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PCT/ US97/ 18800 LOW VOLTAGE SI NGLE SUPPLY CMOS ELECTRI CALLY ERASABLE

READ- ONLY MEMORY | NTRODUCTI ON 5 Rel ated Applications This application is a
continuation-in-part of U S Patent Application Serial No. 08/ 778,315 filed
January 2, 1997. 10 BACKGROUND Fi el d of the

| nventi on ThVI2¥&hti on pertains to el ectronic menories aftFHYSIHLESM cul ar
to nonvolatile nenory cells and cell organization suitable for operation
with byte alterability of the 15 nonvolatile information stored in the
menory. Prior Art There is a long history of nonvolatile nenory devices and
nore particularly electrically erasable programmable read only nenory
(EEPROM) devices. Al 20 prior art commercial byte alterabl e BEPROVs have
used N channel devices as the nenory transistor. Such an N channel EEPROM
cell 10 typical of current technology is shown in the top view of Fig. la
and the cross section of Fig. |b. WO 98/ 29907

PCT/ US97/ 18800 As shown in Fig. la there are two |ayers of polycrystalline
silicon 13 and 14 formed on and insulated fromsilicon substrate 24. The
cell includes select transistor 29 and nenory transistor 28. The substrate
under nmenory transistor 28 is doped P type except where locally doped N
type to formsource/drain regions 16 and 23. The 5 first |ayer of

pol ycrystal |l i ne deposited j | T V. feature 14 has no
connections to other condﬁgpgbm(?’gsmél‘gfﬁm PSd to as a floati ng
gate. This portion of HECTRICAILY 3ASAPLEREA-ONLY MEMBRY' Y transistor

28. The second | ayer

INTRODUCTION

Related Applicatic
This application is a continuation-in-part of U.S. Patent Application Serial
No. 08/778,315 filed January 2, 1997.

10 BACKGROUND

Field of the I .
This invention pertains to electronic memories and in particular to nonvolatile
memory cells and cell organization suitable for operation with byte alterability of the

15 nonvolatile information stored in the memory.

Prior At
There is a long history of nonvolatile memory devices and more particularly
electrically erasable programmable read only memory (EEPROM) devices., All
20 prior art commercial byte alterable EEPROMSs have used N channel devices as the
memory transistor. Such an N channel EEPROM cell 10 typical of current
technology is shown in the top view of Fig. 1a and the cross section of Fig. 1b.



of polycrystalline silicon, called poly 2, is used to forma transistor 29,
havi ng pol ycrystalline silicon gate 12, that acts as a select transistor
bet ween contact 19 and 10 nenory transistor 28. Poly 2 layer is also used

to formcontrol gate 13 of nenory transistor 28, which is cag,?mtlvely
coupl ed to fpmaaﬁﬁ”gate 14. N type region 15 is located un8

tunnel oxi de w ndo '%’&Mgﬂ@w I ng.
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onto the float ate a rashag prom
the floating gﬁ%“?’“‘?ﬂ%ﬁﬂ“ stgfgg ?’%ﬁ %ﬂegﬁﬁﬁgﬁwﬁ{}%ﬁ%%ﬁ SO rce si de
of the menory tyFﬁBﬁde?tﬁher@Mj‘ld@edNtypewm soBrceldyaiss fegidnatl Gtané 28 Firne |
length is not ment sensitive and pul d“E ed wi.t hout ] oss of

functional i fy. ﬁl'Fh ym.m%w B%Mé 4hasnQnger
the pol nyySt éﬁ ?dq‘;ﬁ&ccéﬂ?uc% M&&o&‘%@kﬂﬂ%%ﬂbﬁlﬁﬁg galeS Thisi €

under the fle oxli de 18, which exists outside of the
"T" shaped r egpmrnombfﬁhlpolmklaye fonmﬂiaaatbpfmwlmpmmmn%mn s¢ciond layer,

provi des isol ation between.the tr usi ons where
desired. The r%%?‘gmyﬁﬁﬁ'é? 08 P8 Wﬁaqﬂg M@é%& dop| ng
relative to thﬁolg @9itailifie SIBEG gald B2 maaswaeaéamﬁﬁsm&we@%nﬁbﬂml d
vol tages of the 25" parasitic field transistors. Typi cal operation wll

have fl oatiWg gﬁu@mmmgéd Bolys? layesis alspiused todema eentro) gate 43,06 MEMORY er ased
and charged ne %@@‘ rammed. To read -
menory transi s?gﬁﬁ%‘gj 8 Eﬁ%iggmgﬁgroun gﬂé?gate 12 of sel ect
transistor 29 is b|Haypbmnﬂﬁueloyated)urpdenaﬂdnnmnbmmwndowdde Regidn ¥5r om 30
Its drain contact to drain 15 of, nmepory. t LN tact 19
provi des ponne?tqse‘igww @"ﬁ‘? Bliﬁg?%%?ﬁﬁém ction
view of Fig. |lpodswim ke foll memrnomenclamre Therefore,

PCT/ US97/ 18800 netal is omtted fromthe top viewof Fig. la . in t

i nterests of5 ciefinedyap putting elertrensopto the floating gate and ezasing is defined as remcving
electrons from the floating gate.) There is also a buried diffusion 17 on the source

side of the memory transistor 28. This is included merely so that the channel length
is not alignment sensitive and could be omitted without loss of functionality. The
buried diffusions are so called because they lie under the polycrystalline silicon

20 layers. (In some designs they also lie under the field oxide.) Thick field oxide 18,
which exists outside of the “T" shaped region of thin oxide bounded by the heavy
lines in Fig. 1a, provides isolation between the transistors and the N type diffusions
where desired. The regions under field oxide 15 may have enhanced P type doping
relative to the regions under the gates in order to raise the threshold voltages of the

25 parasitic field tramsistors.

Typical operation will have floating gate 14 charged positively with respect
to ground when erased and charged negatively with respect to ground when
programmed. To read memory transistor 28, control gate 13 is grounded and gate
12 of select transistor 29 is biased positively to provide a low resistance path from

30 its drain contact 19 to drain 15 of memory transistor 28. Drain contact 19 provides
connection to metal bit line 25 as is seen in the cross section view of Fig. 1b (the



I's biased at a nodest positive voltage (eg. 2 V) and the common source |ine
16 is biased at ground. If floating gate 14 is eased, current can flow from
bit line 25 to source region 16. If floating gate 14 is progranmed, nenory
transistor 28 is in a 5 nonconducting state and no current flows. The
presence or YRBEWTof current flowis sensed to deternine EREUSPUIEENS; or og

by menory transghsh i s LT %lahlﬁ ;;i : out
10 nmthick To proé%gl}nnﬂtﬁgmﬁ%ﬁw%,&ﬁ%ghlng gggtﬁle‘é%ffnust béﬁ“ﬂe@
capaci tively cdsbiasef at @ nsodestipositiveevaltage feog.i2 V) andthe sommentspurce line 36 ist o

drain 15 that g.field of 10 M/ a r # ,de 11.
This is accomﬁ’?ﬁ‘iﬁtg?“%ﬁgg%m&ﬁ ?@#%I&ﬁteaﬁﬁgfﬁé@%&ﬁhﬁ%\ﬂMi l.e
bi asi ng sel ect sgaice 16. aIf Nohfing ghe114 is progrimpet chkmeoty trdnsistos 2Bdécina -
transistor 29 is conducting with bit |line 25 at ground poten%i al . Under

t hese condi t§ orfonconducting,stale #d nocustent oy 'Ql%mﬁ%e@%abé@sep gprzend oy, e

cat hode si de of; &%HQ&P &%ﬂ' & L bidrel Lhbtvapnsisbht 14 across tunnel .
oxi de 11, 15 Iéf) er-ﬁor el %ﬁeusrér?éﬁl ngq’gl(ﬁ:{urgyand charges floating gate 14
neg?t ibvely. To gr a:sﬁfhemxideﬁnhxnnd?iadw;ll&&typih?lpﬁhmt Hflpmﬁhi;k.@mtpﬁoggni de ié
mus e reversed. | S,.1 ccompl i she appl.yi a hi | as . rain
ofdmerr}[)ryktran@?ﬁ%@“ﬁﬁiE%WE%%étgiﬁﬂ?ﬂgi = ygroilj_ﬂd in
oraer 1o keep € potentid ESpea Qb At 1Y tHaPh! I flaBowt 10QVVYch s 1he
hi gh vol tage i gﬁgppl lfed to drain 20 15 of nenory, transistor 28 appl yi ng

t he desired 19olacrys tunpekgxidel 1o Thizds apcomplished by bizsing poly Zeqntyo} gaigildabr 29 i s

bi ased at a.potﬁpf' tlaﬂﬁ k. Ss N r Ie.hf?h ﬁjﬁ Vﬂ’ténﬁgﬁh?y | east
the threshold vo %%Hevo selﬂl%l(‘:‘?sglg 'S orIaQSf gs'gl gratlon of t |ts cel

i R an ar ray-t _caruﬁ:mwnf' QB!iﬁé(mdﬁthgt ' mﬁwwmeamgmnﬁip?egﬁﬂaantﬁm_ whi ch |
shows a portion of_a prjqr ar, nory arra ncluding a 2s. singl e wor
line 31 and ass%%@gwmgm%%‘ﬁ@&w“ﬁ%&ﬁ@ﬁm% a '
portion of a meghhd okiEAR! SWith 16 MV/ciGpPeatind abRsStulthdl otided1, (I n this and
subsequent schematic draw ngs, the transistor %ate with a small notch

di rect'ed-at 1heFawisrNordheisyuncling ogenssiandehiatees dloating: gates14snegatively.whi ch one
Current. ) To urite aoarnansEathpt 26 e bids RAG3GR 804 YR
word are-first sewverged Thixis acodmplishied bglapplying alliigisbias o draindSdbfmensorpi eve t he
destred Pt er sistor 28 while poly 3 control gats 13 5 bikled 3 Sround in ordet 0 kesp control
gate 13 capacitively coupled to a low voltage. The high voltage is applied to drain
20 15 of memory transistor 28 by applying the desired voltage to bit line 25 while gate
12 of select transistor 29 is biased at a potential that is higher than the desired
voltage by at least the threshold voltage of select transistor 29.
‘The operation of this cell in an array can be understood with reference to
Figs. 2a and 2b, which shows a portion of a prior art memory array 38 including a
25 single word line 31 and associated bit lines 32-0 through 32-7, thereby forming a
portion of a memory capable of storing a single 8 bit word. (In this and subsequent
schematic drawings, the transistor gate with a small notch directed at the channel
region is used indicate a transistor in which one portion of the gate oxide has been
thinned to enhance the tunneling current.) To write a desired data pattern into a
30 word, all bits of the word are first programmed and then sclected bits are erased to
achieve the desired pattern. Selection of the word to be programmed is achieved



3 W08/ 29907

PCT/ US97/ 18800 with the conbination of word line 31 and word |ine select
transistor 37 in Fig. 2b. A high voltage, Vpp + V[err] where Vpp is a
positive programm ng voltage (typically approximtely 18 volts nd Vierr]
Is the thresﬂ'&’l’&’z tage of an N channel transistor (typi calt 9%’19800

appr oxi mat el y gk thd conl wofd BRIt Yine sded RahdidSr $Pin'Rgdas. A 31
5 to select thém'gesﬁtre éég\?vﬁgf tﬁle menory a[ralg}.e Vpplﬁlmsl ggrp?ilen\(ljﬁ.?o col um
35 associ at ed highivoltige, ¥asirégy, where Vi fis apasitivepgegrammingsvaltage (typicallyr d

sel ect transistor 37 e | 5 - . t he

transistors i n“XHEA i%v%éfﬁ%g%%ﬁ%ﬁﬁg%gﬁggrbggcd'rzﬁlr%i(?%%JF% ion all

bit lines are (@ypically fprokiritely 4 vilts withal8V off soiufee bias)) d¢ applied & werd line{31e -

sel ected word are_programmed, Vss (ground) iSH?p lied o 1 | Lne 35 and
gh'e8

Vpp i s appl iSedta $lechiiedesired row of theypemony, Argy  applics-fo g0 its that
are to be eras%ﬂocﬂf@ﬁ : 43*{%.‘””"’ RE ThisAoh LM ' < be
erased renmi n bi ase gt&hyé%d ere I's a cotﬁ%e% en%ﬁgﬁgﬁgeﬂ%%ﬁ?s
particul ar seq@etmthecbntvelightes 34-Opthrongh 347 of Bl ofi thedranbistorsrinmhe worsdito ben t he
selected word are initjall ogranmmed, 1 t are in.a onduct i.n
state when thewgaim‘?‘a)?bﬂé?gé“ ansg%ém?rﬁ&mégg&r\g.lgﬁga&g
Wien Vpp is apgf imedidating EitesSif ifCicReteld vord hitgrogrammell] V3 (Eivtind)dk applie tb he

selected transistors are erased into a conducting state and the comon

sour ce |.i ne135ling 33 ped Yeds appliedisathose bit lings 32 thaongh 33-7 ¢eatainingbits thatare e
i is limt e ' I ' %&@ﬁsen?zﬁﬁ tial
alngeVITSN |Ismt h:qfwee%{%r wﬁﬂ@%%@%&ﬁ%@%ﬁ@ﬁ%ﬁ%@n neutra |§2d'l gy

ext ended exposbiasedat V.t raviolet light. This noderate voltage is too small

to punch through the programmed transistors_and sp po current. flows from
the bit Iines that IPeiacayeaentopnsentencsatbixmsiculst sayeneeds whthges | ( i
this lack of dihaations!BédiMe dltdhsiston in Tk Sfecteld vARE Steihitiall

. : , . ¢ pRIpPiTAMEd,
commerci al EEP froma single logic |evel power supply with all of the
“needed hi ghisolthexges inmnongomkiycting-stae ahen their contsol gates are grounded by applyinga| |

low power char 4£ RUiRSs. When V, is applied to the selected bit lines, the floating gates of the-

selected transistors are erased into-a conducting state and the common source line 35 -
is charged up. However, the voltage on the common source line is limited to Vfg - -
Vo, Where Vg is the floating gate potential and Vi is the threshold of the memory -

20 transistor when neutralized by extended exposure to ultraviolet light. This moderate
‘voltage is too small to punch through the programmed transistors and so no current -
flows from the bit lines that are biased at V, to those that are biased at Vigg. It is this -
lack of direct current path that makes it possible to operate commercial EEPROMs - -
from a single logic level power supply with all of the needed high voltages being

25 generated on the chip by relatively small, low power charge pumps.

There are a couple of features of this prior art that limit its desirability for
application in integrated circuit products in which only a small number of EEPROM
bits are desired in a circuit that is primarily logic or a mixed signal product. The
prior art cell depicted in Figs. 1a and 1b has at least three additional masking steps

30 that are not required for the fabrication of an MOS structure containing logic
circuitry but not containing EEPROM cells: the second layer of polycrystalline



There are a coupl e of features of this prior art that imt its
desirability for application in integrated circuit products in which only a
smal | nunber of EEPROM bits are desired in a circuit that is primarily

l ogic or a m xed signal product. The prior art cell depicted_in Fias. la
and 1b has af”‘?%gg’l“gthree addi ti onal masking steps 30 that RFEURE™®quired

for the fabri calibth dhl himulhdPoRide WiAdéhw: i Bicbufiel N he@ftinGunlr i Ly but not
contai ning EEPROM cell s: the second layer of polycrystalline 4
W98/ 29907 polycrystalline silicon floating gate. These g steps and the prooessgsUS97/ 18800

silicon, the thin. ' | Hgigg i r the
pol ycrystallin ‘F@g’g&'f‘ﬁ%’gg&n gg’tq}g?"@ﬁ‘gg‘tétnﬁnsg I'ng M@ggg&#ﬁgg
processes asso0%ttoghe\édstioft hamifataingasCMOS wifer. (Thivis adfigh privg tp pay s, -
perhaps as nuch as 20% to the cosg, of uf gcturin watfer. This is a
hi gh price to M“W%M‘ﬁﬁ&'ﬂi‘ﬁi’é‘lm% rtion; o ﬁF?’“}aﬂ,é‘@d"Eq‘F"«i‘E% portion
of the product SHEEPRD Of o felhdd thisiosts thfecnave Bedn £d. TO
reduce this cogt, there havhg%en a nur’rt')er0 of single poly EEPROM cel | s

devel oped. -tl)-hi sumbenof amgmmkmwbsﬁvm d@hkge@ml _ embatcthe costof t y ]Eo
t ) . .

The. cont i hui ng g ERRRONR BefRRRRSm A cusE B i mont, QB TaR RERYSS 0

form ng the tugdsesiabletetmsybftie sortiling red forftheaddittondbprotedsing steps second

hi ndrance to incorporating EEPROM t echngl ogy, i nto existing CMOS processes
is the rel alq mspﬂmegnmhcﬁmgwwmﬂlp@&emwdm R ahi7.an,
er - Nor

electric field of a ﬁﬁﬁng EEPROANL | | ived for a
sufficiently large EW@E{GE ne |§g curreﬁ%sﬂﬁﬁeé?%{ng cell in
times 15 neas(IMOS iprocessesis thewrelatistelyihigh valtagesaequirell fohthe write opgrationpl Awd to -
the control gatge is dt floati ate. .Ln. practi.cal cases, the

¢apaci tive couﬁféf’ﬁﬁﬁéjgéﬁﬂﬁﬁmmm&‘gﬁmﬁg?@é%ﬁﬁwg?r&ti ng gate is
in the range Osffcinfly fargd FowiefNotdhefiP nilinding\cakreatan vaitetd £6ell @ e control

gate is coupled to the fToating gate). This neans that Vpp greater than

“about- 12-v 15 megsiredin My ition, nofall-ofithe;yoltage applicd 4o thecantrol,ggteis
: coupled to the floating gate. In practical cases, the capacitive coupling ratio between
the control gate and the floating gate is in the range 0.6 t0 0.8 (i.e. 60t0 80 % of
voltage applied to the control gate is coupled to the floating gate). This means that
Vyp greater than about 12 V is required between the control gate and the tunneling
20 diffusion in the substrate. To achieve this a voltage which was earlier expressed as
(Vpe + V) must be applied to the row line. The Vo in this equation is not the
usual threshold voltage measured with the body of the N channel transistor
grounded; rather this voltage threshold is the voltage threshold with the body of the
transistor at -V, as a result of the voltage on its source. When V,, is approximately
25 12V, the threshold voltage can easily be increased as a result of the body effect to -
about 3 V. This results in a voltage of at least about 15 V being applied to the word -
line. Many logic processes will not reliably support a voltage of this magnitude.

SUMMARY OF THE INVENTION
30 In accordance with the teachings of this invention, these limitations are
alleviated by réducing the inagnitude of the applied voltage required for writing and



20 diffusion in the substrate. To achieve this a voltage which was earlier
expressed as (Vpp + V[err]) mnust be applied to the row line. The V[err] in
this equation is not the usual threshold voltage nmeasured with the body of
the N channel transistor grounded; rather this voltage threshold is the
vol t age thre‘?ﬂ(??’a”Wth the body of the transistor at -Vpp 2ECHUTZAHM of

the vol tage on ﬁ@”"r ﬁpochﬁ ﬁﬁ% MartiPactutine Costs o
t hreshol d voI % é?s?lfam?eﬁl creas 2 are uIt of thg body effect to

about 3 V. Thlaswm;ﬂmhtﬂwsemtk P chanagl-EERPRQM delis bavedicon develpped . ERese cellspl i ed
to the word Iline. [ OCeSSEeS a voltage
of this magni 3% WMM %@MWB&H%% ante with the
teachi ngs of t Imwwawadpe@ﬁotnmawlymmmwmmagmmmduc. ng

t he magni tude o he appl i ed voltage reqwredfor writin nd 5
08/ 29907 S5 canbein into the integrated circuit products. These cells gﬂ@wgggw 18800 by

simplifying t ?Qm MOStS.

To acconpli sh ese eﬁ%@nﬁ%ﬁﬁ%ﬁﬁﬂ&%é haegc eﬂejn degieglsgg%m These

cell's are desitgion dmraddiﬂongrswpummmmembmhmays Runthermore, the newel celdlsofwi t h

single polarit s?l aI S tha can be devel cv)g@ rom‘{gw%ﬁt vel gga} | ow

“power charge ﬁﬁ’ﬁﬂ% capble the, axray fo,function ith 3 yalye é’g?%’f’ cui t

products. TheSgaf ﬁ?ﬂﬁﬁaﬂ: hafhel EEPROM ¢ceiiofiBe priciiiet, Witk sisdlat be added
E

to a CMOS Ioglc proc EPROM to only one additional step in sone
enbodi ment 90 Puritigspecd and wneel ogide thigknesss of this i nvention enable the -

‘array to function wth a.val ﬁé' that
required by an N c\tlt\% Eﬂ%&@%‘ﬂ’#x@heﬁﬁgﬁegﬁﬁsmé simlar
writing speed aﬂdﬁﬁnuyabm@ahéw@mummhmmsmf th| s

i nvention are t

it has the pqotential fo ficantl reasing the
devel opnent t i fHENSHY %WY@%@Q&‘P ﬁxﬁgﬁ’gﬁcﬁ"on t he
hi gh vol t age cwk‘% ffof)él%cd@ﬁﬂfﬁ%fei‘ 3ttagt%|t can decease the cost for
~ processing a er ?O& 5

' 'l‘he focus of this invention is developing P channel EEPROM cells that can
be integrated mto arrays and supported with on chip circuitry so that the array is:
suitable for inclusion into an integrated circuit that is to function from a single
voltage power supply. For use in practical array it is necessary to have cells that
can be set into states to represent an arbitrary pattern of ones and zeroes. In the:

20 conventional N channel EEPROM, this is accomplished by programming all of the
bits within a word and then erasing selected bits to establish a defined pattern within ..
the array. There are select transistors so that words that are not intended to be
written are isolated from the high voltages used for programming and erasure.

‘This invention includes three methods for performing these functionsina P

25 channel array. In a first method, the cells within a word are all programmed, i.e.
electrons are injected onto the floating gates, and then selectively erased. Because a
P channel MOSFET with a gate negatively charged is in the conducting mode, a
transistor is provided between the floating gate and the source in all of the cells in
order to allow isolation of the cells form the common source during the selective

30 erase. If the cells are connected through a common source during the erase, current
will flow from the drain of the cell or cells that are to be erased to the drain(s) of



15 The focus of this invention is devel oping P channel EEPROM cells
that can be integrated into arrays and supported with on chip circuitry so
that the array is suitable for inclusion into an integrated circuit that is

to function froma single voltage power supply. For use in practical array
it is necessWPY8RMOhave cells that can be set into states tgc'f’giﬂ’ t an

arbitrary patt 1FBO&sed! SublE cafert WOURI oh® AR picicaBR MR
EEPROV| this-i@agc%g%:alﬁg ed by program‘n’ung all of the bifﬂ?vvithin a word

and t hen er asichip charge pwropssiuchs thab the yoliageiapplied todhe drains o be erased wewd Bet he
array. There are.se]ec ns| r t | ed to
be witten ar Zﬁ?’t‘%'fé’t“e%’“%@@ﬁ%‘%ﬁaﬁ VO aaﬁé@ n&ég%:ﬂfoﬁﬁgiﬁgg‘}g%cﬁéagﬂd
erasure. This frinsseiriallows oarrent flowt throngh thetfluatisg fate transisten toithgsauneste be -
functions in a P_25 channel array. In a firsi nmethod, .the cells.within a
word are:al ¥ piobipiEk AGE fae rase PO s Snabled JuriiE cirad g KHRroFidS E | ng
gates,  and theg, kvely erased. Because a P channel MOSFET with a gate

negatively charged Is In the conducting node, a transistor is provided
bet ween the fl oati néd sgend matiibd ofeoperation described in this inveationdfunetians byr der to

allow isolation af the.celLls formt co : ' I ive 30
erase. If the E@PP%’Q?’&S Wﬁﬁ“ﬂ?%ﬁaﬁ%ﬁgﬁ%%méﬁttﬁggerase,
current will e broprarhied ShRi 'With tHid'he®od hll @e celis irfa wbfd canrshare@ be erased
to the drain(s) of 6 WO 96/ 29907

PCT/ US97/ 18B00cemmon seurrs ling.  Thesselegtive programaning isscgaraplishe by, providing 2t -
woul d | oad any | s F%@W?Pﬁuﬁj t N
applied to the%ﬁ%ﬁﬁgﬁéﬂgﬁﬁg’r% elimte toé*ﬁgé{l%dﬁg ou{gﬁﬂssal' ue

that erasure wssléal trandistorprovides'fdd matrivaaddeessing of theeontrolrcapasitor on a ditlbyws

current flowt I%Uﬁh the floating gate transistor to the source to be 5
I nhi bited duri erase node, but enabled during the read node to

provide a sense cur yaf altefhalivs eMbodifemtod nfincBiew bR undethe fbstihg gatd i1 S
i nvention functions by erasing all bits within a word and_then sel ectively
pr ogr ami ngl% heetused.hut zatherithe entire gate area of the memory transistor lies overa thin . : .
o tunnel oxide region. This allows a shorter channel length, a simpler fabrication -
process, and therefore a lower cost device. This approach has the further advantage -
that the memory transistor provides more read current for a given floating gate
potential,
20 In another embodiment of this invention, individual source select transistors -
in each cell are not required. In this embodiment, a separate source line is run .
through the array for each column so that a shared source select transistor is used to -
provide the necessary isolation for all of the memory transistors on a column. In
this manner, a substantial decrease in array area is achieved. In another
25 embodiment, the source and drain select transistors are omitted. The cell is
programmed by biasing the control gate to a high voltage with the N well at ground -
and other nodes either floating or at ground. The selected cells are erased by biasing
the bit lines of the selected cells at VPP while the biases applied to the other cells in -
the array are such that the voltage across the gate oxide is maintain ataloyv enough

30 voltage that significant tunneling does not occur.



in the programmed state. Wth this nethod all the cells in a word can share
a 10 common source line. The selective programmng i s acconplished by
providing a select transistor to the capacitor that controls the potenti al

on the floatin ate. This select transistor provides for ”ﬁé{f r essi ng
SO - Rl

of the contrdY itor on a bit by bit basis. In an alte

enbodi ment, a tunneling W BRENF PESORIPTION ORTHE DFAWINGS1S not used, but
rather the entire gate area of the nenory transistor lies gver a thin

tunnel oxi de regi onFigTAa is atop yiew of and Jrig.clb is 3HeRs seqtion garpugh;a prior
fabrication pr%%@? herefore a | ower cost device. This approach has
the further ad [ ag at- the nmenory transi stor provides nore read current
for a given floati nExggahisa)lﬂbdndihglhmﬁ(ityplcalpﬂorartmambodi ment of

this |nvent|on i ndj_vi al urce el ect .transis ors are not
required. | this eﬁ%gg é’f§<§5?'tpe aFQEWﬁ%hﬁgh t he

array for eaCh:Wuﬁ@aﬁﬁﬂ &rg@ﬁhggm&:@m&el ect transistor is used to
provi de the necessary i sol atlon for all of the nmepory transistors on a

colum. In th| s nmanFig: 3 isa crass segtional viewthrough a portion of 4) ERPROMeell ithi eved.
I n anot her enbodi ct transistors are
omtted. The CM%PMﬁ@%%gg&W %ﬁitrﬁol gate to a high
voltage with the N ¥yl l4igh scliematic diagainpillostrating desotder Iwith siinplyttrangferringat
ground. The sel ected cells are erased by b| M‘S 2.(}% | i nes of the
sel ected celd sﬂlﬁawpl%quéhft%"ﬂhﬁﬂily lp‘h‘@ eI s in the

array are suchgb ot Ol tage across the gate oxide is maintain at a | ow
enough 30 vol tag at SI gnlflcant tunnel i ng does not occur. 7 WO
98/ 29907 Fig. 5 is a schematic diagram of several cellsmaccordanqa@whmfmoo

ErR:)sEE EESE:QIC)ETI ;@ é?é E ‘{f%? Fi ﬁ I } ? lﬁéﬁ% | ew of and Fig. 1b. s a
Fig. 6 is a top view, and Figs. 6a and 6b are cross sectlon views, showing
15 the structure of one embodiment of the cell shown schematically in Fig. 5.
Fig. 7 is a schematic diagram of another embodiment of an array in
accordance with the teachings of this invention.
Fig. 8 shows plots of the dependence of the capacitance on the voltage
applied to the gate for a MOS capacitor for the cases of equilibrium and deep
20 depletion.
Fig. 9 is a top view and Fig. 9a is a cross section view showing one
embodiment of a single one of the memory cells shown schematically in Fig. 7.
Fig. 10 is a schematic diagram of an array of another embodiment of this
invention in accordance with the second method of operation mentioned in the
25 summary.
Fig. 11 is a top view and Fig. 11a is a cross section view showing one
embodiment of a single one of the memory cells shown schematically in Fig. 10.
Fig. 12 is a schematic diagram of an alternative embodiment of an array of
cells in accordance with the teachings of this invention.
30 Fig. 13 is a top view showing the layout of one embodiment of a block of
two cells illustrating the schematic diagram of Fig. 12.



Fig. 2a is a block diagramof a typical prior art EEPROM array. 5

Fig. 2b is a schematic diagram of a group of prior art EEPROM cells
integrated into an array for storing a word of data. Fig. 3 is a cross
sectional view through a portion of an EEPROM cell in accorg n wi {h one
enbodi ment oA esent invention. Fig. 4 is a schematic EE@E’JHF%"

illustrating a prohl, { t ' '*Em’ﬂ | ihiagt STelicim t he
conventional N cha%{gm@éﬁw}ﬁ%ﬁ%i C gir.lﬁ{eqme?%p err’ent a?iron. ig. 5is a
schemati ¢ di agicesidaficeswitethe teackihgssofi this dmentishance with one of the

enbodi nents of this_jinvention enbedded jn.a small array. Fi | top
view, and Figs. 6a Hgdl H%WM?WW{%\%?e@hmt‘%?%aa
structure of opgrgafqdhiithe Bk stiihaBe blaghRpdmEgcanatical Iy in Fig. 5. Fig.

7 is a schemati c di.agram of anot her enbodi nent of an array_in accordance

with the tedchi ngs Big. 16isa topvisw ofome embgdinentefthis inyeption Whichidoes@Bendence
of the capacitance .on t.he valt ' he gate for a MOS capaci.tor

for the cases %mm%ﬁggﬁ%%ﬁn%gﬁ*mion. Fig. 9is a top view
and Fig. 9a is a crpgs1? i fopview showdripoan algrnative embodimestrof this investiongie one

of the nmenory cells shown schematically in Fi‘%ﬁ 7I Fig..10.js a schematic
di agram of "an foxigle 3reqs AredatRst thad aFea, Whets POLYFTY§ Siliopn, oy dance

which,thig

with the secongf!{‘r,gté@ f operation nentioned in the 25 summary. Fig. 11 is
a top view and Fi Q. ais a cross section view showi ng one enbodi ment of a
singl e one m the nFigare/18shbivs schiematically thecelliarzangemant ingogordance withyan 12 j s a

hematic di f .t ' di ngnt__af I's in,
Sccor dance w ¢ RSV SORMFSE g the FvERRRy o By 1o430wE e ydht o) %, 1, o)
vi ew showi ng t REPRAN ¢EIl 7 acBsr@aRe Witk thi Mvefioriniglendata intasingle pbly, two

illustrating the schematic diagramof Fig. 12.
level metal process utilizing an N well capacitor. )

Figure 20 shows the layout of an EEPROM cell in accordance with this
15 invention implemented in a single poly, two level metal process utilizing an N type
depletion capacitor. ' .
o Figure 21 shows schematically the cell arrangement in accordance withan
-alternate embodiment of the invention that merges the select and control gates.
Figures 22a and 22b show the layout of an EEPROM cell suitable for use
20 with the embodiment of this invention shown schematically in Fig. 21, implemented :
in a double layer poly, one level metal process. '
Figure 23 is a schematic drawing of one embodiment of an array designed in -
accordance with this invention.
Figure 24 shows the layout of an EEPROM cell suitable for use with the
25 embodiment of this invention shown schematically in Fig. 23.

DETAILED DESCRIPTION OF THE INVENTION
A cross section through a portion of a P channel EEPROM memory cell in
accordance with one embodiment of this invention is shown in Fig. 3. Cell 40 is
30 fabricated in N well (or N type substrate) 41 into which P regions 42, 43, and 44 are
located to form the sources and drains of P channel MOS transistors. The cross



WO 98/ 29907 PCT/ US97/ 18800
Fig. 14 is a schematic di agram of another enbodi nent of an array of cells

i n accordance with the teachings of this invention. Fig. 15 is a top view
show ng t he I out of one enbodi néent of a block of four cells ill rating
the schemati ¥ 89%2m of Fig. 14. 5 Fig. 16 is a topl'(;'l"’éﬁ?7 ne

enbodi nent of le B gﬁi Ismw%éw]mmhégﬂdwh*mmwM under

the floating gate top vie W ng an altérnative enbodi nent
of this i nventﬂnmdﬁwmmdmwwrsdéhmmmmlwwrwmﬁ@ her e

pol ycrystallin overl aps ve r BroaNows
schematical | y 8‘3’5‘&?’?‘{1 rﬁegfédnﬁe%%?ﬁ’?ég%g‘gm\%&tﬁ hdmﬁ erna | ve
enbodi ment of l@e%w%mnoﬁwﬂﬁﬁoﬂﬂ)-mmﬁhemuﬂyebumﬁmﬂ cel |
in accordance with this | nvent lon_inplenented in

ggf y, two, |l evel
nmetal proceds pesitivepategtialwhile R well 4l gimdes e memagy, W%SM&‘” heropndety ¢ of
an EEPROM cel | glloqm s si-ngl e
poly, two | eve mﬁ%ﬁ%ﬁgﬁgﬁb %épgﬁpdepl et]ﬁon C%gdgf‘tmgr

Fi gure 21 showaccumiulatiohiregion to forne i Nl welbd ¥ umige floatingi gatecdSc hereris @ thint h an

Gt cs. i gur cs sa regin $hbeure ficskns pa AR end N e ehrfbsiiecie sty 7o,

use 20 with th%nﬁﬁ‘e%bﬂmtbeﬂieeﬁhbﬁn Fwsmmbwnﬁ&h&ﬂﬁybﬁﬁrbﬂﬂhﬂ Fig.

21, inplenented In doubl e layer po one | evel netal process Fiqure 23
is a schemald couﬁdam@usssemnenm@mﬂﬁmmwaaw mylation layes o) flaating ga rdance

For use wi th « Heg mriAbnhu pedp lder A0, o Saniebiay ERGE p R | 701 ©

Fig. 23. DETAl N-WelDESEHbised @twganmg, is\ppliEd ©0\bitdiner48; Gateethi is @roundedbargh a
BF thi's | nvent FCREESAE S PGy Soubienfq &y Fatige. Stice gie 46 6f e SRR T
transistor 40-S is turned on hard, d1ffus10n 43 is biased at V,p and an inversion layer
15 forms under floating gate 45. If node 44 is floating, the potential of the inversion
layer will also be at V,,. The resultant electric field across thin oxide 47 causes
electron tunneling from floating gate 45 to.the inversion region in N well 41. This
causes floating gate 45 of memory transistor 40-M o be erased.
This embodiment of the present invention has two features that are
20 advantageous for cases in which a small number of EEPROM bits are integrated into -
a circuit that is primarily intended to perform a logic or mixed signal function.
Notice that because the body of memory transistor 40-M is N type, an additional
diffusion under the tunnel oxide window is not needed, unlike the prior art of Fig.
1. This simplifies the manufacturing process. In an embodiment of Figure 3 in
25 which memory cell 40 is laid out using only one layer of polycrystalline silicon, this

P channel embodiment of the present invention requires only one masking operation
beyond that required for a CMOS logic fabrication process. Depending upon the
scale of the process, the additional mask may be used either to form a thin oxide
tunnel window in a process that has a relatively thick gate oxide for the logic

- 30 transistors (e.g. a 1 micron minimum feature size logic or mixed signal process
might have gate oxide thickness of approximately 20 nm) or to form a thick gate
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30 fabricated in Nwell (or N type substrate) 41 into which P regions 42,
43, and 44 are located to formthe sources and drai ns of P channel MOS
transistors. The cross 9 W8/ 29907

PCT/ US97/ 18800 section is through two transistors; the poly, | pe
silicon regi WAMABOLNG 45 formthe gates of these two transﬁ%@#’?&%om i s

menory transi e Mw%gﬁgﬁﬁwgmm%a witth gats el ect
r

transi stor 40-S wth gate 46, ain 42 and source 43. To program nmenory

transi stor 40-osfidegfor thedagic transistors that isdhip eaoughi tedevisedfor thetFowlenosi t i ve

Gt o 46 of s St Syuted pie. ol SnfRTH e Bibcs§ A mARHLG GRS Bl U0

causes an acc Ul gt 0h0/4ag 105 mictorsmight havélgate lokidéd in theleangé bH&10mm.gat e -45.

Th ' t hi d ' 47 bet ti .45 N.yell .41. Th
elloctric 11 81 cRbisaride poRid b B forcion owlke Nardlsun Bt o ool el el
the accumul at i {,,?%ﬁ -M%?m&?%%}ewm nfiv‘dré 0106 sefdct ad Switching t unnel

fromthe accu a ayer to ating gate 45, thereby programm ng nenory
transi st or 40-tdnsiEwrethateontreltbe high valtages nsed faothe|program [and gmse fangtiensed at

Vpp and Vpp is,a Iieat@ bit,.line 48. 46 | oati ng
gate 45 is cap‘&c‘g‘%“g H%W"ﬁefe&%bﬁ?s&a‘e. #%g%gg‘g’?g%%f t he

sel ect ”anSi%ﬁgéﬂr&c&ﬁofmdoﬂ%?ﬁ&fd(hntﬁé“githbf@eleoﬂ&ahsistdnimaorat Vpp: and
an inversion layer 15 fornms under floating gate 45. |If node 44 i

floating, tle Wotingyt When stleat ransistgrcd0s$ isfo pPassoyoliges, its gateds st 1, 8T0YRY,  The
resul tant el eciq.l ' 0 ' | s | Ng
fromfloati ngc’géll% %]lé\gf{hg ﬁ@ﬁ‘e’*ﬁ’ﬁ’%&%ﬁ’%&‘é‘% tﬁﬁaﬂlﬁﬁv\ﬁ seﬁ%ﬁ'%'lbh?lg n?:ﬁ{l?ls es
fl oati ng gate the dedin of memgryt tramsisios 40M.40- M t 0 be erased. This enbodi nent of

| whi ch & smal | nuWUe Ssyembereant o1 ie- 4 el By ol R ERSIRIRRE!  °Th 0
hal because { e P b et Tpes. o sddh 1 onal
di f f usi-on -utsdeFig: #ds aaﬁﬁalmxﬁéofoﬂhm@ o6 the pogtinaseen in Fige 3 il the j or - art -~
of Fig. addition of coupling capacitor 51. The cells on row 0 can be programmed by biasing . :
control line 0 at V,, with all of the other signals at ground as discussed in the -
_previous paragraph. Consider what happens if the cell connected to row 0 and bit -
line 0, hereafter referred to as cell 00, is to be erased while cell 01 is to remain
20 programmed. Following the approach described in the previous paragraph, the
memory wells are biased at V,, and word line 0 and control line 0 are grounded.
(Word line 1 would be biased at V,, to isolate row 1 from the voltages applied to the
bit lines.) Because the cell on bit line 1 is to remain programmed, bit line 1 should
be grounded. Bit line 0 is biased at V,,. The inversion layer that forms under
25 memory transistor 52-00 to cause erasure means that memory transistor 52-00 is
conducting, which causes source 0 to charge towards Vy,. With control line 0
grounded to erase cell 00, memory transistor 52-01 is biased in the conducting state
also, as is select transistor 53-01 of cell O1. This provides a current path from bit
line O to bit Iine 1 through the two cells and the common source. This current
30 would be large enough to load significantly any practical charge pump integrated
into the integrated circuit containing this array. This current is very undesirable. The
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1. This sinplifies the manufacturing process. In an enbodi nent of Figure 3
in 25 which nmenory cell 40 is laid out using only one | ayer of
polycrystalline silicon, this P channel enbodi ment of the present invention
requires only one nasklng operation beyond that required for a CMJ)S | ogic
fabrication %Y WP Dependi ng upon the scale of the procesECTUFEIISS0

addi ti onal s bafifde G AeioSink REdonbnb OV A G i e Moot |1 2

process that has a relati gate oxide fof the logic 30 transistors
(e.g. a1 m crmsenmplmd\hnng@hmmbEEBBOMcnlluhan@mx4 gnal process mi ght
have gate oxide thi (Hfg.%gs?lo sc%&%atwahga 3h€ ebodimEior 32 X3 ar&ry"goaotlrnérﬁ&ygate

10 WO 98/ 29907

PCT/ US97/ 18800 cend st ili@strated @né emBedimeMcbf'this invéatidnagiicls pieves agwidesirablest or s
in a process with gate oxide for the logic transistors that is t&pqln enough

o be used for cuprentmath @mm&mmm+ Sevrcg sclegt frangi ic
process with m ﬁlﬂag %E’l %iﬁgﬁ m t @ﬂ% ns m ght
have gate oxi des ’i'n e range of vé g e(i%igu efé‘ﬁsed for

t he Fow er - Nor mmmmambmsmwmweummmmmyt hi ckness
in the range of_ 20 nma requir ect an n tran5|stors
that control t HEhefsft Wﬁ a&@mﬂ&a@%ﬂ‘ ﬁé“ﬁb’ﬁ %WF&W@*HE@ fgﬂ i ons.
second advant a&@leb%@ﬁbrsbﬁ fe3 AR conRibAéd inlcomiionh Simpliy Beiperiphdry clraiy]
device, voltage in excess of Vpp Is not regw red on e gate of select

transi'stor 40- Slthoughithis iswmatmi tm@mmwmg the pass
vol tage, its gat age used
for erasing the W&ﬁkﬂ@ﬁﬁ%J%ﬁi{%lb%@?ﬁ%WW&% n%m)ry
transi stor 40- Mpeﬂhbhefﬂhemycbwmwmddfmga&smmmﬁmbmammmm of
ci rcunstances, there is, however, a proll)chr:gv\hl ch can 3@ seen "’X
consi deri ng Fi ¢P3-00 thrggh,6311] aregropnded, w 0Ws gny, roy; {o thirpw
composed of ¢ Nefaof k3o 6100 trbugh 647111k Woh e 010 dn@e00, GoWBletasd
capaci tor 51. e S on row an be progranmed by biasing control |ine
0 at Vpp wi tl ahbde;thetw(nfﬂwmlcgndm wansigtopushouldalldiediased etiVintodsolate -+ -

the memory transistors 62-00 through 62-11 from the common source lines 66-1 and

66-2. In the program mode, the bias on source select transistors 63-00 through 63-11

is not critical; we choose to bias them at ground for the sake of simplicity, but they

could equally well be biased at Vy,;, or V,, without adversely affecting the

20 programming operation.
The operation of the array shown schematically in Fig. 5 is shown in Table

1. In the read mode, the entry under word line indicates that the word line in at 0

for the selected row and Vyp,, for the deselected row. In a similar fashion the double

entries in the other modes are to read as the voltages applied to the selected and

25 deselected nodes in that order.
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previ ous paragraph. Consider what happens if the cell connected to row O
and bit line O, hereafter referred to as cell 00, is to be erased while
cell 01 is to remain 20 programmed. Follow ng the approach described in

t he previous paraqgraph, the nenory wells are biased at Vpp and word line O
and control W ﬁé’zg“?ire grounded. (Word line 1 would be bi aded/at” to
isolate row 1 fromthe vol tages appli ed%.&l?eﬁhe bit lines.) Because the cell
on bit line 1 is to remain programed, DI ine 1 should be grounded. Bit
line O is biased at Vpp. The igygrsion layer thatfornms under ggg nenOry
transi stor 52-00 to cause erasure neans that nenory transistor 52-00 is
conducti ng, whiGhrtlaeses sourc¥ud to charge t Nwédesteypp. Wt hOcontrol |ine
0 grounded to erase cell 00, nmenory transistor, ga%i s biased in the
conducting state also, as is select nsistor 53-01 of cell O01l. This provides
a current p&th wednaebit |ine O0teledsd |ine 1 thhrough the two Oddeleatedand t he
common source. This current 30 _woyl d be | arge enough to | oad §,| q@ei.eqeiagdzntly
any practical charge punp int eal"’a to the integrated circuf containing
this array. Thiggmsrrent is vewy,asaesirable. @he WO 98/ 29 3, Aselected)

PCT/ US97/ 18800 bal ance of this disclosure is concerned wth alleviating
this and other limtations that arise in inplenenting a P char‘?r“gfﬂk ROM
cell in an arr agureddeldet O Showsgschematically ome enbodi nent ofv,a 2 X 2 -
array 60 of nenory cells that illustrates one enbodi nent of this invention
whi ch prevelt s #preaindesi rabl e ¥oeurrent path tW‘ough the conm®®sour ce.
Source sel ect t k@l S 63-0Q t hrough 63-11 @ave been addedwvi ) each
respective cell 00 ‘through 11. M is desirable to mnimize to nunber of
control signals that nust be applied to a nmenory array. Therefore, in the
preferred embodi menkigl § showd a Reotf vfieembdidimentlof oné of the memory ecllsshews

Gl roul try, 10 sematiegly onFis. samalsmeried dsa aayeal nfsefalisnodible. ooy oo
\S/.g: _tegttgetsr \?mn?hZh?@ra\%g%W'm eration- g?ﬁ?ﬁgygéﬁgy@ In héit: ead
mode, the gat etheaharmiietre of mixed sigoaltintegratediciscuitsswhere they are employed for e
| switched capacitor circuits. |
Fig. 6 shows a top view of a cell 100 and Figs. 6A and 6B show two cross
sectional views through cell 100. There is an N well 103 in which an active region
20 102 lies. In the fabrication of a typical modern CMOS integrated circuit, the doping
for the N wells and P wells is typically introduced into the substrate and then a thin
layer of silicon dioxide topped with a layer of silicon nitride is formed on the wafer
surface. Through a series of photolithographic and etching steps, the nitride is
removed in the regions where it is desired to form a thick oxide that will sexrve to
25 isolate active elements that are formed in the substrate, such as transistors, diffused
interconnection regions, and resistors. After the selective nitride removal, thick field
oxide 113 is grown. Field oxide is typically in the range 0.3 um to 1.5 um thick.
The nitride blocks diffusion of the oxidizing species in the areas that remain
covered. These covered regions are yeferred to as the active regions. The areas on
30 which the thick oxide is grown may have the surface conceﬁtmﬁon of the dopant
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63-00 through 63-11 are grounded, which allows any rowto be selected with
row sel ect transistors 64-00 through 64-11 via word lines 69-0 and 69-1. In
the erase 15 node, the gates of the source select transistors should all be
bi ased at Vpp, to isolate the nmenory transistors 62-00 through 62-11 from

the comon sHQ%R9M7nes 66-1 and 66-2. In the progr am node, S8R0 5y

source sel ect tr.ansi,s [ hoose to
bi as them at gmﬂ?dff%? ,??]gﬁg%%gt%?ﬁs' npﬁ’?%sli' d B%?@é?&icoa“ﬁ equlgl ly well
be bi ased at Vmwmmmmwmwmmgsmmmmm ng

operation. The operatlon Qf th sh vvn hematl

shown in Table 1. ﬁﬁ]@"‘ﬂ@é’@em grg UY/% XI |tﬂi3 %& gat es

that the word 551{?% ﬁ&]ﬂs{ﬁ 9P 90 X0 1100 nhi) §s fiemed.ect ed
[ F ﬁﬁgn t’h oubl p

row. Iln a sim e entries |nthe ot her nodeés are to read

as the vol taﬁgeﬁ'humxideanﬁlltmh&ﬂweaam Imthe zasethata thin wanelipg @Fide s t hat

order. 12 98/ 2 ea s . . . _
PCT! Uso?! 18800 S T8 Ehte pfide is grown only partially, 48, 9psration involving Er ase
Control Iline phomhthogﬁaphy and etching selectively Méafiveésthe okidp from the reglﬁnﬂhat

(dosel ected) 5 Wwrd |1 ne Q0 (sel ected

0 (sel ected) VMM@@@Hyndeand the thin mnnel oxlde l)ll 1sthenfowgnem| ect ed)

Bit line P9 i
(Sel ected) O (%oqse%ﬁ%our cede’slélfo%?ed thhetunnghng regions, gate o 1Os

Vpp 10  Sowr cduckenedtothedeslred‘v/me Tunnel oxide 111 is usudllydatthe range of 5 nm to
float Menory N

Fig. 6 shows azﬁe” i thigkness, MW&%@%W%%@?@FI“&SMM

range of 150 nm to 800 nm and doped. Lithographic and etching steps are used to
form the polycrystalline silicon into the desired shapes. In Fig. 6, this first layer of
polycrystalline silicon forms gate 104 of word line select transistor 64, gate 105 of

15 memory transistor 62, and gate 108 of source select transistor 63. The first layerof ..
polycrystalline silicon also may form capacitor plates, interconnects and resistors, if

Ina double layer polycrystalhne silicon fabrication process, insulating layer :
122, typically either silicon dioxide or a multi-layer sandwich of silicon '

20 dioxide/silicon nitride/silicon ledee, is formed on the first layer of polycrystalline -
silicon. This layer is usuatly in the range of thickness of 20 nm to 100 nm. Thena.
second layer of polycrystalline silicon is deposited, doped and patterned. In Figs. 6
and 6a, capacitor plate 107 is formed in this manner. After the second layer of
polycrystalline silicon is patterned, source/drain regions 117 are implanted with the

25 polycrystalline silicon gates serving as masks for protecting the channel regions.

Finally a layer of dielectric is formed and holes are selectively etched
through it to allow contact to be made to the substrate diffusions and the
polycrystalline silicon layers. In Figs. 6, 6a and 6b, these contacts are shown with
reference numerals 101, 106, 109 and 110. A layer of conductor, usually aluminum

30 or an aluminum alloy in the range of 0.5 to 1.5 pm thick, is deposited and patterned
to form interconnections. This conducting layer is referred to as metal 1 in the
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schematically in Fig. 5 inplenented in a typical non-self aligned double 15
polycrystalline silicon process. Such processes are commonly used, for
exanple, in the manufacture of m xed signal integrated circuits where they
are enpl oyed for switched capacitor circuits. Fig. 6 shows a top view of a
cel| 100 andWQ@H¥&MBA and 6B show two cross sectional views PEREGHEE®e |

100. There i'S. gflafleWiithis akdribfontVth B il o 1. 6B, il 2s 82 1d Gk bigfine | 1 t o

fabrication of a typic CMOS integrated circuit, the doping for the
N wells and P mw‘hesmmwexy mﬁandaala;cumm-metaheomgmmmnmen a

For mod on t he HBIPW R Figen bt ARG of el A8 ool RERAAE 2, °

et chi ng steps, chhifctidrsTofifie sSurtaidvedirce Reledte Soﬁﬂ:e@aact\daeeezl funsverieally ed to
forma thick oxide that will serve to 25 isolate active el rren S bjﬁat are
formed in tHe yutélsttomwwmf&s} @m@am&pmmqum@ é&n&f%‘c

regions, and resisi afﬁ“ii'@‘ f‘“ﬁ?"f’? ﬁoﬁn@@&vﬁ&h tﬁé‘k&bef ield
oxi de 113 is grown. oxide1s &%e range . [err]mto 1.5
[err] mthick. Iélectmndlthwbutcb@oimecﬂoﬁimsharedbétwwmath iﬂlslse@’ctn t he
areas that remain coveged. JThese coyereg, %%h% are referr d t

active regions sel?ﬁéﬂ&?é%&ﬂbﬁ%ﬁ%%ﬁ" e ave
the surface CO%@%? Wllsmwmenxsdemedm

PCT/ US97/ 18800 anced pr| or o oxidation to ralse the threshold voltage

of parasiti @0 t imake afdoanettion from apalycrystafline silican lsxﬁsgéqlf&wyn Ehe SuBshRMetR: |y

}‘gr ;Tg(rjmvgg Qﬁd%‘iowg’?%@ﬂ-ﬁh COH‘I%I OXI g’és%gé p| ca y A tﬁzeﬂll tride

t hi ckness rangm,aémgﬁeamﬂcfﬁgmmm is formed.. 5 This oxide will serve as
;gteegg;edce)x: gegr:)\r/]mt he gh%{hat 03 t hi_n unnel [ ng oXi dg % reo‘!fhgg?aphy
) e o e g s
15. second layer of metal, metal 2, to the first layer of metal. One of these metal vias is
shown as via 120 in the cross section of Fig. 6A. This layer of dielectric is typically
0.5 pm to 2.0 um thick. Metal 2 is deposited and patterned to form
interconnections, typically in the thickness range 0.5 pm to 2.0 um. This layer is
shown as layer 119 in the cross sections of Figs. 6A and 6B. This trace is used to
20 route the control line through the cell in the horizontal direction in Fig. 6.
As seen in the top view of Fig. 6, word line select transistor 64 is formed at
the mtersectlon of polycrystalline silicon trace 104 and active region 102, memory
transistor 62 is formed at the intersection of polycrystalline silicon trace 105 and
active region 102, and source select transistor 63 is formed at the intersection of
25 polycrystalline slhcon trace 108 and active region 102. Control capacitor 61 is
formed by the overlap of polycrystaline silicon island 107 and polycrystalline
silicon region 105. Word line 69-0 is routed through the cell in the horizontal
direction by polycrystalline silicon trace 104,
It is to be understood that the process described here is just by way of
30 example and not intended to limit the scope of the invention. The process can be
modified in a number of ways by those with ordinary skill in the art, in light of the
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regions. VWile the thin oxide is fornmed in the tunneling regions, gate
oxide 129 is 10 thickened to the desired value. Tunnel oxide 111 is
usually in the range of 5 nmto 20 nmin thickness. Poly-crystalline
siliconis then forned to a thickness in the range of 150 nmto 800 nm and
doped. LithoQYQd¥®®7and et ching steps are used to formthe BERPSTVISR) | ne

silicon into tgackfgd éfafistieReon. ¥t ekl glfe,ﬁseléchhﬁnsi&té:snsslaﬂmaeaﬁmbe

pol ycrystalline silTcon forns gate 104 word |ine select transistor 64,

gate 105 of 15formedwsingithesecondtlayer of polyerystatline silioon asftheipgates sel ect

transistor 63. The {jsst Laver qf I ' I]J.C I farm

capacitor plates, i H@oﬁé&@aﬁﬁgﬁgﬁﬁgﬂ&%ﬁéﬁ%gyglsﬁl%g%gel}b e

| ayer pol ycrysipalyctysallinelsilicom if asedi Itds deirahle,oherefore, toclesigi a oell thay ean 622,

typically either silicon dioxide or_a nmulti-]| a¥er sandwi.ch qof sili cgg 20
of

di oxi de/ si | i%ofmpiemented inssuch a sineles Roky BrocesssFigo { faopvitic sehemalie diagragy
polycrystalli n%né#tnb&ﬁ&mtﬂ?'aﬁﬁﬁfcélﬁtﬂﬁ leshents a P \éhahdil Mlih gkness of
20 nmto 100 nm en a secon yer of polycrystalline silicon is

deposi t ed, dopsiigleriayerpolyerystatiine silicén gaviréhment! inGaccondapcsovithothisinuention07 i s
formed in this nner. After e second |la of polycrystalli siligon is
patt erned, sougﬁng"’d?'a ’P@&%@“ﬂﬁ@mﬁ@ﬁ?@@%’gﬁﬂf@@““ﬁ:
pol ycrystal | i ngo frhplement tBdon ligdg. as masks for protecting the channel
regions. Finally a layer of dielectric is formed and hol es are sel ectively

etched thro¥yh it t& theiread mesde; therN wsllp arerlichiased at Man, Jigatesofdheisquress ons
cont act s ars shaydk tfifiols @3 O 850 o e Vi EATGEAR Bl BifEE.
of conductor, @undl68yl arebisedat 3. dn variouslaltemative ethbodiments, teaech memgey eril 0. 5
Thi s’ cohduct | nds inedia 1S ona wedregione & W opfous ofp fied iponE a8y PB000 7
T LS5 18900l i e 06 SIS g ol ol o2
i nt er--met al 1% o09nabit and/er werd kined Thegselectgd word line, e.g. word line 69-0 when row O is :
selected, is biased at ground (V) and the selected bit lines, 65-0 and 65-1 are
typically biased at a moderate voltage (e.g. Vpy - 1.5 V) to allow the state of the
selected cells to be sensed. The unselected word lines are biased at Vp, to isolate’
the unselected cells from the bit lines and the unselected bit lines are usually allowed -
20 to float to avoid current consumption in unselected columns, The unselected bit
lines could be biased at Vi, at the expense of extra circuitry. Of interest, the bit - - -
line must be biased at a value less than V,;,. The minimum value (i.e. the most
negative value) is set by the requirement that the hot electron generation rate be low -
enough that it not disturb the cell. Since a conducting cell is programmed (i.e. -
25 charged negative), it is possible that the bit line could be biased at ground.
Table 2 shows the operational voltages of the array shown schematically in
Fig. 7. As in the previous table, in the cases in which there are double entries the

first value is associated with the selected line.
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top viewof Fig. 6 in the interests of clarity. Metal | is also used to
formthe connections for the source and source select. Source select trace
121 runs vertically 5 in the top view of Fig. 6 and can al so be seen in
the cross section of Fig. 6A. The source connection also runs vertically in
the top vi ewWOBEM: . both the source select and the sour cECEHURKNES®oN are

shared between two adj acent cells. The sel ect trace is seen in cross
section in Fig. 6A, but the source connec |on i s not seen because it runs
in the adjacent cell. Mtal 1 ig also provided e it is desgrad to 10

mal e a connection froma polycrystalline silicon layer or diffusion in the
substrate to t h¥Wesdisend | evel Of(salested] . An exa@delectedf this is Qédm@s rret al

1 interconnect 112 in the crossy,segti of Flg er the §
of netal is deposited and pattZY"ﬁg‘%',ehaﬂin!%t her Iaf?"gr 0 ielectri t’

and holes ar® s8itieti vely et chey,tis¥l | ow conndcti ons fromthevg,zsele@aex:ond
layer of netal, nmetal 2, to the first layer of metal. One of tg? t al
vias is shown as via 120 in the cross section of Fig. 6A. This ‘%V‘“ﬁ’
dielectric is tpgiceadldty 0.5 [erg]mto 2.0 [errjpmthick. Metal R,is
deposited and patterned to form i nterconnections, typically in the

t hi ckness rangesﬂ"% [errfmto Vg [err]m ThlsﬂP‘ﬁyer I S shown 5%“Iayer 119
in the cross sem&,ﬂﬁ Figs. A and 6B. Thisgtrace is used t 9,20 route
the control |ine through the cel in the horizontal direction in Fig. 6. As
seen in theWopComeilimef Fig. 6 Veord |ine sel eMer@dedtiBi stor 64% s forned at
the intersection of polycrystalline silicon traggedfdnand active region
102, nmenory transistor 62 is formed at the intersection of polycrystalline
silicon trace 1Gspeeitetmalictive re¥goon 102, and sdmrce select traRsistor 63 is
formed at the intersection of 25 polycrystalllne silicon trace 108 and
active region 102. Wghmqmmy,maﬁdqimm@mmhmemmmmam

pol ycrystalline, sil |con sland 107 and, Si | Qon re |on 105.
Word |ine 6330 theselest, %4%%%}% %hH by

pol ycrystal | i “elébdmﬁfb@h %réﬁﬂsed'aw seoﬂubﬁlmmsa&amiar ocess

. described here is just "by way of 30 exarrple and not intended to limt the

scope of the i rbiased BbWpe ma:emootxelslmesaﬁalbﬁnermmlﬂwom age biased @t gwundays by
those wth or d"ﬂﬁg &pﬁ&huly b&pﬁe@% lﬁéﬁ Volee oﬁtgqﬁe ﬂ&t{hE%ﬂéEOfﬂle memory cells. '
' ' contained in the selected row (or word). To emphasize the similarity with the
20 embodiment of Fig. 5, those elements that are common to the two schematics are
numbered similarly. Only those elements that differ, MOS capacitor 76 and
capacitor wells 77, are numbered differently.
The control lines can be decoded to allow word wide programming as is
known in the art and as was described for the typical prior art N channel array.
25 Alternatively, for those apphcauons in which word writeability is not reqmred the
select transistors can be omitted to save space.
To erase cell 00 at row O bit line O of the array, memory N well line 70 is
biased at Vy,, and capacitor wells 77 and control lines 68-0 and 68-1 are biased at
ground. This holds the floating gates coupled to a low potential. The selected word
30 line 69-0 is biased at ground and the unselected word line 69-1 is biased at V.
Then V,, is applied to the selected bit line 65-0 to erase the selected memory
transistor. In one embodiment, all word lines and all bit lines are held at ground
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W08/ 29907 PCT/ US97/ 18800
teachings of this invention. For exanple, select transistors 63 and 64
could be forned using the second | ayer of polycrystalline silicon as their

gates. In logic circuits and some m xed signal environments nl i ngl e
| evel of pol%&%ﬁﬂ’l ine silicon is used. It is desirable, Yﬁ@P#ﬂW to

design a cell { §nén{ H}g%&iﬁ? Sflcredbed t V3N Drded b6 estiblikh BiveRRAS -

Fig. 7 shows t‘ﬂ;elﬁsc gﬁsﬁpfgé I agram 0 is‘one enbodi‘r’r’ent'of an array_ of cells

t hat i npl enentlayess & gronmineidethe Aohtingrgatess sothatthe holes inthesednversian layers
silicon enviro 1! cordance. Wi t.h kSl ' . &EFE I ment a
P channel tran&@ﬂd%e?ﬁagmm&Feﬁ%#? %ﬁékwe P%@%gl enent
the control cap@giehdty wefls. The unselétted/\ford dines are tieen bictiashd ueV, defore Vgl is

bi ased at V[err], the gates of the source selec ransi stors 63-00 t hrough

63-00 are gfouwappliet to the pelectedchit lines to erase the sel ~ O and 681 are biased
at V[err]. In vari ' r(f{ﬁﬂi : gﬁﬂﬁ"’“ g,gdg,éqq,' ires -
contained in its om%ﬁ%ﬁé%%@% re‘g?lg(rilg&g‘ro S ar%d anong a

vari ety of celdomerdisongsicn. MOS! capavitors sdithrrglatively lightlyndoped substrates ane voltagee| | s
spread over nore than 1 one, bit .and/or word lLine.. The sel ect d.line,
e.g. word i ne@b@ﬁe\%‘%@%%?@&&%@?@ﬁ%%é x(tar r])
and t he sel ect bitaltih telandthe Edpadi \eCaridety theipeByetlystilline

noder at e vol tagdeiy'?g. g. é\:"/%%eoneg? 5 V)rmeto al Itogv'l\’/g?%.}ew;gt:at.e of the sel ected

cel I's to betosesilican). The capacitance also depends wpeadshebias on adjacentdoperd Zegions;

e are usuaRY Sdes ey s Rn MR corerl ¥ X thodne BiGARE 0 B
unsel ect ed col gdpasitandé'ss 4/ functichcofgdiential Between thisocapacitoe bodyamithecapiCi®rat t he
expense of extra circuitry. O interest, the bit [|i sf be hiagsed at a
val ue | ess thamw.ammmm&ﬂﬁWibpaydm%g lﬂgm \fé’a&g) ‘i's
i o R Tl S s S dinag o i, s 71"
25 char gedisnegxitle begveen twa congductess The curve labeled fregueney;Lisdhas vhigha s €d - at
ggﬁgprgt i -Cr;b: 5 2 %w&%ﬁ%ﬁ%la_m%ﬁ&e@k dubpry Tafrit¥s fof SVarsion. .
The curve labeled "Deep depletion” is that for the case in which there is no source
of carriers available. . :
For both cases, biasing the body more than about a volt positive with respect
20 the gate results in the capacitor being in accumulation (i.e. a layer of electrons from -
the capacitor body is "accumulated® near the oxide interface with the result that the -
capacitance will be nearly that of an oxide sandwiched between two.conductors). As
the bias is reduced the electrons are pushed away from the surface and a layer that is
“depleted” of electrons is formed between the oxide an the mobile carriers in the
25  body. This depletion layer appears as a capacitor in series with the oxide capacitance
and the total series capacitance decreases. If there is a source of holes, they will be
collected at the surface when the surface potential is low enough and the capacitance
will be that between the layer of mobile holes and the polycrystalline silicon plate. -
'I‘hiscapacitaﬁcewillapproaéhthatof the oxide at low enough bias. This is referred.
30 to as “inversion" because the surface behaves as if it were P type (i.e. asifthetypé
of the surface is inverted). The case with inversion is called the low frequency case.
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Fig. 7. As in the previous table, in the cases in which there are double

entries the first value is associated with the selected |line. 16 WO

98/ 29907 FCT/ US97/ 18800
Tabl e 2 Read Pr pgram Erase Word |ine

0 (sel ect ed) WO 9829907 0 (sel ected) 0 (sel ected) FCT/USIIS80D

Ivl[ ﬁ;r] (desel ecltfﬁ% is no sgwgpﬂﬁﬂﬂ’é&{a?ﬁ @ depletion laySibedoimes &ﬁ'&lﬁ((i'%uglﬁ'ect Eh; 0
(desel ect ed) Smdenmdslhb ecapacitance conginuously decreases. This is the deep dep egon case.

Vpp Soure I float
Menory N wel | Ifwg?ﬁegwdlutxspmgmmmedpn%tomfep%%ualofthecapacm\r/

Control line wellsbeing iféredsed to Vi, there will be\garinyersibe tdyeripnder the capacitor
0 O (deselectd) Capacitorwell V[e

(iSTohproglramtmﬁ% G?ﬂsm will %ﬁﬂvﬁmﬁ%@?&ﬁﬂwgmﬁaﬁ or's and
the sel ect %’Wﬁ Ri;lufm/-ﬁxl i & fixeld 6grofind. MiRreforéCitleSyoRtag¥ ai ni ng
r ou ar e

capacitors 76- i ased at Vpp. Control line 68 for the

sel ected row Omﬁnemmﬁntgigmvdmtchmybemmmc@amwmmﬁs smldqdﬂomrﬂ@el ect ed
rows are biase nd S aci el |l e onto
the floating g&@?ﬂgﬁvcﬂmgﬁtw %&"?@‘08 i&%@gi"ﬁﬁt ww (or
word). To eWhﬁ&ﬁ%tﬁ@ﬁv&hﬁhh@&tWhﬁM&hﬁsﬁﬁw@M&Wﬂg&sﬁm5 those

el ements that are comon to the two scherratlcs are _nunbered simlarly. Only
those el enelet sdecpaiepletion. {The shrinkagenf the isversion Jay 81' M@G‘F‘i Care

number ed d'ffeﬁggf(slafhatmss cméfng%mié i tRan&iStor shold, begﬂ WWW de

program ng as nOWN he ar as was typi cal
prior art N chizvoapleddi®body, but, as is clear from Fig. 8, the capacitance is relatively small .

so the capacitive coupling to the floating gate is not increased in voltage by very

much and there is not much voltage across the tunnel oxide for the programmed

15 - cells. _ . : ' .

If, on the other hand, a cell is erased, there is initially an accumulation layer -
under the polycrystalline silicon gate if both control line and capacitor well are at
ground. This accumulation capacitance will couple the floating gate up in voltage so :
there is real reason for concern that the unselected erased celis will be "disturbed”

20 by electrons tunneling to the gate because of the potential across the tunnel oxide
resulting from the coupling to the capacitor well. The final voltage across the tunnel -
oxide of the unselected erased cell resulting fron_l the well bias depends upon its
original potential before the well bias is increased. The more positive the original
voltage on the unselected erased floating gate, the larger the final oxide field.

25 'Itisi]lusmﬁvetoworkﬂlroughanexampletoseehowtlﬁshappens.Letus.
assume that the coupling ratio of the MOS capacitor to the floating gate is 0.8 when
the capacitor is strongly accumulated (i.e. that the floating gate voltage changes 0.8 -
V for every change of 1 V on the well). We assume that the transition from
accumulation to inversion occurs when the gate is 0.3 V more positive than the body

30 and that the transition from depletion to inversion occurs when the gate is -0.7 V
more negative than the body. This is the case illustrated in Fig. 8 and is a fairly
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25 Alternatively, for those applications in which word witeability is not
required, the select transistors can be omtted to save space. To erase
cell 00 at row O bit line O of the array, nmenory N well line 70 is biased

at Vpp and capacitor wells 77 and control lines 68-0 and 68: sed at

ground. Thi s“ﬁkﬂ”@%”“’t’he floating gates coupled to a | ow pot eﬁh@#ﬁ %@

sel ect ed word tghicall se€ofGiimibetss Itk asshmhed thag the flodting ghté Bidinitially b4l evlandr d | i ne

69-1 is biased at Vpp Then Vpp_.is applied_ to the sel ected'ﬁlt ine 65-0 to
Ag)

erase the sel che gl dramdiffngions (contenl king)Ase &t sFapRd d lines and
all bit lines éﬁ?a#ﬂﬁ@{aﬁ ﬂ?atﬁ'lé g,%%%ses

PCT/ US97/ 18800lﬂ e the Bras o egalr;'ermr wells 1s |br¥(t:rm§z§°é<salgw%yo F\%p I n
order to est atimplmtyrmehtsﬂhlsuimpeutssassuged)ﬂndﬂlams capaciter haatheoxidmt es, so
that the holes in.these ver ers wl the fI| |

fromthe fié IM@PW@‘M@ gﬁhﬁ'@ﬁ@t?dy %ﬁo‘ﬂw

The unsel ect edanitGhéh ddch@Ses3d 0% 6TTthdt Valdie 28ifAck e solitbe/BRindre méditained &t appl i ed

to the selected bit lines to erase the selected cels. The behavi or of the

unsel ect ed romm,umgemmro&hphg%@em@qmsu@emﬂ@lmww MOS

capacitors wt e I B,s‘{cm% ge variable
(i.e. the capa%p%r?@% H‘ﬁégsgg}ﬁg‘\r%’ lﬁ‘ﬁe re@g I've Ea?ﬂ%&?*\@é‘?{?t he capacitor
pol ycrystal l'i ne si |Thececgmilationdirdsiheld dogained at the s}l Hiasi gieenibyder t he

- pol ycrystaljgi ne 10 silicon). The capacitance al so depends upon the bias on
adj acent doped regions that may act as sources or sinks for nobile
carriers. Fig. 8 shows tVia Mﬁéie&oﬂd\ﬂ&dﬁ?@n\’)&ms a function of

potential between the capacitor body and the capacitor gate for a I\/DS
P o o B A etk e B S 80, ™0
of the 15 oxi mmmmmgemaﬁmmmt thgeslgreaErlthﬂneﬂmdthémeﬁngquency
carriors 1o | veis RO APLIF Vor SB0eR1S dlCF. Beel irohe o b 7 he
case in which M@&:ﬁelb&ed\&aﬂt&nes 6.3 V. Th1s1s high enough that there could beasmall =~ =
) amount of tunneling over many cycles. Fortunately, the maximum voltage across the’
tunnel oxide decreases much faster than the initial voltage. If we assume that after -
some large number of programming events on other cells in the array the initial
20 voltage is decreased by 0.1 v to 0.9 V, the same calculation shows that the final
floating gate voltage is 6 V. Because the Fowler-Nordheixﬁ current decreases
exponentially with the voltage applied across the tunnel oxide, this decrease in
voltage will decrease the disturb current by almost an order of magnitude.
More detailed analysis shows that the final voltage on the floating gate -
25 depends strongly on the initial floating gate voltage and that the final voltage
changes much more rapidly than the initial voltage for those initial floating gate
voltages in the range that the final voltage is not limited by tunneling. Even if
tunneling occurs, only a small amount of charge is transferred prior to reducing the -
floating gate potential to a level where tunneling current is substantially decreased,
30 because of the small total capacitance of the floating gate with the control capacitor
in depletion (AQ = CAYV). Therefore, the disturb tends to be self limiting; enough
charge will be transferred to lower the potential on the erased gate to the point that
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of carriers available. For both cases, biasing the body nore than about a
volt positive vm'th respect 20 the gate results in the capacitor being in
accunul ation (i.e. a layer of electrons fromthe capacitor body is

"accunul at ed” near the oxide interface with the result that the cag)sa)mtance
will be nearWP®BRM7of an oxi de sandwi ched between two condbel t he

bias is reduceg, Bﬁs%u?' lﬁ'nw %alﬁ%hﬂq»maaaftmmhtm@dﬁmﬁaﬁnﬁ@d'a | ayer
e

that is "deplete eCtrons is forned between the oxide an the nobile

carriers in thms@ﬁ@dymmwtmum@mwmm&& apoutsHeYaforther in
series W|th th i\tance and the total series capacitance

decr eases. %fgm“sﬁ?égagﬁdrce of holes, they will be collected at the
sur face vvhen t he suné@ﬁﬁtm@banhﬁsedrdussdmmmmaﬂuophme@mwdlaﬁﬂmwi |
be that between the |a er of nobil e hol es and t he | I.i silicon
pl ate. This Scaptgramm r’éé@‘h @ﬂ%@t‘éﬁm ough bi as.

This is referr 1ﬁiﬁ§fﬂ6€rzﬂﬁ‘ﬁlﬁ amif it
were P type (i g&ég’ségqullg :I;é%’gaigf e sur ace I's 1nverted) ¥ﬁ§lcase W th
i nversion is chékentroiled by periddicaly dsterrupting ¢he frogram WBHEoE @gbhmonitoring the -

PCT/ US97/ 18800 If,there is n our ce of b| | e t he. n Iayer
becomes cont i nEEIRYM ﬁ@gﬁﬁé\v@ %{ %ﬁ%ﬁ?ﬁmges Thi s

is the deep dey Rt K9Retfeastal., *An Bids &ﬁﬁk@ﬁé@ﬁnbabxelzswcmsmwm to the
potential of the caglgcl tor el l's be| ng‘ i ncreased to there wll
i nver si on | #yeASSGQ q%é%&mcﬁ?cﬁr Ifithe maximunty i) 'Ss*‘ﬁ@alﬁ!elt’m“t%ree"eﬁﬂl I be

G 11 usi on whi cr 8, FRER caf Sy MRS tabedror it iR b of VR HORET B T g

gate will not «piﬁgmmnbdaamaﬁdlhm,ahsaolemnmk adlativiely ealsy tol miaidtain. dven ffor

changi ng wel | potential the inversion |la t.he WeJI becorre
i ncreasingly p&ngfFY/g‘afﬁéX M a"s%ﬁ“f‘ﬁ 3@’)@ and

the capacitor goesmdlldryd0 deep depl etlon (The shri nkage of the i nversi on
| ayer with |ncreased reverse body bias is what leads to the jncrease in
transi stor threshol Hig 9showsths toppiewiof ne embodiment of a memory cell of this -

invention laid out in accordance mtl__;_the. schematic diagram shown in Fig. 7. Fig.
9A shows a cross section through the cell in the horizontal direction. A vertical
cross section through the memory transistor is the same as is shown in Fig. 6B.
This cell is laid out in a single poly, double metal process. This is an N well

20 process fabricated in a P type substrate 151 in which the N wells for the memory
and select transistors 139 and the control capacitors 140 are embedded. Polysilicon “ -
layer 133 forms the gate of meﬁoq transistor 62 and the gate of MOS control
capacitor 76. The polysilicon trace 137 forms the gate for the source select
transistor for both this cell and for the adjacent cell (not shown). The polysilicon

25 trace 143 forms the word select gate for the cell and also routes the word line
through the array. The metal 1 line 144 forms the bit line and contacts the drain of :
the word select transistor at the contact 131. This line, and all of the other metal
lines and intermetal vias, are omitted from the top view in the interest_ of clarity.
The metal 1 line 146 serves as the source select line and connects the gate of the

30 source select transistor at the contact 136. The bottom plate of the control capacitor -
76 is formed in the active region 145 where the polysilicon 'overlaps the capacitor N -
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I's coupled the body, but, as is clear fromFi g. 8, the capacitance is
relatively small so the capacitive coupling to the floating gate is not
i ncreased in voltage by very nuch and there is not nuch voltage across the

tunnel oxide for the programmed 15 cells. If, on the other hand, a cell is
erased, therq,v?;%i’,gﬁ ially an accunul ation |ayer under the pepitRb¥ibel | i ne
silicon gate i oth control line and capacitor well are at ground. This

Thero i oy onr - PRRIMhRF P denablt P heblnds RALDIAOE RIeSrilibed hadifip 20 PO,
R e R
The i nal vl t 2oo%4 Holes VPR the soprert Uas cqndiripi, 8 disfiftend TreyiousiG Godeel ' '
resul ting fromihbesNRink thouh tOGRAMIEzeHRNY th nfetad 2iafd bértaceome P diffuliof or e t he
well bias is increased. The nore positive the Ol’llgl nal voI&é’a%% .on the

unsel ect ed ef adé2 throughithe integmediary of metal § Jiag 143andrinternal wia;l BPRs Ol
[L0s 111 USt T ayiPall ot lisd, WALe ¢S ko il GickOdiie dikiubdiries Bpmpens. - Let
e coupl I Ng reatio

us assune that of the capacitor to the floating gate

i s 0.8 when t hactivepregiphsand icause thecpargsific £icld tramsistorsdo havechigh enough theesholdsit | ng

gate voltage changes 0.8 V for ELY 4 on. & assune
that the transi tg}?"@?’dﬁ%ﬂ%ﬁﬁ‘u%%%%%ﬁ%&%%“o%u%%e@%ﬁ%at eis
g.Bl Vt _nrnret POS ichpaéRaricd aﬂmklmamfgcytéiﬁtemadietdhagl_ 'oﬁ%eﬁ;wﬁ\d)tﬂlick,{y?i_wﬂyth.
epletion to inversion occurs when e s -0. re.ne I ve an
the body. TH?s O-3mmia 15um thick, m@a&ﬁgﬁfﬁm@ﬂ?@\{# i ol § 19 ~wo
98/ 29907 pgld'silicon laym:E Another relatively thick, tﬁ]icéall?rlu'l pm to 2.0°kmh/thiek), 7/ 18800

typical set of ‘nunbers.”It is assuned that oatlnq gate is initially
at + 1 V and t rdieleqteic layerdl52 separates dheametalf layerdrosmthemetaltldayery j ne) are at

Mncroases. but nor e ATPBEF@DRAck b Al irectcifre ol g o SaAADT 7 o0
assuned that t HBuskiaBd schematicatly imBig. 10.c Inothischell Sourceaselect transistors are omittede
gat o/ body i1 656k SACHE pules b LA HkiAgh 421 AR e g
connected to their mpect:ve row lines to provide selection of the control line
capacitors 84-00 through 84-11. This embodiment operates by erasing all of the bits
in a-word and then selectively programming memory cells in that word to establish a -
desired bit patiem, as described in Table 3. -
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and then decreases to 10% of that value. Since the source/drain are

mai nt ai ned at ground, there is no source of holes and the capacitance curve
will follow the deep depletion case. This is a crude, but reasonably
accurate, approximtion. The accumul ation threshold is attajined at the well
bi as gi ven bYVORs20Z, r]1- \[err] = (1 - coupling ratio) V[erP¥VEFHEMPing
this expression shows that the accunul affabl@3t hreshold i s reached when the N
well voltage is 3.5 V. For N well voltages greater than this, the coupling
15 ratio is reduced to 1/3. If Vpp is chosen to be 11 V, the final
floating gate voltage for thisReddsel ected eraskegrge| | is 6.3 VrasqThis is
hi gh enough th ere could b | 1 anmount nneling o y.

cycl es. Fortung&‘ﬂsg‘fe t he maxi m%ir(n vol'tage acrosos(g{‘fﬁgftunnel oxiY’ge ecreases
much fastersthan the initial voh@gdectedf Wwe asYmi@seleced)t aft er Vgoieseldctad) ge
nunber of programmg events on her,.cells in the array the inigial 20

vol tage is decr%&ggd by 0. 1 vq’t?b'?ﬁ.‘@ V, the s‘gme cal cul ation J§'hows t hat
the final floatsomgeRRite Voltage is 6 V. Because the Fow er- Nornghei m current
decreases exponentially with the voltage applied across the tunnel oxide,
this decrease i¥%®ltage will deerease the di s#% b current by B ost an

order of magni ty Weue detai hgd anal ysis shopws that the final, voltage on
the floating gate 25 depends strongly on the initial floating gate voltage
and that th® f|Gapciterdipe age chaYges rmuch nore r¥pfaetdt han -t heqﬂ nitial
voltage for those initial floating gate voltagggebiteyne range that the
final voltage is not limted by tunneling. Even if tunneling occurs, only a
smal | anmount ofCapkeitergelii s trandherred prior toYeeduci ng the fl%ating gate
potential to a | evel where tunneling current is substantially decreased, 30
because of the snal Duting rdad owdecall ofitbe Nowellsiaze biasedtat Vgp.castaze thietch o

paciter
COn 01 Ca0BS i B TS St A B e BB S O 17
potential on t &R KiiRa acVga A moleralevoRae(b.gl BV) iskipplied to the selected bit lines to
sense the state of the selected cells while the unselected bit lines float, as with the
cell shown in Fig. 7. The source lines are biased at V), in the read mode.
To erase a word, all the memory array N wells for the word selected are
20 biased at Vypp and all the capacitor N wells for the word selected are biased at
ground. The selected row line is biased at ground and the unselected row lines are
biased at V. (As with the cell shown in Fig. 7, the cells and control capacitors are
all precharged to ground at the beginning of an erase cycle.) The source lines are
allowed to float, but to erase a word at a time it is necessary to decode the source
25 lines just as the row select lines are decoded in the prior art N
channel array discussed previously. The source decoding is not needed if the
application doesn't require word writeability.
To selectively program bits within a word, all of the memory wells 87 for the
selected word are biased at ground and all of the capacitor wells 88 for the selected
30 word are biased at Vp,. Word lines 90 and bit lines 85 are all biased at ground
while the bias on the capacitor wells 88 is increased to Vyp. This prevents the well
bias from coupling the floating gates on the unselected rows to such a high voltage
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the disturb is insignificant. The initial potential at which the disturb
becones insignificant is that about equal to the onset of depletion (e g.
about. +0.5V for the case illustrated here.) Because this cell has a row
sel ect trans™RWR97t wi|| operate quite well with a 5 profFHREE%M) t age
as low as the transistor inversion (conduction) threshold olég‘%e.e.g.
-0.7 V. To avoitkatsiggiicanttunneling agcyrson the gells,onthe,yn : Shis&etn pe

control led by  RbiaRed i€ Blunished! e/ utBEIecal WA e ikedilsbd V), 40 isBak @1 t OT i Ng

t he maxi mum program voltage 1 h ways we known 1n the art, such as is

descri bed ‘i n V.némdfy teansistors anch the cotittol dapacitorstosrtheunselected wond linespsHie CVOS
Fl ash Menmory", 10 .1 SSCC N ges 93 . 132-3 . | . | rym t-heeshol d
level is set tmm%%&@“%ﬁ%@ﬁ%@gww%a%%@e%&@ &é{%”é%sﬁge of
progranmed bt %oﬁ;{»l_&ﬂﬂnyselécfhedﬂﬁﬁﬁgrg_ﬁﬁs toSa BigH goleFeRnd ainneling cucurs atfosethet hi s
tolerance is relatively easy to maintain. Even for an arr th Is to be

progranmed a rmﬁﬁ@ﬂmmgsﬂ%@%u&em%dvm%%ﬁ aPRlisd tathg) |
arrays. 15 cell S{‘:‘?‘g‘},sﬁﬂg‘?ﬁﬁgﬁﬁidﬂﬁg qggwcfg\%gﬁs&nedﬁnbodl ment of a nenory

cell of this inven I'n~acc nce wth the schematic di agram
shown in Fig. 7. Fi EFig.94 shbwseneembordiznent of & layoutt thatdmplentents thislapprioach: the :

{rans stor i 5 hePohinscSEPROR el AR eRecafoot shels e 2 B e st i , o

singl e poly o doudrfohfal @ice P20 S6tHi% in fiis Sast Boththd\belket trandfitori83dFBEbGHh fifidr i cat ed
in a P type substrate |51 in which the Nwells for, the nenory and sel ect

transi stors 13%apasitor Béanshthe select trapsisiox 8% memaxy teansistoR B LBt ines®y andi | i con

| ayer 133 forns_the . ' I a

control capaci-tW%%%Wh%@%@?gﬁﬁW%sﬁgﬁeﬂggﬁ% or the

source sel ect tdapaito bettrol Lifie i8@kén dsittage €73 in Fipdl Faor Thersouredjlinesare rowted  ( not

shown). The polysilicon, 25 trace 143 forng the rd sel ect e faor, the

cel | and al so rhssizeatally,in mesal 2, nok howm, W*ﬁ?%ﬁf{?ﬂ?ﬁaﬁ%‘”ﬁeﬂ‘ﬁ@ 144

forms the bil% I&g@ Mmqﬁﬁmn%@{n&r&{daﬁ“yprd sel ect transistor. at
31. s l1rne, and

t he cont act all of the other nmetal |ines and internetal

vias, are onitted fraithonghecalajationshowsthatibe cellsshown schemeticallydy Figrieandet al 1 -
|1ne 146 servesgs:d i v dbibRed’® 't tidfirtd Wherdh BPfk Sayollard dbeplibie!

is of interest to design cells that are inherently even less susceptible to disturbs. Fig. -

12 shows schematically one such memory cell. Comparison of Fig. 7 and Fig. 12

20 shows that the embodiment of Fig. 12 differs from the embodiment of Fig. 7 in that -
the word lines 95-0 and 95-1 run parallel to the well lines and bit lines 96-0 and 96- -
1 run perpendicular to the well lines. The significance of this is that during
programming only one capacitor well line (e.g. well line 97-0) must be biased to
Vyp. The remainder of the well lines (e.g. well line 97-1, i.e. the unselected wells) :

25 remain at ground so that the cells capacitively coupled to the unselected capacitor
well see no disturb voltage. If the whole row is programmed together or if the wells
for individual words are-decoded, no cells experience the disturb condition. If only -
one word in a row with undecoded capacitor N well is to be programmed, the other
cells in the row will experience the disturb condition, but cells will be disturbed

30 many fewer times than in the case that programming any cell produces disturb
conditions. The operation is described in Table 4.
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30 source select transistor at the contact 136. The bottom plate of the
control capacitor 76 is fornmed in the active region 145 where the

pol ysilicon overlaps the capacitor N 21 WO 98/ 29907

PCT/ US97/ 18800 well 140. The P+ diffusion 142 surrounds the_ capacitor
ever ywher e tYﬂ%P”?ﬁ@’polysilicon doesn't overlap the active #Qﬁﬁﬁgﬁu S
polysilicon | ayer provides a source of holes under the correct bias
conditions as discussed previously. Control line 147 runs through the cel
horizontally in netal 2 and contacts th@ailé¢4di ffusion 5 142 through the
internediary of netal |line 148 and internal via 148. Regions of thick
field oxide 153, typically O0.3Re@ 1.2 [err] m thgoh, defi ne th&aoundari es

of the active regigns and cause the parasitic fjield transisto l;ga,ﬂave
hi gh enough t hr¥EhBeds t hat th§§’°@6"dﬁot conduc({d."ﬁliﬁ% t hi ckneséio the field
oxi de al so gerves to reduce the,c@apagie)ance ofv,} @aeléicleddat i Ng gdddeslegted) t he

field regions. Arelatively thick, typically 10 0.5 [err]mt . rrlm
thi ck, dielect r#dinayer 150 seﬁa‘r'étsé)s/ metal .19 ayer fromthe %m](’y'%’%fcon

| ayer. Another relatively thick, typically 0.7 [errImto 2.0 [ogdeseletrtd) hi Ck,
dielectric 1ayer 152 separates the netal 2 layer fromthe netal 1 |ayer.
Anot her appr oact®® avoi di ng diVeect current duf®ng writing tofte cells is
illustrated sc ' y in Figg. 10. In this ggldsedource sel agt

transi stors arzﬁ%]fe 15 and'in their stead&are pl aced trgﬁ'si stor 83-00
t hrough 83-®1 having their gates connected to @taveltsfdesslertad) i ve row |ines to -
provide selectign gf. the contrg} line capacitoys,8480 througly 84-11. This

enbodi ment operates by erasing &1 of the bits Tn a-word and then

sel ectively programming menory cells in that vi@eelkctsdestablish a desired
bit patten, as describgd in Talv”e 3. 22 V,, (solocted) 0

0 (deselected)
15
One embodiment of layout of two celis that implements the embodiment of . -

Fig. 12 is shown in Fig. 13. The two cells lie to the left and right of the bold
dashed vertical line appearing in Fig. 13. In this layout capacitor N wells 97-0 and -
97-1 are shared between two adjacent memory rows in order to reduce cell area
20 although this is not required. The disturb condition on the adjacent row can be
minimized by biasing the memory well for this row to a small positive voltage (e.g. -
2V to 3V). This will reduce the disturb condition by an equivalent amount. The
operation of this cell is the same as that of the cell shown in Fig. 7 except for the
decoding of the capacitor N wells. In the cell embodiment in Fig. 13, if the
25 memory cells on word line 95-0 are to be programmed, capacitor well line 97-0 is
biased at V,,, but capacitor well line 97-1 and all other capacitor wells remain
biased at ground, which removes the possibility of disturbing cells selected by word
fine 95-1 and all other such word lines.
The cost of the minimization of the disturb conditions is that the cell area is
30 increased because there must now be space in the vertical direction for two contacts
" in separate diffusions where in Fig. 9 the contact was shared. This is seen in Fig.
13 where contact 166 provides a connection from bit line 96-0 to the memory
transistors selected by the two word select transistors whose gates are formed by the
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PCT/ US97/ 18800 Table 3 Read
l'inr 0 (selected)

5
Vpp (desel ecWOPF2MO7 | ne

Program
0 (selected)

V[err] (desel ected)
Vierr]-1.5 V

Er ase Wad
0 (selected)

V] I
PP (oS

Vpp Source Sel ect 0 0 Vpp Source
V[err] . fl oat float Menory N well

Vierr] polysilicon tracgs 171-0 and 171-1. Thecomeqﬁgafmﬂlemmeqmg ihe

Vierr] diREs | ek ’ £hl CI tor
wel | V[ er r| 210 the &Fﬁ through the metal} ﬁ%ﬁfhﬁ% rea q al |
of the N well stcmnetabﬁ&iaetﬁSafrhVIﬁveearwmavmctecmatﬁ&hﬂm&dmbowmes
The selected row | jine js.biase and e uns ct.ed tow |l i.nes are
bi ased at VDD. that 8 el @"‘(&@HP’E tﬁé’ Defedi ifior Wik gt S 1

lines to sensecdixshewn. mfmmﬁehgsm&av@uea

lines float, as with the cell

kﬁdddiléhallﬁlﬁeing(tﬁ&‘ik bi t

he source |jines are biased

at V[err]

shown |n3|2;8

i n t requiredin the embodiment of Fig.al

For the word sapBaleFaR T ool thif bty o 13

ot i the embodimert;

Fig+Qis atovie| | s

ﬁ;gamtor N wells
row'line is biased

at ground and the umgelmehmkscmmddmmmmmcmmof(owsmath the cell

shown in Fig. 7,
ground at the B@B?‘Wﬁ
float, but {s

25 lines just ﬁaéqgﬁél%@&f

array i madespossibleibywisingcrigscrossed ward dipes Qﬁecbuﬂngﬂlcmodve@déhb i f
bi s withi n o QRGN the P clb ik at a1 me B O IRECT Y P00

Oéslof te drisscrossppeinimateriud) AH tih8 nfacterstisthasthe eelised 30 word
are biased at Vpp. Wrd lines 90 and bit

channel

bi ased at grou

whil e the bias S

the cel]s anpl contr

e'stamb

es are

eco ed

lines 85 are all

[ r echar

apaci t or ., al €,
e Egturbish vm a the

dto
O | owed to

bodintent 6£ MGig tﬁel‘lﬁﬁ)ur ce

in the

rlor art

vel y program

bi ased at ground
FeuRlMei tor wells 88 is increased to Vpp. This prevents

the wel | 15
Table 5
Read Program Erase
Word line 0 (selected) 0 (2 adjacent) 0 (selected)
_ Vpp (deselected) Ve (deselected)
20  Bitline Voo =15V o Ve (sélected)
0 (deselected)
Source select 0 0 Vi
Source Voo float float
Memory N well Voo 0 A/
25  Control line Voo V,p (2 adjacent selected) 0
.0 (deselected)
Capacitor well Voo Vyp (2 adjacent selected) 0
0 (deselected)
30 During the programming mode, the crisscross of the word lines across the

memory transistor well effects the programming. There are two methods is which
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bias fromcoupling the floating gates on the unselected rows to such a high
vol tage 23 W08/ 29907

PCT/ US97/ 18800 t hat significant tunneling occurs on the cells on the

unsel ected words. Once this set of biases is established, the unselected
word lines aWOBRIEd at Vpp to isolate the nenory transi st BFHUSHAEM
control capacitors on the unselected word |ines. The capacitor control
lines of the bits to be programmed are t-hen biased to V This s couples

“the selected fﬂ&mm&sm@dalmmmaﬁmwm%ﬂg%lﬂ@%r 0SS

t he thin oxide qpbﬁu‘ e dist “@M}' t hat
applied to theé'gg%fé)é‘ﬁ Wn s%%ﬂn%%‘?g%q&n |gn.g "ggp itgég{i tﬁi cell

al so. Fig. 11 sehsandcontrohindes. Inthis afethod) thy svord lihestare opratedas twd hi s
approach to the channel EEP ell.. As in the cell, | gyout shown in Fig.
o row I ne. 10 depeadgnt iiertced por fines s ecrend and e aoces, Thia seocmdtied e
sel ect. trany shify BdadiientiilSin' € coMMBA niefior el Aft frédfedRonE word @iapi St or 82

menmory transistof 81. "Bit lines 85 and capacitor control lines 86 (Fig 10)
are routed ver musthe accessediptan upper tmlfAower half modecdyaing emsingand reading. khei s -
seen as trace 173 &.n Ha.  1la. The spurc Lnes are routed horizontally in
nmetal 2, not sm&g@ﬁ%"@t?ﬁ%ﬁaﬁﬁaéers and the netal vias 15
are omtted fromthe top viewin the interest of clarity. Al though

cal cul ati on shows that the cells shown schenmatically in Fig. 7 and Fig. 10
can be designed so that the disturbs i nhkPlef in the | ayout are acceptabl e,
it is of interest to design cells that are inherently even | ess susceptible
to disturbs!® Fi g. 12 shows sch&¥fth i cal | y one sﬂ‘é’ﬁ"ﬁenory cel | .E'C&npari son

of Fig. 7 and Fixguude 20 showsdeRatayt he enbodpnment of Fig. 12 @éidyrs from
t he enbodinent of Fig. 7 in that the word lines 95-0 and 95-1 run parall el

to the well lines and bit |inesoo@edededli 96- 1 run perpendi cul Yer @egedele
Capaci tor uel | Tebd™ AN PN I, 0) st be b Ased to. vpar Camknd®
remai nder of the well lines (e.g. well line 97-1,"i.e. the uns d
wel |'s) 15  Source select 0 0 Ver
Source \ A float float
Memory N well Voo | 0 \
Control line Voo 'V, (selectsd) 0
| 0 (deselected)
20 Capacitor well  Vm Vi 0

‘What this means is that the two adjacent capacitor rows are biased to Vi, to

program all of the adjacent cells in the memory well e.g. lines 99-0, 95-0, 99-1, and

25 95-0 are all biased to Vp, simuitaneously. During erasing and reading, first one word
line 95-0 selects one half of the word and connects it to the bit lines 96 and then in a
sequential operation, the other word line 95-1 connects the other half of the word to
the bit lines 96. This form of operation is actually commonly used in devices with
multiplexed data buses (e.g. the 8088 microprocessor).

30 Fig. 15 shows the top view of a block of one embodiment of four cells laid
out in conformance to the embodiment of in Fig. 14. The four quadrants formed by
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25 remain at ground so that the cells capacitively coupled to the

unsel ected capacitor well see no disturb voltage. If the whole rowis
programed together or if the wells for individual words are decoded, no
cells experience the disturb condition. If only one word in_a M
‘undecoded caW@MBBYTN vel| is to be programmed, the other cEfF ’9897 e row
w Il experience the disturb condition, but cells wll be disturbed 30 many

Lg\r/]vglrt;[l)glsas than in the case t hat ‘i)%gramnemgpgn% 2“'Z‘Llis_gzroducesgg%gl?urb

PCT/ US97/ 1880%@&111@ 1 &{nqsa[c&mn-mfomsmegateslafase
Wrd |ine sﬁ ‘ﬁgg\dp% X Thusthepoysﬂé (sel ect ed)

(selected) 5 thememorytx'anslstor62-00andtluFMOS&l!pwms)ef7é'@pe9}l¢Ofﬂ‘ﬂ01'1?'3-'&{3‘&sed

(desedect ed) select Mg@i Sﬁqjée h‘g Bi tt?d%‘se e mmee ﬁ:lchxsl 5 V

f | oat connect to deﬂemaymeMo‘mbd 172 forms the selgct gak for the cells
0 (Sel ect ed)

0to 3 volts (lab@ledelzndjwpmcﬁigfm 'ﬂ'hwordselectgamfewwmceﬂsooand 11 ypp

S/f)gl ?gfafgz:t-ed)mfogne% l{ngégé' ?ﬁ%@g%‘%g& ‘[I@Hm&% gﬁél ayout of two
cells that inpfoereibs niénma:tddcw!ﬂmwbrdiinelasg difeetly throtighshe popmttdﬂ_lg‘heThe
appear i ng i n' Fgmeoton ot ariccieat o e sp 00 e Ry bRt ERbe 459% ,
shared betvge no&n‘ﬁ@ct&ﬂbf‘@ﬁ'l% 75 HRetAIAWD tiaBe TE10@FougR thedls 199.C8id 178 ea
connects metal 2 trace 181 to metal two trace 181 through the via 179. Via 178
connects metal 2 trace 181 to metal 1 trace 180 which ultimately connects to the
polysilicon trace 174 through contact 176. The metal 2 traces are shown as cross
hatched areas in Fig. 15.
15 The source lines 66 run through the array horizontally in metal 2 and connect -
to the active regions of the cells through the mediation of via 192, metal 1 trace 194
and contact 193. These three elements are shared between adjacent cells, Thus the
contact and via extend beyond the source line at the top by the amount that they
extend into the cell at the bottom. Bit lines 96-0 and 96-1 also run horizontalty
20 through the array in metal 2. Bit line contacts 186 and 187 to the active areas area
buried under metal 2 trace 181 and accessed by means of metal 1 regions 188 and
189 and vias 190 and 191. N well regions 97-0, 97-1 and 98 are indicated by the
lines with short dashes.
Control lines 99-0 and 99-1 are routed through the array in metal 1 traces as -
25 is source select line 67.. The contacts for the control lines lie between the control
capacitors that share the same well. The source select line connects to two poly
silicon traces 184 and 185 that form the gates of the source select transistors at half .
contacts 182 and 183. Polysilicon traces 184 and 185 are each one half of a piece of .
polysilicon that forms the select transistor gates for four adjacent cells.
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20 although this is not required. The disturb condition on the adjacent
row can be mnim zed by biasing the nenory well for this rowto a small
positive voltage (e.g. 2V to 3V). This will reduce the disturb condition by
an equi val ent ampunt. The operation of this cell is the sang_as th of the
cel | shown | W7 oxcept for the decoding of the capacit é?@?#"g. In
the cell enbodinment in Fig. 13, if the 25 nenory cells on word line 95-0
are to be pr 09 am‘red, Cap3 |t II line 97-0 is biased at Vpp, but
capaci t or HRPEUERGIR % rer capacitor wells remmin biased at
ground, which rermvnﬁmhlwemmmwmmm,stismmamhmmpMeMy wor d

line 95-1 and all other such word lines. The cost he zatipn of
the disturb COWWW§W%W°H§%8V?@%UJ‘W%%%@§JS% t here
nmust now be sp F;rgﬁaé whith ieitilefing 13 t5 9Bakr At €

di f f usi ons V\/ne Ewﬂ"eﬂ?{g%w@ ct vvasBuhare This is segen in Fig. 13
where cont acg kﬁi‘slmxstmedanl?ig donnectlon frombit line 96-0 to the menory -
transistors selected b e rd sel ect tra t o se e
fornmed by the A major gg OWlStDSll H%o—%amfann\’\gmg B%l%lt-to-%aﬂé

PCT/ US97/ Odohitiires Flertddto B8 ZhAdr tiridlifg, J:Z&pﬁmo’n”feﬁoﬁﬁmﬁiéhwu&fsomthe
bit line runni ng innetal 2 to the diffusion is nediated throug t he net al

1 island 1tBfnelfdm sreoccupied valence band statein theilicen to  Nacant-eqndy d stalghi ch

contact 166 .0ca nmu hat

woul d be f’Brth’éﬂ{ @W@%%ﬁﬁﬁféﬁ‘gPﬁﬁ{&L@%%d elt‘F% S vvn i’IThl S

i ncrease |m ; ﬁ;ﬁ&dnmd aﬁdxtadgﬂdieragrmmnb dda:bq{tematahltf F ' fn;m thequl r;ad
th nb t E . and .nof i e odi nent, o i s .abou

0% pirece&béu”%eyg,s@nmmqmi%ﬁﬁwﬁm R ST the ulisfion sactes 4 4

shows scheggiy ”%@&EE&\F}&EPM& £85I e/ tAYd--barRl ﬂn&:aihgmaaahwvm t he

mnimzation o t Istu at was achieved in the enbodinent of 10 Fig.
12 yet occmmmLmymmmeaQOgﬂmmemmg 7.

Thi s i s made poSShIE BindiS] Bhebi S ARATLPEE abdiES alf ol FrRolebe ead

node and t
cansacquire kinetic energy directed toward the gate oxide and, consequently, become

injected into the oxide. Holes injected into oxide have a high probability of creating defects

. and becoming trapped which leads to degradation of the oxide.
1t is desirable that the tunnel window be as small as the smallest feature

allowed in the technology. This is both because the extension of the N diffusion .
20 under the floating gate must be at least the size of the tunnel window plus two
misregistration folerances and because the tunnel oxide area is a major contributor to -
the capacitive load on the coupling because the tunnel oxide has the highest
capacitance per unit area of the oxides involved in the cell.
As the lateral dimensions of the integrated circuit are scaled down, it
25 becomes more and more difficult to form the tunnel window. For a 1 um scale
technology, the oxide window is 1 um in diameter and is defined in 1 xm thick
photoresist that is used for a mask. Experience shows that it is possible in a
production environment to obtain adequate wetting of the dilute hydrofluoric acid
(HF) that is typically used to etch a hole through the thicker surrounding oxide so
30 that the thin tunnel oxide can be grown.
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erase node the capacitor control lines are all at the sane potential, so
t he consequences of the crisscross are immaterial. Al that matters is that

the cells selected are unique. 15 Table 5 Read Promgr am
Erase Word |ine 0 (selected) 0 (2 adjacent 0
(sel ected) VORI esel ect ed) ' Vpp fﬁﬂéﬁ'&%d) 20°
Bit line V[err] -1.5V 0 Vpp

Voo Gonray O Ao CiGicied aif dum s, B mnnel window is digipaply 0.5 em in

float Memoy N gifihdter, but the thidnBés'df the photoresist remains at aBout 1 zm in order to have
Vpp 25 Control 1ine V[err V[err (2 adj acent

sel ected) 0 O thelcapability todlockipmimplants erd to provide pigrhele free cov evenover  \pp
(2 adj acent se Iredtit ofdTTi NQ
node, the cri si‘%}s&r O&rﬁﬂé%ﬁoﬁ%}s }&oss t %%mryl%?%ntgﬁgﬂ)r wel |
ef f ect s t hes priagpughiwhich théetciing sioouldtakerplacecitis an aspeict rakio 06 2. Expatied® 29907

PCT/ US97/ 18800 thi s a[ra an be ra ed. one od
words in the s‘&ﬁ%’s W‘Y‘;}Fﬁw&@ W%%ﬂ]yl ng

Vpp to the twgy, hod,
pp to the teag sd‘ﬁhéﬁnﬂﬁf’ns?@&trﬁﬁ&s anadfRSectied with plasiei ho

the word I|nes are opra as two I ndependen nterl aced word I|nes I n the

read and er as eetchere Plasma etchingdbe tinneltwiodow oxide ingursithe rigk of GAMagBE PE i n the
pper hal 111 odpamipng BT %W%eﬁéﬁwmmﬁ o
10 grown.

Since the novel embodiments of a P channel EEPROM, as described above
with respect to Figures 4-7 and 9-15, provide for erasure by electron tunneling from
the floating gate to an inversion layer that.extends uniformly under the floating gate,
band-to-band tunneling is not an issue. This allows the elimination of the tunneling - :

15 window, as is now described with respect to several exemplary embodiments.

Figure 16 is a layout of a cell 200 in accordance with the teachings of this
invention which avoids the use of small tunneling windows. Comparison with the
embodimmt of Fig. 9 shows that it is a smaller scale version of the same cell.
Comparing Figs. 16 and 9, contact 201, 211 and 212 correspond to contacts 131,

20 136, and 138, respectively. Similarly N wells 202 and 205 correspond to N wells
139 and 140 and polysilicon traces 204, 209, and 210 correspond to traces 143, 133,
and 137, respectively. The essential differences are the absence of tunnel window
135 from cell 200 and the addition of the thick oxide areas 213 and 214 to 200.

The operation of the cells of Figs. 9 and 16 is the same. The advantages of

25 cell 200 are that the floating gate transistor channel length is relatively shorter and
that it is not necessary to etch small tunnel windows. The benefit of the shorter
channel length of the floating gate are two-fold. One benefit is that the gate occupies -
less area. The other is that the read current is increased both because of the shorter
channel length and by the thinner gate oxide.
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operation of this enbodinment is showm in Table 6. Table 6 10

Read Program Erase Word |ine 0

(Sel ect ed) 0 0 (selected) Vpp (desel ected)
Vpp (desel ected) Bit line Vierr]-1.5 V 0

Vpp (desel ec?&é‘”ﬁ’"@sel ected) 15 Source sel ect oPCT/USY7/18800

0 Vpp Soure Y[err] fl oat

float Menory N well err . e . 0 .. Vpp
Control line T{ﬁ ¥<[th[1e 1’abmt10n ofthw}}s ?%E&gét?é‘eﬂ 16 are also slmﬂ%'. 0
(desel ect ed) 2fhe dfffidéfek becury\Eter the gate oxide/is Paftially grown. In the process for

Vpp 0 Wat this neans is that the two adjacent capacitor
rows are bi asemwwndsgloﬁgrm&lqhewfemecme&d@mpmstmt#mpﬁ%
well e.g. lineg, 58529 heHibhef Bindd8 P38 Rorobeddl 5 6k fei/ PP
si mul t aneousl y r| ng erasi ng read| ng, one word”l1 ne &50

sel ects one $alBchidg infan aqwoﬂs mdummﬂmrdlumcmdmmmdom&ﬁemgibnt hen
in a sequenti al ation, eother word.line ,95-1 connects.th ther hal f
of the vord t o 13ROABE remoiAL of Sis PO PG 8 EZpThP 1he rezite, L13 AL

comonl y used I&Wéﬁ%c%w(ﬁalmsém\mdata buses (e.g. the 8088

m cr opr ocessor). Fig. 15 shows the top view of a bl ock of one

enbodi nent of four &ememmnmbnmmawmthwafemmwdmﬂwm:mﬁ in

bCy USo 77 10500 31 FENRE] S8 devtiOhaTE) it oifaress 22 i S Hib covered and the,, . .

B-B' corr esp@ndalaficé 6fthé fidioftiry éisexposed:i (The dréa infWhich thepgriphyral | | con
traces 171-00 forns the ates of ‘the menory transistgr 62-00 and the MOS
capaci t or 76- Odrangigtersare edsmay, be goyered or not depending upon the desired

thickness oftheganeoxxde, as will be clear to those with ordinary skill in the art.)
Etching in an aqueous solution of hydrofluoric acid removes the oxide in the region
not covered by photoresist.. After removal of the photoresist, a thin oxide in grown * :
15 in the regions where the gate oxide was etched while the oxide is thickened over the
Another embodiment of this invention is shown m Fig. 17. In this
embodiment the areas of thin oxide are defined and are etched as one would etcha ~ °
tunnel window. Note, however, that the areas that are etched and regrown as thin
20 oxide regions 221 and 222 are larger than the areas where the polycrystalline silicon
overlaps the active regions. If the gate length in the cell 220 is 0.5 um, the smallest
dimension of the thin oxide regions is about 1.3 x+m which is large enough to be
etched by wet etching techniques.

25 Embodiments Without a Source Select Transistor
As described above, with a P channel approach, it is possible to eliminate the
tunnel window and consequently reduce the channel length of the memory transistor
the minimum allowed by the technology. It was also noted above that it is not
" possible to connect the columns on a row {0 a common source in p-channel
30 technology because of current flow from a cell being erased to a cell that is not be
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select gates in Fig. 15 is fairly easy to see. The polysilicon trace 173
which is 5 connect to word line 96-0 by the contact 172 forns the sel ect
gate for the cells labeled 01 and 10 in Fig. 14. The word select gates for
other two cells 00 and 11 are formed by the polysilicon traces 174 d 175,
respectivel yWOM@"%t e el ectrode for cell 11 is connected t f line
95-1 directly through the contact 177. The connection for the select gate

for the cell 00 i SS dlrec he_net al 1 | i 95 L ected by
via 179 to thé"??@‘?éﬂg‘F §T "3?91@ &connects
nmetal 2 trace ehibbdintentsrdi @{,ssw@dveace 181 through the via 179. Via 178

connects netal 2 trace 181 to netal 1 trace 180 which ulti connects
to the polysilicon lﬂﬂu%@ﬂm“@m@dmﬂ“éb SOuERS selectdransyigio F&‘II’LB?i are

shown as cross 6 run

t hrough the ar or| 5%@:%5 Iﬁnglﬁgu?%w%%ﬂ‘gonnict to e act ??éﬁregi ons

of the cells tmmwhmmnsmmprm,ﬂxmmmlmfoeallaﬁthe-- -

contact 193. These three el enents are hared between adjacent cells. Thus

the contact arfBeRrY tEARSISIGEs of é’dﬂ? I*Wé{i#%@“‘t‘%ﬁ'%‘ﬁfrﬁhyamunt

that they eXt%ﬁQ%tﬂateBﬁnﬁeiéubﬁinﬁab&e&&%mamsla&diswﬁm&ﬁ: Gnaneth@6- 1 al so
I net a

run horizonta through the array in 2. Bit line contacts 186
and 187 to thwﬂxﬁnmtsmemmwmm@wmmmwmmaﬁd

accessed by neans. tal 1 re g@ ?ﬂﬂ % ool N
wel | regions 9‘?’5’58’57" aa‘??&'%%l‘eé% ate ﬁgetsher}Bfﬂrﬁhe Qﬁ ort
dashes. CorlbrObmbdsﬂﬁ&lmw&&bélﬂowmutsﬂﬂllmugh t he array inmetal 1
traces as 25 is source select |jne 67 Thec tacts for. the, cotrQI | i nes

li e between the corﬁig'm" 18 shows schematically ment of this ifveqtion: fENSISIOrs . o
sel ect |ine CofResd fohdh 308°1 1788 the %mwﬂﬁf‘?%f%ap&u% %bga-t formthe

gates of the source sefect transistors-at contacts 182 and 183.
Pol ysi | i con t raansistot8306:00ithidigh 306-12 arsthe werd line tragfsistorp that-conpect;selested | i con

that forms the S8 feir vitihes, Caphcithds 507-0trduBh 30791 650 eieohdge appriaP
15 to control gate lines 305-0 and 305-1 to the floating gate memory transistors. The
connection of array source lines 303-0 and 303-1 to common source line 311 is
determined by the state of source switches 312-0 and 312-1. These transistors may
be either turned on or off depending on the state of the common source select line:
" The voltages applied for the operation of the array are shown in Table 7. In
- 20 all the modes it is assumed that row 0 is being accessed. In the read mode, the
source select connects the column source lines to the common source line. A voltage
of about Vy, =1.5 V is applied to the bit lines that are to be read. If the floating gate
of an accessed cell has been erased so that its potential is more positive than (Vpp -
V), the cell will not conduct. If the cell potential is less positive than that value, the -
25 cell will conduct.
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WO 98/ 29907 PCT/ US97/ 18800
Enbodi ments wi thout a Tunnel Wndow In the case of N channel EEPROMs, it is
t he usual practice to place a thin tunnel w ndow surrounded by thicker
oxide over the N diffusion that |ies under the drain side of _the {l|oating
gate to prov™@®?29%t h t hr ough which tunneling is to occur, L
illustrated in Fig. 1. A nmgjor reason for the window is to suppress
band-t o- band tunneling. Band-to-band t I'A;lg, sonetinmes referred to as
Zelner tulr)melji ng, is a phenonenon in mm ectrons tunnel from an occupied
val ence band stgte.in the siligon a vacant .gconductd on band |.n the
silicon. This tﬁﬁ'ﬁ%l ing is the%%%&o"fleof a hi 9%05'35';#" Yectri ﬁ'#slgg\?(aiei n the
silicon. If a hggly voltage is gp Jli_%ﬂ to a drgy that extendsguwnder a
grounded gate separated fromthe substrate by a thin oxide |layer, a high

| ocal field w IB/Laccur near whdfg-It5¥ juncti or)Weaches the oxiWg surface.
The current that results fromthe band-to-band tunneling has at_|east two
detrinent al Sef fWék®. One is th&Vthe current [ﬂb'vi des a | oad &Vthe on-chi p
charge punmp. A nd is that t‘pe tunneling g @rat es an equaly, nunber of

el ectronz and h . The hol es "®uacquire ki ng(Fi c enery directdfl toward the
gat e oxi de and, nsequently, cone injected ynto the oxide. |-es
injected into o%ége have a hi gﬁpbﬁrobabi lity ofvlgr eating def ectd;band

becom ng trappedGphi ch | eads tavgegradati on of0Whe oxide. It iV%edesirable
that the tunnel w ndow be as snall as the snal|est feature allowed in the
technol ogy. Thi®is both becauMnot he extensi onfle® the N diffudl®h 20 under
the floatin gaﬁf nmust be at | gast the size of e tunnel vvinq%-pl us two
m sregi strat’l on“tol erances and cause the tunnel’ oxide area i's a major
contributor to §higeLSdiatti tive lgpgd on the coupiigng because theyfunnel oxide
has the hi ghest capacitance per unit area of the oxides involved in the
cell. As the-| asamed di nensi onVf the integra®@®d circuit are $s¥a ed down,
it 25 becomes nore and nmore difficult to formg{he tunnel windQw For a 1
[err]m scal e t coamONGYWelk heoxiVYe window is 1 @& rimin diamet¥e and is
defined in 1 [eLr t hi k.photq;esist t-hat is.-vsed for a mask.VEXperi ence
shows that it i P%‘%g’éi e in a pfoduction envirBnment to obtai Mradequat e
wetting of the dilute hydrofluoric acid

In order to program a block of cells, the:control line to those cells is biased
at VPP with the well at 0 V. This accumulates the well beneath the floating gate
and causes electrons to tunnel from the accumulation layer to the floating gates. The
voltages applied to the array junctions are merely to assure that current is not -

20 injected into the well.

The biases and operation for read and erase modes are the same as those
applied in the earlier disclosure. For the erase mode, the selected word line is
biased at 0 V to turn on the line select transistors for this row and the unselected
cells are isolated from the bit lines by transistors whose gates are biased at V;,. The

25 control lines are biased at the same potentials as the word lines for their cells (i.e.
V;p for the unselected and 0 V for the selected). The N well is biased at Vy, and the
bit lines for those cells that are to be erased are biased at V,,; the bit lines for those
cells that are not to be erased are biased at 0 V. For the selected row, those cells
that have Vp, appliéd to the bit line will have an inversion layer formed under the
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(HF) that is typically used to etch a hole through the thicker surrounding
oxide so 30 that the thin tunnel oxide can be grown. 29 W08/ 29907

PCT/ US97/ 18800 However, at 0.5 [err]m scale, the tunnel w ndow is desirably
0.5 [err]min dianeter, but the thickness of the photoresisi remins. at
about 1 [errVR%BA997 der to have the capability to bl ock i on*$THE? ﬁ?@”and to
provide pin hole free coverage, even over steps after a portion has been

eroded in a plasna etch., The resul isélh r esi ngplal 5 tegﬁr? ugh whi ch the

et chi ng shoul dﬂmzﬁ%@@ﬁMQI;Bmt F“E'E“F'B“'b‘? : ﬁ%ﬂ}e g"gﬁ%tﬁéothat

It Is diffict &@ﬁ%&bﬁ%@%&m%mmewvmmm sol utions in
al contacts a

this case. Met | so face simlar aspect ratios and are etched
with plasma et etperiencefow eleatristficld angossitee gataordde bacausethasantrel linedsalsoghe i sk

of damagi ng or n j.natin e un LV Wy ﬂﬁﬁ:dé? jch the
tunnel oxide nﬂs? @%ﬁ%%%ﬁ@g%££ﬁgﬁ+h%ﬁb%§y%ms 0 9%’ channel
EEPROM as desfifeibiltheqjotential\Vi THe sele6ted céllsithat hiavs Vg applicd torthe Bit like will ovi de
for erasure by electron tunneling framthe floatjn %aterér‘o an, i.nyer.sion

| ayer that extme@m%rﬁm%wmwlmwwbﬁe, mneg 'E'E&Sfa'ﬁ% $
tunneling is n | . e §7 algds h EhifboteitiaPhcrbs id@g - 15
w ndow, as is ﬁ%‘\'ﬁ %%gﬁ&%?ﬁ"r@g\g@%%&tﬁgﬁévera exeaprrpl ar ?léegn%ggiiu%nts.
Figure 16 is aof theamsclatedarows bh tiki@himnsdeingrerasad.c The sdlectadecells thahianagot of

this invention _which avojds fhe us snal | .tunnel i Ng.W . rison
with the enbodPFiBserased willp w&m@"f‘ﬁ&’t“gﬁPF‘?’m ?W%g%\r,\@e\féﬁrgssl‘gn of
the same celd . geuiRabietbrowsasiil hife MEH sSurce A0 Vakith fdir gddsatdpproimately
correspond to contacts 131, 20 136, and 138, respectively. Si m%gﬁlh%; N
races

vel |'s 202 and Mop Thiswill gasg adspletiqn:region to formyiy theiehagng) regaen, sMup _

201, 295, 20, ROl SBERERetRc) BRON b ok Tomi ol S B RSCI W T

and the additi depledon fegiohsd diat theivditageraeross theFaterakidelis lavoer@gh that no .
significant tunneling occurs. The potential problem is in the region of overlap of the

15 gate over the source diffusion. Calculation of the electric fields with a two
dimensional device simulator shows that the profile of lightly doped source

diffusions can be designed so that the underiap diffusion is lightly doped enough that
the underlap region is also depleted with the result that there is no significant
tunneling current in the overlap region. In fact, junction leakage caused by band-to-

20 band tunneling arising in the region near the intersection of the source junction with
the gate oxide will limit the junction potential for realistic charge pumps before
tunneling can take place. Therefore, designing junction profiles that are graded to
reduce the band-to-band tunneling current to acceptable levels guarantee that the
oxide tunneling levels are at acceptably low levels.

25 The embodiment of Fig. 18 is in concept similar to the previously described
embodiment of Fig. 5, with the exception that the source select transistor has been
combined for a whole column with a resultant savings of silicon area. Although the
shared column source switch is shown as a P channel transistor in the embodiment
of Fig. 18, it is clear to one with ordinary skill in the art that this could be replaced

30 with an N channel transistor with slight changes in the read bias conditions.
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The operation of the cells of Figs. 9 and 16 is the sane. The advant ages of
25 cell 200 are that the floating gate transistor channel length is
relatively shorter and that it is not necessary to etch snmall tunnel

wi ndows. The benefit of the shorter channel length of the roatr ate are
two-fold. ONMVOBRMY: s that the gate occupies |ess area. ﬁég”

that the read current is increased bot h because of the shorter channel

| engt h and by the thinner 30 . .

boT Uo7 16850 Tre. Angaaupie of fhe iyl of £ L 330 fat IBUOHEBE schematic OFFIRNre o ang
16 are al so si 'IB':@ﬁhovfﬁhﬁﬁbfréwe'l'ﬁ@la?@ Giishowi in this figuee Gl s conipdtedi with the
partially grown. In the process for abrrcatrng cell 130 of Figure 9, the

waf er is cover @mevigusly Wé@b@@lm Kig %xﬁb@é%lﬁ°ﬂém%%z‘f’ﬁat

only the tunne ﬁ‘aii'ng onnﬁh& in an
aqueous sol utrcﬁr%%@%g acr {1@%\%5% oXI gal n the region 135.

After removad QGheiomissionadfaliecsounde, select gaterfrom itheeindividyalocetl of Fig.hkd redupepthe] 35

Fabr i cat g colndividal ool aeade §3%of il of b Teyoll ain Pk 5 0508 88 ana

devel oped so -1 lhafe ik b1 ﬁﬁ&ﬁkﬂeeﬂﬂe&%ﬁeaﬂ&nﬁwmdb&ma iedizance of

the nenory arr ar ea |s exposed. (The.,area in which t he peri pher al

transi stors ar éZthaﬂmﬂmm&m@hmm -poovscand o oplyrabpute

desired thickn the “3 l

ordinary skill %%iof ﬁgan‘%itﬁgr\ua%ceous %I%&Eﬂ%%ﬁy rorluoric

aci d renoveso t hRangistof!i foﬁnédhg' megvmaprwnheqmmnbdn mordling <334 tover'the er-

renopval of the photore5|st a thin oxide in M i.n the% gqhons wher e

the gate oxi de aGH¥e gionddl WP@%%%‘“ stoT & byythe\avprian of 188 her

ar eas. Anot her geRflbfhabe 6 dvat fe! i8R 355, THOBdpakifbr'Tobeoupifng Valtad)i S
eas O

enbodi nent the“a In oxide are defined and are etched as one vvoul d

etch a tunnel MWM%W:MI&M&@&GMM@P@MM
regrovvn as, thl rlm:e336overthtmr:tweregmn340 The active region 331 and 340 is formed in an

- 15 N well. The active region 340 is formed in a P region that has received a depletion
implant in the area 335 after the field oxide is grown and prior to the poly
‘deposition. Such ion implants are commonly available in mixed signal processes.
The row select transistor is formed over a region. of thicker gate oxide 337 as is
discussed above. Contact 339 allows the control line, which runs through- the cell in

: 20 the long direction in metal 2, to be connected to the P+ diffusion that surrounds the
coupling capacitor plate through the intermediation of metal 1 and a metal 1 to metal
2 via. The bit line and column source line pass through the cell in metal one and
connect to the active region 332 at the contacts 332 and 338, respectively. A metal
2 bridge is used in combination with metal 1 to metal 2 vias to allow the column

25 source line to pass over the bit line to contact to the active region 338.

It is, of course, not necessary to practice this invention in an embodiment
that doesn't use a tunnel window under the floating gate. Figure 20 shows a cell
layout that follows the schematic shown in Figure 18, but uses a tunnel window 343
under the floating gate. The identification numbers of the features in Figure 20 that

30 cor_respondtothoseinFigure 19 are the same for easy comparison. It can be seen

35



20 oxide regions 221 and 222 are larger than the areas where the
polycrystalline silicon overlaps the active regions. |If the gate length in
the cell 220 is O. 5 [err]n1 the smal | est di nension of the thin oxide
regions is about 1.3 [err]mwhich is |arge enough to be etched b

et chi ng techﬂ“ﬁﬂ%QNWZS Enbodi ments Wthout a Source Sel ect P¥FHER r As
descri bed above, with a P channel approach, it is possible to elimnate the

tunnel w ndow gnd_cops t he ch th o

transistor theg‘ﬁ? ﬁ&“&&?f&ﬁ@é‘ gﬁ‘ug‘ ?ﬂﬂ%ﬁf%‘ﬁf%‘ggﬁﬂﬁﬂgabove
that it is notm@bﬂdémmnhd&ftﬁewmmmwmmem source
I n p-channel 30 technol ogy because of current flow froma cell bein

erased to a cewindow:343jundersthe Peating gate tpgnsistor.» The thickness of the oxides under

IF)SI-{JlSJSg?{ 21-8\8/g.l’ol ous EWM? SCUSSE@G%%QF&a?%%de&%éﬁygﬁé gate

i ndi vi dual souof:meﬂeaiifferen amcdeffined:l | are not required. A
separate source lin runthfou hth arr for. each colggén sQ that a 5

shared source sel ec igure 20 bas the M@“W@E dpoing &%, j on

for all of them&fﬁm&% %d%&sﬁ@?m@'baﬁ GhGke Sel ect
transi stor over a the cells 1 n a a substanti al decrgase I n

array area i s ; SiD tr¢g1 WaH the row
i mﬂmmmmm cekbel mpeltregionssare spaced away fromethel t h

sel ect gate are t oget her to ans, or. W t ommon .gate. This

enbodi nent use§° %‘} T%HS/ %@eﬁ% m ¢ mtglg‘ggelgﬁﬁe ‘#ﬁg cel |

to be |laid gutidélindnaedl | area. Figure 18 shows schematically one

enbodi rent of this invention. Transistors 308-00 thouah 308-11 are the

menory transistors wpectien pfTable 2 showsbaf; the eontro] lingsand ward linessfops &Wough
g?? llllngge tcggé%*?t%%r’glﬂ?%giﬁ hr oug%g?}af?gcog’%n tﬂ’he vo?hage appli EagmlrS
to control gat lints tode raged) Inrackw@(devel poly tedhaolbgy, ahis Asattractivebecamse it '
transistors. Thi we reduction of the cell area. One embodiment of this invention using merged
15 word and control lines is shown Figure 21. The transistor-like symbol 321 is
intended to indicate a transistor with two layers of polysilicon with the top layer
overlapping the first layer deposited so as to form transistors in-a series with the
floating gate transistor that is:-formed by the first level polysilicon. The formation of
the transistor on the source side is not necessary for the practice of this invention,
20 but is preferred to make the coupling capacitance alignment insensitive.
Table 8 shows the blases applied in the various modes of operation of the
array of Fig. 21. During programming, the word line for the block to be .
programmed is biased at Vy, while the other word lines and the N well are biased at
0 V. The P+ junctions in the memory well are either grounded or allowed to float
25 to avoid forward biasing the P+/N well junctions. The floating gates in the selected
block are capacitively coupled to a high enough positive potential to cause electrons
to tunnel from the accumulation layer formed in the underlying N well to the
floating gates; this sets all of the cells in the selected block to the programmed state.
To selectively erase cells within a selected biock, the memory N well and all of the
30 unselected word lines are biased at V. The word line of the selected block is
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connection of array sourcelines 303- and 303-1 to common source line 311 is
determ ned by the state of source switches 312-0 and 312-1. These

transi stors nmay be either turned on or off depending on the state of the
common source select |line, The voltages applied for the operation of the
array are sh¥QP2¥%aple 7. 1n 20 all the nodes it is assuNed¥RAB® ow 0

I s being accessed. In the read node, the source select connects the col um

source |ines t@#? n'ﬁﬁ'é)ﬁﬁ 0l QSle@bd P drasdiafd hiaged- S V i S
applied to the bi gf&%g@?t at gggwtdg%ﬁ@eeceﬁsegﬁ#h?f the floating gatle of an
accessed cel | dtagy;the other bithnessre biased at groundst yversion layersiof holesowith | ve t han

post 11 ve t han Testisl SFalE i Brovuddal o HioRHE b pE SiBed ool Bty 2 ' °°

PCT/ US97/ 18800mridBifony theifidit@lg gates to these inversibf detd10@rase the selected Belisgr am Mode

Erase Mode B/ LO Vlerr]-1.5V oV
oV B/ L1 5 . V[err]-I.5V oV Vpp 5
WLO ov ABIS?/; oV W LI
Vierr] ov T pp CGO Vierr]
Vpp o VDD :
Vo 5o Signal q{%ﬁl Read Mode 2 V"D program Mode  ErasfMiode
S1 B/LO VI & sV 15V float Qv ov float Source
Sel ect oV > 0V Vpp Source
Vierr] B/l Wyp-1.5V 15V OWp nenory NVpel | VDD
ov Vpp. capacit or | | Vierr]
Vpp In or W0t o progra Vi bl ock of &&Is, t he cgg\’trol line t8V% hose cels is
S0 Voo ov float float
st Vo ov float float
" Source select ov Vo 20V Vip
Sousce Voo oV .oV < Vi
memory N well Voo . Vb ov : Ve

The éppropriate md condiﬁohs depend upon the potentials on the
programmed and erased gates and on the concentration of dopant under the floating
20 gates. Because of the merger of the row and control lines, the control line must be
~ biased at a potential more negative than Vy;, in order to bias the series transistors
formed by the second layer of polysilicon into conduction. The requirement is that
" the programmed cells should conduct and the erased cells not conduct under the bias
conditions applied to the selected row during read. The floating gate potential that
25 will meet these requirements will depend on both the magnitude of Vp,;, and the
doping concentration under the floating gate, as is well known to those with ordinary
~ skill in the art. The potential on the floating gate under read bias conditions can be
changed by varying the value of V, during program and erase. (It is convenient,
but not necessary, to have the same value of Vp, for both program and erase.) The
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at VPP with the well at 0 V. This accunul ates the well beneath the floating
gate and causes electrons to tunnel fromthe accunul ation |ayer to the
floating gates. The voltages applied to the aray junctions are nerely to
assure that current is not 20 injected into the well. The biases and
operation fo™PBEPYnd erase nodes are the same as those appFrE7AP®he
earlier disclosure. For the erase node, the selected word |ine is biased at

O Vto turn on,the lLine.s ch Jransi San thi X ect ed

cells are isol gfaéﬁ‘ ﬁl"P‘Hﬂw“t ﬁ@qﬁpﬂﬁ?%&ﬁéﬁsqes%@m ogfa‘gg‘ga s%bi ased

at Vpp. The 2510 fimbtirdtith aRélativelyelow adecofa | he sane potentials as the word

lines for their cells (i.e. Vpp for the unselected, and QV for the

sel ected). The®8-Re} V, mchmsa%lsﬁ @tfwmyt%“ﬁ vith g edf't??%'loiﬂﬂés(‘f’épl S

that are to be ix?ﬁﬁﬁi irﬁ%ﬁ ‘%aﬁ&g;\’%ereh' lntiodd leirbdiR t hat
agase at?e ng;‘gdé' at 0"V. Folraﬁ?lﬁa&oﬂi osc? HincEohich

are not to be er he sel ected row, tho§e cells
that have Vpp Aigher ealuesoftVyg, itimightibecprefetablelta choase bias eonditions shewrin ther rred
under the 33 WD 98/ 29907

PCT/ US97/ 18800 M%%%W?% an phsr<ase; of hiasgs showen fopread mode2, e | ¢ nne
fromthe fl oat ishgrce SWitched afeifefeA¥ ifiphinenfed @& N dHanRa tRAkiSGHse OTHoee witht hat

have O V on the bit line w Il eerrience | ow el ectric field acrgss the gate

oxi de because tondinaryskillin the art-will kagws how to selegt apprepriate read bias anditions for
transistors wil] i g#g%@g &g{ls on the unselected rows from5 the bit
| i ne potenti al lmﬁéﬁls' cted cells that have Vpp applied to the bit line
will tend t@opass VRigure 224 shows an exagiple of 4 bell 360ckaiduont irsconfarmancewith ti8i nce
t he unsel ected cells, have the contro)] lines.at. Vpp, this, wll result in a
smal | potentialscmﬁf@“’ggl'e %%eﬁg‘%@mg&@%ﬁ’&ﬂmug yttﬁ"e col umms
bei ng erased. Waﬁ*@%ﬁﬁ&'%ltﬁ@ﬁd&r&m&ﬁb&m&afnﬁ@ﬁsmhdmhend to

g

pass O V throu o thelir sources.” Therefore, the cells on 10 the
unsel ect ed r owdhrough theaoel as  sietal d dtace to the active region. Coataet I provides a

P 014 a1 ekl ol de G S e R b R e
floating gatie \ihlparatlelowith thebitdine! 'Word line 364 runs through the cell in a horizontal
' manner as 2 second level polysilicon trace that is bounded by the two dashed lines.
Floating gate 365 is formed in the first layer of polysilicon and is entirely covered
by the word line. : D
Figure 22b shows a cross section through the cell of Fig. 22a along the line
20 A-A'. The entire array lies on an N well 370. There is a layer of Si0, that is
thinner under floating gate 365 than elsewhere in the active region. This oxide layer
is removed in the region of contact 361 to allow connection between metal trace 367
and the active region. Between this oxide layer and word line polysilicon 364 is a
* layer of silicon nitride 373 topped with a very thin layer of silicon dioxide, not
25 shown. In one embodiment, the thickness of the oxide layer under the floating gate
is in the range of approximately 5 to 15 nm and preferably in the range of
appro;timately 7 to 10 nm, and the thickness of the oxide over the remainder of the
active region is in the thickness range of approximately 10 to 40 nm and preferably
in the range of approximately 15 to 25 nm. There is a layer of oxide on the sides
30 and top of the floating gate under the nitride of similar thickness range to the thicker
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depletion region so that the voltage across the gate oxide is | ow enough
that no significant tunneling occurs. The potential problemis in the
regi on of overlap of the 15 gate over the source diffusion. Calculation of
the electric fields with a two di nensional device sinulator_shows that the
profile of | W2 oped source diffusions can be desi gned E6TURE3Me
underlap diffusion is lightly doped enough that the underlap region is al so

depleted with th ult .that.th ﬂ”l‘.ﬁ in
the overl ap reﬁ gﬁogﬁ}?m?mgioﬂhc if’@%keggg causgﬁiﬁ’b%‘ig %hatqgl-c ba d
tunneling ari Sbﬂkpoﬁte‘dmmcb@gxﬁeoﬂaepedtsnmon okide 324 lyigower theheellamdentbe

junction with the gate OXIde vmll limt the_junctiq otenti al

realistic char §etab 3 5?514 a?:gs'“?%?reﬁ"ﬁé‘ée

desi gning j unc g@sh ¢ r%ﬁéﬁﬂbmﬂe@hh‘cﬁaﬁd&e RSP+ iaaad
tunneling curren cept a'g%ﬁfﬂnatgl S guarantee that the oxide tunnel I ng
| evel s are at aﬁqﬂsﬂﬂmmmmmmeﬁmnandsourm&rm mespectivelyri g. 18 is
in concept simlar {0 reV| u descri.b 0 , Wth
t he exception that bﬂ% gat %@lgﬁ%’r‘%ﬁﬁ@gﬁﬁ%{éﬁ%l r?q'a‘ or a
whol e col um ""cfd@s—@ecﬁéﬁﬁi!’néﬁ%ﬁa)ﬁumwdﬁedbeﬁomfwiﬂieNMdlfiﬁlﬂ@heﬂhﬁdshar ed
colum source switch is shown as a P channel transistor |n the enbodi rrent

of Fig. 18, it thesfield oxide growsin onp of severl sguenoskWell known fo-thase wid,

he read bigs SHdR Bk edin bk SRR R ovErin & hd i Wil MRS i

PCT/ US97/ 18&DOaﬁpmpmﬁhﬁma§ dﬁetoltwunnel@kldagmmmmmedmwm sunface t he

schematic of Figure 18 | shovvn in Th a own,in. thls

figure can be CEMSAlrALPNLY @Wﬁ@ﬁFM‘P}% @‘?EF‘? Ege#ﬁlgﬁ‘ﬁ} thenis £ g o

These two | ayogesosied Sn Nitybé ol d\6bntiiitrafion'm the Paige oF sprotinfaiedyn10'Utoes and:

have the sane floati nﬁa‘%a m(;];gdpl I ng ratlo 5 The om ssion of the source
b S

sel ect gate frdff abom and gtching opemtionssare psed tg theal- cel |
e85 of e 11 B B o o g8 e
typical 32 %5 thermally on the polysilicon to a thickness that is preferentially in the range of -
approximately 10 to 15 nm. In the course of this oxidation, the oxide over the -
active regions will be thickened to the range of 15 to 25 nm depending on the details:
of the oxidation conditions. A layer of silicon nitride in the range 10 to 30 nm,
preferably in the range 10-15 nm, is then deposited over the thermal oxide. A very
20 thin layer of oxide is then formed on top of the nitride to a thickness in the range of-
approximately 4 to 6 nm. ' '
At this time, the so called ONO (oxide-nitride-oxide) layer is masked and
removed from regions of the wafer where thin gate oxide transistors that will be
used in the peripheral circuitry are to be formed. The gate oxides for the peripheral
25 transistors are grown after this without disturbing the ONO layer because the nitride:
oxidizes much more slowly than the silicon substrate. Another layer of polysilicon :
is deposited to form the gates of the peripheral transistors and the word line traces. -
This polysilicon layer is coated with photoresist and, after the usual exposure and
develop operations, the polysilicon is etched into the desired patterns. While the
30 resist remains upon the polysilicon, the nitride layer is removed from the regions in
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32 array (a 1024 bit nenory) the switch is shared over 32 rows and so only
about 3% of the area of the switch is allocated to each cell. In this

| ayout the row select 10 transistor is formed by the overlap of the
polysilicon word line trace 334 over the active region 331._The floating
gate transi sNA9%289% 5 ned by the overlap of the polysiliconPFFHEEASME oyer
the active region 331. The capacitor for coupling voltage fromthe control

336 over the AREPL T Bibft: 368 Qniplans e R pefiB b Mo G MBS "0
an 15 N wel | .andligaifs; t (OtesonRiRGitsSthe bofonfimphimtithatformtheagures/dtdim regiuns
received a depletion inplant in the area 335 after, the f'| e:,d oxi dggi S grown

and prior to tWdlalw e usediodope the werddine; On othen circuits the pol may &Gai | abl e
in mxed si 9na<}(og@&ﬁ&%ﬁ§@&ou§%§f§wiﬁ§ t4 RS NOYpd.F ArtRdoRiEls 2
ckér e 33/ as 1s

regi on of thi gat e” oxl I scussed above. Contact 339 al |l ows
t he control 5l i deppsitetl; (and,rifidesired, flowgd totfurthez(smopth the)surface) doatagt htilessare i on i n

netal 2, to be nnect ed 1.0 ,the., P+ di ffusi t hat .surrounds the coupling
capacitor pl at@%gﬂé]méﬂ%fféwm%%?%‘%%@w%ﬂ on b 1to
metal 2 via. The Dbipistlbse@ aBveé wed!atith-voRitiseelll thatavillisgands ' high §0l Bed in
metal one and connect to the active region 332 at the contacts 332 and 338,

respectivel y. tathesmrcenfigungelectadscellwithopterasingas long antheiseurcediffsion hag, et al

2 vias to allo | tha Dl ' to.
cont act ot etk gy g erendit fihaig Bk B A5 GGhcltiph Witkass WAE
practice thios depleterthe substrate anderrthefloatingtgatehwith the eomsequencethat thererieh Wi ndow
Schormat i o shonfPHRde S99 fFmss e depiFioncission tas EFes e okl S8 e dele SHle
floating gate. o ¥Bw cbigh valdetthitiherd i RS Eignifitant AMnélRipoffeRtrbak dor@iy it 20 t hat

30 correspond to those in Figure 19 are the sane for easy conparison. It
can be seen 35oxide. itaeopdago7with this invention, a‘drain junction is provided that has the -

T T L0000 5 BRI o TS 2,
transi-stor 1si témitled. Thevelllis progrimmed by biasing the control gate to a high voltage with -~
the n-well at ground and other nodes either floating or at ground. The selected cells
are erased by biasing the bit lines of the selected cells at VPP while the biases
applied to the other celis in the array are such that the voltage across the gate oxide
is maintain at a low enough voltage that significant tunneling does not occur.
.20 _The symbols labeled 405-nm in Fig. 23 are intended to represent the merging
of a capacitor and a floating gate transistor so that the center vertical line represents
a conductor that is both the floating gate of the transistor and a plate of the capacitor
to the control line which also serves as the word line. In the example shown in Fig.
24, the cell is implemented in a self-aligned two layer polysilicon process so that the
- 25 symbol is a fairly accurate graphical representation through the memory device
along the channel axis. This embodiment minimizes the cell area, but it will be clear
to those with ordinary skill in the art that this cell can be implemented in other
ways.
The cell is really a four terminal device with the N well, the row line {(or
30 word line), the bit line, and column source line being the four terminals. The N well
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wi ndow 343 under the floating gate transistor. The thickness of the oxides
under the row select transistor could be the sane in the two cases; the
difference is nerely one 5 of how the different oxide thicinmesses are
defined. The inplenentation shown in Figure 20 has the advantages that
during erase‘WPrI’;g2 P cker gate oxide at the source edges sudﬁ?@%?@?“
band-to- band tunneling on the unsel ected transistor and that, since the

t unnel reglons are spaced fromthe source punction. an | bl e
tunnel i ng froff ?’Pg’ ?@%@"Sgr"gé"%ﬁ?ih"“ "'T%e%/"ggg nat ed.
I nspection of ThelkbRimh sHtiReFinks\did the'Bit HAGIAE® oo fo ANchtiv®csiulhTERe f or a
given row are in the sane bias states duri ng erasure all owi_.ng the word

line and contrvmrdrlm&wmqpewmmhs hlpca meysel | ogy, this
is attractive Degals gﬁéj‘r&% Eéod%a%%@éji ment
of this inventron usrng word an 6ntro Irnes I'S showmn Figure

21. The tramsimirddnhiﬂannawdﬁiho%]oﬂmsewﬁthmnhryohﬂnuﬂm ¥ byteansi st or
with two |ayers,o ol.ysilic ith the top |ayer .qverl.appi the first
| ayer deposi t FEFLED ’]gté'“{ 1 G ATRY AR Wﬁg % sm%&’ﬁ% tﬁ%‘é‘"ﬂsﬁﬁ?r ng
gate transi st Qankiless, i S formed by the first |evel ponerrcon The

formation of the transistor on the source side is not necessary for the

practice of this i Theopération ofthe amay ef Figc2Xkisshown in Teble9+ Becauss thisicel)) :
capaci tance aly n the
vari ous nodes %?Hgggéﬁﬁg%ﬁpg#{ef\r@ma@?%&o tﬁiﬁi‘éﬁ;ﬂﬁ?&“ n progra"enrh&%g, t he
word |ine fipr mdiuethis@emmw.mnm&gwmolswhhdmedoﬂthnvmthﬁudsdmm ot her
word |ines andthe N.well are bia ed Th P+ nc ns. in e menory
vel | are ei t hefalginguerdhatshe e q“?\'ﬂif'l 54951"35?'8? g% si ng
the P+ N well mwﬁ%&?&ethauaanﬁﬂbeénégaﬁm@%ﬁ & Bfelsodres

capacitively coupled to a high enough positive potential to cause el ectrons
to tunnel fr orisapplied ¢ theiselactedwordiljng toftummondhe programmedteansistony Thewel | to

the floating gat hi |1 to.the
‘progranmmed st M&Méﬁ%&ﬂﬁ%&@ff@ﬁf& Rmﬁ# %ﬁg W&Fig %“R’c , the =
menory N wakl eveslwithla bids of, ﬁ%mmbwwﬂewwb)lapm testie Wordling. The Vpp. :
The word line of the selected block is 36

: bit line is set at about VDD~ 1.5 V to provide a current for sensing.

To program the cell, i.e. to put electrons onto it so that it will conduct under
read bias conditions, the n-well and the bit lines are grounded and the column source
lines are allowed to float. The selected word line is biased at VPP so that electrons

20 tunnel from an accumulation region under the floating gates onto the floating gates. -
The unselected word lines are at ground so that a field is not imposed on the
unselected gates in addition to any fields arises from the charge trapped on the
floating gate. Therefore, there are no significant tunneling currents on the unselected

gates.
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bi ased at ground. The bit lines of the cells that are selected to be erased
are biased at Vpp. the other bit lines are biased at ground. |nversion

| ayers of holes with potential equal to Vpp formunder to floatin at es of
the sel ect ed WRI29907E| ectrons tunnel fromthe floating gat eECT’(S’S?"%Qg’@

I nversion layers to erase the selected cells. TABLE 8 Si gnal Read
Mode | Read Mbde 2 Pr ogr am Mode Er a;e Mode B/ LO

V[err] 1.5V 1.5 V ov TABLE oV B/ L1

Verr]-1.5V . 1.5V oV Vpp. W1 00 oV
Y, Signal Read\Moge Progran, Erase Mode
V[err] p V[err] ov
f 1 oat fP&X{ S1 \(PW'IS‘Q\Xerr] ov oV ov

fl oat f t Source sel ggt _1 5PV ov Very

>0V : Vp%ﬁ'gouce DDV[ err] ov PL ov
<Vpp nmenory sN wa/LO0 V[err] OV VDD Vi ovov

Vpp The appropriate read conditions depend upon_the potentials on the
progranmed and ¥WWhded gates andmn the concent®¥tion of dopantvmnde-r t he
floating 20 gag&s. Because of Ghe mer ger of tﬁgatrow and contr. lines, the
control line mu be bi ased at &@Ppotential nore negative than i n order
to bias the serggs transistors+ormed by the sgggnd |ayer of pmydaysilicon

I nto conduction. The requirenment 1s that the programed cells shoul d
conduct and t heSeures8eleatel | s ndd Vconduct under 2t0h€ bi as condi tVens applied
to the selected row during read. The floating Q}e potential that 25 wll
neet these MequSP¥Rents will deYmnd on both thg magni tude of Vf&m] and the

dopi ng concent at.ion the f§,oating gate, agy s well known §yo0 those with
ordinary skill ﬂ?ﬁofg&gf@ The%‘&ential on theV:‘Ioati ng gate?]‘ﬁder r ead

bi as conditions can be changed by varying the value of Vpp during program

and erase. (11 1S C45(aRl Slludia/ il <RERSWH i WL S RIS SRPVPRLSC o
Vpp for- both program and erase. he
: applied to the bit lines of the selected cells. (The memory well is biased at VPP - '
15 during the erase mode in order that VPP can be applied to the selected bit lines.) An
inversion layer of holes with potential equal to VPP forms under the selected:
floating gates that establishes a high enough field to cause electrons to tunnel from
the floating gate to the inversion layer. The bit lines for the cells that are not to be
erased are biased at 0 V. With the bit line and word line both at ground potential the
20 ceil on the selected word line that is not to be erased is not exposed to an externally
applied field and there is no significant tunneling current.
During the erase mode, the unselected word lines are all biased at VPP. For
the cells on the bit lines that are to be erased, there are not any externally applied
fields because the word lines and bit lines are all at VPP. The cells on unselected
25 word lines that are on bit lines that are not to erased present a case that deserves
more consideration. For this case the N well and control gates are at VPP while the.
drains are at 0 V. If the floating gate overlaps a heavily doped drain region, a tunnel
current will fiow from the floating gate to the drain diffusion in a2 manner to the well
known ETOX cell. However, if the drain extension under the floating gate is lightly
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37 WO 98/ 29907

PCT/ US97/ 18800 bi ases shown in Table 8 for read node 1 m ght be appropriate
for an array that was to function with a relatively | ow value of VDD, e.g.
2.5V, such as mght be found in many circuits with a scal ed technol ogy as
well as in ciW‘éﬂ?’%g“"l ntended for battery powered applicati oFEYUSK/E8Ner
circunstances with 5 higher values of V[err], it mght be preferable to

choose bi as conditiopns show:.i.n the cal,ym |abel ed rea de I e case
of biases show§PUgh @%W@#&é@ﬁ?‘gﬂ‘e@egﬁg&% ex}eépggﬁgl/m
i mpl enented as Mﬁéﬁﬁ?hﬂh&%ﬁ@&qﬂﬁbﬁ regiGiOWRI Sordeh tiey glitdaxigle frsinl thudhrofithe . ar t

wi |l know how to sel ec ap')l[i)"g opriate read bias conditions for pa tkc,ul ar

appl i cati on cadppliediitage. This willpuppressthe tpasling surrentdogeceptable ti860 | aj d
out in confor | ' g;m,ﬁ -desin@ ks kon 362
traverses the%%wr%‘%lt@g&ﬁ&% 0 égggﬁ?&égnt act&gﬁatg]rzg%es a
connecti on f§ oresiablishked asd fthatithebandwto-bandrunneling which ealseseureentitet flow 1 t r ace
to the active region. Con aﬁt 66 qprovi des a connection from colum source
363 line that rfsmﬂtqﬂre'ag# P(éélzéﬁ i metal 1 trace 15 in parallel wth
the bit line. VOrd linaganfth-tanl Sufrtitdthiid Seurcdinke hilestolbeihjseal ko gBNNer as

a second |l evel polysilicon trace that is bounded by the two dashed I|ines.
Fl oating gate 3J0bstrase. Miffusion will tend tof disteibute these holes thrqughoytither walld If any

entirely covered by the word lipe. . Figur = fRffhbApmt hr ough
the cell of Fi g‘%af%‘ém Gﬁﬂd?rﬁteﬁﬁ?@g &ﬁgﬂf‘%‘é%ﬁ@grray ies on an
N wel | 370. 1§heiageh thedispRysal ofthe FoI1EY thiculh tHeaN viell vilicrethey cventirily kécombineg |

gate 365 than el sewhere in the active region. This oxide layer is renoved
in the regi on oviththemajerityeleckonss| | ow connection between netal trace 367

S5 5 Tague b1 M SRR i St 151 | o1
si li con di oxi deembudiméit employs\a two layerpolysiliconl process withha sa-¢alied stacked gatet he
oxide |ayer und&['h ttohe leg%teiel?gl %ﬁitcﬁthe floating gate and the word line polysilicon traces: -
15 are self-aligned to each other perpendicular to the direction of current flow. In cell
420 shown in Fig. 24, contact 422 allows connection between bit line 428 which
runs through the cell in metal 1 and active region 421. A metal 1 trace also is used-
to form the column source line which makes connection to active region 421 through
contact opening 426. The top layer of polysilicon 425 zigzags through the cell from = -
20 one edge to the other to form the word line. Floating gate 427 is formed in the first
" layer of polysilicon and is coincident with the polysilicon word line except at the two
edges of the cell where the floating gate isolation occurs.
In one embodiment of a process to fabricate this cell, the field oxide for
jsolation and the N well are first formed. A sacrificial oxide is grown over the active
25 region. With the aid of a photolithographic masking operation, the sacrificial oxide
is selective removed from the region of the channel in which the floating gate
transistor is to be formed and a thin oxide that will form the gate oxide for the cell is
grown. The first layer of polysilicon is deposited and doped. With the aid of another
photolithography operation, the polysilicon is selectively etched to form slots in the -
30 polysilicon over the field oxide which will later separate the floating gates on the
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s in the range of approximately 5 to 15 nm and preferably in the range of
approximately 7 to 10 nm and the thickness of the oxide over the renainder
of the active region is in the thickness range of approxinmately 10 to 40 nm
and preferably in the range of approxinmately 15 to 25 nm There is a |ayer
of oxi de on WO98@9¥Es 30 and top of the floating gate undePCHHPHFM | de of
simlar thickness range to the thicker 38 ‘WO 98/ 29907

PCT/ US97/ 18800 %n? | |g@ er.nal
SiO[err] toppedﬂéy ﬁlﬂ ﬁiayer of‘ gepo& ?‘*“?8?{“%‘3?655‘53‘?"?1

silicon oxi de 3NOllgyends fmnedndm. Tds ONOLiger is hmanymbchire!g\temw&m'@nm&ept
in the contact regio 0 Vi a,.snoot her , surface on h to deposit the
netal and to réﬂﬂg@%"ﬂ&"rf Miisre e ansistory fof P?"Eg;@ﬁg“@“ trRas @ ng 376
in the N well fwmmrﬁﬁmmdwép 'the!bﬁﬁﬂﬁﬁtﬂﬁéy One

enbodi ment of a process suitable for formi'ng the structure own in
cross-secti of |mphg&®mm xmmoﬁmmdmmanﬂmumwﬁmmms '

formed and the “1 Eﬂ everal sequences well known to
those with ordinary sKi qﬁ:‘)%;'&Qlr1"'gi?lfl‘grrk’ﬁ’f"llol];‘ttﬁ?W?tunnel oxi de-is grown over

all of the active rmmnw@mmmm@enmmrﬁﬁm%mwnﬂwtunnel

oxi de grow h are use é’iiet t, surface concentratlon of dopant I n the
channel to the y n the army 3552 a-masking QReasian N
type to a concqpidiRiwedd 'a%eﬁ&f‘ofrdd?ﬂfg Bﬂ that dBhEtne sdtind 10[err]
atons/cnferr]. Standard Ilthography a tch| ng ope#hgtlongﬁ ehﬁsed to form

t he pol ysil i18 o rpolysilion ibe ONG stackpdttheﬁrsslafw‘roftmlysmcomin sugceysior withAlee oxi de

is then grown nthe cont a_thi.ckness that
preferential | y%%hﬁ@a askddeiih ’H‘ﬁ“g]i c‘{yHF'%e of

this oxidation théktﬂclaalgdeeﬁm%dbﬁﬂe@ﬁtaseparﬁ mm&;mmwww the

range of 15 to 25 nm dependi ng, on the details of the oxidation conditions.
A layer of sil i%O¥FHeHIQ Prey @%WQ@*%WE@@WPBW%M@ in the

t
Irg;gre é? é>5<| gcran [ !sst W@b fﬁ@ﬁﬁhﬁﬁ%&&ﬂ%c%ess P né Plhg
range of 15 approximately 2 x 10" to 5 x 10‘3 B/cm?) is made and then, after a sidewall oxide is
grown on the polysilicon gates, spacers are formed at the polysilicon sidewalls to
prevent the source/drain implant from extending under the floating gate. A hedvy
dose (for example approximately 1 to 5 x 10'* B/cm?®) implant is used to provide the *
doping for the array source/drain diffusions. (This implant also provides the dopant

20 for the source/drain diffusions for the P ¢hannel transistors in the penphery The
dopant for the N channel peripheral transistors is usually arsenic and is usually
implanted and annealed prior to the B source/drain implant.) After an anneal
designed to minimize the diffusion of the boron, a dielectric is deposited to isolated
to the metal 1 from the poly and active regions. .

25 Contacts are selectively etched through the dielectrics overlying the active
regions and polysilicon to provide connections were required. Finally metal 1 is
deposited and patterned to complete the cell. Other layers of dielectrics and metals
may be deposited and patterned to formed more layers of interconnections that are
used to simplify the topology of the interconnections and compress the area that they

30 occupy.
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approximately 4 to 6 nm At this tinme, the so called ONO
(oxide-nitride-oxide) |layer is nmasked and renoved fromregions of the wafer
where thin gate oxide transistors that will be used in the peripheral
circuitry are to be formed. The gate oxides for the peripheral

transi stors WPSSRMP8Wn after this without disturbing the ONSFERRENEE ause
the nitride oxidizes much nore slowy than the silicon substrate. Another

t?gﬁgi2IOP2|gﬁglthgghBaggFﬁﬁéa@iggéﬁ E@EIS po %@#ﬁlcotm%geggﬁ?s coated W th

phot or esi st arreid fincdipdrdted Mérememmamanﬂedmsefmhmudualpnbhcaum

Pghé?hglﬁggnlf etched into the deserfdpggttergs" Vhb ﬁ! %eSO reﬁlfreglons

in 39 VEEB/@ﬁﬁg;ﬁn
PCT/ US97/ 18800 is exposed, if desi red. | mpl ants are nom1perforned
to provide she sour‘ﬂlemvﬂudnaombmngtﬁﬂlmm;ﬁlwlﬂbe@m%ﬁﬂﬁ | ant t hat

forns the sourceldrai,n. tegi ong, Wll SO ine, On
ot her cirecui tso‘ﬁﬁ%ﬂ‘@ ﬁﬂ éﬁ Bé’i’%ﬁg%dlﬂég‘@'ﬁwog‘p%i eror e |t is
patterned to rgifidut dipartimiromAhd spirit drscspe ofthe sppendedeidms.t ed, (and, if .
desired, flowed to further snDoth the surface) contact holes are defined
and netal is deposited and defined to formthe interconnection traces.

Di scl osed above was a non-volatile cell that w thstands a high voltage
applied to the source of a unselected cell without erasing as |long as the
source diffusion has only a |ightly doped extension extendi ng under the
drai n because high voltage will 10 .deplete the substrate under the
floating gate with the consequence that there is a voltage drop across the
depletion region that reduces the field across the gate oxide to a | ow
enough value that there is no significant tunneling of electrons across the
oxi de: In accordance with this invention, a drain junction is provided that
has the same characristics. In this enbodi nent, the source and drain sel ect
transistors are 15 onitted. Thé cell is programed by biasing the control
:gate t.o a high voltage with :
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the n-well at ground and othe | r floating or at ground. The
selected cells are erased nASd the bit lines of the selected cells at
VPP whi |l e the biases appli%’ﬂ'@@“ w Il's in the array are such that
the voltage across the gate *0Xicdc, ISy n at a | ow enough vol t age t hat
significant Wmﬂ"ﬁg does not occur. 20 The synbol s 'a8808.05- nm
in Fig. 23 are intended to represent the nerging of a capacitor and a
floating gate transistor so that the center vertical line represents a
conduct or t hAYHAL ISEHAIMED: | o4t i ng gate of the transistor and a plate of
the capacitor to §h ' ke al so serves as the word line. In

t he exanpl e shownl“l %&%ﬁ%&g@@%ﬁg s inplenented in a self-aligned two
| ayer pol ysi | i cona Probennel memonyhtasnsistor formed sy aimeimory wellf said memoryur ate
graphi cal representation.through the. menpr evice, al.ong.t he channel axis.
Thi s enbodi n&ﬁ?s‘%nmmg%“@&? QWF‘P ﬁnﬁ%'ﬁﬁe&éﬁ”ear to those with
ordinary skill inakhficétfine;t hat this cell can be inplemented in other ways.
The cell is really a four termnal device with the Nwell, the row line (or
30 word |ine), thaseureesaaectlingind col unm source |ine.being the four
termnals. The N Wok‘dﬂﬂe' WO 98/ 29907 :
PCT/ US97/ 18800 is conmbnh’to an entire array or a large block of an array to
m nimze array aregontidldinepl umm source lines and the bit |ines are comon
to an entire colum, .The word line is common to the smallest block of cells
that are to be segg&m‘%ly rewitten. If a byte alterable menory is '
desired, ydie wor dalsinige sefect GaMINES cofineited bBieBn 2aid YOUirék b saft MBRBST Vel |
known to those with ordinary skill in the art. If byte witeability is not

needed, the Amansistorandzsaid-soutse line,cand hadving a sorrce selest contrab gate corsiegted to
transistors. _TLhe opergtian of the array of Fig. 23 is shown in Table 9.
Because thi ss?gls?mﬁ%@é%%ﬁgﬁl ect gate in series with the nenory.transistor
it is necessary t hahpacilor doRpliptbtwiéin said@ontrdlilime afd kaill Mogtiry gt oMa@iient .

threshold with the word line in the unsel ected
memory transistor; and .

*

15 a tunnel dielectric between the said channel and said floating gate.

2. An EEPROM cell as in claim 1 wherein said capacitor comprises an MOS
transistor having its control gate serving as a first capacitor plate and coupled to said
floating gate of said memory transistor, and one or more source/drain regions and

20 associated channel inversion regions serving as a second capacitor plate and being
coupled to said control line.

3. An EEPROM cell comprising:

a P channel memory transistor formed in 2 memory well, said memory
25 transistor cbmprising a source, a drain, and a floating gate;

a source line;

a word line;

a capacitor line;

a bit line;
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state in order that the throu h the unsel ected cells not mask that
t hrough the sel ected ceI Hm Hm Jm'l he read node, a negative bias
with respect to the sour he selected word line to turn on
the programred transistors. The: erased t'ransistors nust have a threshold
that is posiWVOI2¥Abugh that they not turn on 15 even w t PGP

-V[err] (wth respect to the source) applied to the word |ine. The bit line

is set at about V[ E%IQHI al lcg@ i S BPSi pr ogram
the cell, i.e. to put'e eé}a %/s fg?ltﬁg%t a%%l ?’%Haa{:?#a con ct un er read
bi as condi t i otransistwand-asebdndphatestdnd bi t Ilnes are grounded and the col um
source lines are allowed to float.: The sel ected wo L.aged at VPP
so that electrons 2 1“?%@5"%%% ‘gﬁc@ﬂfﬂﬁgfs@ﬁe fl oating
gates onto t heagaciet dnﬂ%aﬂ%hd&%ltoﬁm WA RAvarig £6ontdl Satk corcted @ Qiid goand so
that a field is not inposed on the unselected gates in addition to any

fields ariseslineomthe charge trapped on the floating gate. Therefore,
there are no significant tunneling currents on the unsel ected gates. 41

WD 98/ 29907 PCT/ US97/ 18800
TABLE 9 Si gnal 4, AnEmmMWas in claims 1 m%ﬁ@miﬂhdhganms Erse
Mode B/ LO Vierr OV B/ L1
V[err]-1.5 V tmnsnstoroonggctejbetween smddrmnof%gleg)oryuwsts@rand said bit line, oV
Vpp h g te connected to said word /i, " | oV

Vpp SO and having V é?r]mm | oat float S1
V[err] 10 fl oat fl oat Source Sel ect ov
>0V Vp oV
< Vpp rmemory N vveI|5 Rn%[ke(ﬂ&]ceﬁasmdmmSWhermnovxg&HJimrmmpnsesan Vpp

MOS transistor having its control gate serving as a first capacitor plate, and one or
more source/drain regions and associated channel inversion regions serving as a

second capacitor plate.
15 ' ,
| 6. A memory array arranged in a plurality of N rows and a plurality of M -
columns; :
one or more source lines;
a plurality of N word lines;
20 one or more source select lines;
a plurality of N control lines;
a plurality of M bit lines; and
a plurality of NxM EEPROM cells, each uniquely associated with one of said
rows and one of said columns, each of said EEPROM cells comprising:
25 a P channel memory transistor formed in a memory well, said

memory transistor comprising a source, a drain, and a floating gate; and

a capacitor coupling between said control line and said floating gate
of said memory transistor; and
a plurality of source select transistors, each associated with one of said bit

30 lines, each connected between said sources of said memory transistors associated
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To ease selected cells, the selected word line is biased at ground and VPP

Is applied to the bit line mﬂ“ﬁmuﬁ cells. (The nenory well is

bi ased at VPP 15 during tﬂ“\mu - ®rder that VPP can be applied to
the selected bit lines.) An* n¥ersich Isayer of holes with potential equal
to VPP for nsWO#RP he sel ected floating gates that establ i RFHEESOHEPYH
enough field to cause electrons to tunnel fromthe floating gate to the

i nversion | ayeg[. bi. | t | aSs t%teerased are
bi ased at 0 VMW?’E@%H@%&;C%&Q\%M 4@%&%@?@%’%&8&% otential the
20 cell on t onneetedad anl associated bneof saitt sourcerselecttlimebe er ased i s not exposed

to an externally applied field and there is no significant tunneling
current. During the erase node, the unselected word lines are all biased at

VPP. For the cells#~on t | ' iflk i Rlif¢f not
0l fh%@ggrfgg@gw it aDlEralily O N Aswithnd laljGrali of

any externally applied use the word ITnes and bit lines are all
at VPP. The5ceéMlcolumnstinsel ected 25 word lines that are on bit |ines that

are not to erased pres se t . deserves nore consideration. For this
case the N wel | an%pi%‘ﬁﬁﬁg'(ﬂ?}g%"i? at VPP while the drains are at 0 V.
If the floating gatagplabtylcfPewardlimeej | y doped drain region, a tunnel

current will flow fromthe floating gate to the drain diffusion in a manner
to the wel | known ERiyraliyyaf M capaeiser selecklinese drain ext ensi on under the

floating gate is |i . 9907 .
PCT/ US97/ 18800 eno&%ﬂ%ﬁéﬁ,hdgn!@g%gnlaon region will be established in the
ext ensi on negi on aracpludality\of INxM EBPROM zelis) sacht uniquetlydssaciated witly onsofisaid -
screen the gate oxide from h of the _applis ltage. This will suppress
‘the tunneling @W?@‘ﬁ@ﬁﬁpﬁﬁm ﬁﬁé&géﬁyﬁqﬁ@"ﬁ@gm& o design the
drain doping profile SOaW&Ianﬁdl%dﬁﬁﬁjyhﬁﬁkiMﬁoﬂﬁé@iﬁdﬁmWﬁelﬁ sgigt abl i shed
and so that the band-to-band tunneljng, which causes current to flow from
the drain the N welmemory teansisier-comprising Aoyt dmith and adloating,gatest hat do

occur cause holes to be '“gé;ﬁﬁﬁ'%‘*'{ﬁf ) i hddins sy tend to
distribute these holes ChT ughou %ﬁﬁb%ﬁ&ﬁﬁ%@gﬁsy& ?,g%:dﬁ"s&h
' 15 memory transistor, and a second plate; and :
a capacitor select transistor connected between said second plate of
said capacitor and an associated one of said capacitor lines, and having a

capacitor select control gate connected to an associated one of said word

- REPLACED

lines.
20
8. A memory array as in claim 7, wherein each of said capacitors
comprises an MOS transistor having its control gate serving as a first capacitor plate,
and one or more source/drain regions and associated channel inversion regions
serving as a second capacitor plate.
25
9. A memory array arranged in a plurality of N rows and a plurality of
M columns; )
a plurality of N source lines;
a plurality of M word lines;
30 one or more source select lines;
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do accumul ate under the floating gate, they will establish an electric
field that will 10 hasteuuﬂlﬂ"mmmﬁu f the holes through the N well
where they eventually re majority electrons. Fig. 24 shows
the | ayout of one embodi nént® oft t i s%i ntention. This enbodi nent _enpl oys a
two | ayer poMR™82PW3n process with a so-called stacked gate PCTUBPTABS0B  oduce
a cell in which the floating gate and the word |line polysilicon traces 15
are self-aligned to_gagh 0 r r dicular to the direction of current
flow 1In cell 420 §ﬂ§\ﬁ}‘q¥ I’Ee"g"gg‘ ont act 422 al |l ows connection between
bit line 428 whi chapuﬁﬂnybfmhhﬁebemaell in netal 1 and active region 421.

A netal 1 trace also is used to formthe colum squrce || i ch ma. es
connection to act i @®@lurality ofiNxM EEPRGMeells cach upiquely as 6"‘ 89 ayer

of POl yST | | COouf 2t Gsia oHAME! bl Gt S5 EEPROM &lls cBhiBrisfige {0 e orhe

to formthe wor Ioatlng dat e ormed 1nt fTrst |ayer of
pol ysilicors and is coi nsPd:hamelAmemotmmqmbyﬁoﬂnedmamrym saidept at the

two edges of the cell wh e flaatin s.ol at ccurs. I n one
embodi nent of a pr BEECY gﬁ’“f‘k&@@ﬁf‘ﬂ%ﬁ Jmp @"4 ﬁ m5&8e for

i solation and the N m'hs&ﬁ&ﬂd&ﬁ&aﬂsﬁf&%ﬂme&e&&%e&l%&ko@wﬁﬁai@ grown
over the active 25 region. Wth the aid of a $hotollthograa5)‘al c masking

operation, the sacmemory transisiorad an assoriated Py of saihspuerer davisgaon of

t he channel in whi & E:Ef&ﬁl ﬁ* gg__?

thin oxide that w ormk eugggae xi1 de e cei ﬁ‘?ﬁg’#’g\%’@ i rst

| ayer of paedysili clines;andleposited and doped. Wth the aid of another

phot ol i t hography operation, the ilicon seJetlve tched.to form
slots in the 30 polysi PCRRIFIRRRY B&'&MP 8 i98% © %&"?‘&@P MSepar at e
the floating gat e afllsiifl odiby gt 3/ SRRY transistor

PCT/ US97/ 18800 sane word |ne As was desctibed with respect ‘to enbodi ment

of Figure 17, an ONO layer is formed next. This ONO | ayer is usually

sel ectively rermvegof rom ﬁgﬁgﬁfy A gggllaﬁé tlﬂgg%ﬁ& o§w{o@g%&g§ﬁ&aﬁg%f

transistors for thée peri y ar
15 M columns;

a plurality of N source lines;

a plurality of M word lines;
one or more source select lines;
a plurality of M control lines;

20 a plurality of N bit lines; and

a plurality of NxM EEPROM cells, each uniquely associated with one of said
rows and one of said columns, each of said EEPROM cells comprising:
a P channel memory transistor formed in a memory well, said
memory fransistor comprising a source, a drain, and a floating gate;

25 a source select transistor connected between said source of said
memory transistor and an associated one of said source lines, and having a
source select control gate connected to an associated one of said source select
lines; and

a capacitor coupling between said associated one of said control lines

30 and said floating gate of said memory transistor.
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be formed and the substratmls selectively prepared for the formation of

s SN s T

i npl antations, as is well

After the necessar preparationsto'P tShe *peri pheral transistors are

conpl et ed, JVQMKV | ayer of polysilicon is deposited. W tRGISTHISEN 5y
area a masking operation is followed by a series of etching operations that
define the second if;\yerm?wﬁom)wp&;' .the ONO stack and the first

| ayer of polysilicOn in succession w tHe same nmask so the edges are

coi nci dent. The pe#n Nitgpebudk regions usual |y covered during the stacked gate

etch and etched in separat e, process .durin i C he.array. wil |, be
covered to preventagﬁ |W’[°E'QBJ° | ?“gﬁ%ﬁ“&ﬁ@% %P§/L‘FS :
defined. To cgap 6f £sdidieuansishor; @ very lightly doped boron drain inplant
or exanple 15 approximately x 10[err] to 5 x 1l0[err]B /cnferr IS
(f | ' Iy 2 O[err] .10 1B /cnjerr] i

made and tHen, af t asecand Pdypecregion strvingias agowwe ofsaid wansisioriand @ gat es,
spacers are fgr ned. at the ﬁ% i Jicon sidewalls to prevent the source/drain
i npl ant from mﬂ%‘iﬁ’&“\ﬁ% siéﬁ’é’floati ng gate. A heavy dose (for exanple

appr oxi matel y 1 toathixd B@peiégiolovatbdwithin saidiN aype tiufk tegiod stavingrasa de t he

doping for the array source/drain diffusions. (This inplant also provides

the dopant 20Sewee @ dmemery/ SIS f f usi ons for the P Channel transistors
n the periphery. I4ae4illiof Hanidt fockiod BPLAEN HHEE Ik edghin berpesi &ic! s 1

usual ly arsenic and s usually 1np and annealed prior to the B
sour ce/ dr aion ifirstland second\Pitype mgionsineal designed to minirize the diffusion

of the boron, a dielectric is deposited.tq i ed f. J fromthe
poly and active re8TieTy mm&m’é)mq@e%‘ﬁé%ﬁﬁl%%%énthr ough
the diel ectri Getweds said isétand Bl it P4gpé fgions;s and pol ysilicon to provide
connections were required. Finally netal 1 is depqsited and pgtterned to

conpl ete the cel | . @selost trangistos,controligate lacated alove,3a maviaiad from gai #l8tn0si t ed
L ne el B o= 2 1 eSO 0 L1t L L0
they 30 ocasipy. 44a memory transistor floating gate electrode located above an insulated from {
said memory transistor channel region; .
a thin tunnel dielectric region located between at least a portion of said
floating gate and said memory transistor channel region;
a fourth P type region located within said N type bulk region;
20 a source select transistor channel region located within said N type bulk
region between said third and fourth P type regions; and
a source select transistor control gate located above an insulated from said
source select transistor channel region, wherein said floating gate is capacitively
coupled to a control gate line, said control gate of said select transistor is coupled to
25 a word line, and said control gate of said source transistor is coupled to a source
select line.

12. An EEPROM cell as in claims 1 or 11 wherein said tunnel dielectric
is located between the entire coextent of said channel and said floating gate.
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Al'l publications and pat.Hw u! ﬂ“ﬂuurmnt loned in this specification
are herein incorporated he same extent as if each
i ndi vi dual publication or patent appfi cation was specificall

and
i ndi vi dual | yYWO#R¥87ed to be incorporated by reference. 5 P&’USWW
I nvention now being fully described, it will be apparent to one of ordinary

skill in the art that ' “g?ﬁ, ?ﬁgﬁ reto

wi t hout departing ??‘omngﬁée@%?%%eggghg ngprgﬁggﬁF% al rr%s& BﬁS

VHAT | S CLAI MMDcolbmnéy net hod for operating an EEPROM cel | which includes a

bulk region of a first gonducti vi tl% type, a first region, of a second '

conductivity type 8phEatyof Nsoyreeilingss” conductivity type, formed within said

bul k region, a secg ﬂgbpﬁ,w@,ﬁlﬁ,a;d second conductivity type, formed
wi thin said bulk region,”a source select transistor channel region |ocated

in said bulk regi oa phutplity of M saurceselectlinest regi on of said second
conductivity type, _a r r apsy r channel region |ocated within said
bul k region bet\/\/eeﬁpéwggﬂi%’gﬂgtﬁ * transistor channel region and said
second regi on, a sqiphEglityVf 8L bit linés)anhdt or control gate |ocated above and
i nsul ated from sai d source select transistor channel regiqn, a me%r_y

transi stor fl oati ng Rirality|of NxM EERROM cellsgeach dniquely

transi stor ch | S s m;,ggr h b BSd ERPROM BlistomPAkifed 0cat ed above
and capacitivgp‘ggé%{%ﬁe g%soal ’f%‘galtb?ng gate and fsorlr?gg o% the sanme | ayer
of materialioand connect e® dhanreh mémogutransistorfexmedtin amdmary wellosaid ol gat e,

and a thin tunnel dielectric¢ regionJocated betwen I t a. tion of
said floating gat e MERPTY SRR Wﬁﬁé?%ﬁ%ra"i'ﬁ‘é‘hﬂ‘é?gf‘@%rﬁ’%s%ﬁ met hod
conprising the step: bi aehpmitsrdotiplhipietMeeashid coftrélih@and 8aid Mdatin trons
to tunnel between said nmenory transistor channel region and said floating
gate for progranmi of saidanemony transistor; andcEPROM cel |. 2. A nethod for :
operating an EEPROM cel | i i “g‘gﬁ 2 regi -a £ :
conductivity type, a fi P%Ffégﬂ#% a stet@c%h chg* ucto?%?fﬁ%%femgp%gsi te
sai d first igonduct ifloatiyg gate, fornmed within - -

14. A memory array as in claim 13 further comprising a plurality of
source select transistors, each associated with one of said bit lines, each connected
between said sources of said memory transistors associated with said bit line and said -~
20 source line, and having a source select control gate connected to an associated one of
said source select lines.

15. A memory array arranged in a plurality of N rows and a plurality of
M columns;
25 a plurality of N source lines;
a plurality of N word lines;
. one or more source select lines;
a plurality of N control lines;
a plurality of M bit lines; and

i
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said bulk region, a second region, of said second conductivity type, forned
wi thin said bul k region, tggi r ansi st or channel region | ocated
in said bulk region adj acﬁlmnmmnﬁllﬂf"rlm region of said second
conductivity type, a nenory t&ansi 9tof channel region |ocated within said

bul k regi on W& sai d source sel ect transistor channel rRVER7AHP said
second region, a source select transistor control gate | ocated above and

i nsul at ed fH)m S OUaGRurality ldfmhﬁglEP%OMeémIa#hah’quﬂydhmgledf igted withconerfsai ; ig

transistor floating, gate |ocated above and_j t rom.sai d nmemory

transi stor chéﬂW&F“dr%'ﬁ@@dgmebPﬁﬁgﬁgﬁabﬁ?ﬁkﬁmgﬂﬁﬂﬂ ocated above

and capac 1 Vel y couRl o p il fheoAPikicd Ko s kR, e sarms | ayer
to sal

of material and connecte sdurce select transistor control gate,
and a thin tunnel demory transistoragmprising asowrde, sedraiocanda floatingtgate; @od t i on of

said floating gate and sai d menory.tr.ansistar channel | .al N

sel ect trandistor channéwwg%ms?ﬂi%%ogéﬁegag%&%men
sai d menory transi ghdkaid Rosig! gatedsh said mdifbry Mafsisterg andl r egi on of said second
conductivity type, and a drain select transistor control, gate |ocated above

and insul ated from sai d aphwalityef sourceselgptdransigiprse pach iWith enecPft or med
of the sane |ayer of_. Lal gng ﬁ%’ﬂ%iﬁ&n §?|h.gess& ct
transi stor control fa%ll e?ﬁ@g{: met hod conpr | sf‘%‘g’ e st é%iﬁg?éﬁ%' asing said

EEPROM cel | i n or detrahsistors assecigicd atitheaidl Hitdine\and sid iseroeline, sad davieger y

transi stor channel region _and sajd floatin ate for programy ng and
erasi ng sail EEPROM selegcontro .gat%"?ﬂ?Pﬁ?fgmf rasﬁ’ﬁ%qnﬁ%féﬂ cel |
whi ch includes a bulggestgmeon of a first conductivity type, a first region,

of a second conductivity type opposite said first conductivity type, forned
within said bulk region, a second fegion, of said second conductivity type,

formed within said | k ' . . i | region
| ocated in said bul 'reéﬁhﬁﬁgﬁﬁgﬁggd%ﬁ%gééﬁaé% second
conductivity teoafprisés AEMOS)trankistos having itsdontrokgate seovingiad afisst espacitoriplate sai d
bul k regi on between said source select transistor channgl regjon and said
second regilén,and coupled to s Hloating gatg Q‘FMF’BF“’@%WS@E&M% and

insulated fro ' m%@Hﬁ:ﬁiF s6astbd ERhnd ReRfdn h©Serviig EAOT Y .
transistor fl I)Egta‘l‘yn% gate 5%?}"33*‘%%%\,6 and 1 néslul at ed 11I‘E"f2%¥ln§sai dg.r%rmry
transi stor chaseoeid capagitonplate and being covpledstosssociated one of said contraddisesed: above
and capacitively coupled to said floating gate, and a thin tunnel

di-el ectric region | ocated between at |east a portion of said floating

17. A memory array as in claims 3, 6, 7, 9, 10, or 15 further comprising
20 a tunnel dielectric between the entire coextent of said channel and said floating gate. -

18. A memory array as in claims 6, 7, 9, 10, 13, 14, or 15 wherein each
of said EEPROM cells further comprises an access transistor connected between said
drain of said memory transistor and an associated one of said bit lines, and having a

25 control gate connected to said associated one of said word lines.

19. A memory array as in claims 6, 9, 10 or 14 wherein each of said
capacitors comprises an MOS transistor having its control gate servihg as a first
capacitor plate and coupled to said floating gate of its associated memory transistor,

30 and one or more source/drain regions and associated channel inversion regions
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gate and said nenory transistor channel region, wherein said floating gate

conprises a first |ayer of mml‘IHM‘ silicon and said nenory

transi stor control gate .admu ﬂﬂ“l ‘ect transistor control gate are

el ectrically connected and Torfpritse®a $econd | ayer of polycrystalline
BRI | 1

silicon, sai WOMRMOU conprising the step of: Biasing said
order to cause electrons to tunnel between said nenory transistor channel

i d said £l ' £ : ] i 0g- S 1.
4 A et od adePE s oinieeuBi pRiedil DL 25 A« ARl de b RET ©7

first layer ofcop@bdledeystalline silicon and said nenory transistor control
gate, said source select transistor control gate, and said drain select
transi stor control gate conprise a second |ayer of polycrystalline silicon.

5. Anethod as in im ﬁ’ﬁﬁi@qﬁeﬁ loating gate is coupled to said
control line by cagggi tl‘p%e coup mg%?ﬁwkelg% a portion of said first |ayer
of pol ycryssal | i ne aP channel msmory teansistorsfofhesbini amemorycwell said memaryon of sai d
second | ayer of polycrystalline siligcan serving as said control line. 6. A
met hod for opeﬁi\%sﬁ% W%F%ﬂﬁi%ﬁ%%’ bul k region of a first
conductivity type, Bsoubdedines €9i on, of a second conductivity type opposite
said first conductivity type, formed within said bulk region, a second
regi on, of said secosourceseleetdingy/ity type, formed within said bulk region, a
source sel ect transia@l%rl. hannel region located in said bulk region

adj acent to said first regton of said second conductivity type, a nmenory
transi st or jphannel & eagtohtidepcated within a said bul k regi on between said

source sel ect transistar channel region and said second region, a source
sel ect transistor cbbifeg gate | ocated above and insulated from said source

sel ect transistor chanRelskadtASistoRcoRhEREY btwaiaRl Dircelopaiill Rienay ¢ | ocat ed

above and insulated fromsaid nenory transistor channel region, a nenory

transi st or contransistayand sdid sourcsdline, and:having a squresi selectgoptrelgats eamnectedstai d
floating gate and f { he same | ayer of material and connected to
said source se%é‘gfo“?%%& control gate, and a thin tunnel dielectric
regi on' | ocaised bet verrdecess transistér confiesetedibetweeh saididehid bbesid memony wamsistbr sai d
menory transistor channel region, vvher([ei n said fi iozétai‘gon ctivity type is N

and sai d secondd:Bifitling, apd hawng.a pontiol gate co € menory
transistor channel di%hﬁ&é@gﬁoﬁngw id Boritrol HROBd GiAGMnE ite'0fSi@N IS N
thod conprising t

type material, sai e step of: Biasing said EEPROM cel |
in order to camemory transistons t o tunnel between said nenory transistor - - '

20 21. An EEPROM cell as in claim 20 wherein said capacitor comprises an
MOS transistor having its control gate serving as a first capacitor plate and coupled
to said floating gate of said memory transistor, and one or more source/drain regions
serving as-a second capacitor plate and being coupled to said control line.

25 22. An EEPROM cell comprising;
a P channel memory transistor formed in a memory well, said memory
transistor comprising a source, a drain, and a floating gate;
a source line;
a word line;
30 a capacitor line;
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channel region and said LN ate for progranm ng and erasing said
EEPROM cel | . 7. A net hoijm,m "llrﬂ; menory array which includes one or
nore bul k regions of fi A type, a first plurality of i bit
lines, a first rality of i source lines, a second plurality of | word
lines, a pl WP of ixj menory cells, a first plurality W’gs &fi’%e

sel ect transistors, each coupled to an associ ated one of said i source

| ines, each menorybadine; i ncluding a first region, of a second conductivity
type opposite said first conductivity type, forpmed wthin one of said one
or nore bul k regi 8%3paciier cemprising ap Hapsstorhaving Jtscantrol gateseRdnms it ed one

of said i so | glggﬂ'q:&%%]d% &lﬁ@rﬁ LYity type,

formed withi zﬁ%ilidégﬁ@]egfﬁgglg u regi ons,elg m?%??‘éﬁ@?yg‘tr‘d%hannel

regi on | ocat souree/draimregiunsi serviag a$ a second platek r egi ons bet ween said first

region and said second region menory, . trangi stor floatin ate.| ocated

above and ¥ nsul at QMW@FMW#‘QW(??‘%MW&% nMenory

transi stor ceafdcitbr Hi¥l, Gnd RévitigaticonBol gaté bshne@aP o daidWond lieyP! ed to sai d
diele

floating gate, and a thin tunnel ctric region |ocated between at |east

a portion of sai danperesy trapsigior connaeted betweencsais of said mespory KARSIYer r egi on,

sai d nmet hod < il t . e 'Pgl Nels . of said source .
lines with a@%?@%&@?@ﬁggﬁa%?&% e ﬁgtﬁ?‘gﬁ%dl@ *s; and biasing a
sel ected one or nore of said nmenory cells associated with said sel ected
source lines in order to cause, for each said z&l ected nenory  cel |

el ectrons 9o t unnép- HeMFBERY ARy ArRges ) apluAlity of oY rawsand & Piwiaity #f Mind sai d

fl oating gat%oug{qﬁprogramﬁ ng and erasing. 8 A nethod for operating a
menory array I ch includes one or nore bulk regions of first conductivity
type, a first pluagpluraljtyof N sobice linesjes, a first plurality of i source

lines, a second plukalJ.t | rd lines, a plurality of ixj nenory Q_élls,
=ity ¥t Rogbud -

a first plurality t transistors, each coupled to an

associ at ed one of agmiﬂiﬂyosmm@odmﬁme;ach menory cell including a first
region, of a second conductivity type opposite said first conductivity _
type, ford®d wi t hPlerality of Neeantroblitesor nore bul k regi ons, said first region

bei ng coupled to iam%ﬁ'ggsﬁw%@f said i source |lines, a second

region, of said se ctivity type, formed within said one of said
bul k regi ons, a marplemlityofidex M BEPROMcalls, cach nniquely associdtediwithi onexdii d one of
sai d bulk reql AN wd Snd S of $id Solunins, eath of said ERPROM cells comprising:
a P channel memory transistor formed in a memory well, said
20 memory transistor comprising a source, a drain, and a floating gate;
a source select transistor connected between said source of said
memory transistor and said source line, and having a source select control
gate connected to said source select line;
an access transistor connected between said drain of said memory
25 transistor and said bit Iine, and having a control gate connected to said word
line; and
a capacitor coupling between said control line and said floating gate
of said memory transistor.
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region and said second regj nsistor floating gate |ocated
above and insulated from iﬂmuﬂﬁmnlﬂmistor channel region, a nenory
transi stor control gate | apacitively coupled to said
floating gate and a thin tunnel dielectric region |ocated between at | east
a portion ofW@EMPMT oating gate and said menory transistor RTS8 on,
a source sel ect transi stor channel rei gon Iocat ed within said bul k region
between sai d nmenor yoi Fﬂ@n ufility SPNFows arkd a pRHIRPof and a
sour ce sel ect tranS| stor contro ate cat ed above and i1 nsulated Trom said
source sel ect Meokuims;or channel region and forned of the sane |ayer of

mat eri al and connect transi stor control gate, said nethod-
conprising the step%eldﬁ?yéga%é?'fqﬁegnﬁﬁ%e or nore of said source lines with
associ at ed ones of §anhﬁ&§ transi stors; and biasing a selected
one or nore of said nmenory cells associated with said sel ected source |ines

in order toScause, 4 m&m‘%ry cell, electrons to tunnel
bet ween sai d Menor y, Pﬂﬁgﬁd region and said floating gate for
pr ogranmm ng and eras rret od tfor operating a nmenory array which

i ncl udes one or rmrsplu:dliyofaglxdvlsEEBROMr@ﬂs,caacldmﬁqﬁewas;oaighpdawithoheoét
plurality of i Ri a.fi ural | t f nes a second
plurality of j ﬂ“ﬁé’g gsabci Hy%%%W‘?@F 81 st
plurality of i source SeiP%haﬂhéﬁﬂ&héiniﬁ) sﬁﬁf&h&@ﬂphﬁﬁﬂoﬁy%ﬂaﬁﬁpm ated one
of said i source lines, each nenory cell including a first region, of a

second condi¥ct i vi t ymEMOTY WARSISIOr cemprising 2 squaee, admincand\a flaating gate; f or med
within one of said one o [

coupled to its associ at e%ic’@%el %ﬁnéﬁ?h@g@% |nershg§igggtgcona ?ﬂgl on, of
sai d second conduct servihy as ¥ fitst plagy cobpleditd suidfleating gatecof shid membripul k r egi ons,

a nenory transistor channel re |on | ocated.,w t hi.n said one of s |d bulk
regi ons between sai Hansisly %?ezd'é@d&ﬂ&“fr
transistor floating gat eaham&&%awmaﬁulﬁoﬂdpfamml

transi stor channel region, a nenory transi stor control gate Iocat ed above
and capaci t15vel y coasspciated enexfisaidicapacitprlinegaand havingrasapaciton select contele Iayer

of material and con ssoci ated one of said
source sel ect trans%&%&@é@%%%ﬁumﬁﬁ% n‘f iéé region |ocated .
between at |east a portlﬁh&éumﬁu&mmwmmmwfmmmmansu st or

channel region, a drain select tragnsistor,_chann egjon,located wthin
sai d bul k region beWé&i’ﬂ“ﬁ@ﬁﬁ? PF%lﬂ%ﬁaéqa‘?} ﬁ'&‘ﬁ Ving A controhgpts o o

second region, and Notle OF S4id WoRd .gate | ocated above and
S4id ki
a| n sele

I nsul at ed from sai d ct tran5| stor channel region and forned of
the sanme | ager of material and connected to said nenory transistor control

gate, said method Co5Pr | i'me?n(} hg.n%)t' gl%ng% in aplurahty of N rows and a plurality of
M columns;
a plurality of N source lines;
a plurality of M word lines;
25 a plurality of M source select lines;
a plurality of N control lines;
a plurality of N bit lines; and
a plurality of N x M EEPROM cells, each uniquely associated with one of
said rows and one of said columns, each of said EEPROM cells comprising:
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Sel ecting one or nore of said source TTTeswith associated ones of said
source sel ect transi storsimﬂm | ected one or nore of said

sel ected menory cells ass ’mlmmwﬂrsel ected source lines in order
to cause, for each said biasef rrbrrdfy sce el ectrons to tunnel between
said menory NGB or channel region and said floating gat 8800

programm ng and erasing. 10. A nethod for operating a nenory array which
i ncl udes one or nore buhwm&mmmmﬁoMimemow, saidf i r st

plurality of i bit |ines, aflrst Juralit | .source |i.nes. . a second
plurality of j wordNGMGrELran @Fﬂﬁ?‘“ Wdéa%é?g%’i rst
plurality of i source Sikﬂﬁbe&ﬁ&ﬁﬁhﬁﬁﬂbﬁbmﬂﬁ%&htﬁﬁMﬁh%ﬁdkﬂm@éoﬁ&ﬁ&Ciated'One
of said i source lines, each nmenory cell including a first region, of a
second conducti vi tmmmmww@e@émgmrwmt avingane d

wi thin one of said gne |
coupled to fts assmgﬂ%w%éﬂg%gurce%s ﬁgeéfé%id) u%g?‘gﬁ,, of
sai d second conductlinegty type, formed within said one of said bul k regions,

a nmenory transistor channel regi on | ocat ed thin s |d on sai d bul k
regi ons between said fi A8 g@%‘@ﬁ‘& ‘{1@

transistor floatingrglsg M&W&]@&%w&@& %dflﬁﬂ

transi stor channel Teqgi on a menory transi stor control ga e Iocat ed above
and capacitively cmnph&&dttoasassdclﬁﬂedanenbsaghwe:dlmtuSt@dt hin tunnel

and <aid oty trans: s ARPEHEF pping bR GCRHaARLHe B condlipgy O ©

channel region |ocated whghin said bul k region betvveen said nenory

transi stor channel region and said first region, and insulated fromsaid
source sel ect transi st osaidifionties gate gf $id BEBONOEMSHBS t he same | ayer of

mat eri al and connected to said nenory transistor control gate, wherein for
each said nenory cell, said floating gate conprises a first |ayer of

pol ycrystal |l i ne sil260on Amemoey arraycarranged incapluzality of A8 mowsandgepluralitydofs ai d
source sel ectng rf5| stor control gate conprise a connected second | ayer of
pol ycrystal'lsi OYPES sai d method conprising the steps of: selecting one
or nore of said soqﬂgﬂ, \Sbirbe BisOCi at ed ones of said source sel ect:
transi stors; and biasing a sel ected one or nore of said nenory cells
associated with sai%lplsa?lm Aiges;| i nes in order to cause, for each said

channel T E?‘éﬁyaﬁﬁ'%ghﬁhﬁfoa%a*%g%l B ogr anmi g and e asi ng. L. A
nmet hod as in clai m®plofatitesf M doatroldines; sai d EEPROM cel |, said floating gate
conpri ses azofl rst a phurality of N bit lines; and
a plurality of N x M EEPROM cells, each uniquely associated with one of
said rows and one of said columns, each of said EEPROM cells comprising:
a P channel memory transistor formed in 2 memory well, said
memory transistor comprising a source, a drain, and a floating gate;
25 a source select transistor connected between said source of said
memory transistor and an associated one of said source lines, and having a
source select control gate connected to an associated one of said source select
lines; | . _
an access transistor connected between said drain of said memory

30 transistor and
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| ayer of polycrystalline silicon and said nenory transistor control gate,
sai d source sel ect tranﬁmufmm“mn te conprise a second |ayer of

pol ycrystalline silicon in claim10 wherein, for each said
EEPROM cel |, said floatihg Gat'e i"s éoupled to said control I|ne b
capacitive cWG;?F’FWbet\Aeen a portion of said first |ayer OfCI/USI718800

polycrystalline sili con 50 13. A nethod for operating a nenory array
whi ch i ncludes one or aled6RE bP3d Bt ihds, 3hd BAAREEdrtiol YatbyPe, a Tirst
plurality of i bit I|nes Irst pl uralty of | source lines, a second

plurality of jcomededbrmsassoma;ddmnalofsgxdwbrdht}esmd)ry cells, a first

DU Y O (2O o S bt BB bert BRuSRYALE ol B °C "

second conductivity typ%ﬂﬁﬂaﬂ&ﬁni@t&oﬂa{ﬁheﬁﬁgcﬂﬂmhﬁtty type, for rred
within one of said one or nore bul'k regions, said first region being

coupled to it s associ ated one of said i source lines, a second region, of
sai d second conducté.)/ltym; Eéif %&n sai d one of said bul k regions,
a menmory transistor ¢hanne eg| on | oc Wi thin said one of said bulk
regi ons between Sald]]ﬁl typeibullegigion; and sal d second region, a menory

transistor floati ng I ocat ed _.above ul at elﬂ from sai.d ne
transi stor channel ?W’eflr"é beest byl region serying a3 8 above
and capaci ti velpif sivigred floating gate and a thin tunnel

dielectric reglion cated etween at least a portion of said floating gate
and sai d mewory tramsicendP typeangion sersig ana seuresfi eid selectiransisianand 8t or

channel region,loc in i d bul k region between said nenory
transi stor cha alttr éﬁ@%s@%"d first region, and a source sel ect
transistor control aﬁﬂpw&gﬁbﬂmmﬁnimﬂmwbmm@nw@wme sel ect

transi stor channel region and formed of the same |ayer of material and .
connected to sHfaip ofesHd Pemony{TAngBOE control gate, wherein said first

conductivity type | g sied Rnsdtrbuafied idated N\t pe/bulll RigidnSbebvéiidaidl O -each
said menory cell, said nenory transistor channel region adjacent said thin

tunnel di el ¢t ﬁtstanda@oondp—&yﬁﬂreglw, material, said nethod conpri sing the:

oD 8 et et L e erB i e il ol M AEBOE 0

said nenory Cebéﬁe&ﬁmm@hﬂ&ﬂlﬁdwmt ed source lines in order to
cause, for each said biased nenmory ce el ectrons to tynnel hetween said
memor y a select transistor con lgatef ocated above an insulated From said seiect |
transistor channel region;
20 a memory transistor floating gate electrode located above an insulated from
said memory transistor channel region;
a thin tunnel dialectric region located between a portion of said floating gate
and said memory transistor channel region;
a fourth P type region located within said N type bulk region;
25 a source select transistor channel region located within said N type bulk
region between said third and fourth P type regions; and
a source select transistor control gate located above an insulated from said
source select transistor channel region, wherein said floating gate is capacitively
coupled to a control gate line, said control gate of said select transistor is coupled to
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transi stor channel region ' I [ gate for programm ng and
erasing. 14. A nethod as immllmuﬂﬁﬂ;’miurther I ncl udes the steps of,
for a given cell, biasing offcits a d source sel ect transistor when
el ectrons are renpved fromits floating gate. .
. WO 98/29907 PCT/US97/18800

a word line, and said control gate of said source transistor is coupled to a source
select line.

28. A structure as in claims 11 or 27 wherein said floating gate is formed
5 from a first layer of polycrystalline silicon and said select transistor control gate and
said source select transistor control gate are formed from a second layer of
polycrystalline silicon.

29, A structure as in claim 28 wherein said floating gate is coupled to said
10 control line by capacitive coupling between a portion of said first layer of .
polycrystalline silicon serving as a floating gate and a portion of said second layer of
polycrystalline silicon serving as said control line.

30. A structure as in claims 11 or 27 wherein said floating gate, select
15 transistor control gate and source select transistor control gate are formed from a
single layer of polycrystalline silicon. - |

31. A structure as in claim 30 which further comprises an MOS transistor
serving as a capacitor coupled between said floating gate and said control line.

32. A structure as in claim 31 wherein said MOS transistor serving as a
capacitor comprises: '

one or more source/drain regions coupled to said control line; and

a gate electrode coupled to said floating gate.

33. An EEPROM cell as in claims 20 or 22 wherein said source and drain
of said P channel memory transistor comprises P type regions, said memory well
comprises an N type region, and charge transfer takes place between said N type
memory well region and said floating gate.
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34. An EEPROM cell as in claim 27 wherein said memory transistor
channel region adjacent said thin tunnel dielectric region is N type material.

35. A memory array as in claims 23, 24, 25, or 26 wherein said source
and drain of each said P channel memory transistors comprise P type regions, and
each said memory well comprises an N type region, and charge transfer takes place
between said N type memory well region and said floating gate.

36. A memory array as in claims 23, 24, or 25 wherein each of said
capacitors comprises an MOS transistor having its control gate serving as a first -
capacitor plate and coupled to said floating gate of its associated memory transistor,
and one or more source/drain regions serving as a'second capacitor plate and being
coupled to said associated one of said control lines.

- 37. A structure as in claim 31 wherein said MOS transistor serving as a
capacitor comprises:
one or more source/drain regions and associated channel inversion regions
ooupléd to said control line; and
a gate electrode coupled to said floating gate.

38. AnEEPROM cell as in claims 7, 9, 10 or 15 further comprising a
tunnel dielectric between the entire coextent of said channel and said floating gate.
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