2232798 ELECTRI CALLY PROGRAMMABLE READ- ONLY MEMORY BACKGROUND OF T

I NVENTION: 1. Field of the Invention. 5 The invention rel at §232‘|7<93
field of electrically programmabl e read-only nenories, particularly those

enpl oying floating gate menmory devices. 2. Prior Art. ' [.?‘-.
Met al - oxi de- sem conductor (MOS) electrically programmbl e read-only e

menori es (EPROMs) frequently use rrem)ry cel I's thhat-have electrically

i solated 1-0 gates (floati f N(le] typically
conpl etely surrounded by oXtte Wne silicon
(pol ysilicon) din the menory cells or devices
in.the form oPA%F‘?‘MBq@‘*‘?q%\'ﬁ@g&f Charge is transported to the
fl oati ng gates by 3 \ﬁélﬂﬁﬂhmn@ﬁmm sns such as aval anche injection,

channel injection, funne ng, dependi ng on the 15 construction of

the cells.gThe cel ThedngemicAsRIbESREMR fidld Y eREIRSEINPrbffanihaoNe fbad-onay
ultraviolet radiation. An exanple of these cells can be found in U

Pat ent s 3, 500 pigrorigs, gadtiadarly thossemployingrftbating gatd seemobny dmmescases t hese
cells are electricall er asabl e (EEPROV). An exanple of such a cell is
shown in U.S. Pate ordyt.iss. 20 The invention of the present

gr)glcjt(r:?z:;?lnyi ngiggf%w Ee?grre £$ &%Hradiélfggﬁw O&gpig;'."%HBies'@FF'onyed in
conj uncti on Wrhémbhes wesﬂms)lﬂqeﬂhupnseSnaaaryrw@dhaﬂh@weﬁdiri&alws&ated
application, Serial No. 253,775, entitled Low Voltage EEPROM Cel I, filed

Cct ober -510 19mtesaﬂbaasg|g@m {ihesadioating getes are typically completely surounded by
't has been kno e ;r% lomwd Xg%ras pctalpcryswhene snFcon 1po?ys:hcon y%%e?nformaehon is

stored in the memory cells or de_v:ces in the form of charge on the fioating gates. € :'

Charge is transported 1o the floating gates by a variety of mechanisms such as
avalanche injection, channel injection, tunnelling, etc., depending on the

15 construction'oi the cells. The cells are erased generally by exposing the array to
ultraviolet radiation. An éxample of these cells ¢an be.fouhd 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 invention of the present application is used with an EPROM cell
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 copendingu.s.(;;/
application, Seral No. 253,775, entitled Low Voltage EEPROM Cell, filed October

5, 1988, and assigned to the assignee of the presenf invention.



%

menory array, circuitry is sonetines required to electrically isolate the
devi.ces, one fromthe other. This may be needed, for exanple, to permt the
readi‘ng of one cell without interference from adjacent cells, or for

i nstnce, to permt the 5 programm ng of a cell w thout disturbing the
progranm 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 referentRapbéemknheivn (P iramPyshrd that whsmEPROM ¢blis 8Qsseddhla. An
exanple of this type of sense anplifier is shown 10 in U S Patent
4,223,394, As mefmionparrgpcgircuitneis sometimes requined ¢ electsically isolale the devices,

ts, i flash, EP . . Ho . Wth the t invention,
i - sol‘at| orPPR TS cbren s et pap B o <Saimpis 6 o8 1 repdig bR
array as part oy | BiBRnch Hoth hificent catd:orSHMYNBACEE | BEmidWENTI ON

According to the present 1 nvention there is provid an electrically

progr amablge r?@@rg}ﬁhﬂng”fﬁf@ cell aithoyt dismiting thie programmitey oCatothenceny For
electrically floating gates and first and second regi ons, wherein said

menory devi cesesarapleschthjscsdenl /S Ratents 3,728,69%a0d8 ALPd®% of said nenory

devices in each of 'said ro are coypled to a.plyraljty of wordlines nd
further wherein durfYgNeWR]SeRse ﬁg‘Pﬁgefaﬁée HFegﬁfﬁ‘emW esense the siple ol

Prodramm 19, ROGK, | Ghe BicBHPbAeLE el r8ied Bnd retélefics Bhtedliardlviioped®” v
by a dummy or reference cell. An example of this type of sense amplifier is shown
o 10  in U.S. Patent 4,223,394.
| As will be seen, the present invention provides isolation of sorts, in a flash
EPROM memory array. However, with the present inventi;)nfthis isolation is used

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



i ncluding at | east one reference device used in reading the state of said
one of said nmenory devices, said at |east one reference device having an
electrically.floating gate for storing a charge, wherein said at |east one
reference device is coupled to at |east one of said plurality of wordlives
and has first and second regions, and further wherein said reference device
--is subject to said programm ng potentigl. during progranmm ng of said one
of said nenory devices, such that said programm ng potential is applied to
said floating gate of said at | east one reference device, said nmenory array
further cGUMMARY@F aHEMINVENTIQN ed to the first region of said at |east
one reference devi,c . .dec i sai -f1 : | 0 said, at -| east
one reference devihc?gc‘{r(ra(’)lﬂ %:%?s%t%%ot gkﬁgf‘gﬁgsu%{bﬁ'ééf%rPF]'S‘L‘F%a e'hg of said.
one of sapgrovided, amrvedestricaldyppregramsnable r readegndy afemoxiyl at | east
one ref er gRee e vd t 28 SE€ ot I3 Wh ' e ot enti al
Is applied toyg,aiédﬁlg'}éf"élggst {c‘}%iggo sg:&g&%:el?r_aﬁat‘?ﬂgg \FI\K;OfI’%I nesg,gs%)_i__d -
second potftdeatingcgpfesc and o Fizstasand secand " ERgigesac MheRekN on on t he
gate of saaddat neditrly Orfeviddas npfe dedangdt®r 6l SPdwh Charidie fifgunul ati on

(5L DYl ng ScafPe S PPLLESORetichl® i ORI SSkgT 2 10
rows are coupled to a plurality of wordlines, and
further wherein during programming of one of said memory ‘—
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
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 potentia‘l 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
further comprising: - '

, a switch coupled to the first region of said at U

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 T
least one of said plurality of wordlines, said- second
potential being selected so as to prevent charge
accumulation on the gate of said at le'ast_ one reference --
device wherein said charge accumulation is attributable




mul tiple programm ng cycles. In the currently preferred enbodi ment, the
source region of the reference device is coupled to ground during read
cycl;es. ' _ However, during programm ng the source region is coupled
to a~potential of substantially 3.5 volts. This prevents a disturb
condition in the reference device which woul d otherw se cause the floating
gate of the reference device to becone chajged. O her aspects of the
present invention wll becorme apparent Tronittie fol |l owing description.

BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a cross-sectional elevation
vi ew of a fl oat ity repeatédRapplicationevfc dhe prelgramechg pdttenttia)Y et | vy

preferred enmbodi iy LN tiQn. . hi Rl \ r rent
utilizing the nmenory. éd#év?gggto%ﬁgi. é’%pes éylﬂ’f' Wi lﬁg:gt tﬁem%ﬁéelgi/e%gi nv!eEfniﬁon.
This figure i s dmbEiple REPgHRRMNERY PYBLed sol ved by the present

invention. Figure 3 is an electrical schematic show ng the presently
preferred enbodi nent of the invention and its coupling to_ a array.

Nenor
6 DETAI LED DESCRI PTI ON G THERBRESERFenNT PHRERTE A g™ RQAina e ¥ a
di sturb condi ti ource chreginre OEVi€ies @felience 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
\rr become charged.

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



electrically programmabl e nenory array is described. In the follow ng
description, nunerous specific details are set forth such as a specific
el ectrical schematic in 5 order to provide a thorough understandi ng of ~ .
the present invention. It will, however, be obvious to one skilled in thg.
art that the present invention nay be practiced wthout these specific
details. In other instances, -wel ék-n.ovm 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 dBRIEA DESQRIPMON OMEHRMRAWINGS8vention.is forned in a silicon
substrate such as the p-type substrate 15 of Figure 1. (The device of
Figure 1 is dHOwe 18 acrastsestipnalielgyation viaw et &?‘Qaﬁ;ﬂmcdet EEBRGbememorgveal s
its structure.) The device includes a pair of spaced-apart-regions disposed
in the sH8&qeaPe caldcusedcin the craptyr Bepisrred eabpiiment @f cthe dgyentians. A

Pt ons. and i raufe. 2 Shops shirfay alradpefit Uitg fHeRORGLy BEIEEE Bt BIGEIR ue o
ot hers i Nt withbLvthel presentidventiba. fThisfigud igased thdeticribl the pradighisaivedl t he

processing is conpletely surrounded by an oxide |ayer and hence, floats

el ectri cey the prasealciomentiof. e (control gate 11) is di sposed above the
floating gate-.10; in the esent | referred enbodi nent this gate is 20
fabri cat ed fﬁaﬂﬁ‘fzf éé%%’h&'ﬁ%&iféf s%'?%%f%’ﬂ“l‘%we ﬁ'ﬁ?ggﬁbﬂﬁjﬂl‘“‘bate is a
cont i NUOAHLBAINET ot B iInSEAtidh &Y i3 BSuGH ' j he integrated circuit
arrays g%i%Flegur es 2 and 3. The nemrﬁggelége&‘gﬁs{yhgna'esently preferred
enbodi ment uses asymmetrically doped source and drain regions. The source
-and drain regions are bot h doped with an arseni c dopant and the source-
region is additionally doped with a phosphorous dopant. Hence, the sour &

region is nore deeply doped and additionally the souyrce region overlaps the
overlying floating gate. : -



3

It wll be appreciated that the cell of Figure 1 may be fabricated using
wel I~ 5 known NMOS technol ogy or CMOS technol ogy. The n-channel device
i1lustrated in Figure 1 may be fabricated directly in a p-type substrate or
wher~an n-type substrate is .used nay be fabricated in a p-type well forned
in the substrate. OQther such well-known variations such as enpl oyi ng both
p-wells and n-wells are well- known in t$e ot 10 . As currently

enpl oyed, the nenory devices are programred (i.e., negatively charging the

floating gat e?éyyA %igF?g:ﬁlP?!dW%+ﬁ@?’é§$€l@ﬁﬁ9kﬁ%ﬁ 11 to a potenti al

of approxi mtely + he drain region to approximately +7 volts, and |

the source region Yciduiosd préliehting B efitulrasiidition 1h refehéndteVicds B 851 1 ON

i njection occurs through the oxide |layer 14 which |ayer is approximtely I
15A t hick 15 electticallycprogeatningblermémpnearrayriscdisesbhed. To the tollowingedesetiptiont, he
drain region is floated rd line o& cg‘qtrol gate 11 is ‘grounded_and a

, the word . . >
potential of MQY?P%&P@F@CQE?%GF‘E get forty such 2§ § spaaiic elgglrical scbgmstic inunder

Foadi ng_of 5t ncbtaay fo BigViel & iR ortdorkafiin ¢f tiq BRIseEindghfon, WG e
charge to trangdwdve? b& obliBus kPand aﬂné@tnqh}a%naha{ {Rtpre8eAtAvéritidhirRay BE

gate and a potential (e.g., 1 volt) is applied to the drain region.” Current
t hrough t he dewacticddswithotdtiosesphrificrddtails. iih ather instaactesgwelbkmsowrspmcessesnot
negatively charged. As with other fl t he negative

th atin at e, devi ces,
charge. on the @1 Uﬁﬂ'kﬂ@vﬁﬂrﬁu?%h?wqt%ﬁeﬂrﬂ%ég djinggtail inotder ngkoyevi ce
making it |less con Y i . anplifier the presence or
absence of cha‘f'a'gc%g%}”%%Pﬁg%ﬁﬁﬁwé%{@?ggv%ﬂggn'determ' ned. An integrated

Cirquit amipay utiligéferrd'® FBHTRI Y, 1NE EPEMmeftiry Bagtd &r dell sisddl vitts thegiresenti n
Figure 2. The nenory devices are shown as devices 20, 21, 22 and 5 23.
Word |ine 24 (inkentiprisrfotmeghirea silicomsubitsale sugh &&tmmypg/submw teobbigured
1. (The device of Figure 1 is shown in a partially fabricated state since this best
reveals its structure.) The device incidd_es a pair of spaced-apart regions disposed
in the substrate specifically a drain region 12 and a source region 13. A polysilicon
15 floating gate 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 ai the compietion of the processing is completely surrounded by an oxide
layer and henc_e. floats electrically. A second gate {control gate 11) is disposed
| above the floating gate 10; in the preséntly preferred embodiment this gate is
\J 20 fabricated from a second layer of polysilicon. This control gate is a continuous
| polysilicon strip forming a word line in the integrated cirbuit 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



device 22 and over the other devices in the row Simlarly, a word line is
associated wth devices 21 and 23. Through ordi nary decodi ng neans a word
line in the array is selected through a row decoder- and a colum in the .-
array is selected through a columm decoder. This couples a cell through 3¢i
line 31 to a sense anplifier 10 26. In the currently preferred enbodi nent’,
a colum of dumy or reference devicesyis enployed with two of the devices
27 and 28 being illustrated in Figue R—Each of these devices are

identical in terns of structure and physical size to the nenory devices.

The word bbthed@ged:with rasarnsenigrdbpast and thesouwrice régionds additionallysdopddar | y, t he-
15 word line 1 extends to and is part of the device 28. Wien the word |ine
24 is sel witheaiphosphaseys dapant. jHengs, the $Qures fegion is moes deeply dored andf r om
devi ce 27

ref erence abﬁ%*@ﬁgﬁ%ﬁ‘% égqftgg geqsiﬁr? §$aﬁéﬁ)sle¢1%h<?e\fe£€'w§?ﬁ8&altég ei 2 ? c o-rrrPriD?\ | y done

w th EPROVE an r ' i Wale Y]] \ source
- regions of all ﬂt\ﬁ‘elrbgeﬁﬁsgggagraghiﬁé&%gp mrgqglﬁg HQ’%‘*&%U@P&% stor 30.
Dur i ngser gabwa, NMOB Echholbgp @r OMOSRbENAIbEY. S THE GechitiePBEvies MsGatedNd.
allowm ng the erased potential to be applied to the source regions of all
t he devi cémsFigline 1maypbe fabricatdd-dieaotly inlap-type substtatenorawheryan artyper v,
al though in the currently preferred enbodi nent, a columm of these devices

i s used. subsisalgds ysed may be fabricatad inadatype velliormed inthesubsiratee AtbeEevi ce
for the entire arral . ' rall C Sn O, ference devices to
be used, 158Fh &%Fﬁﬂ ’n g#ﬂegt@éf %th %8?4@2%#% fb°3+ éﬁrwgqs/ %gé ﬁf‘”‘ﬁﬁr?ém k devi ce.
As iIIustmﬂgﬁﬂ;pyhggnp 32, where a single reference colum is used, the
potential devel oped by the selected reference device is coupled to 5 ot h\ej
sense1@npl i f i eAS cutrently elvployedathe meaoyy devieds af@ programaredsi.eas a " X8".
Qobvi ously, additional sense anplifiers are used for this organization. As
i s known, negatively charging the floating gate) by coupling the word ling or control gate 11
10 a potentia! of approximate_ly +12 volts, the drain region to approximately +7 volts,
and the source region to ground. With these conditions, channe! hot electron
" injection occurs through the oxide layer 14 which layer is approximately 115A thick
15 . in the currently preferred embodiment. To erase the cell, the drain region is floated,
the word line or control gate 11 is gron._mded anda poténtial of approximately +12
volts is applied to the source region. Under these conditions, charge is tunnelied
from the floating gate. Dt_Jring reading of the cell, a pbsitive potential less than that
which would cause charge to transfer onto the floating gate is applied to the control
20 gate and a potential (e.g., 1 volt) is applied to the drain region. Current through the
device is sensed to determine if the floating gate is or is not negatively charged. As
with other floating gate devices, th:e negative charge on the floating gate shifts the

threshold voltage of the device making it less conductive. Thus, with a sense
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the reference devices have characteristics which are substantjally the sane
as the nenory devices since they are forned on the sane substiate. These
reference devi ces conpensate for process, tenperature and voltage
var~gtions. 10 . Assune that the devices along word line 24 are to be
programmed and hence, the word line 24 ig brought to 12 volts. The line 24
may remain at 12 volts for a rel ativerycdorg period of tine while the
various devices along the word line are programmed. During this

progr ammi ”g’aﬁw@ﬁuéﬁﬁé re: gg%r%sgﬁéf/% B@c@% b%n'\ﬂ% ﬂSer@ ggt tc%g%er;os” ve

potential, hen cur oes no evic hi s
prevents thegdtepnidedd gate of device 27 fromrapidly chargi ng. However, the
floating gate of device 27 tends to slowly charge because of the relatively
hi gh potential onAnfkrdegratet tircuit arw)autﬂiztﬂgelhannemoﬂysdeﬁneis@ﬁbdmn isany
cycles of progranm ng_and erasi n‘%ﬁ'éﬂ ., 10,000) the floati n&P at e of

devi ce 27 m'ﬂH?“’Qi@éé’hf'%ﬁlzge'U‘es OfY ERYICSS ate Shoyn ag devises, 22 and

nappeni nd | netnivorpdici i o sAFRA Bt BLinel ooty eReRiE ke dbvibe o B e

devices are d@ﬁ@gb%afmnmemwaa%bg%m Wﬂn,ﬂmo?@m&& regions,

for exanple, be coupled to +5 vo uring progr-anm ng It has

been found, &seueimed withadevicrsp21 agd 28e Hooughe ordinarg etoding nvaznsa worbiras
yet another disturb condition. Again, referring to Figure 2, the +5 volts
on the sour cl® theqredis seladtrd V\é‘?@‘bﬁé@”d@ﬁpégsa’l,da%%@"}i‘ inithe arBY i seleqtod he

reference deyice
non- sel ect ed“\ﬂﬂ‘f’@’ g%o Lfnﬁ gg%‘?oun gm&ﬂégf égﬂj@rg P%H'Pgéqgﬂ%a%e%zf%}m&&]gr
i ns{agnceyg +5080l ts, slow erasing occurs. This pulls off electrons fromthe
floating gate of t he reference devi ces causing the gates to becone
posi tively char geth thBasirtentle prefetied gewboirment, agolymmreef dummy onlrefergrieev ent
the reference devices from perform ng wel | as_references =
devices is employed with two oft e devices 27 and 28 bemg illustrated in Figure 2.
Each of these devices are identical in terms of structure and pysical size to the mamory
devices. The word line 24 extends 10 and is part of the device 27 and similarly, the
15 word line 1 extends to and is part of the device 28. When the word line 24 is -
selected, the device 27 is selected and a reference potential from device 27 is
coupled to the sense amplifier 26 through line 32. This reference potential is used
in a differential amplifier as is common'ly done with EPROMs and other memories.
During reading and programming, the source regions of all the devices are
\_/ 20 coupled to ground through transistor 30. During 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 devices used in array can vary, although in the

currently preferred émbodimen_t. a column of these devices is used. It is possible,



devices. It has been found that a bal ance nust be struck during programm ng
10 between a high source region voltage (e.g., +5 volts) &@nd ground. In
the currently preferred enbodi nent, it has been determi ned that a voltage ; ,
of approximately 3.5 volts applied to the source regions during programryg
i s high enough to prevent charging of the floating gates of the selected -

| ines and yet | ow enough to prevenL_sfmeerasing of the floating gates

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

i s shown which includes a plurality of menory devices (e.g., device 46)

‘each of ' ' ' ' i i e
oty ar o Rrifistahol 18 UEHE sitpld Rflef@fite BGRCe tor heUitre amalf of tor'd Ktpralify 6

t hrough cebliingleretisrencd devicksté ba usad, fonexamplecone soluath for eabie of ¢ight
anplifiers. (Sense anplifiers 42 and 43 are shown ih Figure 3.) The 20

sense anpliiOs efra mensaryrdavide, cAsiillustrated by ling 32awhaee a single reference column

associated with the selected word. line, such a otenti,als fro ef erence
devi ces 471 uped.4Be potgnt| ,%Hﬁ@@?gwt%@elﬁﬁtﬁa r?éﬁ%‘%@%vd‘i’%ls&?“dn Odevi ce 46

is selgct V. j ' + ' - t he sense
anplifYer g“l?@%&ﬁ‘ﬁﬁﬁeﬁ;?g?g@ %’%ﬁ%%‘%dﬂfﬁﬁé%ﬁg&%f? *é}The source
regi ons oloidudyf additiciiat 86Ase AMplfsTs Are used!fdr s lopganization? - Al Kriotvn,

non- progranm ng operations, the input to inverter 50 is |ow, hence, the
out put of thé referencerdevicesshaniegtharacteiistigstwhichharshsubstantially the saroe as3he o
conduct.. This couples Iine 57 to ground. \Wen the grogr mm ng potential is
hi gh (i .e memap geyices slﬂ%&i%vnﬁneﬁgﬁmﬂ%m%ﬁ%ve subsirale. Ihese mmfameaceand t he

OuL Pt oL el S ghlh A b e BRSO oD o7 i,
52 on19,or 5L elinaf s, SRkt bond WRrd g S eny \SE ESGARUAPER O
val ue no lneabe; thd\word fine R4.is bfoughttos12 el rthedines24 ntdyrremain at 12 volts
for a relatively long period of time while the various devices along the word line are
ptogrammed. During this programming, the drain .region of device 27 is not
coupled to a positive potential, hence, current does not flow through device 27.
15 This prevents the floating‘ggte of device 27 from rapidly charging. However, the
~ floating gate of device 27 ténds to slowly charge because of the relétively high
potential on the word line. Where the array is designed for many cycles of
prograniming and erasing {e.g., 10,000) the floating gate of device 27 might
become charged suﬂ_iciently to destroy its value as a reference element to the
20 sense amplifier. | |
To prevent this from happénfng in the present invention, the source regions
of the reference devices are deé;oupled from ground during programming. The -

source regions, for example, could be coupled to +5 volts during programming.
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10 the weak pull-down fromtransistors 54 and 55 causes | eakage on |ine 57
bringing the potential on line 57 back to the desired 3.5 volts. Thus, a
cifcuit; has been described which provi des switching of the source regions
of ref¥rence devices used in a flash EPROM 15 CLAI M5 1. An

el ectrically progranmmable read-only menory array enpl oyi ng nenory devi ces
having electrically floating gates and fiiﬁ% and second regi ons, wherein
sai d menory devices are arranged i-n roOws The floating gates of said
nmenory devices in each of said rows are coupled to a plurality of

wor dl i nes, and f urt HthagReeafound, howgver WMW@PSSHWQM'Q +fevaltsy

one. of sai d obEAeaL adfebgefM pihgticn cREfn fhrednp IS EBLR 2. e wifsn
device used | nyfLeoiied rbiBns'dh the Rierdfits Wéeé’i:aéﬁsda pﬁfﬂ}@xn&eawtps%?:e?a{cg

at | east one r erence rﬁéw ce having an d?ectrl ca

storing a char gevicesdnathe rion-sbidited Wdwd lines: mhéthégatbsdﬁ\thcﬂoh%ew Wwérd O
at | east one of said plurality of wordlines and has first and second

regi ons, an§l f line$grouddedeand she sSourcé eeg;onet detvinstance, s-ﬁbpl!s.tslo\u ea:asndg
progranm ng potential _during programm ng of .said one of said nmenor
devi ces, such ORe®rSsailBisHWE mmg%owmmeaﬂowgm ptthetratesence ¢9‘6%ﬁﬁ ng

gate -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 balance must be stru-ck during programming

10 between a high source region voltage (e.g., +5 volits) 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 floating gates of the seleéted lines and yet low enough to prevent
slow erasing of the fioating gates along the non-selected lines.

15 Referring to Figure 3, an array 40 is shown which inciudes 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
lines are selected through column decbders 42 allowing columns to be coupled to
the sense amplifiers. (Sense amplifiers 42 and 43 are shown in Figure 3.) The

20 sense amp_liﬂers 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.



of said at | east one reference device, said nmenory 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 potential supplied during reading of said-:gae
of said nenory devices, and coupling said first region of said at |east One
reference device to a second potentiiil when said programm ng potential is -
applied to said at | east one of sard ;;I-u-rality of wordlines, said second
potential being selected so as to prevent charge accunul ati on on the gate
of said at | eastThensoureé eegions=otisitheaefshence devicisthare tdiuprdrodmegzat i on is
attributable to repeated application of the programm ng potential to

said at | edBuring)sonpregramming operatipnsitheudnpitt tovirvedear 50 ds low, thepte, the _
pr ogr anm ng ctz no array defined by claim1l wherein said

cles,. 2. . A r ( t
at |east orf¥ B‘f%fftaﬁdﬁv%ﬁﬂfi'%ﬁ'gge&%ﬁ' gdae aqhaah%lit@rﬁf@{orvﬁ%mqmdy% drhis r st

{1 ans st or P18 inER7 ho BRIVEC VG i, SRYIAHTpind At i el 751
et oi n ai B8 e Heelot 59, does ot coiER BRKS BLBK BEImBREr SV ol
array defi neahdistoc52itonc8nduot.r The peteintial then on line 57 during programming is Vee,
less the threshold drop of transistor 52 or substantially 3.5 volts in the currently
. preferred embodiment. Transistor 56 prevents boofstgapping from occurring,

clamping line 57 to a value no higher than Ve + VTN. If 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 0 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.
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at | east one reference device has the sane device structure and size as
‘said one of said menory devices. 6. An el ectrically programuabl e
read-only menory conprising: a plurality of nmenory devices arranged as an
arr &, wherein each of said plurality of menory devices includes an _
electrically floating gate and first and second regions, and_mhereln sai d
plurality of menory devices are arranged)dla plurality of rows; a
plurality of wordlines ecoupled to the floating gate of each of said:
plurality of menory devices in each of s&LAIMByrality of rows; at |east one
reference device used in reading the state of one of said plurality of
menory devi ces, sald reference device having an

asf_. o0
electrically flBating géf‘e %ﬁ ?’r‘é%f]a)‘ld m@&%n§ea§ﬂ9nﬂf¥eré‘?nwﬁe
el ectrically flaarayg gmpdogﬁngalmeMbry | dexpicese ns&gﬁgnceléetrqea119res

%Sgﬁrg:san\?\hgfg?ﬁaghﬁgr poten Pa:ﬁ?ésé%pp |ed$§§lI p:relﬂe;%au]té'l%e yhersip
plurality of moFGF@ne@ePBrﬁro§¢Hh¢eﬁe aresahdrphgedl i in okowsnoapddethees
coupl ed to sai depbatengt gatesofosakgdiag! Weiddztyy % %&” jReSacH/COet B]Yg! NE
first potentlal IS apgrtlaecjcgt?pfe%d oneao psi%lralltuyraof wordlines, and
further wherein during programming of one of said memory
devices a first programming 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 reference 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 potentiai 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
further comprising:
a switch coupled to the first region of said at
Kv/ ~ 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 programmlng potent1a1 is applled to said at
least one of said plurality of wbrdllnes, sa1d second
potent1a1 being selected so as to prevent charge
accumulation on the gate of said at least one reference
~ device wherein said charge accumulat;on is attributable
 to repeated application of the prdgramming potential to

_
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of nmenory devices, a second potential is applied to the second region of
said one of said plurality of nenory devices and a third potential is _
applied to the first region of said one of said plurality of nmenory devices-
to programsaid one of said plurality of nmenory 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
programm ng of said one of said pIuLaﬂE$y~of menory devices, such that said
first potential affects said charge on the floating gate of said at |east
one reference, device during progranmng; a swtch coupled to the first
region of s&ridadt| dgastoene gforsaid plurabityroficeongdlingst darthgst

region of sgalitéhpléeppbgpammifgecgptied. device froma fourth potential
supplied during reading of said one of the plurality of rmenory devices and

coupling said first region of said at |east one reference device to a fifth
potential when sai dAf memorgoteantdyl desingd! bgd dlaismiid whet&fit sapg of said

I it | J ' roara said fifth potential belng
Dol ot ed” soie TRl nd TeRlranes MRVIGe, Somrisns Ay branelararar | cast
one referewereimvsadd finsteragioni of shidgatateast| aheopeferantei but abl e
to repeat eda@ppbbCabi eReOkohPle tbhibn BE! 8Rihkrah8istgkd at Ieast one

of the
3. A memory array defined by claim 2 wherein said
first potential is ground potential.

4. A memory array defined by claim 3 wherein said
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: -

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 o
second regions, and wherein said plurality of memory o/
devices are arfanged in a plurality of rows;

a plurality of wordlines coupled to the fioating
gate of each of said plﬁrality 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 first and second regions,
and wherein the eiectrically floating gate of said at
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-15- plurality of wordlines during nultiple programm ng cycles, wherein
said fifth potential. is not equal to said third potential. 7. The
renory ‘defined in claim6 wherein said at | east one reference device :
conyfi ses a transistor, wherein said first region of said reference device
Is the source région of said at | east one reference device. 8. The
menory defined by claim 6 wherein said fourth potential is ground
potential. 9. The menory defined-by lé4aim 8 wherein said fifth :
potential is approximately 3.5 volts.  10. The nenory defined by claim8
wherein said at | east one reference devi ge has, the sane device structure
and size as sail®afife ONeFRLSrENGS t feyiclenBFPTra8yResChANge angpdls
nenory defi ned donplled Mmte weaidi nat heleaét cloriecbfdesai@ansldral ptevest i ng
boot strapping. 12....___The nenory defined by claim 10 whereinsaid at |east
one reference ¥&FPS rises a plurality of reference cells, wherein

each of said pluralitwherdin o efirst poténtiazl drppplied ke aff least
plurality of i nes, ' aife fj Nieinal ny e

D ovent erasi i (JE° st BRAFELICDY I Luphd) PRAETEGR proarés Tonad o
coupl ed to sai ®aid | PAVradd&yof of aiRERANY a0eVICEF RAWP1IR s Ehaspddprabent

charging of saiitt |SRetopN8aial prENE i¥§VioFe wdidligiedy, 0 Buohi tiatoftheai d
one of said pl ufriazl'sl'é ypggegg{rg{ yig eé’éﬁffed to said one of said plurality
of memory devices, a second potential is applied to the
second region of said one of said plurality of memory
o 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 poténtial 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
N fourth potential supplied during reading of sa;ld one of
the plurality of memory devices and coupling said first
region of said at least one reference device to a fifth
po_téntial when said first potential is applied to said
at leést one of said plurality of wordlines during
programming, said fifth f)otential being 's__elected sO as
to prevent charge accumulation on the gate of said at
least one reference device, wherein said charge
accumulatioi_i is '_attributable to repeated application of
the first potential to said at least one of the

_—

NN O 0



13. An el ectrically programmabl e read-only nenory conprising: a
plurality of nenory devices arranged as an array, wherein each of said
plurality of menory devices includes an electrically floating gate and -
source and drain regions, and wherein said plurality of nemory devices &
arranged in a plurality of rows; a plurality of wordlines coupled to the
floati ng gate of each of said plurality of nmenory devices in each of said
plurality of rows; at |east one referjeqce _device used in reading the state
of one of said plurality of nmenory devices, said at |east one reference
device having an electrically floating gate and source and drain regions
struct ur ed phurghisycablfy siordlines sauwring t mailtifplksachppbgsandingural ity
of nmenory ' , eLns Lthe. ctr] flsQatj sai d
at Toast Qe b Cudia (RARCR botlhtial 9G8R B Tlic
one of sai csaidrthirg petentialnes, wherein 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 wordlineds such TR&t MEMOTH, r‘g‘lfﬁﬂ'!ﬁ%nf’i‘aFlﬁémaﬁ)l wberedns faidnatof said
plurality ofed®BorgndevieéEérencsecaddieot edbnprisés apal i efahsikbeor,

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 pluraiity of
referencé 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 ahd to prevent charging of said
at least one fefe:ence device during programming of said
one of said plurality of memory devices. '
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’d(ain region of said one of said plurality of nmenory devices and a third
potential is applied to the source region of said one of said plurality of
Jrenpry devices to programsaid one of said plurality of menory devices,
mhetgin sai d 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 |east one neference device during progranmm ng
of said one of said plurality of nﬁﬁni&Ddevices, such that said first.
potential affects said charge on the floating gate of said at |east one
reference device during programm ng of said one of said plurality of memory
devices; a sw agh couplmd eQeckeicallye proyrammibbei dedd+anky memory

ref erence device for, decoupling the source region of said at |east one
reference devi Egmprr&rﬁ]%‘q"ourth potential supplied during readi-ng of said

onedof tlhe plurality ofa npluralityi cf menoryupslevices:i arromged ragi @n of
said at | east f ﬁ§¥¥% | b f i ' lcggn ng
when said firs%gggpgnsfa |§g§%%??e t%ai%i%fg?ﬂ gggtagng“%$ﬁgéﬁgggiur lity

é
of wordlines, daclyudes hapoedectaicadilyy Sieaking g8tes and pPeVERP ge
accunmul ati on oRgriadith I¥egiohssal dndt WIRASirWNeaial eptacalieyi cof \weoyyn
sal d charge acquyl ald o d Sldrdedt P! il AT G FAUd FatTOn Of the
a plurality of wordlines coupled to the floating
gate of each of said plurality of memory devices in each
of said plurality of rows; '

o 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 memofy devices coupled to said at
least one of said plurality of wordlinés, such 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 poteni:ial 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
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potential to said at |east one of the plurality of wordlines during
mul ti pl e progranm ng cycles, wherein said fifth potential is not equal to
said third potential. 14. The nmenory defined by claim 13 wherein said_ , »
fifth potential is substantially 3.5 volts. 15. The nmenory defined byf®
claim 13 wherein the switch includes neans for preventing bootstrapping.
16. An el ectrically programmabl e read-only nenory conprising: a
plurality of menory devices arranged f,yan array, wherein each of said
plurality of nmenory devices includes anfé€Tectrically floating gate and
source and drain regions, and wherein said plurality of nenmory devices are
ar ranged |nmam9rnrépwuye@hranh that paudmﬁiqstﬁpvbemtlmbsafﬁeptsd to the

floating gaggiaQf cﬁa%@eofoﬁatﬂeplf%alm% @awnafysﬁqw 1 §€C§ ngf said
plurality of rows; 8Sura |%§5¥§ ref erence deV|ces said plurality
d

of referenc€e§§¥P63§ ypre 9y PROFAmHNg R sﬁﬂﬁppPﬁ¢ant§abﬁ
wor dl i nes, paﬁbamityabﬂ Renbey Bevitessf erence devices used in reading the

siate,of o2l Plurall b Bbu IR oYl BheC ey, bRghhd, HASBEA' XE

el ectrical | yeakbatone yeferendesodevicendor decoupling the source
| region of said at least one reference device from a
fourth potential supplied during reading of said one of
the plurality of memory devices and coupling said source
region of said at least one reference device to a fifth
potential during programming when said first potential W/
is applied to said at least one of said plurality of
wordlines, said fifth potential being seiéEted 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 plurality of
wordlines during multiple programming cycles, wherein
said fifth poténtial is not equal to said third
potential.

14. The membry 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.

16. 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 electrzcally floating gate and source and
drain regions, and wherein said plurallty of memory
devices are arranged in a plurality of rows;
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drain regions, and wherein the electrically floating gate of each of said
reference devi ces stores a charge, wherein a first potential is applied to
sai g at' | east one of said plurality of wordlines to programone of said
pluc@ ity of menory devices 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 nenory devices, a second potepjial is applied to the drain
region of said one of said plurality of— nd&ry devices.and a third
potential is applied to the source region of said one of said plurality of

menory devices to programsaid one of said pluralit menory devi ces,
wherei n sai d second pofe®lufakity, 9f HITQLLNRF SAY: Féedarﬁf ﬁ'f% fiqating

potential is ggated dfoleth JE sﬂﬁ%mmﬁildﬁtmaﬁt@méﬂlc& ahpldaeth t 0

said floating te qf, sai d eas one reference device duri-ng progranmm ng
of said one of %%al 5‘1& @3?}1 %y“t* ‘er ces, such that said first

po]'E ential affects said a:rpl\geabi:ltyheff Imﬁe’nqpcgatde’oicesj deach| efstsag
ovi ces. “and a P MY HdtURdHed ashlled Vodp1adico R, ‘“ﬁ‘?fe’ﬁ%t?%oﬂn%”‘” ’
ref erence deV|@§fﬁﬁiﬂepbupﬁlAQthfsﬂﬂﬁ@%ﬂﬁ%ﬁnoﬁaﬁh of Faid |RLuY
(r)ﬁl;}e(r)?nce devi &F fréFerence f QEViBeBOUNEd ain SHERding dhei &g:altead:lm$ﬁfd said
plurality of memory devices coupled to its respective
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, such 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
N 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 sdurce region of said at
least one reference device for decoupling the source
region of said at least one reference device  from a
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the plurality of nenory devices and coupling said source region of said at

| east one referencé device to a fifth potenti al

during progranmm ng when

said first potential is applied to said at |east one of said plurality Df

wor dl i nes,
accurul ati on on the gate of said at
prevent the plurality of
of- said plurality of wordlines frome

said fifth potential being selected so as to prevent charge
| east one reference device and to

-reference devices that are not coupled to said one
i ng when said first. potenti al

;
applied to said at |east one pIurathJe%f-mordlines, wherein sai d
char ge

first potential to said at |east one of the plurality of wordlines during

mul tiple prﬁ;gmtmnngtel}tiel swpplied dardngf rieadingotamisaid ome aft

to

said fifth pot

sai d

accunut ati on Is attributable to repeated application

ant
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 gate of said at least
one reference device and to prevent the plﬁrality of
reference devices that are not coupled to said one of
said plurality of wordlines from erasing when said first
potential is applied to said at least one plurality of
wordlines, wherein said charge actumulation is
attributable to repeated application of the first
potential to said at 1least one of the plurality of
wordlines during multiple programming cycles, wherein
said fifth potential is not equal to said third
potential.

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

* [+ L M s *

of

i's
t he

equal

nt|é$f|s of é%emor&l%@6&8@&“&%&d@&hﬁfﬂnQYSﬁlalgbﬁgcghereln

’;

[



