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CH P 5 YA FIELD This inventior relates general ly tF6HY ) gate
nenory devices such as an array of Flash el ectrically, erasable
programuabl e read-only nenor cells. More particularly, it

relates to a semiconductor Ff\; M%HQRY(,WQR%MEy devi ce whi ch incl udes
wordl i ne tracking 10 strUFRACGKING AGROSSWHOLE €HIR and sector core

wordl i ne vol tages across the entire chip regardless of sector |ocation.
BACKGROUND ART As is generally known in the art, there exists a class of
non-vol atile nmenory devi ces ref eCEEHNICALIKIERD "F|l ash EEPROMVE" whi ch has
recently enmerged as an inportant nenory device by conbining -the advantages
~of EPROM densThiyinwérition FERE@eherhlbon floatlg gateasaniry dévices Sidh Bs dnl avai o FFIREROVS
provide el ectrical erasing and a small cell size. In a conventional Flash
EEPROV neleamioallyl@wisside pragrafinabla rdatyonfmeniey (EERROMY @lls.Qd6@ pﬁﬁhﬁl&rl)mity be
formed on a seni conductor substrate in which each cell is conprised of a
P-type cCreiathsod a sentigondudas intégrated éiftuiinienidry deitd wdich\ndudeSwordh trackihgn f or med -
20 integrally with the substrate, and an N-type conductivity drain region

al so10 or smxiturefogitelihgy/ refdréne fnd Jebtor CorddwbrtRfiecvoltdseh h@adsitiR@EnGRIcRipirSgas@ar at ed -
fromthe substrate by a thin dielectric layer. A second dielectric |ayer
separ at esf sactaidodatiod. gate fromthe fl oating gate. A P-type channel region in
the substrate separates the source and drain regions. One type of
architecture used for Flash nenories is typically referred to as a NOR
Flash 25. nenory architecture which is an an-ay-of Flash EEPROM cells
(floating gate devices) which arBACKGROUND AR O a plurali ty of sectors.
Further, the nenory cells within each sector are arranged in rows of

wor dl i nes andAsislgamsadlly&inowh in thé &€ Iherd @it S£Elhss BOndnhlakiRWRentry Y& tel@fed The
source region of each cell transistor within each sector is tied to a

commb$ nocs "FlasheERPROMS" wilidh Haf rekdiftly @@kdged &9 dnhiinPorfant Réhdrl deMia@ bySembmingcan be
erased simultaneously and erasure nay be perforned on a sector-by-sector :
the advantages of EPROM density with EEPROM electrical erasability. Such Flash EEPROMs
provrde electrical erasing and a small cell size. In a conventional Flash EEPROM memory dewce,
plurahty of one-transistor core cells may be formed on a semiconductor substrate in which éach cell
is comprised of a P-type conductivity substrate. an N-type conductivity source region formed
20  integrally with the substrate, and an N-type conductivity drain region also formed integrally within
the substrate. A floating gate is separated from the substrate by a thin dielectric layer. A second
dielectric layer separates a control gate from the floating gate. A P-type channel region in the
substrate separates the sourae and drain regions.
One type of archltecture used for Flash memories is typlcally referred toasa NOR Fla:h o
25 ' memory archttecturc whtch is-an array of Flash EEPROM cells (ﬂoatmg gate devnces) whlch are 2
divided into a plurality of sectors. Further, the memory cells within each sector are arranged in rows
of wordlines and columns of bit lines intersecting the rows of wordlines. The source region of each

cell transistor within each sector is tied to a common node. Therefore, all of the cells within a

particular sector can be erased simultaneously and erasure may be performed on a sector-by-sector
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source region is held at a ground potential (0 volts) and the control gate is held at a potential of
about +5 volts. The drain region is held at a potential between +1 to +2 volts. Under these
conditions, an unprogrammed cell (storing a logic "1") will conduct a current level approximately 50
20 - to 100 FA. The programmed cell (storing a logic "0") will have considerably less current flowing.
For example, a 16 Mb (megabit) Flash memory core array is typically manufactured in the
form of an N x M matrix on a single chip where N equals the number of rows and M equals the
number of columns. Further, the memory core array may be divided into a left-half sector array and
a right-half sector array. Each of the left-half and right-half sector arrays is formed of a number of
25  sectors, such as sixteen, each defining a selectable block. Each sector is formed of a predetermined
number of rows which are grouped together. For the 16 Mb array divided into sixteen sectors in the
left-half sector array and sixteen sectors in the right-half sector array, each sector or block has a size

of 512 rows and 1024 columns.
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various,  sectors in the menory core array 10 wll create sensing problens
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it is known that in Flash EEPROVs operating at VCC equal to +3.0 volts a
hi gh vobat¥esa thervarigisseeins ipthe mgmesy coreagiay 10 Will GieateiisnsipgPigRles dytieaRerdr t he
readi ng node of operation of the nenory cells. As a consequence, the

seni con®O¥a BoPsFAYr i es al so general Iy include an internal voltage 15
boosting circuit for generating an output si,gnal boosted to be higher than
t he1®xt er nal Indupisplyr- thegy i afien redytirer, valtage to &g interpally Senemjedthatars arealgs hag sphown
in Figure 1 for %enerati ng a wordline suRpI y val tag,eué/PXG at naode N I,

whi ch i & §xteERal gr QTHChip BewsssPRRbEPaiStial Y e hich 15 WBPled 19 i kor XRG4 150. S31 i n
the nmenpry core array 10 via a row oder 18. The row decoder 18 is
| ocat edknodmthat fn vaﬁmsc%mp%ﬁ ML pavalde %10 Vg Sraalg)g'l?ciﬁﬁeuot he right- 20

hal f sector array_14. The row decoder s respgnsive to address signals for
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voltage. Such a voltage boosting circuit 16 is shown in Figure 1 for generating a wordline supply.
voltage VPXG at node N1, which is passed to appropriate wordlines in the various sectors S0-S31 in
the memory core array 10 via a row decoder 18.
The row decoder 18 is located centrélly between the left-half sector array 12 and the right- -
20  half sector array 14. The row decoder is responsive to address signals for causing word drivers (not
shown) to supply the wordline supply voltage VPXG from the boosting circuit 16 to the appropriate
wordlines associated with the various sectors. The wordline supply voltage VPXG is typically in the
range of +3.7 volts to +4.7 volts, which is raised above the input power supply potential VCC of -
typically +3.0 volts.
25 If it is assumed that the voltagé boosting circuit 16 is positioned in a lower left-side portion .-
of the chip 11, the sector S23 is located near to the boosting circuit 16 and the sector S24 is Jocated -

very far from the boosting circuit. Thus, the wordline voltage VPXG1 on the wordline WLy at node -

N2 associated with the sector S23 will be substantially equal to the boosted voltage VPXG from the
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the boosting circuit 16. Thus, the reference wordline voltage on the
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be substantially equal to the boosted voltage VPXG The reference sector
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node N2 adjacent the "near" sector S23 and the node N3 adjacent the "far"
sect or SEmFKes.cAudd)t dhe EsistoeR} eepeasenss 2 lmped praistiei 108 aswpstafted gvitthey
sel ected sector when it is connected to its associated wordline. The
capalyl t ogondustdrdgad fine2 kextendingbetavsen Ge npdesN2 adjzcentdbie noatl seetan SRhand8e Bedei ng
its location in the nenory core array 10. The capacitor CR represents the
capaci t i N2adigsgon they"fart’ sqckns SRhpTie capacitpeCy repreveatsdle copadithie leadingrof ayeletedand has
a value 15 which is nuch smaller than the capacitor Cs. For a high speed
read opefestor when if is conpegiedtodis apspcipted werdline.hEhescapaciipr Cofprthe sslected sesterdias he
settling time of the wordline voltages, before they have reached a D.C
st eady stgsame valg HotvaIhstaRing ipsdecatipryinithe memery sererarny J0.dibe sanaeitPrwhen t he
vol tages on the wordline W.R and W.F vol tages closely foll ow each other.
Ther ef or ©presgntsithg qapacitivg dagding @t the inpytgfabereferruce sctop giaarmpRBaphhas gvalgf er ence
wordline WLR at 20 the reference or sector array 20 to the voltage VPX& on
t he Wor dhiskisgaushemalies thaptherrapasiiorGsar*  sector S24, there will be obtai ned
a large difference between them This is due to the fact that there is a
" mismatch in t B ahigh speediiead opgration ffdtnacesiany 1 ead te seftorsorersell gufingdhe seiling i ng
fromthe boosting . _ i o

time of the wordline voltages, before they have reached a D.C. steady state. Thus, optimal reading is

- successfully obtained when the voltages on the wordline WLy and WL;: voltages closely follow each
other. Therefore, when it is desired to compare the voltage VPXG on the reference wordline WLy, at
20  the reference or sector array 20 to the voltage VPXG2 on the wordline associated with the "far"
sector 524, there will be obtained a large difference between them. This is due to the fact that there
is a mismatch in the resistance and capacitance residing in the paths traveling from the boosting
circuit 16 to the reference wordline WLy, in the reference sector 20 and to the memory core wordline
WL in the "far" sector S24. As a consequence, there would be caused a poor sense margin in
25  sensing circuitry (not shown) used during the Reading, particularly for sensing conducting memory
core cells.
In view of this, there has arisen a need to provide a wordline tracking structure for matching

the reference and sector core wordline voltages across the entire chip regardless of sector location.
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15  structure for use in Flash EEPROM memory cells divided into a plurality of sectors so as to match
reference and sector core wordline voltages across the entire chip regardless of sector location.

It is still another technical advantage of the present invention to provide a wordline tracking

_ structure for use in Flash EEPROM memory cells divided into a plurality of sectors which includes a
. second VPXG conductor line which is operatively connected between sector wordlines of a "far”
20  sector and a reference cell mini—aﬁay.

In accordance with a preferred embodiment of the present invention, there is provided a
wordline tracking structure for use in a semiconductor memory device having an array of flash
EEPROM memory cells divided into a plurality of sectors. The wordline tracking structure serves to
match reference and sector core wordline voltages across the entire chip regardless of sector

25  location. The wordline tracking structure includes a second VPXG conductor line which is
operative connected between sector wordlines of a "far" sector and a reference cell mini-array. The

“second VPXG conductor line has a substantially smaller time constant than in a first VPXG
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. 95 Figure 5 and 6 show the waveforms of various signals in the respective "near" and "far”

sectors in Figure 4. useful in understanding how the reading problem is solved;

Figure 7 shows waveforms of the reference cell wordline voltage and the sector core
wordline voltage for the "far” sector in Figures 1 and 4, respectively; and

Figure 8 is a schematic circuit diagram of the resistance and parasitic capacitance associated

20  with the first and second VPXG conductor lines of Figure 4.

BEST MODE FOR CARRYING OUT THE INVENTION

A wordline tracking structure for use in Flash EEPROM memory cells is described. In the
following description, numerous specific details are set forth, such as specific circuit configurations,
25  components, and the like in order to provide a thorough understanding of the present invention.
However, it should be apparent to those skilled in the art that the present invention may be practiced

without these specific details. In other instances, well-known processes, circuits, and control lines,
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Yy CO e tan Ing t ocatli on o he sect or conta|n|ng the
MEMOrY G the 6:0% tlmg circuit 16. The reference sector 20 includes a plurality of reference cells arranged
in rows and columns (e.g., 20 x 20). Further, there is provided a trackmg structure of the present -
invention for tracking the wordline voltage of the reference cell sector with the wordline voltage of a
20  memory core cell notwithstanding the location of the sector containing the memory core cell.
Before describing in detail the tracking structure of the present invention and its operation. it -
is believed that it would be helpful in understanding the principles of the instant invention and to
serve as a background by explaining initially the operation for perfprming a Read in the EEPROM - .
memory device of Figure 1 as well as the problem associated therewith in connection with Figure's 2
25 and3. |
As will be noted from Figures 1 and 2. during a Read mode of operation for the case of a

selected "near" sector S23, the boosted voltage VPXG of curve 202 from the boosting circuit 16 will.

be raised above the input supply potential VCC, beginning at time t]. Since the reference sector 20
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the ref er‘g&gﬁle\/‘\g[hgIbiogs%nggilrguﬁge and the sector wordline voltage VPX&. As a
consequence.

In addition. at the time t4 when the actual Reading occurs, there will be a large difference Y
between the reference wordline voltage and the sector wordline voltage VPXG2. As a consequence.
this voltage difference will lead to an error in Reading due to the creation of a lower sense margin in

20  the sensing circuitry used during the reading operation. . Thus, the Read operation performed in
Figure 1 will suffer from the disadvantage of creating a Read error since there is no tracking of the
reference wordline voltage with the sector wordline voltage.

As used herein, the term "margin” is defined to be the difference in currents existing
between the memory core bit lines and the reference bit lines. In other words, a suitable "margin”

25  must be developed between the differential currents before a sense amplifier can reliably amplify the
difference. Further, the current in the bit line will be proportional to the difference between the

wordline voltage and the threshold voltage of the transistor cell. Thus, if only the wordline voltage



this voltage difference will lead tojan error in Reading . X
creati oNV@MATHhwer sense margin in %0 the sensi ng ci rc,ui%%’sﬂlé%ﬁguri ng

t he reading operation. Thus, the Read operation rformeﬂ in ';in%we I will
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t racki ngi1 of the reference wordline voltage with the sector wordline

vol t age themby calisiag prerEqrin readiBSt erm "margi n” is defined to be the difference:
in currents existing. between the nenory core bit |lines and the reference
bit lines. Il B@%@‘Ft%\ﬁdhﬂ@)(ﬁ!ﬁ°f§ af the pregent wa?fgwnhavz§evﬁ5@ﬁgsév°&ﬂwsff6i¥&§ bet ween
the differential currents before a sense_ anplifier. cap reliably anplify the
di f f er esteusturgfor paching refierence andsseetor ¢pre Werdling Valtages aghops thg,entiss chipsegardlesy) 1 o
the difference between the : wordline voltage and the.threshol d voltage of

t he §r afEsestoplocation| In ofher; wordssthe yliass gitfe fwsen the |vpliags opiedafersnes71 9

PCT/ USOQ 26814 applied to the menory core cell in a sector is reduced, the
di f f er enordiine Whragseeiatgg ith ghe referepcessgetpy 420apd the ypltags R (g Jeckor carergrdling |
reading. In view of this, the inventors of the present invention Eave _
devel op&¥rasyeiater with they "B keaigr orany seatar therebeiwerm e printained @Reemalhd sect or’
core wordline vol taq%g‘? across the entire chip regardl ess 5 of ?_e_ct or _
| ocat i omotwithstandingtheesagion of theselested sefdorq Thergforen the Seiise e VHidesdifiicisle on the
reference wordline WLR associated with the reference sector, 420 and the

vol t age When Fepding anysegtordm the agay. dhereby avepting aRycsstorss T 1§pachuse e refergpoe soct of

or any sector therebetween will be naintained tﬁ’ be Emal'l not W t hst andi ng
t he 100 c avordine yoltage wacks the secar care yoggline ypltage fndependenh, of the.sector Jogationn wi || be
sufficient when reading any sector .in the array,: therg.bé a?%Oi Ei Pg any _
errors. This Th tRging Spcturer themagset dpvenipnabacevebX 3 Iendige farherdRelefgh sect or
core wordline voltage independent of the sector Iocat%. Thi s traiki ng

st r uct urokthgfVPXEconductas lipe indjge | soming frapthekrosingsirewt kaapd fgurpie iyback Phe

|l ength of the VPXG conductor line in Figure 1 com fromthe bo i\bi ng

ci rcui t aPSsipiadiasen faihe Bogstingfirerit {6 N%i‘"ﬁg“s‘i"f'ihlfff’rgfﬁ Qeg‘é?‘ﬁ" tggo“f‘?’l‘é“%jg ting
circuit 16. Next, the conductor |ine between the outpyt .node | of the
boost i ngt thePeeiipe T@“ﬁﬁg a'f‘ﬂge iR Af “lf‘fr'e@W@cersé‘ft%rr%r‘?ﬁﬁ’c@&gtwétﬁ?'fdeggeg%eci ated
with the reference 15 rdline js seyered  or.disco . Thus, the
di st®l é’fﬂi‘%ﬂ‘f‘—w Sé%sz‘é%ﬁoa‘e‘gs%ﬁf}%@\é%-?ﬁﬁ'ﬁc@% ‘s‘afﬁ"ﬁé’Fﬁ"% ef%’u‘drq?gsi?oa ‘i"Hg“?"r’nput of

the ref grence. s(fct or.. Re Srri ng now back to Figure 4. it can be seen that.
the tradiifHgoeedqaeiret PHEE FIELCE %Lyt ended or second VPXG conductor |ine

422 havi ng a ]{elferrrslrgg l%rv]v af:'kztdé Psxlgnucrle 2 iP&5%e geerei\ rt.hczlit fh4 ?r’?c‘kin-lg:rlﬁucture includes an

_extended or second VPXG conductor line 422 having a first end 424 and a second end 426. The

first end 424 of the second conductor line 422 is connected at node N3 to the distal end of the

20  original or first VPXG conductor line 421. 1t should be noted that the distal end of the original
VPXG conductor line 421 is located adjacent to the sector wordline associated with the "far” sector-
S424. The second end 426 of the conductor line 422 is connected to the reference sector 420 at node
N4. Unlike the prior art of Figure 1, the node N1 at the output of the booster circuit 416 is not
connected to the node N4 or:.the:input of the reference sector 420. By this modification, the

25  reference wordline voltage oﬁ the reference wordline WLy at the node N4 will closely track the
sector core wordline voltage VPXG2 on the sector wordline WLF at the node N3 irrespective of

where the sector is located.
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addi tion second X tor line 4 t he boosted vol tage VPXG
must tra? f“rY 0599 he i {‘Dl“ Qgﬁ F"satszq_“‘aﬁtf’z Whep 'F%“Cﬂ’rahg?a ing oreis fefhe node

N4. can een, reference rdline voltage of th urve 504 will
now 81 1 SW! E?.aﬁ'tfes'@{}ﬂéf eaﬂlc?%'ﬁgtwgau“@? e &t?éem ﬁa@&dws&m of
curve 506 o .g%%rdl ine WLN. Further. at the tine t6 when the actual

Readi ng SOLU" re 10 will be still aSrraII di fference Xl between the
reference wor% voI t e nd tg e ctor. rdline VPXAd . wil |
be noted fro %Em Eﬁ‘"“d r"’f’ﬁilg' ”f—'%%é eﬁ’o'a%de opyaanfPghe fa57 o he case
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smal | di f ! &‘fe %Q; or wor lme voltaoe QPS(?& of ggr\% g&c ertgnlwl t@%vh\ér? lthteazllgtualei{| %'d.%;? occuIsar
there is shown this time a small difference Y1 between the reference wordline voltage and the "far"
sector wordline voltage. As a result, there has been eliminated the possibility of an error occurring
during the reading mode of operation.

20 In the present invention, the voltage on the reference wordline WLy will follow the voltage
on the sector core wordline WLrdue to the fact that the capacitive loading from the capacitor Cy
associated with the selected sector $424 is significantly larger than the capacitive loading from the
capacitor Cg associated with the reference sector 420 ( the equivalent capacitance of the reference

- mini-array ). Therefore, the delay of a signal traveling along the extended VPXG.conductor line 422

25  is considerably less that the delay encountered along the first VPXG conductor line 421.

Consequently, the delay through the lumped resistive load R1 associated with the conductor 421 is

dominated by the time constant R1Cs.
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represents renceé wordline voltage an e curve 704 represents the

sect,Qr ;i-fofnﬁ(;}nég?léagé gIrif@%th@éaa A enHL &gtot I?.gh{@ga# aft Of Fibil€ II'-IBgIégiin?zﬁfcﬁg%e in the

priof a r y conparing the urves 702 and 704, n be seen

that the,diLfJBLENE, ﬁ%%e%&ﬂﬁﬁthm#f&&éﬁw Blt&eentthén 1REERes IR 1630 Goltage

di fference existing tween the reference wordline voltage and the sector
core VIDrcﬁIIIféréIl%e X:QsItirnggéweQIhe_ reference wordline v_oltage and the sector core wordline voltage. On

the other hand. the curve 706 represents the reference wordline voltage and the curve 708 represents
the sector core wordline voltage during the Read for the "far” sector in the present invention of

20  Figure 4. By comparing the curves 706 and 708, it can be seen that the difference W1 between them -
illustrates a very small voltage difference existing between the reference wordline voltage and the
sector core wordline voltage.

In Figure 8, there is shown a schematic circuIt diagram illustrating the resistance and

parasitic capacitance existing in the original or first VPXG conductor line 421 of Figure 4 between

25  the boosting circuit 416 and the sector wordline WL associated with the "far" sector and, the
resistance and parasitic capacitance in the extended VPXG conductor line 422 between the sector
wordline WLy associated with the far sector and the reference wordline WLy associated with the

reference sector 420. By the addition of the extended VPXG conductor line 422 of the present
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particular embodiment disclosed as the best mode contemplated for carrying out the invention, but

that the invention will include all embodiments falling within the scope of the appended claims.



fromthe central scope thereof.. Therefore, it is intend
i nventi 3P HEHe linmted to the pa %i cul ar enbodi nent d?gc{l%gﬁ as the
best node contenplated for carryi mhe invention, but® that the
invention will include all enbodi Iling within the scope of the
appended claims. WO 01/33571 13 PCT/ USOCQ 26814 CLAIMS 1. In a

sem conductor nenory device including an array of Flash EEPROM menory
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connect ed b@tvveen an output of said booster circuit neans and sector
wor dl i n¥&96% said "far" sector; |

booster circuit means (416) for generating a wordline supply voltage boosted to be higher
15. than a power supply potential fo; driving the selected wordlines vié said row decoder means during
a Read mode of operation and for driving said reference core wordline;
said booster circuit means and said reference cell mini-array being physically located close
to each other on a portion of said chip;
one of said plurality of sectors being located physically near to said booster circuit means
20  defining a "near” secfor;
another one of said plurality of sectors being located physically far from said booster circuit
means defining a "far" sector; |
first conductor means (421) operatively connected between an output of said booster circuit
means and sector wordlines of said "far" sector;
25 second conductor means (422) operatively connected between the sector wordlines of said
- "far" sector and said reference cell mini-array; and
said second conductor means having a substantially smaller delay characteristic than in said

first conductor means so that the reference wordline voltage associated with the reference mini-

A




25 second_conductor neans (422) operajively connected bet tor
wor dl i nesWe08R™ "far" sector and g‘gi d - reference cell m%é@ér@ﬁ%ﬁgnd
said second conductor neans having a substant| aglﬁ smal.| er dﬁJga%/

char act ermay vl trask glosely thjsertorpyqrdline ¥gltage dprRg the éd Ppsratip fesarfliess UG ence
wor dl i ne vol_qtn%%e associated wth the reference mni ii uti liii S WO
01/ 33571 lacatiproitheselerted 8eeor. array will track closely the sector wordline

vol tage duri ng’rthe Read operation regard| ess of th_g gé)_c.ati.gn of &F@

sel ected sect ok In axemigpnducireamnnydevicsas plaimsdyn Glayn d ewhereip said seegnd aimil;
wherein said second VPXG conductor neans has a del ay characteristic

defi ned tppnductor meansdas? delay qhararteristigidafinediy atimeg %Stytﬁggﬁstv FeRESHH ng and
CR is the capacitive |oading of the reference cell mini-array. 3. In a

sem cdnduesissive ineding gndienis the capacitivaiopdimgiof therefprsnee celliMiA™Y-sai d first VPXG
conductor nmeans has a delay characteristic defined by a tine_con nt R Cs
, where R is 3 insa semieanduqtorangrentyl peviceas glaimed; ig Claim 2o Whereip saig Sirgt 8§ g of
the selected sector. 4. In a semnm conductor nenory device as clained in

Cl ai m 3, senductar meansdhag adelay eharasterigigdiefined by tiaye sapstagiRdCanthelf RY 1 ss t han
the capacitive |loading Cs for any sel ected sector. 1111111111111 I11Jl
11111 |1 tesistive loadipg pnd Cs is the capacitive loading of the selected sector. _

4. In a semiconductor memory device as claimed in Claim 3, wherein the capacitive loading

10 Cg is substantially less than the capacitive loading Cs for any selected sector.
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