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nonvol atile nmenory cell and nmethods for progranmming a ' er eof .
Fi.el d. of the invention 5 The present invention generaﬁM@“ﬁ@H@mH‘Mo
elFectr) cal |y programmabl e and erasabl e nenory (EEPROM) , re

particularly to single :gate nenmory devices using a diel ect®l% | ayer for

|l ocally storing and retaining a single bit of injected charge. 10 The
l'arly relates to nmethods for -progranm ng

present inventiq@n. further partic

and erasing sucg}%rgﬂdéQF'(Yégaéﬁermwmeﬂbgad methyodst forcarri er

i njection. Background progrmrAtP§dvheeepasintgdtisrdsfe the | argest class
of electrically alterable, nonvolatile sem con%uct or nmenories. They _

repr esentribiof a5 fventf P N9 segment of all sem conductor menories,
offerkng high integration. densities, fast read access, electrical wite

and erase and gl | ow aé_&erma ent data 20 storage. Flash EEPROM nenori es
of fer the abilitsPETSEIQYeyion pegerally relates togelgatsically programemabie aebl s.
Charge is St@(‘)ﬁled an a floati ng@gatg,_ whi ch nmodul ates the conductance of a
MOS chan®ERSaRiadpREwy (FEPRGM) deviees,ngogatpartisulaty ¢o rsinglel gatei Memar ed
~fromits surroundings by a high quality dielectric, such as Si02. A

control @avisescagagia idigegtricolayeedot toddlly $opingi 88d FeldiningSa Lb‘?ﬁgﬁ LBit of

nodul ate the 25 electrical potential of the floating gate” The Foati ng
gate is imjected dhapge.a ' :

- 10 The present invention further parficuiarly relates to methods for

programming and erasing such memory devices at reduced voltages using hot-
- carrier injection.

Background
15 : ' '

Flash EEPROM memories comprise the largest class of électrjcally
alterable, nonvolatile semiconductor memories. They represent the fastest
growing segment of all semiconductor memories, offefing high ihtegration.
densities, fast read access, electrical write and erase and allow a p’érmanent daté
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.
' 1
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conductive material 'such as polycrystalline silicon in which case injected
charge: will be distributed over the whole of the conductive floating gate.

L~ H e reert reerr reerr 1rrH Hl =11~ *000002* Alternatively a
nén-cpnductive material, such as nitride, can be used to store charge on
Charge introduced into the non-conductive gate will, to a large extent, be
confined to the place of introduction and as a result only a linited

anmount of charge is needed to programthe nenory cell. PCT application WD 5
99/ 07000 di scl biemativelyoa rian-oomdwativet materzEPBGbh il hithek Near b Lkbda,! aver
sandwi ched in between a top and a bottom oxide |ayer.-This nmenory cell is

pr ogr amestors ichgrgeoon eGhaayeaint@idueed! in@fh@h@ﬁlddi’ﬂuhméeﬁgfé)@vilt Roié‘i ect,
I ion aeraﬁl res

el ectrons into the nitride l.ayer. Channel -hot-el ectron~injec

t he j unctextent, dsH ebnfihéd ¥ ahb WA 1 ay. he injection of the
hot carriers occurs at the 10@3%?5?@9“%@?%%&?%% %%n"ig é?%‘él{]ﬂnﬁyala I{‘]méﬁﬂ,
whi ch coryg h ical junction between the drain and the
wel | . Hencrﬁégﬁgﬁgrc%a’grﬁdgmg? %C?écdoﬁ.%w@ﬁn tﬁ%;ﬂ"ﬁ@‘oﬂf &elli EGHuappliratiopaWQed
too. The i cal | ayout of .the device allows, by appropriately

sel ecti ng@ﬁ’é&ﬁ@dﬁ?ﬁﬁﬁi‘%’% etitopentvolatie| REERQW erll cusingra siitlideofayiehe
non- conductiyve floatin 15 gate. Two bits of data can hence be stored,
each bit SSRAMicheshisbedveeniaa dop tared @ battomg ogidee layier aThRIndmbRe ERlL 1S
done by renoving.the trapped electrons, through the top or the bottom

el ect r od@rograimresaisireg cdiovetitivingl CHAARELNG-cIERE: | re read in
"reverse direction": the bit at the drain side ?gqﬁggg&]@g.ﬁe@h@ec@ﬂwt in

b o n (h oot e PRSI ETRSRESH O P PR e
t he to overlap the nitride layer as the injection of the hot carriers occurs at the
10 position of the maximum electrical.ﬂeld',- which corresponds to the metallurgical
junction between the drain and the well. Hence a sharp and well-controlled

doping profile must be realized too.

The symmetrical layout of the device allows, by appropriatély selecting the
voltages, electrons to _be injected on either side .of the non-condUCti\ie floating
15 gate. Two bits of data cah hence be stored, each bit on an bppoéite side of the
ﬂoating gate. Erasing of the bell is done by removing th'e trapped electrons,
through the top or the bottom electrode, using Fo‘wler—Nordhéim tunneling. The
stored bits are read in “reverse direction” the bit at the drain side is read, i.e. the
shift |n 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 céll current is
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channel region near the source. This saturation region will mask the
“influence of the charge, which is stored near the source junction. In the
i deal_ case only the influence of the charge stored near the drain junction
of tﬁk cell current is 2 measured when reading the drain bit. The
"doping,profile nmust thus not only be engineered to enable |ocalized
injection of carriers, but also to allow screening of the bit on the
opposite side of the one being sensed. If flash nmenory is to be integrated

wi th hi ghMSaSHEGaAEs Tesgiing $ie duinrit. She ldopindierofb rAGEStHLRMNGY ¢ yt

program read or wite the cell nust be. conpatible wth the supply’vo t age
of the | oghgineereslita eyatdle lotdllzedGhjeetivh o capige sumng. . .
letoh # SHBSHCROR PO SRIYY e

charge punp circuits and high voltage circuits; are e

decoder cfhedsli b Yhe WEbéikESBre%itH?%"%rbeqﬁé%ghg rovide the internal or

on-chip voltages needed to operafte. the mory. The scaling of the
Q.35 mcropeter and below will. however

transi stor 10 @i S] owayr d

al so scal e dOV\ﬁ f{%@ h%@i?r&d%\ﬁ@ é%dgﬁe)gr 60t wye highraesformanaedlodic 2ircainy

bel ow, Pr'tﬁVi %ngmztuffici ent power to operate the nenory cell becones even
more di ffPEDIE MolASES dequined Yo Pregramygead aroatitedthancelt e sStEEYmMP LIS
density is increased, |leaving less area-for the columm drivers.

Fur t her mo¥i¥) theesieprly yoltpgenef the tagie sircuitiycn 6kipe OMhEniSe chdleg I%nﬁEéFggy
y

operating voltages for programm ng and erasing fromthe |ow" supp

Vo La9e SoCerr eRTLOTE MR MEREHS. INGF oS ¢ BRn,
& T ohes ¢ oL 39 o S o W v
oo o bltag o HAMEI b THAIAS 158 s TeSRory.  Phe Soaing of the bansistor
10 dimensions towards 0.35 micrometer and below will however also scale down the
available supply voltage from 5V fowardsS.SV and below. Providing sufficient
power to operate the memory cell becomes even more difficult when the supply
voltage is scaled and the memory array density is increased, -Ieéving Iess'a.rea for
the columﬁ drivers. Furthermore the charge pump circuits, which generate the
15  high memory opera’fing voltages for programming aﬁd .érasing from the low
supply voltage, become less éfﬂcient and more area consuming asthe supply |
voltage is decréésed. |
Using conventional channel-hot-electron-injection (CHE) requires a gate
voltage. of 8-9V or above.’'Such programmi_ng. 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-
X .



SAukuri and J. Bude et al disclose in "Chisel Flash EEPROM Partl :
Perfornmance and scaling", |EEE Trans. Electron Devices, July-2002,

pp. 1296-1301 a low 3 ..l voltage progranmm ng techni que using

substY at e- enhanced- hot-el ectron injection, also often referred to as
CHI SEL, to scale the gate voltage of a stacked gate nenory cell down to
5-6V. The proposed device still requires higher progranm ng voltages to
attract carrier towards the polysilicon floating gate, e.g. 5 8V at the

control geeliagd pragraoyeiag taphhiqaatusing EBbatr8R6ehTancaaohdtesicLPdh VLRSS
programm ng technique is disclosed. The nechani sm of '

dr ai n- i ndales dofist Pefeaey- { =l ' i i njfec t el ectrons
into the floating gatee ofdrggg%lHilgt)?ghﬁggb%ng%ygégﬁdlvgﬁﬂlée tga %Qﬁgﬁﬁgpg%tp t he

floating veryt I N EuReti he drgin, 10 voltage is.

capaci t i v@lébf‘ocrgug{egd%?o ﬁ{épfllsclg;\tf'i rvg{bgaé@pgﬁagagﬁvﬁes st Fearesi highare
secondar X'Wg)l ectrons tﬁmrdi%}a e floating gate. Although nmethods exist to

-l ower soMewFATMHE VBIAErS: A G} flardgielowarda the inslysdiconHioasingsgateoketqige i s
still _burdensome. Using FN tunneling for erasing floating gate nenory

devi cés r&ﬁ“'&@ﬁ@'tﬂ?@of l'arge electrical fields, as the 15 dielectric

| ayers electrically insulating the floating gate cannot be scaled to such

extent that .tHe Eommpohpp!i@atm Eagﬁa;s)ge[&?z:@n@imn@bﬁ\)bua@\éeﬁ ratr¥&iR when
a negative voltage is applied to the gate, the voltages Used during he

SLep of | lecestog inaisiosey ave meansibi ADaKAnH G- Sld BB PIRbac

scalability Qf the top and bptt.om.omdellayers thro . .
S Fes. TRTHEP? a8k 808 W 4 4gORY SR YRS B, B bR g
layers. memory cell. Due to oVerlap of the floating gate over the drain junction, the drain
10 yoltage is- capacitively coupléd to the floating gate and assists in attracting the

secondary electfons towards the floating gate.

| Although methods exist to lower somewhat_fhe programming voltage,.
reduction of the erase voltage is still burdensome. Using FN tunneling for érasin_g
floating gate memory devices requires the use of large electricél fields, as the
15 dielectric layers electrically insulating the floating gate cannot be scaled to such
extent that the correspondin.g' vbltages ére considerably lowered. Even when a
negative voltage is applied to the gate, the voltages used during the step of.
erasing the memory cell are still above 6V due of the poor scalability of the top
and bbttom oxide layers through which the stored elect.rons must tunnel.

2Q Reliability concerns such as moving bits'and stress induced leakage current will

put a lower limit to these oxide Iayeré. |



4=Ai s of the invention An aimof the present invention is to allow
| ow- vol.t age operation on=chip of an enbedded flash EEPROM si ngl'e gate
menory cell and arrays thereof. 5 An aimof the present invention is to
di-scl ;)se a loWvoltage programming nethod for a single gate, single bit
‘menory cell conprising a charge-storing dielectric. An aimof the present
I nvention is to disclose a | owvoltage progranmng nethod for a single
poly singlg bit nenory cell conprising a charge-storing 10 dielectric. An
ai m of theppesftbeiinventioan is to disclose a | owvol tage erasing method
for a single gaﬁt\e, .siqr;gllng bit menory cell conprising a charge-storing
dielectric. It ABaim ofithe presdis ihvytir t ] | - bi t EEP
iattoteMolf I%W{)élt?%es gpglllaglggtorggmpw

device in 15 which progranm ng and erasing nmethods a

ef fi ci ent aasembeddedFiagh BEFPROAM RIAAL ' ver, requiring ‘only
nmuch | ower voltages. An ai mof the %%@%&%{n%ééﬁ?‘?lgﬁﬁé"ﬁgsé'i"Pf@wf-eff i ci ent
use of schi p-ar eg girR ¥ttt ' further,.downscal i ng the CMOS

t echnol ogy in whi 2R bot hgﬁ]'ggéﬁ(ﬁofé@gﬂﬂ?? &ite Pgﬁcg%S%ﬁPWa\soltag@ progegmating
EEPROM i s ed ,20 An aiim of the present invention is to allow
further dgﬁﬁ@ééﬁ@%éﬁ %?nql?ag%e, Singeebibimemeny raellc epmprisisigng ehameestofihga
non- condugt i veI Jraterial as floating gate. Another aimof the present

i nvention feée‘f 8% educe the costs of integrating flash menory cells in a

CMOS process. This is particularly inportant for so-called 5
. ~ An aim of the present invention is to disclose a low-voltage programming

-

method for a éi'ngle poly single bit memory cell comprising a charge-s;torin'g |
10  dielectric.

An aim of the present invention is to disclose a low-voltage erasing
method for a single géte, sjngle bit mémory cell comprising é charge-storing
dielectric.

It is an aim of the invention to present a single bit EEPROM device in

15 which programming and erasing methods are at least as efficient as those used
in the prior art, while, hoyveV_er, requiring :only much lower voltages.
An. aim of the present invention is to allow efficient use of chip-area,
particularly when further downscaling the CMOS technology. in which both the
logic circuitry as well as the integrated EEPROM is manufactured.
20 An aim of the present invention is to allow further downséaling 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

5



eArbedded nmenory applications where the process steps related to the

manuf acturing of the nenory cells have to be reconciled with the avail able
CMOS process for fabricating chips. Another aimof the invention is to
di'scl dse a.menory cell concept that can 5' be used for enbedded Flash
technol ogy for wireless SystemOn-a-Chip applications. Sumary of the
invention 10 In an aspect of the invention, a nethod for programm ng a
single bit, ingle gate nonvol atile nenory cell integrated on a chip in a
met al -oxi%f@beégﬁgcHFﬁJU@WoraﬁFé@ﬁH@D%gwhef% éascwr@seas Skips melated tel fHel
conprising a sem conductor substrate 2 including a source 3, a drain 4, a
channel r@gnhdfactaring rofbibenewemeni detio thave 3o avel reedtiddaivith4thed 8ak8ble

el ectrode 5 separated from 15 said channel region by a dielectric stack.6, -

sai d di el@MOS prodewsifor fatidatingthiss. | east one charge storing dielectric
| ayer 8. Said progranmm ng nmethod conprising the steps of biasing said

source 3 to grQ8Ofer aRRIFRE iRvdrtinslic 4! f irst.silgn to said drain
4, applying a secorela vol tagg l@éd&feﬁ 'Fe'\é{} ‘ﬁ?‘gﬁs% @8&@’8&?@ cg,ncﬁﬂgthaé;‘}ﬁﬂyi ng
a thied t of..a ife_sign.,tq said sem cqonductor. substrate 2, 20
sai d ir\sh%l, Lng?ledd @éc%ﬁ%ia‘f %Sﬁhit‘?@"vﬁ@@lég&rcéfﬂ eS8 | Y¥siem-QmaBtChibi ng
progranm ng.of said cell using secondary-inpact-ionization-carriers. The
di f f er en@PPIGAUMSD| ute . value of the first, second and third vol tage being
applied respectively to the drain, gate and bul k during progranm ng is of
1.5V or less, preferably 1V or |ess. The absolute value of the first,
second afdimmarny ofdhedgeentidrei ng applied respectively to the drain, gate
and bul k during programming is about the same value. Preferably this
absol@te val ugnisn aspeet dfehe inehfion, a method for programming a single bit,
single gate nonvolatile memory cell integrated on a chip in a metal-oxide-
semiconductor technology, is disclosed. Said memory cell 1 comprising a
semiconductor substrate 2 including a source '3, a-_ drain 4, a cﬁannel region 10
in-between said source 3 and said drain 4, a gate electrode 5 separated from
15 said channel region by a dielectric stack 6, said dielectric stack com'p_risin'g at
least one charge storing dielectric layer 8. Said prograhming method comprising
the steps of biasing said source 3 to ground, applying a first voltage of a first sign
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



preferably this absolute value is 4.5V or |less. In another aspect of the
invention a nethod for erasing a single bit, single 5 gate nonvolatile
mam)_% cell integrated on a chip in a netal -oxi de-seni conduct or _

t échnpl ogy, is disclosed. Said nenory cell 1 conprising a sen conduct or
substrate 2 including a source 3, -a drain 4, a channel region 10

i n-between said source 3 and said drain 4, a gate el ectrode 5 separated
from sai (rj@.cha,nnel region by a dielectric stack 6, said dielectric stack
conpri si Mpirg dpplist mspectivelgetos tigs idrginl Qb AR Wy wver 8. Said erasing
met hod conprising the steps of biasing sg‘;ld souré}(lalggu?%@gpép@ﬁﬁfmyﬁﬂl B¥ing a
first volabage the 8amler vhIug. IPrdf i i | yi.ng second vol t age
of an opposite sign to sai d gat g@%ﬁﬁ%g&%ﬁﬁ%%?%i'?d%g PrJess.omere
opposi t e ppébfg Qi ] uctor_ . substrate 2, said first, said second
and sai élﬁt hﬁ%%@ﬁ%&éﬁ@%%@%ﬁ %@f,orelgam i shing programm ng of said cell
usi ng. band 15,1t o- bﬂ%g{-tunrégl i.ng-induced-hot-carrier injection. .The diff
erence i n absd GNOMRE3RPechPf thie invandion & avathad dodetasinglawinglagst, Red1g

appl iid-rggiéogcticﬁetlgy to the dhai n, gate and bul k during progranm ng.1s of
1. 5V dr nonyaladieanemory/cell integsateBasmea chiThY & nastaPBRME) | ute
val ue ofh; he first, second and third voltage being appﬁpgds%%@gggpﬁ@él y to
the drai techgatogyanis liisdiosher.i Said R@HURF Bl istide 20 came val ue.
Preferably this absolute value is 5 V of Iess? engﬁé"gbgfearasﬁ'?m?ﬁfjgdor
absol ut eswisdtiie IBintiRinea $65S niyd aspect, of .the invention an.
efficient array configu at%on Fo:#'n? ﬁ’éé'nr%n%l"égf‘”%'efﬁgw gﬂ ipthetwvaeargaidn i s
di scl osegh . of the previous 7 aspect are organized in

col ums. 'Iuv{gg?djgﬁ%rgéte (?T@rlé?'yac%ﬁtﬁselgﬁ"%%ﬁ haatedfaem said channeheegismi n 4
or the s&prgﬁ l3 qn.od i,n_.common. The drain 4 nodes of two adjacent nenory
cel I's i neadP'EeiGHachk 8. saidislestria §tadeSrGﬂraprﬁBiDglaaIBd§tmmeRihargé%%ﬂﬂgg

10  dielectric layer 8. Said erasing method compris.ing the steps of biasing said
source 3 to ground, applying a first voltage of a first sign to said drain 4, applying
a second voltage of an opposite sign to said gate 5-and applying a third voltage
of an opposite sign to said semiconductor substrate 2, said first, said second and
said third .voltage. cooberatively e;tablishing programming of said cell uéing band-
15 to—bgnd-tunneling-induced-hot—carrier injection. The différeﬁce in absolute value
of the first, second and third véltége being applied respectively to the drain, gate
and_bulk during programming is of 1.5V or less, preferably-1V or less (Séme
remark as above). The absolute value of the first, second and third voltage being
applied respectively to the' drain, gate and bulk during 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 .



perpendi cular to the cell colum. Preferably this programPL is forned in a
first 5 interconnect |ayer of netal connected via contacts or vias to the
drain junction. The source nodes 3 of the nenory cells in each colum are
connected to forma bit line, running parallel to the corresponding cel
colum. Preferably this bit lineis forned in a second, higher,

I nterco | ay ; e Vi LY SQUIr ce
| inct oot 18 Kb es T FERET 18 iR InBFcRy Ren i oekh {lmnRave
hori zontgl 10 positjong in each colum are conpectged by the d Line :
Fanni nge e IBRBraDI4 AT ths SofiES AFedd & elmEt of B6 sirip 4 RpdSa e pHEett
formed in the polycrystalline silicon used to formthe gate el ectrode 4 of
each nemempryetalls’ Bo eaehdcollmes agmFannegiesnte ifaes arrrogsaPaling Pl nrunning
parallel. In a fourth aspect of the invention a nmethod of progranmm ng a

si ngl e perpendisuteontoothes ice calumny Rreferablyethistprdgmm aPlcHs formed in a first
net al -di el ectric-sem conductor technol ogy, said nenory cell conprising a

semyongtsitefnd@dagsy bEletdli dthnecistl VizEcortit@Nor Giadrtai ther @@irofuncidod. aThe
channel region in-between said source region and said drain region, 20 a

cont rol sgabe MudER'd Bf Kk GEIRCHN irfH ke ebhh&cteliasfomial BitJnke
e g1 I’Oﬁ] anng? "

electro ei ng separate sald ¢ region by said dielectric

i of et Ea,GuBIEE 8 EhRSRCBEIEII! Rguihe RleBRRRER 10e 1 RAARE 0t e
20 N e RREIAL et s er P A o i
said first voltage, to said gate el ectrode, . _ _
source junction. From each column the gate 5 of memory cells at identical horizontal
10 positions in each column are connected by the word line WL, running perpendicular to
the cell column. Preferably this word line is formed in the polycrystalline silicon used to
form the gate electrode 4 of each memory cell. So word lines and program lines are
arranged in parallel.
In a fourth aspect of the invention a method of programming a single bit
15 nonvolatile memory cell integrated on a chip in a metal-dielectric-semiconductor
technology,
said memory cell comprising
a semiconductor region including a source region, a drain region, and a channel
region in-between said source region and said drain region,
20 a control gate comprising a gate electrode and dielectric stack, said gate
elebtrode being separated from said channel region by said dielectric stack, said
dielectric stack comprising at least one charge storage dielectric layer,

said method comprising the steps of;

biasing said source region to ground,



5-applying a third voltage, having the polarity opposite the polarity of
said fiirst and second voltage, to said sem conductor region, said first,
said second and said third voltage cooperatively establishing programi ng
off said cell using injection of hot carriers generated by a secondary

i npact ionization nechanisminto said at | east one charge storage
dielectric layer at the drain side of 10 said nenory cell. In a fifth
aspect of the invention a nmethod of erasing a single bit nonvolatile

R G R S

source region, a drain region, and a channel 15 region in-between said
sour ce regi orPRIMBgFsecadhyeitageyinaringthe same polgaitieas saist first veltagey de said

el ectrode and a dielectric stack, said gate electrode being separated from
sai d chgatedalecteadenn by said dielectric stack, said dielectric stack
conprising at | east one charge storage dielectric |ayer, said nethod

conpri sing t&;@pwrn%ras;mrfd; volfagel Aaling thaipdlaiy oppokitd tpblarig) Slskld fisgtdng ng
a first voltage, having a first polarity, to said drain region, applying a

second é’é?!o?ﬂ%ltg@%}’id"@aifi'%%nﬂ@é@dd%%r %gp yi te the polarity of said first

vol tage, to sald gate electro ing a third voltage, having the

same pol.akl . Sal nd .yal. 0 id.. ' tor reqi saj d
iret i SR R T OB ad e OB PY oS B b B R B
erasi ng of szhi d . cel| using substrate-enhanc otband-to- and-tunnel i ng,
i nduct eI felcUsinAPISCHPR A Bt carriers &%&f@ieat Y &a8%C ¢ HEPget !RFB%%{%‘
dielectric layer at the drain side of said nenory

mechanism into said at least one charge storage dielectric layer at the drain side of

10 said memory cell.

In a fifth aspect of the invention a method of erasing a si'ngle bit nonvolatile
memory cell integrated on a chip in a metal-dielectric-semiconductor technology,
said memory cell comprising

a semiconductor region including a source region, a drain region, and a channel

15 region in-between said source region and said drain region,

a control gate comprising a gate electrode and a dielectric stack, said gate
electrode being separated from said channel region by said dielectric stack, said
dielectric stack comprising at least one charge storage dielectric layer,
said method comprising the steps of;

20 biasing said source region to ground,
applying a first voltage, having a first polarity, to said drain region,
applying a second voltage, having the polarity opposite the polarity of said first

voltage, to said gate electrode,

8a



cell. In a sixth aspect of the invention a nethod of programm ng and/ or
reading in reverse direction a single bit nonvol atile nmenory cel
integrated on a chip in a netal- dielectric-senm conductor technol ogy, 10
said nmenory cell conprising a sem conductor region including a source
region, a drain region, and a channel region in-between said source region

and said drajn,r.egion,. o] o) | S . .

i el oot ri c ARG hird yBREb haPPBnEEu Y Rl AE 5 SRS WOuAR B
region by said dielectric stack, said 15 dielectric stack conprising at

| east ci¥dd ERAYGROVICH EEIOM el ectric |ayer, said nmethod of programming
conprising the steps of; biasing said source region to ground, applying a
first &aid &g, saidsesgnd and saidgbird vottgge ceopearativalyestablising eraging ¢f faida
second voltage, having the same polarity as said first voltage, to said 20
gat e elostllt usihg, sapptratergnlrandad-banvdtd-bged-thaneling timdugied ahot-gardppigedtiont he
polarity of said first and said second voltage, to said sem conductor

r egison,inasaldfdtrishst Gid dhé@”eom_r?&dmdrié ayed atahé arainC§iae It Jaidy edamory
establ i shing programmng o said cell using injection of hot carriers
generateg by a secondary inpact ionization 8b nmechanisminto said at |east
one charge storage dielectric layer at the drain side of said nenory cell,

sal . 1ot hod ot oA 08P o HIRIIEh IRIPLY o ol AR B
sem Conrgeg}s%rdi;eec iio%na ts?ngcgCt)vlfltnr(\jénvolatiIe memory cell integrated on a chip in a metal-
dielectric-semiconductor technology,
10  said memory cell comprising
a semiconductor region including a source region, a drain region, and a channel
region in-between said source region and said drain region,
a control gate comprising a gate electrode and a dielectric stack, .said gate
electrode being separated from said channel region by said dielectric stack, said
15 dielectric stack comprising at least one charge storage dielectric layer,
said method of programming comprising the steps of;
biasing said source region to ground,
applying a first voltage, having a first polarity, to said drain region,
applying a second voltage, having the same polarity as said first voltage, to said
20 gate electrode,
applying a third voltage, having the polarity opposite the polarity of said first and
said second voltage, to said semiconductor region,

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

said cell using injection of hot carriers generated by a secondary impact ionization
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applying a first voltage, having a first polarity, to said source region,
appl yi mg a second vol tage, having the sanme polarity as said first voltage,
to said gate electrode and, subsequently sensing whether or not current is
fFowing fromsaid drain region 10 towards said source region. In a seventh
aspect of the invention a nenory circuit conprising an array of single bit

Com conaeialSRapla, el e ond < Rbd AFERelAERAT: 1RTH |l Waf g of

channel region in-between said source region and said drain region, a
cont r ol Saigmemary rising a gate electrode and a dielectric stack, said
gate el ectrode being separated from said channel region by said dielectric
st ack, ssid inethed of readingtsaitk psegramned gnemory eelkin myersendirgetian eemgasing
dielectric |ayer, pheripheral circuitry, characterized in that 20 said
peri phehelstepg ofiti try i ncl udes nmeans for progranmm ng and/or erasing each of
said single bit nonvolatile nenory cells using voltages having an absol ute

vol sage of Hi¥siAf Sarbrain Fedion @haaid ssw@sindattdriregionveryroand,a menory
circuit, conprising an array of single bit nonvolatile nenory cells

organi zed | | : %%h Sal I i a
sem conduct &T%g%ﬁhrlsﬁg?lu né‘gg'”?g%ﬁ?gs%g\”gﬁ,slagd g@gﬁﬁ% r?@%lnbn, and a
channel region i.n-between said spurce.reqgion and.said _.dr.ai i O .
control gat e PSR ebecPRURB bE Yt BORIBT e UM WSt sfeyac
el ectrode being separated fromsaid channel region by said dielectric
stack, gie@lestrafieddndhtric stack conprising at |east one charge storage
dielectric |ayer,

subsequently sensing whether or not current is flowing from said drain region

10 towards said source region.
In a seventh aspect of the invention a memory circuit comprising
an array of single bit nonvolatile memory cells, each of said memory cells
comprising a semiconductor region including a source region, a drain region, and a
channel region in-between said source region and said drain region, a control gate
15 comprising a gate electrode and a dielectric stack, said gate electrode being separated
from said channel region by said dielectric stack, said dielectric stack comprising at
least one charge storage dielectric layer,
pheripheral circuitry,
characterized in that
20 said peripheral circuitry includes means for programming and/or erasing each of
said single bit nonvolatile memory cells using voltages having an absolute voltage of
5V or less.
In an eighth aspect of the invention a memory circuit, comprising an array of

single bit nonvolatile memory cells organized in columns,

8c



characterized in that in each colum adjacent nenory cells have either the
sQurce:;region or the drain region in common, within each colum all source
regions are connected to the sane bitline running 10 parallel with this
colum, within each colum each of said common drain regions is connected
toits respective wordline running perpendicular to said colum, and,

W t hin each u | : ' '
Fespect ve GRoLToeR ebn?Bois ARhGTCCEH SERiEd 1o HABRE Rl b Source
Description of .the Draw g%s AIIh dr awi ngs arE {ntende. toillustrate sogje
aspect SeIRM SHBHN FRAKE. 1d:dehappekisdion fRRYEED Sl sotuse dpaiogepid saly i n
a sinplified way for reason of clarity. Not all alternatives and options
are sholAimmRiehegUItEl gade iCompTISIRG & galfoelectrafeaand 8 diplectis staskesaidof
the given drawi ngs. Like nunerals are enployed to reference like parts in
t he di fdateaiectrodpibeing $eppratedifr@nhsaid tchanoebregiare by isaich Hidiestdc stawtk, said
menory device according to the present invention 8d Figure '2 Progranm ng

charact dielegtriccstacktomptliginig#t l8astodrit bigarge stbrigerdisiestric lapaent i on
illustrating the threshold voltage wi ndow, and nore particularly the

i nf | uengg, reétetibsd Hv rate bias. 5 Figure 3 Conparison of the bit-bit
I nterference a'ccord?% the prior art (CHE) and the invention (SEHE).

Filgure 4 Er48Coacrt WBLAT djfddrimeindly 4etls RaltS 8RAGH Mb |Bubdl® 8583 the
drain region in common,
within each column all source regions are connected to the same bitline running
10 parallel with this column,
within each column each of said common drain regions is connected to its
respective wordline running perpendicular to said column, and;
within each column each of said gate electrodes is connected to its respective
program line running perpendicular to said column.
15
Brief Description of the Drawings
All drawings are intended to illustrate some aspects and 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 not limited to the
20 content of the given drawings. Like numerals are employed to reference like parts in
the different figures.

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

present invention

&d



iklustrating ' the threshold voltage w ndow, and nore particularly the 10
i nfl uence of the substrate bias. Figure 5 Endurance characteristic of a '
menory device 'progranmed and erased according to enbodiments of the

i Avention 15 Figure 6 Cell perfornmances when programm ng and erasing a
menor y- devi ce according to enbodi nents of the invention Figure 7 A

sui table nmenory array configuration for the nenory device according to an
enbodi nentg;Qf ' ' Lagure,.8 Program j nhibit behavior of the
menmory ar c,:f{gl'tﬂeetc?aﬁ?g %ﬁﬁ%é&%ﬁg{é@%?n‘éﬁ% %Sf“cf%hécwm itenthEs mresent ed
description of tqﬁ-u. @ y 8‘@%’?% REneld valtagewipdewe and mere padicelarly
through a-det ai | e08dELEN95 ¢IdResubstiatabias. enbodi ments of the invention. It
I's obv%ou, .that _other .enbodi nents of the invention can be configured

accor d? ng "t@HENS GamRaBRIeobthe bitdihintesferened dacordiag the tprior ERO(EHESBARL | NY
fromthe true spith@inwgntiond SENENti on. 30 Wth supply voltage is meant the
vol tage used to supply power to any logic circuit on chip, fabricated in
the CMOS Figureot dsasen chbiackeridtizsnenavabdick! SccdfIfY Yo tFé | pre85%t inventia

i ncor porated. AnylustiatingatHey thrdsHoRd Mab%gwﬁ&'&gr -a‘r}ga?nér'g .awq "\t)tgf‘t age
def i nbal above wi ifiemceRifans QBbsRalteh@sn SI NPl y as an " extefn t'dfe”.

Wth "internal voltage" is neant the voltage avail able on-chip, which is

T S R e e
1 according to an enbodf nen T AAORINYANGD, o seni conductor substrate -
2, . ' : .
15 Figure 6 Cell performances when programming and erasing a memory- device
- according to embodiments of the invention |

Figure 7 A suitable memory array configuration for the memory devi :
evice ac
20 * to an embodiment of the invention _ F:or ding

Figure 8 Program inhibit behavior of the memory archit in
! ecture ac
embodiments of the invention i : cordlng to

25 Detailed de-sc.:riptlon of the invention
The invention is described in the sequel through a deta_iled description of -

several embodiments of the invention. It is obvious that other embodiments of the
jnvention can be configured acéording to the knowledge of persons skilled in the

art without departing from the true spirit of t.he invention. |
| 30 'With supply voltage is meant the voltage used to supply power to any logic
-ci'rcuit 6n_'chip, fabriéated 'in the CMOS technology in which the non-volatile
memory ce_lls are incorporated. Any exter.nally _applied voltage other than the
. supply _vdltage defined above will be referred to herein simply as an “external
vdltage". With “internal voltage” is meant thé voltage available on-chip, which is

35 generated by charge pump circuits from the lower supply voltage.
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e.g. a silicon wafer, source 3 and drai.n 4 highly doped junctions are
fornmed, sel f- aligned to a single gate, which conprises a conductive gate 5
forned on -a stack 5 6 of dielectrics |ayers. Because the MOSFET structure
avaiBabIe in the core CMOS technology is used, the junction regions 3 and
4 wll essentially not overlap the gate region 5. As shown in the inset of
figure 1 for the drain side a doped extension 4a (and potentially a lowy
doped extension), underneath a spacer 12, can be present to forma

conduct i ve pafigubetvetows Aechiaiutic &@B?@_&ﬂoh&ﬂ%ﬁoﬂgﬁﬂgﬂ% g{/é‘fe %l% Q:_réel

region 10, as is common practice in subm cron tec

source .3 @ K K ] M | f. L N e. opposite to the doping
type of t hgg%rg'tl)rzq Fba;ég %mgzr)awel It%@gr% T ?%'q@ﬁrt"p%sé%%fm?@g‘g‘ﬁéﬂbSUPﬁéatien%ent i on
an n-ch e vice wll be ed erein.n-type junctions are thus forned
in a p- {@ygeé s?ﬂ%gf'r\ﬁ?%gr 'o§°LH9W'§Fnd r a@%&'ﬂr@w%p@@ JURCkoRs are fagmead saif-
acknow %i e tgat the nmethods, cell structures and arrays disclosed in the
present 85?? Q@ siRgleogrle. Which spmpyises acpnduetivecpateed ifermedibhia spigkce and
drain junction is neant the highly doped junction regions formed adjacent

t hi s3si Bgioé diglgckicsAlayrosigBetheseldhe cIOSFET strectuse syamebld Gflthet disel € M
"drain” is used to identify the side of the device fromwhich the bit is

pr ogr am@MOS2 tedtimlegydsiaidats Hhat iohS BC bi,as the
underlying FET stru%tnur e. The ungjerrﬁitgc/)rnéé@?ggigG@ q"d;i‘\'{é'ﬁec S%?l?aflg%qts acts
as the dihgl hGin®f 5t Ri uct can be a sandwi ch of a
Frrst 750sRapihe (8 TGRS, R xiicph, fLIHENNE THuFe™ RS Aerdiin sl ni v o
9 diele ' a lectrjcall 0 insylatjing the mddle |ayer 8.

Thi s mgéf’églé’%ﬁg@?) ?Si@ s88{eé‘§'aél¥c%§96’évt i fgtensionhaingerreathi ag

| ayer. The stack of dielectric |ayers nust be capable of receiving charge

carri er SPRGTel4CRR PERERENE HAMPIEN & eenenctiMe pathobetwren thy bightyl doped

10 junction 4b and the channel region 10, as is common practice in submicron
'CMOS technology. The.sburce' 3 and drain 4 junctions are of a doping type
opposite to the doping type of the substrate 1 or well. For the purpose of teaching
the in\_)ention an n-channel device will be used wherein n-type junctions are thus
formed in a p‘-typé substrate or p-well. A person skilled in the art will.

15 acknowledge that the methods, cell structures and arrays disclosed in the
present application could also épply to a p-channel device. With source and drain
junction is meant the highly doped junction fegions 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



charge carriers nmust be stored and retained within the non-conductive
m.ddle.5 | ayer 8. The charge.trapping |layer 8 can be a nitride |ayer, an
oxide layer with buried separated poly-silicon islands where the charge is
stored within these conductive poly-silicon islands, a |layer conprising
separated silicon mcrocrystals, where the charge can be stored in these
separated silicon mcrocrystals, a silicon-rich oxide, a high-k dielectric
such as Hf 2, A1203 or Zr2. 10 The dielectric layers 7, 8, 9 can be forned

by depositd, ng: ' dielectric 7 on, top of a major surface of the

seni condtljrﬁ:étdc?)?“rg%gﬂse{ ﬁé?@egayerrhés$h|3r %‘fd‘ﬁ? Rt §.).cisusied as wpthargeytrappingon
di oxi de forned by .thernmal oxidation of the silicon substrate 1 or can be
deposi te8rb‘§}$%{g9éﬁi?%@§/ lgecvbhec btaakc aif digfratric dapersi hest) bee @ARREME S
e.g. TECS fornmed by Low Pressure CVD, oxides fornmed. by Atom c Layer CVD

15 Typi cE98Vina&haerge kagiass afjectadsfrom e st rédisni19 i 0 nm
preferably between 3 and 10nm The second dielectric S%Evfﬂﬁeglg?éﬁe&op of

the firschagectariers must bbistbred 8t itaihkd WK Meiohlissagond
dielectric 8 fromthe channel regi on*e({%‘h%}r?d‘g?ﬁ@a T ﬁ?b%c’@g%lc@v‘? HBiddie ond
di el ect rjagep 8. Tha Shair Lt aying a t.hi ckness between 2 and 20 nm
pr ef erablag bet ween 5 ngﬁ?g%'hlb %?BE ?p(\%{? %ten@ @G'd%e'@éfﬁﬁ%? oXida fayeravith t hi r d
di el ect rj,¢s | d_e.g. -CVD, which electrically insulates

t he secol?n '%ff)eé%@g?art}a@ é&&?‘é‘@mﬁ@%«% rerey e ghaige fis storedr withiti ehesd ri ¢
79 is a si I'cgn oxi de qavi ng.a thickness between 3 and 20 nm preferably
bet ween %O'M NBNrROYFIRR t Frlandsr med -tayer ( osomiprisingr | depardte@) sifdorst ack
6 the nitride | aa?gr. 8 . provides the charge retention nechani smfor

pr ogr amiegeevetasnwhereethe ahargepcaf béestd?éﬂdirﬂitﬁé%tééﬁarb?é’é?rsiﬁccﬁl
conductive  gate 5 i s._forrr'ed. Typi cal Iy polycrystalline silicon having a

t hi cknedBicrearystals, far silicori-0ih taxid el Q0 hifhoR AR IBEtric¥lchi &5 HFSY ASo %o,

material, in which case the device
10 The dielectric layers 7 8, 9 can be formed by ldepositing a first dielectric 7 on top
of a major surface of the semiconductor substrate 2. Thislﬁrst dielectric'? is
fypically _silicon dioxide formed by thermal oxidation of the silicon substrate 1 or
can be deposited by a variety of CVD (chemical vapour deposition) techniques,
e.g.. TEOS formed by Low Pressure CVD, oxides formed. by Atomic Layer CVD.
15  Typically the thickness of this ﬁrst dielectric is between 3 and”20 nm, preferably
between 3 and 10nm. The second dielectric 8 is formed on top of the 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 betweén 2 and'20 nm, preferalbly betwe'en 5 and 12nm. On top of the
20 second dielectric 8 a third dieleciric la);er 9 is formed, e.g. by CVD, which
electrically insulates the second dielectricl 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-coul d be | abeled as a single poly device. The conductive gate 5 will be
‘of, the. sanme doping‘type as the source 3 and drain 4 juncti-ons. An

advant age of the devices according to embodiments of the invention is that
t'hey xan be nmanufactured using the MOSFET structure already available in
the core CMOS technol ogy, thereby requiring only one additional masking
step. 10 The device shown in figure 1 conprises the MOSFET el enents of a
gate 5, source 3 and drain 4 termnals and a dielectric |layer 6 separating

h hei boRidk i1RaD |5 2 (dr ai
the gat estackr 6mthé heitridhanagér reghRiddd ithe ggé@%{‘ rlellérﬁuo%‘“l{]%ghaf’m?z?brfg{ 3' "4

region. This additional masking step is ne 0 renove
deposi t ' tar.i | gyer tsjde the region on the

chi pal 11aogr e ag e ol BEA0REh' ine JEh ek Pl eBoa saandustene

i nventi t tion. of th dielectric stack 6 is first fornmed uniform
over th \lﬁf%rg %ﬁ@%hﬁﬁ?ﬁhﬁ PQFYr?éBé%? e silican hayipg a Bieknessoangindefrohe
menory .rﬁgje&n. §he%r9ate dielectric, e.g. silicon oxide, of the non-nmenory
or logic €00 nanampetes dnomi is dsaAd) ag\aatet matetisl ein whidht easé Hiee fdersgt i on

of this' logic gate dielectric, the gate el ectrode |l ayer, e.g. a 20

pol yér yosld beelabglast asiz sitgle pdlp devies. The contiattive liase T Bllef&tf de

| ayer is patterned to formthe gate of the | ogic devices as we as the

gate of sames depiigtypeesithe siurc@BhAId AtARY ’ﬁlﬁé‘{'ii e IREHENCOresChEs

technol ogy, and as such known 12 by a person skilled in the art, can be
i hind o e U R R R
o R BL o BRI Tt oL S i bt
cartl e mdeSe oS Tenheiagy: théreby reguring only ona mdditeal ‘masking Zﬁ’éﬁi ned
- 10 The device shown in ﬁgufe 1 comprises the MOSFET elements of a gate 5,
source 3 and drain 4 termlnals énd a dielectric layer 6 separating the gate 5 from
the channel region 10 in-between- this source 3 :and drain 4 region. This
additional masking step is needed to remove thé uniformly depbsited non-
conductive charge-storing layer outside the region on.the chip allocated to the.
15 'me'mory array. In a preferred _embodi-merit of the invention, the formation of the
~ dielectric stack 6 is first formed uniform over the wafer and, by using a masking
| step, then removed outside the memory Iregi-on. The gate dielectrlc, e.g. silicon
pxicle, pf 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



t echnol ogy: the thickness of the ONO stack 6 of this SONCS (sem conduct or -
" ONO- semi conductor) device is 5.5nmfor the bottomoxide' 7, 8.5nmfor the
nitride layer 8 5.5nmfor the top oxide |layer 9. The n-type source 2 and
drain 3 10 junctions are 0.12um deep and forned in a retrograde wel | having
a doping of 3el7 cnR. The cell size is 0.54 un2 with a width over-length
ratio WL of 0.25um 0. 18um However the methods as disclosed.in this

pat ent application can be applied to any non-volatile nmenory technol ogy

embeddedy a perEdSkilleekimtieogit, cnpiss sethekabprst td cohfpiatet thd Mogppsver
appreci ate the advantages of. 15 the enbodi nents- presented when scaling

down t hestkRRRek oS gk w;odicgam@ioﬂhe mggbmbﬁﬂné EnipErTor Y i's integrated

with logic circuitry, to subm-cron nsions. rst aspect of the

invention a i i S for progranmng a, single gate

non-vol ati | e%&rﬁ% %de%nﬁ%%p&?y?%gd%‘ﬁﬁ?‘érﬁ%g%a%ﬁi 1R WBP@B’S??@ ehyibe. 20
The nmenpr ell s programmed fromthe drain side, by applying a first

vol t age "OfETRION; (1St tg@b%hﬁo RrABROBRGI Aeyigrst idan'ly, requiec slabarete ajnationa
first sign to the gate 5,, a third voltage of an opposite sign to the -
subst r aeagnesiimgiosgnauge; intersaliar, dacalised diot cardertinjegtionnd. Primary carriers,
electrons in this teaching, will then mgrate 13 fromthe source 3 through

the channel Ihe redulis presientel (rmithigvapplicationoaie) oBREAEY in fT.98uhEMOS
drai n-source voltage thereby creating electron-hole pairs by a first

i mpact  tEWHrAddyR thBEHIEHESE bMtHY OMG'sthBR élichithis %é%g e%c&p@#tgp-s

-generated cartiers, "fi rst-inpact carri ers” which are €s I'n
ow: o PNOHdEORGleE] SRR PN (6t Ao (ad F, Hie P ™
Cr e e R oe] RELL ol S RS BB SeEond, LAt Lont ety on
| 10  junctions are'.0.12um deep and formed in a retrograde well having a doping of
3e17 cm? The cell size Is 0.54 um? with a width over-length ratio W/L of
0.25um/0.18um. However the methods as disclosed in this patent application can
be applied to any non-volatile memory techholdgy embedded in a CMOS
technology. A person skilled in the a'rf will however appreciate the advantages of,
15 the embodimentspresehted when scaling down the CMOS technology, in which
the - non-volatile memory is | integrated with logic circuitry, to subrﬁicron
dimensions. |
_ln a first aspect of the invention a method is disclosed for programming a
single.gate.néln-volatile memory 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



I oni sati on occurs depends on a nunber of paraneters such as,- inter-alia,
the emnergy of the first-inpact carriers, their diffusion life-tinme, the
bul k doping, the 10 doping profile. and depth of the drain junction, one
can not speak of an inpact position but rather of an inpact region as

I ndicated by the cloud k. One type of the thus generated carriers,
"second-inpact carriers"_ which are electrons in this teaching, will be
attracted towards the gate 5 by the gate voltage and will be injected into

s b ocess, as e catod padh tho PRSI 6 E0GH 4GRS bod aataooray
10 bS e B e BELS) B i S 0 ST
xpl of tod 1 TRt iohisSHat FestbREes 7 aEheRetner drai> Guotyeol fhubsydhoraton

Pt T T e
havi ng the rm“tioélj 't‘y of the injected charges stored at substantia Iyﬁ‘t g

| ' radiistosthe bulks? afithé,d (Airewti ; i |
distri but e i ; o (auoG I and'daihi By Fomaneg

distri bUte%' o.vet;wﬁ region within this dielectric stac

det er ni ned 9b3inthidk sioltagetthetetnf cidmingy §h ahé e eRsiatlon, process.

Because the primary el ectrons will S%I'y nee toéé%tﬁ&eﬁ@&g‘ﬁa'&ggg? sesond

gener at e tImpact donisanent efant. | Bes: I r vol.tage difference between the

source 5 3 and the drain 4 can be%ag%f)l %péﬂh%syhﬁfﬁ 1§ sseganshcimpact
second-inpact carriers; a

carriers nmopisatiin o8&H498e t 9 gener at
noder at e-vol t age di ??grg%ﬁe_ sgt%\;\‘/e nrq‘frﬂgeﬁro iRRramgiers; fechs @sstinteralia, epa be

2221);30" nggﬁ?@?;ﬁ ?’eér grstt-g%%%ltcﬁl%tagrliéfis}p/gil"éjgt%?@r%géyggdilng.géﬁegglzggo;iz; tt:ée
subst r,l%t e(%;ﬁh Cﬁr%hfé.grqg roggi)ft?ac)rfrthgrdralir]; .jL?ri(citi%en iosneuf:aergI ndt ; i |

| | _ , 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-impa'cf carriers” which are electrons in this

teaching, will be attracted towards the gate 5 by the Qate voltage and will be

injectéd into the dielectric stack 6 (arrows 1). Because of the statistical nature of -

15 this process, as indicated by the cloud k, the éecond-impact carﬁers will not be

. inject'ed iﬁt_o the dielectric stack 6 at one single position along the channel as

would be the case for claésical .hot-electron-injection,. but at a- statistically

distﬁbgted set of points. The programming .mechanism exploit‘ed in thié

embodiment charges the c'harge storing layer by a non-localized injectioﬁ of hot

20  carriers, generated by a secondary impact ionisation mechanism, takiné 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



10-as a first dielectric 7 then this energy barrier is 3.2eV for electrons
and ‘4. 8eV for holes. For the device proposed by J. Bude, as di'scussed in
the,pri or art section, the injected charge is stored on a conductive
froat) ng gate and not on a non- conductive charge-storing dielectric 6 as
di sclosed in the enbodi nents of the invention. In order to attract the
generated carriers towards this floating gate. 15 Bude nmust apply a very
high voltage to the gate electrode 5 as'only a part of this gate voltage
Wil be chaage abidistabutedeoveroatregipngaithirdthds tdielebtriccstagk, thiy eegioni Beihg Whi ch
is created between the substrate 2, the floating gate and the gate

el ect r odRtefningddy tﬁ@mgﬂlétlc%%fdhé“o@éfall éaﬁf‘i%‘i' gRnBERIHn prockls device
di sclosed in the ‘“enbodinents, allow ng a lower gate 5 to substrate

el ng. appi e%gé%s%'eﬁ{e?éﬁ% SEE0HTE il onkd iseclo AR, ehbon dHsrEF 8 ng
is 1.5V or SS, teJ‘era I 1V or ess e d| ference in absol ute val ue
of the. enefditbe REEIEA e RIS PaSER Peesgurce t e

drain, gate and bul k dur| n 15. prog ram*n ng 5V or less, preferably 1V
or |&ss3 2nd thesdrain 4 GémLha‘% @Pp{lﬁ‘é BBCEBSG t éc@ﬁ&lmttmrﬂarwmmaggalhel ng
applied respectively to the drain, gate and bulk during programmng is

about t lemosghe enBrayf etoalgenerates MQHHWMI varriess;5 &V modet6S.  via
preferably this absolute value is 4.5V or less. 5 1n-a preferred e od| ment

t he dr aidiffdrenbé deled® the a%an&w&%@sEBsﬁa@W cﬁ'ﬁ'ﬂeeaépfl%cﬁ “'Pﬁé g%ttggj[tﬁof t he

"biased to -3V. Figure 2 shows the shif I n thresh vol t
Bt °Phe SEPRPRIECLNoALE st bO G R 4'*0?@;“%?%%#"@# ey sl gt geinyg
v snchangl 8 i P B s PR e S I e bt ¢ ne
thi {(Sj Vglstaaﬁrst dnéegtric 7 then this energy barrier is 3.2eV for electrons and 4.8eV for
holes. For the dévice p.ropo;se.d by J.-Bude, as discu_ssed in the prior art section,
the injected charge is stored on a conductive floating gate and not on a non-
éondUctive charge-storing dielectric 6 as disclosed in the embodiments of the
ihvention. In order to aﬁract the geherated c':arriehl_'s 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 ayailable "ét the floating gate due fo thg capacitive divider
which is creatéd between the sdbstrate 2, the floating gate and the gate electrode
5. Such capacitive divider is not present 'in the device disclosed in the
embodiments, allowing a Iower 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
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negative sign. A nore negative bulk bias wll lead to an inproved

programm ng efficiency, as the threshold voltage shift after a given
progranming time, e.g. 1 nsec, becones larger with increasing bul k bias.
The gubstrate bias .thus contributes to the generation and/or accel eration
of hot electrons near the drain 15 junction, therefore the programm ng
mechani sm of the present invention is |abelled as

subst r at e- enhanced- hot - el ectron-injection (SEHE). One feature of this

pr ogr anmpnograreotingiis rh.5¥ drhess, paferably 14oot hessc oiihenabhsulale edlasns! theot -

el ectron (CHE) nechanism carriers are not injected into the floating gate

6 at a fivet,|sedehdnand peisd VbRage ld %bFﬁédi QBsPécthVed) tRrike %rréinfig%?é dg to

the present 20 invention is a non-local injection phenonenon, oW ng a

much -nor fer W tO. [ | [+ es, t he

di f fer entf:helﬁ Ejgb\hgéﬁg%éerﬂpr gigsné‘baﬁmérﬁ%m% Fg'lnegg{ﬁi)gﬁtrﬂé% a #gb{ugé (‘;(%Ituleo'ﬁ Wt h
respect tq the spread of the ipjectio pos;i ti.on when progranm ng the

devi ce oqrq?§%dpgpelpre'3\ﬂ@rpl3b&5§Pﬁ#rﬂlPﬁ'ngg'HE '§ir4a$\4 Or{@5%i de, being the "program
bit", according to the%f)r esent invention, the change in threshold voltage
ovt fv) at tHBE aduptasred embasingpt the draintisabiased tophbYi the gate'to 3.6V t he
transistor is nonitored. The two bits are read, i.e. the shift in threshold

vol t age Whilenties subdtrate isvbiasedutes-3). Figere cadhoelst thige shifts (\Deinvierasrelr ce
and 5 drain: 1V and 1.6V. Using conventional channel-hot-electron (CHE), as

is the voltagefwt of thedp@grainme®meronceell 88 BRIGPRIi AL @BcYR PG 000,
only results in a small shift of the threshold voltage at-the source side.

I A e - L ST PSRN 80 0
ot " SEUONEL B e R LB S00RE VA RISh 5 5 AL offhen®
thr ?ahmtﬁe \f#.l;tt a3 s%tco% evoﬁt%lcf;récﬁa\%i %epios?iti\(/)g Ss?éﬁ/,e%h}clg rthé1 tgflrc\il %%Itggiefﬁas a
negative sign. A moré negative bulk bias will lead to an improved programming
efficiency, as 'the threshold voltage shift' after é 'given programming tihe, e.g. 1
rﬁsec, becomes larger with increasing bulk bias. The substrate bias .thus
cqntributes to the generation and/or acceleration of hot electrons near the drain
15 junction, therefore the programming mechanism of the present invention is
lébelled as substrate-enhanqed-hot-electron-injectio'n (SEHE). One feature of this
programming mechanism is that, contrary to the conQentional 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 phenom'enon, showing a much more scattered
injeétion behaviour. Figure 3 illustratesl the difference between the présent

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

position when prbgramming the device of figure 1. When programming the drain
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in threshold voltage at the drain side, indicating interference between
tHese .positions in.the floating gate. Even when a bit |ine read voltage of
Vds = 1.6V is used at the source side to read the bit at the drain side,

t he fyncreased threshold 15 voltage at source side cannot be masked. This
effect is exploited in this enbodinent: by only storing a single bit of
data into the floating gate. As a result the disclosed efficient, low -
vol tage, prograrmming nmechani smcan be used for this device. The single bit
devi ce side, theingrtbedpregramhbit”, avcasgingetbrihe plesege inventivagtherenhage SAT -
charge is stored fromthe drain side onwards, but is not 20 |ocated at the

drain stisteshbldyvoltsgd h¥t reyat m&@burdess@éogéﬁ’q@‘m@ Ht%f‘th@%dﬁo%‘it%\?laé’de and

read fromthe source side,”a lower bit |ine réad voltage

conpar egds Qe \%@bsggg dggmgﬁ d°The v billaflfedd' G d thef@ﬂﬂf.gf tggeggﬁgof PCT

appli catlon can e used he hi gher Tt ead- ot~ vol
Lor.art 0 _extend th

t he |red n regi on of the

juncti oxg{t%g%ss E“%"@reﬁ%" BO‘ﬁ Y® 6’& ?h? ﬁﬁ?g VgﬁﬁgFt\ﬁc&I Hat"%é;dh sgytce apdever
t hi s_hi gher r%a LVOlfﬂj mght result in a so-called soft wite error:
sone ca%ﬁ“@rg o'?"ah 6Vea -Sglﬁ cepyertiqnal ghamnefhphelastiopn(Gnk).ggs tis the
injected-into this masked bit and hence add 5 unwanted charge to this

bit.. Wsase fontheedual ditlmamadyaell oh®Chapplitaticen\dt® 98¢0 1000 ohlybigsultistin
interference is to be expected as only one bit is progranmed.. Scaling the

channel al stngh Bhiftvofiihé thiréshibld velthye dithe sfuréd 8ide. Mhis ﬁrghlydﬁieaﬁﬁea Gt her
W th a higher probability for interference between these two bit

Pr ogr arr'g]éwroﬂni eckidpl Fnéb?xaﬁis?ﬁ 'lQ%l%lfédl% (s SR 1c¥aﬁ35 "RIO R

scal ability of he proposed devi ce ut. al so the ower opera |ng vo%tages
A L T g T L RN LS

- 10 positions of the floating gate 6. Using substrate-enhanced-hot-electron-injection
- a larger shift in'threShold voltage at the source side is observed for a given shift
in threshold voltage at the drain side, indicating interference between these
posifions in the floating gate. Even when a bit line read voltagé_ of Vds = 1.6V is
used at the source side to.read the bit at the drain side, the incréased threshéld
15 voltage at source side cannot be masked. This effect is exploited in- this
embodiment by only storing a éingle bit of data into the floating gate. As a result
the disclosed efficient, low voltage, programrming mechanisrﬁ can_be'used for this
device. The single bit'device of this embodiment has an asyrhmetric charge
storage mechanism: charge is stored from the drain side onwards, but is not'
20 located at the dlra-nin 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



breakdown is | ess likely to occur even for short channel lengths. In a
second.aspect of the invention a nmethod is disclosed‘for erasing a 15
siingl e gate non-volatile nenory cell conprising a charge-storing dielectric
Iayé?) The menory 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 program gate 4, a third voltage of an opposite sign
to the substrate | and biasing the source junction 2 to ground. The

erasi ng peohan isntameed ty extarmhtiaf depletionr rdgis:s @th%ﬁcﬁ&?t&bﬁﬁ% tgd Ori ng
dielectric 8. These carriers will be of an opposite type than the carriers

d for npightoanyi Bigthet-i§ -ndt ik i thHRNS; Ly duri
used forng gh@bﬂrn[j\ Otha.i§.ndtmdify $eé@%§€' POwRIVet tﬁ@nﬁlggéreé%%éﬁtggléaggr' ng

progranmmi ng, while holes are injected during erasing.

negati vepy tt,%gglit- _ -drain .4 is put in deep, depl eti on and
"col d" 18@:“10| es c'gné Eg %@%gr a ﬁe%’ﬁ%% ﬁd-s?g‘-eb‘é%'a'ef%ﬁkiﬁ’? irﬁ%d‘QHF\ﬁHérﬁni he
drain 4 an ttagin channel reai qn 10.. These "col d" hol es gai n sufficient :
energy fPomt $ANsEPPRLIL enefg¥ i) be injectad: intor this anaskeskbiéranchbenaadadd
cross the substrate-dielectric energy barrier. If oxide is used as a first
di el ect r¥ewantegkenaraedodhishil. barrier is 3.2eV for 5 electrons and 4.8eV
for holes. The gate-drain voltage nust be sufficient to forma deep

depl eti on r egiherafurthes sdaling deowaethanch s deMeRgthchd M@Wt-‘ﬂrﬁ%lrfle}%gcé)f
e

carriers used for erasing. The gate 5 to substrate 2-voltage nust ar ge

el St 1 o CeneraxeRted Bspoh) S BiEk phodraRimCl Sali fe08ialig Rl
[17S" L SBIPOHIALN o6l 1 BR S RRLE FREBEPRFL Pl Syl
T oG el e he et b 1R PR it ony § e G, appl | o
10 this application‘ promotes the scalability of the proposed device, but also the
lower operating voltages allow shrinking of device dimensions. The lower the
voltages the closer the source and drair;i junctions can be brought together as
breakdown is less likely to oécur even for short chaﬁnel lengths.
In a second aspect of the inventién a method is disclosed for erasing a
15 single gate non-volatile memory cell com:prising'a' cﬁargé—storing dielectric layer.
_The memory cell is erased frorﬁ the drain side, by applying a ﬁrsf voltage of a first
sign to the drain junction 3, a second volfage of.an, opposite sign to the prolgra.m
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 carriérs 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



programm ng i s about the sanme value. Preferably this absolute value is 5 V
or, 15.less, nore preferably this absolute value i's 4.5V or less. In a -
preferred enbodi nent the drain 4 is biased to 3.5V, the gate 5 to - 3.5V
whi l'e) 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 nenory
cel | as function of time (sec) for four different values of the bul k bias
(Vb = -1, -2, -3V).for a 20 given drain voltage of 3.5V and gate voltage

of -3. 5Vhw{ﬂ9 ean be genereted/by bagd-tésband tynielling Befwer the Biain AnRRgt FT?
the first voltage has a positive sign, while the second and third t age

have a nebahhdlereyian- 101 TRESE Nt heRedbih 8ARiott dnerb gaff’oﬁwoth%”ig#groved

erase efficiency, as the threshold voltage s after I'ven FGse

time bec i |,k bias., The,s traeblasthus
contri bu[ag%%tlo té%lef!\gelgrjg |Bc')é$1c d)‘gg E d8 dPspithh Sb‘Psﬁ'ﬁf Hkﬁf’éér'ﬁ@é\ergne
drain nct | on thereforg t he_erasi ng nechani sm of the present invention
is | abel afiers/t'oxide is used as a first dielectric 7 then this energy barrier is 3.2eV for

substrate enhanced- band- t o- band- t unnel i ng-i nduced- hot - hol e-i njection 5
( SEBEHH) elesfr oae;ﬂnﬁ 41§e¥ fee fatasy dhergate-draheveltageanmst bt esudficiéntelodfors a
enhanced. . The "col d" hol es generated by surface band to band tunnelling

can ' gai ndeerdpplefisronegions atthardrai sidd and afiow! Bandl%lﬁﬁﬁd {‘Lﬁhellﬁ'@d ofan be
injected into the floating gate 6. Since the erase nethod is based on the

X i h £ t,of, th
i nj ect i opardierd)Qisedafdri Efa%ing. ff h@r @?ge g‘) ds/% gstugiégrlé(tﬁ %tk&fjagéay n{} Pré)tlﬁ 3

t hi ckness of the bottom oxi de One

accordi Nén d t om 0 |de need not to be

scal ed-t 0 6‘&%\%{);@%?%9{:5@% S t nbgm ksté%ﬁc'?ﬁ &oGrgY Pd&Fostsoqr‘%u%H%ﬂfﬁé' good
retentio ﬁﬁz ‘b gure 5 shows the endurance characteristics of the
cel | pro@?f eneir qrg % according to enbodi nents of the invention. Mre

t har] 100 000 'FP{Cl es can.
0 e difference in absolute value of the first, second and third voltage being

applled respectively to the drain, gate and bulk during pregramming is 1.5V or
less, p.referably 1V or less. The absolute value 'of.the first, second and third
voltage being applied respectively to the dfein, 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 embodlment the drain 4 is biased to 3. 5V the gate 5 to -
3.5V whlle 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) fora
20 given drain voltage of 3.5V and gate voltage of -3.5V,while tt.1e source voltage Vs
is put to zero. In this embodiment the ﬂrst. veltage hes a positive sign, while tﬁe
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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15 'be obtained. An overview of the voltage w ndow for progranm ng and
erasing the single bit nmenory device within in tine w ndow between 10. usec
and 100msec using the previous enbodinments is shown in figure 6. The shift .
(V)""i\p threshold voltage Vt is given as a function of tinme (sec) for three
different sets of drain Vvd, program 20 gate Vg and bulk Vb bias. In a
third aspect of the invention an efficient array configuration for the
menory devi ce of the invention is disclosed. Figure 7 shows a nenory
conpri si fgasefiEra besepas smaller vith inentasing ihaNOR, IR RSN Ate?hiaV: %0
architecturgtgﬁcordi ng to one enbodi nent of the invention is shown. hﬂ" e
menory cepbhiitates dogtie pederationobHARST- a loRC PRy 8 & 1 gach
col um have either the dg?ai n 4 or the s%%?%@igﬁnggroi n c%ér/n'rrloeﬁaerﬁ]g gf%ﬂ’n 4
nodes of junwioadiiase | LS 1 are connected, as

’ TR aaF g mechnBhrer 5% BN i ¥iBags drbelorbamL,

indicated 5 by the black squaré&s in ure

runni ng I Gl g cell colum. Preferably this programPL is
f or med iﬁgg'&?l rs%%ﬁceeroizgﬁ'ﬁlée]jg?’%%nggpnﬁm@rﬂ ceddhridialednigctioront act s or

vias o W1 4unctiaon. As shown in figure 7 the nenory devices are
mrr oﬁl'r edtﬁﬁ?ﬁ?ﬁ?)es%ap%ne e NsPalyarkiagtthe. sumface dateral fielddesemhaicdde
menory C$L|§ in each col.um are connected to forma bit 10 line, running
paral | el P8 FRK" dtlee gsbrmatad buesurfacs band tr baed alneliny sakidaih icfgh%r'g§
formed in a second, higher, interconnect |ayer of netal connected vi

cont act sfrem thisagnbancett Istenalc fieldyrinsdopie HoPMaPRC Bak Obe! TRidRE] JALE 15e Of
menory cells at identical horizontal positions in each co1 unm  are

connect efibdting batendr 8irddentheVlraser |J0; ' : cel | col um.
Pref erably tr?ltis; wor d Iline ies %agsnrggfﬂdgglsggét eeggtﬁ%?{]&?tscpg\%Ir&i?rpéﬁscialrﬁ'%@ﬂ used

to formtheeeeCeficRHYCIS idd&lerfelilt PR hiGGldss of the bottom oxide. One

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

Figure 5 shows the endurancé charactefistics of the cell programmed and
read according to embodiments of the,i_nvention. More than 100 000 cycles can

15 ° be obtained. |

An overview of the voltage windqw for programming arid erasing the single
bit memory device within in time window between 10usec and 100m$ec using the
previous embodimen.ts'is shown:in figure 6. The shift (V) in threshold ‘voltage Vt
is given as a function of time (sec) for three different sets of dr'aiand, program

20 gate Vg and bulk Vb bias. o

In a third aspect of the invention an éfficient 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



So word lines and programlines are arranged in parallel. The nmenory array
shown in'figure 7 is a contacted array ' as the ‘source 3,- drain 4 ahd gate
5 termnal of the individual nenory cell is contacted. At each
intéPpection of a wordline W. and a bitline 8L a nenory cell 1 is |ocated.
20 One advantage of the nmenory architecture according to this enbodi nent

I's that the highest voltage seen within one sector 11 at the drain 4 and
the gate 5 of each cell can be Iimted, resulting in a high enough disturb

mar gi n. . afdhitgcme aokordig its BREJEFHORIAERY BTt tﬁ@%ﬁérﬁﬂ:m@%mﬁgﬂﬁ
menory cells. If for 21 exanple the cell | at the intersection of colum C

and row Ad o} it i ' "ot her .col umms
w1l be Denforyeds oS 3A6APER, i KGuETS, THP, A0¥eent s RnE ke ideea

pr ogranmj f S I he Mbitlines BL E,, Fetc. will be biased, in
this t?;%:(ﬂlgﬁ]&, h%ggaqu'gezitb?v‘ir%ﬁ gpdne 5‘°I§é%%5{sé‘°fjﬁé”b?‘?mm%jr§§ @edn dormon
bet ween sect or &’Yl above and sector 12 below, the nenory cells of sector 12
will be eftWe agiagemh srement eglis i eacherpluran @re senneoledc AS ingicaterthus e
di sturbance within these cells. Thanks to the |ow programvoltage, - e.g.

| ess 5t haby theshlack squaresdanfigwe Gite dormalagwegraimdinenPL piunninppéaemdiangt ed at -
the source side 3 of the nenory cells in colum D can be |low. 10 Because,

as showrtoi thef ¢gllicelurnn.t Rrefirably thes Brogrammeat i toridtd FOHTSt MRsiRonAelf 2
colum is common to all sectors, the bias applied to the this bit [ine wll

be seen |apyr 8f metdPEBRNe 8 Via icBP _?o?ﬁ@%%’go gﬁé‘rdré‘ig JQ@F@%’E'%%{?@%&@} g?g

hi gh sourtce inhibit voltage wou I ntr I stur

ot i e TR ek AT Bl FSHATR S eSfrBin el e A0
illustrated in figure 8 the threshoJd voltage shift decreases as function.
of the Souree r\?QFFg*gJQ?the memory cells in each coPumn are connected to form a bit
10 line, running parallel to the corresponding cell column. Preferably this bit Iiﬁe 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 6olumn are cohnected 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 el.ectrode 4 of each memory cell.
So vybrd lines and program Ifnes are arranged in parallel. The memory array
shown in figure 7 is a contacted array:as the source 3, drafn 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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A-shift of |ess than 200nmV can be obtained even the drain side is biased
for®30. sec. For a 256 ‘it array, arranged in a 16K x 1K word’ '
configuration, the programtine of nenory array is about 20 m|liseconds
(mseg):- 1K word x 20 20usec/cell. The disturb tine, i.e. the tinme during
which cells of the mrror row are exposed to the programvoltage of the
adj acent row, would equal the program tinme of the nenory array. The 30
seconds shown in figure 8 hence prove a |large enough drain disturb margin.

22 O ai mexa@pld the Sel\ freahdbeofntersegtisAMbNLAuSINNG arfd trodP T o a"tc% | e
uct or

menory cell integrated on a chip in a netal-dielectric-semcon
t echnol ogpograminde eI ¥ebetd r&@ Wik Si ' Lon,including a
sour ce rggigon a drain regi onr anéhghgﬁgﬁﬁgﬁql@gﬁgﬁ% %%é?&g%q_p é%ﬁbeg%urce

regi on agd;:sa ' ' ontr ol te conprjsing a gate el ectrode
angI di el g%"??dcﬂsgé&%%g%{ggé gﬂg?‘:é PBWQ”@H&@@EEPQ%@PW%% galisi therannel
regi on by., said, dielectric stack, said djielectric stack conprising at |east
ong cha¥'8@e§t g"ag[g i e{'f @g‘ft-r‘f" behiased,sinsthisgl taeehing, toappositivg wditagst eps

of ; biasing said source region to ground, applying a first voltage, having
a fifst Pefase jhe tiflises Bldase coemoonbetp@en sgctor skicabdve Aridgctdia Ng
the sane polarity as said first voltage, to said gate el ectrode,
below, the memory cells of sector 12 will be exp_os_e’ad to a higher voltage at their
sources , which might cause disturbance within.- these cells. Thanks to the low
.brogram voltage,e.g. less than 4.5V in. ihe exahples given above, the inhibit
vbltage applied at the source side 3 of th.e memory cells in column D can be low.
10 Because, as shown in ﬁguré 7, the 5it line BL 'connecting' the source nodles 3ofa
'column is common:to all sectors, the bias applied to the this bit line will be seen
by all memory cells i_n each sector sharing this bit line. A too high source in'hibit
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 voitage éhift decreases as function of the source voltage.
A shift of less than 200mV can be obtained even the drain side ié 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 rhilliseconds (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.



20 applying a third voltage, having the polarity opposite the polarity of
said first and said second voltage, to said senm conductor region. said
first, said second and said third voltage cooperatively establishing
progranmm ng of said cell using injection of hot carriers generated by a
secondary inpact ionization nmechanisminto said at |east one charge storage

25 dielectric layer at the drain side of said nenory cell.. Cdaim2 A

met hod as recited in claim2l1 whereby the absolute value of said first, .
second a a Lrd voltage is 5V or less. 30 23 Caim3 A nethod as recited
in claim1l or wher eby each di fference between the absolute values of two
vol t ages .said first, said second and said third voltage, 5 is 1.5V or
| ess. argi. method as recited in claiml1l whereby the difference between

the effect) (&A% of AragearamingsAdsiagleohiti nenwolsdiledmemony call Integrated ah 4 east
4V. d ai nbﬁipqn@ﬁ,lé@g_(ﬁél Eﬁﬁ_é&ﬂicbﬁdgj:@r%?ﬁp vgnereby t he absol ute val ue of
gt e absol ute va é’é

sai d second voltage an ¥9%aid third vol tage is 5V or
| ess. 15 €pigimemony eell sothpmisingecited in any foregoi ng cl ai m whereby said

charge storage | el ric layer is sandw ched between two oxide | ayers,
a &!rﬁlcg%uctor region Inc u&?”g a source region,  a drain region,

and a channel region in-between said source region and said
10 drain region, '
a control gate comprising a gate electrode and dielectric stack,
said gate electrode being separated from said channel region by
| said dielectric s_tack/ said dielectric stack ~ comprising at least one
charge storage dielectric Iayer/
15 said method comprising the steps of;
biasing said source region  to ground,
applying a first voltage, having a first polarity, _to said drain region/
applying a second voltage, having the same polarity as said first voltage,
to said gate electrode, _
20 applying a third voltage, having the polarity opposite the polarity of said
first and said second voltage, to said semiconductor region/, _
said first, said second and' said third voltage cooperatively establishing
programming of said cell using injection of hot carriers generated by a
secondary impact ionization mechanism into said at least one charge storage
25 dielectric layer ‘atthe drain  side of said memory cell,.

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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20 daim7 A method as recited any foregoing clai mwhereby said charge
st.orage dielectric layer conprises nitride. Claim8 25 A nethod of erasing
a single bit nonvolatile menory cell integrated on a chipin a '

met al - di el ectri c-sem conductor. tech no logy, said nenory cell conprising a
sem conductor region including a source region a drain region and a
channel region in-between said source region and said 30 drain region, a
control gajgnceonprising a gate electrode and a dielectric stack said gate
el ect r ode ADE{J7R rat.ed, f sal hann region by _-said dielectric
stack saidl ﬁilégrlg%%teéf? craé'tf%cléﬁ g%rérr%? igioﬁgéa%ﬁ%'éei’y? g m@ﬁ%@ g?%‘%ﬁﬁe the

di el ect ri ebselyter va@lBes aif dwownbltades onpsaii firgt, t9ad SR 8hd safd HiSidiggai d
sour ceg regipgvt g%ﬁ%und, applying a first voltage, having a first pdlarity,
to said drai'n redl appl ying a second voltage, having the polarity
opposite the polarity of said first voltage, to said gate electrode, 5
applying a third voltage, having the sane polarity as said second vol tage,
to said sem@igmanductor region said first, said second and said third vol tage

cooper at i geqg | LSBRLRAGAE j id cell usin _ )
subst r at e)-qenhgﬁ?e?-gbgn e ? g'-n bgggﬁ{]ﬁrﬁ?rfaﬁ tﬂﬁdﬁ'ﬁ&ﬁe'}?@t Be%ffer%the iehiestve on
i nt o Kai dvalties ehsaidoseconidaargbsaitdhimd@otlage échit leas{ #yer at the drain

Claim 5 -
A method as recited in claim 4 whereby the absolute value 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  is sandwiched between two oxide layers,

20 Claim?7

A method as recited any forego_ing claim whereby said charge storage dielectric
layer  comprises nitride. '

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

metaI-dielectric-semicond uctor technology,

said memory cell comprising

a semiconductor region including a source region, a drain region,
and a channel region in-between said source region and said
30 - . drain region/

a control gate comprising a gate electrode and a dielectric stack,
said gate electrode being separated from said channel region by
said dielectric stack, said dielectric stack comprising at least one
charge storage dielectric Iayer,

35 | said method comprising the steps of;
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10 side of said nenory cell. Caim9 A nethod as recited in claim$8
whereby the absolute value of said first, second and third voltage is 5V
or less. 15 Caim10 A nethod as recited in claim9 whereby each difféerence
bet ween the absolute values of two voltages out said first, said second
and said third voltage, is 1.5V or less. 20 Caim1l1 A nethod of

programm ng andbi@singeesitngurde FRNEK Se ,gﬁgjéon a single bit nonvolatile
menmory cell integrated on a chip in a netal-dielectric-sem conductor

technol ogy, 25 2BRYINGeRHFS) velipge .chawing &ifirgt polsstyi, tmsaid crain regwnon i ncl uding
a source regi onggpldinal ' > el. region in-bhetween’ said source
regi on and sai d.g%rgg\i@né]rsgg?%ﬁoglt%t’?aoﬁx%g{kebglgﬁ&?@Q?Qeéﬁﬁﬁoéafé)’@étsﬁwe
and a dielectri &rsévgﬁﬂg%dowiwg@mt@eeﬂre@élr ode being separated from said
channelg region said dielectric stack conprising

at | east one C%lé@%ﬁ&tﬂ'(gggﬁgg, Svﬁr?ggh]eﬁ@ngapczprﬁytawidfsepoogrvatta'geg.
conpri sing the tetsd se‘micor&ﬁjd@d)r&‘éigi&/sai d source region to ground,
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 sitorage dieléctric layer  at the drain

10 side of said memory cell.

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 regio.n including a source region/ a drain region,
and a channel region in-between said source region and said
drain region/ '
a control gate comprising a gate electrode  and a dielectric stack,
30 said gate electrode being separated from said channel region by
said dielectric stack/ said dielectric stack comprising at least one
charge storage dielectric Iayer/

said method of programming comprising the steps of;

25



applying a first voltage, having a first polarity, to said drain region,
applyi ng a second vol tage, havi.ng the sanme polarity as said first voltage,
to said gate electrode/ 5 applying a third voltage,: having the polarity
opposite the polarity of said first and said second voltage, to said

sem conductor region, said first, said second and said third vol tage
cooper ativel y dsasihgisaid sgurcprregioanm fggrfurkpi d. cel | using injection of
‘hot carriers generated a secondary | npact ionization mechanisminto
said at |east m%m@fﬁsw%ham% it @ofardy.|tayseid deain hegidnai n si de of
said nmenory celd ' LG S nmed. menor el] in
reverse directi é’rﬁ’w’:%ﬁgﬁ%f‘%’%ﬁﬁéﬂ@%ﬁ@%@i@%@ag%"i‘F ari| %Sfé‘@{t@ﬂ\eland
said sem condué@élald@@ﬁecﬁie@fm@e/ound, applying a first voltage, having a
first polarity, -sai d [ region 5 appl ying a second vol tage, having
t he sarB}e pol ar iatpy%é'z&saa}hg&]?@gqg%gﬁvé@%,the tpt%l?ﬁYch@é’ﬁéeéh@dW@fdé efnsaid
subsequent | y sdinstiarg !Ml'éts?é@bnérvonQQe,Ct'ebr§zﬁdl%ehﬁc&{o%@t&qeb{oﬂm said drain

regi on tovvagdds said source region, 20 Claim 12 A nenory~cifcuit conprising

an. array S89 Sfifah| sal t serandbiand | saidetbirg weltags canperativedypi dstabiiohivg
cells conprpgi oS B tor jlon.inecluding a source region, a drain
regi on, 2?5 g;fbc an elemrsgagtlﬁ]g%&i n- bgs\ﬁ:‘l@eh%é%?od’ é)éﬁ%tecﬁ@ef%gﬂ%}?gaw i 8
drai n regisenondarydnipaxt igaizatiow medisanigmaintéisaid @t 8643t0si% %ﬁgr%é @'tcﬁ%gﬁt ric
stack,sai % at e c?l ect rodge, bei nPn separated from said channel region By said
di el edPr i |eg?categ yary atthedra side of said memory cell,
said method of reading said programmed memory cell in reverse direction
- comprising the steps of:
biasing said drain region . and said semiconductor region  to ground,
applying a first voltage, having a first polarifty, to said source region,
15 applying a second voltage, having the same polarity as said first voltage,
to said gate electrode and,
subsequently sensing whether or not current is flowing from said drain

region  towards said source regidn,

20 Claim 12
A memory circuit comprising

an array of single bit nqnvolatile memory cells, each of said memory
cells comprising a semiconductor region | including a source region,
a drain region, and a channel region in-between said source
25 region and said drain region, a control gate comprising a gate
- electrode and a dielectric stack/ said gate electrode being
separated from said channel region by said dielectric stack/ said

dielectric stack comprising at least one charge storage dielectric Iayer/

30 pheripheral circuitry,

characterized in that
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di el ectric stack conprising at | east one charge storage dielectric |ayer
30 pheripheral circuitry, characterized in that 26 said peripheral
circuitry includes neans for programmi ng and/or erasing each of said
stngle bit nonvolatile nenory cells using voltages having an absolute
voltage of 5V or less. 5 Caim13 A nenory circuit as recited in claim12

wherein said nessid dediphf# OfifiIn thel @iy ' Lncludes circuitry
capabl e of generathip;lfg pa, Qn-lcﬁii,{) voﬁtageﬁeﬁ%fdr{&gg méﬁg‘b’?%taﬂg&’éﬁjgsmg 5V
or less. 10 d &3Ma" @ lo kit penyalatileongmay mellan amiag_v@ftagé@g,laging,it

nonvol atil e mengy ¥bsSLieSvold: aéﬁ@x?ﬂr}ég col ums, each of said nenmory célls
conprises a sem conductor ré&gion Inc Gdi ng a source region a drain region

and a channel region in-between 15 said source region and said drain
regi onSa ddaimdB gate conprising a gate el ectrode and a dielectric stack,,

sai d gat e Aelnearhondeirbgit B8 rezftedriat @dink rMEMwHR&HC jon by said
dielectric stack said .dielectr ilQ st_lack. corrprrlgigi {%&gﬁb?éﬁ?r BFPQ&EHHP'QS
storage difbHENSrasSNgQalY '”QWQﬁQ&'@Ui'tﬂééaDablemftg@ﬁhrbﬁn@mho@@hmo%é‘,cem

Menory CelhavingaxtaBsblfd vaIlg oTBY GF1gsE9! On or  the drain region in common,
Wi thin each colum all source regrons are connected to the sane bitline

runni ng parallel with this colum.
1 Claim 14 ‘

A memory circuit, comprising an array of single bit nonvolatile memory cells
organized in columns,
each of said memory cells comprises a semiconductor region including
a source reglon/ a drain region, and a channel region in-between
15 said source regi i i i isi
_ gion and said drain region, a control gate comprising a
gate electrode and a dielectric stack y said gate electrode - being
separated from said channel region by said dielectric stack, = said
V4

dielectric stack  comprising at least one charge storage dielectric layer
/

characterized in that : : :
20 in each column adjacent memory cells have either the source region or

the drain region  in common,

within each column  all source regions are connected to the same
bitline running-parallel .with this column/_
within each column each of said common drain regions  is connected to
25 its respective wordline “running perpendicular to said column/ and;
within each co_lumn each of said gate electrodes is connected to its
re_spective program line running perpendicular to said column,
_ Claim 15
30 A method for programming a memory cell in @ memory circuit as claimed in
claim 14,

said method comprising the steps of
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wt t hin each colum each of said common drain regions is connected to 25
its respective wordline running perpendicular to said colum, and; wthin
each colum each of said gate electrodes is connected to its respective
pfogram |ine running perpendicular to said colum,. Caim15 30 A nethod
for progranm ng a nenory cell in a nenory circuit as clained in claim 14,
sai d nmet hod cbigsirigsthegbitline st epwrofect tn tei siurtbeegiohl | nef sakingehashyt o t he
source rggiontgfrﬁggg menory cell to ground, applying a first voltage,
having a Tirst ﬁb ari'ty, to the wordline connected to the drain region of
sai d menory cepplylnt) a Sirstopblitagig aaseeoRd fivall baadity, "RV itRg |BRiBaMe pol arity
as said first. v Ltﬁ%SH .to the programline connected to the gate el ectrode
of said W@Nﬁ?§e€ $ e AR reliRg a Phdid eMogyeelhbivi ng the polarity

opposi te the appi@ingt § sekokadivditabk! Bk i vl o g2l d
sem conduct or ?ﬂégi gn_, ang' 10 a8%| yi néﬁgdtp%ﬁérﬁé%%}gﬁg,% %%gﬁlﬁatt Y(Pll e
pol ari t yloahesogramrlise vol t agrnected talthe gakeeldotrodenes obaigdlandnitryeey

circuit. Claim16 A nmethod as recited in claim 15 whereby. 15 the absol ut e
val ue of said first, second and third voltage is 5V or less and; the

absol ute val uapplyingaadhirdwdltagephaatr) tte BYirity bppesitdhe polarity of said
first and said second voltage, to said semiconductor region, and

10 applying a fourth voltage, having the same polarity as said first voltage, to
all other bitlines 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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