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63390252 1 CONGTANT' CURRENT PROGRAMM NG WAVEFORME NO. 422 D01 16 JUN 2004
FOR NON- VOLATI LE MEMORI ES BACKGROUND OF THE INVENTION 5 10 1. Field of

the invention This invention relates to non-volatile nmenories including

EPROM" EEPROM and fl ash nmenory devices and nore particularly to t1r‘33Jﬂnrmr,

of programm ng voltages applied to non-volatile menory devices which

utilize Fow er-Nordhei m programm ng, hot electron injection or aval anche

i njection as 'the method of programm ng such devices. 2. Description of
Related Art El ect ponarANtheURIMNT EROGRAMMING WAPERORME nENDIri es repel

el ectrons. By applying a programm ng pulse with a square shaped traces, the

tunnel l i ng current produceBQRPNONVOLATILENMEMORIESOf a progra
Ui

arid decreases dramatically afterwards. This results in long p

times. such a voltage spike degrades the tunnel ling oxide Iaye : |
results in a small nunber ranm ng cycl es avail abl e before thessx
tunnel | i ng oxi de |a@cxam gFrfEHEiﬁSTMr. United States patent No.
5, 485, 423 of Tang for "Method for Elimnating of Cycling Induc u&mﬂmﬂmw
Trappi ng {1 Méld of nthel IJnventlonde of 5 Volt Only EEPROVE' shows

applying a refative Tow positive voltage to a source region 25 of odaEPROM
dusing the eraThisytheentborveelates ske gianarglatile Temariegos 21: 24

KHRTTRR WONG ~ PRRTNERS i 63390252
in=luding EPROM, EEPROM, and flash memory devices and more

particularly to the form of programming vol+=~e5 applied to

non-volatile memory devices which utilize Fowler-Nordheim

programming, hot electron injection ér avalanche injection
10 as the method of programming such devices.

2. Descyiption of Related Art

- Electrons in the floating gate of non-volatile memories

repel electrons. By applying a programming pulse with a
square shaped trace, the tunnelling current produces spikes

15 at the start of a programming step and decreases
dramatically afterwards. This results in long programming
times. Such a voltage spike degrades the tunneling oxide

{ layer. This resulﬁs in a small number of programming cycles
available before the tunneling oxide lays: - 13 to be an

20 ingulating layer.

United States patent No. 5,485,423 of Tang for "Method
for Eliminating of Cycling-Induced Electron Trapping in the
Tunneling Oxide of 5 Volt Only EEPROMS" shows a method for
applying a relative low positive voltage to a source ragion

25 of a EEPROM during the erase cycle. However, this reference
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AN

te esZeagif f eRs 2Br om KHFSTER pBNGOR RGRTHERSr MEFEPA2Ege of the program and “Brifge of?2
the invention United States patent No. 5042009 of Kazerounian :for "Hbthod
for Programmng a Floating Gate Menory Device" shows 5 a nethod of 18 JUN 2m¢
pragramming a floating gate using a charge punp to provide a drain current.
The date voltage rises froma first value to a second val ue during
programm ng. However, the gate voltage is used for the [imtation of the
drain current rather than to produce a constant progranm ng ,current for

the optim zation of programm ng speed and nunber of progranmm ng cycles .

See United States patent No. 4434478 of Chok et al. for a system and nethod
for "ProgdZ§erhg frpmathagtuneecbeyarveiortopRlEayd ) of e Pregeam A nent i ng

the gate 15 volt in.a.s ed or a continuously increasing voltage such
as a Iin@5P58r°§§S§ﬁéﬁPV§P%§§ gl ossary RAM = Random access menory

Menori es, wit | ' ' ~f ~B Jt~N
o i y e zdEe sURLEH GAReRE RBS°a36627005 “0E RhpdPodifatOfor! |0 41 )

Menor i es "mt\H&HCffot:h@rb?ﬁmmbnh BorlbAeingi tetorRendipDenicde gesw®r med
rapidly by a process referred to as progranm ng Wiich is slower or nmare
cepl ex hmethbdwoift prggtamaingt @ £18atinglgatéUnsingla (¢EDrge 1pump 1
COVMUNI CATI ON No. 53 PAGE. 2 16W612004 21: 24 KHRTTRR WONG ~ PRRTNERS |
63390252 to. pEoride @Pdsgianruprentol) Theoghttmeplkageneisee fEMB-2into

which ,informati gqn can be pro ranngd, gut t hen_cannot  be erﬁsed. \When a
PROM i s éﬂFgﬁnMQ¥?eh§ﬁUPaéﬁﬁPgﬂ vglyg JuEipg BEPEFE™HeTleen RVEYS® 5 wor d

and bit @hﬁed§%éj$yi dgd §s"a§est95§dthg $YRiVatldbA of the drain

current rather than to produce a constant programming
{*u current for the optimization of programming speed and number ‘
of programming cycles.

See United States patent No. 4,434,478 of Cook et al.
for a system and method for "Programming Floating Gate
Devices". Cook et al. describes incrementing the gate

15 voltage in a stepped or a continuously increasing voltage
such ag a linear or exponerntial ramp.
Glossary
RAM = Random Access Memory

{ Memories, with cells which can be acos~~7+ at random,
=20 rapidly accessible for both writing and reading.
ROM = Read Only Memory
Memories in which the read, but not the write operation
can be performed rapidly by a process referred to as
programming which is slower or more complex than

25 writing data into a RAM.
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__ pOYPeRd,  SPhidge_cKiATIARMENG & RRETNERS § S3FP%458d to store a No 422 DB3™E ~sP25
, ~u~u zoos "0 follow ng manufacture by destructively severing sel ected

' word-to-bit connection paths. after the wite operation a "0" programred
ihto a" bit location cannot be reversed back 1.to a "1"in a PROM EPROMJUN 2004
( ERASABLE, PROGRAMVABLE ROM Er asabl e PROVs are fornmed of MOSFET devi ces
whi ch include floating polysilicon gates, floating in the sense that the
floating gate is not connected to any electrical 13 conductor, but is

i sol atedMi | er g The floating gate provides |ong-term
retentio e s the information-storage nmechani smof the

Substrate t hr QoS amhABTE A add Acife R VI I hed R AR, Bl ©O7

an 1 nsul ator Iayer

progr ameg epibieihed, Dsuerasad dinnde Al addduedl it oV igiOMilEh
ultraviolet, (UV) light to renove erase) the stored charge fromthe

fl oati ng oeigin&bly smanbfitcfibfed) auwlate pdth reoics tep detiwemn aviertyhe
floating gate is _not charged with a sufficient nunber of 25 el ectrons,

i fver si orW@¥d ¢ &Rd cabhnkbine cgp ctherRicks ' Yarstaged i @weryadad@duct i ng
o 53 pisefEidR) 508 Alls asq 'sedemtinelipad Pnokteas TR mo02s2
NO. 422 pOdgm-g511oWlhd Wanutacture by destructively ss¢vering selected
word-to-bit connection paths. After the write operaticn a
"Q* programmed into a bit ldcation cannot be reversed back
- to a "1I" in a PROM.
EPROM (ERASABLE PROGRAMMABLE ROM)

Erasable PROMs are formed of MOS FET devices which
include floating polysilicon gates, floating in the sense
that the floating gate is not connected to any electrical

15 conductor, but 1s isolated by dialectric materials. The
floating gate provides long-term retention of electronic
charge as the information-storage mechanism of tha EPROM.
The charge is trapsferred to the fleoating gate from the
gilicon substrate through an insulator 1ayerf

20 A form of electrically programmable EPROM can be erased
by irradiation of the device with ultravielet (UV) light to
remove {erase) the stored c¢harge from the floating gate.

For an NMOS EPROM, during the read operation, if the
floating gate is not charged with a sufficient number of

25 electrons, inversion of the channel region under the gate

will occur. A conducting channel region would then form

16. JUN ' 04 (WED) 21:11 COMMUNICATION No. 53 PAGE. 3
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the floating gate el ectrode, channel. even with the applicatian of a gate

of a "1" or "0" in each bit location an external gate charge accunmul ated in
flormattion i s prevented voltage. the presence therefore determ ned by BndUN 2004
presence or absence of a conducting.channel region in a progranmed devi ce.
For a PMOS EPROM devi ce, the action is reversed. The presence. of the

el ectron assi st channel formation and the the absence of the el ectrons
prevents. it. FL P Referkin FIl g3, .2 t secti‘onal .

vi ew of &Wetﬁno-ag% EL%\K@&A‘FE%&H#@W n oQ’Pdga%EggﬁgX?&iéFan- sistor 102
i's shown I Rx {ra "&2’% on f LahiEOX (Field
oxi de) re‘{;dla'on 1?%&1 flﬁglraf?'f o?ir%r'e ) Eérvrf‘%gﬁbae:gag % Ia:%;u@{e%?gﬁg % 2, 142

on the syheqa gt ISPt @1bctrade,i hbnded ZogaheisAngucheevaheslt 162
conprising two polysilicon gates F& and C& a polysilicon oxide

i nt er - coroltent avitmyhe | tcatden B angaiteckpltagesd ZTDebpreeencgat e

el ectrodes F& and C& and below the floating gate F&G and ovre the drain

DB is forofed &'khiar t"Hhdn eackhe bidi loeatignotEdEhergforeTsdetgradaednl v

about | Onmthick (from about 8nmto gbout 1%%. Notee that tunnel  oxide
| ayer TXF% %@éﬁﬁ?ﬂ&%@%fab&ﬁ%r’ﬂ A §&n oétt'f"rfg‘egat"gg A8 ¢ or ned
above ch i ih the i substrate 122 and a pardon of drain

oF ST AT 3G,

region t. 16. JUN' 04 (WED) 21 :12 COWM I NI CATI ON No. 53

PACE. 4  1E - 20 (gl EbRdfiieiide)/Oktied ddRTONERS reved3@d252 The) An N+
doped source region S2 is forned on the left side of the stack 162,

sel f-al i guesencd of dthe Rcturdn lasaisd ehannele fogmagionTaged Sher
polysilicon layer is the floating-gate el ectrode F&, while the upper
pol ysi | i cthe |aRasnes afthe @AGtaong prevants ddde 02 The remminder of the

space be%ﬁ%gate F& and and channel region CH2 and source/drain

regions ! te oxide GOX which is typically 50nm (500A) thick.

Progranmmi ng of %flé‘rﬂtﬁ% tFRES I $! Y FlddmichtdNs MectidnalnFIhe s @ns to
rom

be transferre substrate 122 to the floating gate el ectrode F&
through tppned @t dendsyeng-oftel Shurmdlduee oXated HELOTOXInlriary.  Tunnel i ng
occurs at a high control -gate voltage value of Vcc of from about 12 V to

about 18 spstwenl@hclairshown ofarmed \mp § $0 apbetrata,d 22 @ ENfo| t age Vs2
is_ O and t he supstrate t Vss_ .S V, | 0 c late in
fﬁ)ati\?]g %‘é’féﬂ?—@?é}c g %‘ﬁh@gf%’rffM%O’oéﬁﬂ%@aﬁg‘%é%@gu% t he

el ectric gj to T lﬁ-@gqr i el g f surfdce t he
t unnel i ng*%’r%(‘)écl%’ss @#ﬂeﬁfﬁé’%é&? Pf@e/ oac??s:lglr%a't eﬁlg*{@(ag‘ar#“l%\lsﬁased by
groundi Ngn§ hgu6PEtd0d DR arePndMided &)gens darichiciht ecablaiXe2/0l t age

Vd2,to a high enough voltage for that purpose, while the source voltage Vs2
i s di sconeemprieingdtvdepslyst X bton i teg FAR Aand @sas aipeiysilicon

Fow er- Nordhei mtunneling is used both to programand tqQ erase,the FLOTOX
transi st op¥4@9 1REE¥TIARARGERR L AYSK L GRP » BP 3 rgnj%g%oformacf

20 between gate electrodes FG2 and CG2; and balow the floating
gate FG2 and ovaer tha drain D2 is formed a thin tunnel oxide
(silicon dioxide) layer TX2 preferably about 10nm thick
(from abagt 8nm to about 12 nm). (Note that tunnel oxide
layer TX2 can ba composed of an oxynitride.) The floating

25 gate CG2 ls formed above channel region CH2 in the
substrate 122 and a portion of drain region D2 on the rlght.
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21: 24 KHRTTRR WONG & PRRTNERS ~ 63390252 NO, 422 D06 h y ~ s ,~uN zoos tinmes
are on the order of 0.1 to 10 mlliseconds. A FLOTOX transistor 102 can
retain'a charge for years, normally. In an article by Sik On Kong arld'é:t]% )
Yee Kwok, entitled "A study of Trapezoidal Progranm ng Waveformfor the 0
FLOTOX EEPROM' published in Solid-State Electronics, Vol. 36, No. 8, pp.
1093-1100, (1993) it was Stated in the Abstract that are anal ysi s was made

of "the effect of some different progranﬁing wavefornms on the tunneling
current ahop NﬁrQQD@HUSwurbageeq1anh52Fl&ﬂtﬁmﬁﬁPRﬂM%hétlsfaiaﬂdéuﬁfher

"Four waveforns have been considered; square, |inear Tflng exponenti al .

and, a neﬁhﬂr8ﬁ59§llsgwaﬁéigreéﬁgneﬁtW#Shsﬁﬁﬁﬁkt¥ﬁﬁ:t kepthei dieain
| d t ot |
Purtent EhgtBh F’gf-or ¢ P8 bl HE L TE0 fReE cfa o5 ceToREH A 9858 and
h t th bj ect f
ot ovi ng PRStrEde’ F8 m?‘@glﬁﬁ f‘?&?é?*é@rﬁfé‘%“%@ 18 he shape
of gt 20 Zaohh_eowa&afcer end888dbOcqS , ICHRE 2 bfla Miads EAT LIS G Gbdg which are

not easily optimzed in digital. circuit design. e stepw se ranpi ng

mavefornsbptwpeaedlbatEhgigiﬂaamd278ndsan@n¢uaﬁhentfégtde@H!Saﬁmd are
therefore easier to incorporate. Digital circuits also allow interactive
progranniﬂ@“&ﬁ&/@ﬁﬂé§h6F5196Pt§§énae4écthengﬂﬂﬁiQ#ﬁﬁ%sﬂmxswhiﬂhiQMt Vit w

control. h C e programm ng can be done bit by bit
and t he e#ﬁg"gﬁ%’bégegﬁe)(?ﬂsm gbé‘ag mode, 16. JUN ' 04 (WED) 21 : 12
COVMUNI CATI ON 6 T, PF1RTNERS
330252 o, 455°ABaNNART, pF teorrpioR piinglscds 1UY 1 WP B ner. The
pa@sent i paestngneteversnal ko bbasbansmfyedeﬂrm&mléub@srmtélezszPROM

devi ces including the FLOTOX EEPROM The equations. used in the article by
Si k On Kokg &ha floating gate electrode FG2 through tunnel oxide
layer TX2 using Fowler-Nordheim tunneling. Tunneling occurs
at a high contrcl-gate voltage value of V.gpa Of from
about 12 V to about 18 V, when the drain voltage Vos 18 0 V,
15 the source voltage Vg, 1la 0 V, and the substrate voltage Vaa
is 0 V. Asg electrons accumulate in floating\qate FG2,
charge bullds on the floating gate FG2 causing the electric
field to be reducad thereby decreasing electron flow. BSince
[ the tunneling procees ia reversible, the floating gate FG2
20 can be erased by grounding the control gate CG2 (Veaz = 0)
and rdiaing the drain voltage Vnpz to & high enough voltage
for that purpeose, while the source voltags Ve is
disconnected, and the substrate voltage Vasg 18 0 V. Thus,
Fowler-Nordheim tunneling is used both to program and to

25 - erase the FLOTORX transistor 102, Programming and erase

16, JUN " 04 (WED) 21:12 COMMUNICATION No. 53 PAGE. 5



be.Chemree Ewale ar ek THOMDOWS FARTHERSOpEX3PIZA~~. ass~ ~ ' ~' NO.422 D86

~1t OE~~~ar~V~rr ~~) _'~" -~ M.". ~~~" V~ ~ ~7r1 dh~e r0~dvQ xz~~C

~wdt W' Le~'6'R~,. . . . . , Control gate vo~.tage ranprate during Wite

operatlona....... characteristic constant (pre-20exponential ) 14§ JUN 2004
~ . ~, ~gxI0.~" AVsa....... ~h~trscteristio

canst$nt(exponent|al) T~~~ .. _.. ., Z~3 1~1

cria '~At", ~ .Tunnelirig area ~"... SWW~ .~ wWr ~

~ZC~, ~. .. .. Plate to. pl at e capacitance (CGﬁuFGA)E ... . ,Eectric field

across t Helnep-1a%8 @xithe -ondar ofirhdl mmglmumﬂdﬂu-éebmﬂed A FLOTOX

by~ c~w er - ~T im ~aquati,on~c. ~w-. Tunnel o0x3, de
t hi ckness:¥am afa%o; 162 ‘% At adr A mﬁolf%au’é&v‘elyt agsmal lyi.ne =

gggr;/;\lAgrO) Thﬁ" eﬁb% £1eid tbyg%\ﬁ‘ef °"9' ““dNQHPPaIYaBeF‘P’“?‘hreehm d
Vo, ltage'&n‘hﬂ:lze@ "‘ﬂ("étudy o‘@aﬁ're'p%z%% a3t b%gram@ing §§§EF3§@ for

caupl,i~gconst$~t__ ... ..

0.5-par at itInERLOTONEERROR") published 1n. Solia-Neats EneécQG)é%EX$ ~a =, ~
k~k.r 16. JUN' 04 (WED) 21 : 12 COMMUNI CATI ON No. 53 1606i 204

21: 24 KHanRR:ilﬁ}om a.PmNEma&mnagozsasayt 3t was-stated-tinl hew ~ Vt. 5

~ ~ = Bets |t~ where NO.422 DOB K......... Erase. operation coupling
constant betyact that an °nﬁiwﬁé§hUﬁa pareagé Bther effectr afesoper ation.

R el S TR ol b AR B ana

threshold voltage of the FLOTOX EEPROM...". It stated

i} further, "Four waveforms have been considered; square,
linear ramping, expeonential and, a new proposal,
trapezoidal, It is shown that the trapezoidal programming
waveform is the only one which can produce a constant
tunnellng current, and therefore it is possible to optimize

15 programming time and achieve tunneling field and current
levels consistent with the objective of improéing the long
term reliabllity of PLOTOX EEFROM." However, the shape of
the waveform needs to be generated by linear circuits which
are not easlly optimized in digital circuilt design. The

20 stepwlee ramping waveforms proposed in FIGE. 7A and 7B use
only digital circuits and éra therefore easier to
incorporate, Digltal circuits also allow interactive
programming and threshold voltage detection, which results
in tight V.. control,

25 In a Flazh memory device, the programming can be done

bit by bit and the erase can be done in the page mode,

16. JUN ' 04 (WED) 21:12 COMMUNICATION No. 53 PAGE. 6



L6/a8uRGTHg eRHE opelKATTEN WONG & PARTNERS » 63399252y SUMMARY OF THE | NvERTTEN ARfP?
advantage of this invention is that it increases the speed. of witing and
er'asing data in a flash EEPROM device or other EEPROM devices by a factprdun
of two to three tines . 20 Anot her advantage of this invention is that it
increases the lifetinme of a flash EEPROM devi ce by a nunber of progranmm ng
cycles. A further advantage of this systemis that |inear canping waveforns
are provided. Ln accordance with this invention, an EEPROM MOSFET nenory

devi ce isW§PE9 Yl *PENCE BikS: FancbenewABed togathex! ecThedpresentk is

formed on,a_do gd silicon sggig nductor material with a gate el ectrode

stack i nctUYPAGISN: GRVEFE #4: h mempyyryevices 1as NVEATEIRE No. 53

TTov -1~ RERBOUHVEceR RS AT Fhe flmog HERIOET oo 2nd e cont rol gate

el etrode with apgi ot ol t n i te el ectrode and
the control. gng Sflgg??gf}%_ &ﬁ&a]?’go*ﬁc?%gg"siéﬁ c@&g@‘ ?l"%’?% #%%i ons .
fogmed i nchBe yeBSKwakcaPeSgklcalisigy W th the stack, The source region is
at a source voltage,the drain region i1s at a drain voltage and the

substrate is at a substrate voltage. Means are provided for witing data to
the floating gate el ectrode by applying an upwardly stepw se increasing
control gate voltage Vcr. wavefddritedperhtion he control gate of the
EEPROM devi ce. The waveformis a voltage ranp providing a substantially

constant tunnetlng Suglent.igto pegfl oal i ate el ectrode which is
appr oxi matel y c%ﬁgtant?gn Qﬂ?espect é% ?fgﬂ?gg programm ng speed and the

nunber of witelgl{ape= i+ [wnaLessed, v JhE, Waas far threshold vol tage
testing conpares the volkage of the drain electrode to a reference
potential. There is neans for providing the ranped pul se output to the
control, gate el ect®¥de byIwswduci ng a sequence of increasingly higher

c$ nts to a deeddr—mni tH vi des sequential. switching of successively

h gher vol t age puIs%E fronre®vol tage divider, and these is neans for

provi di ng, fgnpingloperational anplification to the successive higher

vol tage pul'ses , Further in accordance with this invention, the nethod of

operation of tge, above 6%2%& j 4 scri bed above and
her ei naf t er 25ﬂ36. JUNeat 4d§ é;g?% CATI ON No. 53 PAGE. ~

@...:sscharacteristic constant (pre-

20 expenential)-—==~ e —————— 3.69%x10°7 Av~®
BssesorsCharacteristic constant ‘
(exponential) -~~r~me-mmeeceea—ao 223 MV cm™*
Acun+. .. Tunneling area -~--- mrme—cmmees- (,64 pm*
Cop.-...Plate to plate capacitance (CGZ2-FG2)
25 EvvversiElectrie field across the tunnel oxide

Icune«.Tunneling current defined by
. Fowler-Nordheim equation

Xeuness.Tunnel oxide thickness—---+-m==- 8.0 nm
Voa(0)..Control gate voltage at time = 0
30 Vew({0) Threshold voltage before
write operation----- mm————— -3,0 Vv

Vesssoo.Neutral cell threshold Voltage--- 0,0 V
kwncuotc‘t‘ite operﬂtdini Coupling
CONStant=--~--—rene e ——— 0.709

35 Erase Operation

EXcun
Val(0) =

. + -;:— [Ves - Viel(0)], where

16. JUN ' 04 (WED) 21:12 COMMUNICATICN No. 53 PAGE. 7



16/cB622884 21:234 | KHATTER WONGA RIARTERRR’ \AORRD282PRRTNERS - ~ 63398252 M2 W8
D18 j~ ~ JUN ~~p . 10 Brief Description OF The DRAW NG The foregoi ng and
ot'her Adspects and advantages of this invention are expl ai ned and desdiehﬂn;ﬂm4
below with reference to. the acconpanying drawi ngs, in which: FIG 1A shows
a pair of electrodes including polysilicon electrode and N+ silicon

el ectrode separated by a silicon dioxide layer. FIG 1B shows an energy
diagram for the device of FIG |IAwth an ergy gap FIG 2 shows a, .Flash
EEPROM (el ectri cal | ¥e@hasabl ekr Ogr anmabl e Menory) device in accordance

this inventionReoPned—an &n P=dwvped silicon seni conductor substrate . FIG

3 shows a fragment afwe secti oRal view of a prior art ¥l oating-gate

tunnel i ng OXi de (FLOTOX), txansistor. SIG 4A shows sinulations of four
prsgranning wayef or 01 Iyage Vcg, in Volts as a function of tinme in for
wavVef ornms r1-r4*Fi G"®BB|shews th¢ resultant tunneling current density

curves as a function of 'ti i&“Produced in response to the curves R, R2, R3
and R4 i nghba 4A ~5 16. JUN' 04 (VED) 21 :13 COVMUNI CATI ON No. 53 PAGE.

10 16~E~6. ~20~4 21:24 KHRTTRR ~JONS ~ PRRTNERS ~ 63390252 FIG 4C shows

the wite threg[ole.vollBeRsy! UpEratsoRNESupPIAG CcHRYCARES- R, a2, R3, and
R4 in FIG 4A FIG 5 shows the threshold voltage (V) w ndow versus the
number of wit¥igf@}e.cyTheeshbldhvertdgélieefoie EEPROM s.
10 erase operation ----~--~ -———— mememee——- 3,0V
Retesveelontrol gate voltage ramp rate
during erase operation
EarsseeedET2BE time
/\ Vea:s..Total change of threshold voltage
15 during erase operation ------=w-=-r- 6.0V
SUMMARY OF THE INVENTION |
An advantage of this invention is that it increamses the
speed of writing and erasing data in a flash EEPROM device
or other EEFROM devices by a factor of twe to three times,
20 - Another advantage of this invention is that it
g increases the lifetime of a flash EEPROM device by a number
of programming cycles.
A further advantage of this system is that linear
ranping waveforms are provided.
25 In accordance with this invention, an EEPROM MOSFET
memory device is provided with a substrate on which a gate
electrode stack is formed on a doped silicon ‘semiconductorx

material with a gate electrode stack including a tunnel

16. JUN ' 04 (WED) 21:13 COMMUNICATION No. 53 PAGE. 8



H.Go Bsshoms 2a CongtramiR waltu@ RFRTNERSHESAP2BR ogr anmi ng. NO. 422 DY9-4gg. P%°
JUN' 04 (WED) 21 : 13 COMMUNI CATI ON No. 53 PAGE. 11 Z~~GG,2~p4 2q: 24
KHATTAR WONG & PRRTNERS -~ 6339G&252 NO. 422 D12, . ~~ $ JLI~V 2~G ! J ELC&
6B a trapezoi dal programm ng waveformis shown in which Vc, ranps fm' 2004
starting value with a rate which conpensates the repul sion.of electrons, so
that the tunneling current is a constant? 5 FIG 6C illustrates a type of

"smart" preefddm ) %y¥¥ irhin. a ip, there are many nenory Cells (e
g4 mlilion . F G‘}E&??A S owsﬁ%gﬁi grs']"ttgpﬁgg‘:ESRHPn@"*puﬁséﬂhtrolrpgayed i nst ead
of the |i reclasetrods eyt 5y , ElG. 7B.shows a conbi nati on of the
approaches of FI G 6B aﬁr?g F?ié é%‘&%‘%B&ﬂ&SFi é’gtUPQBuFBEs,ﬂﬁﬂf—ﬁnGa@tag

anpl i t ude®leutincels tand Rethes Yo lo : show n set._ of pulses as
in FIG 7B wth a ranping voltagelfggkgaggbghFééi'F?gfagsghgﬂglﬂﬂﬂﬁa

exper i met AL At winaln triead ofies Eermeloint PReC e systemof FIG
6A.vs the puylsed controuéﬁﬁte vol tage curve B ?ngﬁyggééég FI G 9A shows an

andl og ci P&¥f-add anmdh Midinghenstpekat | Dhel soases i fég.{o,e\l‘(svw__hd"*/-..
I nput s. FI?. B shgrs t he wavefornms of voltages v,and V2 with | "a square
wavef or m PEPTE% Ye4tage » the duailngremicn ielabtge dRainl vo1begeVaRy whereas
vol tage V2, rises above OV for duration "t". FIG 9C shows the output on

line 92 whileh subsd rptkseaf 8¢ 4 ' tL W a sawm oot h value rising from
the posi tiﬁ/e val ue VI bzaa del gﬁégﬁ%&ﬁﬁ v #EQ?JN ﬁe%‘h‘* (REDPreyided
COMVUNI CATIBNM3 Fing data toithe figiadSing0gatale 2dotdhile By \WNGyénFRRTNI ERS

-~ 6339025&1mPﬂ&Qdi§2354§wihé'fHJ%éQEQEE control gate voltage
Ven waveform applied to the control gate of the

EEPROM device. The waveform is a voltage ramp providing a
substantially constant tunneling current inteo the floating
gate electrode which is approximately const: '« rith respact
to time so programming gpeed and the number of write/erase
cycles is increased. The means for threshold voltage
testing compares the voltage of the drain electrode to a
reference potential. There is meanes for providing the
ramped pulse output to the control gate electrode by
preducing a sequence of increasingly higher counts to a
decoder which provides sequential switching of successively
higher voltage pulses from a voltage divider, and there ig
means for providing a ramping operational amplification to
the successively higher voltage pulsas,

Further in accordance with this invention, the method of
operation of the above device ig provided as described
above and hereinafter, b

25
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12-06/FEd | OALshows EHAIGOR CENGRt FPRTHEREP 858983%8p or pul se vol tage -WB-422 1B
applied to the control gate electrode of floating.gate nenory MOS cell.

FI 10B shows a device with a voltage applied to the 5 control gate

el ectrode of floating gate menory MOS cell. FIG 11, A shows an EPROM 18 JUN 20
EEPROM or flash nenory cell as an FET device with a floating gate and a
control gate electrode . FIG 11B shows the circuit Pbased upon the circuit

of FIG 11A FIG 12 shows a sense anplifil€r for threshold voltage testing

of transistor 3 i| BRIER DESCAIPTICN &P PREVDR ig cui t di agram of the
ranped pul se generat or 0 : (WED) 21 :14

COVVUNI CATI ON NBhe S58ofaging Sand lét Ky egégycegl T NERS
~ 63390252, NO. 422 D14 $ .!1IN 200 i ~! 15 ZO %@%@W%%RRED
EMBODI NENTENRBRE 480 2879 compnadranmd \debos Kl Qulion W iiHo 'ﬁﬁ%efddéﬁt ing
gates such_as gates FGL and F& in FIGS (2 and 3. Such devices can be
programmdt%yt'g?e%‘??W%"Y%éi#ﬂWﬂgﬁmorﬁn mhicdhannel region through a
tur§1el oxi de Ia%ﬁ Tﬁﬁ) uch as the one shown in FIG la. F1G 1A shows a pair
of ‘el ectrodes. intfud ga'bcﬁﬁ/sq IR&n of et aapendacliuddng con el ectrode E2

separ at ed vy« 4 1 di Qi i Q2), l.ayer, TXO with a thickness of about 5nm
(50A) . polég%ﬁicjbn e g%ﬁgo%%%ﬁ%lﬁl% edegtrodee sepayasedomyect ed
to oppositg éﬂﬁﬁ‘l@'&iﬁﬁd@l@éﬂge supply V3. which is also applying a -
| arge voltage. FiG 1B shows dn energy diagram for the device of FIG |A
W th an energy Ef®. IHishdwiv il ighored) il S devi ces.
EEPROVS = ELECTRI CALLY ERASABLE P EE%aéslg‘dg\%:cfg?aapggggwgr t o EPROM
devi ces | FHiy Ut wrigtlban temempt rapn a ROM i s erased el ectrical ly rather

thapn with a UV ljght source 16. JUN' 04 (WED) 21 : 14 COVMUNI CATI ON No. 53
PACE. 14 F1G. 2 shows & Flash EEPROM (Electrically Erasable

PROgrammable Memory) device in accordance IV, this

invention formed on an P-doped silicon semiconductor
substrate.

FIG. 3 showes a fragmentary, sectional view of a prior
15 art FlLOating-gate Tunneling OXide (FLOTOX) transistor,

FIG. 4A shows simulations of four programming waveforms
of voltage Vags In Volts as a function of time in for
waveforms R1-R4

y FIG. 4B shows the resultant tunneling current density
20 curves as a function of time produced in response to the

Vea curves R1l, R2, R3, and R4 in FIG. 4A.

25
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160EBPREA 21:724 KHRFTRAR WOMNG RERPRERENERS3S035339G252 NO. 422 D15 FiMgst?= Pl
EEPROMS I n a flash EEPROM devi ce the data (charge) of nmany of the nenory's
array cells.can be erased sinmultaneously as with a UV-EPROM not w 4hgUUN 2004
but wth an electrical erase signal The sound is fast, i.e. the cells can
be erased rapidly (1 or 2 seconds, conpared to the 20 mnutes required to
erase a UW-EPROVM. The erasing nechanismin flash EEPROVs is

Fow er - Nordhei mtunneling of the flling gate to, according to different
designs, the drain, region, the source region or the Channel region.

Pragramm ng of the floating gates, is.carrjed o in cells by
hot - el e@Ifon4Cnghevs orhe d’fﬂ-tt%él"gfﬁs@."l?hg"tﬁ)%‘? %?WE%%%‘# @er fornms a

cont 1ol qal G oLAEHRQUE: ANdy ey Wik Ranen pictheAstiucture, while the | over
pol ysi li¢on Tayér conprises a floating gate el ectrode. The gate oxi de can
beg about 10 nmthick, and the interpolysilicon dielectric can be an

oxi de/ nitride/ oxi de i falaaM(@P Ot nddw atdiuscleheli G 2 shows a
Fl ash Eéﬁﬁ]\ﬂ?( éﬁ@ﬁr’ﬁégﬂr%@gﬁ@ga réﬁ?raglie nenore%g q? ice 10 in
accor dangendxrt bt Rrscepeease orydlmasf shegs giEfprenh %ﬁ?@dn

sem conductor substrate 12 doped with p type dopant in which a flash 25
menory device is formed between first and second FOX regli ons 14 and 14’

whi ch™ argrd oraredimowat heconrtane wiluhof Vo duringURTeIga™"Migsd) 27 : 14
COMMUNI CATI ON No, 53 PAGE. 15 16! 062004 21: 24 KHRTTRR ~JONG & PRRTNERS
-~ 63390252 NO.422 D16 r v 1 G subetrate 11. Centered between the first
and second FOX regions 14 and 14" on the surface of the substrate 12 is

| ocated a gate el ectrode stack 16. Self-aligned with the gate el ectrode
stack 16 in the substrate 12 are a source region S1 on the left and a drain
region D1 an the right fornmed in substrate 12 . In the surface of the
substrate.l 2, between the source Bl and the drain region D1, bel ow t he
tunnel oxide layer TX1 are forned a channel region. CHL

16. JUN ' 04 (WED) 21:13 COMMUNICATION No. 53 PAGE. 11



s 2984t he2E@dr ce KT WOE RIPARFEERSSUIESER@E8 12 A pinch of f regi 8H-¥ER P12
adj,acent to the drain region Dl in the substrate 12 is formed during the
wite cycle when suitable bias voltages are applied. The source voltage of
the source region S1 is Vm The drain voltage of drain region D1 is V&es'-lﬂ:lﬁ 20
substrate voltage of substrate 12 is Vsub The control gate voltage is Vcg.
Stack 16 includes the tunnel oxide |ayer T{} whi ch has a thickness of from
about 50A to about 120A forned on the surface of the substrate 12 above the

channel regi on EM1FiRd pRnahtvépezetian ﬁfﬁ@rdﬂﬁlﬁgtw&v&%ofmjfgaééﬁﬁﬁ
TX1.is forﬂﬁdgﬁ*ﬁgn entional floating date-electrode F@, conposed oOf doped
h

pol ysi lico 8 2ot ARBRASEOmT A f9Eartingtval RO tho mbritie WA an

ot der | 1SR ELEE) EbF ) EERTIad o of ekpatzanas Ho Ghmt et rode OO,
chout s00orREPEERE edbbend vle ' doiGt o1 T4 cOMLIN CATI ON No. 53 PAGE.
gate electrode BrocidSe, | LITURTRARGE A (XYRR O "M0NES s Braar AN ST,

which is lwinatedefiveed dhis %}&Fﬁé 6agt e first FOX
NO. 422 D17 ~ d~N 2~t G regi)glr?'% o eeﬁ?e“[?‘&%ﬂr%%%‘-'&@ @dr}(’?r'&'nd'regi on D1
i s | occat atkldekamelen gate el ectrode stack 16 and the second FOX region 14

The N+ doped source/drain regions S1/Dl. are doped with a concentration of

phosphor us dopdiG « ridy ehesuthols B bl epipeds ramding polul iaEe%%J.%é,g@S/ cnB.
The N+ doped .souyce region SI and the N+ doped draln region réspectively
ovarlap t H&MI% te!&gés“’(ﬁa-'f-’t ranpdng pudeer ddeFitackslé with the channel .

Hq j on CH1 of Flaash ,EEPROM deyi,ce 10 | ocated between N+ doped source
reg,i on S1 and H\i?’pi’?zﬁw r“e@°5¥’1('P®)l°ﬂhP€hth§ appreapbsedof in

si de- by- sigdg I i ' ' e N+ ripped_drain 1S region Dl. Note that

t he POR ig@g pgyf%g$p?ﬂgﬂcﬁ%%%%%“rggFSﬁigalprﬁgiQER'igigﬂrﬁéﬂpﬂﬂén the MDS

i's bi ased ampliittudeat dppllitea %eJi i t ite cycle. For the wite
operation, the tunnelF?%g can bgﬂgogghggg&o gﬁﬁhbrdhein1tunnelling as in a

FLOTOX EEPROM ¥Gsh&¢n showshanPkee! o2l puladesi 8g or - gy l ectron
tunelling in Flash Menory EPRCNIdeviceg of Fing ﬁ2?§3||§g Eggb EA shows

si mul at i oR8MBENGoyPlrger £omri mgchaprisens of voltage Vcg in volts as ,a
L %EFiEQ'Of tiggeina’hhgsslgétggy ;xggr£¥§£2af1d;ti4b§1%mmmlgﬁxliﬁghb. >
e V8.
(nsec.) for the curve A the system of FIG. 6A vs. the pulsed
control gate voltage curve B in FIG. 7B.
FIG., 9A shows an analog circuit 90 comprising an
cperaticnal amplifier Al, with “+/-" inputs,
20 FIG, 9B shows the waveforms of voltages\y, and V, with
8 square waveform for a duration "t" during which voltage v,
falls below 0V whereas voltage V. rises above oV for
duration "t“,
F1G@, 9C shows the output on line 92 which 1g a pulse
25 for duration "t" with a sawtooth value rising from the

positive value V, by a delta amount.

£
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1600812200422 F424  KIRT TRRWONG RARPFIRENERSSP2268390252 5 .1 ~. 5 t i NOgteg~ 13
mlliseconds. The waveforns shown are shown as follows: R positive square
vpltage pulse VCGL R2 linear voltage ranp towards a constant val ue k8 JUN 2004
exponentially rising voltage VCGL R4 Trapezoidal. VCGL = 8,955v + (7.096v +
t) wheret =tine Please~ rote that the sinulations in FIG 4A are for the
FLOTOX EEFROM only not for the flash nmenory. When Rl positive square
vol tage Rl pulse VCGIL, is applied to thdd2ontrol gate CA which initiates
the tunnellingppg, ShEAShoWS | & dévicd WA LW R lhmensd Sam A% PH1&%nnel i ng
current density curves Jt,.~w |l Alcm a as a function of tine, produced in
response y@1¢dge V+VE, appl ved Rio , the, comsrokrgatrai el aatxen® ahe resul tant
tunnel current density produced for curves R, R2, R3, and RO~ ~.n
Anper es/ cproNBiNgagate i memoryrMo8 ceéhd.on trie ae~me~ scale as FTG $A

F1G 4C shows the wite threshold vol tage Vsunw respons t ef orns
R7., R2, R3, aFBGR410B Shaws-o device Egﬁht@oﬁ‘\é\i\‘ Ia@ﬁe%%loﬂg,*ﬁéferri ng
to FIG 48, the result of applicatiopn of, voltage ) is that the
R1S pr ogr acmi\t:gol;uganatElwtrﬂﬂﬁsc’gegﬂhc’ﬁ'ﬁl%?@ag% @%@&\ﬁ@’a"\%ﬂ hi gh

val ue above 0.06 Anperes/cni' in the range o~ 1. Anpar eiﬁ%lﬁtﬁo 14

Anmper e "= Lat foraM, dehPROM dntErash eMRTYg &MY rrant
decreaggggdrlajféﬁﬂccgﬁ %%:Fter the start. The Co‘i’&%:ec{lt ke of wave R1

degr adeFgt hésriomeritho s E1ogtdng BaLE-RRE B O =0N™ 04 (VED) 21 : 15

COVVUNI C@TI O\Ié\llo. 53 PAGE. 1B . 16.~06~2004 21:24 KHRTTRR ~JONG & PRRTNERS
~ 633908%8CkF*S2 D19 ~~ ~ au~ ~~a~

FI¢. 11B shows the circuit based upon the civcuit of FIG.

11A,

FIG. 12 shows a sense amplifier for threshold voltage

testing of tranesistor Q3 in FI@. 1liA.

FIG. 13 shows the circuit diagram of the ramped pulse

generator 24 of FIG. l11lA.
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OSia6e=arey er 2T08Y, WhKHT TAR $IGNG & PARTHERSed (RS8@P398nber of achi evabl e r éRdfafr i t &4
cycles, end the decrease in progranmng current RL .in FIG 48 prolongs the
programming tinme' which is typically 5 m corsecond ( ors y for the F“%ggﬂ 004
operation (for hot electron tunnelling) arid 1 mlliseond (nms) fo

wite and erase operation with Fow er-Nordhef mtunneling.) D'fferent

ranpi ng waveforns R2 and R3 which have been used to alleviate the problem

as shown in FIGB. 4A-4C riut '..r { earesults of waveforns R2 arid R3 ace
not optim zed the waveformin accor ance with this invention is the

trapezoi dal msiwmcﬂé G THESPREFERREDA EMBODIMENTOf about 8.955 Vol ts
end ranps up S arter m 1l 1 seconds. A Table of the
val ues of FM-uenaeotaﬁiiolEnmmoﬂﬁmﬂmory1Hemi¢¢nn¢bntnﬂw boobatege~. ta Vv, ,

;1.419 i.8384 4.5T6 5.6598V~"~, ~to (nmm_)8.95508.9, 508 . 95508. 955f 25Tot al
V-, ~, , 10£B0dRiNg 798te8. sach sas gatee BBbvand/ FA2 in BE@S} c2dePd Bennel i ng

cu~xent |~,un in the gate oxide |layer TXl. ]n acco ce cu the
vol t age Huch-deviees asnthe EE%QF%Em%dtbﬁ %i??&F?R#?aﬂ?"%%ﬁggﬁgl%§8§

about 0.03 Anperes ntr tad 1

EBWLNI e CRR RB"’@3’FR R {Broughy "‘%’5&1 Arigd Shyafirsihet BEQRTNERS 3
63398252 t 2p| ~. 8 the current, density of
substantpﬁgléag gﬁggp %H EI& EbG Anperes/cnr for ourve RL j . The voltage
V=, ~,~ 18 thegﬁbanggda gwhoao¥3i§aa§ bmecekeﬂaﬁOﬂnamﬁulagon bui l dup within
the device with nore electrons in the polysillcon floating 5 gate

e3, el ect pRUgsECLcod amhutrodatElthadebkahtcenteleabreda Eﬁape20|dal
wavef orm R4 of voltage V~aa as shown in FIG An ~ nli wite
progrannﬂngavetﬂégbvlQiéhQQEndéexiﬁﬁt(aigaﬂt&R¥P”eT anWdkhi Ag vol t age ~~, ~

B ant Eﬂxéﬂﬁeiﬁ”ﬂi'ape%ﬁég%ika“ﬁ'aﬁﬂetai 'ghiaeeﬁﬁ#ﬁ%i?oﬁg o §“ﬂ”g

the el ecipontd irapueleBRPantl Fi" akd rEfbrEadsEboobpoatts T
ottt
tvoltage of DC § gé@% §gh§§? 'tﬁe Eﬂ wave orntgurlng the wite node are

Wi thin tt}%ﬂ%@e. o1l tmg%ﬁowe &ABeRergy andgrih for the device of

FIG. 1A with an energy gap.
20 Thie invention relates to all flash, EEPROM devices.

EEPROMS = ELECTRICALLY ERASABLE PROMS
EEPROM devices are similar to EPROM devices in

structure but the data in a ROM is eraned electrically,

rather than with a UV light source.
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16/P632M4' 021{MED) RIATTARS LOEVRURIRDAERSON 6922583 PAGE. 20 161 G-6~2084931: 2815
KHRTTRR ~JONG & PRRTNERS j 63390252 4 1Q 15 2~ TABLE Il applies to Fow er
No¥ dhei‘m tunnel ling, as follows: TABLE I1lv,~ -0 Volts to d Vbltsv~ -C}*@kﬁm 20

to 0 volts~ Volta to O Vc~its~GKi~7, ~~r0' ~lt~" 0,~ & ~. .f,~. 1~
~gl , ~Va - Sou~oe Yr~~.tageVm ~EXain Vol t ageVs. ub =Substrate Vbltage TABLE
Bl Z applies to hot electron tunneling, as follower TABLE Il Va ~ 0 Volts to

0 Volts V=) = 3 Vc~~.ta to .6 Volts V'~, 4;n 0 ~7ol'ts to p "Volts Vc~, ~, ~
Control date Val, £_§§V~ ~ source Voltage v~, - grain Voltage Vs"~ ~
~u?~at xat-e stated above wth curve R4, voltage V~~~ varies from

30 an initial valugp % EE%E EBR ﬂaaqucybtﬁg g@taocagaggég ¥l handi ning a

time period of abol ~ecan The ease cycle I's done by applying the
\'proogr amm ng w@vehgrmhhgxyha ae&h?ebdmaancuhlbe ébasedntrol gate is
grounded. NO.422 D21 r~ B JUN ~~p 16..JUN ' 04 (WED) 21 : 15 COVMUNI CATI ON

No. 53 PAGE. almulﬂaﬁuxe%/s’a@%a%iu a. UV-EPROM, not with UV, but
5 with an electrical erase signal. The - v "1 is fast,
i.e, the cells can be erased rapidly (1 or 2 seconds,
compared to the 20 minutes required to erase a
UV-EPROM) .
The erasing mechanism in flash EEPROMs id

10 Fowler-Nordheim tunneling of the floating gate to, according
to different designe, the drain region, the source reglon or
the channel region., Programming of the floating gates, is
carried out in most flash celle by hot-electron injection
into the gate.

15 The upper polysilicon layer forms a control gate
elactrode and the word lines of the structure, while the
lower polysilicon layer comprises a floatingxbate slectrode.
The gate oxide can be about 10 nm thick, and the
interpolysilicon dielectric can be an oxide/nitride/oxlide

20 (ONO) composite film about 17 nm thick,

FIG. 2 shows a Flash EEPROM (Electrically Erasable
PROgrammable Memory) device 10 in accordance with this
invention formed on an P-doped silicon gemiconductor
substrate 12 doped with P type dopant in which a flash

25 memory device is formed between Ifiret and second FOX

regions 14 and 14' which are formed on the surface of the

g -
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KRVETEZFR \WORIG & PRRENIRER W0SB 30BFRIDERD > 45389822 ~ $ JIIN 20 The condfaft® P16
current condition fox EEPROM devices using Fow er-Nardhei mtunneling -
current, like the FLOTDX RoROM for both wite and erase operations, {figeJUN 200k
equations to provide a constant current programm ng condition are described -
above with preference to Sik Can Kong, et al ) Fart hot electron tunnelling
such a9 the waits operation of a FLASH neppry, the hot electrons current 3s
usually ton conplicated t4 be described by an equation, because ,it depends
upon severaubstratesliuchCentedemy drabwesn dopantimatofdride sddorek-grhxrensi on

al), the collision probabilty of electrons with atons so ths,t the

hori zont al ERHHORY ﬁgta’é@eéﬂm the sukaae (of khe aubgbeata HE ripath and

so they turnel: vyertically through the siliacon oxide. The initial. (time =
0) tunnel ii@"%ﬁ%i?i Qﬁt?\g“,'awc"g?/t‘?‘iﬁck i & nor§Rl Iyaldanadiwidd Shseri ence

corrom (L AR e A A AREAR 4 1 S o

UhrEshol d CoptelicE}Gn' the (et €A ¥ Arais AN B G SATEUY Ve s of

three different EERt~Ms. 'the first: méltfti:f’fm%ﬁéﬁfasté slz‘_or tﬂf,}é ectrons
=" ~.n~ tor

I njection for wite and Fow ex- Noxdheim't erase. the second
(b) se's oguffiyesof NEhe UeShsbeattal MES Bawadil o e i Qhedfeifd ectrons
or holes for wite and erase respectively The third (c) set of curves .

i ncl udes Fbwin - Nogiidwei Dl ; urelbdw nchd drurboth oxide Jayesr A9 avib. fcbided 04
(VED) 21 : G @OMMGATEON No. 53 PAGE. 22 16/ 06J2004 21:24 KHRTTRR \ONG
& PRRTNERS 3 63390252 NO. 422 D23 JEReftq rihgy sopimecgegam -HG mdhm-~C

f - | ~rtil
é{unon Vtéubéééaf% 12, A pinch off region POR adjacent to the drain

region D1l in the substrate 12 is formed during the write
eycle when guitable bias voltages are applied. The source
voltage of the source region S1 is Va. Thé drain voltage of
drain reglon Dl is V,. The substrate voltage of substrate
15 12 18 Vguw+ The control gate voltage 1s Vaq}.
stack 16 includes the tunnel oxide layer TX1 which has
a thickness of from about 50 A to about 120 A formed on the
surface of the substrate 12 above the channel region CHl and
! pinch off region POR. Above tunnel oxide layer TXl is
20 formed a conventlonal floating gate electrode FGl, composed
of doped polysilicon having a thickness of from about
1,000 A to about 5,000 A, an Inter-Conductor Dielectric
layer ICD1, preferably composed of ONO (ailicon
Oxide/silicon Nitride/silicon Oxide), and a control gate
25 electrode CGl, composed of doped polysilicon having a
thickness of from about 1,000 A to about 5,000, Shown to

16. JUN ' 04 (WED) 21:14 COMMUNICATION No. 53 PAGE. 16



16-060R008 v REROry JEWTERRS WONThR RAGTYERSes 637928 follows; V,~ is theMgde 7
voJtage V ~ is the drain voltage Y,~ 3s the source voltage V' i~ the
substrate voltage xn FIG 6A there is a constant val ue of V~ during 6 JUN 200
programm-. ng. For flash nmenories with hot electron injection far vvrit% a“‘mﬁq
Fow er - Noxdhei m tunnel |l ing for ox~as, the typical values are '~~ ~ 1lv, V~,
mb5y, Vs =x' ~ '~ ~ and the typical prog:r? ing time is 10 ~rsec.

I A B S SRR BT 0
Cycl .20 Wi e 6 e bt L3R5 s b5, By, RRRRRLL, LT
i . e sh( owpdyyedy eY_Tgar%elfcﬁ:Wd% Akl ri%at\éﬁkl'hgﬁewﬂgfa% poka Whi ch

conponent s’ the repul sicon of electrons, so f tunneling Current is a

const ant . FEYAGPNH ANITHE! (delE-adl GedS NQ-PHB?é@ RERdhaFBIenspacds Peak
tunneling current iri the FIB. 6Ais avoided. Therefore the tunnel oxide

darsage i s yomhatoed| hetwherm gausredectirodeogtack 1§ and ehe- spcopds FOX
Referring to FIG 6C, within a chip, there are many nenory cel.le ~e.g. 4
mllion. MR Rhe it doped soursedtiraiios cagdong Silddduare

Therefore, W t£v5v‘rogramri ng pul ses, the threshold voltages achi eved from
sell to c&9P§ Ye13 candentyiatden pfcrheoephorus depadit fromeabegt JuN

04 (VED 1 C%\/IVU Tl ON No. 53 PAGE. 3 16 ~2004 21: 24 KHpTTAR
~JC](\IG ~) PélF@l’?\*%Q§- -Qmsyé%c‘@ofé’z °P°P'ﬁ\é. Ez%o?i’-“mﬁ/ﬂm.r’g IV 200 2~ a tSpe of

" t " 1 | i | i

ciroutt mon t orii ot i ReREY Yeg 1B 10 ot eBR Pt Bopell BEIER. i 1)
of_ gl ter naig don e éa%rr oy e aaifagagaa%r Jle e The

latter is 5'easier to be nonit ul'ses are”appli‘ed until the desirable
V-, ~) ~. s gatie elesttrode modok menwitly the RWannelapegion CHI BE e v

3Z,000. This technique produces a nuch tighter spread of Wt,~, but it does
not sol ve RlaspBRRROM sfeniqe dilawopatedaimitwgenpldddapead: Bougwal | nunber of

wite erase cycles . ~T,~ Tine ldea a) xn FIG ~A a stepped ranpi ng pul se
is enpl oyé@'ﬂ‘yﬁl &Hd and (the RiReR offnmegd opdPe8) Whirhclegduxtapos@sant age

Chreut © D AR S hnLeS AP LR S M 8RS el | < Cich

;BL t he CURJRIY _ti[,ﬁtto that € fl oat |ﬁ€ gate el gCH' g’gg\?i)?’tfathe

r oxi mat'e é%ns a~r =t Wi respect to t & The sgepmﬁ ge can be
applied t @iditheOHdfllorddsA el @pler 0de, or #om the dr3igh fe¥melewhen the
MO8 i=s biased in the saturation region during the write
cycle,
For the wrlte operation, the tunnelling <¢an be done by
20 Fowler-Nordheim tunnelling as in a FLOTOX EEPROM as shown in
the prior art, as in FIG, 3 or by hot electron tunnelling in
Flash Memory EPROM devices of FIG. 2 normally.
FIG. 4A shows simulations of four programming waveforms

of voltage Veg, in Volts as & function of time in
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t6-asorEado| abiim  MeRBYTYARIQNE & PARINERShereite?as e waveformin FI G 6BNJ:422 P18
analog circuit such as operational anplifier Al and |arge capacitor C.
shownsin FIG 9A rued to bra incorporated into the digital nenory ci rd@'Jum%m
descri bed below with reference to FIGS 9A - 9C. 16. JUN' 04 (WD) 21 : 16
COVMUNI CATI ON No. 53 PAGE. 24  16.~Dt~.'2004 21:24 KHATTF1R WONG ~

PARTNERS ~ 63398252 ~ ND. 422 D25 ~? g JtJ H20'0 2~ it is hard to optim ze
the characteristics of both analogue antbdigital circuit in a single shjp.

In FI G 7t ilteeconds, CoMNpe nedveforia tdiowp e folildwes 6B and F=G 6Q)

A sexier of pulses, wth canping anplitudes, art applied to the control

gate The vol tRbe \isielveasguare ol gulseVidhe seta of pul ses until

the desired value of V~ ~ is achieved. This pragranm ng scheme conbi nes the
advant age of R%ghtlimear sypktage Lanp prigy iy aonstantgerainsrt of wite
erase cycle. A nethod of programm ng a nan-volatile nmenory device (flesh

menory, EPROMRANG SXRGROM LY 28 4R% NP 9% Famnsi ng. progr ammi ng pul ses

e intervenegd, by th | d,volta ur e o, t.hat the nunber of
?ﬁn ses applied to tﬁ%ﬁé%ﬁ@ %?‘i%g@muﬁf' cﬁ%‘?t*eat roduce 15 the
required thereshol,gh, taae ¢ ge Atight spread oaf threshold voltage
between different cells 1e achieved. in FAG ?Cthere is a slight
di fferenCﬁlégggn Hb€e CORGEPERS s ithBLat’foly {R\VFIE. A ¥l NEby Otege far each
( pul se The constant current condition is achieved ideally 20 as in FIG
6B. Ref eFLOMOK aBBPROM OoRYYS, Wet for i thé | £1amB menmerysi epwi se i ncreasing
poxes is linearly ranping A better constant current progranm ng condition
i s achi eved s@henaR1tpesbtbve pauane tyodtage Rhipslag Vade Minber of

wite/erase cycles is maximsed and tars VI spread is 25 mnimzed. 16.
FUN ' 043P dz&":%@mm&mm%i which ifb?déﬂw the —06-2004 21:24

KHRTTRR ‘\{\H\I. -~ 6339(R52 . 422 D26 Z4 For the concepts of

FI GS. 78.“3‘%&%&5%@tg§ ~ e~ ~id options: First options The
anpl i tude difegengh LROWECENS PoSRTEERL LYMPPINS Sufként adnbitys
difference is cal culated to produce an approxi nate constant programing
current ggpdedi 90,0 cR2cH?) | ST £atangL bW 0 £ Uttmerie. apptaddiho t he
floating date until desired ~i~p is achieved Second option: ~~J Referring
to FTC. gésdponse EERCVhEEPROM curdémshl feRd; \REeldnd R4 simHolE. adAan FED
devise with a floating gate F~ and a control gate el ectrode CG one source S

b5 The resultant tunnel current density produced for curves Rl,
R2, R3, and R4 in Amperes/cm® vary as a function of tima on
the same scale ag FIG. 4A,

FI1G. 4C shows the write threshold veoltage Veunw

{ response to the waveforms R1l, R2, R3, and R4 in FIG. 4A,

20 Since electrons repel eleatrons, referring to FIG. 4B,
the result of application of voltage pulse Vega Rl is that
the Rl programming current Jeunw 88 8¢en in FIG., 4B splkes
te a very high value above 0.06 Amperes/cm™? in the range of
1 Amperes/cm~* to 10 Amperes/cm™* at the atar@\and then,

25 later, the programming current decreases dramatically after

the start. The current splke of wave Rl degrades the tunnel

-3
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tEsRet Binast NR1 (243 | SKOTTAR GOEE 2vPARTNERTe » Z553P@SRode QL2, s8 is the NO.422 P19
P-substrate 26 of transistor Q-3. Node N2 connects source S 15 arid the
sukstrate 26 to ground voltage V~,~. The drain ~ of transistor G is‘inU
Connected via Tina 19 to node NI. Node N connects via resistor R2 to N 2001
supply voltage V-G Node N also connects via line 19 '"to an input of sense
anpliflier ~0. (. The sense anplifiex provides an output va line ~2 tc~
ranped ~0 pul se generator ~4. The output tpn line TC~ fromgenerator 24 ire

suppl i ed t@xidé L&PeEOrXURIRhEch CE4ERTLE £ @f rdchitinl SbdX8.of N operation
of this circuit the V.~p 4f after each pulse on lane 19 fromtransistor B

I s measur eflchyesable fenpdyiitte troles) MidVvilesidareddy ehol d vol t age
testing a~ the cell @B. The anplitude of the next pulse from pul se

gener at or progsanglag corrént Ripirnafl@. of B rolqmysy e peagraming\ED) 21
: 17 COVMUNI CATI ON No. 53 PACE. 26 16t 062004 21; 24 KHATTAR ~JONG ~
PARTNERS ~timeoghiohnge 4bppipally: 5 micrageqend (K8) HoR Ghe wekk@nount

oo é:lﬁ“%%ﬁ?fiﬁﬁt LEGR PoBnisefras, Eahaki el did o ind LORSEH ?2°£ e
. Thi
Chose. pr oab it RoEoFRE SRLER MG EHELS" ofbiraclid K Row d Iorif i

optimzed § éﬁﬁﬂ?azso, The di sadvantages ie that ~.t hoe to actually
measure the Vi e en pul ses, other than setting an on/off action~ to
det er m ne whet hpi £f8feNt ~ranPLA§ eYEforme (RZ Cirid RE WAEIEh Moawe 5éen i f it
is not. ~ xG 118 shows the circuit 18 based upon the c~.rcuit of F1G 11A
where |i keupadttohaVeviitef thetpooislemtds t sleownnire FIGS sed edie; cdwe 24
having its output pulse line 26 connected to the tanping, operational
amp¥i fi er shecresulpa7zefswamefernenferand R 2EapRRt ptinldsq/ihe wave

| ' ' f h i)l d 3n FIG 7C
Gnd shown SRVRFEFR:1h RORFARNGP JELER HELRCHEvaRFEMR | L8 P8 0% 10 [nput Lo
h . h WL
v eshol o JEFOBFPEART  LapResth Rp Wndn APURD e DEORG IRINS GF BoRt]

shown as the e d I LVEaVOht ' ' L.ed to the upper
86985 {rs%saﬁﬁa Rg_smga HhVEa VO 16138 Volts £PDdI pp

ends of resistors esi stor I's connected at the other end via

node N~ topthemidULedEonabn ChArpableohf MEEfaluemsest®e L, amhi ch connects
25 down through constant current source CC6 to ground. Resistor RO ie
oohfect ed &olitwséther and to the 1 6. JUN' 04 (WED) 21 : 1 7 COWUN CAT
| ON No. 53 PAGE. 27 16a06/ 2004 21: 24 .

TABLE I
Time (ms) 0.2 . 0.4 0.6 0.8
izo Delta Vega 1.4192 2,8384 4.2576 5.65089
Vewsto (me)| 8.9550 | 8.9550 | 8.9550 | 8.9550
25 Total Vaga 10.3742 11,7934 |13.2126 |14.6138
The above V-og; values lead to tunneling current I.., in
the gate oxide layer TXl. In accordance wigﬁ curve R4, the
voltage Vag, Starts as the desirable tunneling current
a0 density Jeun ©f about 0,03 Amperes/cm® (as contrasted with

16. JUN ' 04 (WED) 21:15" COMMUNICATION No. 53 PAGE. 19



ac/dk>2pe40 ~B1SBUr cekehmanm LWONE GUPARTRNERS NMESBE2SRr ansi st or Q~ whi ch alNgade2~ ~F=0
, ~~N Zt R~ Connects dawn t hrough constant Current source CCS~to ground. .
The gate el ectrode of transistor .p~ is connected to lihe 19 i~ Flgs“1pﬁhN o004

and 17.b dormthe drain side o~ ceII @B~vi.~t" line ~~r9 and 1'~. The gate
el ectrode of translator Q- is connected v~ aline 21 to a reference voltage
v, ~$~ of about 4 5 Volts, for exanple. out put voltage fromthe sense

lif . d I ~~_era iy -
Shows t ne 19 AHEEATE ALY G °@s“¥§g¥¢w|1&2€sgmﬁ%t& ot Fig 1iA
whi ch t , Chb
gelngra!t -S~~Lb'rs1§d:ko s?%%évaméj}s%ﬁ n%’&eas ge ?ﬁ@gra é"’&??g@s Ii?t 3‘3‘?“8T gn
I h [
count s, TRRRRE e (8 B *Hp IR ph Bepuldibnc Bl Bup Wty o

decoder 2&piiddyfdl W 1) mdi@ tdl%rdt&'an%' el %b%oi?@iﬁ%n fﬁ%t%pe at a

time. The transm-ssi on gates SW3, ~W ~ are connected to a potienti al

di & der s@dteate artyodd iIRGL.nodes of hi gher vol tage axe switched to the
control gate of the nmenory cell, to produce a atepw se .Increasing

vol t ~ac~e wavefforsgiuigd.onrie dlhec priobdemedsy tanysphe trkhpegeidadp are so

sel ected that an approxi mate constant tunneling current condition is

| CHATTf | RWAMES o AT iRy alt B@@sé’@gazanosheznoga FEG. 0N, dp dwndbfaldl : 17
COVMUNI CATI No. 59 PACE. ‘2604 21:24 KHRTTRR t ~ONG & PRRTNERS
-~ 633982%F 4B PXP geé'P&&ﬂig% § chapen 8o, Ehay, 2~§vi§§ble

tunneling voltage V.. applies on the tunnaling oxide which

) results in a gultable tunneling current I.un. AB electrons
are tunneled into the floating gate, a ramping voltage R4 1s
applied on the control gate CGl to compens... for the
electronic repulsion until the required programmed thresheold
is achieved,

15 Preferably the voltages applied during the applicatien
of voltage Vec. In accordance with the R4 waveform during
the write mode are within the range of voltages in TABLES IT
and III.
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46 XPE-2BB4y 1 ~21: 33~1 1 SKHATTTAR WONG RSPRFNERS €-63589458e total capacitance VP29 g P2l

the tunneling current chosen for the inclusion of progranm ng speed an

nunber *of erase cycles~ V 1~ -~ - is th step change of applied program DEN 20
,~, 1 voltage par pul se duration For FIG 7B, where pul ses are applie

until the x~egui ~ed threahol 4 voltage is achleved a sense anplifier is 15

ue~ad for threshc~~.d voltage detection. Between each pragramm-, nd pul se,

the menory sell !.a set into a rad node. A% ~. ~ed gat~r voltage is applied

to the cantrolm NB§h erator .24 by

presenting the F%gr??c%gt er 3%& g%qﬁfﬁgﬁcertaﬁﬂﬁ1 ﬁgt

earresponggl pgws® the programmed threshold vol tage. the drain voltage Vd in

FiG 11A 3s conpared with md voltage of ~.5 Volte so that if Vd ie |ess

than 4.8 "Volts, the Ce|k—hS—G9ﬂGhd@&ﬁ@k44%4¥+ﬂ¥4ﬁ¥4¥ﬂmad to the required

t hreshol d voltaage. The jense anpllkaBanxIncreases t hp speed of 25

readi ng the vol tage sinc¢g—a—dragrnthe—vorta fr+omr51 Volts to 4.5 Volts

initiates detection of theV&l7. -ThOSVGEE%r5°|asV%bﬁﬁof Vol t age droppi ng

from5 Volts to ~.5 Volt ef or® ddt ¥ %nt% a.QiEE nperter, this is
particularly inportant as VaewmdFaifs %*tﬁaﬁ? QoY Fonnected to a bit
Ih e where the 3d total acl tanc r Q; oltage ranp .is

S g=1 17 ?%. %% PACE. 29

| E~r p6r2pp4 21:24 w's .. VRHRIIFlggi o ERS -3 p339p252 ~8 If the
t h~eahold ~, ~ a~t achiev dv?urtgerSuggffgﬁ

t he pulse generator O h
FTC, 7~, whereas the ind3vidu~l pu~.~e~ are

rw. 16. JUN' 04 (WED

D3p be initiated by
hed. Referring to

tAkl 422

15 TABLE 1II applies to hot electron tunneling, as
follows:
TABLE II

20 Va = 0 Volts to { Volts

Vs = 3 Volts to 6 Volts

Voun = 0 Volts to () Molte

‘ Vemsr & Control Gate Voltage

25 Vs = Source Voltage

Vs = Drain Voltage

Vaur ® Bubstrate Voltage

As gtated above with curve R4, voltage Voga. varies from
30 an initiai value of just less than 10 Volts up to near
12 Volts during a time period of about 1 micraseconds.
The erase cyc¢le is done by applying the programming
waveform to the source/drain while the control gate is

grounded,
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bewanpEed, afl:x@ger at KATARR LAMDR| PARENERY ¢ |683897520ne shown in FIG 914042 D22
Connect ed btween the pul se generator and the gate el ectrode so that each

pul se has s tanping v-sltage added as shown in ~"T~. 11B. Conpesat i org] BfJUN 2004
generator 24 is ¢ by n eight bit 1~ la~. nary count~r 3a which haa~ eight
output lines ~L connected as inputs. to a decoder ~B,” Counter 30 has an

I nput clock pub.e line 1CLP for a square we~'e. Areset ~.i~re RS ~0~ a

reset signal. is provided t~lso. decoder xBthad a set of output line pairs .,
CL~, CL~, ~5 Clhe Gdnstari rcuwmrerdctehditiomifoy EEPROM devasidsc il ig/\B,

SW, SW5, ~W-,...SWh. S~rltch Sw3 connects node Nf xo node N3'( ewi tGh SW
connect sssBaskeassNodive fm oumneling cquxkent, 1ike ttdie FWOTEBAROM fode NS

to L node 1~5', switch SW5 connects node N6 to node NG and switch ~~0 RW
connects rielh ELtaARG eRRRE NPeXaRIP NThe pguatNons o provHe & re

pul se. genRRRERRE-CUSr R QBRI JAnLHTSL 1 RHGT S S an
. R RO i
corect od BEEhCERT RSO NES S Rl Y ra Ty Ol e N L0 e
NS and Nfi :'ﬁ?éiﬁﬁ&sﬁéh a8 thdGrido Ig%ﬁ/éﬁp)oﬁ]a ‘FrASHONERY AT G0 No.

53 PAGE. 3 ~2004 21724 KHATTAR ~JONG ' ~ PRRTNERS - ~ 63390252

NO. 422 D31h@f eracesdrdcheieneniaasasa Ny stsb domplkilddtaniglo e e nodes and
rslBtQs nmay be included dependi ng upon the nunbr ~sf shops to Die provided

p~" the cadpedrpbedchbyearrequation ashéaummti deperds diparedeversl bet ween
resistor R6 and ns~de Nn. 5 The voltage Vx is supplied to a voltage
d3, vi der cHbapbers sichhas sthé ccharinekdepant MLl -(tREe-riimemhionr here
" lj 2 poséiiYetﬁgtggf{iggggjSiaééhfffiguggnglégtégég)with atoms so
that the horizontal moving hot electrons are caused to
deviate from theiy path and so they tunnel vertically
through the silicon oxfde. The initial (time = 0) tunneling
condition (Va, Vo, dvt/dt) is normally determined experi-
15 mentally, and then the V, voltage i1s ramped so that the
tunneling current (equals C, dvt/dt) is constant with
regpect to time., The ramping waveform continuea until the
required V. is achieved,
‘ FIG. 5 shows the threshold voltage (V) window versus
20 the number of write/erase cyclef of thrae different
EEPROM'a, The first (a) set of curvea is for hot electron
injection for write and Fowlar-Nordheim tn-<~'ing for erase.
The second (b} set of curves includes the curves for
avalanche injection of electrons or holes for write and
a5 prase reapectively. The third (c) set of curves includes

Fowler-Nordheim tunneling for both write or erase.
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@ doezauuoVvi dedaby 1 I TEOSISEE GEPRRTERRS » -63398958es N3, QL4, N5, N5, NO:422 N H23
are connected to the tops of the respe~ctiv~a resistors R3, R-, RS, R6...Rn
~Go provide .a plurality ~af different voltages val ues divi.ded dawil ByUNHMNE
vol t age di vi der conposed of resistors R3, R4...i~n. The resistor Rnis
corrvdected et the oppoed.te end fromnode Nn through the source/drain
circuit of MFET device @ to ground. The 15 voltage V,, is the control

vol t age whi ch enabl es the step. pul ses orttl i ne TCG when the tra~s~.stor ~#
: ~b ~onduct~grﬁféai¥£hﬂmgﬂaE@é?\uﬁ&?ﬁﬁaﬁﬂﬁIWHﬁQcTGGQ won-vedagd le= whn an-~r

orie o~ th i .tches SWB,, ~' ~ SW5, RWs.r _ . .~$'i~Lt ~, s closed. E The
nodes |r«ﬂéﬁé?%réfvﬁéﬁﬁﬁ.?&@-YQ--ﬁﬂﬁﬁ anf AFgIFNIOWSE | nputs of switches
BW-J, SW, S : ' tog nodes N3' , N~', N5', N6',...Nn
respectivel y\/\lgi’d“r i(végvtl'r}}f'e q'%t:ea s%og}‘&gga voltage V~ with steps ST to |line T~~

whi ch i ~scxeasy estg the "Ltﬁ ?g/vitches connect hi gher and hi gher
t owa~rda sw tch"GSV\B eﬁa !fé‘%tvcg{lﬁa a~ VQ = Wx. Z5 The progranm ng

~aave~ox~n1prwu(kyjﬁﬂklgdutégjﬁdlt%#gacircu,it of FIB. 11A fromthe ranped
pul se generator 24 can 16. JLIN' 04 (WD) 21 :18 COVMJNI CATI ON No. 53

PAGE. 31 16Vye G e Zulist peel W taleh! G & F' RRThJRRS ~ 6339252 i

hl 0.422 D32 ~1 ~ ~U~1 ~, ~ beg applied to aid. charge storage non-volatile
menory devi cestn Hikdh £ RIRAN HEPROMt aRtASH lwerofi ¥ during t be
.applied to both NMOS and FMOs~ nenory cells(~tith suitable reverse of al
el ect r odPRRARAUYPLNG.  Far Lash mepanies) with hot electron injection

for write and Fowler-Nordheim tunneling for erase, the
; typical values are V, = 11V, V4 = 5V, V., = ¥~ 0 and the
typical programming time is 10 usec. Disadvantages arefirmhgng_

Blow
programming speed as the electrons in the floating gate

repel electrons, anaemxw'mmalﬁﬂmber of write-eragse cycle as
the tunneling current has a high peak value at the start
158 which degrades the tunnel oxide.

In FIG. 6B a trapezoidal programming waveform is shown
in which V, ramps froﬁ a starting value with a rate which
compensates the repulsion of electrons, so that the tunnel-
ing current is a constant. The constant current ensures

‘20 optimum programming speed. Feak tunneling current in the
FIG. 6A is avoided. Therefore the tunnel oxide damage is
reduced and the number of programming cycles increases.

Referring to FIG. 6C, within a chip, there are many
memory cells (e.g., 4 million). The programming

25 characteristics of those celle fluctuate, Therefore, with

programming pulses, the threshold veltages achieved from

cell to cell is widely distributed, FIG. 6C 48 illustrates
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Demermary devi:zas priegRTamBONE iRt FRETNERE FEREEI2SRE ~r dhei rn Programmi ndP-446t P24
channel electron tunneling, arid aval anche injection.of electron ar hoIe

I't ,carp.al so be applied during the wite and the erase operation. hr

Zater case, the programm ng voltage can be applied either to the gate G.SUN 200
to the drain eleatrade with suitable reverse of voltage polarity, depending
on the ~design. FI6. 1 0A shows .a device 94 and the description thereof,

beloW FIG 108 FIG 8 shows actual. expg&tinmental data ~af V, time
(~raec.) fartype GﬁrVEmAItHeFS99¥émmbngFTaSh@wFvé“lﬂ¢ﬁaQﬁ#sﬁﬁpﬁgF%oh@rol

gate voltage Curve_ 8 in Fl ~~. ~A shows an | 0 rcuit 90
conpri si ng®8FB Bpdkaviky EHEPlF?EP“#& mﬂﬁ*?Pqug “h?rﬁﬁﬂ%f-qﬁﬁ =® i nput is

connected to, vol

Che Tirst dRbEosholacyelspan ekhaechERpremRles) sEcrLoriahotl ORRCC: cd ot

Its other end | tage saurce.,t t

QG her end FﬁaphgéBgtBétSurggpgoﬁgfﬁF?oﬁafggﬂp$§?fer %ﬁ nﬁﬁ%lggtgérctlt 90
ondr o1 orflabllr’ RE°REORBhAA-bAL Cphigah Afe IEHELIBITAELL Bg | déairanlo
genérati oni near tfapezoi da rogranm ng waver orm typlc

val ues sucly, as iEhgchlbved L! ‘i"he A MER) n@ﬁbeﬁ&wmbﬂ\hm i3 PAGE
32 16/b/2564 21: 24 KHRTTRR ~I ONG ~ PRRTNERS ~ 63390252 NO. 422 D33 ~, ~
~| U~ 2p01ty§1cpaa&neﬂebsp.asrhéblbashhﬂqunlﬁrvd&@a; adymuchRtd&ghter C =
20pf 5.t =1 us ~V =5y ~8 shows_ the maveforn1of vol t ages
'V1, arid VﬁfﬁﬂdtHfavsguabatmé$e989ﬁ1FB% godve atheprehiey of nfhanpiaw

éﬁ?é??inv~p%%95%hb ndCoBAB: 2PAc EBA, UALbnaPPErceb REFER PEEas cyBies,,

duration "%‘ a sawm oot h val ues risingg fray the positive val ue V~ by
avd.ue o eWmoh ~, s def fined by 15 the relationship as follows ~V =
...... t 'vw ~ FIO | ~shows a devise "9~ with the erase step or pule

2 0 voltage a@~ Jpplled toline 96 to the contral gate el ectxode of

floating gate magpEtgyDGaCQl |at%¥uﬁ'ﬁﬁexdmﬁlh§eﬁumleDief empllby8d i s connected
by line 95 to a voltage of 0OV e source region S of cell 9a is connected

by line 99 jimsteadldfagheofll ieaar rampivg plleesdbsFIG:eb6Bs awhevadvaatngs

10$ shows a device 9H ~with a voltage of Ov ox -5V aR plied & i 90 to
the controlis ddws &ihdg wayetfeoxrm is much easier to generate in dig ta

15 integrated clrcuit than the linear ramping waveform.

The increasing voltage is such that the tunneling current
into the floating gate electrode is approximately constant
with respect to time, The stepwise voltage can be applied to

[ the control gate electrode, or to the drain of the
20 non-volatile memory device.

To generate the waveform in FIG. 6B, .. inalog circuit
such as operational amplifier Al and large capacitor C1 shown
in FIG. 9A nesd to be incorporated into the digital memory
circuit as described below with reference to FIGS. %A - 9C,
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16:medtis’ 041 (MEP) RFTTAR SUTORMINTERE O3R@P2583 PAGE. 33 26/ 062008- 49%: 24725
KHf | TTf Il R ~JONG & PFi RTNERS ~ 63390252 NO. 422 D34 ~~ JUN ~Qp~ 32 floating
gate nenmory MOS cell. 98 The erase step os pul se voltage + VE i~ apgg‘ﬂﬂ‘hﬁ4
‘drain region 1~ ~~ M1 94 by line 99, Tie source region S of cel

di sconnectd $r~d ~,t voltage is allowed to Mbat Wiile this invention has
been described in tasna o~ the above $pec9.~ic enbodinent ( a ) , these
a~Cilled iri the art wi.l~. reognize thatpsthe invention can be practiced

w-. th mpgi { aCREkANSoVbhBLRLkEctRRi characteriaoie obfbotie apphaogaeol ai ns.
t hat changes can be made in formand detr~i 3. ) w thout ~departing fromthe

apirit and digpeadatirbaibnimnai shngdeoebiipgly ail such changes come within
‘the purview of the present invention axed the ,invention enco asges t he
eub, ~ect mat for F3E.t AB &harnsiamacqombm@monecfaw apRroREhss 29

COVMUNI CATI ON No. 53 PAGE. 34 1E,' ? ~04, 21: RTTRR ~JCNG ~ PRRTNERS
-~ 6339259.r\|65499dqé‘56336é1'aihsEEFiﬁﬂrrB hBwlges r %g? PR ~EQRoM nenor y

Boped SARPAIGHASEm OFRGABPYLSHLEE: Eaﬁ?‘ééaﬁaogééé 2 P8 BLERRE™ 10T ng
a tunnel, oxide l%é@f? b%gagghng tgfegﬁgtéggg éfdp@1§8§tﬁﬁhilgﬁhé

el eat r ode® 4838, yer en sal oating gate electrode arid

said Code blaqred? Vi BeBEr%Q 18 59H&B@eaegl@Hianﬁragﬂaﬁmiﬂgreehlmeforned i zx
said substrate selt~-ali h said stack, s sald source region being at

a SOUfC@:oWih%etneBad%hda%aw teghenvhgi epreada fastnprobragsing axed
said substrate being at a substrate voltage 'V~L,~ copprising the steps as

fol | ows ancionarefe numbesupfl wridkt agase-oycheough a res~.stor to said drain

o A athod of programning a non-volatile memozy aevice

N
{£1ash memory, EPROM and EEPROM) such that stepwise
increasing programming pulses are intervened by the
threshold voltage measurement, so that the number of pulses
applied to each memory cell is just sufficient to produce

15 the required threshold voltage change. A tight spread of
threshold voltage between different cells is achieved,

In FIG. 7C there is a slight difference from the

concept of FIG. 7B by having a ramping voltage for ecach

" pulse. The constant current condition is achieved ideally

20 ap in FI1G. 6B. Referring again to FIG. 7C, &R in FIG. 7B,
the etepwise increasing pulse is linearly ramping. A better
congtant current programming condition s achieved so that

the programming time is minimized. The number of

write/erase cycles i{s maximized and the Vo apread is

25 minimized,

AN
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) N
W skl mgadat a1tz sai dhdrfrbating rrEreersl easpais2by appl yi ng an upwar #Pyd=2 D26
st epwi se increasing control gate voltage V~~~ waveformto said control gate
el ectrode of said v EEPROM device with a voltage ranp hainng a B 6 N 20
substantially constant tunneling current ~into said floating gate
el ectrode, wherein said substantially constant tunnelling current is
substantically constant with respect to tine, 16. JUN' 04 (WED) 21 : 19
COVMUNI CATI ON No. 53 PAGE. 35 16~' 6i 2604 21:24 KHRTTAR ~JONG , 3~ PARTNERS

-~ 6339252 3 ToT- roy @ atheecare £weai d drain
:ﬁﬁﬁfﬁiﬂgﬁﬁéhfeﬁﬁg:§¥)FI@9Qf?ﬂ Q@nag 705 i i

vol t age Vn e 'sensing testing device, anal adjusting said

upwar dl y ﬁt eoq_}/)%,se I ncreasing control gate voltage as a function of said,
nmeasur e % ‘said drain Voltage VDT whereby progranmi ng speed and the

nunber of wite/erase cycles is gipgteaglom net hod of progxanming a Fl ash
EEPROM devi se a-~x accordance with claim 1 including: said providin
Q% devi ce

measur enent s Pie Sahel deede dbffexmnadp hetivean Jq ARNEAGRY (R

i ncl udi ng ~hxashol d voltage testing of said draip volta ~ s said drain
regi on, gAg ﬁﬂﬁddadjmhiﬁn@ibies%mQPL&ﬂ%ﬁﬁﬂiﬂ%ﬂ?ﬂd&%ﬁaQqéﬁiééié% contro

gate voltage as a function of said neasur nts, o ' ai npypidage Vp,
i ncl udesappookimate aceafibaat pRF ST Y "t?‘\‘r}%%x?% c(t':'%n r%*%at (ra]p el ectrode as

f ti f id th h | t ' f i
It 2 eatessl SRRELE AU bERLA oo g Pebdmanglqaterarm 1o o

sai d providing

measur enent s of, _said_.dgai nyyo Y@, W th a voltage sensing testing device
i ncl udesupﬁiésHSF‘gr%g. Vientt b&ﬂ?EVJQED) 21 : 19 COMMUNI CATI ON No. 53 PAGE.

36 1E. ~06/ 2aG4 21: 24 KHRTTRR ¥ébond& GPEIBARS - ~ 6339M252 NO. 422 D37 ,~ s
ijra o Referring to FIG. l1A, an EFPROM, EEPROM or flash memory
| cell 03 is shown as an FET device with a floating gate FG
and a control gate electrode CG. The source 5 of
transistor Q3 is connected via line 25 to node N2, as is the
p-substrate 26 of transistor Q3. Node N2 connects source 3
15 and the substrate 26 to ground voltage Vesa. The drain D of
transigtor Q3 is connected via l1ine 17 to node N1, Node Nl
connects via resistor R2 to supply veltage Vec. Node N1
also connects via line 18 to an tnput of sense amplifier 20.
( The sense amplifier provides an output on 1129 22 to remped
‘20 pulse generator 24. The output on line TCG from generator
" 24 ig supplied to the control gate electrode CG of
transistor Q3. In operation, of thie circult the V., of
after each pulee on line 19 from transistor Q3 is measured
by sense amplifier 20 which provides for threshpld voltage
25 testing of the cell Q3. The amplitude of the next pulse

from pulse generator 24 is equal to the V., value of cell Q3

16. JUN ' 04 (WED) 21:17 COMMUNICATION No. 53 PAGE. 26




voldeapmat esbirg of KHATUARIMENT VRARTHGRS Y£38P2S8ai d dxai n regi on, saifg-422 P27
adj usting of said upwaxdly stepw se ~. xaareasing control gate voltage as a
fuupctiaon of said nmeasurenments of said drain, voltage vp, includes

provi ding a tanped pul se output to said control gate electrode as a Hedun
function of said threshold voltage testing, atad said threshold voltage
testing conprises conparing said voltage of said drain electrode to a
reference potential. 4. A nethod of prograpwing a Fl ash EEPR~M device in

~* accor dance pyish o | Sisad At theaih mmidiembgeaaup@aeputbe of said
e

drain voltage VQwith a voltage sensing testing vice a.I1ncludes threshol d
vol t age t egeneratfersdi4l. drihen outiphetye nom eeneyiatodr 2dn pasgesn onRilcde
adjusting of said upwardly step~ra.se increases control. gate voltage as a
functi on of2Gdial theamanurgl gatie didine TG ias wolltage Vea tacith€es provi di ng
a tanped pul se output to said control gate el ectrode as _a function of said
threshol d VRS 19849 Rl echrpde £ @ mr@é"ﬁéla&%lmagew& PRReE®npr i ses

T D0 afed Ba e ke BEGHRITE Bihe. WhiSH Are B10E," S tnad,
VED) 21 : ~04,21; 24 KHRTTRR
(~J O\I)G & PRW% ‘%}‘z‘"@%d or Jéhﬁ"g(?g“% E%n”et hod of

pr 0gT MM ngy i Jeh it age” S AR E e (8 GRAHNAY WiedlbueAithel vi,cl udi ng;

sai d providing neasurenents of said drain voltagé Vh with a voltébe sensi ng
testing desswadr | piioses hreatmt chen teapst: IrRs tam @0l ffaiattdion rovol t age vD

i on said drain region, said adjusting of said upwardly stepw se increasing
" control. gaietaminmovhatied e iVay dif fsihd avedsusade contdhueaisg nddaign

vol t age V~~ |ncludes.§hOV|d|ng a tanped pul se output to said control gate
el eotrode dmkeasinkf idh ¥ nabid threshol d vol tage testing, and prOV|d|ng

| Z;'cﬂets?gb’if’y N e b d“éﬁffy&e??tiﬁ’n ‘ff"i}-fs{t{’%gﬁaéfﬁa&a?‘?t Hpoa el a%ﬁ’l‘%&‘irl%gaé e
v th cral ma (S wiRp g %&ﬁrﬂ% vl A AR ﬁsd%grt i ?%8?{ age

| V= with a vgl ﬁgyaﬁﬁﬁgg ed g
testing of 'sa~ rain \r%,% age gho‘ﬂq‘\sﬂa dd;lgé'n s regl (?Elﬂ‘%lsal adj usting of

sai d upwar dionrtdiud Seo | tivd eRfmiplthe Opdralt 103{:A \AMpi1Add e3S o rcwldt i2an of
sai d neasurenenta of said drain. voltage vD, |ncludes provi ding a tanped

pul 52 out puwhich sonvets ridie gampeﬁ e nicde ofs egufaxec mave @ulsead inteeshol d
voltage testing, and 1 6. JUN' 04 (VWED) 21 : 1 9 COWUN | CAT I_ ON No. 53
PAGE. 38 AGARRRDFomien of reemioctingylses- ARrNERSAtRALesh Ay NG 4 IE p3g

and shown on FIG. l11B to alongside line TCG' which leads to
the input te the control gate electrode CG.
FIG, 12 shows the sense amplifier 20 iur threshold
20 voltage tesating of trangiator Q3 in FIG. 11A. A supply
voltage shown as the preferred value of five volts, 5V, 1s
applied to the upper ends of resistors RO and RS,
Resistor R8 is connected at the other end via node N8 to the
source/drain circult of MOSFET transistor Q4, which connecta
25 dewn through constant current source CCS to ground.

Registor R9 is connected at the other end te the
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1 os/Fe4W 22824 pr OKHRITRR) WD & RARMIERS pESSE258t put to said control Mgt P28
el ectrode by produci ng a sequence of increasingly higher counts to a

decoder which operates sequential swi tching of successively higher ol$
froma voltage divider. '7. A nethod of programm ng a Fl ash EEPRO\X'&E&!I @gﬁﬁ
in accordance with claim21 including: said providing neasurenents of said
dx4.~.',~ :~7.tage Vn with a voltage sgnsing test~.rig device including

threshol d voltage testjng of said | n..vol tage Vp,_qn id drain region,

" naurep fdraln ol o Mosiel demarataed 8 il
ggdaagtnctiﬁ?ﬂof ai:j {%ﬁeéa t g@s i r.ai P&t , 16 qe'*&l\!glstagé
]E)rovi di ﬁ%ﬁ%ﬁ%g@n%lgﬁm%ﬂé}% c?a “é'%rﬁqwoIm,r‘am\g""at"e?"%%e}:étr&,rcéd:gJ as ‘a -

ot . . | . . .
vou. t agein AR SLFHEEIR o G AR RN I 1 CMRlGEUl B N M Y hod
of pragragEhNghé drafh &dé of :célﬂ%d;gm'mwu@am with ot rn 1

wherein: sald providing neasurenet~ts ™f said drain voltage Vp with a
w9l t age §8OE| 8VetErbHe Jotlcvtarts istdriqps fdramhmatadiviagd imstihdef said
drain. voltage V~ on said drain region, 16. JUN' 04 (WD) 21 :19
COVMUNT GAATE el tenc  Sv@PNge Jeny K (AN M4 BN M aHREMRRXAWNG & PRRTNERS ~
63390252 ND. 422 D4AD v ~ Q 111N 2~ 38 said thre~sl~old voltage test~,r~g
conpr i seThesouhputi vgltage Lxon the Fenge ErPHHlal o rGSURPE 91 er ence
potential, said _adjusting, of sai.éktﬁggardly st epwi se i ncreasing control.

i

gate vol frge Bedg NB viaching 2¢ ERRedmt s of said drain voltage V',

i ncl udes providjng o ed_pul se out.pu i r trode as
a function of kggfdlsh?gﬁ%lhﬁﬁo? %%%£€e%*%%$a%%%v%"?g€%§?§€%med

eyl se_oupBbrh@opdod BENFIE| DRASWRLER!IQULdY 86 QPkEdwde aREquUENCE Of

i ncreasi ngly higher counts to a decoder which operates segusnti al

swi t chi nggefl t8UBRE&AI YR! F16S OMER, VD t8QeSTE rioyn gevératime of vider. 9. A
nmet hod of px'ogramm-.n.g a Fl ash ~~1~ROM device in aceordat~ee with claim1

i ncl udi ngtephieshbhdreabingeptegrimyingfpebsesl wikth n2teps o8 oB bhneaj d
drain reg~.on, providi ng a tanped Eé“ se output to said ' ~ r"trgl gate
el ect r od®cd.a Aundorcknadgnali ICHP b8 heppl bed bR cd tRERARY GTURERF g

~esi vely high | t I f | t di vider.,t id trol
gate ol cBPr SHAT ARGCAMBLRA! MEAS FAWRELDE (SHAERS: | CHEI SXEPIS E80R G 1o sai

gpoces-siveby i gher ol uage, bl S§Seodfr JiMinidf LVER 6 £R
transmission gates SW3, SW4...SWn one at & time. The
transmission gates SW3, SW4.,.SWn are connected to a
potential divider so that consecutive nodes og higher

’ voltage are switched to the control gate of the memory cell

20 to produce a stepwise increasing voltage waveform Vg. The
clock frequency and the voltage step are so selected that an

approximate congtant tunneling current condition is
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1Epe 48042 A22:bu24  KKIRTTRRWENEONGARTRERRTNERSP22583390252 ~ NO. 422 D41hm:422- D=3
JUN 21~~ ~9 zo , A nmethod of pragranm ng a Fl ash ~EPRO1Ul device in
agcordance with cl.aim1 wherein: said providing neasurenmente of sagyeqhﬂjﬁm‘
vo~.tage W with a voltage sensing testing device includes threshol

voltage testing of said drain voltage V~ ox1l said drain region said

adj usting of said upwardly stepw ~* rirxeaeing control date voltage as a
function of said neasurenen~Gs of said drain voltage Vn) includes providing

a td@ed%ﬁﬁﬂﬂgﬁﬁﬁsﬁckd&%fw‘”ﬂate e7.ectrode as a function of said

t hr eshol age Ing, and said threshold voltage testing conprises
conparing said vol ,age a~ said dran electrode to a reference pateri~C a~al
providing sai dpr Pl B, 0Uk Ridndtammai d control . gate el ectrode by

provi ding a sequsxx of increasingly higher counts to a decoder Which

operates sequential swi tching of successively higher voltage pul ses froma
vog t age di vi deghep@dCa prbeithegatalhngepagltgngédt i onal anplification to

sal d suacessively higher voltage pulses. 11. .'~ta EEBRQ@rna ry device
conpris~. z~g: 16. JUNpie Ok (¥ABD tmneh@%ﬂ@@% %% #1
16~06~2004 21:24 KHATTAR 1oChes koprRirEgass L NEH TR 61" $ ~dUH

20n~ 40 a substrate on WhPERS® §¥EE8®) eotrade stack is formed on a doged
silicon sem conduot or Gaterial, said gate el ectrode stack including a

tunnel . oxide |ayer,&a¥fl ogti g e dgs 28k SheEn
elBctrode, a dielectT] ¢ I a?érgggt a{égﬁ éﬁ?ﬁéﬁ gfatl ngﬁbﬁgiﬁgt rodegari d
said control. gate eF%ctrode,vahgggéc§efegﬁpgea@dratﬂbmjn region formed in

sai d substrate self”aligned wth said stank, said source region. being at a
source vol tageg¥s, F1G, 7B, where pulses are applied until the
required threshold voltage is achieved, a sense amplifier 1s
15 yeed for threshold voltage detectlion. Batwéen each
programming pulse, the memoxry cell is set into a read mode.
A fixed gate voltage is applied to the control gate CG of
FIG. 11A through the ramped pulse generator 24 by preasetting
the binary counter 30 in FIG. 13 to a certain value
20 corresponding to the programmed threshold voltage. The
drain voltage Vd in FIG. 1llA iB compared with mid voltage of
4.5 Volte so that if Vd is less than 4.5 Volts, the cell is
considered to be programmed to the required threshold
voltage. The sense amplifier 20 increases the speed of
25 reading the voltage since a drop in the voltage from 5 Vql?s‘”_m
to 4.5 volte initlates detectlion of the ID, Thie ocoura instead of the
voltage dropping from 5 Volts to 2.5 Volts befors detection
by a CMOS inverter., This l1s particularly important as the
drains of many cells are connected to a bit line where the

30 total capacitance is large and the voltage ramp is slow.
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ac.s8pgHay vobtiage V~GHATHM YOO AMRARIWRSt hcddd#Sa resa. stor to said dPgi4e D@
regi on and said source region being connected to ground voltage Vvdd, said
drain region being at a drain voltage v~ and said substrate being’ al BaJUN 2004
substrate voltage ~' s~, b, neats for witing data to said floating gate-~

el ectrode by applying an upwardly stepw se increasing control gate voltage
VCGE waveformto said control gate electrode of said EEPROM device with a

vol tage ranp having a substantially conggant tunneling current into said
floating gate t rei jd ti : n t winal i ng
current is sub& g‘:ﬁﬁ ﬁ%yes‘é%ﬁlgfé{%t %\?\{ntt ﬁ%?kg?g%?t If?cll)-ltPie?rg %gg%?af grl provi di ng
nmeasur a f ' i : heMathrd Vothageigentheg testing

devi ce, %%{@t%ﬁb 45(}(2 1!(h\/idlég)utl%e:g\zél([g‘‘e")cﬁi‘éa]\/l\/ﬂ'\] NI CATI ON No. 53 PACE. 42

16f 06120%%‘&% HHIMReds, PARTNERS ~ 63390252 41 neans for adjusting
said upwardly stepw se increasing control gate vo~.i: age as a function of
sai d measur entRaferdims, tal RiG FCyolwhegpeada thehdnedy iguddr Pised &F%d and
the nunber of wite/erase cycles is increased, 1~ , An ~~PRt~Mdevice in
agor dar | pemped h an spexations lu@n iddar FH&S e sprovit®™ly Heasur ement s

v~ said dram voltage Vo with a voltage serl’(s)ti ng testi ple dev] iencl udi ng
means f axFiGy e3holdl vonnegfed LAtWRPTE he A 4F SoNaRAten Sﬂ'on sai d

drain region, arid said means for_ adjusting .of ' Y/ epw se g
gat e vol t@@fe BLECEIRRS | B “saﬁ?f:at}rm'} ﬁWd’ cﬂomﬂ%ais%tea nts of said
drain voltage,Vp, include~ ns r providing a canped pul se output to '
sai d cont"t“gga%aé)% 5-’?‘3",”5@’&‘5%%@ ]aisé)h. function of said threshold v~, ~; ~~e
testing. 13. ~ gﬁg’ st Q€ Vi +aALoR TP I, dite b X Ted | Wy an Z2L gthlerked &

ga~.d neans fogpt r%ol d v% tage testing conpares said drain voltage V~ of
sghd drni penekeceoentezo3n wefeh cnoe @bylentéutputekined L -2AmRectRd —g said
ranped pul se output to said control gate el ectrode %produci n sequence
o NO. 422 @d3inputsltib-azdecoder BN 'Coanyewrsi0 has Hin ARRLN No. 53

PAGE. 43
pulse line ICLP for a sguare wave. A reset line RS for a

reset signal is provided also.
becoder 28.haa a set of output line palrs CL3, CL4,
15 CL5, CL6,...CLn connected to control a set of switches SW3,
&W4, SW5, SW&,...S5Wn. \
switch SW3 connects node N3 to node N3', switch 8W4
connects node N4 to node N4', switch SW4 connects node N5 to
( node N§', switch SW6 connects node N6 to node N6' and switch
20 $Wn connects node node” Nn to node Nn'. Nodes N3', N4', K5',
N6',...Nn' are located along line TCG which is the output
line from ramped square wave pulse gensrator 24 as described
above in connection with FIGS. 11A and 11B.
| Resistor R3 is connected between nodes N3 and N4.
25 Resistor R4 is connected between nodes N4 and N5. Resistor

RS is connected between nodes N5 and N6. Resistor RE is

r
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164062063 ~04 221424 KKIRTTRRUMING PARTRRRTNERSS82583390252 NO, 422 D44 4'ND.422-N-D31
~0~ increasing~.y higher counts to a decoder which operate sequenti al

svviht chipg of successively higher voltage pulses froma voltage divi % and
means for providing a ranpa. x~g Qoeratic~x~al anplifa,oatic~n to safidB JUN 2004
successi vely higher voltage pul ses. 1~ . An EEPPROM devi ce in accordance
with, claim~.1 wherein: said neans fox providing neasurenents of said

drain voltage Va with a. voltage sensi ng,pesting device inc~. uding neans

for 1t hreshajhotl @ QfetifsdA odta WG hri airf) Walhiodgh miokeOhoadied aleai n.

region, arid sald neans ,for adjusting of and upwardly stepw se increasa.ng
control gatesMtdrsan®s 1ve f inelinded depeidl nge apone e romifers aifd edepisn

vol tage V~, includes neans for providing a ronped pul J3e output to said
conr ~~~' g ehee! ot v bikad dey akliermamped mfl s -generiatarh @4 @sy dnddgated
tedt~.rig~ said nmeans far threahold voltage testing ct~npares said voltage
of said driy rtheldetiedicl ines hafwsemxesiatan 6 and mode NR.R-pROM devi ce

i zx accordance with claimWwherein sai d neans faqr prog[ di,ng neasur enent s
of %aid drain VEBe QyRltage Wxnls SHPR %&.‘393&&9(% ié’ir“?%rdevi ce

EE?'JJ;@ ?3%@3@% @Rriig: S9EAee Sproeaend Rondl, N MRy
and sai o MRS 1 1 Eh B Rt 0 Ehteded SRAPHR Bhulbies HEldteR® Nro

gate vol t age @§ GBrdeiGdd ??%?farﬁﬁ‘iﬁhiﬁ‘é‘%’ém&r @45ai d Mien N3y tvage Vb,

I ncl udes neans for provi g a ronped pul se oul put to said cax~trc~~. gate
el ectrode ¥®, anf pnciforafd consedtedstwlthe dldppet ddte npsreaitdweeans f ox

t hreshol d voltage testing cornpaxes said voltage of said drain e~. eatrode
Gauid ref erpembatporenk? al R4y tR5 a2 PG r. Rt to Prapide ds RIMRR LR st ant
current source. 15. An EEPRON~ device in _accordance with claim 11 including

sai d meanst} BEOFRBY YPHERGRA VA kA 1 A1 HHIa%i P Hh W (RFARS wi th a
(ST a9 EGRAR LERPRA S5E tnr it OEh AT RATT IR (g A vkt 20
ig connected at the opposite end from node Nn through the
gsource/drain circuit of MOSFET device Q6 to ground. The
15 voltage V, is the control voltage which enables the step
pulses on line TCG when the transistor Q4 .= conducting.
Otherwise the voltage on line TCG will be at V, when any one
of the switchea SW3, SW4, SW5, SW6,...5Wn is cloeed.
! The nodes N3, N4, N5, N6,...Nn connect through the
20 inputs of switches SW3, SW4, SW5, SW6,...SWn to nodes N3',
N4', N5', N6',...Nn' respectively to provide the stepped
voltage V., with steps ST to line TCG which increases in
value as the switches connect highei and higher towards
awitchvswa where the value of Vg = V.
25 The programming waveform provided on line TCG by the
circuit of FIG. llA from the ramped pulse generator 24 can

AN
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$@ive 2APANS Rhr2dad) USTATARER HENG & RARGNRRS 8157529288 wi se i ncreasi ng cont "B *%Fat e
voltage as a furiction of said neasurenerit& of said drain voltage VD,

i ncl udes neans far providing a ranped pul se output to said control g“pemm 204
el ectr'ode as a function of said threshold voltage test~. nc~, neans fo

provi ding said ranped pul se output to said ao~,tral gate el ectrode by

appl yi ng sucaessive~.y higher' voltage froma voltage divider to said
ar~r~tx~ol gate electrode. N. 422 D45 ~30~ | UN xOQ~ 16. JUN' 04 (VED) 21

. 21 COVMMAMI Pa 5atotBqa0fon200%atll@imEBIFRR ~JONG t ~
PRRTNERS d 2??&%&?%522‘2 g%giéffsuﬁ ZD~~ 44 1?, An EEPROM device in

accor dangwWidds ,Clstich Bs BPROM]I EEPROM dndaRBASHr mpmovidsng #EaSé&Rermant ~
c:f laid drain Vs~~.tage V~ with a voltage sensing testing. device.including
means f oipel hipgaieic teolkcdde NMOS iang FMOSamgmaxy2cri 16o(WAGE T4i5RDI&, g

drain region, and said neans for adjustxng of _acid u&xévaégg épe | se
i ncreasi mpvenaa off &k @latnade yoliaaesiy 1 d 384 t8nt s of

said drain voltage Vo, inc~. udes fa o di ed pul se out put
P s iShn el FRe bR RS oRhIRES pul e Ut
esta. ng. o Eatl O PO Wil B R 0 arkeo avalldnenal ol gat e

el ectrodd ence of 1 ncreasi ng~."y highex cou~.ta to a

decoder ' f&g&ﬁmi id chi f WL TR Wppl Lledgher
5r~~~aqe¥#fgobrr€€&\{/gc}fzege I VI dedraé hiw8é Arllrt%glga\/l%gevi ce ire acaoxdanae with
claim 11\71"1;};1 I¥ie wid tth TERNStHe lergigdy dplvatd omaurlsnditen latexci d drain
vol t age p wmlh a voltage aez~sa, ng testing device includi n& nmeans for

t hr eshol deab § agive tpsogramnirg s ltaaican (i @ppdded- edthas FUdieh region,
said nmeans for adjusting of said upwardly stepw se increasi n%%dco trol, gate
vpit age agatef uncttontié doain i EPRE, LR KRN jEPVk,

witdy 834
46 26 J0GLTRgePRLETHEKHATRIMHARGN. BT 633002 s NI g7 s
Prov 02, 2B BYAFuf I el 28 SFEIORL oo, FeL gl oo @
cl'ectrode. 1o, FR8FTE dReRE, fEfedl R thagn Matdlue Nsie: Samacl. gate
(ysec.) for the curve A the system of FIG. 6A v&. the pulsed
15 control gate voltage curve B in FIG. 78. <
FIG.ISA shows an analog circuit 90 comprising an
operational amplifier Al, with v+/-" inputs. The "+ input
is connected to voltage V,. The "=" input is connected to a
) node connected to the first enda of resiator Rl and
20 capacitor Cl. Resistor Rl is connected at ite other end to
voltage source V,. Capacitor Cl1 is connected at its other
end to the output 92 of operational amplifier Al. Analog
ctlreuit 90 is provided for incorporation into floating gate

memories for the generation of a linear trapezoldal

25 programming waveform for typical values such as the
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WhEEERaTd sait: adpansKIRTTADMENG @i PRRTHERSs ureSiesrE3 ref said drain vol t afe’ad t ™3
a voltage sensing testing device including neans for threshold voltage
tedting*of said drain voltage Va on said drain, region said neans foﬂgdUNm
threshol d voltage testing conpares said voltage of said drain el ectrode to

a reference potential, said neans for adjusting of said upwardly stepw se

i ncreasing eontrol gate voltage as a funet~.on of said neasurenents of said
drain voltage \/~ includinggee.z~s for pro¥ding a canped pul se output to
sai d cont rBFEEMeEeBP e PBOHBLERWR: f unction of said threshol d vol tage

testing, and negnsgfgé xov~. di ng se~id canped pul se output to said control
gate el ectrode by prdduling a sequenee of inoreas~.r~gly higher counts to a
decoder which erateg gequential swtching 4f s~tccessive~.y higher

vol tages froma Voltage divider. v 16. IUN' 04 (WED) 21 :21 COVMUNI CATI ON
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4G ~0. An EEPRQM devi ce ~.n accordance with. ~la~.m 11 including: s neans
forSthreshol d vog. =age pesting of sa~.d drain vo~.tage ~D on said dra-.x~
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el ectrode as a ftin=t~lomne of said rnea~xs for threshold voltage tenting by
appl yi ng successively higher voltage pulses froma voltage divider to said
control gate eZx¥;Trr8d¥ f and neans for providing a ranping operational
anplification to said aucoesa~.vely higher voltage pul ses. NO. 422 D48 ~~
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15 the relationship, as follows:
Va
AV = t
RC

£ | FIG. 10A shows a device 94 with the erase step or pulse

20 voltage -VE applied to line 96 to the control gate electrode
of floating gate memory MOS cell 94. The drain region D of
cell 94 is connected by line 95 to a voltage of 0V. The
gource region 5 of cell 94 is connected by line 57 to a
voltage of OV or +5V. The substzate is at OvV.

25 FIG. 10B shows a device 98 with a voltage of OV or -5V
applied to line 100 to the control gate elecicode of
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floating gate memory MOS cell 98. The erase step or pulse

voltage + VE is applied to drain region D w. \.<ll 98 by
jine 99, The source region S of cell 94 1s disconnected and
its voltage is allowed to float.

While this invention has been described in terms of the
above specific embodiment(e), those skilled in the art will
recognize that the invention can be practiced with modifica-
tions within the spirit and scope of the appended claims,
i.e. that changes can be made in form and detail, without
departing from the spirit and scope of the invention.
accordingly all such changes come within the purview of the
present invention and the invention encompasses the subject

matter of the claims which follow.

N
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Claims

1. A method of programming an EEPROM memory device
with a substrate on which a gate electrode stack is formed
on a doped silicon semiconductor material, said gate

elactrode stack including a tunnel oxide layer,

a floating gate electrode and a control gate
glectrode, a dielectric layer between said floating gate

slectrode and said control gate electrode,

a source region and a drain regicon formed in said
substrate gelf-aligned with said stack,

N

said source region being at a source veltage Vs,

gaid drain region being at a drain voltage Vp and said
substrate bpeing at a substrate voltage Veup compriging the

steps ag follows:

connecting a supply voltage Vee through a resistor to
said drain region and connecting said source region to

ground voltage Ve,

writing data to said fleating gate glectrode by
applying an upwardly stepwise increasing gontrol gate
voltage Ves waveform to sald control gate elegtrcde of said
EEPROM device with a voltage ramp having a substantially
constant tunneling current into said floating gate
electrode, wherein said substantially constant tunnelling

current is substantially constant with reapect to time,
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region, and

said adjusting of said upwardly stepwise increasing
control gate voltage as a function of said measurements of
said drain voltage Vp, includes providing a ramped pulse
output to said contrel gate electrode as a function of said

threshold voltage testing.

3. A method of programming a Flash EEPROM device in

accordance with claim 1 wherein:

said providing measurements of sgaid drain voltage Vn
with a voltage sensing testing device includes threshold
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providing said ramped pulse output to said control
gate electrode by producing a sequence of increasingly
higher counts to a decoder which operates sequential
switching of successively higher voltages from a voltage
divider.

7. A method of programming a Flash EEPROM device in
accordance with claim 1 including:

said providing measurements of said dro... ‘cltage Vo
with a voltage sensing testing device ineluding threahold
voltage testing of said drain voltage Vp on salid drain
region, and

adjusting of said upwardly stepwise increasing control
gate voltage as a function of said measurements of said
drain voltage Vp, includes providing a ramped pulse output
to said control gate electrode as a function of maid
threshold voltage testing by applying successively higher
voltages from a voltage divider to sald control gate
electrode,

8. A method of programming a Flash Eicdws device in

aoccordance with claim 1 wherein:

said providing measurements of said drain voltage Vp
with a voltage sensing testing device includes threshold
voltage testing of said drain voltage Vpon said drain

region,
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said threshold voltage testing comprises comparing
gaid voltage of said drain electrode Lo a reference

potential,

paid adjusting of said upwardly stepwise increasing
control gate voltage as a function of gaid measurements of
said drain voltage Vp, includeg providing a ramped pulse
ocutput to said control gate electrode as a function of said
threshold veltage testing, and

providing said ramped pulse output to said control
gate electrode by producing a sequence of increasingly
higher counts to a decoder which operatea gequential
switching of successively higher voltages from a voltage
divider.

9. A method of programming a Flash EEFROM device in
accordance with claim 1 including:

threshold voltage testing of said drain voltage Vo on

said drain region,

providing a ramped pulse output to gai” ~ "tral gate
electrode as a function of said threshold voltage testing
by applying successively highex voltage pulses from a
voltage divider to said control gate alectrode, and

providing a ramping operational amplification to said
guocesgsively higher voltage pulses.
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acrordance with claim 1 wherein:

said providing measurements of said drain voltage Vo
with a voltage sensing testing device includes threshold
voltage testing of sald drain voltage Vpon said drain
region,

sald adjusting of said upwardly stepwiece jnareasing
control gate valtage as a function of said measurements of
said drain voltage Vp, includes providing a ramped pulse
output to said control gate electrode am a function of said
threshold voltage testing, and

said threshold voltage testing comprises comparing
gaid voltage of said drain electrode to a reference
potential,

providing said ramped pulsge output to said control
gate electrode by producing a sequence of increasingly
higher counts to a decoder which operates segquential
switching of successively higher voltage pulses from a

voltage divider, and N

providing a ramping operational amplification to said
successively higher voltage pulses.

11. An EEPROM memory device comprising:

N
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means for providing measurementa of said drain voltage

Vp with a voltage sensing testing deviece, and
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12. An EEPROM device in accordance with claim 11
including:

said meana for providing measurements of msaid drain
voltage Vp with a voltage sensing teating device including
means for threshold voltage testing of said drain voltage Vp

on said drain region, and

said means for adjusting of said upwardly stepwise
increasing control gate voltage as a function of said
measurements of said drain voltage Vp, includes means for
providing a ramped pulse output to said control gate
electrode as a function of said threshold v~'%t~me testing.

13. An EEPROM device in accordance with claim 12

wherein:

gaid means for threshold voltage testing comparea said
drain voltage Vp of said drain electrode to a reference

potential,

means for providing said ramped pulse output to eaid

control gate electrode by producing a sequence of
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voltage Vp with a voltage sensing testing device including
means for threshold voltage testing of said drain voltage Vp

on said drain region, and

said means for adjusting of said upwardly stepwise
increasing control gate voltage as a function of said
measurements of said drain voltage Vp, includes means for
providing a ramped pulse output to said cont~-) aate
slectrode as a function of said threshold voltage testing,

said means for threshold voltage testing compares said
voltage of said drain electrode to a reference potential.

15. An FREPROM device in accordance with claim 11

wherein:

said means for providing measurements of gaid drain
voltage Vp with a voltage sensing testing device including
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with a pair of FET devices and a constant current pource

16. An EEPROM deviece in accordance with claim 11

including:

gsaid means for providing measurements of said drain
voltage Vp with a voltage sensing testing devizs including
meane for threshold voltage teating of maid drain voltage Vp

on said drain region, and

said means for adjusting of said upwardly stepwise
increasing control gate voltage as a function of said
measurements of said drain voltage Vp, includes means for
providing a ramped pulse output to said control gate
electrode as a function of said threshold voltage testing,

means for providing said ramped pulse output to said

control gate electrode by applying succeggively higher
voltagea from a voltage divider to said control gate

electrode.
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sald means for adjusting of said upwardly atepwise
increaaing control gate voltage as a function of said
measurements of said drain voltage Vp, includes means for
providing a ramped pulse output to said control gate
electrode as a function of said threshold voltage testing,

means for providing said ramped pulse output to said
control gate electrode by producing a seguence of
increasingly higher counts to a decoder which operates
sequential switching of successively higher vn~ltages from a

voltage divider.

18. An EEPROM device in accordance with claim 11
including:

said means for providing measurements of said drain
voltage Vp with a voltage sensing testing device including
means for threshold voltage testing of said drain voltage Vp

on said drain region,

gaid means for adjusting of gaid upwardly stepwise
increasing control gate voltage as a function of said
measurements of said drain voltage Vp, ineluf~g means for
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increasing control gate voltage as a function of said

measurements of said drain veoltage Vn, includes means for

providing a ramped pulse output to said control gate

electrode as a function of sald threshold voltage teating,

anad

means for providing said ramped pulse output to said
control gate electrode by producing a sequence of
increasingly higher counts to a decoder which operates
secquential switching of successively higher voltages from a

voltage divider.
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