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; e3eAA\ p\ (67 Tyd Single bit nonvol atile nmenory cell and nethods for
programm ng and erasing thereof 5 Field of the invention The present

i nvention general to electricall rammabl e and erasabl e
menory (EEP m‘ E‘ \lﬁﬁre particul arl y?ﬂ Hm m mwmm&te mermory devi ces
using a dlelect | ocal |y stori ing a single bit of

i njected charge 1060 present invention furt meqisoparticularly relates to

met hods for rreduced vol t ages
usi ng hot 15 Cg?rﬁgi@"tﬂg ectléiug‘ﬁgg?%ggﬁ ?ﬂﬁé}g C?r%?rofr%ﬂ-es conpri se
the l'argest class of ePECGIREAMNG & @'%ﬁbgrﬁpi | e sem conduct or
menori es. They represent the fastest growi ng segnent of all sem conductor

menor i efFjeldfl dfetheiventibn Nt egration densities, fast read access, electrical
wite and erase and all ow a permanent data 20 storage. Fl ash EEPROM

Zf‘SFFE' eéhgagﬁ*ﬁe%ﬂﬁsgﬁé'éﬁ%%t@h §%€%:’Fﬂ8ff§§t%§’ oI RRE, ?fé’dé'@ﬁ?fﬂéb%gﬁ Bfct ance
MOS j b, Thi [
nsul ot SERSUATREOS (FBOR MY Seoss, ITGH GRdICIy e SAF: S21S meinon si co

A control gate, capacitively coupled to the floating gate, is used to

modul at devices 25sing ex digleelricpayentorloaslyt steringoand mgtazing. a Tirglel bidtafng
gate is formed froma conductive material such as polycrystalline silicon

i n whi Cl‘m@@t@d dmjr@@t ed charge will be distributed over the whole of the
conductive floating gate. 1 Al ternatively a non-conductive material,
sucfpas ni trige, d:r‘ééénpiﬂvéﬁﬁ&w Yd}tﬁéraiﬁuéﬂéﬂgﬁ‘e@ﬂes @ateikodidroduced into the

non- conducti ve tewll, to a lar ext en be confined to the place of

or ogr anpredoe e el hudf blerla] dhiiGEs EPRMe AR 0B RERT D,

non-vol ati | e , EEPE cell using a nitride |ayer sandw ched in between a top
and a b&BUEHIYRFH¥ ayer. This nenmory cell is programmed using conventi onal
channel -hot-el ectron-injection to inject electrons into the nitride |ayer.
Channel - hot-el ectron-injection requires the junction region to overlap the
ni tri de Bamkgrouwsdt he i njection of the hot carriers occurs at the 10
posifion of the maximumelectrical field, which corresponds to the

met al | ur gi calFiggmEEPROM!t wesmotibs Somiprisendhé hiargest! classnot elesiricgilyand
wel | -control |l ed doping profile nust be realized too.

alterable, nonvolatile semiconductor memories. They represent the fastest

growing segment of all semiconductor memories, offering high integration
densities, fast read access, electrical write and erase and allow a permanent data
20 storage. Flash EEPROM memories offer the ability of erasing all or selected
groups of the memory cells. Charge is stored on a floating gate, which modulates
the conductance of a MOS channel underneath it. This floating gate is electrically
insulated from its surroundings by a high quality dielectric, such as SiO.. A
control gate, capacitively coupled to the floating gate, is used to modulate the
25 electrical potential of the floating gate. The floating gate is formed from a
conductive material such as polycrystalline silicon in which case injected charge

will be distributed over the whole of the conductive floating gate.
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The symmetrical |ayout of the device allows, by appropriately selecting the
vol tages, electrons to be injected on either side of the non-conductive
floating 15 gate. Two bits of data can hence be stored, each bit on an
opposite side of the floating gate. Erasing of the cell is done by renoving
the trapped el ectrons, through the top or the bottom el ectrode, using

Fow er - Nor dhei m tunneling. The stored bits are read in "reverse direction":
the bit at the drain side is read, i.e. the shift in threshold voltage at
this point) i&ltamadivelyda nap-gerdiidivegmetrrialr 8HEh A DE0A®i 687 ke HReddBur ce
and the gate voltage such that saturation is reached in the channel region
near t hestsorichergeTonsChatge itticntucedgntmths hbn+oemsikiuttiee igatd wilhde atargbe
charge, which is stored near the source junction. In the ideal case only

the inflgaBae 8 coRfinédas dhespiate bmpdodubBoslraHd asuaces@n gy thEm@ed!
current is 2 measur ed when reading the drain bit. The doping profile mnust

L% 2Bl SRS SRR BT M TG o
senss SAotbAUIRIREY 4 bl Sabr SR BEAAM NnuBRE SITRES LS,

must be conpatible with the supply voltage of the logic circuitry on chip.

Ot her wi %8 e inheteeen adapuandg bologe oxids layere Jinis ragrmony gellvis! t age
circuits, which are e.g. used in the decoder circuitry, nust be provided on
chi p to mogrardmedesing toanwehtional ahapinephobEleatrem-ingatied todnjept eldctronige
flash menory. The scaling of the transistor 10 di nmensions towards 0. 35

m cronetigfo &l nRedeaysr. ICHMRYABt-BlexfroPCinltiBawduitesanai jLatlich segehY
voltage from5V towards 3.3V and bel ow. Providing sufficiéent power~to

oper at © {1, SRIDHo Sl RARICS, SHEN AT el Migsid DRI B K { 200

is scaled an ay densi I'S I ncreased, ess areéa for
the column.drivers. Furthernore.the arge ,pu circuits,. which generate
the 195 HHERITORAD 156 arNmEh anedouads wif SEReshPASe 1A ae maERHETaTHm ¢ ne
| ow supply yolt%gx, becone | ess efficient and nore area consum ng as the
suppl y Jenetige bedwaer rthgsemin Landdheowebntiens® a sharp and well-controlled
channel - hot -el ectron-injection (CHE) requires a gate voltage of 8-9V or

above. Soping poafilemtstdpevelatizggtoar e nuch hi gher than the 20 supply vol t age
of fered in subm cron CMOS technol ogy. Programm ng nethods are devel oped to

reduce the rerhd spHniBtagsldavORbMALIRIRS afowdbibhaap fo?:ria&ly%létéﬁtrng thed J.

Bude et al disclose in "Chisel Flash EEPROW Part1l: Perfornmance an

scal i ng'yhithGEE. dedftons #boGs ifRcl&Y bhesithelbite?8P the PRnlcotRutadd fdbdiRY 3
15 gate. Two bits of data can hence be stored, each bit on an opposite side of the
floating gate. Erasing of the cell is done by removing the _trapped electrons,
through the top or the bottom electrode, using Fowler-Nordheim tunneling. The
stored bits are read in “reverse direction": the bit at the drain side is read, i.e. the
shift in threshold voltage at this point, is measured, by grounding the drain and
20 biasing the source and the gate voltage such that saturation is reached in the
channel region near the source. This saturation region will mask the influence of
the charge, which is stored near the source junction. In the ideal case only the

influence of the charge stored near the drain junction on the cell current is
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vol t age programm ng techni que using substrate-enhanced-hot-el ectron
injection, also often referred to as CH SEL, to scale the gate voltage of a
stacked gate nenory cell down to 5-6V. The proposed device still requires
hi gher progranm ng voltages to attract carrier towards the polysilicon
floating gate, e.g. 5 8V at the control gate. In European Application EP
1,096,572 anot her | owvol tage progranm ng technique is disclosed. The
mechani sm of drain-induced-secqndary-ippact ionisation is,used to inject
hot el ectiegayrgwbeneaRinss e grayabl of P4 coping pEElle SIS AR Ol (o
overlap of the floatu§% ?ate_ovqr_the drain junction, the drain 10 voltage
i s capacgngineeredctoupnatietlocalizedfinjestion gf gatrieranbiubalspdoalion aeieening afy t he
secondary el ectrons towards the floating gate. Although nethods exist to

| ower sotievibibdn tihe oppositesidendsf thelonadseing ednsbdon of the erase voltage is
still burdensone. Using FN tunneling for erasing floating gate nenory

devi ces requi fapdhnfelitsO. db8Snficfatel fth Aibs! drforttar e 1dgic LidlRRf 11 ©

| ayers electrically Insulating the oat'i ng gat'e ‘cannot be s 0 “such

extent that ,the correspondi vol t ages are consi ger I ___Evepn when -
= hegat | BNV oS TBAHTrE do Hoei ged or HEN I BRL e BimenBl.c
step of erasing the nenory cell are still above 6V duge of the poor

scal abi | Wity the supelyrwhtagepibedegic sircaitry af ehP. (thsnyisesareplexiand aesad

el ectrons nust tunnel. 20 Reliability concerns such as noving bits and
stress icmhsueuingechieage poony eincuite and bigh woltage circuits, twhioh ite segonsetk in

| ayers. 4 Ains of the invention An aimof the present invention is to

al | ow | oveVcidodige cireaitdl, inlistdie pRivided oarctipite drevide Ithe infeaidd ondenipe gate
menory- cell and arrays thereof. 5 An aimof the present invention is to

di scl 058,98 HEbUAIAPERRFALTIAINAE NALNIR). a1 BBhngABeine iRt |

menory cell“Conprising a charge-storing ctric. imo present
cimate. Bl oXriS 8. Rtk e aRamoh T R BT 8 e USRI, 7o
Singl e gaably Sgpenraags oy 83 Fowdisr Sa\GTe BRE CRTAGTERBE 1 c.
T e & cparas e o Gl besomes oren hae A whven the sl
voltage is scaled and the memory array density is increased, leaving less area for
the column drivers. Furthermore the charge pump circuits, which generate the
15 high memory operating voltages for programming and erasing from the low
supply voltage, become less efficient and more area consuming as the supply
voltage is decreased.
Using conventional channel-hot-electron-injection (CHE) requires a gate
voltage of 8-9V or above.' Such programming voltages are much higher than the
20 supply voltage offered in submicron CMOS technology. Programming methods
are developed to reduce the required programming voltages. S. Mahapatra, S.

Shukuri and J. Bude et al disclose in “Chisel Flash EEPROM-Part1: Performance

and scaling”, |IEEE Trans. Electron Devices, July 2002, pp.1296-1301 a low-
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15 which programm ng and erasing nethods are at |east as efficient as those
used in the prior art) 'while, however, requiring only rmuch | ower voltages.
An aimof the present invention is to allow efficient use of chip-area,
particularly when further downscaling the CMOS technol ogy in which both the
logic circuitry as well as the integrated EEPROM i s manufactured. 20 An aim
of the present invention is to allow further downscaling of flash single

bit menory cells usi er of a non-c uctive as .fl oating

gat e AnUoIaGe BTodTaMTTIRG (SELBIE vilodmpsharsehbatetibal-eRetBBdpistdon.
integrating flash nenory cells in a CMOS process. This is particularly

i npor t anglsboeften-refdrrastiis as CHiBElddel S|¢e}ﬁ)ihﬁ gote ivollageryf avusbackachgald ocess
steps related to the nmanufacturing of the nmenory cells have to be

reconci | atbrmbtyh ddile dovan | ab! S-EWOST ing oprssosiedr dealice catill ngaqlﬁlielss-hiéhét her

ai mof the inventi on is to disclose a nenory cell concept that can be

used forP%rg?s F\}cﬂt‘é ckasHRheOYarkief thWét‘%iseﬁl% &M?él%rpﬂoéhﬁ' Bte, e.

appl i cat f the invention . an aspect of I nvefition,

a met [Q a single bit, si ngle gate nonvol atile nmenory ceII
inte égo%ﬁﬁgcgﬂﬁ%#%a met al - oxi desemi conduct or t echnol ogy, IS

di scl osed Said nenory cell 1 conprising a sem conduct Oﬁ substrate 2
including a sthEé’éOBea%WPﬁt'qn rEne)P h%ﬁaé? 2 anqter oyv-valtage peegrasaming our ce
3 and said drain 4) a gate electrode 5 separated from 15 said channel

regi on biechnitjud dst disclasedckTloe swichadisal eof rdraeinsinduked-sepondarngimpadteast
one charge storing dielectric layer 8. Said progranm ng nethod conpri sing

the steppnifatidnals ngedaiodirjectr ket 3ldotronsoimtel)thapfdatingg gatd iofsa sptit-gage of a
first sign to said drain 4, applying a second voltage of a first sign to

sai d gat %e’?mo@%llam&!d'&v@rléod‘gg Iﬂkée g&lﬁértg@e g2fe GVeraRBRR A uﬁbﬂé‘ntt‘ﬁesé’r'g%

sem conduct or “substrate 2 said second and said thir

ecotar YRR CHERIaY TRciol 18 B8 HRRRT, dteand BSuiEin athha e, o

the first, se ond and t ol.t age being, applied respectively to the
drain) g%?%o SIRIrONSr W@r%?glfr PRiNL9Re-of 1.5V or less, preferably 1V
or | ess. The absolute value of the first, second and third voltage 6

bei ng appl i edAitbeyglatinethgds existetodiawer, sgm%Nlaaidtfmjlmommmg\g)r\@gta@ﬁm ng
is about the same value. Preferably this absolute value is 5 V or |ess)
mor e pr efegluatiby dof lthe esdsololtages &l stitl burdénSome. Usiss FN tunaeting dor esgsheg  of
the invention a nmethod for erasing a single bit, single 5 gate nonvol atile

nenory c%étmg"gaw maﬁomdéw@és Rreirds TRE ahseddf ql@gée@ne@méwem tecime! ogy,
i s disclosed menory cell 1 conprising a sem conduct or substrate 2

! ”C'lgdsal gPegif‘?é’HS%ré” eléctfEAl ln%lﬁhgh@%”ﬁéatfr?ggfé dEnhdy @é’%ﬁﬁannﬁabﬁ' iy OUr c€

raln-4, gate ect ro separ fromsald regl on

char g 5%75%5%Bﬁafot%%%éqrZ%%Wﬂiyﬂtgééé sipird E%‘?’%Wnk}%%%gdc%m@f‘ﬁﬁnﬁe ne

steps of biasing said,source 3 to ground) applyin rst, vol tage of a
first sN@@Q"itb’esé{PEegﬁ R ﬁ'egpﬁﬂ e @ales G"@SP? Jof’”&ﬁgot&?ogtqiéogi gn
to said gate 5 and appl yi P a third voltage of an opposite sign to said
seni condefasing thebsemery cell seg still iabove B\Aiduieset thedpaeer sealabilibhiof the dop age
cooperatively establishing programm ng of said cell using band

and bottom oxide layers through which the stored electrons must tunnel.

20 Reliability concerns such as moving bits and stress induced leakage current will

put a lower limit to these oxide layers.



1% to-band-tunneling-induced-hot-carrier injection. The difference in
absolute value of the first, second and third voltage being applied
respectively to the drain, gate and bul k during programming is of 1.5V or
| ess, preferably 1 V or |ess (Sane renmark as above). The absol ute val ue of
the first, second and third voltage being applied respectively to the
drain, gate and bul k during programm ng is about the 20 sane val ue.

Pr eferabw\,gfs}l]éﬂ;@ebﬁ{vﬁ‘&ﬁ/al ue is 5 Vor less, nore preferably this

absol ut e less. In a third aspect of the invention an
efficient arrgy configquration, for the nenp evice of the jnventiaqn is
i scl osed. - Thenanb Py e Preseit inveatignas To udw ToWaEliate SierabPy Sl o
colums. Two adj acent nmenory cells in each columm have either the drain 4
or the saorerebeddedfiash i single getd memorydsll a7d aweyathereeht nenory
cells in each columm are connected to forma programline PL, running

per pendi cul ar Arpainh@f ¢tké IpreséntinveMiei & &bdiscldies adowavaitagBLprogrdraniirg in 5
a first interconnect |ayer of netal connected via contacts or vias to the

f
drain ju hQ_- 0 ' f nmr ko g@g,lgi are
connect egﬁtge? fpﬁ%%ﬁ'éfﬁgI d‘;r ]ﬁis?lg rB%'lrhg)l el tgoﬂ?@b@gr raespo gicér?ch |1
col um. P’rfgf etr.abl y this bit line is forned in a second, higher,
interconﬁ ?cr'ﬁyer of nmetal connected via contacts or vial to the source
junction. From each colum the gate 5 of 10, rmrg cells, at identical
hori zontal podin ain&fithe Presertdnuantion is toAIRGASE H9Wt\ff§te\9§rféf°|9f$f@m9
runni ng perpendicular to the cell colum. Preferably this word line is
f or med i mathed pfor ya rsjglal polyesisgle doh marmadryt eelloeomprisingatechargetstodeg4 of
each menory cell. So word lines and programlines are arranged in parallel.
15 Byg ef dlegsstricpti on of the Drawings All drawings are intended to
illustrate sone aspects and enbodi nents of the present invention. Devices

are depi cted h il BPlthe! BLoURY HOEntisFISNPIdisdase [ loWloilde ergsing

alternatives and options are shown and therefore the invention is 20

rof or onclahRd A EMolS oG ol Tt PR oM PamPHSTIE A cfibeching = 1 °

Cross-secti oqal | ayout of a nmenory device according to the present

i nventi ofl!®CtHC. Figure 2 Programming characteristics of a device according
to the present invention illustrating the threshold voltage w ndow, and
nore parti cul #risyanraim of the riovention %@ presept at singleabit BEPRQMedevice in
Conparison of the bit-bit interference according the prior art (CHE) and

t he invewhicnp(dgramifigand edasing Trethoalsaatecal st asdfficiedbas dbose asedi ng
to the present invention illustrating the threshold voltage w ndow, and

nor e par {4 ¢l gidryart,hilk) hov@é\fér,uﬁtﬁﬁrirgﬁe ohliemiichdbwar eoltages. Figure 5

Endurance characteristic of a nmenory vi Ce programed and erased accordi ng

to embodi ment Adobirh!6r uiE PHebaft i@ R o Rldy REiEiBhTRARE 8! Whiiflarea,

progranm ng and erasing a nenory device according to odi nent's of 't he
| nvent | OBaRIEIHy fireroHirki SoWRERINGAIHS CIRR LEHRIGEP it SinibA bItRREY
logic circuitry as well as the integrated EEPROM is manufactured.
20 An aim of the present invention is to allow further downscaling of flash
single bit memory cells using a layer of a non-conductive material as floating
gate.

Another aim of the present invention is to reduce the costs of integrating

flash memory cells in a CMOS process. This is particularly important for so-called
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to'an enbodi ment of the invention 20 . Figure 8 Programinhibit behavior of
the nmenory architecture according to enbodi nents of the invention 25
Det ai | ed description of the invention The invention is described in the
sequel through a detail ed description of several enbodi nents of the
invention. It is obvious that other enbodi nents of the invention can be
configured according to the know edge of persons skilled in the art w thout

departi h [ i L the nventi I eis
ot 1 GERTRd cPeehd: Sblishidhs, et o Pee? %‘.’eh%u?%"%@# 7
fabricated !in the technolo i,n which the non-vol cells
o | neGPABKACKINGAR) B8t BITEPY CBIpINaE Voo §EcONEH Wikniena ﬁaéi
vol t age defined above will be referred to herein sinply as an "external

vol t age"CM@AS prodessdontdbricatinggitipd.s meant the vol tage avail abl e on-chi p,
which is 35 generated by charge punp circuits fromthe | ower supply

voltage. 9 Anh@Mer almIfaMe igvertiopnBito Aisdloss asheniorpakllicaneept tHataxap ngl e
gate deV| ce 1 according to an errbodl ment of the invention. In a

sem upstr r, e | sle ai
gty Chpesrodnff SRiedded” Flech Jeoirboy DI wiRduSs Toys R OHALENE,
conpri ses conductive gate 5 forrred on a stack 5 6 of dielectrics layers.
Because aﬂ@ *T structure available in the core CMOS technol ogy is used,
the junction regions 3 and 4 will essentially not overlap the gate region
5. As shown in the inset of figure 1 for the drain side a doped extension
4a (and ﬁwnmnyamimcainwtyomoped ext ensi on), underneath a spacer 12, can
be present to forma conductive path between the highly doped 10 juncti on
4b a0d the cHanaelaspagt @f tHe im@entisne @rmethpdafori gregramsibgi & reimgleMoly
technol ogy. The source 3 and drain 4 junctions are of a doping type

0pposi t%iﬁgﬂet@sted%nnelawé)%efndr?eceﬂum%@aét@dloﬁr aVehip ifroa meealRyigase of
teaching t nvention an n-channel deviCe will be used wherein n-type

junctio Py} ub, t illed
in the %%Fﬂ Egncﬁﬁ]qér Eﬂﬁg&ogggais S%Rfsﬁg é%[%)ad-ﬁ eﬁf lruc{EA(b F|§‘?\ sc‘grrays
di scl osed _i.n the present ap at.jon coul d a channel

devi ce. SAMIFORASE ggsgﬁatr@tre Qr{nﬁaﬂﬂagi BPOuEC dfﬁﬁ ‘% Wnﬁ%l E@IeN A& i on
regions forpmed adjacent this single gate. AIthou h the device structure is
symet r itRetweer said seuggeSnand ssaﬁ@gamoﬁ aegaﬁef9epﬁed§|%ée@ﬁratﬁé Wem ce
fromwhich the bit is programmed. 20 The conductive gate 5, is used as gate
el etir odeid chbnae! tdgiomrijeal dielastfic tak 6ctsa|ida.di@hetrmnd@ckyﬁotgpﬁisiagkaﬁ of
dielectric layers acts as the gate dielectric of this FET structure and can
be a satehutdheotharghi stofing disleskicdage88 a8didaptdyramhniingi rabtinid compprigily  The

first 7 and third 9 dielectric |layers are electrically 10 i nsul ating the
m ddl e by Sfepd of BiaSing! <Hid BoLdes t8 ground, ASHFingSa ArstRltEge oFaPMSE
char ge- StOI‘IrE% | ayer. g]The stack of 9’ l]Jectrl Ingyers rrustgbe capabl € g(h:)f

to said drain 4, applying a second voltage of a first sign to said gate 5, and
applying a third voltage of an opposite sign to said semiconductor substrate 2,
- 20 said first, said second and said third voltage cooperatively establishing
programming of said cell using secondary-impact-ionization-carriers. The
difference in absolute value of the first, second and third voltage being applied
respectively to the drain, gate and bulk during programming is ef 1.5V or less,

preferably 1V or less. The absolute value of the first, second and third voltage



receiving charge carriers injected fromthe channel region 10 bel ow. The
injected charge carriers nust be stored and retained within the
non-conductive mddle 5 |ayer 8. The charge trapping |layer 8 can be a
nitride |layer, an oxide |ayer with buried separated poly-silicon islands
where the charge is stored within these conductive poly-silicon islands, a
| ayer conprising separated silicon mcrocrystals, where the charge can be
stored in these separated silicon mcrocrystals, a silicon-rich oxide, a
hi gh- k dbeingcapplied uespectivielyodo thexdminr gatecand1 butkndudng | regraroming dgs 7,
8, 9 can be fornmed by depositing a first dielectric 7 on top of a major
surface ghotththe esarmenvhlatoPrefdrablatisis 2abddiute Mated isli 81écor iless] re
typically silicon dioxide formed by thermal oxidation of the silicon

substr at ﬁﬁe%@bﬁﬂﬁs ggsgﬁpgghk%ggy?@ df%é%ty of CVD (chem cal vapour

depositio gues, e. ornmed by Low Pressure CVD, oxides forned

by Atom c Layer CVD. 15 Typieally the thic I A iL.electric is
bet ween 3 ananZBn?l erasgpﬁfgﬁﬂgp @F\%ﬁgﬂ %éﬁﬁ?ﬁﬁ%k@ éesé'iéia%dﬁ' él'@?ri c 8
is formed on top of the first dielectric 7, whjch el eﬁtr_i cally, insul ates

t hi s Ssec@?i@ Revolatigireemory 6ail integratad @h a cBl A MEtahe¥dg=anicongyeiosl | v
the second dielectric 8 is a silicon nitride, having a thickness betwen 2
and 20 ntechpokeigyy ais| disvinseskn Saidinchetorn celh 1 opomprising 20 samicodductor
dielectric 8 a third dielectric layer 9 is forned, e.g. by CVvD, which

el ectri Pabds\tcdtewlrﬁﬁng@séemr@,_ diRhiacs 4 eh@nhelradidte 10ahebdtwebnridial | y
this third dielectric 79 is a silicon oxide having a thickness between 3

Coxi do- ey BhdSele HENACH dariAlekOm o Septpicd el Soilieharhie resion. . e
i el oct o SRR =8k b 5B TETele stRKETBPRAS 2 arRa TS oforerergtial | ne
o 02 debTaloh iS5 SR APt ing SR SRS afelh e
L e a oaraooha%s = ot sl a6 34308 5o a0
enbodi ments of the invention is that they can be nanufactured using the

MOSFET s iseebhd @oﬂbgeaﬁyamwrbahé &igmtd baidcgate £MAA &pplbing adbird Vokaghy
requiring only one additional masking step. 10 The device shown in figure 1

conpri sesf éﬁtSP%@:ﬁ%gﬂ ?%B%e‘?ﬁ[c@n@@%@r@ub?;%f&?, é”aiﬁ'fﬁsﬁrs%iid‘sécéﬁd ghgal s

and a dielec parating t gate 5 fromthe channel region 10

- bot : . : ag L D . ¢

o necda SR yB046¢ RedeRrs RN bRabibE b oattn A babLeu PR B g

I tsid he reqi, h hi, | t to.the 15, o

pr ofidr T S ARSI SRR SR O e T o e Rl BPS (bR Bovaite
stack 6 is first formed uniformover the wafer and, by using a nmasking
step, tfthedirsl second ansbthinkbvektaar peingyappliedrrrspastively to et drad), gatg.
silicon oxide, of the non-nenory or logic devices is fornmed uniformy over

t he waf eand Alutleduting programinoimgols ohi1sBV |aniessgarefedaklyetVrorclesshéSaraee
el ectrode | ayer, e.g. a 20 polycrystalline layer) is deposited over the

vaf er. TehfarkdscafdRO! ML abayte ValuRasf tRiefrdt, tsecbrd ardhiRditaefe Lséig?l ogi ¢
devices as well as the gate of the memory cells. Al other steps available
in the col GGV bEHNY 18IMe A, Tats Yrld BOREurlfg programming is about the
20 same value. Preferably this absolute value is 5 V or less, more preferably this
absolute value is 4.5V or less.

In a third aspect of the invention an efficient array configuration for the

memory device of the invention is disclosed. The memory cells of the previous

7



by a person skilled in the art, can be further applied to conplete the

. MOSFET structures of both the |logic and of the nenory part of the chip.

Anot her advant age of the devices according to enbodi nents of the invention

is that the proposed devices don't require el aborate junction 5 engi neering

to ensure, inter alia, |localised hot carrier injection. The results

presented in this application are obtained in 0.18um CMOS technol ogy: the

t hi ckness of the ONO stack 6 of this SONGS (seniconduct?r .

ONO- seni 88peeicas Prariized in<caumAm Tavo Bdiaaset troRMSEY &ells, ingeagimaodymine

nitride layer 8) 5.5nmfor the top oxide |layer 9. The n-type source 2 and

drain 3 have either thesdmie 40orltPensaleep 3amstid br cemnon &heetraimgt addesedflitwbavi ng

a doping of 3el7 cnR2. The cell size is 0.54 un2 with a width over length

ratio Whyphefit %B“émé@ %@&% SRIBESILMMEr bﬁﬁééte@sto%ﬁr‘ﬁ@%?@?ﬂaﬂw liRk pat ent
e appli hno

applicatron can ed to any non-volatile nenory tec ogy enbedded

in a CMOS technal ogy.. on _skilled i i e recilate
the - advarrige rerpancicdlal B B ek kol  Boselatin woarHIF ol AR Enos
technol ogy) in which thef non-volatile nmenpry |s i ng{\grated with I o%i C,

ci rcdl t r §, fifsh ItgrrAnnash laydreRtinaeladl qanngciad yta SOPAKS &' YIRE onthehCrdiR a
met hod is disclosed for programm ng a single gate non-volatile nmenory cell
conpri si upctionh@ihgesosiree nodedikbbtiter memanyesellsZio aarh aeldiy asecbnnected
programmed fromthe drain side, by applying a first voltage of a first sign

to the diqfdrmi &nbitilipe, 4ungingesanfiel e theopfespondired cell wolimnt Feefirbbly>, a
third voltage of an opposite sign to the substrate 2 and bi asing the source

J unct i'd“uﬁ? bt eI OrmBH: P4 XeEBha ] Richer ChiféiobARBCt fybRiof hédF BoRfectth |

then migra fromthe source 3 rough the chan 10 to t rain 4

(arrow i). and gain _ener fromthe dtain-so V. a Lepy Greating

el ect ronz”ﬁo?%n%gtsr &r b@ag)é?i spw&cﬂur}c& ?\Sj{rﬁgr}] e%bhgﬁkubﬂ?itﬁgo‘?&ﬁegrm?he
drain. One type of the thus generated carriers, "first-inpact carriers"

whi cH ar @ ra/sc@[a; @wd@nfﬂeabﬁpﬁaqn posiiionsen ¢a¢fincoMMS 46, mnrtﬁcteiﬁa(ct
into the bulk 2 of the device (arrow j) and gain energy fromthe drain-bulk
vol t age theeweny lioedALi ngnning perpendicular tactheotelhepkinyai Preferably this overd

i npact ionisation event. Because the position where this second i npact

i oni sat i fme ¢ formsed ép ¢l pobyrerastaliimeesiliobn naseants fors the lyads electtade 4l ofa,

the energy of the first-inpact carriers, their diffusion life-tine, the

bul k dopﬁ@&? rﬁé]ﬁo%)c&m@d“@p?d fhés @narwrog%hir@fs drecarddimded iripsidlian, one can
not speak of an i1rpact position but rather of an inpact region as indicated
by the cloud k. One type of the thus generated carriers, "second-inpact
carrjerss. .. which are el rns i.n this teaching, will be attracted towards
t he fgsgt eBgle ‘ﬁ%'%}b‘?%ﬁgf‘?g‘@%ﬁ'@s\m Il be injected into the dielectric
stack 6 (arr O)&Iﬁ ch)aWin%engyes ?ntngéQ e’tosiltlL(’i‘étlrastteI scglr%engépugc?s oafnd embodiments of

the present invention. Devices are depicted in a simplified way for reason of

clarity. Not all alternatives and options are shown and therefore the invention is
20 not limited to the content of the given drawings. Like numerals are employed to

reference like parts in the different figures.

Figure 1 Schematic cross-sectional layout of a memory device according to the

present invention
25



15 this process, as indicated by the cloud k, the second-inpact carriers .
will not be injected into the diel'ectric stack 6 at one single position

al ong the channel as would be the case for classical

hot -el ectron-injection, but at a statistically distributed set of points.
The progranm ng nmechani smexploited in this enbodi nent charges the charge
storing layer by a non-localized injection of hot 20 carriers) generated by
a secondary inpact ionisation nechanism taking place in the bulk of the
devi ce. Figsrea’d RBrograminmiggt hbaragtenistiop of a rdevies cagcaddivBat@ydbes persantat
substanti al |y tinvestioe illustratingrthe nhitashott edléage windavacand mareearticelatigd 14

charge is distrifaih@denyenf the sghstrateibids.n this dielectric stack) this
regi on being determned by the statistics of the overall carrier generation

Procass. r ﬁ?@%sé? riRbhB¥ theShitblt fidRFretbnde 8BENdIREEhS BrigAkR ggngner gy
to generafte thethe" %ﬁﬂéﬂ)gggl_@rrl ers; a |l ower voltage difference between
the source 5 3 ahd the in can be applied. Because the first-inpact
carriers_must j n_enqugh ener, to generate second-ippact carriers; a
noder at & g4I éggraﬁ?t ﬁﬁ"@”ﬁé%éénat IeR a?,%oﬁé;'agdtotﬁgeﬁﬁﬁ'?tafr@’eﬂt'ean be
applied. The gallustsating dhesthirasholdl velteggewindaw.n8NAamRrCeRETHVIAMY thae
secdfd- i npact ciafluesee of theyaubstsaterhiasent energy to cross the
substrate-dielectric energy barrier. If oxide is used 10 as a first

di el ect rfFigure BhERduRinseettearaytdristici ¢fra nserdodevelice Erogeamomed and dra8e¥ f or

hol es. For the gexrifmgllccddediri¥nts offHESnvastioh scussed in the prior art
section, the injected charge is stored on a conductive floating gate and

erodd PR e ‘”tggﬁ°ﬁ‘*’5‘ﬁ&e§ e Bt 'ﬁ“?ﬁ 2R o R ROPRTA BelE,

t I t
towards this flé fqr gj\ég{a&t%rgggdl%ﬁ%@{s sjtp irp\)p r§/to?1’Fvery hi gh voltage to the
gate electrod as |y a part of this fe yoltage will ,be avail abl e at
Phe 1 Lodt HP doho gD &am@wcﬁﬂax;@ﬂbQU%§MM PR ePD dPUGe AFasEeiRgen
the substrate 2to amembasimend ofiieinyedtiRe gate el ectrode 5. Such
capditive divider is not present in the device disclosed in the -
enmbodi nefigsre 8 | Proigngma inlutaiér bghavos afothmbsemarg arohifechye. agoortirg to
di fference i n abmbodimentsl afdhefinvéwetidri r st and second bei ng applied
respectively to the drain) gate and bul k during programring is 1.5V or
| ess, preferably 1 V or less. The difference in absolute value of the

firsf, ?gﬁ?%naags&hbfﬂnv@i frdfJeRitish appl i ed respectively to the drain,

gate an during 15 programmng is 1.5V or less, preferably 1 V or

| ess. The absg] ut.e v e. 0 i .S i t '
applied res p:@?%\}@ﬁfﬂkg ish‘ge%é}g:f%é f’bﬁleegglﬁ@gﬂﬁ}?ﬁg%% %gta‘grggg?%er%#ﬁgﬁg%f
about the sane. Preferabl hi,.s ahsol ut.e val.ue [.s 5.V or |ess re

o ef er afeyerhembpginents of shadtydin |t 5 offuals et RiteP EmbpliheRLAE b8 en
the drain is biased to 3.5V, the gate to 3.5V while the substrate js biased
to -3V. inventian ganhaweonfiguredi agearding; te thier kaewied 98 it RRECVE Slladhia the
programed nenory cell as function of tinme (sec) for four different val ues
of the tart withoatdépbrtingdfrer therue spirit of thainpjendiondrai n Vd and gate Vg
voltage of 3.5V, while the source voltage Vs is put to zero. In this

enbgdi ment  10Withesdpply VoRagde $€ friitht thé vaBgbasedatomsuiply pewaerdo aribgie t he
third voltage has a negative sign. A nore negative bulk bias wll lead to

an |LTPr QURAPEASEABTABEdiEC P 16 CRDSPEARPHT Whlchag: T yoafieer

gi ven programm ng nsec, becomes |arder wth increasing

bias. The substrate_bias thus_cantiibutes ta t LQn /.01

accel er a[PPHW%fcﬂ%t a&? éﬁ?qrgﬁzatﬁgal’&'i’)ﬁf&g?%aﬂylgﬁ ‘f‘%ﬁf;?’ :"Dg%,bgt%tgggftﬁ?g W?e
programm ng nechani sm of the present .invention is.labelled as |

subst r atSiPbhh y¥RBage tﬂﬁflr@%@tbpgﬁ-WWj E@tﬁe&fr?@éﬂé‘?r%é'mé’!}t @eeAlf exiaraal
progranm ng nechanismis that, contrary to the conventi onal .

channel MoltagetcWith “(nteiBal velthgal smmeant therwltage availablg eotehipi which Ise
floating gate 6 at a well-defined position. The injection of the carriers
accgkdi iferePatdichPERaRIY pdfhp Biv@its feomi thedonet-suppbl voltggect | on phenonmenon,
showi ng a nuch nore scattered injection behaviour. Figure 3 illustrates the
di fference between the present inventi@ and channel-hot-electron with '
respect to the spread of the injection position when progranmm ng the device
of figure 1. When programm ng the drain



16 - side, being the "programbit", according to the present invention, the

-, change in threshold voltage (err)Vt (U) at the source side, being the "bit

at the opposite side") of the transistor is nonitored. The two bits are
read, i.e. the shift in threshold voltage is neasured at two val ues of the
read vol tage Vds between source and 5 drain: 1 V and 1.6V. Using
conventional channel -hot-electron (CHE), as is the case for the dual bit
menory cell of PCT application WO 99107000, only results in a small shift
of the threshdiiguneol sagesaa schemabtioracesssseetioralilayeutyfl § singlelgate dekice

el ectron injection nmechanismis exploited in PCT application W 99/07000 to

devel op & detdrdipigttodgy iepgbodifrargiof thadnieritiorfindasenicendiciiedulbstratbe? t wo
extrene 10 positions of the floating gate 6. Using

substrat e- 5 e Nz 4 Njesti PR a1 iShi i

vol tage SISThanGafiierBAAoe Landirah'Phidhy BoBet i8fking B HERACHE-
vol tage at. the drai.n side, indicating interference between these positions
' the 1 BUGRSHAP GotIBIBGAlR, WIS GOBIPIISER RECrRUirto Sages STAHL oD & SIAPK, <
used at the source side to read the bit at _the drain side, the increased

t hreshol § o6 digleetigs layesouBeeayseidhe MRSIFEBE stediute amailabler fredhei eore
exploited in this enbodinent by only storing a single bit of data into the
f1 oati ngQMOS. téchmlogs ud tuded; thies flnztied eddions ehtgnd awwibhl essentially not
progranmm ng nechani smcan be used for this device. The single bit device of

this enbgdepBhthé Jaté ReGionNBEAL | ShoWH D the irfyetas BaNfSMheCOAI9VidSa
stored fromthe drain side onwards, but Is not 20 | ocated at' the drain side

¢ E'ezgoﬁ‘lf dhPEq TBREYFCho i??“tdp P?ﬁ%rﬁ'?é‘iﬁa Uéméﬁé’zpeé"’f %?‘*’efﬁﬁ“% 3”@&?@%%2 % he
. 1.5V - bi [ P [ [ WO
091 07000 CAE 2GR DETHESANb IR ISR ARG B Heetesrh e Biah SBpeo,

art is required:-to extend the depletion region of the junction to nmask the
nei gitbor jungtient4k rand the mhansel HggicsadOo@s IHERENBPNt RTactigegife sUbBUErOBuUt
voltage mght result in a so-called soft wite error: sone carriers of the
r ead- out CMOBetechmotggy. getien sewoce 18 andr dsainod hencliprs tasd dhaodoping typsked
bit and hence add 5 unwanted charge to this bit.. Wen further scaling down

t he changgposite thendoping eye bf thedstbdtriters er artieFos tHeopbmpadepsiceadhiag onl y
one bit is programmed.. Scaling the channel Iength would bring the two bits

bet voen TRonyBRtiofah A enpAREl S8lick il b BESTnGEREANpS dncine, e onee
| i cat} t hé | abilit f t,h d ' t ot h

over _opieraetndtval PayBe RSBl o or ATERRSS apRINAT Bt Mot -

t he vol t ages thg cl %ser t he source and drain junctions cag, bF br ought

t ogdheragiowledge that the methods, cell structures and arrays disclosed in' the

present application could also apply to a p-channel device. With source and drain
junction is meant the highly doped junction regions formed adjacent this single
gate. Although the device structure is symmetrical, the term “drain” is used to
identify the side of the device from which the bit is programmed.

20 The conductive gate 5, is used as gate electrode to bias the underlying
FET structure. The underlying stack 6 of dielectric layers acts as the gate
dielectric of this FET structure and can be a sandwich of a first 7, a second 8 and

a third 9 dielectric layer. The first 7 and third 9 dielectric layers are electrically

10



breakdown is less likely to occur even for short channel lengths. In a
second aspect of the invention a nethod is disclosed for erasing a 15
single gate non-volatile nenory cell conprising a charge-storing dielectric
| ayer. The nmenory cell is erased fromthe drain side, by applying a first
voltage of a first sign to the drain junction 3, a second voltage of an
opposite sign to the programgate 4, a third voltage of an opposite sign to
the substrate 1 and biasing the source junction 2 to ground. The erasing
mechani s; ItAk SR idgR t (] i Iy :
dieIectHﬁEHgﬁﬁgﬁgggﬁcarng&ghﬁfTﬁgggh§k§g 55%%3?nggﬁgié?ﬁgﬁbgﬁgﬂgg?giers
used for_programing, ia this-teaghi.n |l eGgLrons t.nj ed, dur.i ng
or ogr amfnG S T R daRdr T weekalhiPRgTLs deV ety niiFtapEl SRkEbs ¢
negative voltage to the gate 5) the drain 4 is put into deep_depletion and
"col d" 1r@ceiMiyd ekarggcaEesk Rueceddrom thashanpebeggion JRne!Pvad Neeinigidadt he
drain 4 and the channel region 10. These "col d" holes gain sufficient

ener gy fcehargehearsers ansstl be etatedebpdt reitainbdfwithid the benarmndustivarnmiiddie cr oss
the substrate-dielectric energy barrier. If oxide is used as a first

di el gct riager’ 8t rag é%r@e%@ﬁﬁhghayéi grcérgb%-%\i‘grfd@rla ek &§txads |apt WitBeV
for holes. The gate-drain voltTagé nust be sufficienf to forma dee

p
deol et i . . : co 0t ¢
carr i or SIS SPBaPpl ol M 1HEn e s S BRI 10 Brad 30 (P
| ar ge enou ,0r these.carriers to gain sufficient, ener%épto cr,0ss..the

subst r at® U@Llé%t PAYSHIGAR, 1sIAPASy ~a101aME FPTEFsNge PRPIFRISAU 8liGANye of

the first, second and 'third voltage being applied respectively.to the
drain, gaicsoenyataial whanei Hie pehajgansangbes stored §r thess, spparatedbsiicany or
| ess. “The absolute value of , the first, second and third vol tage being
appl i ed miespaysialsla/silicontrichdoxde, a gvgrekatidlebtridksutir 88 ¢ifRrRp MADgONGros
about the sane value. Preferably this absolute value is 5 V or 15 |ess,

nor @opr efies alllactkibiSyerb I8 iecymbeconhied - (AVdeposiaag a firdt didleetrier7 ef tog
enbodi ment the drain 4 is biased to 3.5V, the gate 5 to 3.5V while the

bstrat IS Ri - ‘ i : i . sh
the shi 1T CUPEIR TRFEsf A7 FRIETOLRY Phaste By THe St P £t on
foti for f i f I f .the bulk bi Vb = 0. -1, -2,
") 1 ortvealy siiben Wbk GErER R Sretaatiaion e tod s Bobsie e e
the source voltage, Vs is put to zero. In this enbodinent the first voltage
has a pdd@n bedepogiied iy pevariaty SEde¥B (Eheminal vaRAIR GeROHHIR) teahuigHeS e
sign. A nore negative bulk bias will lead to an inproved erase efficiency,

as the tehgeThOSIfuoredyy ldw Rressure C¥/ DYy axides Jormed dyeAtamis bayemeyD.
smaller with increasing bulk bias. The substrate bias thus contributes to

t he 1genehygi¢ally thedhivknase adfethis fit diglebiric isobetwewn8 drite 20rminD prefiecablon,
therefore the erasing mechani smof the present invention is |abelled as
subst r atltwBBANG O&hd 2fThrh O-THA SebdAd ChieltHE I8! G8 dfonPledn Bhe td it ClheO first
dielectric 7, which electrically insulates this second dielectric 8 from the channel
region 10 underneath. Typically the second dielectric 8 is a silicon nitride, having
a thickness between 2 andl 20 nm, preferably between 5 and 12nm. On top of the
20 second dielectric 8 a third dielectric layer 9 is formed, e.g. by CVD, which
electrically insulates the second dielectric 9 from the gate 5. Typically this third

dielectric 79 is a silicon oxide having a thickness between 3 and 20 nm,

preferably between 3 and 10nm. In the thus formed ONO (oxide-nitride-oxide)
11



5. ( SEBBHH) . By appl ying a negative bias the surface lateral, field is
“enhanced. The "col d" hol es generated by surface band to band tunnel | i ng can
gain energy fromthis enhanced | ateral field, beconme "hot" and can be
injected into the floating gate 6. Since the erase nethod is based on the
injection of hot carriers, the erase efficiency is independent of the

t hi ckness of the bottom oxide. One 10 advantage of the erasing nethod
according to this enbodinment is that the bottom oxi de need not to be scal ed
to al | ovstacks6nthe buitrideariaper Kepprovidesk the ohamge tretenienanmheehatienh for
retenti on capability. Figure 5 shows the endurance characteristics of the

cel | 8&6@%%@@@% ?ﬁ&n@ﬁﬁ%ﬂj'@glthg éﬁqﬁe%ﬁﬁ%éle@fnctllé et BVé?'ébhHUctn?@re

than 10 0 cycl can 15 ‘be obt An overview of fhe voltage w ndow
for pro nd .e th e bi. ¢ time

w ndow &ﬁq%geﬁgff ‘Fgﬁf(s}gﬂ)wﬁ@eciy%}glhﬂa %“ﬁn%ﬁﬁ%%‘?‘%gagméﬁ‘ﬁ‘o%n@ﬁ@% °8hown
in figure 6. The shift t( in threshol d volta? ven as aé{unctlon
of time 10249 4@(9r”@’|‘ﬁ’8§ efi (e sndsedas gatedna ‘?f'a\/d'“ thgiﬂ sasedhgAevisg and
bulk Vb bias. In a third aspect of the invention an efficient array

conf guranildbe Ebeldn aseamiygldepoly edevice. hEhe ropaitictive |gate||fswlbsb@dof thegure 7
shows a nenory conprising several sectors. In one sector the NOR-type

MENDIry addrA¥ déPing Bhedd $rt stifca Irand drdintaojupktioestbodi ment of the invention
is shown. The rrermry cells are organized i n colums. Two adj acent nenory

e drain g T AVERR 6 fle! d8iiotDacEE il fo BmbdmBAE EFths RREALLA 1§ OmON

The drain 4 no ad acen NMenory c sin eac unm are

or ogr aminAh e “d' %ﬁrﬁﬁag&#wsﬁﬁv%ﬁéﬁeﬁbﬁ??fcéﬂwe%?ﬁ#a# Byl i s

program PL IS for rred a first interconnect |ayer c$ %I connected via
cont act $hercaje LMQp ﬁ%@ﬂﬁ'%h therebY FQUiniag Nere q'g&? Pagkingnelens y
devices are mirrored with respect to the programnetal. The source nodes 3
of " flRe MEvdeviog sBown i@aﬁgum)nunmmrisesotin@eg/t(éaFEaT elementsbot a1gate Be,
running parallel to the corresponding cell colum. Preferably this bit line
is formdurce 3 &L ardln 4hiegindials ianides dileetic layered separatirg theogatecs édnyi a
contacts or vias to the source junction. From each colum the gate 5 of

menory I d akohpy{- [ 3 NaeARCArKR! 4 ected
by the \(}ﬁlradéhlé'tr]\%élw%gl?ﬁn?\long{ Béﬁﬁ%.t@%ﬁﬁdﬁ?t heacel ' col u%gﬂ@?e?g?gbl y

gat o of SRR %‘#FEH%SQ‘%%@?‘? R DA i

arranged i rallel. The ar.r hown .in figure t ed
array a§°ﬁ%€ggﬁlr‘"@@r%es nQ:Ftﬁgﬁet f%g'ﬂ{'r%n%& q‘l’%”ﬁ'ﬁﬂ?fﬁﬁiﬁ({h%mry
cell is-contacted. At each |ntersect|on of a wordline W. and a bitline SL a

memdfy dBEMOLY jagrayo dataearefegedrembadimentgef Hie inventiernihe jewnation of the
according to this enbodinent is that the highest voltage seen within one

sect or Hielattrichstadk & is firshforniéd ugiforn over the wafer and, by using a masking

step, then removed outside the memory region. The gate dielectric, e.g. silicon

oxide, of the non-memory or logic devices is formed uniformly over the wafer.

After the formation of this'logic gate dielectric, the gate electrode layer, e.g. a

20 polycrystalline layer, is deposited over the wafer. This gate electrode layer is

patterned to form the gate of the logic devices as well as the gate of the memory

cells. All other steps available in the core CMOS technology, and as such known



.of.-each cell can be limted, resulting in a high enough disturb margin..

. Programinhibit is needed to prevent unwanted progranm ng of nenory cells.
If for 21 exanple the cell 1 at the intersection of colum C and row A is
to be programmed) the cells in row Ain the other colums w Il be exposed
to these drain and gate voltages. To prevent unwanted programm ng of these
cells the bitlines BL D, E, F etc. will be biased, in this teaching, to a
positive voltage. 5 Because the bitlines BL are commbn between sector 11
above anbly sepemon skiled di, thehartreanbe tsthes agplisgctosompletel thepd@SbeIed to
a higher voltage at their sources , which m ght cause disturbance within

t hese cestrsctuféwokbothahelegiccamdpodiieamenryagat ofthg. cipss than 4.5V in the
exanpl es given above) the 1 nhibit voltage applied at the source side 3 of

the menory Ce'ér_ﬁtﬂé? aaVHATh d@h%ﬁ‘”ﬂ@ dé?/Y&ec?loac%%F&Héeto aEmBBAAeH fo'rgwee 7,

the bit line connectl ng e source nodes 3 a colum 1s conmon to aII
sectors,. the.bias_ a 0 hit line,w al | m)ry
cel | o+ nvaBoaals offtndenronrecdy fevlphs, Riitogennlf Hivadte nindtE

vol tage woul d i ntroduce disturb across other sectors. In a preferred
embodi me@Rgingesaa te €NsHFs. Hnteradia: lngalised bpt oermrigsinigctiens suf ficient to
prevent a significant shift (V) in threshold voltage Vt. As illustrated in
figure 8 the Thee=saltd presentgd Fhitis applicationsarasobiairngd am Gof 8wime CAODBCce
vol tage. A shift of less than 200nmV can be obtained even the drain side is

bi ased fichABloyse th&Qhicknds$ dYihe @N@stadk BRBEERsI BONASK sendicnd@étdr-
configuration, the programtine of ‘'menory array is about 20 mlliseconds

(msec): ﬁ%ﬂ?%@hﬂﬁéna@c@@”a@@{&elé 5. 900 Sty to : JHof® oxid€ 7t P%r{r’n”ﬁ){d e' ng

whi ch ge e Mmrror row are éxposed e program Voltage o

igLﬁﬁSQt@h%'aVﬁrhdgﬁ“a' fofdRE OB 08 1Y, o BRTLER S R S Ry .

22 Clainms Claim Arrethod of program n aS|nIe bit nonvaqlatile
menmdy deNctiong @@eaq é&umn geprans formedhit @ r rtzﬂréetarwe d@¥ing agdepva of
technol ogy, said nenory cell conprising a sem conductor region (2)
i ncl udi nget7 swof.cEheegelbrsiza)is @.5dr amf mithi en Wid)h cxed-lengtaratio Wagi oh
(10) in-between said source region (3) and said 10 drain region (4),
0.25um/0.18um. However the methods as disclosed in this patent application can
be applied to any non-volatiie memory technology embedded in a CMOS
technology. A person skilled in the art will however appreciate the advantages of
15 the embodiments presented when scaling down the CMOS technology, in which
the non-volatile memory is integrated with logic circuitry, to submicron
dimensions. |
In a first aspect of the invention a method is disclosed for programming a
single gate non-volatile mémory cell comprising a charge-storing dielectric layer.
20 The memory cell is programmed from the drain side, by applying a first voltage of
a first sign to the drain junction 4, a second voltage of a first sign to the gate 5, a

third voltage of an opposite sign to the substrate 2 and biasing the source

junction 3 to ground. Primary carriers, electrons in this teaching, will then migrate

13



a control gate conprising a gate electrode (5) and dielectric stack (6),
sai d gat & el ectrode (5) being separat ed from said channel region (10) by
said dielectric stack (6), said dielectric stack (6) conprising at |east
one charge storage dielectric layer (8), 15 said nethod conprising the
steps of; biasing said source region (3) to ground, applying a first

vol tage, having a first polarity, to said drain region (4), applying a
second voltage, having the same polarity as said first voltage, to said

gat e el drim dde sbbjce 3 2Wrcaghl thierghamnichil 0do\\thé idagie, 4 fevowd) hed gaih anietgyy
opposite the polarity of said first and said second voltage, to said

sem condiih e’ BfdiAlkduite Ratdhd Hidteh Séﬁéétﬁﬁcél&t%dhélé'g fr8i bg yoirspge

cooperatively e I ng pr granm n of sai'd cell nj ectl on of

| oasimBRet BRI ms?ﬁaﬁ*s%ﬁfn‘d’ﬁg Gl e &4, o e Rrafed G ¢

of said nenory ceI Ca , A rret hod as recited ip.claim 1l whereby
t he abs&aarﬂ%rs\/a’ratsmwa%téiadnﬂsr sWh'CB@é%ﬁ@'%kﬂtg {e@Cbm&, i tizyekop thass.

30 23 Caim3 A nmethod as recited in claiml or 2 whereby each difference
bet wéen poiiret abismpaatdntcatheebulif 2tafdheadaviee amow Rang gainsenergyl ffosethmd and
said third voltage, 5is 1.5V or less. Cdaim4 A nmethod as recited in claim

1 wher eltainbisulkivdiagense résy mnﬁ@%qﬁé%ﬁlk\@eé@omb@pams Biadss@send and

said third voltage is at feast 4V." 15 Claim5 A nethod as recited in claim

4 Merelf%ﬁgee BREhihe cYebte satekd s opadsy 'atsemis! ecahEolieayal ue

of said irrd tage V or od as reci

f or egoi |mvvhereb sai,d char t orage_di el ctrlc | aye 8

sandu c IUSEETGERCISAERRRHE ST AOTBEToST BRLARPIE M SHOR Aoy UG é&a 08 t e
any foregoing ¢l ai mwhereby said charge stor ag? di.el echrl c |ayer, %ﬂ
conpr i s@hergy of dbe fisshimpacteamierst hedr difusiartlifgytinesit @Ité“ Kidoripan dati| e
menory cell integrated on a chip in a netal-dielectric-sem conductor

t echfol dpping profilesand depth lof ¢hendraini jupction, one can not speak of an impact
position but rather of an impact region as indicated by the cloud k. One type of
the thus generated carriers, “second-impact carriers” which are electrons in this
teaching, will be attracted towards the gate 5 by the gate voltage and will be
injected into the dielectric stack 6 (arrows ). Because of the statistical nature of

15 this process, as indicated by the cloud k, the second-impact carriers will not be
injected into the dielectric stack 6 at one single position along the channel as
would be the case for classical hot-electron-injection, but at a statistically
distributed set of points. The programming mechanism exploited in this
embodiment charges the cfharge storing layer by a non-localized injection of hot

20 carriers, generated by a secondary impact ionisation mechanism, taking place in
the bulk of the device. Instead of having the majority of the injected charges

stored at substantially the same location in the dielectric stack 6, the injected

14



a .sem conductor region.(2) including a source region (3), a drain region
(4), and a channel region (10) in-between said source region (3) and said
30 drain region (4), a control gate conprising a gate electrode (5) and a
dielectric stack (6), said gate electrode (5) being separated from said
channel region (10) by said dielectric stack (6), said dielectric stack (8)
conprising at |east one charge storage dielectric layer (8), 35 said nethod

appryi nearge iSRS v 2, reRjOR WG i PRI e T A5 tncin Hed o

(4), applying a second voltage, havi nﬂ the polarity opposite the polarity
of sai dde errmln&d)bm@@stat@tl%pﬁﬂyaoéer@ &ﬁrflgﬁﬁe'@@)at'oB P&g‘ﬁﬁ%ﬁ ng a third

vol tage, having the sanme polarity as said second voltage, to said

sem conduct oBecagserthé PHrimasaietedtiorst wilsanty seedrtd gaid eduph lenedgw dd t age
cooperatively establishing erasing of said cell using

subst rapsnér%'? @ﬁ@%éﬁﬁfbab?n@%t HNBRet %Itb@dld?ﬁ?&eh@é béNvéeﬁrthercﬁ.ﬁéé on

into safd at east one charge storage dielectric layer (8) at the drain (4)

(%IoalS de?’%&f@ﬂ% ﬁ@og e:s)lt e&é%ﬂ%%l%@g%éa ﬁ‘l rs?ﬁngsaat 3% rde' ﬁﬁ'!s&?gvol t age

is 5V or |ess. ClalmloArrethodasrC|te§i|nclalmQWner ﬁ

di f f er cRBAUERt RBRIYY: K@ 9E56TAIRe SEEPREIMPACE WEATIEIT afe INATRT %l dVP fg®, said
second and said third voltage is 1.5V or less. Caim11l A nethod of

pr ogr antiffegescaibetwaerthendraim 4rand:theesubsteatei daaa bei apliedpi thegatebdei | e

menory cell integrated on a chip in a netal -di el ectric-sem conduct or

t echnol eglystrate Zeblage must eldrge amough foy the ssstoadrichpacbcarrégrsdo gt
including a source region (3), a drain region (4), and a channel region

(10) I ngbgcwpre )?jté%%é‘setﬁtﬁgbgﬂrét%)dlél&tﬁélleﬁeﬁﬁﬁbﬁrrfefﬁglfcﬁkldé)s used

control gate conpri'sing a gate el ectrode (5) and dielectric stack (6), 30
25 b 3F4F aEBF LR o O ARt 20 o TS SR
one chay gles or %ge dgl\n%leegrtorpbged%/y J. éu?je, as discussed in the prior art section,
the injected charge is stored on a conductive floating gate and not on a non-
conductive charge-storing dielectric 6 as disclosed in the embodiments of the
invention. In order to attract the generated carriers towards this floating gate
15 ' Bude must apply a very high voltage to the gate electrode 5 as only a part of this
gate voltage will be available at the floating gate due to the capacitive divider
which is created between the substrate 2, the floating gate and the gate electrode
5. Such capacitive divider is not present in the device disclosed in the
embodiments, allowing a lower gate 5 to substrate 2-voltage.
20 The difference in absolute value of the first and second being applied
respectively to the drain, gate and bulk during programming is 1.5V or less,
preferably 1V or less. The difference in absolute value of the first, second and

third voltage being applied respectively to the drain, gate and bulk during
15



sai d nmet hod of pr,ogranm ng conprising the steps of: 25 . biasing said
source region (3) to ground, applying a first voltage, having a first
polarity, to said drain region (4), applying a second voltage, having the
sane polarity as said first voltage, to said gate electrode (5) , 5
applying a third voltage, having the polarity opposite the polarity of said
first and said second voltage, to said sem conductor region (2), said

first, said second. a aid third vaolt C ragd v i shi

br ogr arRTRj0T TR B Ha Of e e R Al ot iBreer. ot anepl Y Fed by a
secondary inpact ionization nmechanisminto said at |east one charge storage
10 di el &gt pecond @nd(i§jrdayoliage beiagraRpipdsiaspestivalyite *{%‘@ﬁ%‘@”c@ﬂe gny, said
nmet hod of reading said programred nmenory cell in reverse direction

conpr i sbalk diming prgmranfmingiiasbogt e damieaPrefezgblyrthistabsoidteswlde is 5 V

sem conductor region (2) to ground, applying a first voltage, having a

first pel fdss! orbprefirab§yAHiCA IR ValiS)s 4 BY aplRsyi ng a second vol t age,
having the sane polarity as said first voltage, to said gate el ectrode (5)

d b ¢ . R ot : L4 dra
ogibn (4 1 e HISTERY ety e Bl SRR I St cal R ey 1T
i Si f single bit (ol at .| I )., f
cai d mohbly el puSstists iBdHgred gAY SHakEoncteter PEGHDN G2y HEpdig o
source regi onaf 3), a drain region (4), and a channel region (10) in-between
sai d sovoltaged¥/tr ehithe preyramanesdamenaeryi eell @i Bingtion, of tisemi(ses) fprt four
conprising a gate electrode (5 and a dielectric stack (6), said gate

el ect r od#felont \aduag of dpabatkebiab (Vi = gj-d, eha3Wg|for agiiven @il by asdi gate
dielectric stack (6), said dielectric stack (6) conprising at |east one

charge ¢4GfAQedbred 8Vt While!tA¥ 8butdd vol&lyePlrsis puetdize . 18 thikfembodiment
characterized™i n that 26 sai d peripheral circuitry includes neans for

pr ogt anmm i f [Ghs Sd i i cells
(1 o His Brstefish se T vaRaG@tingl sy 3 uphis WAL voligoHEY 6 5°)
menory circuit as recited in clai 2 wherein,sai d neans for progranmm ng
anal o Bpagive, s ¥ merpuredbfebilk s S dphe Wi, ERERYer r BRAGITEN:

vol tage, having an absolute value of 5V or less. 10 Caim 14 A nenory

ci r cui t efficiansys gsnieathresheld vsitagershié aftar agiven RIPIr@mmBing meel9-6- (1 )
organi zed in colums, each of said nenory cells (1) conprises a

seni conthsecprbecmnes lazger vithudnopasingp bk béas. ohhé 3pubstirateaibias ethiusn (4) ,
and a channel region (10) in-between 15 said source region (3) and said

drain reghteibuteb to the geheritiopphsd/epERtERIraton didict elbetednvaeat He drdina
dielectric stack (6), said gate electrode (5) being separated from said

chapyel ;Jn%%ﬁ,n théRold tRél HrogirQIlr\‘Frﬁhgi ﬁmeg:iﬁ‘f’l'l%rﬁ%f thd! Prebieph eiplvehiont ck (6)

conprising at |east one charge storage dielectric layer (8), characterized
'n that labelled as substrate-enhanced-hot-electron-injection (SEHE)..One feature of this
programming mechanism is that, contrary to the conventional channel-hot-
electron (CHE) mechanism, carriers are not injected into the floating gate 6 at a
well-defined position. The injection of the carriers according to the present
20 invention is a non-local injection phenomenon, showing a much more scattered
injection behaviour. Figure 3 illustrates the difference between the present

invention and channel-hot-electron with respect to the spread of the injection

position when programming the device of figure 1. When programming the drain

. 16



20.in each colum (C), adjacent nenory cells have either the source region
(3) or the drain region (4) in common, wthin each colum (C) all source
regions (3) are connected to the sane bitline (BL) running parallel wth
this colum (C), within each colum (C) each of said common drain regions
(4) is connected to 25 its respective wordline (W) running perpendicul ar
to said colum (C), and; wthin each colum (C) each of said gate

oot P L R e e R G e M
menory cell (1) in a nenory circuit as clainmed in claim14, said method
conpri sthigshold waliage AVt £9) at theasourgetside bb@lngﬁbe(BL)atéBﬂrQ@@pédet&bdQ he

source region (3) of said nmenory cell (1) to ground, applying a first

vol t ageof lttew itresistbr Iimnqmloaedi.tvhettwd bits varedieiade i £Wthe csbrifivdie ttacedhld he
drain region (4) of '"said nenory cell (1), 5 applying a second voltage,

havi ng {hgs ffn@as@rréa ¥t Q«ﬁoé@ﬂ@eé bf ﬂ]e v&é& BRagé Q/dshsewé@f 88utdd8nd PL)

connected t e gate electr sald nenory cell (1), appI ying a

Sai o soBrin 9 a8y, OshY §é¢>?€yfz§ AR R e fieReBoh s 35 s iy 2
ot her  bFars FheBlup! B reeinerRbbY P stpicatenael 9Bt0B: aBR asultadn: 2a i n

claim 15 whereby 15 the absolute value of said first, second and third
vol t ageaismal/shift okthe tneshaltyoliagelabthe wanpee sides Tihis highty locatizeddwoti s 2v
or less. 28

. A. Al . AbledtrofAinfectibn? miichahistn Bs AAIditedAn ARCT Adpplicatibn AVIO SR/GY0X0 o A" . Asa
CAN% A; LA YE. ATU9. A sBVXoUf X>! sWp

.| wrmheg %‘hﬁé S@h%@ﬂc%a aﬁlt@v%i s@a eahged afd salredlt Me e gagel cal ca

]ca] caj céa,%’ calca Ucal ¢ c: aj cal

U YRGS TRk ek %9]%*2%% A G s s L P R
calcal caleal caleal sel ool ool e el gl oal aboalenl SaloRbabed oL e -l oa

](?a]( ((:?]& % c**1xsni d_Z]]ca] ca] ca] ca)] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] cal ca] ca
] ca] ca] tE‘a]t r@]sba]d:apliayeaqfca]a: rain| sigles alpgligadiapc Htedersnogy between thgse/ >0011
11" 252237333 4s4455

5} xsni dp@sitions draleafloaliogbetd. daleraiveinca bibirafea valtagsd oﬁ]\/ds] zd].6¥]isa] ca] c
a] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] cal 55-66"77$888&9x99: T:;

, It <<gesd aMire 3urdak GbAltsSend tRE] e he e al4in] sidd, anboabesedl wadsdigal cal

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal] ca! A6BBBB: CCC$DDETE
M m&dﬂ iaéifgg]égf@%gg rc‘g ca ca s(;:]fa dca] IQ Scae]ﬁgac Clg. %’é Igla c(j:a ca ca] cajc
R e f@kﬁﬂﬁﬁ %&gi%%“*aﬁ%%‘?‘?ﬁé iGA &%5%%5?5% feal cal
2! anbEIaNeq SRR Y | ohyan oepET A A ER) RAFERG A PE A sz%ya] caca
} ] f?%%ﬁg]%%ca%&ag (c:ig!n%g] 8? ]tlsg] gra]]b%a Ir%g]n(t:ﬂacsalage;;ygnqmet% k(i(harge
storage mechanism: charge is stored from the drain side onwards, but is not
20 located at the drain side only. As the memory cell is programmed from the drain
side and read from the source side, a lower bit line read voltage, e.g. 1V,
compared to the read voltage, e.g. 1.5V of the two-bit memory device of PCT
application WO 99/07000 can be used. The higher read-out voltage used in the

17
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lower operating voltages allow shrinking of device dimensions. The lower the

voltages the closer the source and drain junctions can be brought together as
breakdown is less likely to occur even for short channel lengths.

In a second aspect of the invention a method is disclosed for erasing a

15  single gate non-volatile memory cell comprising a charge-storing dielectric layer.

The memory cell is erased from the drain side, by applying a ﬂ.rst voltage of a first

sign to the drain junction 3, a second voltage of an opposite sign to the program

gate 4, a third voltage of an opposite sign to the substrate 1 and biasing the

source junction 2 to ground. The erasing mechanism uses injection of hot carriers

20 into the charge storing dielectric 8. These carriers will be of an opposite type than

the carriers used for programming, e.g. in this teaching electrons are injected

during programming, while holes are injected during erasing. By applying a

negative voltage to the gate 5, the drain 4 is put into deep depletion and “cold”

- 18



98310947& ()- 9"1094& ()- L"109%& ()- 10M 10M 10MDL10%VE ()-7.yaBbC 10°
0A09T& ()-&3"109F& ()- ! #10%0& ()-9"109F& ()- &' 109d& ()-
F$10967& () - ePdEBC 10&F("10967& () - , &FIA09A& ()-$"10907& ()- & "10947& () -
&' 10978 ()- & 109%& () - G dEbC 10@" 109T& () - 3" 109%T& ()- 0Z%A0WT& () -
'1090& ()- , 1090& ()- s*&L0%& ()--xz{|}~bC 10" "10%VE () -
1090V& () - MMLO%VE' ()-M 10T 10T 10T, 910947& ()- | 7#1096& ()- ~\dEbC

Y,
2 10014133 230 o @e a5 By O ook ior4 oAb eI beiery the 6ol 4 pnd the

9409V ()-L3" 1008/ ()-! SH10%Y& ( m\wyz{ dE: / _10M 10M@®109%& () - 93

109k ( )chaniped oegien(10. kesa Jonlt (t)ole&mm%.@f qigntognemgion) ¢ swirface

10M 10%@&' ()- 3" 109%@& ()- | $10%@& ()- Y10%@& ()- 910%@& ()- 10%@& () -
lateral electrical field to become hot and to cross the substrate-dielectric energy
barrier. If oxide is used as a first dielectric 7 then this energy barrier is 3.2eV for

5 electrons and 4.8eV for holes. The gate-drain voltage must be sufficient to form a

deep depletion region at the drain side and allow band-to-band tunnelling of
carriers used for erasing. . The gate 5 to substrate 2-voltage must be large
enough for these carriers to gain sufficient energy to cross the substrate-
dielectric energy barrier.

10 The difference in absolute value of the first, second and third voltage being
applied respectively to the drain, gate and bulk during programming is 1.5V or
less, preferably 1V or less. The absolute value of the first, second and third
voltage being applied respectively to the drain, gate and bulk during
programming is about the same value. Preferably this absolute value is 5 V or

15 less, more preferably this absolute value is 4.5V or less.

In a preferred embodiment the drain 4 is biased to 3.§V. the gate 5 to -
3.5V while the substrate 2 is biased to -3V and the source 3 is put to OV. Figure 4
shows the shift (V) in threshold voltage Vt of the erased memory cell as function
of time (sec) for four different values of the bulk bias (Vb = 0, -1, -2, -3V) for a

20 given drain voltage of 3.5V and gate voltage of -3.5V,while the source voltage Vs
is put to zero. In this embodiment the first voltage has a positive sign, while the

second and third voltage have a negative sign. A more negative bulk bias will

lead to an improved erase efficiency, as the threshold voltage shift after a given
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The “cold” holes generated by surface band to band tunnelling can gain energy
from this enhanced latera! field, become “hot” and can be injected into the
floating gate 6. Since the erase method is based on the injection of hot carriers,
the erase efficiency is independent of the thickness of the bottom oxide. One

10 advantage of the erasing method according to this embodiment is that the bottom
oxide need not to be scaled to allow erasing, but can be kept thick in order to
guarantee good retention capability.

Figure 5 shows the endurance characteristics of the cell programmed and
read according to embodiments of the invention. More than 100 000 cycles can

15 be obtained.

An overview of the voltage window for programming and erasing the single
bit memory device within in time window between 10usec and 100msec using the
previous embodiments is shown in figure 6. The shift (V) in threshold .voltage Vit
is given as a function of time (sec) for three different sets of drain Vd, program

20 gate Vg and bulk Vb bias.

In a third aspect of the invention an efficient array configuration for the

memory device of the invention is disclosed. Figure 7 shows a memory

comprising several sectors. In one sector the NOR-type memory array

20
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5 by the black squares in figure 7, to form a program line PL, running perpendicular

to the cell column. Preferably this program PL is formed in a first interconnect

layer of metal connected via contacts or vias to the drain junction. As shown in

figure 7 the memory devices are mirrored with respect to the program metal. The

source nodes 3 of the memory cells in each column are connected to form a bit

10 line, running parallel to the corresponding cell column. Preferably this bit line is

formed in a second, higher, interconnect layer of metal connected via contacts or

vias to the source junction. From each column the gate 5 of memory cells at

identical horizontal positions in each column are connected by the word line WL,

running perpendicular to the cell column. Preferably this word line is formed in

15 the polycrystalline silicon used to form the gate electrode 4 of each memory cell.

So word lines and program lines are arranged in parallel. The memory array

shown in figure 7 is a contacted array as the source 3, drain 4 and gate 5

terminal of the individual memory cell is contacted. At each intersection of a
wordline WL and a bitline BL a memory cell 1 is located.

20 One advantage of the memory architecture according to this embodiment

is that the highest voltage seen within one sector 11 at the drain 4 and the gate 5

of each cell can be limited, resulting in a high enough disturb margin.. Program

inhibit is needed to prevent unwanted programming of memory cells. If for
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8&$S#10wmEgremmed# iitgells Jn rovgiinkihevetendrelumnegyill be exposed to these
drain and gate voltages. To prevent unwanted programming of these cells the
bitines BL D, E, F etc. will be biased, in this teaching, to a positive voltage.
5 Because the bitlines BL are common between sector 11 above and sector 12
below, the memory cells of sector 12 will be exposed to a higher voltage at their
sources , which might cause disturbance within these cells. Thanks to the low
program voltage, e.g. less than 4.5V in the examples given above, the inhibit
voltage applied at the source side 3 of the memory cells in column D can be low.
10 Because, as shown in figure 7, the bit line BL connecting the source nodes 3 of a
column is common to all sectors, the bias applied to the this bit line will be seen
by all memory cells in each sector sharing this bit line. A too high source inhibit
voltage would introduce disturb across other sectors.
In a preferred embodiment, a source inhibit voltage Vs of 2V would be
15 sufficient to prevent a significant shift (V) in threshold voltage Vt. As illustrated in
figure 8 the threshold voltage shift decreases as function of the source voltage.
A shift of less than 200mV can be obtained even the drain side is biased for 30
sec. For a 256 Mbit array, arranged in a 16K x 1K word configuration, the
program time of memory array is about 20 milliseconds (msec): 1K word X
20  20usec/cell. The disturb time, i.e. the time during which cells of the mirror row are
exposed to the program voltage of the adjacent row, would equal the program

time of the memory array. The 30 seconds shown in figure 8 hence prove a large

enough drain disturb margin.
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chip in a metal-dielectric-semiconductor technology,
said memory cell comprising
a semiconductor region (2) including a source region (3), a drain region
(4), and a channel region (10) in-between said source region (3) and said
10 drain region (4),
a control gate comprising a gate electrode (5) and dielectric stack (6),
said gate electrode (5) being separated from said channel region (10) by
said dielectric stack (6), said dielectric stack (6) comprising at least one
charge storage dielectric layer (8),
15 said method comprising the steps of;
biasing said source region (3) to ground,
applying a first voltage, having a first polarity, to said drain region (4),
applying a second voltage, having the same polarity as said first voltage,
to said gate electrode (5),
20 applying a third voltage, having the polarity opposite the polarity of said
first and said second voltage, to said semiconductor region (2),
said first, said second and said third voltage cooperatively establishing
programming of said cell (1) using injection of hot carriers generated by a
secondary impact ionization mechanism into said at least one charge storage
25 dielectric layer (8) at the drain (4) side of said memory cell (1).

Claim 2 :
A method as recited in claim 1 whereby the absolute value of said first, second

and third voltage is 5V or less.
30
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Claim 4
A method as recited in claim 1 whereby the difference between the effective

10  values of said second and said third voltage is at least 4V.

Claim 5
A method as recited in claim 4 whereby the absolute vaiue of said second

voltage and the absolute value of said third voltage is 5V or less.

15
Claim 6
A method as recited in any foregoing claim whereby said charge storage
dielectric layer (8) is sandwiched between two oxide layers (7,9).

20 Claim7

A method as recited any foregoing claim whereby said charge storage dielectric

layer (8) comprises nitride.

Claim 8
25 A method of erasing a single bit nonvolatile memory cell integrated on a chip in a

metal-dielectric-semiconductor technology,

said memory cell comprising
a semiconductor region (2) including a source region (3), a drain region
(4), and a channel region (10) in-between said source region (3) and said

30 drain region (4),

a control gate combrising a gate electrode (5) and a dielectric stack (6),
said gate electrode (5) being separated from said channel region (10) by
said dielectric stack (6), said dielectric stack (6) comprising at least one
charge storage dielectric layer (8),

35 said method comprising the steps of;
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10 first voltage, to said gate electrode (5),
5 applying a third voltage, having the same polarity as said second voltage,
to said semiconductor region (2) ,

said first, said second and said third voltage cooperatively establishing erasing of

said cell using substrate-enhanced-band-to-band-tunneling induced hot-carrier-

injection into said at least one charge storage dielectric layer (8) at the drain (4)

10 side of said memory cell (1).

Claim 9
A method as recited in claim 8 whereby the absolute value of said first, second

and third voltage is 5V or less.

15
Claim 10
A method as recited in claim 9 whereby each difference between the absolute
values of two voltages out said first, said second and said third voltage, is 1.5V or
less.

20
Claim 11

A method of programming and/or reading in reverse direction a single bit
nonvolatile memory cell integrated on a chip in a metal-dielectric-semiconductor
technology,
25 said memory cell comprising
a semiconductor region (2) including a source region (3), a drain region
(4), and a channel region (10) in-between said source region (3) and said
drain region (4),
a control gate comprising a gate electrode (5) and a dielectric stack (6),
30 said gate electrode (5) being separated from said channel region (10) by
said dielectric stack (6), said dielectric stack (6) comprising at least one
charge storage dielectric layer (8),

said method of programming comprising the steps of:
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101 dE: / applying a third voltage, havmg the polarity opposite the polarity of said
first and said second voltage, to said semiconductor region (2),
said first, said second and said third voltage cooperatively establishing
programming of said cell (1) using injection of hot carriers generated by a
secondary impact ionization mechanism into said at least one charge storage
10 dielectric layer (8) at the drain (4) side of said memory cell (1),
said method of reading said programmed memory cell in reverse direction
comprising the steps of:
biasing said drain region (4) and said semiconductor region (2) to ground,
applying a first voltage, having a first polarity, to said source region (3),
15 applying a second voltage, having the same polarity as said first voltage,
to said gate electrode (5) and,
subsequently sensing whether or not current is flowing from said drain

region (4) towards said source region (3).

20 Claim 12
A memory circuit comprising

an array of single bit nonvolatile memory cells (1) , each of said memory
cells (1) comprising a semiconductor region (2) including a source region
(3), a drain region (4), and a channel region (10) in-between said source

25 region (3) and said drain region (4), a control gate comprising a gate
electrode (5) and a dielectric stack (6), said gate electrode (5) being
separated from said channel region (10) by said dielectric stack (6), said
dielectric stack (6) comprising at least one charge storage dielectric layer
(8),

30 pheripheral circuitry,

characterized in that
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each of said memory cells (1) comprises a semiconductor region (2) including

a source region (3), a drain region (4), and a channel region (10) in-between

15 said source region (3) and said drain region (4), a control gate comprising a
gate electrode (5) and a dielectric stack (6), said gate electrode (5) being

separated from said channel region (10) by said dielectric stack (6), said

dielectric stack (6) comprising at least one charge storage dielectric layer (8),

characterized in that
20 in each column (C) adjacent memory cells have either the source region (3) or

the drain region (4) in common,

within each column (C) all source regions (3) are connected to the same

bitline (BL) running parallel with this column (C),

within each column (C) each of said common drain regions (4) is connected to
25 its respective wordiine (WL) running perpendicular to said column (C), and;

within each column (C) each of said gate electrodes (5) is connected to its

respective program line (PL) running perpendicular to said column (C).

Claim 15
30 A method for programming a memory cell (1) in a memory circuit as claimed in

claim 14,
said method comprising the steps of
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5 applying a second voltage, having the same polarity as said first voltage,
to the program line (PL) connected to the gate electrode (5) of said memory cell
(1),
applying a third voltage, having the polarity opposite the polarity of said
first and said second voltage, to said semiconductor region (2), and
10 applying a fourth voltage, having the same polarity as said first voltage, to

*‘all other bitlines (BL) of said memory circuit.

Claim 16
A method as recited in claim 15 whereby

15 the absolute value of said first, second and third voltage is 5V or less and;
the absolute value of said fourth voltage is 2V or less.
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