2232798 C ELECTRI CALLY PROGRAMVBLE READ- ONLY MEMORY BACKGROUND 0122
I NVENTION: 1. Field of the Invention. 5 The invention rel at 132298
field of electrically programmable read-only nenories, particularly those (

Y

enpl oying floating gate menory devices. 2. Prior Art.
Met al - oxi de- sem conductor (MOXS) electrically pregrammbl e read-only

menori es (EPROVs) frequently use nenory celTs fhat have el ectrical i y

isolated 1 0. gates (floatinmTaptasy. pPROCRES RL P HFARIOEFt e typically
conpl etely surrounded by ommmm?—pmmmgl ne silicon
(pol ysili con) ghByEEROUNIYOFetHEINVENTIONED in the menory cells or devices
in the formof-charge on the floating gates. Charge is transported to the

floating gates by f ¥Fadldelhedhvemidmani sns such as aval anche i njection,
channel injection, tunnelling, etc., depending on the 15 construction of
the cells5 The cel The inventipaseldtegctodhalfield ofelestrioaliynprogremaabley read-only
ultraviolet radiation. An exanple of these cells can be found in U S

Pat ents 3, 500MeMOr 'e:?a @90'%'1@‘}%0%SW'"QAH@P‘H‘MQEW"‘OW%‘O@@ cases these
cells are electric bi gegsable (EEPROVM) . An exanple of such a cell is
shown in U S. Patent 158. 20 The invention of the-present
application is use |t i EmiRoNHGabE (1 { .
electrically erasag‘léé!l dra(e(?é;?red toggg (Sl '@g) &wﬁééwrmhﬁ?ﬁe&ggﬁmused
i n conj uncti omemarlest dﬁé’mmbhequmlymseomemrﬁeeﬁsiHaeuavmetacpmaﬂy isglatbds.
applicatiaon, Seri al 7_? entit]ed Low VOltm%? EEPROM Cel I, filed
Cct ober 30 9@%‘9341183%93%@11 hesaloating; gates afs ypirdlly ceapiately sugpundad by

oxide and formed from a polycrystalline silicon {polysilicon) |ayer._ Information is

stored in the memory cells or devices in the form of charge on the floating gates.
Charge is transported to the floating gates by a variety of mechanisms such as
avalanche injection, channel injection, tunnelling, etc., depending on the

15 construction of the cells. The cells are erased generally by exposing the array to
ultraviolet radiation. An example of these celis can be found in U.S. Patents
3,500,142; 3,660,819; 3,755,721; and 4,099,196. In some cases these cells are
electrically erasable (EEPROM). An example of such a cell is shown in U.S. Patent
4,203,158. _' ‘

20 The invent{on of the present application Is used with an EPROM cell k_
particularly one which is electrically erasable, referred to as a "flash™” EPROM cell.
The cell used in conjunction'with the present invention is described in copending U.S.
application, Serial No. 253,7'75. entitled Low Voltage EEPROM Cell, filed October

5, 1988, and assigned 1o the assignee of the present invention.



RS

- 2 - It has been known for many years that when EPROM cells are used in a
menory array, circuitry is sonmetines required to electrically isolate the
devi ces, one fromthe other. This nay be needed, for exanple, to permt the
read&’ng’ of one cell without interference fromadjacent cells, or for

i astance, to permt the 5 programing of a cell w thout disturbing the
programm ng of another cell. For exanples & this, see U S Patents
3,728,695 and 4,698,787. A variety of sense anplifiers are used in the
prior art to sense the state of -cells. One category of these anplifiers
relies on a referengaadbeenknowndormbanygearsthat whemEPROMebls arecesetkdhla An
exanpl e of this type of sense anplifier is shown 10 in U S .Patent .
4,223,394, As menorp@rayepircuitneissametimes feauired 4o ejactiicadly isolate ithe deyices.
sorts, in a flash,  EP nory. .array,. Howev with the present invent,ion,
Thi & 1 sol at i oroRe MRENSRor (s aia e RESGRE ar oamble, 1§ SRHARTEE raadingiStichitoy
array as part I It laner - Wg@( : NTI ON
According to tﬁée"_ %pggéﬁﬁér%\%eﬁei'%?ﬁéfgnﬁ %e“%'r%ﬁ#de anréggriggﬂ Ica |y
programablg r F@@rmwnﬁraﬁarcgn aithout disturbing the progeamming obancther cél \Forg
electrically floating gates and first and second regi ons, wherein said
nmenory devi cesesarsplesrainpiedsenUiS Ratanis 3,728.69%a00 AELT8% of said menory

e os L o ol Rt easdh heWBle bod s I B o 8'sohB6 hd Bf o 2"
(W’ ) cells. One calegory of these amplifiers relies on a reference potential developed
by a dummy or reference cell. An example of this type of sense amplifier is shown
10 inUS. Patent4,223304. -
As will be seen, the present ihvéntioh provides isolation of soris, in a flash
EPROM .memory array. However, with the present invention, this isolation is used

for the reference cells or devices used in the EPROM array as part of the
sensing circuitry. ' ' : :



devices a first programm ng potential is coupled to the wor dl i ne of said
one of said nenory devices, said array including at-least one reference
device used in reading the state of said one of said menory devices, se;f
at | east one reference device having an electrically floati-hg gate for.
storing a charge, wherein said at | east one reference device is coupled’to
at |l east one of said plurality of wordlines and has first and second
regions;, and further wherein said referegceg device is subject to said
progranm ng potential during progranm ng of said one of said nenory .
devi ces, such that said progrann1ng potential is.applied to said floating

gate of sak@gMMhaRYCdF ENTaoRe devi ce, sal d menory array further
conpri si ng: asvmtch COo Ie othe first re of . said | east, one
ref erence device f@t"c&é‘ggﬁﬁ %Q g oRESFeR t ¥enfion Ehere: iScast one

reference geovided cin aeliectripalayt lﬂognmatﬂda dneadgonmydmocw said one

et orence. BETRYe BT BuPer 7 Plkickb ShaViCr sheck bl P "
appl i ed tofieating | gatesorandf fixist And asecendf mamaes Wl&!:ied-rsecond '
potential Rgi;Rd Wdﬂﬁgogeev%rﬂ@geﬁpcwsat iaa Ojnde gate
of said at Ieast one reference device wherein,said ch arge accunulatlon S
attr|butabﬁé°at1ng gates of said memory devices in each of said
rows are coupled to a plurality of wordlines, and ~
further wherein during programming of one of said memory gj
- devices a first programming potential is coupléd to the
wordline of said one of said memory devices, said'array
including at least one reference device used in reading
the state of said one of said memory devices, said at
least one reference device having an electrically
f l-oating'. gate for storing a charge, wherein said at
least one reference device is coupled to at least one of
said plurality of wordlines and has first and second
regions, and further wherein said reference device is
subject to said programming potential during programming
of said one of said memory devices, such that said
programming potential is applied to said floating gate )
of said at least one reference device, said memory array o/
further comprising: '
a switch coupled to the first region of said at
least one reference device for decoupling said one first
region of said at least one reference device from a
first potential supplied during reading of said one of
said memory devices, and coupling said first region of
said at least one reference device to a second potential
when said programming potential is applied to said at
least one of said plurality of wordlines, said second
potential being selected so as to prevent charge
accumulation on the gate of said at least one reference
device wherein said charge accumulation is attributable



to repeated appliéatiOn of ‘the programming potential to said at |east one
of said plurality of wordlines during nultiple progranming cycles. In the
currently preferred émbodi nent, the source region of the reference device

IS dpupled to ground during read cycles. However, during
progranmm ng the source region is coupled to a potential of substantially
3.5 vol ts. This prevents a disturb condition in the reference device

whi ch woul d ot herwi se cause thé floatlng‘ggte of the-~reference device to
become charged. Ot her aspects- of the present—invention will become
apparent fromthe follow ng description. BRI EF DESCRI PTI ON -OF THE
DRAW NGS Fi gur &0l nepeatedsappticathan ofcthei programming potentiial ¢ e

EEPROM nenory %%\i@%@rw@ét onédoenshia piuraniity RfeeiRirdad i liriy of
the inventi on. %fi shows an, array arrangenenf utilizing the menmory

devi ces of FlgHNé REQIFAMMANG G¥QLR% i nvention. This figure i s used

to describe the problen1so|ved by the present invention. Figure 3 1is an
olect i cal schemmtc S "l NSRRI BhEktied SRR, Wie, o
~THE PRESENT | N&ENTiceN region of the reference device is coupled to
ground during read cycles. However, during
programming the source region is coupled to a potential

of substantially 3.5 volts. This prevents. a disturb
condition in the reference device which would otherwise
cause the floating gate of the reference device to
become charged.

Other aspects of the present invention will
become apparent from the following description.



A circuit for preventing a disturb condition in reference devices for an
el ectrically programmable nmenory array is described. In the follow.ng
descri pt-i on, nunerous specific details are set forth such as a specific
el ectrical schematic in 5 order to provide a thorough understandi ng o
the present i-nvention.” I't will however, be obvious to one-skilled in the?
art that the present invention nmay be practiced wthout these specific
details. In other instances, wel $Hkagown processes or well-known circuits
have not- been described in detail .in order not to unnecessarily obscure the
present “invention. .10 .Referring to.Figure 1, the EPROM nenory
devi ce oBRIER DESORIPTION OFMEHEDBRAWINGSvention is forned in a silicon
substrate such as the p-type substrate 15 of Figure 1. (The device of
Figure 1 is dfiguie 1 is acmsstsesliopalielgvation view ot afloatinggatet BERRMememargyveal s
its structure.) The_device includes a pair of spaced-apart regions disposed
in the sfesiceape cgddcysedcin (thecurrantlyr explerrad embadipent of cthe dgyvention. A

pol ysi licon L0 | UGt . i S tween,. these

regi ons and ﬁlﬁgﬂ{éa.?ghbﬂggﬁﬁrﬁag% I'ér@gl onshgii/i"e’{tg ﬁ{eaey@g&glgy ??Y'}g%%ﬁf 18848 de or
ot hers i ne withbunhel prgsent Iriventiba. fThirafigurg igased bldacribh the prodigthiselvenl t he
processing is conpletely surrounded by an oxide |ayer and hence, floats

el ectri kM the prasealdpmeptisk e (control gate 11) is disposed above the
floating gate.10; in the, presentl referred. enbodi nent this gate Is 20
fabri cat ed f%%?.é&%’h&@%@? s%’f“}/%%qu"f'%me ﬁ'ﬁ?g'ql‘ébﬂ'fer'we‘bate isa ..
continu Iméeht ¥ Sbhitldn i s d 1 ' F)Fe integrated circui/
arrays %lﬁElBgurestﬂ?r?g %.t_o'?"héeﬁanggme)%ﬁg%‘lsge&‘%ﬁsp}hgné ‘esently preferred
enbodi ment uses asymmretrically doped source and drain regions. The source
and drain regions are both doped with an arsenic dopant and the source

region is additionally doped with a phosphorous dopant. Hence, the source
region is nore deeply doped and



additionally the source region overlaps the overlying floating gate. It

wi Il be appreciated that the cell of Figure 1 nmay be fabricated using

well s 5 known NMOS technol ogy or CMOS technol ogy. The n-channel device
illudt~'ated in Figure 1 may be fabricated directly in a p-type substrate or
when an n-type substrate is used nmay be fabricated in a p-type well forned
in the substrate. Other such well-known varj ations such as enpl oyi ng both
p-wells and n-wells are well-:known in the @t 10 ... As currently

enpl oyed, the nenory devices are programed (i.e., negatively charging the
floating gat ehehuGayESORIFAONOR THEIPRESERANINVENTIGhe 11 to a potential
of approxi mately + volts, the drain region to approximately +7 volts, and
the source regi on AcirguivforcpreVéntingtndisturb conditiom irsrefedenna devices farleact r on

i njection occurs through the oxide |ayer 14 which |ayer is approximtely
115A thi ck 15elentrically programmable memaory atrayis saserbed. * indhe falipwing deseription; he
drain region is floated, .th rd lin r.control gate 11 is.grounded and a
potential of APBPRYSSREGHS ‘iﬂlé\ﬁ%%rﬁt%e‘ ?%'ahﬁfﬁ?\ é%gtsggghg eie&ffcc%g?'éed?%ffmumer
these conditi ' I ' I ' ®n Rukng

readi ng 01Eg thg@éltﬁ?ﬁag%??{‘ .E"l\f’gagc‘i" ggis?%%degghtggﬁéét grt'&\iﬁh'fsg'h%'& d cause

charge to traRskever be@bvivus toamie skijleddh ¢the art tipgtithe grésent inveatior maly b0
gate and a potential (e.g., 1 volt) is applied to the drain region. Current
through the dpracticed withont thesespaeifie delails. i othes instangesn wellknewnprogesisgs not

e o Gelliaar g oof RS ARt Bl i Ve,
absence of chEPAECUEN Bhcli e MosnPnBRER. 1o ST ned: An infegrated
circuit ajgay util Relerting e FigunenythecRHROM senofy dévipaoe celli wed withdhe mesaiti n
Floure 2. The ian%rr:Il)itr)X ig ﬁ:\:'rin%(caisin %rglicsorrl\osmsggteds%\é{\ Caisthg %-ty;zaé ’sutzasztraagqs of Figure
1. (The device of Figure 1 is shown in a partially fabricated state since this best
reveals ils structure.) The device includes a pair of spaced-apart regions disposed
in the substrate specificaﬁy a drain region 12 and a source region 13. A polysilicon
15 floating géte 10 is generally disposed between these regions and insulated from
these regions by a layer of silicon dioxide or other insulative layer 14. The floating
gate 10 at thé completion of the processing is completeiy surrounded by an oxide
U layer and hence, floats electrically. A second gate {(control gate 11} is diéposed
above the floating gate 10; in the presently preferred embodiment this gate is
20 fabricated frbm a second layer of polysilicon. .This"control gate is a continuous
polysilicon strip forming a wofd line in the integrated circuit arrays of Figures 2 and
3. . - .
The memory device of the presently preferred embodiment uses

asymmetrically doped source and drain regions. The source and drain regions are



5 23. Word l.ine 24 (the control gate of the devices) extends over device
20 and device 22 and over the other devices in the row Simlarly, a word
line is associated with devices 21 and 23. Through ordinary decodi ng nmeans
awrd line in the array is selected through a row decoder and a col umtg
the array is selected through a colunn decoder. This couples a cell through
line 31 to a sense anplifier 10 In the currently preferred '
enbodi ment, a colum of dumy or refeLence devices is enployed with two of
t he devices 27 and 28 being illus drin Figure 2. Each of these devices
are identical in ternms of structure and physical size to-the nmenory

devi ces. bdthedopadiwith aa drdenizidopdsat and ttmlsourcgaogrooﬁs additionallycdopsd and

simlarly, the 15 wor d I|neHL ext&ﬁds to and is part of the device 28.
Wien t hewith edphosphiopous dopante £ange. 1RSSR Feoiaryis mote:desnly doppd and

i oueh esdBbRal i &P b Bvafadsans SVRHERg ARG oBFEST 2B LT
anpl i fier as l%ﬁBE%chQE&?hdt"th&cﬁ?@%ﬂs 9 fd@rp& t%ﬁ‘ri%tévoeésmg)%'llf‘g

readi ng and progranm e source r | cestare 20

couplgd kRowh NMOS fachhelbgy bATMOS aectiidlogyur The nashanhbbdevicailasrated 30
decoupl es the source regions fromground, allow ng the erased potential to

be appl i #dFigare henaypbe éabricatpdudicectly imaip-type subsiratexr wikan am nitype of
ref erence devices used in arraa/%can vary, although jn the currently

pr ef er r eSUkSHAAITMRD MRy b fahAcaied in8 ptype welldormiad intbg supstrats. Msierme

Lo 1=" B e B BAA b G G Mo ohgL ey Al BBy o7
col um fgﬁo\gﬁ(ﬁhﬂgaﬁl ght 1/GCs of a nenory device. As illustrated by l'ine
32, where a single reference colum is used, the potential devel oped by the

sel erp ed ref eAsrwaedﬂyeumloyedcmWemdrpdéwces am pogrammed(i. ef, iers where the
array Is ngggt?vnellyz re:r?arg]:n%rthlenflsota%rrt]gc egate) by couplmg the word line or control gate 11
toa potentlal of approxlmately +12 volts, the drain region to approxlmately +7 volts,
and the source reguon to ground With these oondltrons. channel hot electron
injectron occurs through the oxude Iayer 14 which layer is approxumately 115A thick
15 inthe currently preferred embodiment. To erase the cell, the drain regnon is ﬂoated
the word line or control gate 11 |s grounded and a potential of approxumately +12
volts is applied to the source regron Under these condmons. charge is tunnelled ]
from the floating gate. During reading of the cell, a positive potentlal Iess than that V
whnch would cause charge to transfer onto the floating gate is applled to the control
20 gateanda potentral (e. g- 1 volt) is applied to the drain reglon Current through the
device is sensed to determine if the floating gate is or is not negatively charged. As
with other floating gate devnces the negatlve charge on the floating gate shifts the

threshold voltage of the devace makmg it less conductlve Thus, with a sense

-



1

Gbviously, additional sense anplifiers are used for this organization. As
is known, the reference devices have characteristics which are
substantlally the sane as the nenory devices since they are formed on the
sane \stibstrat e. These reference devices conpensate for process, tenperature
and vol tage variations. 10 Assunme that the devices along word line
24 are to be programmed and hence, the ggrd line 24 is brought to 12 volts.
The line 24 may remain at 12 valts for &>retatively long period of tine
whil e the various devices along the word line are progranned During. this

Pr ogr ami ng, afpRiéH A breeticeoraibsdAvd BEcRIrgh TN Ab NIBRHRY gﬂ:et&nabdws' tive
potential, hence, current does not flow through device 27. 15 This

prevents thedétleminem gate of device 27 fromrapidly charging. However, the
floating gate of device 27 tends to sl owy charge because-of the rel atlvely
hi gh potential on ﬂh’é‘eﬁtﬁ*ﬁ’ cireuit angepidizingethgmemorysdeyieasf figure 1 'ﬁfany

Gevi oo 27 n @ﬂ%ﬁ%@“s?s it 2ot eineey gy Ble ety s%'d?%ées?gr% %@ apd
reference Worh%r{e% ﬁﬂe cﬁﬁﬁ’& the' @évrcel: ei?t”eﬁ&?% ﬂe re er d e

happenlng |n e present nventlo e source eglons

devi ces are gedos RReshd ovwntle Oumldduieeﬁ@h ﬂfea@mrsmmeﬂyTétWom)me:ie regions,
for exanple, could be coupled to +5 volts during progranmm ng. It has

been found, &esqsialed withedeviers21 aad 23e 'BUQH%O npwleceding meanss woehling

yet another disturb cond 0 errnin

on the sour @t @gﬁ'EﬁYs'scﬁe %‘?P'é?@bﬂé plerd g’l‘%\%gﬁ@%}f 'Blté? afrﬁ)ﬁr’ﬁ:ﬁa'faﬁeghe
reference d MeBodsH aHigeolles al dedRroufh liHe 890 WéchBe Umpihe
non- sel ect egtﬂ\;g@@a gr}’&"‘.hﬁ'és g?ounded al\hﬂ taeesourrog r'egl on at e‘?rf%e mpimier

I nstanceg,p +5260lts, slow erasing occurs. This pulls off electrons fromthe
floating gate of the reference devices causing the gates to becone
positively chargeth thpwrtentlwyeferraql gabodiraent; A golymnoef dummy or reference

devices is employed with two of the devrces 27 and 28 bemg illustrated in Figure 2.
'Each of these devices are |dentrcal in terms of structure and physml size to the menory
devices. The word line 24 extends to and is part ot the device 27 and srmrlarly. the
15  word line 1 extends to and is part oi the devrce 28. When the word line 24 is
selected. _the devrce 27 is selected and a reference potentral from device 27 is
coupled to the sense arnpliﬁer és threugh line 32. This reference potential is used
U in a d‘ntfere_nt‘tal amplifier as is commonly .dor.ie with EPROMs and other memories.
During reading and programming, the source regions of all the devices are
20 coupled to ground through transistor 30. Duﬁr\g erasing, transistor 30 decouples
| the source regions from ground, allowing the erased potential to be applied to the
source regions of all the devices. | ' |
The number of reference devnces used in array can vary. although in the

urrently preferred embodiment, a column of these devices is used. Nt is possible,



woul d al so prevent the reference devices'ffon1perforning wel | asureferences'
devices. It has been found that a balance nust be struck during progranmm ng
10 between a high source region voltage (e.g., +5 volts) and ground. In

the currently preferred enbodi nent, it has been deternined that a voltagsf

of approximately 3.5 volts applied to the.source regions during programyng
I's high enough to prevent charging of the floating gates of the sel ected

| i nes and yet | ow enough to prevent-glow erasing of the floating gates

al ong the non-selected lines. 15 . Referring to Figure 3, an array 40

I's shown which includes .a plurality of nmenory-devices (e.g., device 46) .

each of yhisdlande, td9sé &nsir(;gé refecerite\device fof thel etk afray V8 6r & iphaglity of t he

array are selected by word |ine decoder 41. Columm lines are sel ected
t hr ough estbmms of refadence déviced tovbengsed, fanexanple, lonecniyhe dorreachiof eightse
anplifiers. gSense amplifiers 42 and 43 are shown in Figure 3.) The 20
sense anlPsial & memosy dpvica; Vs ilustiatadiby line 32.0vharga singlerreierencecalumn

dovi cee. B nsnd he:pSiebfial Gk Bl ) i hieciitf thifnBE Welice s BtdfMd, “aet e 46
|s_sq echiiide sBREPLINRAIAYIGATer8!RG drrbf ool BPindidhceoploRst 0t he sense

anplitiers along wth a reference potentia rom device 47. The source

regi ons Qbvidusly, additiohal sunse amplifiersarruseddopthisiotganizatien.5As i$knowa,
non- progranm ng operations, the input to inverter 50 is |ow, hence, the
out put ofhet referenee devises have icharagtalistiegwhieh ase substastiallytha sameoas @ t o

cOnIuE - oy oS i e At B e SH5R S BIaC HAE et
Sulut obEe b haRda e BRchbe ipb iy Sar iR atpighe oL et 11 L hen
trangy stor 52a8surfie/ Bvatans idevicks aldngWebrddine 24 4@ t6 e’ srojbtammas fankr ed
enbodi nent. Transi stor 56 prevents bootstrapping from occurring,
hence, the word line 24 is brought to 12 volts. The line 24 may remain at 12 volts
for a relatively long -p_e:riod of tinie while the various d_evice's along the word lihe are
programmed. During this programming, the drain region of device 27 is not
coupled to a positive pbténtial, hence, current does not flow through device 27.

15 This prevents the ﬂoafi_ng gate of dé_vice 27 from rapidly ch;arging.. However, the
floating gate of device 27 tends to slowly §harge because 'o_f the relatively high
potential on the word line. \_’Nh_gre the array is designed for many cycles of -
programming and erasing (e.g., 10,000) the floating gate of device 27 might
become charged sufﬁciéntly to destroy its vailue as a reference element to the

20 sense amplifier. -

To prevent this from happening in the present invention, the source regions
of the reference devices are decoupled from _grdund during programming. The

source regions, for example, could be coupled to +5 volts during programming.



L

clanping line 57.to a value no higher than [err] [|f bootstrapping does
occur, 10  the weak pull-down fromtransistors 54 and 55 causes | eakage on
line,57 bringing the potential on line 57 back to the desired 3.5 volts.
Thus\ 4 circuit has been described which provides switching of .the source .
regi ohs. of reference devices used in a flash EPROM 15  CLAIMS 1. An
electrically progranmmabl e read-only nenory array enpl oyi ng nenory devi ces
having electrically floating .gates and E' st and second regi ons, wherein
said nmenory devices are arranged i rows and the floating gates of
sai d menory- devices in each of 'said rows are coupled to a plurality of

wor dl i nes, and f urlt has bapa feund, howemer. Hhal geupinG the Souraesegondai+ valtsor v

one. of sai d Reanspsveanber b Shadtion.” AR GreTormng 10 EufS Briberdh witsn.
vt co e G oS of 1 fsfoncd ulvpale cledid HllFEHIcs e orortd
T g opo e ftes LB s wonethoa e gty ot sbcius B0 o
regi ons, mndiifes yroundedeand thessoufce eégior at, dotiasiance, 35volisslow voasing d
323?2221,“ 280 Egéfr;g: ! g'laisgjurnis %‘ eﬁéé’t?‘{n%”?%n? ?heo}cloasiﬁuigdga?er-] gt tcl)1fe rggirgncged?vric%s _
causing the gates to become positively charged. Positively charged floating gates
- would also prevent the reference devices from performing well as references
devices. It has been found that a balancé must be stru-ck during programming
10 between a high source region voltage (e.g., +5 volts) and ground. In the currently
preferred embodiment, it has been determined that a voltage of approximately 3.5
volts applied to the source regions during programming is high enough to prevent
charging of the fioating gates of the selected lines and yet low enough to prevent
slow erasing of the floating gates along the non-selected lines.
15 Referring to Figure 3, an array 40 is shown which includes a plurality of
memory devices (e.g., device 46) each of which is the same as the devices of
. Figure 1. Word lines in the array are selected by word line decoder 41. Column
N lines are selected through column decoders 42 allowing columns to be coupled to
the sense amplifiers. (Sense amplifiers 42 and 43 are shown in Figure 3.) The
20 sense amplifiers also receive a potential from the reference device associated with
the selected word line, such as potentials from reference devices 47 and 48. For
instance, if the word line associated with device 46 is selected, memory devices
along this word line are coupled to the sense amplifiers along with a reference

potential from device 47.



programmng potential is applied to said floating gate of said at |east one"
reference device, said nenory array further conprising: a switch coupled to.
the first region of said at | east one reference device for decoupling said
one first region of said at |east one reference device froma first . f
potential supplied during reading of said one of said nmenory devices, angl
coupling said first region of said at | east one reference device to a
second potential when said progrannirﬂ potential is applied to said at

| east one of. said plurality of wofdl I fn€S, said second potential being _
sel ected so.as to prevent charge accumul ation on the gate of said at |east
one reference d&hecsourbe regionssef all thaaxefpcencedavidestare coupleditodine&7abl e to
repeat ed aﬁglication of the progranm ng potentjal to sai d at | east one

of said pl PHING YORTPIQERAEIMIAG SPERAIPAS, theMAUL ILINVeEEs B8 Iow. hppredhe:.
et co. SomAumTshiSiayetierTt RioR chustBs i frehBhfe Hansifi st Brodndhil T o s
cSom o ; AN A
monory. ar r ASURREIrES? fo bndo NS fRbRGrMmig bl fibRiG.e Jauing,
potenti gl . programming) Meimeisior 83 doesdwt icondudtand tike outpunbeineenessi dasgeond

potential is substantially 3.5 volts.
transistor 52 to conduct. The potential then on line 57 during programming is Vce,
less the threshold drop of tra'nsistor 52 or substantially -3.5 volts in the currently
preferred embodiment. Transistor 56 prevents boo'tsu_'apping from_occurring, -
clamping line 57 to a value no higher than Ve + VTN. I bootstrapping does occur,
10 the weak pull-down from transistors 54 and 55 causes leakage on line 57 bringing

the potential on line 57 back to the desired 3.5 volts.

Thus, a circuit has been described which provides switching of the source

regions of reference devices used in a flash EPROM.
15



5. A menory array defined by claim3 wherein said at
reference device has the sanme device structure and size a mﬂl ’rimljm!l IIII
said menory devices. 6. An el ectrically programrabl e r

conprising: a plurality of menory devices arranged as an array, wherein
each\of said plurality of menmory devices includes an electrically floating
gate and first and second regions, and wherein said plurality of nenory
devices are arranged in a plurality of 1§ a plurality of wordlines
coupled to the floating gate of each of §§¥;5 plurality of nmenory devices in
each of said plurality of rows; at |easeLagmsreference device used in
reading the state of one of sald'plurality of nmenory devices, said at

| east one reference device having an electrically floating gate and
first and secoihd regi oAb, ehedchhicalhyt mr@mmmamr)refddyamlng enoxryf

LS Lo saf SPERYCISApIBAGE sl SRSl o Savif CUtSEAKLYS
first potenti af Pgtapsr igates and cfirstphansd  sgrang M#Q’}sof wher@innes

to program onesqfdsamdmphy’ ahbwcefs MafRr Y atteunged canpl edwk0 anad ghe

floating gates of said memory devices in each of said

rows are coupled to a plurality of wordlines, and

further wherein during programming of one of said memory

\*j - devices a first programmlng potential is coupled to the

wordline of said one of said memory devices, said array

including at least one reference device used in reading

the state of said one of said memory devices, said at

least one _referenée device having an electrically

floating gate for storing a charge, wherein said at

least one reference device is coupled to at least one of

said plurality of wordlines and has first and second

regions, and further wherein said reference device is

subject to said programming potential during programming

of said one of said memory devices, such that said

programming potential is applied to said floating gate

. of said at least one reference device, said memory array

N further comprising: _ '

_ a switch coupled to the first region of said at

least one reference device for decoupling said one first

region of said at least one reference device from a

first potential supplied during reading of said one of

said memory devices, and coupling said first region of

said at least one reference device to a second potential

when said programming potential is applied to said at

least one of said plurality of wordlines, said second

potential beihg selected so as to prevent charge

accumulation on the gate of said at least one reference

device wherein said charge accumulation is attributable

_ to repeated application of the programming potential to



| east one of said plurality of wordlines, such:that the first ﬁotenti-al' is

applied to said one of said plurality of rrerrorymlmlm'&l "ﬁﬁf d potential"
is applied to the second region of said one of ¢ R Wil g¥ nepory
devices and a third potential is applied to the first regi on of said onmefof
said plurality of menory devices to programsaid one of said plurality #f -
menory devices, wherein said second potential is a positive potential,
wherein said first potential is applied to said floating gate of .said at

| east one reference device during._prig aming of said one of said plurality
of menory devices, such that said-first potential affects said charge on .
the floating gate of said at | east one reference device during programm ng;
a switch caid aatt beast bhesofr sgiidn pduradiityatofi axmtdires edwrimge devi ce

for decoupl iyi0: ' ' id at l'east one referenced device from
a fourth ;%#egﬁﬁéi;? é%%%#aleg g@?‘fﬂ%l?%adi ng of said one of the plurality of
menory devices and coupling said first region of said at | east one

ref erence glevi ce 19 fehbiyh aRPagNtded indee oy abtalhr 3t VAN 3aid applied
to said at |east one of said pluraljty, of wordljnes durin [ ogr anmi ng,

sai d fiftRpol&ALtalonki RELEEPBER ARG R POMPY EF8Rt A HEFARSIZEul ati on on
the gate afhéweihasai@apirs®neegich cofrseiad deli Teast Wbne ereéfesende char ge

acouml ot il So A4 R SRl ol O-LGRERISF BRDh | ERLASNLRL, LN TITSt porential
3. A memory array defined by claim 2 wherein said o/
first potential is ground potential.

4. A memory array defined by claim 3 wherein saiad
second potential is substantially 3.5 volts.

5. A memory array defined by claim 3 wherein said
at least one reference device has the same device
structure and size as said one of said memory devices.

6. - An electrically programmable read-only memory
comprising: B

a plurality of memory devices arranged as an
array, wherein each of said plurality of memory devices
includes an electrically floating gate and first and
second regions, and wherein said plurality of memory
devices are arranged in a plurality of rows; '

a plurality of wordlines coupled to the floating -
gate of each of said plurality of memory devices in each
of said plurality of rows; '

at least one reference device iused in reading
the state of one of said plurality of memory devices,
said at 1least one reference device having an
electrically floating gate and first and second regions,
and wherein the electrically floating gai:e of said at



plurality of wor dl i nes durlng nultlple progrann1ng cycl es, mhereln sai d

fifth potential is-not equal to said third potential. 7. lu ﬂﬂg!ﬂMﬁ"l"""
defined in claim6 wherein said at |east one reference deV|ce

trahyistor, wherein said first region of said reference device is t

sourcg region of said at | east one reference device. ‘8. The menory
defined by claim 6 wherein- said fourth potential is ground potential.

The menory defined by claim8:.wherein said fifth potential is apprOX|nater
3.5 volts. 10.- The nmenory" deflned.by a|n18 wherein said at | east one.
reference device has the same devicé structuré and size as said one of said

plurality of menory devices. 11. The nmenory defined by claim®6 wherein
the switch i ncleast mane refeyencent deyiceot stougsi ng. ¢large and nisory

defined by claiggupledend Nsazhd &t | fésd gﬁ,salgregggddﬁyiﬁg?f?g?rlgfs a

plurality of reference cells, wherein eac ur al et erence
cells is coupl@@ RS of said plurality of mnrdllnes and wherein said

fifth potential is sel afieatein Preimest ;ﬁimmpfls?aiﬂbﬁe&%&l Pt Uleddd y of
(ot rence cell aietofOulid SRRl £ AL heflEngl 38 GAbERRL kel ot
during progransaig oplunadity of memory devices coupled to said at
least one of said plurality of wordlines, such that the
_ first potential is applied to said one of said plurality
N . of memory devices, a second poténtial is applied to the
second region of said one of said plurality of memory
devices and a third potential is applied to the first
region of said one of said plurality of memory devices
to program said one of said plurality of memory devices,
wherein said second potential is a positive potential,
wherein said first potential is applied to said
floating gate of said at least one reference device
during programming of said one of said plurality of
memory devices, such that said first potential affects
said charge on the floating gate of said at least one
reference device during programming; -

a switch coupled to the first region of said at
least one reference device for decoupling the : first
region of said at least one referenced device from a

- fourth potential supplied during reading of said one of
the plurality of memory devices and coupling said first
"region of said at least one reference device to a fifth
potential when said first potential is applied to said
~at least one of said plurality of wordlines during
- programming, said fifth potential being selected so as
- to prevent charge accumulation on the gate of said at
least one reference . device, wherein said charge
~accumulation is attributable to repeated application of
the first potential to said at least one of the



one of said pluﬁality of menory devices.. 13-j

13. jcally i
programmabl e read-only nmenory conprising: a pl ulﬂlllmm’ﬁmh‘ﬁgﬂbew ces '
" .arranged as an array, -wherein each of said plural ZUye 0T}, S vices’ g

includes an electrically floating gate and sourc¢e and drain regions, andf
wherein said plurality of nmenory devices are arranged in a plurality of
rows; a plurality of wordlines coupled to the floating gate of each of said
plurality of menory devices in each of said plurality of rows; at |east one
reference device-used in reading_th state of one of said plurality of
“menory devices, :said at . least one™reference device having an
electrically floating gate and source and drain regions structured and
physi cal | ypraZgtitpe o2 wdirdlidlesO! @ating! mai€ipler aprbyrahmingor y
devi ces, and,wherein the el eﬁ rif;ﬁg&’—l}f/ flgat*’;nglgate of saléj\a?te_geast one
ref erence GXGIER, s BISRELD (R ée sPRLERFAAL &8t PPE S P said
plurality saidothirdepotehtialn a first potential is applied to said at
| east one of said plurality of wordlines to programone of said plurality
of menory devices coupled to said at |east one of said plurality of
wor dl i nes, 7such t hBhet memanystdebined | An jclaim| 6 cyheyedn Baik ot said
plurality 1east one reference device comprises a transistor,

wherein said first region of said reference device is

- the source region of said at least one reference device.

-
8. The memory defined by claim 6 wherein said
fourth potential is ground potential. '
9, The memory defined by claim 8 wherein said fifth
potential is approximately 3.5 volts.
10.  The memory defined by claim 8 wherein said at
least one reference device has the same device structure
and size as said one of said plurality of memory
devices.
11. The memory defined by claim 6 wherein the switch :_)

includes means for preventing bootstrapping.

12. The memory defined by claim 10 wherein said at
least one reference -device comprises a plurality of
reference cells, wherein each of said plurality of
reference cells is coupled to one of said plurality of
wordlines, and wherein said fifth potential is selected
to prevent erasing of each of said plurality of
reference cells not coupled to said at least one of said
plurality of wordlines and to prevent charging of said
at least one reference device during programming of said
one of said plurality of memory devices.



of nenory deVices a second ,potential is applied to the drain, r

said one of said pIurallfy o menory devices and a third pote
applied to the source region of said one of said plurality of

deviee

s to program said one of said plurality of menory deV|ces

TIihi inu L

mhereln

sai d second potential is-a positive potential and said third potential S
ground potential, wherein said first potential is applied to said floating
gate of said at | east one ref-grence deV|3 during pr.ogranm ng of said one

of sai
affects .said charge on the floating gate of sai d at

d plurality of .menory devi ces;,

hat said first potential
| east one reference

devi ce during progranm ng of said one of said plurality of nenory devices;

a switch couplad.to the\rsoaaeetragaanyofpmgﬂanhableastreuw-meiyremmriew ce

for decoupllng mi region of said-at | east one reference device from
a supp

a fourth potent|

‘ed during reading of said one of the plurality of

menory devi ces
ref erence devi

potential is appl |e to sai d | east _one_o0

said fifth pot

accunul ati on

and cou i puralityo et emedgryn devices atrrlaemd oAg an

%%r%? a»iuéztémq&fén | g¢ Qaiangmfsgiem?gmm di;ééét

Sal

I nes,

& M@G@&hsﬂ@ﬁ%eﬁ?“&hoﬁ §98E|'ﬁ'ﬁl A1%n’ on
the gate of Sadd-adtn I eagtionae reher aiferdiayi esaidvhplaralstyd éhamsnory

devices are arranged in a plurality of rows;

. a plurality of wordlines coupled to the floating
gate of each of said plurality of memory devices in each
of said plurality of rows; '

at least one reference device used in reading
the state of one of said plurality of memory devices,
said  at least one reference device having an
electrically floating gate and source and drain regions

-structured and physically sized the same as that of each

of said plurality of memory devices, and wherein the
electrically floating gate of said at least one
reference device stores a charge and is coupled to at
least one of said plurality of wordlines,

wherein a first potential is applied to said at
least one of said plurality of wordlines to program one
of said plurality of memory devices coupled to said at
least one of said plurality of wordlines, such that the

. first potential is applied to said one of said plurality
- of memory devices, a second. potential is applied t6 the

drain region of said one of said plurality of memory
devices and a third potential is applied to the source
region of said one of said plurality of memory devices
to program said one of said plurality of memory devices,
wherein said second potential is a positive potential

.and  said third potential is ground potential,

wherein said first potential is applied to said
floating gate of said at 1least one reference device
during programming of said one of said plurality of



-

-

Is attributable to repeated application of theifiilit'ﬂﬁotential to said at

| east one of the plurality of wordlines during Bluﬂﬂ&lﬁm ng cycl es,
" .14, o7

‘wherein said fifth potential is not equal to sd#ﬂ .14

The menory defined by claim 13 wherein said fiifth potential is QBJ
substantially 3.5 volts. 15. The menory defined by claim 13 wherein
the switch includes neans for preventing bootstrapping. 16. An

el ectrically programrabl e read-only nenory conprising: a plurality of
menory devi ces arranged as an array,-ﬁherein each of said plurality of
menory devi ces includes an eIectFTcJIIy‘floating gate and source and drain
regions, and wherein said plurality of nenory devices are arranged in a

pl uralitymemoryrsdevicespl snghi tthadf swidl £arstcpotientind tafddtmti ng gate
of each of, ' | ity ifeVLSeS 0k &3{k ohesql I ity of
rows; a mﬁ§¥§§%§%%§érg?eﬁg%%g?ggég%gg,bégghcgf sal d % u?aqung ref erence
devi ces c@@flenenae deyige during progupumpngr ofi spids oner @f dasid each of

sai d pl ur ipa ity ety eyéeRsesised in reading the state of said

pllural tty of Temry ded S5 SOUPLELd bl Sl Sdg fon Ue Ll S8
least one reference device for decoupling the source
.region of said at least one reference device from a
fourth potential supplied during reading of said one of
the plurality_bf memory devices and coupling said source
region of said at least one reference device to a fifth
potential during programming when said first potential
is applied to said at least one of said plurality of
wordlines, said fifth potential being selected so as to
prevent charge accumulation on the géte of said at least
one_refefence device, wherein said charge accumulation
is attributable to :épeated application: of‘ the first
‘potential to said at least one of the plurality of
wordlines during multiple programming cycles, wherein
said fifth potential is not equal to said third
potential.

14. The memory defined by claim 13 wherein. said
fifth potential is substantially 3.5 volts.

15; The memory defined by claim 13 wherein the
switch includes means for preventing bootstrapping.

l6. An electrically .programmable read-only memory
comprising: _ )

a plurality of memory devices arranged as an
array, wherein each of said plurality of memory devices
includes an electrically floating gate and source and
drain regions, and wherein said plurality of memory

. devices are arranged in a plurality of rows;



haV|ng an electrically floating gate and source and draln re |ons and
wherein the electrlcally flodting gate of each of said ref " ﬁ, !ﬂwﬂﬂl u"
stofes a charge, wherein a first potential is applied-to é

of &&kd plurality of wordlines to program one of said plurallty nennry
devi ces coupled to said at |east one of said plurality of wordlines, such
that the first potential is applied to said one of said plurality of menory
devi ces, a second potential i.8.applied to the drain region of said“one of
said plurallty of nenory devi'¢ces and a-thl otential-i-s applied to the

source region of said one of said plurality of menory devices to program
said one of said plurali devi mherein sai d secaond gotentia

‘
is a positive potentiaf Biﬂrgéggytﬁ%rﬂ°§3iéﬂ??a?°?€ gfotAJtRSt EAPARANY
wherein said fgate pfteathabfi sadfpplatalitygabd hemotyngevitasofinsaadnhat

| east one refq&gngglg ﬁigﬁaggggngfpggg amm ng of said one of said plurality

of nmenory devices, Suc flrs 'potential affects said charge on
‘the floating gate of sai plaraldsyt ofmereférenpecdevices,dwaaly of ogaddni ng

of said one ofg f@wweyraf icxfa{-eﬁsaoa&vﬂeggceau gaé eosy as tiﬂue' 8fet O

t he source regi on of, said east _one reference device ecoupling the

source region of €a3id & qr@a?sittyor@frﬂf’é'ﬁéhﬁﬁsde\ﬁa@ f"r%n‘l‘%id plurality

of reference devices used in reading the state of said
plurality of memory devices coupled to its respective
K/' i wordline, each of said plurality of reference devices
having an electrically floating gate and source and
drain regions, and wherein the electrically floating
gate of each of said reference devices Stores a charge,
wherein a first potential is applied to said at
least one of said plurality of wordlines to program one
of said plurality of memory devices coupled to said at
‘least one of said plurality of wordlines,:suéh that the
first potential is applied to said one of said plurality
of memory devices, a second potential is applied to the
drain region of said one of said plurality of memory
devices and a third potential is applied to the source
region of said one of said plurality of memory devices
to program said one of said plurality of memory devices,
wherein said second potential is a positive potential
and said third potential is ground potential, wherein
said first potential is applied to said floating gate of
said at least one reference device during programming of
said one of said plurality of memory devices, such that
said first potential affects said charge on the floating
gate of said at least one reference device during
programming of said one of said ;plurality of memory
devices; and .
| a switch coupled to the source region of said at
least one reference device for decoupling the source
region of said at least one reference device from a



- 19 - fourth potenti al supplled durlng readlng

plurality of menmory devices and coupling said so Em' @“ammlm “& d at .

| east one reference device to a fifth potential ! progr ammy ng when' -,
said first potential is applied to said at | east one of said plurallty
wordlines, said fifth potential being selected so as to prevent charge
accunul ation on the gate of said at | east one reference device and to
prevent the plurality of reference devices that .are not coupled to said one
of said plurality of wordlines fromgkasing when said first potenti.al is
. applied to said at |east one plurality. et wordlines, wher ei n sai d _
char ge accunul ati on Is attributable to repeated application of the
first potential to said at | east one of the plurality of wordlines during

mul tipl e SPuythmpakentiialesuppided during readingpofesaidl onesofnot  equal
to said ghli ?)‘iuﬂ‘&tﬁ. ity Jf mehory deW%éEE‘E‘hBV dé%fﬁlri% 4id dourke Wherein

said fifth ntial 1's_substan Z
reglon of said at 1east on reference device to a fifth

potentlal during programming when said first potent1a1
is applied to said at least one of said plurality of
wordlines, said fifth potential being selected so as to
preveht charge'accumulation on the gate of said at least
one reference dev1ce and to prevent the plurality of -,
reference devices that are not coupled to said one of
saia plurallty.of wordllnes from erasing when said first
potential is epplied to said at least one plurality of
wordlines, whetein said charge accumulation is
attributable to ‘repeated eppiication_ of - the first
potential to said at least one of the plurality of
wordlines _duri_i_'lg_ 'multiple programming cycles, where'in
said fifth pdtential is not equal to said third

potential.
17. The memory defined by claim 16 wherein said
fifth potential is substantially 3.5 volts. -




