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that provide flexibility for operating a m croprocessor.

BRI Ed dDESER RTinoNg @ THRrDRAWtaEE riheorsielj @xte. nHte dpating gate

ngg\?[ag%gogfar}x%eedltwg&éﬁ the Use %?rhtoltce éc@c%r\/ 1rﬁg¢|:tr|gr$%n8}]otr 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-leve! erasure, a durability limitation on the
number of write cycles, and longer write times due to tunneling overhead.
Accordingly, there is a need for a memory cell technology that is non-
volatile, low power, and manufacturable with standard process technologies

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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and distinctly clainmed in the concluding portion of the
specification. The 1 WD 2004/017420 PCT/ US2003/ 024103
i nvention, however, both as to organization and net hod of
Sparat$1Gm0 t ogether wth objects, features, andPCT/US2003/024103
advant ages t hereof, nmay best be understood by reference
to the follow ng detailed description when read with the
acconpanying drawings in which: FIG 1 illustrates a
in@gﬂﬁse! Rbid &/ diCROM 68! o by RELAIAPRLE MEiHD S opBRABHTERGether
of the present invention; FIG 2 is another enbodi nent o
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abd@thpbAing ARIWRIgsYinaRfigH:arity of illustration,
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I nveGoB. illHewaves the uke wifltheleGRAM MrsEeRdy by 4 bos®uter system.
skilled in the art that the present invention may be
practiced wi thout these specific details. In other
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FRpERPERI ol APERYGHR XTrePDPIGHE TRTSHNT Ghe (xaggerated relative
thigthtedidmehtyl forf @8RELt Futth@r, where considered appropriate,

reference numerals have been repeated among the figures to indicate

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. |n 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 microcontrollers, general-purpose

microprocessors, Digital Signal Processors (DSPs), Reduced Instruction-Set
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circuits disclosed herein may be used in

m crocontrol |l ers, general -purpose mn croprocessors,
Digital Signal Processors (DSPs), Reduced Instruction- Set .
YODO2004r017420 PCT/ L1S2003/ 024103 Conputi ng (HBCp2003/024105
Conmpl ex I nstruction-Set Computing (Cl SC), anong ot her

el ectroni ¢ conponents. However, it should be understood
that the scope of the present inventionis not limted
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intended to be included within the scope of the present

devigeatdepend antrpguéen IP@WQTgCQfés‘JmFPTp@noﬁr hatsd lepiPn@o mpers,

cHZ0 D s LB ap BB Che RS A% itk BBhG ¢ e
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Rat her, in particul ar_enbodi nents, "connected" may be

cE¥AUDisation e4ttemshEtCSk werepnatsligital @?ﬁéﬁ&a@taﬂEDMs)dﬁaéWas
sBDé!%'tgﬁe' d@ﬁ(/&lo%ﬁe[ HggiceEQH&QStor%%%‘?&, and other products are
intended to be included within the scope of the present invention.

In the following description and claims, the terms “coupled” and
“connected,” along with their derivatives, may be used. [t 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 materiats implanted into a substrate 16 that may be used to
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ot her. "Coupl ed" may nean that two or nore elenents are

in direct physical or electrical contact. However,

"coupl ed" may also nean that two or nore elenents are ,
Worzod20ect contact with each other, but yet SHGH/PS2003/024103
co-operate or interact with each other. Turning to FIG

1, a non-volatile Hourd ass Random Access Menory ( HGRAM
cell 10 is illustrated having two sections. A first
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llﬁe Bidd alDATA 28R AT WA HRe figlifdRosed deberibtigH r@ser@Rde NPN
descri ptl on reference NP transi st or regi ons, one

t@k:slsltefdramonh,eoaetskwlkﬁﬂi o thecargniveeld eaogPiNe thatnBNEt tsansistor

gl ons ul.d al so Ie emgl i cabl e. The gate structure
"?QH PEEYIS HoP R PPREGFP S eni conduct or material 22 having

an howeqiAssstpheneeandiudeg hyiveneed samitravRitPOR dtbMal 22
charge. One end of material 22 is forned above the

hakingnan hpe@@@ﬁSéﬂ“a@@b@W hebtlwomdtw héve aoppetiverharge. One
ﬁg(’;ﬂf&ﬂanaﬁh"zﬁ‘@%ﬁnéé Qel s Vérﬂ%ﬂ@@@”@&&%ﬂ&te 18, with

sem COﬂ uct or I nat |

thé bihér gad Q:o&éaectem 8 aAgsey 4 dbampeeinthgatHy DAT ANEIuS.
formed by a sem conductor material 42 in conbination

Afditorallyata samicopd s toaIrgatesiahid mcompInesian wath Grarig 34
forms a word clamp and a bit clamp is formed by a semiconductor material 42
in combination with a gate 44, Materials 32 and 42 may both be formed
from a polysilicon material that is deposited subsequent to forming 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
thin 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. It should be pointed out that bridge region 23

-is narrow, such that a strong electrical field provided by each clamp may
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froma polysilicon material that is deposited subsequent

to formng material 22, with materials 32 and 42 being
heavily doped to prOV|de a strong positive charge. In
sre2@wboderent materials 32 and 42 have P-type PCT/US2005/024103
inmpurities. A thin insulating naterial separates

materials 32 and 42 frommaterial 22. HGRAM cel|l 10

i ncl udes an hour gl ass-shaped material 22 having three
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115& ARy EHE MonhRe tedTk @2 ORD AN N @ ndrebre @21t hScated in a
upper and | ower regions of material 22. Stated
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and 44 prevents holes from noving across bridge region

iB30f HERANIN gwinsistor magiope. dPatdyedy b v itiemeng ad an a DATA
al g each ro th 0 n t

|I|ﬂe t@%gﬁs cﬂ@ﬂ%%%éﬂ Pg% 2ca?afyté1 gg% $t¥u?t8ﬂrr§ea§1€e{jo td?alﬁ r\é‘@%@ 20
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signal generated by an address decode circuit (not shown)
sheVeippl i ed on the memory WORD line to both gate 34 of

the gate, SLEGG W & \@Bge Fr%c?eoHquv\éu%Qi D& o &%u%fsnw%éﬁ’NM cell

transi stor regions. ta may ten and read on
TATANnegative charge may be applied to gates 34 and gate 44 and a data

value of zero may 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
lower 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
holes 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
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line that is connected to gate 24 of the gate structure

and to drain region 20 of the NPN transistor regions,

and further connected to sense anps (not shown). In

BperAHioa20in a wite node of a |ogical zero val RETIUH2003/024103

HGRAM cel |l 10, a negative charge nmay be applied to gates

34 and gate 44 and a data value of zero may be supplied

to gate 24. The negative charge supplied to gates 34 and
z&t €144 ih oy BERARECBOES 4 BoRBL el dlichadAenindp %R ehoed Hiom

outer edge of the clanp, i.e. towards gates 34 and 44
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substrate 16. Thus, when witing a | ogical
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oF S afth®10\0aE Pedién iinaebsalt B cduisés itheisueracef oCter gesnnel
between the upper and |lower regions of material 22 and
ragioooridsieh stortec harpdesapadn et of éndsd Gpoductiegi @t Enhferm

. . . ' | oal
S0 0 B AL 2, e p AT v
spPplikd tel gate g geatiodd Ahy alisteibatiogad fecZdkge¥VHdividemn wor dpper

clanp and the bit cla bi ased with negative bias val ues
ag 1gMyywesH s of saterial 22 and determines whether a conduction

channe! forms in the NPN transistor regions.

Clamps are closed uniess they are actively being held open by their
respective gates. Note that a clamp 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 HGRAM celi 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.



freely nove throughout material 22 (including bridge

region 23), the positive bias supplied to gate 24 repels
many of the holes away fromthat gate and into the |ower
VeIV IGH20mat erial 22. In a read operation the iHEVESNBEHV24103
nunber of holes in the |ower region of material 22

causes the ! surface of the channel region of substrate

16 to becone inverted and a conduction channel is form
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forms in the NPN transistor regions. Clanps are closed
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may nove across bridge regl on 23. Further note t hat
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%aq\()edﬁuagl gcgcg] drCe rlﬁ8|o(#1s‘ibhé'ﬂd sbﬁ‘ghg'\bh@g\eﬁ'sthf o RPNPELASstor is
r of bri 23.

ansporte ough™the narrow nec dge region
blhﬂecgwemaiducdataumaryt be witten and stored i n HGRAM cel |

10b e t he cla san ing data t

LhenTefbetadare Paug tERes BT FIGHRRL FSNIS BlaohS 886 By hoviding
a h@g@ﬁwg/oﬁ el ahé wmmmﬂe%d SehiHh Gahe R diRYeliEs

witten stored in HGRAM cell 10 by sugpl ying a

ccpmqted@rdm@%rgdlrteo @atllé cmmandy donegivial exigting rmsfml@ev
I Soolroa r SeS e P, FeBag 4908 2RIt Bioe B HT armo

reékRAY tetdd 10, tieerbegatihveffias mdlgs e tEUp@Wa@degﬁ)n ghtraaterial
34 and source region 18.. A zero stored in the

22dplogises zams varer siosed dn iR A cethdiRelthe ﬁoyﬁ%'aéﬁaﬁ%éwt
a{t?agft%eoéleéHgﬁg Iﬂttﬁe ]t:@van%rég re@gﬁg}‘déuﬁgtyatetf@ aarF:E{(]l\ inversion

transi stor conducts no curren ot her
layer to the top of the channel. Even though a negative bias on the WORD

fine is provided to source region 18, the lack of an electron 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 (cr both) of gates 34 and 44 receive a positive voltage {or

no voltage) potential that close the clamps, the heavy doping in the materials
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one stored in the nenory cell does forns a conduction
channel in the channel region of substrate 16 and the
NPN transi stor regions do conduct current. In general,
wognedoidatea may be read from HGRAM cel | 10 by suppt/ysmgsaz+4103
negati ve bias to source region 18 and sensi ng whet her the
NPN transistor is biased to conduct a current. Thus, the
data val ue stored in HGRAM cel|l 10 may be read by
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mat eri al a |l ogical one value stored in HGRAM cel
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retdiBe8 iR ARE NGRS fregloroht LitReRhiT28! anp, which is not used
in read operations. In essence, this neans the DATA cl anp
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o ARSI BB MO e Y e e
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positive bias supplied to CLR gate 54 repels holes out of the upper region.
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.



WD 2004/ 017420 PCT/ US20031024103 32 and 42 restrict the

hol es fromredi stributing thensel ves across bridge

region 23, regardless of the polarity of the DATA
wopphied+at gate 24. In this il rest state" forPGHEs2003/024103
clanp, holes are inhibited fromtraveling through bridge
region 23, and thereby, a non-volatile state for HGRAM

cell 10 is provided. The distribution of holes between

t he HIPPAM ardl 1@ weay mésg:i lon1 s'sed rimiaiih of i sireale-hihor Imylhiebit

onBER Lart S5 i e ot ndhg e Breden Py g b ind the tme

thhh e EERMSps %ay%pfr%mhydlhmgdwmté oﬁBﬁétTo@ﬂUﬁ%a\eBer;g;y;snilé to
shoul d be further pointed out that HGRAM cells 10 retain

digtirayish weitwesn dif fenenheenegrisatianenf Wetas ot lqveer @ﬁj@'éc?

T 2 T TR A bR P g R

the RSwrgé @astedmatieSoteraegtaacivhicH rusyrrevemtrolst the tlmeent
0 HGRAM cel s 10 rempved, clanps 32 and 42 renain.

Coé‘ldé@é%dt bé’othecﬂﬁlldg%@e%d?l‘ﬁf:er‘r? QF%Y'Q'%FB%E it Ina%r@opé&pgﬁatlon
Ford AHHGHE MiBthohPBef! ﬂ{eeglrc\!@hl&ereaﬁﬁ't@m@g)ﬁlﬂAt!n% {rf&hown)

region of material 22. FIG 2 'illustrate-s another
meytedsaefitfeodntHERAM@Eln colehtviing, a ree@ugatetitisurdgth of

SET gate 56. In.thjis enbodj nent S receive
thadguPiven BLEET HadhE TPR0FL PR OT B EHEtE VO gRRR! e ol to
thBBE S deRlr Ao VBE h81ed sREd th Y8e I RSr BN @fdrT\taQeﬂélFantﬁlthough

54 repels holes out of the upper region. Alternatively,

H@BN@aneva@tnwurr@c@se@arat@@s&i&a serbfassinalgtbit @perationl es
|on of rraterl I i v
s fiec P s b e Ry afe T a e i e B L s G PR s rer to
efRGEARe pTrbgoe@mhecrmmge% SlegBatedl atf £cBngidtenbBasandsEgate
gate 56 _may ggl ckly nove hol es through bridge region 23
wand PET edittead f ynane bakise efieetiinggrEmatinpst e aF T Roeh@LR

&%'slan%oel,,%,b&fe a %QB%)%#&A%%SFPE M cell 50 may include

separatlng out ||ne} om the gate at the top of
t he €85l 3(|ﬂostreas;| dGHAWr¢adbt Oar I9GRMmell BDZecttperated into a

resi dua1j i npact of channel el ectéon flow_.on the [%ATA
MEMYY, © nﬁ\ﬂ%pﬁ?réﬂ’&tﬁ@ having an Operating System (O35} that may

manage the limited physical memory present on the computer, dividing the
physical memory among many processes that may be running simultaneously
and allocating each process an appropriate memory share. The OS running on
the microprocessor may rely on hardware support from a Memory
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 cell 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.



DATA gates to just above the WORD and BIT gates, and
re-aligning the WORD line for better row

i npl enmentation. Additionally, positive voltage on the
WB) Tuolioh2¢oul d be Used to tighten the clanp andPCrprsgus/024103
read speed. 8 WD 2004/ 017420 PCTI US2003/ 024103 HGRAM

cell 10 may al so be used in either single-bit or

multi-bit operation that store two or nore bits in a

si niViile ebttairBfemonts of thedntdreidr Mavetdwh itibetrakedpadar e

en _durin te operation, it may be possible to
dent PRI DA BIP Ul f T SRR LHPPa PURBSE, 4ol ob i n
eq&nhv%lérﬁwmr ﬁtgvbvo&,&jr td"ﬁ'tcfsre' Qlllig@ in -‘mg%rt p%?'nﬁ‘&a‘h'aé

bi asing of the clanp for a length of Nimts
HGEaMyeelpd §s bds beentehdvemandr @gsanbemf@ham rN-t:bannelollq’tOSI S

duct ffect devi '
o8P IG e PR REsr “opeptt B0t R SRR - bi
invERRRnyis Clglicabie 1€ iar e dhbhdel REGS %ﬁé@v@ﬂﬂ Hoe clamb

shaown) Y sense different conduction currents, i.e., a
m%agbr@%ﬁ RRECTS PHRRIO AN oM rrtaﬁ@naln%rrgﬂmf ﬂ:\mbme in the

SR [ uhst r rt| na t he
R P R oty A8 UL B B00 ReP AR HoBRRgi g
arendiitendead télZ:oxl&rtcfhloaug:th midddhtivys aat dtefdiddsead falepatahe
erase step r .single-bit operation, supporting
th?ﬂﬂ%ﬁsﬂﬁﬁc%ﬁngFV%ﬁ“ﬂﬁy or may not require a separate
erase step to ensure the proportional tinmng is nmeasured
of f a consistent base. CLR gate 54 and SET gate 56 may
bal ance offsetting attractions in the SET and CLR gates
and elimnate a separate erase step. FIG 3 illustrates
HGRAM cell 10 or HGRAM cel | 50 incorporated into a
menory of a conputer system having an Operating System
(OS) that may mnmanage the Iimted physical nmenory present
on the conputer, dividing the physical nenory anong many
processes that may be runni ng sinmultaneously and
al | ocati ng each process an appropriate nmenory share. The
OS running on the mcroprocessor may rely on hardware
support froma Menory

10



Managenent Unit (MWJ) to manage the nmenory and export
functions that other subsystens and applications may use
to interact wwth the menory. By now it should be clear
woatooembedi ment s have been presented for a menoPyT/EEk|03/024103
that is non-volatile and conpact. The HGRAM cel |l may be
manuf act ured using current technol ogies w thout the need
for exotic materials. The nenory cells non-destructive
Clelrhé:e operation nmeans it has virtually unlimted
durability and may even be used for system nenory
applications. 9 WO 2004/ 017420 PCT/ CJS24) 03/ 024103 While
certain features of the invention have been illustrated
and described herein, many nodifications, substitutions,
chanbes, Amnikvieguecamipesird:wi || now occur to those skilled
in the Ert. FRr i nst ance, WM ell 10 has been shown
and YEYRY I BEU"PYINarC U ERNME T B d&vi ce with P-type
cl anp serieshd@liSccd nandidt haviig ah hppor @8giin sépuratdd didrh
applicable to a p-hannel MOS device with N-type cla
lomer depisinsburdbEge reawmoveidhe oy amaeaiamforpied ai krast over the
v oAt 1St e, be understood
54%g%tp%ee%gpé§én§gggé Bc‘fengﬂ‘géjgge'nﬁ%gfecﬁ{ éc?rtog cover all such
nodi 4 ifeet tlensp anstetbngesedadfalent whe liridgd hegidtnue repeivieta
of the invention. 10 WD 2004/01742 Clains 1 . A device,
bigs iRt SPAYC M asGIFEBF A SRANNY SEHUTIERIAR ERHPR a.ﬂé’gﬁe*@n'g;wef
26, US2003/ 024 1413 a semi conductor material having an
l?pper region separated froma

2. The device of claim 1, wherein the semiconductor material is -

electrically isolated from the first clamp material.

3. The device of claim 1, wherein the semiconductor material is
hourglass shaped with the bridge region narrower than the upper region and

the lower region.

4. The device of claim 1, further including a gate coupled to the

upper region of the semiconductor material.
5. The device of claim 4, wherein the gate coupled to the upper
region of the semiconductor material and the drain region are coupled to a

data line.

6. The device of claim 5, wherein a gate coupled to the first clamp

material and the source region are coupled to a word line,

11



| ower region by a bridge region, with the | ower region

fornmed at | east over the substrate between the source

and drain regions; and a first clanp material forned

WO 2AatEnt742che bridge region to receive a bias thatT/us2003/024103
controls a charge passed between the upper region and the

|l ower region. 2. The device of claim1, wherein the

sem conductor material is electrically isolated fromthe
first cl aie datver e claBn Thirderiioceluding lhasaachd ahetematerial

t he sem conductor material i hour gl ass,.shaped with the
fOR PP G0 SA01 G Sra ISR PR AR O Br ECBRD R SIrg e Al
| ower region. 4. The device of claiml1 , further
including a gate coupled to the upper region of the
seniSconduk tsystemt eoinaprisig: The devi ce of claim4, wherein

theaglgrte coupked.to t he. ﬁﬁp%r L8 ior%, of the

senmiccOETeE oF PAKING PRIF R SK qIS A" 8fon are coupl ed
to a m@ahéry éxtornbl tol Bige gevdeseoPthsl Ri dddplewher BidVide 8atLto
coupled to the first clanp material and the source

the ggitlomesicd ogi pnild the raewmerd ingludingl1 WO 2004/ 017420

PCT111S20 ST ' f Lm. further

i ncl udi nggzhgéé%gcfeéll réar‘r%znsrﬁ;%gﬁeggngfdc{%*n@ﬁé?sa’cent t he

bri dge regisemizoadoppasinageddlhavirgbnoliper regi®f isaparaBed Arom
syst e[n conpr.i Si nsg: a,processor having an arithnetic

| 0git'UHEE 'R B 9F 84127 n&M9t 0 the processor that

i s coupl ed 9t RIQYbIREA ctogpuetch&f #hd Ul @i QY9G cgﬂiuton
the nmenory including, a nenory cell having sodrce an

dr aigharggiressedareentivondpet crgiomtterthal lokariregicem witpethe
' eglc%nargsggqgrt%teelgm]:errorrggion controlling an inversion layer formed

between the source and drain regions.

8. The system of claim 8, further including a data line coupled to

the upper region of the semiconductor material and the drain region.

10. The system of claim 8, further including a word line coupled to

the first clamp material and the source region.

11. The system of claim 8, wherein the semiconductor material is

electrically isolated from the first clamp material.
12. The system of claim 8, wherein the semiconductor material is

hourglass shaped with the bridge region narrower than the upper region and

the lower region.

12



a lower region by a bridge region, and a first clanp
material coupled to the bridge region to control charge
passed fromthe upper region to the |ower region, with
Mee200gtharge in the | ower region controlling an iREESIGHH024103
| ayer forned between the source and drain regions. 9.

The systemof claim@8, further including a data |ine

coupled to the upper region of the sem conduct or

mat erdal Aandotdp: deaice, beghmhsing_o The system of claim 8,

further including e coupled to the first, cl )
i € SUPSHALE DU Gom G FESD ATanE S0! Wil ySiiem It Iy
wherein the sem conductor material is electrically

Isolated fromthe first clanp material. 12. The system of
cl ai ag8te wrerceins: bareingensemchrdustonmaterial with ahou:mylragglm

W th the ‘br ion. narrower n_the u
> PUgBEHeHn othe Phud ol oRe i o ShiaN o syt 4E¥ Bha
bl daSE34 Q4183 dlam,%étgé&@@&ﬁ:@wecﬁm!@mbhﬁjlﬁg-a &amp
substrate having a field-effect transistor with a source

ceided T@rtbﬁrhri%ﬁ‘ﬁjr%ﬁigatt@ eitaIaEge RAvERY fEoBetecepRIICtegion
teri | r br |
<HPBLEh L sl A PR R b IR R e TR B g fp e rogion
cdiiecliograteiraadsidhdaner tdrenghbet\seenicherseurcd Bhdrdrain.
including a clanp coupled to the bridge region to
control charge passed fromthe upper region through the

bri dgg. reghanihe J‘Sebi‘&\éﬁéf EORE) fWerrQhé‘l‘hglﬁwd ] a:ns line

| ower region congi l'ing an inversion |ayer fornmed
chatlnddn mhetJ;smmce@uam@f dhaisemitdnddtter stetage adevineedrefn.

claim13, further including a data line coupled to the

upper region of the sem conductor material and the drain.

15. The storage device of claim 13, further including a word line

coupled to the clamp material and the source.

18. The storage device of claim 13, further including coupling a first
signal to the upper region and a second signal to the lower region of the

semiconductor material.

17. A method, comprising:

biasing a clamp coupled to a bridge region between an upper region and
a lower region of a gating material of a field-effect device; and

forming an inversion layer between a source and a drain of the field-
effect device in response to charge passed from the upper region through a

conductive bridge region to the lower region.

18.  The method of claim 17, further comprising:

13



15. The storage device of claim13, further including a
word line coupled to the clanp nmaterial and the source.
16. The storage device of claim 13, further including
veoupddmge2a first signal to the upper regi on anc@/8seR0IMb+103
signal to the | ower region of the sem conductor
material. 17. A nethod, conprising: biasing a clanp
coupled to a bridge regi on between an upper region and a
| onginifiegithe c¥argegaisisag frdhethealpér @didehd-tetfieoter reglon to
device; and formng an inversion |layer between a sour

CORH@! a vdv@ﬁrﬁ %ﬂncwretefﬂu Ry ghe é@fcéeffeawiewq ANd SEPYisisea mult' -bit
%g passed fromthe upper region through a conductive

dge fegion to the lower region. 18. The method of

claim17, further conprising: 13 WO 200410 1 74 2 0O
PCT/%§20 024103 limting the charge ﬁassed fromthe
upper regitf'nﬂeé heReel Jar Tediubiher FOTeBHENGF a current
CONGHfid ? tR¥ Bt@@ntg't%' fiweeélfa% F&1eY | &8 @NGs Bﬁ%“tcg‘ﬁnﬂt the charge
mul t'i - bi menory cell. 19. The nmethod of claiml

paﬁaedheﬁhedﬂpﬁxs¢gngpuIS|ng the biasing to the clanp for
a length of tine tolimt the charge passed to the | ower
region. 20. The nethod of claim 17, further including
SUDpicyl ngrie Ridtbbdséfgfalm 10 furehddNRETLIRYisQBpBAHg & first signal

onpl enented signal to the lower region during a wite
todbgrla:tqe@ﬁegw and a complemented signal to the lower region during a

write operation.
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