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| emented in hardware has increased
d@éﬁg@dégﬁﬂy due to the high degree of miniaturfGAYTRp/024103

possi bl e today in sem conductor technol ogy. This has
made it technologically feasible and economcally

vi abl e to devel op hi gh-speed application-specific
architectures featuring dHQURGLAEEANINCr ease over
previ ous architectures. Menory cell technol ogy plays
a key part in the effort to | ower product costs,
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nam cC om Access Menori es store data

poSkib(e fodzapiacidnicohducter aechrlogar Jis hasl naddenivugbhndiegically
DRAMs are sinple and, fast, the stored data i s not

feasibleransteopramiseiliviabie teslevalen higbwheRt anplicadanispgeific

ok kb Mol DraB 6 %hetbh Bl Hyegrores
NMEmbRS EOE k%ﬁdl@ﬁ?l@%% REP pahSA th@\é&fdr@% gawEl §Bdduct costs,

menory elimnate he refresh and volatility issues by
vehileesidiviiing dohtiatied gmgadesdipeldormeces inadaltsr stocagd.r ol

gate. The floatin ate nmay be progranmed throu
use a’h%ﬁrees%\&ragﬁgf%?%mempraﬁa%rﬂolpamwneﬁalen? 8 ble€tronic

&Ioper 5 %1(51 ”E’a%hﬂ%.é (?4 ?ﬁapﬁf ﬂlc?e%t m%@r?esogbﬁﬂﬁ(fs) gs%ﬁe data

non- vo ure cones at a

UsfilA Ezhasc@o:sﬁpaartairﬁa ehagfe, @yal fthdiighthe DRAMSs are S|mple and
progranmm ng/ erase vol tages, bl ock-1evel erasure, a

fasm;, aihe stenedl datatiamiod pregerved whampeweofs mttaedcfy@mle@t
SenREr e s e L5 (UG g SLer e v ype
otf%lﬂn\%lgﬂbé ﬁw@mor\(ﬁd&ﬂ%s ¥RLR Gk lf@rroél@é‘trﬂ?ﬁ%{woﬁ@re also

manuf act ur abl st andard process tec ogi es

ab/ardbler (Naﬂﬁn“fdn&dﬂybéllmhaté@fhwmm%hlm aolatility issues by
m Croprocessor . BRI EF DESCRI PTI ON OF THE DRAW NGS The

esniidsiing meflaasing egier wedprabetstendardetnritol gage. The floating gate
rﬁ%“ bedieftrnmEe B cruhtien uiner Bplelbitar irelioand/dr tunneling
to store and indefinitely retain a charge on that gate. However, this non-
volatile feéture comes at a cost, requiring a separate erase cycle, high
| programming/erase voltages, block-level erasure, a durability limitation on the
'number of write cycles, and longer write times due to tunne_ling overhead.
Accordingly, there is a need for a memory cell technology that is non-
* volatile, low power, and manufacturable with standard process technologies

B  that provide flexibility for operating a microprocessor.

.- BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out

and distinctly claimed in the concluding portion of the specification. The
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i nvention, however, both as to organi zation and net hod
together wth objects, features, and _

%&g@%g’%@t hereof, may best be understood by PCTUS2003/024103

reference to the fol | ow ng detail ed description when

read with the acconpanying drawings in which: FIG 1

illustrates a non-volatile HGRAM cell in accordance
it dritican) hoanbest, Beth asftotdrganiz€SEm ant MErHIdOSE, oftiGtiod, together
i s anot her embodi ment of the HGRAM cell in accordance

Wiith Wbdﬂﬁtsefﬁtﬂmrﬂm@ﬂdcﬁd\dahéagﬂse@@n@ﬂ mahbesinbe andertapd by
3,illustr he. us eHGRAM a
fet%meewip%?%'ﬁﬂwngt a9 eSS MheR eeH Ay th ghe

s r illustration, elenents
aT%I P‘B?tr te a%ﬁ?g '?%B‘?és have not necessarily been
drawn to scale. For exanple, the dinensions of sone

of the elenments are exaggerated relative to other
el eméhs TridpstEatasia ponmplatie HGRAY eelt bnetedence with an

R enE o e S FRaM e cor respondi ng o <.
anal eggue ‘é"a‘?ﬁﬂéﬁem@gdrﬂéfﬁ%%%ﬁﬁmelllr!nte&%ordance with an

followm ng detailed description, nunerous specif

etheth ced g narod thetpreﬁmttlhvem@mchﬁd to provide a t hor ough

under st andi ng of the invention. However, it will be
undeF€ odditpstratrssibesise elethe HGRAM anemomain eromputer system,
present invention may be practiced w thout these

specific details. In other instances, well-known 5

et hedgyil) %Oﬁgﬁéélﬁﬁed M%P%ﬁﬁéﬁcﬁf@aﬁd E%lt?%fh%&r%n

been describ detail so as not to obscure the
eprresmtstillustreted ontheHigpoes ravenatfnddessarlgderhn drawn to scale.

| nventi on nay be used in a variety of applications.

FAr eraimphet H‘@ direansinns ot spmes the slementsrrteexagoarpias relative

h
b ERARECkendfts BL SR S Pl O AR DB RLCIRY A B iFETe | "
réie@éidd nShinals rﬁf\f@cﬁe?p e@e@%%ﬁmn@%@%res to indicate

Instruction-Set 2 p EF 2007
corresponding or analogous elements.

DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set
forth in order to provide a thorough understanding of the invention. However,
it will be understood by those skilled in the art that the present invention may
be practiced without these specific details. In other instances, well-known
methods, procedures, components and circuits have not been described in
detail so as not to obscure the present invention.

| Embodiments of the present invention may be used in a variety of
| applications. Although the present invention is not limited in this respect, the
circuits disclosed herein may be used in microcontrolters, general-purpose

MICroprocessors, Dig_ital Signal Processors {DSPs), Reduced Instruction-Set
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Coan ex Instruction-Set Conputing (Cl SC), anong ot h&rﬁ FEB 2007
conmponents. However, it should be
ggzﬁug{?@g ‘hat the scope of the present inverftGIohS3&H 024103
not limted to these exanpl es. Enbodi nents of the
present invention nmay also be included in integrated
circuit blocks referred to as main nenory, cache
Geenpuging ORISEL) hé)om;ilypdmtnictimnﬁebehqiutho((hSC) among other
el ectronic instructions to _be executed by
e#ﬁt:émm@ @@wn@ﬁ stayyevedattshonkd bwdsﬁteeédh%the scope of

| nmbodi t
tﬁ‘%.pﬁa Sy e by I IRES B BRI ot e
cl ai RS GAIRICHES o Bhé BresBRY iR FONAYIM e iRtIGaad in
nennry array that is I N ﬁ]CfOpfOCGSSOfS or

|mx9gdat|ed crcsiitaidcled oasferrﬂﬂrtorqzs nham oemdigt eachdaterhbey, or other
cl ai med subject matter may be used . in ap gl i cations

types ohmempht Bt AL e FIREORIRINBIregUeRNEO B SXgAHatkPY the
nﬁ}gfﬁﬁgagss §\drS&5re ggt%et | H\%h%h%%,ad‘?ﬁ n‘a%%eﬂepog;%?at%s

OWeTr ‘consunp Spt Sp U oRplt

geRbtdll af eh%ﬂd?ﬁw@h?%m@eth‘é(}ﬂﬂm@la%tm%oﬁy it 88®crdhMBe VAYh the
radio conmmunication systems, one-way pagers, two-way

claedss ubpestson ter anhmmcmpomhegmemme(nmS)array that is
BB o bt et et R F s My Hhlice. Note
tﬁélhﬁ{e Ql%ﬂlqﬁgtsﬁbﬁﬁ? métﬂ;rerﬂg q)et @s%ﬁe[n %@I@gﬁﬁnWtMﬁ' Lret he

scope O e present |nven 1 on

irftegeatetinenrasl s b RinS or hhﬁdir\%rd”'portﬁﬁi'érﬂdi@’cesa%gemally when
‘connected,” along with their derivatives

d@gms dapeskiou tedyeed preerscomiinpiaen .t Hése, tc'mtms carrmuters

gl ?ff ?qd as synonyns for each other. Rat in
CEAY'Er ERf'3te InieglihBtems: ﬁﬁ’;? YevyJys t‘j’ to
cHPIhEACRCLAuiNe B TUEEAGETTLR- 57 g0 8ona

cofotphieationeysterasn (POS], gerosd! dipitsl RsRBntss(PBE s) ncameras,
direct physical or electrical contact. However,
Smb‘éu';ﬁ%ﬂ@od'%ﬁyor@gg@ewm (fimad aruemmvahis) eane oshesrprodasts are

t d rect tac th each her et still
§hepdeb B R ki g sopteah g, RerSPRIVEIAEN: o
FI G :4¢h@fasnmwmgl AdchigtibRYd aéﬁnm%qmrﬁ@%a M%Mryd
(HGRAM cell 107is illustrated having two sections.
“Constctedct al@ng])ﬂlth their derivatives, may be used. It should be
understood that these terms are not intended as synonyms for each other.
‘Rather, in particular embodiments, “connected” may be used to indicate that
two or more elements are in direct physical or electrical contact with each
~other. “Coupled” may mean that two or more elements are in direct physical
or electrical contact. However, “coupled” may also mean that two or more
~elements are not in direct contact with each other, but yet still co-operate or
interact with each other,
Turning to FIG. 1, a non-volatile HourGlass Random Access Memory

(HGRAM) cell 10 is illustrated having two sections. A first section 12

“includes impurity m_ateria!s implanted into a substrate 16 that may be used to
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includes inpurity materials inplanted into a substrate
16 that may be used to 3 0 6 FEB 2007 WO 2004/ 0174200 8 FEB 2007

RPCT/ 024103 form NPN transi stor regions._In .
aﬁeé@ﬁ?ﬁ? the N-type inpurity material inpl dift'ég2003/024103

into regions 18 and 20 of substrate 16 forns

respective source and drain regions for a Metal Oxide

Sem conductor (MOS) or field effect device. Source

fana NPEitresgioonegidBs and p2dtiauier, phg N-cgdd imspavechaterial

apart by a P-type channel region of substrate 16. A

- igwdariad dei@ fegionm 1 Brandide ot ubstrate J6r inshsr eesggetive gource and

L BB T 28T P o
SO cEahdRfrafh YIS s ABARN20%re %J%\?\gggﬂ{/ %p&@e@%ﬂﬁg b\é a P-type

i ncludes termnals to receive a select Ii

dbiafnel iegeyn ahdubsipAlieA] Gal Aasecdhd Beatitn tildeincilglases gansl
description reference NPN transistor. regions, one

HRqtrEEUsed theontrel thsirdrrpesogIdtetetin PN Hresister

BRSO Sifids i€ Rt R Brasd PRI b e BHE Hdfnel region
dTaibRerabd 103K B RFSI SN ERMIANE thir8béiVY LAPAD RISVt a BIT

positive charge. One end of material 22 is forned
laiepwad tahie Adifamalele. r Afhonglfths digstesaard Héscrptitn réfeeence NPN

ot her end connected to . a Igq;ate 24 for receiving the .
UEHUSIStORIEHONRRAG FRIHEH i) the akleiorlsh tRFOGHIZEHIEE N teppsistor
LD L nat | i gate 34 fornms a word clanmp and
rgglgﬁ?'@#)uggpéll&g bf\goérdl}ggag%'a sem conductor material 42

i N cammai dxlel QRUNUED irft| GRS La pbly VRPN dcthBodduaist hatdTRY 22
both be formed froma polysilicon material that is
Feepsan bausgibsegbepe and lfabthyi daperateehéed a @&jtive charge. One

i A s B A, i
08 R0 R 0 DA s b VOB A0

REititldAM C e rhicbdiuBedruchasered I20u raBhrasidapgeth a gate 34
material 22 having three regions, an upper region .
feenaecetd ¢laana apri algg ¢lemipos foBned by @ semvicorediicsnr material 42

B 7 Rt I, ML 20 S Ry BB b e
R OYshiBEn Rhhterlaftiad 9 dBdsRBd WBs it & fftming material
22, with materials 32 and 42 being heavily doped to provide a strong positive
charge. In one embodiment materials 32 and 42 have P-type impurities. A

: t.hin insulating material separates materials 32 and 42 from material 22.
HGRAM cell 10 includes an hourglass-shaped material 22 having three

' regions, an upper region connected via a bridge region 23 to a lower region.
Bridge region 23, shown in FIG. 1 as the pinched-in region of material 22, has

a word clamp formed on one side and the bit clamp formed on the other side.

- Gates 34 and 44 provide a mechanism for controlling whether the word clamp

and the bit clamp permit or prevent the movement of positive charges called
- holes across bridge region 23. [t should be pointed out that bridge region 23

-is narrow, such that a strong electrical field provided by each clamp may

4 .



Gates 34 and 44 provide a nmechanismfor controlling FEB 2007
whet her the word clanp and the bit clanp permt or 06 B

v movenment of positive charges called
ac?’ozg{g}/%tgpgge region 23. It should be pointed o{ﬁﬂﬁ#‘iﬁsmzuos

bridge region 23 is narrow, such that a strong

electrical field provided by each cllanp may 4 0 6 FEB

2007 WD 2004/ 017420 PCT/ US2003/ 024103 strongly

- strdrigheivdienbe thelhm!¢ taversshbcass dsiiger iedgm 28gi By sBBplying the

By supplying the proper voltage potenti Is to gates
Psapanveisage @ﬂqﬁré«a!%tqmtw @f\a\féﬁte'm% ffﬁ”'Br'H?Y@ﬁe\(ﬁ“t the

B S8 RBLYBER 4 A5l e A UL S 3o 8RR PR T 2%
@a@é'ﬂ’&ﬁé?é@mgha ARb St s %UEphéH‘Ltoabbﬁi’\@IamﬁéefFﬁBhgﬁfgates 34 and

hol es between the upper and |ower regions, across
%+ atlgesmegveameatof Abks aineenhthie wper anddomeervielicange across
ofential 1o gates 34 and 44 prevents holes from

CriF LY 63s ‘b'nspdg%eﬁeat BPPlYINg eaRalipge Potemtisdy gages 34
A BY ol RITBIRON FEb)5 LARLIGRER FBEDa, L e

connec and menory

ceI | SHGRAM @é‘ll v} may}bélﬁhbi?é‘d QQﬁﬁDﬁéMoﬁ@@@ﬂi@b%d 8ach row of
DATA line and a BIT |ine n particular, a signal

tgeraelrart rgmmmona\n caddectes tdex YdSROI Irrwuan;)d (n&mosmoaliﬁ) Ioifcgted ina
34

Waﬁ%@gp c?%rge?frértﬁ)é t%@f&@ne e aﬁéﬁ @r?t 4 in Iﬁ’é%mil{?f a

sﬁ%ﬂ@e%%e@ %?t Qﬁ‘%ddl:?stsad{%getlﬁrcﬂﬁ (hbgghé{}lﬁ}) .S%ﬁgpﬁ‘e&‘on the

I'S connec ate

ratimaey YWORBNIhd & dbah Gategh it 120 ga@é sthetiN&\and to source region
transi stor regions, and further connected to sense

1aﬁ1p§tio¢1kaN tRDAkTor tegiaser Retaomayibe wrm%ert anchfaed on aDATA

L |
‘%‘ﬁgﬁhé‘g'%‘g?eﬁ'%&vtgﬂgg uiagte?zo“HGEA*é%g%t& S&ﬁlactg'a% F aN@40.a7a nyregion 20
Ak NvRIHE sftof fESlo pﬁlﬁ,g%ﬁ)(?f&ﬂpé}ldo%%g ‘E’ang:; SeRée 2?& {not

negative charge s ates gate

shoro€s the holes in materials 32 and 42 to the outer

edge of the clanp, i.,e. towards gates 34 and 44, and
away 'R OpRTBIAUJe @ yatie enodsof FHhegiceldrred aluerinte BERAM cell

185, PR o ma T e Byl URS A BraaHRdenp et
aRiesf 3¢roady be supplied to gate 24. The negative charge supplied to
gates 34 and gate 44 forces the holes in materials 32 and 42 to the outer
edge of the clamp, i.e. towards gates 34 and 44, and away from bridge
region 23. The reduced number of holes near bridge region 23 reduces the
clamp’s constriction on the bridge. In other words, when both gates 34 and
44 receive a negative bias, the holes may freely move between the upper and
_iow_er regions of the hourglass (the clamps are open) and be evenly distributed
throughout material 22. It should be pointed out that although the word
“clamp and the bit clamp are biased to allow holes to freely move throughout
material 22, the data value of zero supplied to gate 24 attracts many of the
'_'hoies to that gate and away from the lower region of material 22, and

therefore, the channel region of substrate 16. Thus, when writing a logical

5



44 receive a negative bias, the holes may freely nove FEB 2007
bet ween the upper and .lIower regions of the hourglas 6

( § are open) and be evenl-y distributed
throm?gk%%nateri al 22. It should be pointed oufCTHaF003/v24103

al t hough the word clanp and the bit clanp are biased
to allow holes to freely nove throughout material 22,

the data val ue of zero supplied to gate 24 attracts
Fegoyabife inhe HGAWScelb 1Ohatcaalustiandhanag! srgevented from

B P B BB 15 SR gt
o e

rehRmBelf matdpiad PenddnbraunducbRioch@anhal fdteschernedn source
regi on of substrate 16, The DATA val ue supplied to

rgatoe P4 apdrdrel wgidre2@i. st ri buti on of charges between

e 58S R e TSRS AP g oo
B PR B R A 008 B o e o

dAamppsirid wel it chang &b dediTRithahetpitde (gad oakes (W dllow eles to
word clanp and the bit clanp biased with negative L
frealy meyaByougheyt matertled?2 {ipc!uiingebydge vegienrbligoe positive
nat eri al i.ncludi ng bridge.regiop 23 t.he positive

8 Elaflah 0o e S Peitle HatP BpeRehilbs ey (THImABRL gole and
iARhe IoWRr BRIondGH Mafdlal 201 On bhead QMeFad &Pt iireased number
material 22. 'In a read operation the increased nunber

affhdied esthenloter feqiuer of egiterialdl2 natisss tle R2rfecriéshe lobannel

surface of the channel region of substrate 16 to )
reevones suhpsiated akribacemsdiveites aodanpendyatiqroehannel is form

FLERR (S Hrnddr8d5hel 20" BtPofe pREA Natuo
sdipplied Ry lgatd 20f cAltpEIganeRESMBERORNE dHIPGEs bBAWeLRWRE upper

regions of material 22 and determ nes et her a
arvinductriregions ifrmeterfab 2B and detegrniiidd twiebes b @onduction

HEPRG! e 1888 NP (TS tor SePEDE ve. gates. Note that

"t SRS R TR TR B2 o B8 BBy ooy e
refipdctiveCyREP. INdteGhaP@Nclamp being closed implies that holes are
restricted from moving across bridge region 23 and that a clamp being open
~implies that holes may move across bridge region 23. Further note that either
{or both) the word clamp or the bit clamp may provide electric fields that
inhibit holes from being transported through the narrow neck of bridge region
23. In general, data may be written and stored in H'GRANI cell 10 by opening
the clamps and supplying data to gate 24, then closing at least one of the
__clamps prior to removing the data from gate 24, A logical one may be written
and stored in HGRAM cell 10 by supplying a positive data value to gate 24
- and a logical zero may be written_ and stored by supplying a negative data

value.



inplies that holes may nove across bridge region 23.
Further note that either (or both) the word clamp grs FEB 2007

t, ' Lanp may provide electric fields that
.‘Eﬁi@‘f‘”ﬁ“?es from being transported through t He-T/US2003/024103

narrow neck .of bridge region 23. In general, data may
be witten and stored in HGRAM cel | 10 by opening the

cl anps and. sup y|n data to gate 24, then closing at
| eastn 8rigagdma of bi%a‘hw ot &Y @egéﬁﬁeub@s Pey rsyppiied to

f te 24. Al

orle Rl aditee To0B) B3 oFreEirBu s e R b o
O B hduRfdnaHP0EER tHeLERarRRY r&ﬁoﬁvrdftshe@trew 19, @ined

by supplying a negative data value. 6 FEB 2007 )

az@@dﬁlﬁgllVAﬂ& PRI 1082093 Q4H08ts ho carnead Qrotiee othtbﬂcmml a
cel | ane ative bjas be supplied t

Oﬁﬁ(ft%%%ir‘é‘et Pergfem?rme” dres dPEMS ot q%f%h&a%%ﬂn the channel
ré@hh oq%%sﬂg{e 1%0548 E}\Sef &%%%Q&OQEQBQWS ddqcbn?uct %Lhrrent [n

annel region of su accordrng

gbiRdtalr xasé S tota BRNBE FadtoRHHAGRAM dan t@eyowmﬂyhgrwl
a one stored in the nenory cell does forns

nceambnxmwmaelregmnt‘r% apHagneing whgtheat the &mﬁafwﬂ%tor is

b nd t he, NPN tranS| stor regions do conduct current.
'aﬁe gtBn‘a%UC &S Eti'tdat a may be read from HGRAM cel |

10 byhaupHeyi elué‘%ﬁﬁ'%'dvﬁ HERAM Ref a4 ﬁ\%yrlﬁ.gfé%gj &8 providing

and sensi ng NPN transistor is bra
agEnaEtice \mimgercﬂﬂthe WORD lreatthtensiag wehsther edriemt is
HGRAM cel | may be read. by prow ding a negative
coBfivgige %th%@%bm S EnePT8EmsiY) § ollp v e e Xtk emory

de§|0ﬁgo{hdu fTeﬁine IS gteacg%’é\\-/rzﬁed dﬁ?:nlgﬁéaglop%l?gﬁc?% ysodgf'\quiT clamp

exi s i ng eVi CeS

r&ﬁbin%&il@ﬁedjurflﬂh@ré S%dlr%ﬁ?#fﬁbh@ﬂ@esw th@%@b?r&jtaﬁmf material
remai ns closed. |If there are insufficient holes in the

220ladpgivalzene \ofluestenedan HGRAM cbtbguai athe bourg}wwwil not

tor 0 t he ho | ass wi |
tﬁ"ft Tg‘le ‘%]ﬁ%"%“%b’i ﬁ?fh%h %\“?'H%g‘é’ﬁ bSF@é?d 6? a” inversion
f
Iaé}ﬁgzégﬁé‘%%%@ﬁﬁ g¥ha gﬁ;ggg@m&@q@eg rle atc t}g &.@%&g th‘ewaRo
lihs ippamlideditd eoa@er @gidreqi8orhd ekt d¥ear @Qk:tlen aﬁlannel between

el ectron channel between
source region 18 and drain region 20 prevents any current from being
conducted on the DATA line. On the other hand, if holes are concentrated in
the lower region of material 22 {(a logical one value stored in HGRAM cell 10},
then the electrons in the P-channel region of substrate 18 will be drawn
towards the upper part of the channel. With a channel formed between
‘source region 18 and drain region 20, current may be conducted on the DATA
line. It should be pointed out that the DATA line is connected to gate 24, but
_this gate-does not overcome the clamping effect of the BIT clamp, which is
not used in read operations. in essence, this means the DATA clamp does

not corrupt the data stored in HGRAM cell 10 during a read operation.

When either {or both) of gates 34 and 44 receive a positive voltage {or

no voltage) potential that close the clamps, the heavy doping in the materials

7



source region 18 and drain region 20 prevents any
current frombeing conducted on the DATA |ine. brbe FEB 2007

if holes are concentrated in the |lo
%Hgéﬂﬁmgﬂq%terl al 22 (a logical one value storpéjJ’flllSﬁnom24103

HGR’AM cell.10), then the electrons in the P-channel
regi on of ‘substrate 18 will be drawn towards the

upper part of the channel. Wth a channel forned
SBARe®A T e%lﬁ dhe M@Sofmomfmrtbnam themiseives @cress baage

i eaa PR dfdeRohe wolantd ¢t RTAnmudBd 4loogim s, n this

"Rt btk fbhtﬁe 9@ s BRY ' i

4 S U S s B0 S DYEIRTRIDGg oo

regier 26, ang. thlereba/ssaenmevotamles staearnisr HIBRAM T lCT @np piodded.
ot. corrypt the data stored in HGRAM cell 10 during a

The sliptopuianiodholembeesemeie pppemanchioveer gaians emaing fixed

I I
o0, 55O BBt S PR e AR oA con
1®|3§ qiiRé£Lhbahémory %fré@@:ﬁ@oﬁﬁﬂﬂégfbrgq—émgﬁo@ Handwidth
2007 3/024103 32 and 42 restrict the holes from

ankidoesmneray themdd besfuathasoittet dge thayHBIRAB) cells 10
regardl ess of the RO| arity of the DATA suppl i ed at
refapdmemory yajygsdn thp hqurglags evep yyhehgowes iy remgred from the

) o 8 LU T S B AR e o

maiferials proamdiad, i, eThﬂs@IbSéd o botsi®d cbAtRs bahHiReRVEABNIth
upper and | ower gl ons remains fixed wuntil the
the| REwyer ta @QJ%%%@BI gt® rﬁemowedholahtpsb&mdn%%demn thsed, so
efresh

oATRPS RSt milrale TGS PrinaeparS SR Gttt coare value
retdin88ahee lP@wEHFéd’&Y oP%;%‘[fﬁgghQEt that HGRAM cel I's 10

retain nenory values iIn our gl ass even when power
i s rlEfoedlidstortes heothmranpodibagadfHGRRA calits® hating a CLR

th%&%ourgl SE% material 22 is insulated from_ materials
9a1s Shand R Skl gate Bfsulnihia embadinent SES gusteR reay receive a

negétﬂﬁve tﬁ§§@and£ﬁ?&pﬁ0%% e Weglgﬁa? 19%'533‘31:%%/%\%116 a

renai s o osed
poSi V@ bRisaUmpsied kb ClgR ghed 6@We§§ls"ﬂtﬂe§ 218l 'éfPtthé %p%? PESEn.

value retained in the |ower region of materi al
Alternatively, SET gate 56 may receive a positive bias that repels holes out of
the lower region of material 22 while a negative bias supplied to CLR gate 54
attracts holes to the upper region. The complemented signals at CLR gate 54
and SET gate 56 may quickly move holes through bridge region 23 and
potentially decrease the programming time for HGRAM cell 50. Other
~variations of HGRAM cell 50 may include separating out the DATA line from
- the gate at the top of the cell (for easier fabrication or to minimize the
residual impact of channel electron flow on the DATA gate), moving or adding
- DATA gates to just above the WORD and BIT gates, and re-aligning the
WORD line for better row implementation. Additionally, positive voltage on

the BIT line could be used to tighten the clamp and improve read speed.
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FIG 2 illustrates another enbodi nent of HGRAM cel | ,*;58 F *'
having a CLR gate 54 and a SET gate 56. In this 0f FEB 2007

e\ngg‘h@gmﬂ]SET gate 56 may receive a negative P@’[Ztﬁszg(ﬁ}mulos

that attracts holes to the | ower region of materi
while a positive bias supplied to CLR gate 54 repels
hol es out of the upper region. Alternatively, SET
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to the | ower region ich in turn controls the current

SéatdLEEway Gheay balaned pHsettiaygeadtiongriovthgi Syl and CLR
mul ti -Ct)i @mrrerm{ﬁy operation. _For a nulti-bit menory
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and allocating each process an appropriate memory share. The OS running on
the microprocessor may rely on hardware support frbm a Memaory
Management Unit (MMU) to manage the memory and export functions that
other subsystems and applications may use to interact with the memory.

| By now it should be clear that embodiments have been presented for a
.memory cell that is non-volatile and compact. The HGRAM celi may be
manufactured using current technologies without the need for exotic
materials. The memory cells non-destructive write operation means it has
virtually unlimited durability and may even be used for system memory

- .applications,



supporting nmulti-bit operation may or may not requi r&ﬁﬁ FER 2007
a separate erase step to ensure the proportional
Ny L gmeasured of f a consistent base. CLR
ignb:?ogﬂgo'lﬁglaote 56 may bal ance offsetting attract ?gfg@s?ﬁé’mum
the SET and CLR gates and elimnate a separate erase
step. FIG 3 illustrates HGRAM cell 10 or HGRAM cel |
into a menory of a conputer system
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Wiile certain features of the invention have been
illustrated and described herein, many nodifications,
substitutions, changes, and equivalents will now
occur to those skilled in the art. For instance, HGRAM
cell 10 has been shown and descri bed for an N-channel
MOS device with P-type clanp materials 32 and 42, but
the present invention is applicable to a P-channel
MOS device with N-type clanp materials and el ectron
nmovement in material 22 rather than hole novenent. It
is, therefore, to be understood that the appended
-clainse are intended to cover all such nodifications .
and changes as fall within

10



the true spirit of the invention. 10 6 February 2007
What is clained is: 1. A device, conprising: a
substrate having source and drain regions; a
seni conduct or material having an upper regP&Reruary 2007
. separated froma lower region by a bridge region, with
What is clajfeed §iver region formed at |east over the substrate
“between the source and drain regi ons; and a first ,
1. A devica, gerpprisieg: @rSUlBtrate hawag selrae and draireregionggesantgpnsciop material
having ary unper {(RgiaD sarastechliem @daveigrgion by rdirigee preie with e lawarregion
formed attlpgst @M(E;éhe peknligie hetweemihe|sovrse andgirain redians: and afirst slamp
material fergrest aiacepbingdridep sdiandoreenive mbias §wb eeirolrrichirge passed
between {hggippakregion and dheylewet egion. tedirshcliampratedalbeingeseparate from the
source a 0dAgdiiet-or material is electrically isolated from
the first clanp material. 3. The device of claim]1, ]
2. The deifjse PEFIRIM hevhasein demeridicendugier sateial iselasdicalyl inalatedrimpprine first
clamp majgrigh the bridge region narrower than the upper region
and the | ower region. 4. The device of claim]l, _ .
3. The deyige phelpim hovhedein dhexsegaicendeisiop maderiabisteuralasp shapasgvighthe bridge
region nagpwerHBar 81 urpRtIesioranditag lowearedion. The device of claim
' 4, wherein the gate coupled to the upper region of the
4. The dewgprpteaiubifuither inplusinga oats ceuripd &uthe sbpereegipa phthe sginignductor
material. hy a data |ine. 6. The device of claim5, wherein a
gate coupled to the first clanp material is coupled to
5. The deyipe of gt bavhesrjp die dafe soureditol theyepper regipreofdhe pemicgnductor
material is¢Q@ipipdito the draiidegion &Y édlalying- second cl anp materi al
formed adj acent the bri d?e region andrrggep.os_i ng the
6. The deyice of claimadyyvhertie aigate caiplen te thsy Hglkeciarap materiatis spvpled fythe
source regjol R §tWue éNthavi ng a fiel d-effect transistor with a
source and a drain; and a gate structure having a )
7. The de¥epaaipublwthaminciiding a sgacnd gempppaterialdgimsd adipcpy thg bridge
region ang appesing tha firsh cleBREPatedd)i on posi ti oned above the
substrate and between the source and drain, the gate
8. A storagg dedgs, campipingrer subsiplgdianigo @ fieldipifect ansisder with q feurce and a
drain; andmaigétw%{?wedwms cHticRdusion mpderishanan HPRaNMreHeN. afyjsige region
and a lowpraggigR PopiFBRRhaRave the sugtiateapd etwesnttie spieRang diginie gate
structure firtier leﬂléqlgg;aic@rqq@qp@\%qa thee@d@ﬁ regigmior@nirelfhags passed from the
upper regipp Jilrpugin ie| biidae reginmiedhe logE ergiam @it shiaree indiRg |awyasiregion
controlling gruipgergiop jayer foamgd betwesh lag squres ardyainawBereindhe clagp is
physically sgpgrate famp thengouireand the draihe st or age devi ce of claim

8, further including a data |ine coupled to the upper
9. The storagg; qgyicgof elgin 8, further including a data line coupled to the upper region of the

semiconductor material and the drain.

10. The storage device of claim 8, further including a word line coupled to the clamp material and
the source.

11. The storage device of claim 8, further including coupling a first signal o the upper region and
a second signal to the lower region of the semiconductor material.

12. A device, comprising: a substrate having source and drain regions separated by a channel
region; a polysilicon material having an upper region, a lower region and a pinched-in region that
connects the upper region to the lower region, with the lower region formed at least over the

- channel region: and a semiconductor material to receive a bias that controls the pinched-in region”

to pass a charge between the upper region and the lower region, wherein the semiconductor
- material is physically separate from the source and drain regions. '

-1




sem conductor material and the drain. 10. The storage
device of claim@8, further including a word Iine
coupled to the clanp material and the sourc% ﬁgr
storage device of claim8, further includin§ 88@5“2
irst signal to the upper region and a second
13. The %ew ﬁéaf Clan ?%éNheé%rth%ngwoam 318l isdereasg shargd with the pinched-
in region Hﬁ'fr%‘f"?ratha” e “pﬂeﬁ@gloﬁéndéwi’vﬁéﬁg@" a substrate having
source and drain regi ons separated by a channe
14. The qeéﬁﬁ Ghelaip b%ﬁw?qnlrsgw'n@a@ aatr}@pum{ad/tor%e HRPLIFpEPN PEiGe pRlysilicon
materlala Iomer region and a pinched-in region that connects
per ion to the lower region, with the |ower
15. The qeé@? @Eclﬁ*m ﬁ%gurﬂier |Iré>a§1ungoa/eatetcﬁ@0le%wathﬁ semicapiuster nagteria.
sem conductor material to receive a bias that controls
16. The d@wée of daire ik ifirthes fichiding an ipaidating rastaria) devaepdian pippied-in region
of the polysiliron maigiial and Hie sanaiconsiystor madgrielh,  wherein the
sem conductor material is physically separate from
the source and drain regions. 11 6 February 2007 13.
The devi ce of claim 12, wherein the polysilicon
material is hourglass shaped with the pinched- in
regi on narrower than the upper region and the | ower
region. 14. The device of claim 12, further including
a gate coupled to the upper region of the polysilicon
material. 15. The device at claim 12, further
i ncluding a gate coupled to the sem conduct or
material. 16. The device of claim12, further
i ncluding an insulating nmateri al between the
pi nched-in region of the polysilicon material and the
sem conductor material. 12
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