB- 1 JandegpLipallogedio fpag fetpong plecricfisidsigesiops begvean the flaatingt satd aiythevowre tdien, f0dur
vertical Dblocks 10-16 so as to decode the wordlines in each sector fromthe
left and® PIEYHE Bigfrels. xmstet firmpas fojthg ewte o the fspuste tegiepuby way vbFevdgdlordhgmbe
internal |y generated that are greater than an external or off chip power
supply potential VCC which is supplied to it. For exanple, it is known that

in Flash EEPROVB;.OREf.aLl: \/ +3.0 vol t a_high | ta of
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al so generally include an internal” voltage boosting circul or “genérating

an aot pui a sogapbteRRDEVEIR) ind tR200Q] Ste0NRId & B 8lentil 8 H6H:G5 Ralks. THPRAY regigxlx Lage.

. In Figure A there is shown a sinple diagram-of a conventional technique
for credeldrga potbrtials bevskey ol targevolior Umlembesel bonbitions An\prb @G BmAICRS (Bkin h logi t 2

is used for generating a gl obal wordline supply voltage VPXG at node N1,

whi ch i s"l'ba‘élg@adq%a Qpprt ispdl rpprexingatelyi0i tn €3 FAn Thbprogramiiesl] Gooihge 18giS'0Q 47 i n

the four vertical blocks 10-16 of the nenory array via the corresponding

X- decod ¥ cqusiderphly legy cypeat flgRdned| i ne suppl y vol t age f 2 2 NV 204 WO

01/ 97230 PCT/PUSC]/1§08%1 %@éG is typically in the range of +4.0 volts to
+5. 0 vol ts, VT SREPE- § &t M el NGh, Haphrshrmony npe aliisp o Botiaied iaFEwOE of a
i;3al o our LU st gd t age YPXG. i .z t |t whi ch i
osi'Poq b S F pu MR iR 16 % W3R Mok ol Prre TS 216 b0l °

during anifead sERES FMafh RBE TR LRNs strg@ ﬁfe\ftﬁﬁseof ﬁﬁtg'&&n%eg & BOASE %fjw%\{%gs\?ag‘? %OYEXG

applied to the wordtine is create booster circulrt, | vary
great |y cotiin of BielifeQ V¥REthes LR loF thPREBH bitRbug 507 isRbREES Swd P BibSs 2aand |
tenperature. Thus, the wordline voltage wll not be very accurate and wl |
cause erboAB:1 gl AR-C.UA phititityf XidB@ddRe BRhrOIp@Eea bit@ddn tHe suk Afioal BidtS100@QS hasl

vol tage VPXG nmust drive both the capacitance (5 pF - 8 pF) associated with
t he wor drdofeths wediinagin pash kectarfcbnt thelef ardaighttsides. capaci t ance (about 30 pF)
assqciated with the N-well |oading path in the X-decoder. As a result) the
booPed vol t dYdbenithereipotica Feguired yolinersde berirterpally lsengiatedl Shalree gienter then wrtratetilgh

capaci tive, | oadi ng that nusg 10 be quickly charged during the Read node. In
VoW of CRIB R IHTRR GUTizh LG oL roks e du; 18 iRy Tob ke Bping e
capaciti i i sh ry. X-decoder i.n order to produce accurate
vol t age%%é@g?ﬂegkgnésgldeagﬁeggl v?pgﬁggil Olad é‘ﬂcﬁﬁoqmeooé RPPLQHfrRiey T‘ﬁ'%é"gt? is-ppded to be
acconpl Lahgedq i ' ' atyng the paths ta the
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par as I t Inﬁmbxﬁb@dk@@merﬂl@ iR kRIS vgi:agé W@Q 1:1@& f%? :c-%énglﬁur ng Xutpdt Eiﬁdaﬂo%st&qp eral
techni cal advantage of the present invention to provide an apparatus and a
nmet B9d behigieetiucthagteoapagplytvoltggel 0oadi ng in a Fl ash menory X decoder which is..
relatively sinple in its construction, is easy to manufacture, and has

i mproved acc ik Higere V4! thergé sbomt 7 sinplatiageh etd edvantsrdl tedh@igud Pr eSO b boEDUNt

of time and bl ock select lines during reading over the prior art nmenory .
devi ces Yolge fof 2 werdline. o Moliagedjoosial wisgnit geused for beverptimgsegkibal wordling isquplytvoltage ovi de
an appaﬁkés and a method for reducing capacitive loading in a Flash nenory
X- decod Gt Bpge N3 b iy egsed Y aprapRriats Woxdlines ingher varius sestorsSe$ 182 indb famvatisahe s

and bl og‘gcléféb_%tf&é hes on an §T§fi cient and effective basis. It is another
techni cal —advantage of X fie” Jf ESSATeRRYRnEerdersol 8p B sleha! werdlins suppltvakeeand

met hod for reducing capacitive |oading in Flash nmenory X-decoder which

i ncl udes decoder circuitry for separately .




25 applying a first boosted voltage to the wordline N-well regigogarmzﬁ
- second boosted voltage to the selected wordline so as to reduc i M/e

| oadi ng on the selected wordline due to heavy capacitive | oadi ng associ at ed
with t heworidi7zee N-wel | region. It is still another teclrumedoiashsant age of
the present invention to provide an apparatus and a nethod for reducing
capacitive loading in a Flash nenory X-decoder which includes booster

ci rcui t r F¥E igttheriguag of +4.0 Yol G0 2o, WECIDE roRR 30pvPGT MpSQIOWESEBHY f i r St
boosted vol t to be_hjgher than a power supply potential for driving a
wor dl i né’%ﬁ‘%@?ﬁcP OBk volts é’g‘ﬁﬁ’amgﬂd%li“é"d B adpeect witnge whiclylsdesiredfabe t he

power s I otentjal for driving a select rdl pne during a Read node
of oper aE| ota\{hn.egftr?ﬁ 3}(:'%%‘?’%%11&8361“ \{ﬂe f’aﬁm% SBPAY BFPE eé&%%‘jgioh@ﬁ?u% t he present
- invention, t i S: Vil for reduci ng ¢ cji,itive loadi.ng in
a nenmory dev %£§%§%§Jt?%ﬁog§%u‘?g elbggggﬁj ?’dot? the prerdli %r%ageﬁg !hgié e &S il

wor dlsi N&gH vary Seduly hith 112 POW: %pi{l(ﬁl)t[nﬁigﬁ/ ¢S pﬁ)l_ge\%gfo?&eﬁgma %mB&%\EHzg'ﬁﬁE, NP Power

 supply potentral for driving a wordline regi on. second boosted

vol t age voRagd WaDnd BB @& tabifirateOantd Qilhéa82 Qirods NG BecliN@uriRO W Re MU ion P G}, i@ f Or
driving a selected wordline during a Read node of operation. Decoder

Ci r cui t rbposteg veitage/ VRIS Emiisd drive GA fha taphojtarp (3| pFi- B gF)talecidtddviih taaoaliedoadn) page t o
the wordline N-well region and the second boosted voltage to the sel ected
wor dl i neand the p@asiiic capaciteaag(geutcipicistaciaed olathe Ngwell doatling paieinaigt B decoder. dhi me due
to heavy capacitive |oading associated with the wordtine N well region.

BRI EF DESERItohoesd Critapretirendsstad wordlise will decseage dite pphechighi cappeitivg lodding that must
conventional .technique faor creating a boosted voltage for a wordline; 15

Fi guie fefl‘gc%vfglfrﬁ@dﬁ?qgéfgflﬁp %edi agram of a conventional 64 Mo NOR Fl ash

nmenory array architecture tilizing the X-decpders and bqoster. cjrcuitr
of t hg pr esgrﬁl V‘?“ﬁi‘,’%‘ﬁﬁ tgeﬁ? halésg'ﬁsll‘]’rr1 !ééée%g) %%fédcfﬁfay\ﬂﬁr uc@%ﬁ‘ﬁé@f‘%ﬂ’eﬁ%‘&‘&%ﬂ a',é‘ i sya
bl ock d'@%@rﬁ-@gcocﬁpm%}ﬂ?fb%cefa% %S&)ltz)@e&:t trgl['aﬁ %e%@t%& 9/& es Imti%%o@if{%!gmm%r ray

of F bwe 1, constructed i'n accordance W he principles o present
i nvent i Oris ificEualpRshad inShoprédtl: ivir@éh hd e Faitls G int scfteBDEEInEY anli B HMERAMUX
selector circuit 20 of Figure 1; 2 igure 4 is a detailed schematic

circuit selecaliveafrom fhe biv@o MPSGMIUNarssetic®adifg. circuit 22 of Figure 1, Figure 5 is

a detailed schematic circuit diagramof the VPX sector select circuit 42 of

Figulbe 2; Figure 6 is a detai DECIOSHRROFINVENTIONi t di agram of the vertical

wor dl i ne decoder 44 of Figure 2; Figure 7 is a detailed schematic circuit

di agr am of t Hecydipgl it isstgensd! teghmicalddyaniag ! the prespal|imventiop ttpeovisk atRippastes agd a 25

Fi gure detajled schematic circuit di agr am of the horizontal wordline
~decoder which is relatively simple in its

dec Oder»8n2fI§1§d gqr I u@lﬂg gapzcmwgn]aading in a Flash memory

construction, is easy to manufacture, and has improved accurate voltage control at selected wordlines in a short

amount of time and block select lines during reading over the prior art memory devices.

20 It is a technical advantage of the I;resent invention to provide an apparatus and a method for reducing
capacitive loading in a Flash memory X-decoder so as to accurately control the voltages at selected wordlines
and block select lines on an efficient and effective basis.

It is another technical advantage of the present invention to provide an apparatus and method for
reducing capacitive loading in Flash memory X-decoder which includes decoder circuitry for separately

25  applying a first boosted voltage to the wordline N-well region and a second boosted voltage to the selected
wordline so as to reduce capacitive loading on the selected wordline due to heavy capacitive loading
associated with the wordline N-well region.

1t is still another technical advantage of the present invention to provide an apparatus and a method

for reducing capacitive loading in a Flash memory X-decoder which includés booster circuitry for generating a



Figure 9 is a detailed schematic circuit diagramof the mordligﬁzdﬂevgm 4
circuit 49 of Figure 2. BEST MODE FOR CARRYI NG OUT THE | NVENTI 4 Q
NOV 204 WD 01/97230 PCT/USA /18081 A decoder structure and a nethod for
reduci ngyiPP@shid ve 1oading in a Flash menmory X-decoder ihed. In
the follow ng description, nunerous specific details areaégpgﬁﬁﬁﬁﬂg'such as
specific circuit configurations, conponents, and the like in order to

provi de fasttbateowah g4 3tR hiha M NGoks sh GEF B ali YN b8k N ™

shoul d be apparent to those ski Iqjloedr_sil_;r%%’tlﬁ)g art tdﬁatg(‘at%er pre_eﬂsj@ri;frg%qr?vaélg ion
may be pe@od boosell witigh @iibe Behbh@anSRESwk sﬁpﬂﬁiﬁoﬁn{iﬁ for ifviet I \@lectbdWdr@E Bing a

wel | - known processes, circuits, and control lines, not particularly

r el evantRepbmedeef epadtimst andi ng of the operating principles of the present
invention, have been purposely omtted for the sake of clarity. Referring .
now i n det ai |Ingesondprse ithapiafsed anfbedimerit of théypresantiinversion aliereds prgvided af rattat ifo )
Figure 1 a 64 Mo NOR Flash nenory architecture which includes four vertica
bl ocRs fefucingpeapariive logrlingsin 2 mempry devigerte aplo geduestelyFontioh¢ eoliags ot selrpied werdlines: .
_thirty-5¥g3§$ctors Each of the 128 sectors S through S |27 stores 512

Kbits of® Bt RousAaltAse s eenrrasddo bedhigherthan doroppr surply Reieatiabfop drvingcs wiardkine Niwell
bitlines,.Thys, t size is 256 rdline) x 2048 (bits) x |28

(sect or zﬁgl (;i;' ééf %ngo%@%éée lﬁa§°§%qe’él§ toof’ne\é\ﬁ T tpa e supplyirraal By Givie 2

10- 16, theYeaHofmkd QYL ALH g@Hﬁ elector .circuit 20 and a YPSGLYI

sel ector oircurt 22 %némgfxggéh fé?%d&§%5ﬁn°F ﬁpﬁﬁéﬁé%%?” %&$§%§?g§eight

15 VPX e t&1 lafs 1% an sf26ildGos e ’ed
G:bbSRbE RN 1SHhE GHiakis NPl 8h an@BE Aalsudrt,g Gahsd, ﬁféfs%%r%d \Lyg‘fgg/gg

right sides of each vertical block 10 6. Also, there are

sel €0t Oras @i edid tapacdide Wadifly orOBEseRed FortiRe Ahed oy Edpseitlve idadisd Bsockd GAL Me
vertical block 10-16. The selector circuit 20 receives a boosted signal
VBOOST _ \Worddine I¥-welgregidn.f rom a first booster circuit 23 and a wordline signal
V WORDLINE on line 26 therefrom The selector circuit 20 is used to pass an
N-wel | signal VPXGH on | i neBRIEEF DESCRIBTION ORDRAWINGEhge of +4.5 to +6.2
volts, and is _connectable to a 20 wordline N-well region. The VPXGWIX

sel ector cir CtA® Yoisa dgplpdicgam of 2\ gonventiopd teshuigyg [for\amatiheon bodstad val@ge fahich i s
about +4. 2 volts, and is connectable to a selected wordline. A detailed

schénaﬂﬁ?@%%cuit di agram of the VPXGM TX selector circuit 20 is shown in

Fi e 3. Simglar t A el ector circuit 22 r i.yes boosted
si Sh’% vsoos% %ﬁs i %g"“ggls%%g‘%%@% r?de‘éeS%‘%“%‘r“c}%ﬂbcﬁﬁg’? %E memQty| Ry
si gnal \@ﬁkecﬁz@,dﬁiiﬂﬁ‘g&Xﬂ%@r&n&%oﬁ%cﬁ%ﬁfﬁ%%@hin\@n%ﬂE on line 34 from2s

t he second booster circuit. The VPSGMIX se or clrcuit 22 is used to pass:

~an N-wel | si gipates YPIA b0 RhehichiBecd@ topMMEC R al tlock &a%rlélﬁ‘ of &NQ8eBler 1 u: Wik ohb- 2
volts and is connectable to a select gate NNwell region. The

sector of the memory array of Figure 1, constructed in accordance with the principles of the present invention;

Figure 3 is a detailed schematic circuit diagram of the VPXMUX selector circuit 20 of Figure 1;
20 Figure 4 is a detailed schematic circuit diagram of the VPSGMUX selector circuit 22 of Figure 1;
Figure 5 is a detailed schematic circuit diagram of the VPX sector select circuit 42 of Figure 2;
Figure 6 is a detailed schematic circuit diagram of the vertical wordline decoder 44 of Figure 2;
Figure 7 is a detailed schematic circuit diagram of the sector select decoder 46a for select gate of
Figure 2;
25 ~ Figure 8 is a detailed schematic circuit diagram of the horizontal wordline decoder 48a of Figure 2;

and

Figure 9 is a detailed schematic circuit diagram of the wordline driver circuit 49 of Figure 2.

BEST MODE FOR CARRYING OUT THE INVENTION




generator circuit 22 also passes a select gate signal VPSG QPQKBP?ﬂﬁP
which is about +1.5 volts and is connectable to gates of sele
transistors. A detailed schematic circuit diagram of the VPSGMIX sel ector
circuit YP¢978Wown in Figure 4. 5 2 2 NV 2f1 04 WO 01/ PA3US01/18081
PCT/ USO /18081 Further, a plurality of X-decoders 18 of the present

i nvention are, L ocated bet t@@ vertical blocks 10-16 and on_ the outer

sides of the “biEHE S‘Tﬁmﬁﬁ al’ge e RRsIRe loading in Bedhmempyy - ‘Eeﬁfélcllaé"ft and
ht h f f f.. t 18

i o ool O 3R ronyall el ag%&é"“? oS0 o' O s SN R pow et

Figure Jeoﬁfﬁvuﬂaﬁdnk’%&ﬁﬁ%h&x@ 4B a6l 119&&%1 gr%e%@'pr 6L Arou %éﬁeﬁ%ﬁm &t tﬁ@?eient inven OEI gur es

2a and 2b, the one sector or ned o two a

- The uppeaiowavef,adshdtidDsKa ﬁ&n@-tohﬁoﬁc SMRD B GRS 10 thl bﬁsehﬂﬂre%q w2Phd AELRE %ﬂ!xoq S

sel ect gate transistor (SGT) block 40. Likew se, l'lower array block AB-2
has Gonniectpedficodutails. Sn toflier ASEhcE) WEIPKAORS HiocQRS, EliE, Catnd @aduBl tike@ DI Hhrt@blafySGT)

bl ock 40. The X-decoder 18 includes a VPX wordline sector select decoder 42
for sel edtvanidge brendeftatdirg oB8@e grectigysindiplestohthe predentdiveion, @hiveibealpulpdseig kmitted

xd vw vertical decoder 44, a xd_sel sector select 10 decoder 46a, 46b,

xd hw Herthesgsobslatiiecoder 48a 48b, and wordline drivers 49: The decoders
46a and 46b are identical in their construction with the decoder 46a being
used with theelsppemos i detpil i e frapines therg shqvman Hleekotigranvfomn i Figwg lusddbni t h

decoders 48a and 48b are

! et o Host e Gnebing (‘EVPFS‘bﬂclk}ﬂa"'f hlioR OGN Thak aads, rinsoefaton i1

biodd gttt SRl WUt EBE BF o T RELRR ABEATP! B Y ktig e %Z‘y
sector Saﬁlir%&f 1n@§6:1‘?>d¢§ bt Mdlfnecs a'ml.l b b@tcﬁﬂﬁxﬁ‘s%f 'bfamEsl %ﬁ Emex{%i é%tp%%ﬁ%

receives on line 50 the N-well signal VPXGH from't se ector
circuit 2243 Bingylx [3BqeLa85=€Mb.i Ne 52 the wordl'i ne signal VPXG therefrom The
VPXG decoder 42 generates an N-well voltage VPXH on |line 54 and a sector
sel ect wor dl ilmerderototselege obRX tenfotri vagicd Glockke-1¥/RikcydhaCiicheded 4 AAXGMU] &fctar pai r
of cross-coupl ed P-channel transistors 502, 504 and output transistors 506,
508. Thém@@dpdééaZ@ﬁﬁﬁﬂﬂﬁmebtdﬂ@@ﬂ%ﬁ@ﬁ@ia@hédmzdmwmstbn&mﬁﬁzmaﬂdmﬁﬂﬁtare
connected together and connected to receive the N-well signal VPXGH The
gat Pof FRE W?F@lt gicuits 39 ued.pre brangdecatedonthe Jefs andriehtpides ef sachyerticabpleck 10-

t t h { f the t t 504 dth
rai oty ARy btk are b vAGSRE eipn e Z‘za%f%gw%pg b RtreieR e optgs
t put 0 { t h
out pu tv%@a% l:\l%(t,kol dl% Q‘hggﬁ:ctbr c?rclﬁt%rrc glv aq)o gﬁgw nn?lwcazgg O & er

and al so connecte recerve t 't he

transi StyedsierQRuit 53 Ak § YoRRREEA Wd@ﬂh@o riﬂggﬁ M%f{ q.flé Qﬁctorvg%ba i Oe0f I's

connected to the line 54 for providing the t age ut put
transi stpas abNdwel) 3igndl VPXEH VA G 270RNAGE Bhelrfhgt HCAISME +6.56015 8RE%: BBk & 4 NE
signal VPXG its gate connected to the node NA2, ' and its drain connected
to tHe IvioriinI§-whib region.oVieNAXGMUTCseRaiot drtuitBlaRE t»as&b@ﬁ abidie sighdl Vage oviae 28Unl | ke
the prior 6 Z 2 ~Ov 2aU4 WO 01/97230 PCTIUSO /18081 art, the V.PXG signa
has beenvhich &l shous d4-2 velin & coRX@Hledp g seddcted ivordlinet Aaleilnd schematicalirddit diafrhm p£gi ON
of the transistor 508 have been separated fromeach other and its source is
not ti edet'@XAE XAskesrr dieyi2us showp ipBigradi on, when the node NA2 is at a | ow

i stor. 502 w be turned on so as to

br oduce the VBRAKARROYEI ssb i ehroait ‘éqé’s%‘e“f%éﬁ‘?opﬁ'rssc{%h% O £

t he | et
Che. Vo oo e rched): b sl UGyl BB st B b BSR4 PSS
. MBNRSr , dlelsedodbddGerBi. IR VPEERUXYRA Y 098 q{gedttg'gasL %nplg é%ﬂ'ogfm[ ﬁgs iSod €d 1O

the N-well regions has been separated fiomt he VPX' Vo I ne 56

whi ch i sind 8] whidh ishif theQEEE bNELS 0562 voRSHE bs cohddQatiRAb aShibd: G DRAWN HRRAGHS | Ve
.loading (about 30 pF) due to the N well region path has been separated from

t he snalgknempaiziuiti 22ealdoqadesnd sefcahgatet sidnalSVESE) ol 380 whibke is\uBsl Lt B 6olRadnh is Si Nce

the capacitance in the wordline |oading path 10 . is very small, an
accur at eonpesitablgdesaten f slowstietrapsigens. otldatpiledokiiepatirtcirtiitaliag@n et he UPSAMUIK sefeetor | N
addi tion, the heavyl oaded N-well |oading path can now be driven by a

si npl er CE‘&B‘B?:%FI%‘@?""&“P%&FT“ since the voltage for the N-well |oading path is
not required to be accurately controlled as is needed for the wordline
voltage. A detailed schematic circuit _diagramof the xd_vw vertica
wor dl i ne decoder 44 is depicted in Figure 6. The vertical wordline decoder
44 receives on line 58 the N-well voltage VPXH fromthe VPX decoder 42 15
and on line 60 the sector select wordline voltage VPX therefrom The
vertical decoder 44 generates a sel ect



vertical wordline voltage V W. on |ine 62. The vertical decodef 44 |nfd Edes
a pair of cross-coupled P-channel transistors 602, 604 and an Al NOV 0!
transi stor 606. The sources and N-well regions of the transistors 602 and
604 are @neLhed together and connected to receive the '\‘P(‘f“ﬁlboﬂﬁbﬁage
VPXH. The gate of the transistor 602 and the drain of the transistor 604.
are connected together at a node NN2. The gate of the transistor 604 and 20
the drain of Ruhieertarphinditysdf debdiers A8 6f RORREE tRehibDIEILNRI bakved tRORRicMNNoers The
out put transistor 606 has its N well region connected also to receive the N
wel | si gi9db andrxthenautdr dides of the blecksl 1€ ad A6 sn@¢d dxdodt @ach @i frem tHa efisad Hight side| ect
wordl i ne voltage VPX. The gate of the transistor 606 is also connected to

t he noddbergd %g’ec&wa@rqiiom affieerXeddcodess 18 armerctibdng wetbhof thamectG2 ST of the

providing the select vertitcal wordline voltage V W.. 25 Since the xd_sel
sel ect %af‘g'ﬁ%ﬁeqf@gafeél%ﬁaﬁwme%mzbcal, it will be sufficient to

descgi be in de, <tail nl one of them A detailed schematic circuit

di agPam of t HE BRfeEP ﬁg & CHAd 2o, Al Qg secton S iy formed pfso jarayplaghsr AB-F and iRe s
d d i i 64 the N-well sij | VPSCH f t he VPSGMUX
el ect ot 93 ST EIER £ Riw R Bl Tpapd bitogaeton i cugweession S8 r om

The dec 6 e vol.t age, SEL i ne. 68.. The
decoder%g)g%‘l?}ngilkﬁg%’s&gﬁoggf fﬁmgf‘% &Ogggggs&-%gt% cecgdlg'l-]c LR A g&rmélr?glglgfsosrdse;{fﬁti, 704
LbRP2 R Qecth

and an fransistor BAModb. MR RULRL2 30 inBiedek 95&%&9&%&&%&%8 ? 6.
The sources and N-well regions of the transistors 702, 704 are connected

t oget hernantithe 67 sentscll teOsele@ER verteall QKN YWE N wiigh alecodBS@Ha xIR8 Hakgaat the
transi stor 702 and the drain of the transistor 704 are connected together

at  d0nodecoSEXSY, 4dth ad_fyal teriedntat fineoder 4825485t and waidkhe drickrs 492 The dicidens 46h B 46b _
transistor 702 are connected together at a node NN4. The output transistor
706 has 2etidentigalyja|their cagsirepon withthe deseflendts deinpussd wigrtb yipett dvsy NogkeAB-1,sindjthe
VPSGH and its_source connected to receive the select gate signal VPSG
Thus, t [ECOUBER Repmg Hsefl Wi, the fowan prray Bipck AR2- Sty il deqoders g argjidraticakime
source and N-well reqgion of the transistar 706 have been separated from
each ot E%e?r c%nﬁﬁlc}l?nsmglgﬁtf rc{c%%o(afrs4%ﬁ§?ngta?s§ﬁat?domihﬁ@ atppy ek ABglapd the feradeg ABbbege t he
transi stap.; LG HealaQ gcted to the node SELB and the drain thereof is
connect ed ctlo ?ﬁe%iei ne éoé&?g%? providing the select gate voltage SEL: 10 _
Sinag the xd Atk Blonh b OPE OFLYBne 00 ek AR 1L o iHRRALGR! - 11
only nFig

will be sufficient to describe in detai one of them ure 8,

there i FighRGWThaVER detbdepd2 fEIMEBA fife 50 kte Blkkdll shA FPRETQfond BEVISEGIIVK selector

hori zontal wordline decoder 48a. The decoder 48a receives on line 70 the
N-wel | vinduit2 end\BOGves andine Shibe WDMligaiped ¥PRG tiRickehli The ARX T BRoddEL0E Berated 3
generates on line 72 the select horizontal wordline voltage HALP. The

hor i zontaVellyslage VREH ¢ Hergtdrand 8 seconsslectdesilive whiage VBK oo lios$5. Cithe WPEdledodes H2NNe|
transistors 802, 804 15 and an output transistor 806. The sources and N
vel | r edicBAs a@pir phrzost-roypled Rehspnel wamsisterm 023504 2p¢ euirubivmaisters 806, 5fet Hesrsouases]

congected to receive the NNwell signal VPXH The gate of the transistor 802
2nd 28 he Si L BFOAE tp PRBPEY: RO A onEsivh BET B STGUEHEF o oo HOBYRNG.

The gat t i [ t rai p.of the transistor 802 are -
connectgi t gg%?ﬁ'e?@;%e?f %8 %W‘?ﬁ%g%utmﬁﬁfth? Ermé'ﬁg?rs%oélﬁ’eé;ﬁ%‘% JogefiEr Aty yr ce
and N wabde N2 TR z2600 - ESRLN,
R e D A A R L SECC
t he nod®tAWN3 and the drain thereof is connected to the Line 72 for
generating the select horizontal wordline voltage HALP. Referring now to
Figure 9, th&heoutst irdnbistet 506 hedts Bouse AT regibi Ehdeted tog@hid AadisoRB@eddd t§ he
128 wordline drivers 49. It should be understood that there is a woidline
dri9er fesvivecheN-vieH signab VESGH WBireciaic néthe irmsigtorsi96 isalso cdinectadns dhk novde N2iav@the 49
receives on line 74 the select vertical wordline voltage VW fromthe
decoder % thegsef oqneqicd tg ghedinp S4\foruerpyiding fnitwelyPotiaed VRSFHLL Fbe GUPXE rasismr 0D
circuit 42, and on line 7 tEe sel ect horjzontal , wordline voltage HALP -,

g t | .
from t hB*HSFPS% TPRFetsdde Eraaye thgseparsewordlise giepah XPYE: i gate gompsiadde Hempde N2 ect ed
wor dl i ne_ .m0l W...on lin 0. Thus, the rdline | tage V.W. has. been
i sol a!t egndflgrd%)%nqi%ﬁnémﬁ? t\R/reglfel hlmé?%fgfa?m'(}%gﬁ—fh"sfeﬁt(?res\gg‘f’igolﬁlBEﬁ‘)é agﬁr}g) A nEke B RF on of

the transi stor 902 have been separated fi omeach other and its source is
not tied to the VPXH signal. The wordline decoder includes a P-channel
transi stor 902 having its source 2 2 NOvV 2004 WO 01/97230 PCT/USA /18081
connected to receive the vertical worgline voltage V W, its gate connected
to receive the harizontal wordline voltage 1-1W>?, and its drain connected
to the line 80 for providing the selected wordline voltage W.. The N wel |
region of the transistor 902 is connected to receive the N well region

e I .



10 wordline in order to create an accurate voltage at the vvordlz'?e gvv\ﬁ
short ampunt of tinme. Wihile there has been illustrated and descrt bg gll'
is at present considered to be a preferred enbodi nent of the present

i nventi oWO 99784 | be understood by those skilled in the BETUSHABS ar i ous
changes and nodifications may be made, and equival ents may be substituted

f | i t d ' the t f the
e s AR e R B o
parti CU|tﬁﬁsis?dr%Mab%eﬂeg&a@ed%ﬁ%ﬁéh%lh&rtagd m&ﬁ&q%gﬁéa%ﬁ%r Y tée sié'ngl%/ ention

wi t hout departing fromthe central scope thereo ore,”1t is intended
that this I nv@RpéraidnHen B8 nbdeNALH of P10k ePRY § bkl becTRE UaflRI} 5&'@%%93 ed
as the best node contenplated for carrying out the invention, but that the
- i nvent i aimad dnlso k56 plodie ik VPEADDGIMRRLS, WiadhlvirRg batkdeh i-45 HHE256RR3 tRfiind $1e
appended clainms. .. 9 " 05-07-2002 2 2 NOV 204 US0118081 10 5 |U 15 20
25 30 ClAdol/Be trinsisidr SA8rwilk bertitred o sofek aspassEiPROMyvoralg vyltagkeafiabaut €087l i g an
array of nenory core cells arranged such that each row of nenory core cells
i s conndige & In Sissmappr.dt dambe sgenchag the NPEHIvoltree @iftherfiperft whichdy fed o éleNswallgegions
connected to a bit line; a plurality of select gate transistors (40) each
for sel detheryserergediiqrcty WX mltatcion gr linptaorhichdsdrddo the wpsslinet e 2 ipaltethearasitie h

sel ect gate transi]stor (g4oz$feénﬁ connected to a block select line; a
decodi ng‘e%v?'rcﬁ‘??flﬂYee 03ding) (hogtfl 7 jdhg ot they el region pefl i beemsapprptpd Remhdiel smalkgi ons
in the Vi. bstrate, Ld.transistors forping the ) qadin at.hs

associ a'(t1 gpg m\%\a‘%tlﬁa%f"%gab\?\%sglp?ﬁ%ueéon Y?{%hnﬁ P é‘%%ﬁa’gaﬁﬁf‘rﬁ@f‘ wordfagloadeg Bt r

CIT O Ul R nal 2t hocdle BRELA NG Bealol b3LARRS LY QLUAGCHTBuRE, L GL ¢ han
a power supply potential fTor driving a wordl i ne Newe regi on ahd a ‘Jecond
boost ed 1vatd Rl lRdikEpdH @R sw bd\@Rerd 1)er RANE boHRRYuRAEEAL Vgt O mdiringl N9 a
sel ected wordline during a Read node of operation; and a second booster

Ci rcuit londmp patl i2 )t rdqoiredgebeardatatelyGotrolléd & @ nbaaibank wodihagiade0 be hi gher than
t he power supply potential for driving a block select line NNwell region
and a. fourt h bdrtailedsghemli¢ cgeit diggrageof khieghowl tehtimal wohllingriowder 44 isplpdigtedinFignt i al
for driving a block select |ine, wherein said decoding structure (18)

i ncl ude$- iGe wricaleviding decadsr fbgseivey exdize Al the N-weB veltazedVEXH Som tha YPX decodng 42

boost ed vol t es for se arateI!i% agpl ing said first boosted voltage to the
wor dPi né™ 160 e g sdr wardig velkeo kqup {The yprtical decedsr 44-penesaiss @ selest

dli d Lt I ' . th | ect ed [ t
 hoawy casa Bk BER K RRRC SRR Wit e R o PO oG

sai d deGQelings b 68 L & Jutb®) wabdiide faﬁd fh@géuvcg@&diﬁ&&%?&%ﬁmd@aggg&erpaozfa‘s@“S

responsive to said third and fourt "boost e vol'tage Tor separately applying
sai d t hico#lard 6sisdctd tosethdr afErotcttd 16 rdddiRGHe 18 GbiBRitade VRSHNTHE ale of BOE-ARsE Y Sai d
fourth boosted voltage to the selected block select |ine so as to reduce
capaci t iaudktht éaidiof the @ansistoe 602 seCdonBerbEBfettert 41@ n6HIQIN20 THe Rwyof @R Pamistol ¥ shoadi ng

associated with the bl ock select line N-well region.
20 . the drain of the transistor 602 are connected together at 2 node NN1.

The output transistor 606 has its N-well region connected also to receive the N-well signal VPXH and
has its source connected to receive the sector select wordline voltage VPX. The gate of the transistor 606 is
also connected to the node NN2 and the drain thereof is connected to the line 62 for providing the select
vertical wordline voltage VWL.

25 Since the xd_sel select gate decoders 46a and 46b are identical, it will be sufficient to describe in de-
tail only one of them. A detailed schematic circuit diagram of the select gate decoder 46a is illustrated in
Figure 7. The decoder 46a receives on line 64 the N-well signal VPSGH from the VPSGMUX selector 22 and
receives on line 66 the select gate signal VPSG therefrom. The decoder 46a generates a selected gate voltage

SEL on line 68. The decoder 46a includes a pair of cross-coupled P-channel transistors 702, 704 and an
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US0118081 2. A sem conductor nenory device as clained in cl aioé iﬁ%&ﬁﬁﬁn
said wordline decoding neans includes a wordline sector select decoder
circuit WwoM/MIME0i ng i nputs connected to receive said firsgcEoshiaessond

boost ed voltages and outputs for separately generating an wordline N-well
voltage and a select wordline voltage. 3. A sem conductor nenory device as
cl ai med oRuidRRsser 206. hetoaices and Newsiioeaiiing efghatenddirnp2nians cdurttigngeiherahdides a
vertical wordline decqder circuit (44) having. inputs connected to receive

the N wEPTRRIYIR Serdre divdN-trefbsigal ¥RsSG Eithef thegTensises 768 theirainef theDawsisioput s
f L | ect i dl i |tage. 4. A seniconduct
rorory ok Baded Pufie o' eoe flin B¢ S el 04 ou we praigaf e Wbt My
i nel | te decoder circuit. (46a, . 46b) havi :
Mput s anruiERadiopBel & AL R, 938 Subf fRRln e ot Vel SsebehouRitds and

ulon it AR O0A.8 4 ML LA BB DR

menory device as clainmed 1n claim ecodi ng

nmeans f wpsBeignal 1S bddalRSladd MR e QBSGH sigMarl sehed tﬂ@ﬁ?f?ﬁ%ﬁ %V\&;%l:rfg%ﬁ' of tné éa%ﬁst?r4}§é3 )

havi ng an input connected to receive the wor regi on voltage and
for 20 @gereeatipagediartalbthdtand Eanirdis Wohidllb ASVISBH 3881 18e of FEIERRAGUCt Or
menory device as claimed in claimb5, wherein said decoding structure

f urt her 7Phislalsel emnanted ¢f theraode ISEUR randribadiain (HeRDf & epardity Ge life 68foblpcRtiRche
vertical wordline voltage and said sel ect horizontal wordline voltage for
gener at SHY! giteyeltagrtild . 25 wordline voltage. 7. A sem conductor menory
device as clainmed in claiml1l, wherein said first boosted voltage is in the
r and§ of +4. 5Uf%the gdpwl barizental syprdline decaders;48% mALASh gre identienl.yit willhecsutfigient & ai med
in clai m eriuhe\:"\ugger jpglysai _%l(;?@%,boost ed ,v%l tage i s about +3.8 volts.

. ~~Vi ¢~V one igesS, fhgre jishown @ dstaffed fohemptic iyt diogam 9Ehg’ A

. _ ; Cad Lai m.8 . ) th
boost ed e ARk UAE A 85, Thlelil fslinfenf ot 1B el Vet e
| oadi Ng weVEX Fhaad ALY THEMIEE: G6 %%&rzltég oft GifidHPhE JseYect;l%g Jngll w&glknte%gg e at

sel ected wordlines and bl ock select Tines, sald nenor evice conpriSing an

array OHWIPINIhYhdigdhnel Gallins deddtidrAsLAARIeS OPHirQF crIRIBpd QLSS Fhdsiiok@1)864 €d tO
a wordline and each colum of .nenory core cells connected to a bit line; a
pl uddl i eyd afoutpet teusistog 806 TheaRSEes amd N-will Biohstof B lt@Gdstods SDBIahd 804l 28d cobdegtedk Of
menory core cells, the gate of each select gate transistor (40) being
connect &gethes and cotneridd teestaivstthel N-mell signaldVEXIH dthe gty the trpastston BE2 apd th8Yraie oftly i Si ng
transistors formed within NNwell regions in the device substrate, said

t ransi stEPSor A gered rogehr b2 pedeN8Y3asHe ertarbde wansistor B yud il draiofabed t he
bl ock sel ect li.ne, said nmethod conprising the steps of generating a first
boost edg(a/ng’lsﬁo%%d& PELOBEHT reTer fhareds NB@V\&%e SHipyh f3psigfat 8A9thag jts sopce H%i Nwely a

dli ' d b |.t hi than th
o e d 180 900 SERRLSE U0 LStk B 1L DR S e
of eper gid 9o HRREERT hnde N3 dd BO RSPl B9E:t L0 I8 L 958 g&n@%&ngttpee

power supply potenti al
select borizontal wordline voltage HWLP.

Referring now to Figure 9, there is illustrated a schematic circuit diagram of one of the 128 wordline

drivers 49. It should be understood that there is a wordline driver for each of the 256 wordlines in a sector.

The wordline driver 49 receives on line 74 the select vertical wordline voltage VWL, from the decoder 44, on

25  line 76 the N-well signal VPXH from the VPX generator circuit 42, and on line 78 the select horizontal
wordline voltage HWLP from the horizontal decoder 48a. The wordline driver 49 passes the selected wordline
voltage WL on line 80. Thus, the wordline voltage VWL has been isolated from the N-well signal VPXH

since the source and N-well region of the transistor 902 have been separated from each other and its source is

not tied to the VPXH signal. The wordline decoder includes a P-chanpel transistor 902 having its source



20 for driving the block select line Nwell region and a fourt@zbﬂﬂvtgqa
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in the device substrate, said transistors forming the loading paths associated with the
wordline and the block select line;

a first booster circuit means (23) for generating a first boosted voltage to be
higher than a power supply potential for driving a wordline N-well region and a
15. second boosted voltage to be higher than the power supply potentlal for driving a
selected wordline during a Read mode of operation; and
a second booster circuit means (29) for generating a third Boosted voltage to
be higher than the power supply potential for driving a block select line N-well region
and a fourth boosted voltage to be higher than the power supply potential for dnvmg a
| 20 block select line; wherein
said decoding structure (18) includes wordline decoding means responsive to
said first and second boosted voltages for separately applying said first boosted
voltage to the wordline N-well region and said second boosted voltage to the selected
wordline so as to reduce capacitive loading on the selected wordline due to heavy
25 capacitive loading associated with the wordline N-well region; and
said decoding structure (18) further includes select gate decoding .means
responsive to said third and fourth boosted voltage for separately applying said third
boosted voltage to the block select line N-well region and said fourth boosted voltage
to the selected block select line so as to reduce capacitive loading on the block select

30 line due to heavy capacitive loading associated with the block select line N-well

region.
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connected to receive the N-well voltage and the select wordline voltage and having

10 outputs for generating a select vertical wordline voltage.

4. A semiconductor memory device as claimed in claim 3, wherein said select
gate decoding means includes a sector select gate decoder circuit (46a, 46b) having
inputs connected to receive the said third and fourth boosted voltages and outputs for

15 generating a block select line voltage.

5. A semiconductor memory device as claimed in claim 4, wherein said select
gate decoding means further includes a horizontal wordline decoder circuit (48a, 48b)
having an input connected to receive the wordline N-well region voltage and for

20 generating a select horizontal wordline voltage.

6. A semiconductor memory device as claimed in claim 5, wherein said decoding
structure further includes wordline driver means (49) responsive to said select vertical
wordline voltage and said select horizontal wordline voltagé for generating a selected.

25 ° wordline voltage.

7. A semiconductor memory device as claimed in claim 1, wherein said first

boosted voltage is in the range of +4.5 to +6.2 volts.

30 8. A semiconductor memory device as claimed in claim 7, wherein said second

boosted voltage is about +3.8 volts.
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" #3%& () * tevicé 0dsiprisifig & airay of memory core cells, with each row of memory core cells
B ected o & Wordlie. and tach colimn oF raemory core cells connectad tb'a bi
line; a plurality of select gate transistors (40) to select a particular block of memory
core cells, the gate of each select gate transistor (40) being connected to a block select
10. line; and a decoding structure (18) comprising transistors formed withinN-weH
regions in the device substrate, said transistors forming the loading paths associated
with the wordline and the block select line, said method comprising the steps of:
generating a first boosted voltage to be higher than a power supply potential
for driving a wordline N-well region and a second boosted voltage to be higher than
15 the power supply potential for driving a selected wordline during a Read mode of
operation; ‘
generating a third boosted voltage to be higher than the power supply potential
for driving the block select line N-well region and a fourth boosted voltage to be
, higher than the power supply potential for driving the block select line; v
20: separately applying said first boosted voltage to the wordline N-well region
and said second boosted voltage to the selected wordline so as to reduce capacitive
loading on the selected wordline due to heavy capacitive loading associated with the
wordline N-weﬂ region; and
separately applying said third boosted voltage to the block select line N-well
25. . region and said fourth boosted voltage to the selected block select line so as to reduce
capacitive loading on the block select line due to heavy capacitive loading associated

with the block select line N-well region.
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