A FLAgl%SABLE SI NGLE PCLY EPROM DEVI CE BACKGROUND OF THE | NVENTI ON 5 1.

Field O The Invention The present invention relates to the fiel grafutss o
el ectrically programmable and el ectrically erasable MOS devices. 0. Prl or
Art 10 Nuner ous read-only menories enploying floating gate nmenory

cells are well-known and comerci al |l y-tvail able. Typically, these nenories
are fabricated with MXS technoloo . Each cell_includes a polycrystalline
silicon (polysilicon)AffleAdiERMASE *a) 5 PG, ROM REXMIGEnded by
electrical insulation such as S|I|con d|0X|de Varlous 15 nechanisns are
used to transport charge onto the floating gate and to renove the charge
fromthis gate. BACKOROUNBOBTHRINVENTIORPROVE), charge is transported to
the floating gate through channel hot electron injection or aval anche
injection and is renoved by exposing the nmenory to ultraviolet radiation.
Anot her cl asg of ne may be 20 electrically erased as well.
EEPROVG utiI?zeEa tﬁﬁﬁhggégggggg%g%% the floating gate and the substrate

t hr ough whi ch chargéIHeSprE&mneivedtxmmaiatamda thedimld o€ electiailpg gate. In both
types of devices, a seco si.l i.con c ate is generally enployed.
The control gat B’qgéarEWéE{;rqngaﬂl qricallyfiras P%@%gf)"dfv potential and is
generally used during reading and witing 25 operations.

2.  Pror An

10 ~ Numerous read-only memories employing floating gate memory
cells are well-known and commercially available. Typically, these
memories are fabricated with MOS technology. Each cell includes a
polycrystalline silicon (polysilicon) ﬂoating gate which is completely
surrounded by electrical insulation such as silicon dioxide. Various

15 mechanisms are used to transport charge onto the floating gate and to
remove the charge from this gate. In one class of memories (EPROMs),
charge is transported to the floating gate through channel hot electron
injection or avalanche injection and is removed by exposing the memory to
ultraviolet radiation. ‘Another class of memories, EEPROMs, may be

20 electrically erased as well. EEPROM s utilize a thin oxide between the
floating gate and the substrate through which charge is tunneled onto and
from the floating gate. In both types of devices, a second polysilicon
control gate is generally employed. The control gate is electrically coupled
to a supply potential and is generally used during reading and writing

25 operaﬁoné.

It is desirable to implement memory cells such as those described
above on logic manufacturing technologies, so that logic functions and
memory elements can be incorporated on a single chip, to form electrically
programmable logic devices (EPLDs). Use of EPROM-like cells on logic

30 technologies enhances the performance of the logic devices by allowing
them to be custom configured by the user. One problem with the above-
described EPROM and EEPROM technologies is that two layers of

polysilicon are usually required, one for the floating gate and one for the

¢



It is desirable to inplenment nmenory cells such as those descri bed above on

| ogi ¢ manufacturing technol ogies, so that |ogic functions and nenory

el enents can be incorporated on a single chip, to formelectrically
programmabl e | ogi ¢ devices (EPLDs). Use of EPROMI|ike cells on logic 30

t echnol ogi es enhances the performance of the | ogic devices by allow ng them
to be custom configured by the user. Qg problemw th the above- described
EPROM and EEPROM t echnol ogies is that two | ayers of polysilicon are usually
requi red, onedntroltgaee.f Hostdvieg, dratbde aotlysdlieorf prodeksing is ndt odwrtvisd gat e.
However, double polysilicon proces&i ng s not otherwi se required to

manuf act ure NESuEed mﬂlﬁQF@T%M@ i@l's:CMQ(Sr]@&)’-'r EIrCHikpI aﬁ’émfioﬁ@. a doubl e
brocessing cameeryneArurulE HAGEERON o Gty el rdhiBianrpdcl ao-
Pol - EPROM 1 oF e B A DT P it afinel & 7
Ei tan, | EBE @ost dfBfeducing yiedds. paper, a menmory cell utilizing a single
polysilicon floating gate is described. The cell 10 includes a floating
gate n-channel tr&sestiyra shglapebsilicon lgaee EPREAM has been proposed (see
""A Single Poly-EPROM for Custom CMOS Logic Applications” by R.
Kazerounian and B. Eitan, IEEE/CICC 1986). In that paper, a memory
cell utilizing a single polysilicon floating gate is described. The cell
10 includes a floating gate n-channel transistor and a control gate.. The
"control gate” is an n-well which is capacitively coupled to the floating
gate. The single poly-EPROM is programmed by channel hot electron
injection into the floating gate and erased by exposure to UV light.
While the above memory element is compatible with single
15 polysilicon CMOS technology, it is further desirable to produce a CMOS
compatible memory cell which is electrically erasable as well as electrically
programmable. It is further desirable that the memory cellsishould be
capable of preventing "over-erase” mechanisms which occur in "flash” type
devices. Finally, the memory cell should be capable of preventing
20 “program disturb” and “D.C. erase” problems which occur in flash type

devices.



‘control gate" is an n-well which is capacitively coupled to the floating
gate. The single poly-EPROMis programmed by channel hot el ectron injection
into the floating gate and erased by exposure to UV light. Wile the above
-menory elenment is conpatible with single 15 polysilicon CMOS technol ogy, it
is further desirable to produce a CMOS conpati ble nmenory cell which is
electrically erasable as well as electrically programmable. It is further
desirabl e that the nenory cell sishoul3d be capabl e of preventing
"over-erase" nmechani sns which occur in "flash" type devices. Finally, the

menor y cel | ShddMIABY @’EHIEEIMVEMEMH ng 20 "programdisturb" and "D.C.
erase" problens whic eg occur in flash e devj ces. SUVWMARY OF THE
| NVENTI ON An el ecfpielegtrigaldy &é@@b@ g@@e Cé%@%li)tﬁFQ%famléﬁ%Pe single

| | | | | di,scl d.~Jh l.l, of th
B?egzlntl i(:(r)“r/leﬁg?ggwrea%yon agn? 3¢ ‘%ﬁg&' §§ﬁI1F Igisrc?lﬁ(’) erTh?/\,feiFﬁ%fltgousedeto 5
formthe fl ng'ésgﬂ Bﬂ%ﬁnoﬁ%ﬁﬁ‘iﬁ@s 81@1' B{Qielcﬁ?noﬁagep \Lﬁ%ﬁr hZed gguired, the

device can b |rrp enente urre gles wt out addi ti onal
processi ng ctompt exd ﬂy)atlffglgateonBeodusgerhﬂnynetli‘tﬂys@ilcbnllayaﬂmlraqerredl Othe

capaci tor which includes an n-well which is capacitively coupled
device can be 1mplemented on current CMOS technologies without
additional processing complexity. The control gate of the cell is an
inversion capacitor which includes an n-well which is capacitively coupled
to a polysilicon member. The polysilicon member serves as the floating
10  gate of the memory cell. The cell of the present invention is erased via
Fowler-Nordheim tunneling through a thin layer of silicon dioxide.
Additional embodiments including one with a dedicated PMOS
tunneling capacitor to improve erase performance, and an embodiment

including a select gate to allow reading of a memory cell on the same bit

15 line as an over-erased cell are disclosed.



.to a polysilicon nenber. The polysilicon nenber serves as the floating 10
gate of the nenory cell. The cell of the present invention is erased via
Fow er - Nor dhei m tunneling through a thin layer of silicon dioxide.

Addi tional enbodi nents including one with a dedi cated PMOS tunneling
capacitor to inprove erase performange, and an enbodi nent including a
select gate to allow reading of a nenory cell on the sane bit 15 I|ine as
an over - er asRRIEBIDESORIGTIONOFITHE DRAWIRRIEFF DESCRI PTI ON OF THE
DRAWNGS Figure 1 is a_three-dinensional, cross-sectional view of the

el ectrically prodfigurablieadhreeedisransionml] gross-sectinnal yienylaf thel ysili con

| ayer cell of the present invention..5 Figure 2 shows an glternative
enbodi ment et iEaly RORTMMABH po clatirierlly SSaRIE Ueele elysticon later
capacitor fo J ws a second alternative enbodi ment of the
present 10 #%géﬁ?ﬁ%ﬁﬁﬁg§g§V%“?§§'p|ate of the erase capacitor has a
portion tshat is doped n-type and a portion that is doped p-type. Figure 4

shows a third alternative enbodi ment of the present
Figure 2 shows an alternative embodiment of the present invention

which also includes a dedicated capacitor for erase.

Figure 3 shows a second alternative embodiment of the present
10 invention wherein the plate of the erase capacitor has a portion that is

doped n-type and a portion that is doped p-type.

Figure 4 shows a third altemative embodiment of the present
invention additionally including a select transistor.
15
Figure 5 shows a diagram of a portion of an array of the memory

cells of Figure 4.



I nvention additionally including a select transistor. 15 Figure 5 shows a
di agram of a portion of an array of the nenory cells of Figure 4. -5 -
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A single polysilicon |ayer
el ectrically erasable and electrically programmable read only nenory cel

I's described. In the follow ng descrH$tion, nunerous specific details are
set forth such as dopant %y 5 dooant Ievels voltaoes etc in order to
provi de a t hor SEJAILEL DESLR 3 & JENJ 11 be

obvi ous, however t c details
need not be enpl oyeds?lgﬁp&&gti&q] %ﬂer ﬁ?cégé%}%}g%ag%{ﬁgoﬁelﬁm ¥1er I nst ances,
wel | - known pr opegsamgableapsd anig mahb@d&narseiemibedeslﬁrmbealmmget ail in
order to avoi d unnecessarily obscuring.the 10 present invention. Figure 1
shows a curr en??%?“ﬁ%‘l‘é?“t“é“dO‘é?ﬁPGall m;gangarg B fﬁﬁﬁék‘?h sefppanhtye. t he present

vent i on Ayt ! B 3682 bikes MEDNYoraE! o pkBydE o ARIGRLAe A i PO

silicon substr rently preferred enbo
currently prefef rhecpresdnomvathn.l B wzlﬁsheroﬁwmbsL however, to one skilled in the

art that these specific details need not be employed to practice the present

invention. In other instances, well-known processing steps and methods are
not described in detail in order to avoid unnecessarily obscuring the
10 present invention.

Figure 1 shows a currently preferred embodiment of the memory
cell 10 of the present invention during fabrication. Memory cell 10 is
fabricated on p-type silicon substrate 12 in a currently preferred
embodiment. Although a currently preferred embodiment is described in

15 conjunction with p-type silicon substrate 12, it will be appreciated by one
skilled in the art that the memory cell 10 could be fabricated on an n-type
substrate, using the opposite dopant types for the diffusion régions and
wells as those described below. However, very high voltages would be
required for such a cell formed on an n-type substrate. In addition, for the

20  specific embodiments described below, specific voltage levels are given for
programming, reading, and erasing the embodiments described below. It
will be obvious to one skilled in the art, however, that other embodiments
within the scope of the claims may require different voltage levels to
perform these functions depending upon the exact dimensions, doping

25 levels, and desired performance characteristics.

Memory cell 10 comprises transistor 14 and control gate capacitor
15. Transistor 14 and capacitor 15 share polysilicon member 18 which
serves as the floating gate of transistor 14 and as a plate of capacitor 15. In
a currently preferred embodiment, polysilicon member 18 is a single,

30 continuous, heavily doped polysilicon member comprising the portion 18a
which serves as the plate of capacitor 15, portion 18b which serves as the
floating gate of transistor 14, and portion 18c which electrically couples

portions 18a and 18b. Although polysilicon member 18 is a single,



15 conjunction with p-type silicon substrate 12, it wll be appreciated by
one skilled in the art that the nenory cell 10 could be fabricated on an
n-type substrate, using the opposite dopant types for the diffusion regions
and wells as those described bel ow. _Elawever, very high voltages woul d be
required for such a cell formed on an n-type substrate. In addition, for
the 20 specidantinenbopolysilicen cestbérh arthedlotiow isg descriptiondt waljaldoeeel s are
given for programmj ng, teading, and erasing the epbodinents descri bed

bel ow. It wi I‘%F%ggo‘l?\ﬁso‘&}%?ﬂ’é“gﬁéa?d@ %’&‘JI F%’accl‘f@rH Ate Th%\ﬂéﬂ%‘?‘fmg NEPM ot her
enbodi ments wiLhj e f : ' r ' i t vol tage

| evel s to pe\rlrpg?'%ﬂ%e g’séﬁﬁﬁf?ﬁéﬁggﬁggé%mgﬁg%‘hﬁ?ﬁ‘é“egfgé’ﬁé gl:hgrg:nsi ons,

dopi ng 25 | eplsilicomchetietsdrrl®d apepiraterfoakng hae avtrespaiding to Werdyry cel | 10

conprises transistor 14 and control gate capacitor 15. Transistor 14 and
capaci tor 515 Kiund grpajale |pilaé%ﬁ0%$ﬁ9@%1%tw%lﬁnsl&a\ﬁ@§pb@§ Byhany txpgtofng gat e

of transistor f ] tormals. I n currentl eferred
enbodi ment, pol g?ﬁ?%@ﬂﬁ%&ﬁ%%ﬁ?ﬁ@di%aﬁﬁi%%_E}L*?ébte Sixfmﬁﬁ&exﬁ% i1y
doped pol ysi | feg@ite ABANRNAL proREésINIAUNS tROHldletrid BarrsbhdifgS@iy\@shas the
pl ate of capacitor 15, portion 18b which serves as the floating gate of

transi stor l4intespenqgsst mMushba ®E high sregritydormrersntychargepirem lsakingaof§ 18a and

18b. Al't houghofpl?lIe%Isl{elréocn%réctr.mnber 18 is a single,

10 In a currently preferred embodiment, transistor 14 is a short channel
enhancement NMOS transistor which comprises source 16, drain 17,
floating gate 18b, gate oxide 19 and channel region 20. In a currently
preferred embodiment, source 16 and drain 17 are heavily-doped n-type
diffusion regions doped with a suitable n-type dopant such as phosphorous

15 or arsenic to a level in the range of approximately 1020 atoms/cm3. Also,
in a currently preferred embodiment, conventional lightly doped drain
(LljD) processing is utilized, resulting in lightly doped regidns on both
sides of the channel 20. The LDD regions actually limit erase
performance, and most memory processes are designed to avoid making

20 LDD regions. However, in a currently preferred embodiment, where a
memory cell is being implemented on logic manufacturing technologies,
the LDD regions are required by the logic manufacturing process. The
width of channel 20 between source 16 and drain 17 is in the range of
approximately 1.3 fnicrons. The length of channel 20 is in the range of

25 approximately 0.4 rﬁicron. Also, in a currently preferred embodiment, the
thickness of gate oxide 19 is in the range of .approXimater 50-150A. Gate
oxide 19 is formed by thermal oxidation. Alternatively, a nitridized
dielectric could be used. Portion 18b of -polysilicon member 18 which
forms the floating gate of transistor 14, is heavily-doped n-type to a

30 concentration in the range of approximately 1050 atoms/cm3. Portion 18b
of polysilicon member 18 is doped at the same time as regions 16, 17, and
22,



_continuous polysilicon nenber, in the follow ng descriptionit wll also be
referred to as the floating gate 18b and capacitor plate 18a dependi ng upon

the context. Also, in an alternative enbodinent, in place of the single

- polysilicon nmenber 18, a separate floating gate corresponding to portion 5

18b and separate plate corresponding o portion 18a coupled by any type of

conduct | ve | nt er cenpgloa3UdnbifoH! dif FEfha DI BhbRiGRLNE AN generally

require additional processing el ectric surr I ng any such
i nt er connect mmetmbrepxefemidgdmbudumgmu tQagaoitpr &y eompcisey gellf2rlom I eak| ng of f
of the interc

[rentl preferre od|
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region 20. In a current odi nent, sourc 16 and drain 17 are
heavi | y- dopedcapat'yplelﬁi anmndn%arcég]odmslmbmpadmhcttrﬁ avelyingiwed 21 t ype dopant
such as phosphorous or rsenjc Iev I n th of _approxi mately
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- I'ightly doped reg T‘yongg %Qggth S|8Ies o%lthe chann%e 20. The L%!B regi ons
actual ly |ini ﬂ'heuraséawdveﬂwcmmHze anidp-typet partions §f polpsiiceremember d&si gned to
avoi d maki ng
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process. The drain 17. In Figures 1-4, the portions of the polysilicon members shown
therein are shaded for the portions which are doped n-type, and cross-
hatched for the portions which are doped p-type. The entire polysilicon
member in Figures 1-4 could be doped either all p-type or all n-type if
15 desired. In general, n-type is preferred as it provides a better source of
tunneling electrons. The doping occurs in a currently preferred
embodiment as shown in Figures 1-4 due to processing considerations.
Plate 18a overlying well 21 is capacitively coupled to well 21. Due
to this capacitive coupling, well 21 is able to function as the control gate of
20 the memory cell 10 as will be described below. In a currently preferred
embodiment, well 21 is an n-well doped with the éuitable n-type dopant to a
level in the range of approximately 1017 atoms/cm3. Heavily-doped region
22 is doped with an n-type dopant to a level in the range of approximately
1020 atoms/cm3. Region 22 is doped at the same time as other n+ regions
25 such as regions 16 and 17, as well as gate 18b. As will be discussed below,
region 22 serves as a contact region for méking electrical contact to
capacitor 15. Region 23 serves as a source of minority carriers to prevent
well 21 from going into deep depletion during programming. Ina
currently preferred embodiment, region 23 is heavily doped with a p-type
30 dopant to a concentration in the range of 1020 atoms/cm3. Region 23 is
doped at the same time as plate 18a. Thin oxide 25 has a thickness in the
range of approximately 50-150A. Finally, thick oxide 26 is the field

isolation oxide which electrically isolates capacitor 15, transistor 14,



.width of channel 20 between source 16 and drain 17 is in the range of
approximately 1.3 mcrons. The length of channel 20 is in the range of 25
approximately 0.4 mcron. Also, in a currently preferred enbodi nent, the

t hi ckness of gate oxide 19 is in the range of approxi mately 50-150A. Gate
oxide 19 is formed by thermal oxidatjon. Aternatively, a nitridized
dielectric co lf? pe used. Portion T pol ysilicon, nenber 18 which forns
the floating éj,ié"élwffeswgﬁé?eﬂéﬁ-‘*mmmsn%%rvlqev 10- R4 isRlatssmemeny 30

concentrati oned)nif feor @U\Q?igflsl d;’rp v .mif\%l%rﬂeﬂ[lﬁg}lfe%agﬁ‘{m:ﬁéﬂd Portion

18b of pol ysrflcon menber ope at the sa me as regions 16, 17,
and 22. - Tthe thhba-stcﬁnhxﬂ:ls omh‘der}armr% ical &e]r@ngesofaap@lﬂiﬁmamlpr si on

capaci tor :?9 referred a . Capacitor .15 co r| ses wel |
PG 1 usi on S0 oABiod &l B ed R BB SEE L3 EAPHRR ahove. and
as can be seeps {d@mEir eeofla B;d‘xﬁ,ﬂﬁbfyt 2 14 shares its floating gate with 5

capacitor 15. Portion 1 ol'ysilI"'con menber 18 overlying well 21 serves
as the plate of cé{bmsrtmoruraaf Figheet Bisifhricdtep abipgirhéthods weldkaowhdni s heavi |l y
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layer is formed over the structure of Figure 1. Contact openings through
the dielectric layer, and through any other oxide or insulative layers, for

10 example, gate oxide 14, to the various contact regions are then made
followed by one or more metalization layers, and finally a passivation layer
as is well-known in the art. Also, contact regions such as source 16, drain
17, regions 22 and 24, as well as all of polysilicon members 18, are
silicided to ensure conductivity. In addition, all similar structures on other

15  parts of the substrate not shown in Figure 1, as well as in the embodiments
shown in Figures 2-4, are silicided as will be appreciated by one skilled in
the art. In memory cell 10, electrical contact is made to source 16, drain
17 and regions 22 and 23. Electrical contact to these regions is shown
schematically by contact lines 30, 31 and 32 which contact source 16, drain

20 17 and regions 22 and 23 of Figure 1 respectively. No contact is made to
polysilicon member 18. That is, polysilicon member 18 is completely
surrounded by an insulative layer.

In m‘emory cell 10, well 21 performs the same functions as the
control gate of the prior art device. In a prior art device, the control gate

25 is made of a second polysilicon layer disposed above and electrically
isolated from the floating gate. As described earlier, the second polysilicon
layer is not compatible with logic processing technology. Memory cell 10
of Figure 1 is completely compatible with standard MOS iogic fabrication
technology. ‘.

30 Memory cell 10 is programmed by hot electron injection into the
floating gate. To program cell 10 in a currently preferred embodiment,
approximately 7 volts is applied to drain 17 through contact 31 and
approximately 7 volts is applied to n-well 21 through contact 32 while the



.generally can be anywhere along the portion marked 18c connecting gate 10
18b and plate 18a, taking care to prevent counter-doping of, for exanple,
drain 17. In Figures 1-4. the portions of the polysilicon nmenbers shown
therein are shaded for the portions which are doped n-type, and cross-

hat ched for the portions which are-doped p type The entire polysilicon
menber in Figures 1- 4 coubgrbe do edtﬁgt all n-type if 15

desired. In gifFefnd hesypsirate ats erpungedy qrfhﬁgﬁ\?ﬁ@‘gignit}l%tt source of

tunneling el eglet@dss arI%@né?%H@ﬂcHzﬁﬁHf?O Which Wers%m&bfnﬁ!n%f'%f %oed embodi ment
as shown in Figures 1-4 due to processing considerations. Plate 18a
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enbodi ment 5 weh lflo2fing gatar1 8rWig)lis doped with the suitable n-type dopant to a
| evel in the range of approxi matel y 1017 atoms/crr[ err]. Heavily-doped
region 22 is doped with an n-type E@pe@@Rf"o @Gl evel in the range of

appr oxi mately @;&d i me as
ot her n+ regi gﬁgl?eg\éabq ecdgstggéegllaggggnggﬁgﬂ n&jas \A}g%e gg@gcgte 1gt8

‘will be di scummchxﬂeh(gﬂanﬂggﬁheﬁo&ﬂulserves as a contact region for rrakl ng
el ectrical contact to capacitor 15. Region 23 serves as a source of
mnority carriers to prevent.well 21 frofcgeing into deep depletion during
programm ng. In a currently gFgf eCoadeniGed prenCparegi on 23 is heavily
doped vmth a p-t 30 dopant to.,a concentratiaon _jn the rlan e of 1020

at ons/ cnB.l Regfhgf; égAP gquals the capacitance of capacitor 15, CGATE equals

capacitance between floating gate 18b and channel 20 and CpaR is the sum

of all parasitic capacitances such as the capacitance between portion 18c of
polysilicon member 18 and, for example, the substrate through thick oxide
26.

15 As mentioned above, region 23 provides a source of minority
carriers, which prevents the well 21 from going into deep depletion during
programming. If this were to occur, the capacitance of capacitor 15 and
therefore the gate coupling ratio would be degraded. The programming of
memory cell 10 is a function of the effective length of channel 20, the gate

20 coupling ratio, and the applied voltages. Programming time depends
strongly on the voltage applied to drain 17, while the final program
voltage, VFG is strongly dependent on the voltage applied to well 21.

To erase memory cell 10, well 21 is grounded and a potential of
approximately 7-10V is applied to source 16 while drain 17 floats. Under

25 these conditions, an electric field of sufficient magnitude is developed to
cause electrons to tunnel from floating gate 18 to source 16 through gate
oxide 19. (Fowler-Nordheim tunneling). As mentioned earlier, the
tunneling in this cell occurs through a lightly-doped diffusion (LDD) of
source 17, which is not shown in Figure 1. The proper voltages to be used

30 in this and other embodiments of the present invention will depend upon
the thickness of the oxide through which the electrons must tunnel, the

desired performance characteristics, and other factors.



doped at the sane tinme as plate 18a. Thin oxide 25 has a thickness in the
range of approxi mately 50-150A. Finally, thick oxide 26 is the field

i sol ation oxide which electrically isolates capacitor 15, transistor 14,
=8- diffusion regions 22 and 23 within nmenory cell 10, and isolates nenory
cell 10 fromother cells or devices...In a currently preferred enbodi nent,
the thickness of thick oxide | ayer 2]8 Is in the range of approxi mately
3000A. Also in a clpreat mpmpreeadl 1@ Gatdopaetential (thea apb@gmgetweexapaci tor 5

15 is in ther f r.oxi l v _Slerr][.erhl. e re of Figure 1

I's fabricated @%?ﬁ%ﬁ% ﬁ@é%)év\%ﬁﬁknﬁg\’é{ rlnf{le{d hcgna?Pfi meﬁﬂsrésﬁh%t? %gog%%?g(gjzof

processi ng shawrograntrhedicell)ls prined bethgde@itet ightec Jeayiap diguftotigpd over the
Cont act, openi ngs through the dielectrjc |ayer, and

structure of Figure, 1 )

t hrough any otsl"l’gsre whsther Girenh Japadeiecendhe saurce 4 and draipalol K thefat e oxi de
14, to the svaid QuaneRlbAtted SAONES B alPly TRE R Of b, by one or rmore
netalization |layers, an Inally a passivation layer as 1s well-known in
the art. Al sounpmgraumededf nnapprechbiscisremt flewkfthechedli is chidsideregi ons 22 and
24, as well as_all of polysilicon nmenbers 18, are silicided to ensure
conductivity. PFR8H¥P¥9on, all sinilar structures on other 15 parts of the

substrate not showpigufe FisBeW eadoth@SpraRirfedambdlihb® SMRePrdRat s

invention. Memory cell 40 comprises transistor 44, control gate capacitor

10 45 and erase capacitor 43. Transistor 44 and capacitor 45 are similar in
structure and function to transistor 14 and capacitor 15 of memory cell 10
of Figure 1. As in memory cell 10, the polysilicon member 48 of memory
cell 40 is shared by transistor 44 and capacitor 45. Additionally,
polysilicon member 48 has an additional segment, shown as segment 48¢

15  which forms a plate of capacitor 43. The structure and performance of
memory cell 40 with regard to transistor 44 and capacitor 45 are similar to
the structure and performance of memory cell 10, except fof erasing as
described below.

In memory cell 40 of Figure 2, capacitor 43 performs the erasing

20 function. Capacitor 43 comprises well 71, diffusion regions 72 and 73,
thin oxide 75 and portion 48c of polysilicon member 48. In a currently
preferred embodiment, well 71 is an n-well doped to a level in the range of

. approximately 1017 atoms/cm3. Region 72 is a heavily-doped n-type

region doped to a concentration in the range of approximately

25 1020 atoms/cm3. Region 73 is a heavily-doped p-type region doped to a
concentration in the range of approximately 1020 atoms/cm3. Thin oxide
75 is a thermal oxide grown to a thickness in the range of approxiinately
50-150A. Also in a currently preferred embodiment, capacitor 43 has an
area in the range of approximately 1.042. Thick oxide 56 electrically

30 isolates capacitor 43 from other portions of memory cell 40 as well as
from other cells in an array or from other devices. Optionally, thick oxide
56 can separate regions 72 and 73 as shown in Figure 2. However, if

desired, regions 72 and 73 can be placed together without a portion of



.shown in Figures 2-4, are silicided as will be appreciated by one skilled
in the art. In nenory cell 10, electrical contact is nmade to source 16,
drain 17 and regions 22 and 23. Electrical contact to these regions is
-shown schematically by contact |ines;30, 31 and 32 which contact source 16,
drain 20 17 and regions 22 and 23 of Figure 1 respectively. No contact is
made to pol y3hick osidenghmbetwvees therpaRegion Bgllsyﬁﬁqdi aSGhSARSR® eF MIRCKY conpl etel y

Sur e, Dbt AR el EL o, folfE TR 089 bt Bbling gt Lor > Lo
device, the ¢enatdatengBtgreBired émbadiancot, porsioadtdd ¢ropolgsiliceaimdmper di sposed
above and electrically isolated fromthe floating gate. As descri bed
earlier, the4SeuERaingoweHiNliisbrayily depedwibta Ersmgmré i@t h | ogic _
W th ot andar ORCR RGN YRR Ao e Rt BLlRo a0 R R Reigl s 0P 10 (s
e T i e e e R
-applied to dmsaing tide ahregigh 73orAwith3nemody éq:ibﬂﬁxpmﬂitoal%b?oﬁ/ol ts is applied
to n-vell 21 pto yrs?llilc%rx]‘l member 58 "i%sz hmiilly?dcgpré% with _ag_n-type dopant and portion
48a is heavily-doped with a p-type dopant.
10 In the embodiment shown in Figure 2, capacitor 43 is a PMOS
tunneling capacitor and is a dedicated erase capacitor for memory cell 40.
Memory cell 40 is erased by applying a potential in the range of
approximately 7-10 volts to well 71. The potential is applied to regions 72
and 73 as shown schematically by contact 63. During erase, well S1I,
15 source 46, and drain 47 are grounded. Because erase capacitor 43 has a
relatively small area, it has a low coupling ratio. This causes most of the
voliage applied to well 71 to fall across oxide 75 rather thanioxide 49 (as
-occurs with capacitor 45 when a voltage is applied to well 51). This high
voltage oxide 75 causes electrons to tunnel from plate 48c to well 71
20 during erase. The dedicated erase capacitor 43 for memaory cell 40
improves the erase performance over memory cell 10 of Figure 1. First,
the tunneling current is improved for a given applied erﬁse voltage since
the voltage drop across the tunneling oxide (oxide 75) is not limited by the
LDD as is the case in memory cell 10, where the LDD depletes when an
25 erase voltage is applied to source 16, thereby reducing the voltage across
oxide 19 of cell 10. In cell 10, additional processing would be required to
form devices without the LDD in the array in order to overcome the
limitation the LDD places on erase performance. Also, the fact that the
high voltage node for erase is now an n-well instead of an MOS source
30 diffusion allows for a higher erase voltage to be applied without the risk of
breakdown. That is, the breakdown voltage of the well 71 of Figure 2

(approximately 20 volts) is higher than that of source 16 of Figure 1



.source and the substrate are grounded. Under these conditions, hot

el ectrons are generated in channel 20 which have sufficient energy to
penetrate gate oxide 19. These hot electrons are attracted to floating gate
.18b due to the electric field created by capacitor 15. The resultant
voltage 5 on floating gate 18 (VF@-is VFG = GCR * VCG where VCG is the

vol t age pl aced on .n-wel 1 apd , GCRis th te coupling ratio and is given
by the fornuf%?pr?’@‘f“ra}l\ﬁlg%zm@&eﬁpdéﬁéfhﬁ?gf?ﬂe‘h@éggé?‘ﬂ%ﬁég Bf capacitor
15, CGATE equalch rhbi@ Healdribacabeyyean floating gate 18b .and channel 20
and CPAR is the sumof al’l parasitic capacitances such as the capacitance

bet ween portion Hgursf3 ghuiwssinothes preferrbé embediament of dhe preasrsl e, t he
substrate thegq t hi.ck oxide 26.0.15 .. As nenti oned apove, region 23
provi des a sghvggﬁo%‘f j %W(W_‘:Sgrgrgi %r%’,g”m b 'ﬁ?’?\’/%?ﬁ@ﬁtcﬁ@gﬁ)eﬁteﬂ from
going i ntg degfacitepBSleraR cdpidiie 8PRAGIPEREMAIY! the S4Hhe aVBietndrp cegcur, the

capaci tance of capacitor 15 and therefore the ' gate coupling ratio would be
degraded. Thé0of &dguiend except neie il portien|of tie pelysilitomsegnesntof the effective

sk of chapbelngthe LAk 8548,% G RRaEA S TRHIE AR S0 ) i,
17, whil e thend anirtign bevaldopkt pogpe. VREefdriing t6 Giglry 3derepsiton on the
vol tage appl is}?éijg gs \é\%cli Es he]é'vily-dOped p-type, to a concentration in the range of
10 approximately 1020 atoms/cm3. The portion shown as 88c is heavily-
doped n-type to a concentration in the range of 1020 atoms/cm3. As shown
in Figure 3, n* contact region 112 and p* region 113 are disposed next to
one another in a currently Iﬁreferred embodiment. As shown, electrical
contact is made to well 111 through contact 103, which contacts both
15 regions 112 and 113. Erase capacitor 83 is a “hybrid capacitor” in that
there is both n-type and p-type portions of the plate. Alternatively,
capécitor 83 could be a “simple capacitor” having a plate of a single dopant
type such as is shown for capacitor 43 of Figure 2. As with the previous
embodiments, all n* diffusion regions and n* polysilicon segments are
20 doped at the same time in one processing step (i.e., regions 86, 87, 92 and
112 and polysilicon segments 88b and 88c), and all p* diffusion regions
and p* polysilicon segments are doped at the same time in another
processing step. Memory cell 80 of Figure 3 has improved erased
performance over memory cell 40 of Figure 2 since the nt segment 88c is
25  a better source of tunneling electrons for erase than the p* segment 48¢ of
memory cell 40, Alternatively, all of polysilicon member 88 could be
doped n* in a separate processing step to provide a source of electrons for
tunneling. However, this approach would not be compatible with the above
described “complementary polysilicon processing™ wherein polysilicon
30 segments are doped the same type as adjacent.source, drain and similar
diffusion regions, and would therefore require additional processing.
Figure 4 shows a further preferred embodiment of the present

invention. Memory cell 120 of Figure 4 is similar to memory cell 80 of



To erase nenory cell 10, well 21 is grounded and a potential of
approximately 7-10V is applied to source 16 while drain 17 floats. Under 25
these conditions, an electric field of sufficient nagnitude is devel oped to
-cause electrons to tunnel fromfloating gate 18 to source 16 through gate
oxi de 19. (Fow er-Nordheimtunneling). As nmentioned earlier, the tunneling
in this cell occurs through a |Iightly-doped diffusion (LDD) of source 17,
which i s not Haw&? except giatdn addifpe (phayiag aveAnskpssl 2doComrQlede 30 in this

and ot her e | t bV | i 4 d n the

t hi ckness om éea@gil?ig%%%%gaggﬁﬁghl%%éﬁ%f'%@{%reonlsiorfﬂgfﬁ‘?susr?ne , the desired
performance ahmsBrird60stRegfon PEBIsepvdreds thaed@es of transistdP 124 aad iead menory
cell 10, a "read" potential (i.e a voltage between the threshold voltage

(i.e. .
of an unpr ogroieR] trAISISIING0; He Wil hegmEsreed\ig)2s 29urcsf163 onrdrgiaked cel 1) s
pl aced on 4 h : . [ [ i .current
fl ows bet méeeﬁde? ﬁrgﬁlé%h?%g 6coz§§é§%'d?g?r§isi§ﬁzlt4$ n{:lﬂgélse&gﬂéﬁelsgg%&ug{aéﬁt bet ween
source 16 and2dr Setect #andister t&0 Inclirles seladtatecth Iy sgleaggateroxide 162, no
appr eci abl e curreq | is cansidered programed. Figure 2

shows anot herSOBIcEs éﬁ%gﬁéﬁﬁﬁggnﬂe%satﬁ H&! spEpEises hea"ﬂy doped n-type

polysilicon in a currently preferred embodiment. Select transistor 160
provides for improved programming performance as well as for protection

10 against over-erase mechanisms.

To program memory cell 120, both wells 131 and 151 are brought |

toa poténtial in the ran ge of approximately 7V through contacts 142 and
143 respectively. As with memory cell 80 of Figure 3, erase capacitor 123
can be either a simple capacitor or hybrid capacitor as shown. Drain 127

15 is biased high to a potential in the range of approximately 7V, and source
126 is grounded. Select transistor 160 is turned on by applying potential in
the }ange of approximately 3.3 volts to select gate 161 through contact 144,
thus allowing current to flow through transistor 124. Under these
conditions, avalanche breakdown in channel 130 will occur, and the hot

20 electrons generated will penetrate gate oxide 129 and be attracted to
floating gate 128b. Memory cell 120 is erased in substantially the same
manner as memory cell 80 of Figure 3.

To read memory cell 120, a potential is applied between source 126

and drain 127. The control gate (i.e., capacitor 125) is turned on by

25 applying a read potential in the range of approximately 3.3V to well 131
via contact 142. Transistor 160 is turned on by applying a potential in the
range of approximately 3.3 to select gate 161. When memory cell 120 is
unprogrammed, (i.e., no charge present on floating gate 128b) transistor
124 will be on (since the read potential is greater than the threshold voltage

30 of an unprogrammed cell) and will conduct current that can be sensed.
When the memory cell 120 is programmed, transistor 124 will be off
(since the read potential is less than the threshold voltage of a programmed

cell) and will not conduct current appreciably. Thus, the higher threshold



~invention. Menory cell 40 conprises transistor 44, control gate capacitor
10 45 and erase capacitor 43. Transistor 44 and capacitor 45 are simlar
in structure and function to transistor 14 and capacitor 15 of nenory cel
.10 of Figure 1. As in nenory cell 10, the polysilicon nenber 48 of menory
cell 40 is shared by transistor 44 %ﬂd capacitor 45. Additionally,

pol ysilicon nenber 48 has an additional segnent, shown as segnent 48c 15
which fornms aVpitagedenreseupadregiamasd ceHangthe dowerdhessholeYdlBEfmance of

™ avpe _ . _ of
The st ruct ur o Sans PormepRanpld I Abn A ARG anR Ehbils o T T 1

descri bed bel edvethen carem ffowsLhnd,4Rerefork] ﬂhitﬁeﬁhe%ﬂ&@kﬁ@%raﬁﬁn@ﬁéﬁ orms the
erasing 20 function. Capacitor 43 conprises well 71, diffusion regions 72
and 73, thin BRPWEFBMAAd portion 48c of polysilicon menber 48. In a

currently preferr L, NE, V | s wel. a level in
t he range (ij apprg% ﬁg@g%'Hi%Fgﬁrﬁg%t%rég;e?ﬁ?gt;e?ﬁ%éég?a ggeb%it?% a
heavi | y- dopedmemypecl 8i dfiFigiopSd AceH monbesiead verrerasedtwieerenge of

approxi mately 25 20 atons/cnB, Regjon 73 is _a heavily-doped p-type
regi on doped F‘b”%f"ifg‘?’(ﬁ%'ﬁil‘tr? i%‘ﬁ’sfsﬁort% reg4 eSS whsihend ‘F%ﬁ;’ 020
at ons/ cnB. Thhghieg 1dahd &m&:ng/iter%er,r%q %s@ksmmvx@fati@xe%s HunCéReE) | N the

range of approxi mtely 50-15 soin acurrently preferred enbodi nent,

capacitor 43 Hazerah by @Hashtypadevigagehert saygralosallivan elophumfsbare]therr]. Thi ck
%irrg?ySSeﬁhez niéés: g&gﬁeetgg, Argi%l??t ﬁscog'x%?gnciotﬁ[ cé% i];’xrtﬁén cgltuprglr), B?Eélisouqs of

the same column as an over-erased cell are unusable. This is because if an

attempt is made to read an otherwise functional cell on the same bit line by

applying a potential to common drain 87 and the control gate of the

functional cell and grounding the common source 86, no difference in

15 threshold voltage between a programmed and an unprogrammed state of

the functional cell can be detected since the over-erased cell causes current

to flow in the common bit line, causing the sensing circuits to interpret all

cells as being in the erased binary state.

Returning to Figure 4, it can be seen that select transistor 160 will

20 buffer memory cell 120 from an over-erased cell sharing the same bit line.
As described above, no current will flow unless a voltage of approximately
3-4 volts is applied to select gate 161. Thus, no current will flow through
an over-erased cell which is not selected by turning on its select transistor
160, and another functioning cell in the same column can be read by

25 turning on the select transistor of the functioning cell during read.

The broblem of program disturb, wherein a programmed cell (the
deselected cell) gets erased during the programming of another cell (the
selected cell) on the same bit line, can be virtually eliminated in memory
cell 120 by biasing the control gate of the programmed (deselected) cell

30  during programming of the selected cell. Referring again to Figure 3,
assume that the cell 80 is an already programmed cell on the same bit line
as a cell to be programmed. Because a cell on the same bit line is being

programmed, drain 87 will be biased high. Therefore, in the programmed



fromother cells in an array or from other devices. Optionally, thick oxide
56 can separate regions 72 and 73 as shown in Figure 2. However, if

desired, regions 72 and 73 can be placed together wi thout a portion of -
‘11 - thick oxide 56 between them Region 73 is used as a source of mnority
carriers to prevent well 71 from going into deep depletion during erase. In

a currently predibof EigueerBpalhighriotertial beweeABGaiaf87naldyBodiingoutareger 48
overlying well 71 is heavilgdoped with a p-type dopant to a 5.
concentration Wil KISt fsamglar & thg SHHEGMENTERg ersy Bem sareh8fk spesing . Agai n,

same time ns. 1 oneaatPARh e ALuBE KRH 83620 SERNRY, eiidinkdpé DOFV<T i con
menber 48 is hdeseldceddefied Wi th an n-type dopant and portion 48a is
Fraure 2. eapact t o BTN FUFIBBIS hohisERbRTbl ARINPEAYded cat ed
ot ant | al i R P B L of TSRS R el o e SPGB 40P ! 10 @
potential is apgedted celd beingiprograrneindWid the contooingase h2frbiasedihigh (y cont act
ggc al?; (ral 2? ag;agggg\é\?r{x%ﬁg}l@e %g@e 39%1’@%13? Ex’ghgp \erolctiargacl ltr:]vé?ofat‘ﬂg d%r'u?gtrxlxgiggd'
programming), the voltage difference between the floating gate 128b and
10 drain 127 is greatly reduced, preventing the deselected cell from being
erased. Note that this could not be done with memory cell 80 of Figure 3,
because a high bias on the control gates of all cells on the same bit line as a
cell being programmed, while protecting programmed deselected cells
from being erased, would turn on any deselected cells which were
15 unprogrammed. This_ in turn would program the previously
unprogrammed cells and cause an undesired increase in power
conéumption. In cell 120 of Figure 4, however, the control gate of all
" deselected cells can be biased high to prevent the erasing of deselected
programmed cells, because the presence of the select gate (which is on for
20 the selected cell and off for all others) prevents current from flowing in
deselected unprogrammed cells and, therefore, prevents programming of
the deselected cells.
~ Finally, the problem of DC era-se/program-ming can be reduced or
eliminated in memory cell 120 with appropriate bias conditions. Figure 5
25 illustrates four memory cells 120 in an array. The cells labeled A and B in
Figure 5 are in one column, the cells labeled C and D are in an adjacent
column. Cells A and C are in the same row as one another, as are cells B
and D. If cell A is being programmed, the select gate 161a and the control
gate 125a for that row will be on, as shown by approximate voltages. The
30 source will be grounded by having transistor 170a in the periphery' on as
shown. As described previously, other control gates, such as control gate
125b, will be on to prevent program disturb in other cells in the samé

column as cell A. The select gates for these cells, such as 161b, will be off



relatively small area, it has a |l ow coupling ratio. This causes nost of the
vol tage applied to well 71 to fall across oxide 75 rather thani oxide 49 (as
.occurs with capacitor 45 when a voltage is applied to well 51). This high
vol t age oxide 75 causes electrons to tunnel fromplate 48c.to well 71 20

during erase. The dedi cated erase capacilter 43 for menory cell 40 inproves

the erase perfor . fe Flgure 1. Eirst, the tunpeling
current is inﬁgg\%ﬁﬁ\{ﬁ{%ﬁ@gﬁf %’%ﬁ‘l&&%g%g%&“?gﬁ%’%r&&?emsﬁﬁeg‘staﬁéﬂmsts e
drop across theetiefBl.i ng oxide (oxide 75) is not linmted by the LDD as is
the case in nenory cell 10, where the LDD depl etes when an 25 erase

vol tage is appliedln thesadjacentidlutinecenpiniageellng amd D,aht3gebres e DEXI de
19 of cell 10. In,cell 10, additional processing would be required to form
devi ces wi t hoGFaSCARIOBFMITING igan Qe hlasiratedy ipce selbfe iscianthet sagne rowvtaat i on

. . f .th h i gh |
hode Tor " epas ot SR 1 Bol PREGEnaiel i el edRsistort ko b andicbrusf on o
allows for a bBhghepSLaASBoMObS 2adShelr&obe cﬁ'ﬁgi l?ﬁé%\/\%@%ﬁgﬁofzze%@%ﬁ%

breakdown. That is, the breakdown voltage _
(appr oxi mat el §V2@/hilel saurce 4 26bgberotried, ohlseodurssitweulkbfiely MHrguge cdil

-12 - (approxiimtely 7-8 volts). This is due to the fact that the source 16
i s C, thereby programming cell C. However, if both the source and drain
were grounded, then the source, drain, and channel of cell C would be at
10 OV, while the control gate is at 8V. If cell C were programmed, this
voltage difference would pull electrons from its floating gate to the control
gate 125a, thereby partially or completely erasing cell C (DC erase). If
cell C were unprogrammed, the voltage difference between the control gate
and channel of cell C would pull electrons from the channel to the floating
15 gate, thereby programming cell C (DC programing). In the present
invention, this problem is overcome by use of transistor 170b in the
peribhery. When transistor 170b is off, as shown, source 126b will float
to, for example, 7V as shown. This prevents any current from flowing
between source 126b and drain 127b through cell C. Also, since the source
20 126b and drain 127b are at 7V, the voltage difference between the source,
drain, and channel of cell C and control gate 125a is eliminated, preventing

DC erase or DC programming.

Thus, a single polysilicon layer electrically erasable and electrically
25  programmable memory cell is disclosed. Embodiments utilizing a
dedicated erase capacitor and a select transistor are also described. The
memory cells of the present invention are fully compatible with logic

device manufacturing technology.



much nore heavily-doped than well 71. Figure 3 shows another preferred
enbodil resent invention. The nmenory cell 80 of Figure 3 has
transi mm”m!lﬂ@mm gate 5 capacitor 85, erase c i --_é}%h@@Em
essenti*al Iy " s nenory cell 40 of Figure 2, eXx ﬁt%émééﬁ por ti on
of the polysilicon segnent overlying the erase capacifor 8§ ot

portion heavily-doped n-type and a portion heavily-doped p-type. Referring
to Figure 3, the portion shown as 888L&EMheavily-doped p-type, to a

concentration in the range of /10 approxi el y, 1020, at.ons/ cnB. The portion
shown as 88c is hedvi | yANEdaECHIN Q%TQTBHE%L%H{‘EH]FFHW‘@M Gras range of
10[ err] atons/ J: ' 3 : ' .and p+
region 1 13 ar@&%ﬁ{sg;%%%@?er@é&&v@%) l%n@rg]lr%gﬁ?e?sl nl%?’?h?@érsl ?%aggé’# ér%}rgtg
enbodi ment . AscafdRehvitg ket domgisisgnt act is made to well 111 through

contact 103, which contacts both 15 regions 112 and 113. Erase capacitor
83 is a "hybrid capddist gagion af 8 segondeandurdvitytypen- t ype and p-type portions

of the plate. Alternatively. capacitor 83 cauld .be a "sinple capacitor”

having a plate of & %Fﬂ@‘fé%/%bgﬁ a‘?ﬁfé’"@f@rﬁ‘ 3%“‘(‘2" §kStn for capacitor 43 of
Figure 2. As with tghehaRh€Mepibn RINEEH SR Est Ald sdid séddniduefom; r egi ons and n+
polysilicon segnents are 20" doped at the same tinme in one processing step

(i.e., regions 86, aggate dizleptdic disposgdalpoeyseid ¢hamnekegiatit s 88b and 88c),
and all p+ diffusion_regions d pt_polysi.licon segments are doped at the
sane time in anot hgs%;ﬁgggquﬁ%og?égﬁ 5«%?18}%1/%3%'?1 a'glo of Figure 3 has

i nproved erased a first capacitor, said first capacitor comprising a doped well of said

second conductivity type and a plate capacitively coupled to said doped
well, said plate being electrically coupled to said gate, wherein said
memory device is programmed by a method comprising applying a
potential to said well and a second potential to said second region, and
wherein said device is erased by a method comprising applying a third

potential to said first region. i

2.  The memory device as described in Claim 1 wherein said first

conductivity type is p and said second conductivity type is n.

3.  The memory device as described in Claim 2 wherein said well
comprises a first diffusion region, said first diffusion region being heavily
doped with a dopant of said second conductivity type, and a second
diffusion region, said second diffusion region being heavily doped with a
dopant of said first conductivity type, wherein electrical contact is made to

said well through said first and said second diffusion regions.

4.  The memory device as described in Claim 2 wherein said gate

and said plate comprise a single, continuous polysilicon layer.

5.  The memory device as described in Claim 3 wherein said gate

i rise a single, continuous polysilicon layer.
and said plate compris & poty Y This Sheet Has Been Replaced

[T




perfo“m" ry cell 40 of Figure 2 since the n+ segnment 88c is 25
a bet gﬂ‘mg[lm%nel ing electrons for erase thag,F TS ggﬁ@g 48c of
menory’ cél | Lt40wu atively, all of polysilicon nt é:ﬁgg‘ é@ doped
N+ in a separate processing step to provide a source_of 5 ‘c’f ns f o

tunnel i ng. However, this approach woul@ not be conpatible with the above

descri bed "conpl enentary pol ysilicon processi n‘g" wherein poatﬁsi licon 30
segments are doped®-t heASdiectrigaldy Rrogiamarabig asd gleskicaliyArasatiel simi | ar

Figure 4 showioame B HEHbA, BNEERARR I Ay AL Mbe TSN o

Menory cel | 1@hduktifitguyse dorhprisingi | ar to menory cell 80 of -13 - Figure
3, except that in additign tq hawﬁ a transistor 124, control gate
capacitor 125 and 3heseegiapaéarseronbeondushiity tyRdi1 120 al so has sel ect

transi stor 160. Regj.qn 3.serves .as the sourge. of transistor 124 and the

drain of transi stoar48%86&%ﬁlgwor?algée?oer}‘ﬁ??'néiécﬁy}ébp§0urce 163 or drain 163
5 depending upon  ¢HangeNte@idn betwvaps ssiddirstadd §416 ket epirse 163 and drain
127. Select transistor 160 includes select gate 161, sel ect gate oxide 162,

source 126 and dr & gata @Blectrt disposed ebovgisaibehanngbregimayvi | y doped n-type

polysilicon in a Caugrartgggslp}éseod’aego%rersg% §a e%ge'lgcﬁplé;' Sel e_c.t transi stor 160

a first capacitor, said first capacitor comprising a doped well of said
second conductivity type and a first plate capacitively coupled to said doped
well, said first plate being electrically coupled to said gate; and

a second capacitor, said second capacitor comprising a second doped
well of said second conductivity type and a second plate capacitively
coupled to said second well, said second plate being electrically coupled to
said gate.

7.  The device as described in Claim 6 wherein said first

conductivity type is p and said second conductivity type is n.

8.  The memory device as described in Claim 7 wherein said first
well comprises a first and a second diffusion region and said second well
comprises a third and a fourth diffusion region, said first and said third
diffusion regions being of said second conductivity type and said second
and said fourth diffusion regions being of said first conductivity type,
wherein electrical contact is made to said first well through said first and
said second diffusion regions and electrical contact is made to said second

well through said third and said fourth diffusion regions.

9.  The memory device as described in Claim 7 wherein said
device is programmed by a method comprising applying a first potential to

said first well and a second potential to said second region, and wherein

This Sheet Has Been Repla
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pr &bis ee %ed programing perfornance as wel f n 10
agai ﬁﬁﬁ mechani snms. To program nenory cel Tﬁ%%&ﬁ%&ﬁ@ 131
and t to a potential in the range of approxi “§ 7V_t by ough

contacts 142 and 143 respectively. As with nenory cell 80 of Figure 3,
erase capacitor 123 can be either a sigple capacitor or hybrid capacitor as
shown. Drain 127 15 s biased high to a potential in the range of

appr oxi mat el ysai/dewisq is otased byzemethogropmptising Sppleing a third peteotiallteo i s
turned on by applyin ential in the range of approximtely 3.3 volts to
sel ect gate lﬁgfﬁﬁoéﬁg‘ﬁ&i'ont act 144, thus allowing current to flow through
transi stor 124. Under these conditions, aval anche breakdown in channel 130
will occur, and the hot 20 electrons generated will penetrate gate oxide
129 and be attractldd t dhtlmanhongdeateas @&oribde mm ClaioeB lwlie2eini saidr ased in

substantially the same manner, as nenpry cell, 80 of Figure 3. To read nenory
cell 120, a p8twWRt isProgsampled; kiga Rt FOEBTiF 88 2PBEYIRAA ehDRteRLRl toThe

control gate (j: t oSt P | ' .a read
potential in %dﬁg%rrgn‘ggﬁgﬁaég%rc éﬁ‘? o%eéf:%%ﬁ%%l ?%o\%lr%élfglg\% ?hggen act 142.
Transi st or 166niddeviceriedrasad thy ampthadgpraprmsiteapplying o thikd porndel of
approximately 3.3 to selﬁct gate 161. Wien nenory cell 120 is unprogramred,
(i.e., no chafyd spr¥eeWelon floating gate 128b) transistor 124 will be on
(since the read potential is greater than the threshold voltage 30 of an
unprogramed cell) and will conduct current that can be sensed.

11." The memory device as described in Claim 7 wherein said gate,

said first plate and said second plate comprise a single, continuous

polysilicon member.

12.  The memory device as described in Claim 8 wherein said gate,
said first plate and said second plate comprise a single, continuous
polysilicon member.

13. The memory device as described in Claim 10 wherein said
gate, said first plate and said second plate comprise a single, continuous

polysilicon member.

14. The memory device as described in Claim 11 wherein at least

a portion of said second plate is heavily doped n-type.

15. The memory device as described in Claim 12 wherein at least

a portion of said second plate is heavily doped n-type.

16. The memory device as described in Claim 13 wherein at least

a portion of said second plate is heavily doped n-type.

17. The memory device as described in Claim 14 wherein said

third and said fourth diffusion regions are located adjacent to one another,

Y g



n 120 is programred, transistor 124 will be off (since

the”mm“mm mlﬂﬁ“s | ess than the threshol d vol t 4g9liHGHE E‘pr}-g.\@rﬁ{qﬂﬁ cell)
| £ nbt *toriduc¢t current appreciably. Thus, thﬁ hi g PLtA gsho

"14 - voI tage represents a programred cell and the | t age
represents an unprogramed cell. Apprdpriate sensing circuits can det ect
whet her curregid ihemsn Qﬂﬁasﬁé‘ﬁéﬁf&r@f sl ediReand Qﬁd%hhb'é fnegrammed or
unprogramed. 5 | ustrate the over-erase prob % reference is
made back to h)eartsdyidwbm tBGamfselépngpkatéi A cell may becorre over - er ased
whereby current flows through transistor 84 regardless of whether a
potential is applied to the control gate (i.e., the threshold voltage is '
| ess than or equalygto r eral cells in
a colum share the1810 §§r$géct1|'11:£l?PRng?&M%?%ﬁxggﬁxcaY@gérﬁ%%%‘f o all cells
in the col umfloatalg gaelmemorny ddvices furmedainigsemiconducioe substise df adfidse ar e
unusable. This is Qecause if an attenpt is nade to read an ot herw se
functional cefINdYRUYIE LPEROMPRSINgne by applying a potential to conmon
drain 87 and the cell and grounding the
comon source 86, %ﬁfg}sép%gg%féﬁzéggc& ént%%{'ﬂ%%) vol t age between a
programed and an auapsedfegioredf sfidsecodld conductivity type;

a first channe] region between said first and said second region;

a gate dielectric disposed above said first channel region;

a first gate disposed above said gate dielectric;

a first capacitor, said first capacitor comprisir.x'g.a doped well of said
second conductivity type and a first plate capacitively coupled to said doped
well, said first plate being electrically coupled to said first gate;

a second capacitor, said second capacitor comprising a second doped
well of said second conductivity type and a second plate capacitively
couipled to said second well, said second plate being electricaily coupled to
said first gate; and

a select transistor comprising a second gate disposed on a second gate
oxide, a third region of said second conductivity type, and a second channel
region disposed beneath said third gate oxide and between said third region

and said first region.

19. The device as described in Claim 18 wherein said first

conductivity type is p and said second conductivity type is n.

20. The memory device as described in Claim 19 wherein said
first well comprises a first and a second diffusion region and said second
well comprises a third and a fourth diffusion region, said first and said
third diffusion regions being of said second conductivity type and said
second and said fourth diffusion regions being of said first conductivity

type, wherein electrical contact is made to said first well through said first
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can be detected since the over-¢grigged I
: ﬂﬂ M m} he common bit line, causing the Senaé&@’r Hé\gu%l@ o
|nt as being in the erased binary stat fnr ng t

Figure 4 “it can be seen that select Ippnsistor 160 will 20 buf f er menory

cell 120 from an over-erased cell shari ng the_ same bit |line. As described
above, no cur r&ksapd secondgliffupioagsgigny and glgs tr&ala%ﬁaékismﬂﬂga@dl volts is

applied to sel T 8 I gh an
over-erased ce ﬁ%ﬁ&\}\%%@ﬁl %jhg&ur%l} &gglt@g@ QH Sﬁﬁ{]foru\ﬁehn&lféjggwrte og\lgect transi stor
160, and another functioning cell in the sane colunn can be read by 25
turning on the select transistor of the functioning cell during read. The
probl em of progr am2d| st Whe memenyedayice gy dascrbedin G&im IQ mhedsnehikt ed cel |)

Phe sams bi t | FHCE LAPToBEOTPR D 1 Jecidth P HtInE APRRHER § 1681 Po'sDbaLYy ©
bi asing the c ﬁﬁc?]?ilrstgﬁél?aﬁrﬁ ats'EF i B3t SHeATEEY s(as%?s%%bﬁ&tr@@bncﬂd wherefir i ng
programm ng of the sel ected ce? eferring agaln to Figure 3, assune that
the cell 80 |ssaamhdachasiyrapecd)gyarmemode:lolmmmmgmppigng ditird porendsl ta cell to

be progranmed. B ca usg ell on the sane bit line is being progranmed,
drain 87 wll V- ‘gh. Therefore, in the programred -15 -

22. The memory device as described in Claim 20 wherein said
device is programmed by a method comprising applying a first potential to
said first well and a second potential to said second region, and wherein
said device is erased by a method comprising appllying a third potential to

said second well.

23. The memory device as described in Claim 19 wherein said
gate, said first plate and said second plate comprise a single, continuous

polysilicon member.

24, The memory device as described in Claim 20 wherein said
gate, said first plate and said second plate comprise a single, continuous

polysilicon member.

25. The memory device as described in Claim 22 wherein said
gate, said first plate and said second plate comprise a single, continuous

polysilicon member.

26. The memory device as described in Claim 23 wherein at least

a portion of said second plate is heavily doped n-type.

27. The memory device as described in Claim 24 wherein at least
a portion of said second plate is heavily doped n-type.
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Q;'e 3, a high potential between drain 87 and floating—gate 88b

\(;ﬁ”lngm ﬂ 4’ rl"tr to the situation during erase frgnms&d&&i’e!%%ﬁgm usi ng
1." 5

e|*ECtCI’OI!Il;, | fromthe floating gate 88b to dfain KEPLACERI ng tihe

desel ected cell. In menory c¢ell 120 of Fi ge—4—this—problemis
elimnated by biasing the control gétt2 125 of all deselected cells on the
same bit |ine as 28sel tht agmosy [depist ag dpswihednimelainidhwhbritenleastl gat e

125 biased high (to approxi mate t he sane, or .slightly higher voltage |evel
of the drain Zgﬂ‘?rig‘r?& %ﬁgljf%eﬁﬂ{’%gwe t5 a\‘/'ai"tdzggsdcﬁ’i"fyggr ence between the
floating gate 128b and 10 drain 127 is greatly reduced, preventing the
desel ected cell frombeing erased. Note that this could not be done with

mermory cell 80 of 2Bi guTke fenuey desiee as egiribedin Chimt2é whateiobaigat es of al |
cells on the sane hit |i.ne as a cell peing progr ed, while protecting

pr ogr anmed dégé'geeaé‘@ “ig‘?‘%réh élff&ﬁ%‘ieﬁgmé!’aé% ,a??/@g&gc?rﬁrtﬁ % aRthedesel ect ed
cel s which Weige hereid APIAOH AFERfIN oFaft iffrd MDsB bR rOBEATL I

previ ously unprogramred cells and cause an undesired I ncrease I n power
consunption. lbecatedlljatef tofsaid goomed glatehowever, the control gate of all

desel ected cells can be biased high to prevent the erasing of desel ected
programmed cel ls, because the presence of the select gate (which is on for
20 the selected | f . fromfl ow ng
in desel ected unpr%ggr a%ﬂre%é&fge?tf@E%ﬁh%llfhgﬁ;?m%ﬁ%gggze}]%s{ﬁ%@ gr amm ng of
the desel ect estagatié floating gate memory devices found on a semiconductor substrate

of a first conductivity type, each of said devices comprising:

a first region of a second conductivity type;

a second region of said second conductivity type;

a first channel region between said first and said second region;

a gate dielectric disposed above said first channel region;

a first gate disposed above said gate dielectric;

a first capacitor, said first capacitor comprising a dopéd well of said
second conductivity type and a first piate capacitively coupled to said doped
well, said first plate being electrically coupled to said first gate;

a second capacitor, said second capacitor comprising a second doped
well of said second conductivity type and a second plate capacitively
coupled to said second well, said second plate being electrically coupled to
said first gate; and

a select transistor comprising a second gate disposed on a second gate
oxide, a third region of said second conductivity type, and a second channel
region disposed beneath said third gate oxide and between said third region

and said first region.

31. The array as described in Claim 30 wherein said first
conductivity type is p and said second conductivity type is n, wherein said
device is programmed by a method comprising applying a first potential to

said first well and a second potential to said second region of said device
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Finally, the problemof DC erase/programm ng can be reduced or elimnated

in nme appropriate bias conditions. Figure 5 25
|IIUSH?“"IEWI(IWZIMWF cells 120 in an array. The cells_labeled A and B in
Figure 5 aretinnone colum, the cells |abeled C and PTHIS SHEERHA8D
colum. Cells A and C are in the sane row as one anofher, REpPlALEDCE
and D. If cell Ais being programred the select gate

gate 125a for that row will be on, asZkhiown by approxi mate vol tages The 30

hown. s dstss FEBHPERth A WWH%ESE% pd Ao LR CORIRRTRY 1" 2r
125b, wil| ?ﬁ)lﬁiﬁot%LHfr%‘é;fdlEnHEP&f@ﬂ‘ddée%HHRvéﬂo(fts*é?cﬂ devli¢d beihg Hase@e

colum as C he s ct gates for these cells, such as 161b, will be
of f - 16 - to prevent unintentional programm ng of unprogramed cells as
di scussed previously. In the adjacent colum, containing cells C and D, the
probl em of DC er3®e/ pThgraaray ay described ir I(Ilatma'ile&i.'h@stmsalfbalrrayzlss in the
same row as 5 cell A which is being programred, its _select transistor 16la
and cont rolargaiged #5a plueabiot bf oalumheretaoss af siid dovisesamhsreibesaid, f or

exanple 7V while source 126b is grounded, or else current Vé)u| d f] ow
through celffirst region and said secon region is shared by each of said devices in each

of said columns, said second gate and said first well is electrically coupled
in parallel to each of said devices in each of said rows, wherein said
method of programming' said device further comprises applying a fourth
potential to said second gate in the same row as said device being
programmed while applying a potential of approximately O volts to said

second gate in all other rows.

33. The array as described in Claim 32 wherein said method of
programming further comprises grounding said first region in the same
column as said device being programmed and allowing said first region to
ﬂoa.t in all other columns, and applying a fifth potential to said second
region in.all columns other than the column of said device being
programmed.

34. An electrically programmable and electrically erasable
floating gate memory device formed on a semiconductor substrate of a
first conductivity type, substantially as hereinbefore described with

reference to the accompanying drawings.

35. An array of electrically programmable and electrically
erasable floating gate memory devices found on a semiconductor substrate
of a first conductivity type, substantially as hereinbefore described

with reference to the accompanying drawings.
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C, thereby programming cell C. However, if both the source and drain were
grounded, then the source, drain, and channel of cell C would be at 10 OV
while the control gate is at 8V. If cell C were programmed, this voltage
difference would pull electrons fromits floating gate to the control gate
125a, thereby partially or conpletely erasing cell C (DC erase). If cell C
wer e unprogranmmed, the voltage differentgs between the control gate and
channel of cell C would pull electrons fromthe channel to the floating 15
gate, thereby programming cell C (DC programing). In the present invention,
this problemis overcone by use of transistor 170b in the periphery. Wen
transistor 170b is off, as shown, source 126b will float to, for exanple,
7V as shown. This prevents any current from fl ow ng between source 126b and
drain 127b through cell C. Al so, since the source 20 126b and drain 127b
are at 7V, the voltage difference between the source, drain, and channel of
cell C and control gate 125a is elininated, preventing DC erase or DC
programm ng. Thus, .a single polysilicon |ayer electrically erasable and
electrically 25 programmable menory cell is disclosed. Enbodi nents
utilizing a dedicated erase capacitor and a gliecty transistor are also
descri bed. The nenory cells of the present inRvgntijon are fully conpatible
wi th | ogic device manufacturing technol ogy.
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- 17 - CLAI M5 1. An electrically programmable and electrically
erasable floating gate nenory device forned on a sem conductor substrate of
a first conductivity type conprising: a first region of a second
conductivity type; a second region of said second conductivity type; a
channel region between said first and said second region; a gate dielectric
di sposed above said channel region; a gage di sposed above said gate

dielectric; and a first capaci tor, saig first capaci tor
conprising a doped well of said second condd@tfvify type and a plate
capacitively coupled to said doped well, sai | a NNg el ectrically
coupled to said gate, wherein said gate and sald pl atye jconprise a single
continuous polysilicon |layer, wherei r dgvice is
programed by a nethod conprisin pl yilng_@ po Yal |te said doped wel |
and a second potential to said seco )
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region, and wherein said device is erased by a nethod conprising applying a

third potential to said first region. 2. The nmenory devi ce as
described in claiml wherein said first conductivity type is p and said
second conductivity type is n. 3. The nenory device as described in

claim2 wherein said well conprises a first diffusion region, said first

di ffusion regi on being heavily doped wi3fs a dopant of said second
conductivity type, and a second diffusion region, said second diffusion
regi on being heavily doped with a dopant of said first conductivity type,
wherein electrical contact is made to said well through said - 18- first
and said second diffusion regions. 4. An electrically programmble
and electrically erasable floating gate nenory device forned on a

sem conductor substrate of a first conductivigy|type conprising:
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~a first region of a second conductivity type; a second region of said
second conductivity type; a channel region between said first and said
second region; a gate dielectric disposed above said channel region; a gate
di sposed above said gate dielectric; a first capaci tor, sai d first
capacitor conprising a first doped well of said second conductivity type
and a first plate capacitively coupleq4Gp said first doped well, said first
pl ate being electrically coupled to said gate; and a second capacitor,

said second capacitor conprising a second doped well of said
second conductivity type and a second plate capacitively coupled to said
second doped well, said second plate being elestrically coupled to said
gate. 5. The device as described in clai @4]wherein said first
conductivity type is p and said second conductyvijty, is n. 6. The
menory device as described in claim5 wherein sajd doped wel |
conprises a first and a second b
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diffusion region and said second doped well conprises a third and a fourth
diffusion region, said first and said third diffusion regions being of said
second conductivity type and said second and said fourth diffusion regions
being of said first conductivity type, wherein electrical contact is nade

to said first doped well through said - 19 - first and said second
di ffusion regions and electrical conta§tSis nmade to said second doped well
through said third and said fourth diffusion regions. 7. The nenory

device as described in claim5 or claim6 wherein said device is progranmed
by a nethod conprising applying a first potential to said first doped well
and a second potential to said secoqﬂ I gi:r, and wherein said device is
erased by a net hod conprising applyiné rd potential to said second
doped wel I . 8. The nenory device as described in claimb, 6 or 7
wherein said gate, said first plate and said second plate conprise a
single, continuous polysilicon nenber.
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9- The menory device as described in claim8 wherein at |east a
portion of said second plate is heavily doped n-type. 10. The nenory
device as described in claim9 wherein said third and said fourth diffusion
regions are |ocated adjacent to one another, and wherein at |east a portion
of said third and said fourth regions are | ocated adjacent to said second
plate. 11. An electrically programmable and electrically erasable
floating gate nmenory device formed 8BSAR4EH conduct or substrate of a first
conductivity type conprising: a first region of a second conductivity type;

a second region qf p§aicth $RGQAG1EORINRLEY POyl ¥PROMADENTSE Channel regi on
between said fir ; ctric disposed
above said first channel region; a first gate di sposed above said gate
di el ectric;

A single polysilicon layer electrically programmable and electrically
erasable read only memory cell is described. The cell utilizes an n-well
inversion capacitor, formed in a semiconductor substrate as the control

5 gate. One plate of the capacitor is formed from the same polysilicon layer
as the floating gate of the memory device, thus capacitively coupling the
floating gate and the inversion capacitor control gate. Additional erase
performance is achieved by addition of a dedicated erase capacitor to the
basic cell. Still further improvement in programming performance and

10 protection against over-erase failure in a flash type EEPROM device is
achieved by the addition of a select transistor. Prevention of program

disturb and DC erase is also described.

(Fig. 1)




- 20 - a first capaci tor, said first capacitor conprising a first

: sai d second conductivity type and g= fFrsI-pta%e'eapaQ|t|vely
m&m‘,g‘gg"ﬂ lwst doped well, said first plal ef'ri}mﬂn@ rgcdiicall y

coup st gate; a secqu*7capaC|tor sai d jﬂﬁond @apa0|tor
conprising a second doped well o sai d se et confu mype and
a second plate capacitively coupled to said second**dopéﬁ**meF%— sai d
second plate being electrically cogphgdsto said first gate; and a sel ect
transi stjor conprising a second gate di sposed on a second gate oxide, a
third region of said second conductivity type, and a second channel region
dlsposed Beneat h éa(j%hﬁQQrkﬁﬁ¥#X»uRRPQ#RNE@P&Eenasdldeﬂﬁpﬁalpééﬂwn and

fsal dtfl rsgragam& I1oatind heggw cenélmdfgcabbgéelt n fdtﬁxéa Llgyhegei " Sal d
Irst conductli Vi e 1S and sai d second conducti_vi IS n.
The  meroFeRigeRietar AR St S0 SAREG 2 SoRERSRVEIYS E7P8 doped

wel | conpcomprlaxhgwn and a second diffusion region and said second doped
wel | '

a first region of a second conductivity type;

a second region of said second conductivity type;

a channel region between said first and said
second region;

a gate dielectric disposed above said channel
region;

a gate disposed above said gate dielectric; and

a first capacitor, said first capacitor
comprising a doped well of said second conductivity type
and a plate capacitively coupled to said doped well, said
plate being electrically coupled to said gate, wherein
said gate and said plate comprise a éingle continuous
polysilicon 1layer, wherein said memory device is
programmed by a method comprising applying a potential.to
said doped well and a second potential to said second
region, and wherein said device is erased by a method
comprising applying a third potential to said first
region.

2. The memory device as described in claim 1 wherein
said first conductivity type is p and said second
conductivity type is n.

3. The memory device as described in claim 2 wherein
said well comprises a first diffusion region, said first
diffusion region being heavily doped with a dopant of
said second conductivity type, and a second diffusion
region, said second diffusion region being heavily doped
with a dopant of said first conductivity typs; wherein
electrical contact is made to said well through said




corerMﬁmeu a fourth diffusion region, said flrst and said third
diff ” Hﬂ ” ng of said second conduct|V|ty ~ype==and_sai d_second
and sai o fdéurth diffusion regions being of said firs Fﬁmmﬂg g Efﬂq
wherein electrical contact is nade to said first doged well sapd
to

first and said second diffusion regignd®and electrlgaDa@Qntab
sai d secohd doped well through said third and sai d {ooFth=e T“ -----

regions. ldeirst dHe BRNAI YedSuhCqifsudesel BEdohg . Claim 12 or ei n
said devige is progranmed by a method conprising applying a flrst potenti al

to said first doped well and a second potential to said second region, and
wherein sai4. - 24n- dmucemcsmyaspdolgraamabtlaodaﬁaméu&btglmw ng a

third poten sai,d second doped we nenory _device as
descri bed Lfgéa%E ifa%ﬁggeug%gﬁd 589958 9%ﬁéﬁ§tﬂf%¥Wﬁéhoﬂ Neofpri sing
applying a $emSGOpduehoral stlostscatef i o8t wlop@d-smel lcondmgityiiviya tgpend
potenti al | t 9,88t ds$RgONd gate, and

a first region of a second conductivity type;

a second region of said second conductivity type;

a channel region between said first and said
second region; '

a gate dielectric disposed above said channel
region;

a gate disposed above said gate dielectric;

a first capacitor, said first capacitor
comprising a first doped well of said second conductivity
type and a first plate capacitively coupled to said first
doped well, said first plate being electrically coupled
to said gate; and

a second capacitor, said second <capacitor
comprising a second doped well of said second
conductivity type and a second plate capacitively coupled
to said second doped well, said second plate being
electrically coupled to said gate.

5. The device as described in claim 4 wherein said
first conductivity type is p and said second conductivity
type is n.

6. The memory device as described in claim 5 wherein
said first doped well comprises a first and a second
diffusion region and said second doped well comprises a
third and a fourth diffusion region, said first and said
third diffusion regions being of said second conductivity

type and said second and said fourth diffusion regions
! being of said first conductivity type, wherein electrical
! contact is made to said first doped well through said



-

gate, sdi
" polysilic
16 wher ei

as described in claim12, 13 d—_1Z W ‘Sard'ﬂlrst
Iate and said second plate co FFEEA9E¥Fﬁ§§$ goutlnuous

on nenber The nenory device = s des |$§qgg% claim
n at | east a portlon of sai @ 3€cond pl lFs e J n-type.

iTk bet ween said first region and said second regi on. 16.
dMis ﬂ

18. The nmenmory device as described in claim 17 wherein said

third an
anot her,

regi ons g
el ectrica
devi ces f
each of s
type; a s

sieifdsé Olkigh Qaiausgéaar{qega%%uéasn %‘%%é‘dhﬁﬁerﬁlé@tz‘)ﬂ@a}]

and wherein at |least a portion of sa and said fourt

r CIVRTed 180 8RRt BP0 B4 Y SeEBRE Honrsd wWell thrgughy sajd of

| lyhisd oghansabliefoushd QieFusicn Irsege.rcafsa.bl e floating gate nenory
ormed on a sem conductor substrate of a first conductivity type,
ai d devices conprising: a first region of a second conductivity
ecbnd regi Dheofmamdxly sezonicce onsucdesct ybegpein a dfliaist Shaomel

regi on be

tV@fapiﬁaisd Jvﬁé?éiﬁn%asi% ddé@ﬁegd irsegiaggi;rammed by a method
comprising applying a first potential to said first doped
well and a second potential to said second region, and
wherein said device is erased by a method comprising
applying a third potential to said second doped well.

8. . The memory device as described in claim 5, 6 or 7
wherein said gate, said first plate and said second plate

comprise a single, continuous polysilicon member.

9. The memory device as described in claim 8 wherein
at least a portion of said second plate is heavily doped
n-type.

10. The memory device as described in claim 9 wherein
said third and said fourth diffusion regions are located
adjacent to one another, and wherein at least a portion
of said third and said fourth regions are located
adjacent to said second plate.

11. An electrically programmable and electrically
erasable floating gate memory device formed on a
semiconductor substrate of a first conductivity type
comprising:
i a first region of a second conductivity type;

a second region of said second conductivity type;

a first channel region between said first and
said second region;

a gate dielectric disposed above said first
channel region;

a first gate disposed above said gate dielectric;




a gate dielectric disposed above said first channel region; a first gate

di spos [ e dielectric; - 22 - a~—FFFEst=——mapaci:tor,
sai d Tﬂllmﬁmﬂﬂﬂuﬂlﬁ;ﬂ"r conprising a first doped PLACEMENT S ¢xam
conducti*vi ty typt a&nd*a first plate capacitively cloupled to said firgt

doped wel |, “said first plate being electfitTally coufis +8. JuNdgage st gate;

L=

a secondy capacitor, said second capacitor conprrsTng —a
doped wel|ll of saigl seresd copgygtivoty tysgiand aiggeondchpatitor
capacitively coupled to sgld second_do ff 1, . said second Ia%e hei ng
eIectricaJI)FQRﬁﬁh%kP?oﬁs HeE¥i %?e%ayg, afl aa§§|EEF°P aﬁgngS 1¥3m¥r i si ng
a second datteypk ssyadedl Dirst Sprave gapachkidelyacdbhplddregi saidf fiaisd

Third gatd ARt oNaLber medd S T Prat Ao nd B AL APy O cBERIR" o
to said first gate;

a second capacitor, said second capacitor
comprising a second doped well of said second
conductivity type and a second plate capacitively coupled
to said second doped well, said second plate being
electrically coupled to said first gate; and

a select transistor comprising a second gate
disposed on a second gate oxide, a third region of said
second conductivity type, and a second channel region
disposed beneath said third gate oxide and between said
third region and said first region.

12. The device as described in claim 11 wherein said
first conductivity type is p and said second conductivity
type is n.

13. The memory device as described in claim 12
wherein said first doped well comprises a first and a
second diffusion region and said second doped well
comprises a third and a fourth diffusion region, said
first and said third diffusion regions being of said
second conductivity type and said second and said fourth
diffusion regions being of said first conductivity type,
wherein electrical contact is made to said first doped
well through said first and said second diffusion regions
and electrical contact is made to said second doped well

through said third and said fourth diffusion regions.

14. The memory device as described in claim 12 or 13
wherein said device is programmed by a method comprising

applying a first potential to said first doped well and a

second potential to said second region, and wherein said



cribed in claim19 wherein said first
type | ,mmruguﬂmmi ﬂ nd conductivity type is n,
conprisés a
met'hod conpri sing applylng a first potential to saidjfirst d&
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applying a second potential to said second gate, and

sensing a current between said first region and said
second region.

16. The memory device as described - in claim 12, 13 or
14 wherein said first gate, said first plate and said
second plate comprise a single, continuous polysilicon
member.

17. The memory device as described in claim 16
wherein at 1least a portion of said second plate is
heavily doped n-type.

18. The memory device as described in claim 17
wherein said third and said fourth diffusion regions are
located adjacent to one another, and wherein at leasﬁ a
portion of said third and said fourth regions are located
adjacent to said second plate.

19. An array of  electrically programmable and
electrically erasable floating gate memory devices formed
on a semiconductor substrate of a first conductivity
type, each of caid devices comprising:

a first region of a second conductivity type;

a second region of said second conductivity type;

a first channel region between said first and
said second region;

a gate dielectric disposed above said first
channel region;

a first gate disposed above said gate dielectric;
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conductivity type and a second plate capacitlvely coupled
to said second doped well, said second plate being
electrically coupled to said first gate;

a select transistor comprising a second gate
disposed on a second gate oxide,

second conductivity type,

and

a third region of said
and a second channel region
disposed beneath said third gate oxide and between said
third region and said first region.

20.

first conductivity type is p and said second conductivity
type is n,

The array as described in claim 19 wherein said

wherein said array comprises a device to be
programmed, wherein said device is programmed by a method

, comprising applying a first potential to said first doped

well and a second potential to said second region of said
device to be programmed.

21.
array is arranged in a plurality of columns and rows of

The array as described in claim 20 wherein said
said devices, wherein said first region and said second
region is shared by each of said devices in each of said
columns, said second gate is electrically coupled in
parallel to each of said devices in each of said rows and
said first well is electrically coupled in parallel to
each of said devices in each of said rows, wherein said
method to be

further comprises turning on said select transistor in

of programming said device programmed

the same row as said device to be programmed, while

turning off said select transistor in all other rows.
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programming further comprises grounding said first region

in the said column as said device to be programmed and
allowing said first region to float in all other columns,
and applying a fifth potential to said second region in
all columns other than the column of said device to be
programmed. '

23. The array as described in claim 21 wherein said
method of programming said device to be programmed
further comprises grounding said first region in the same
column as said device to be programmed and allowing said
first region to float in all other columns, and applying
a fifth potential to said second region in all columns
other than said column of said device to be programmed..

24. The array as described in claim 21 wherein said
method of programming further comprises applying a fourth
potential to said first doped well in all other rows then

said row of said device to be programmed.

25. The array as described in claim 22 wherein said
method of programming further comprises applying a fourth
potential to said first doped well in all other rows then

said row of said device to be programmed.

26. The memory device as described in claim 19

wherein said array comprises a device to be read, wherein
said array is arranged in a plurality of columns and rows
of said devices, wherein one of said first regions and
one of said second regions extend along each of said

i columns, wherein said one of said first regions and said
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wherein said device to be read is read by a method
comprising applying a sixth potential to said first doped
well in said row of said device to be read, turning on
said select transistor in said row of said device to be
read, turning off said select transistor in all other
rows, and sensing a current between said first region and
said second region of said column of said device to be
read.

27. The memory device as described in claim 21 or 22
wherein said array comprises a device to be read, wherein
said device to be read is located in one of said rows and
one of said columns, and wherein said device to be read
is read by a method comprising applying a sixth potential
to said first doped well in said row of said device to be
read, turning on said select transistor in said row of
said device to be read, turning off said select
transistor in all other rows, and sensing a current
between said first region and said second region of said
column of said device to be read.

28. The array as described in claim 19, 21, 22 or 25
wherein said first conductivity type is p and said second
conductivity type is n and wherein said first gate, said
first plate and said second plate comprise a single,
continuous polysilicon member.

29. The array as described in claim 19, 21, 22 or 23
comprising a device to be erased, wherein said device to
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30. An electrically programmable and electrically
erasable floating gate memory device, substantially as
hereinbefore described with reference to the accompanying
drawings.

31. An array of  electrically programmable and
electrically erasable floating gafe memory devices,
substantially as hereinbefore described with reference to
the accompanying drawings.




