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subject matter regarded as the invention is .
maypaetrirogtammedpdirauahl theuse of hot electron injection and/or 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 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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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 microcontrollers, general-purpose

microprocessors, Digital Signal Processors (DSPs), Reduced Instruction-Set
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physi cal or electrical contact with each
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. 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 materials implanted into a substrate 16 that may be used to
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ot her. "Coupled" may nean that two or nore el enents
are in direct physical or electrical contact.

waHmeevEr20 " coupl ed” may al so nmean that two or ROIES2003/024103
el ements 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 Hourd ass Random
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gions, one skilled in the art would recognize that
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havilPad Holr§lays shape sind fhtRha@spsl tdRave %n@osifwa&hergal One
22 is fornmed above the channel regi on of substrate 16,
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the ERFLEPAGCDPCTR ) p Aot 24 fPTaBREvRE A ORTA Al o
Adon ] eSS SLOTRABIBI BT KT e o2
forhd.a WMarerciarhp aihdl amit diampiy foenkedlts & semidonductor 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

4



froma polysilicon material that is deposited
subsequent to formng material 22, with materials 32
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novi ng across bridge region 23. HGRAM cell 10 may be

lineahatisechnneicted e rgaty 2%ebf theabategsteacture @nddio draireregion 20
array commpnly caqnnec a WORD |ine and mem)r%/l(not

t t
of BRINEN FoPaar [e61ans et Cag M e i Soe o

shoWTA line and a BIT line. In particular, a signal
generated by an address decode circuit (not shown) is

supilopethtih, tihe WirREPhyde\ORE Ibgieal zérobadlbe GatceHERAN cell
the gate structure and to source region 18 of the NPN
10, ta aegatiteoeharggi Ay .beoaprliedaip drtedrd4 eed gatd 4%eandendata

valu%Angzero 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
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Clamps are closed unless 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 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.



freely nove throughout material 22 (including bridge
region 23), the positive bias supplied to gate 24
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the |l ower region of material 22. In a read operation
the increased nunber of holes in the | ower region of
mat eri al 22 causes the surface of the channel region
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that a cl bei n noye
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negdfidbidef SETETERRD #8 Gediing LARRNETNTNIN Yensistor is
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d
oo b TERT 7 08 A e S
conbi@8teePbn ARE DRTA RSV A*stl@%orrﬁﬁdnls'tdh"rﬂﬁwm ROV Geémory

10 by supplying a positive data value to gate 24 and
deviceisoie BIT tioeds may abtvatdd dengrepdseperaiiopy. sappeBlIfglamp

a, ne atl 04/0 7420
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substrate 16, and accordin the NPN transi stor
layesdindiie; wpnef the elaannel oFven %@uabra Regrfivesbias on the WORD

line 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 (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
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nateri
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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mat&Va 2 2Vh ahugp pelsing the bl bf e thenp femailengthasfedmenimits
the fact that the hourglass material 22 is insulated
the ¢haygr nasseditalthedowangegion whigh, m.wg'mlcaf\ér@'s mﬁﬁurrent

ut si ont.act s.. Th even W.
condifiRl B fRofigbiarody thieS S Pralidihe PR *iprloby rghifion.
For & MRGIgSSit ety Hbl@rﬁfeeclﬂﬁh‘??%@duh Qﬁer@,@ﬂ'ﬂ\nllr?&(rﬂftdshown)
corrupt the stored value retained in the |ower regi on

mayodenset difieaént2@ndtoBon2curréntst rat,@mmeuhaeof theettengtit of

of HGRAM cel | 50 haying a CLR ate a a SET
the Byergian CFEN a0 chAielEegpn of %bﬁa@te B8 aiprgpdrtichal to

the Qgﬁgérlt}’aeucg‘} 85 Egﬁt ?t@Fécf Aeine RA&Srebior 8F rﬂe{i‘@ﬁél ﬁfg'ﬁa'ﬁhough

posi tive biras supplied

HGRyaVemad ncapelsirbal sepapate érfasb fs&epllﬁoemng&gbmmperatlon
Al ternatively, SET gate 56 may receive a positive bias
suppersingrrepli-bitraneasation may or mae/ P@Wﬁqwf@g@ saP¥rRtengasq glep to

ensife, e R RETGET i ree® st A STbR RSB teafBRse G eare

54 a?\chE*rsgfa?He ﬁ%aﬁbslaﬁée oafgétﬁl?g‘ aeﬁs@n&@s rmmqsenrlqrw CLR

nove hol es through bridge region 23 and potentially
gateﬂ;emdaabmlméte q)se@aratmem;etstap for HGRAM cell 50. O her
varj ations of cell 50 may | ncMJde paratin

t h5'%%"%%@%@8%@eaak%oa Ghfe %?J' 'Pﬁ%f&%gte%uitnto a
merhb) oS inb | SO Bl 47 IRk Sl AL fueimoy
mar#¢i the 1hitad Phygical memory present on the computer d|V|d|ng 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
wo ppierEpt at i on. Additionally, positive voltagecDos2005e24103
BIT ine could be used to tighten the clanmp and
I nprove read speed. 8 WO 2004/017420 PCT/ US2003/ 024103
HGRAM cel |l 10 nmay al so be used in either single-bit or
”UWhlté)bérthPnefe%hr%@ dtRk inv&nort Y’@v@rbe'gﬁrlﬁugrét%d' dhd
single cell. By controlling the tine that the clanps
desernitzedk beteimpmangunbdifications t sultizutibhencharigesayande
possible to disting ubsh bet ween different

eq“'c‘.’@f?d@ﬁt"l"ﬂtr?%so‘i‘}f'" A8tBese ﬁk'!'ﬁ% in sheart. eEPbH‘S(‘S?"C‘?
HGF?%&Péélfggzﬁ%s B—Féﬁ‘ shBWnSé . fr @éoaﬁéép%eﬁg%@i}@ t tm?he
devic@vwrthrmwwcmhw hxatanausr:m @Aat4 D sut e sresepnt
conducted by the field-effect device in Elr ovi di ng
inveition; is sppligablertp @E@fmﬂr@h MO§@tevicanwlith Nutiypengiampy

matig bl arl LS et pp e Emie T i B S P 2t Thahdidle SO
moVERReM. etqf, fﬂ?ﬁeﬁirée&gbg u(p,fdergtggdltﬂg?rtﬁé QBPEHaécFEFaMnQ

the channel region of substrate and proportional

are tntendedhtecovat absuch rhodifisativos eaddldhdnlgeslamﬁﬂl w&glmn
of material 22. Al though HGRAM may not require a

the grate-pitib o the NandioNt or si ngl e-bit operati on,
supporting nmulti-bit operation may or may not require
a separate erase step to ensure the proportiona
timng is neasured off a consistent base. CLR gate 54
and SET gate 56 nay 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 nenory of a conputer system
havi ng an Operating System (0OS) that may nanage the
limted physical nmenory present on the conputer,
di vidi ng the physical nenory anong many processes
that may be running sinultaneously and allocating
each process an appropriate nmenory share. The OS
running on the mcroprocessor may rely on hardware
support froma Menory
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Managenent Unit (MWJ) to manage the nmenory and export
functions that other subsystens and applications nay
was@4o74emt eract with the nenory. By now it sheol/dsines/024103
cl ear that enbodi nents have been presented for a
menory cell that is non-volatile and conpact. The
HGRAM cel | may be manufactured using current
Ch"%ﬁchnol ogi es without the need for exotic materials.
menory cells non-destructive. wite operation
nmeans it has wvirtually unlimted durability and may
even be used for systemnenory applications. 9 WO
2004/ 017420 PCT/ US2003/ 024103 While certain features
of t he o) een illustrated and descri bed
her ein, An&l&ﬁéé (E@Jorgﬁgg{‘pons substitutions, changes,
angl susaubtb’:\ha%g ddrte ARW dveidUiegidhs; hose skilled in
the art. For instance, HGRAMcell 10 has been shown
anal seescondiiof onatgriaiNhaviag 88| UIIES redion sepaipted T:"Dt'fyée

terjals 32 .and t the pres
lowig BGR P aupaige ea o o ATER ToistdeBIEa e R (g Sler the
subst aﬁtarbetwe%%r“@ So e a‘?\lde&tafrpfbd@’{serﬂ?m in rmterlal 22
rat her than novenent . is, therefore, to be
unadirst clachg haatetlhlefoawmelrmabmta]hnfmncbgaaregmemcleelceme a
cover all such nodifications and changes as fall
bias\ihehFANtrplfea Chaeoe ppesad Betwern thi WpREiegiam apg the lower

reglgr904/ 017420 PCT/ US2003/ 024103 dCainms: 1. A device,
conprising: a substrate having source and drain
regions; a semconductor material having an upper
region separated froma |ower region by a bridge
r edi on, Thetdevidgeeof oleim t.egherein shensemiconduator ovateriakis -

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



substrate between the source and drain regions; and a
first clanp material forned adjacent the bridge region
WO eometHERVe a bias that controls a charge pasBeTUS2003/024103
bet ween the upper region and the |ower region. 2. The

device of claim1l, wherein the sem conductor materi al

is electrically isolated fromthe first clanp

meg er i afhe JevideColBitirh €, FlirtherinBIddinghe5866hd BRImp material

sem conductor nmaterial is hourglass shaped with the
formedi altjeceresginenbridge oegion tandroppusingpre firsgtgélempanchteridle

| ower region. 4. The device of claim1l1, further

including a gate coupled to the upper region of the

segi con {al- 5. The device of claim4,

mhgleinﬂt égéggg%§§d§+%%'to the upper region of the

SedlpeOcelsot MavirR] &n iatith@etic idgicdirdt;raridegi on are

coupled to a data line. 6. The device of claim5,

wheme¢mory gxtasnabispthadprasesser thatds ceralas tarpratidefata to

and the source.region are coupl.ed to a word line. 11
thve. HMW'%%M.@@?W 39 7. The device of

claimlg memrcénnwﬁg, RPurteSSSPBFLiRrBgRNERL er i al

fornmed adj acent the bridge region and opposing the

first claasgmitenductdr. m8terial bgsingnan cpppr region:separated from

processor having an arithpetic |ogic unit; and a
meATPYEEXEIORDY BPMHIgS P9Iy that is coupled to

Py idee ELTLSIG that is cou
ol udi g g, PEidle bATDH oL A i Ieqiod Ta RN

r egh8itfe passeNir6ANERCUPPerfRgRIH & thelower AlyiowP&ith the
region separated from a |lower region by a bridge
r egharge iarthe lower region controlling an inversion layer formed

between the source and drain regions.

9. 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 ihcluding 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.
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a first clanp material coupled to the bridge region to
control charge passed fromthe upper region to the
wo oweniHegi on, with the charge in the | ower rBgI/U82003/024103

controlling an inversion |ayer forned between the
source and drain regions. 9. The system of claim 8,
further including a data line coupled to the upper
regihon Qf n terial and the drain

gb R %%Pﬁesg&'%?e?#o?)%l@a further including a
vvog, ‘%ubbﬂﬁt& ﬁld@ilngda field-éftect tréﬁﬁlstdramlhrmtseuiwl arxhd drhim;
source region. 1 1 . The systemof claim8, wherein

andt he serri conduct or material is electrically i sol at ed
he firs mat er i al
o, SRS sivctie SefBanauBEoRonatE el il Wik Sh e teffon,

a brﬁgﬁpr% ioM hRd e wr R F8iABnERabEVE thé kabstrBte dRger
r and the | ower region. 12 WO 2004/017420

bet\»?é:am U@@68#(&2@1&&)3ralmsthd\geteostag@tude\fuﬂber Umhquimguaqglanw
substrate having a field- effgct transi.s

couglgdrteghgriy '%%IF%H"PI” to goatrel § ?@es’??stf@fjurr gnhéﬁﬁ Hﬁp%{ region
throﬁg'l'ptﬂgrbq@ ofqg‘% €5 itRL I(WVEp ot PRE ErRsth8Mn thé |OWeH 98gion

ion a ower regi on t ‘oned above t

conﬁ@hﬁmbféﬁ mmﬁonb@dﬁﬁiﬁn{ehebétwmetwwbdcelamd turram gat e
structure further including a clanp coupled to the

bridge region to control charge passed fromthe upper

re ion hr o e .bri .r egio the, | I ion,
i - ondhGetprPue Bevh.sy gt B Ruafier QI G AR8 IE
coug%\detrosﬂh‘énuﬁﬁéferregfdﬁ HP%@%%?\CFU'&?O@Q\%E%WAM tHeadirin.
he storage device of claim 13, further including

a data line coupled to the upper reglon of the

sem_conduct or materi al 1 .The stor
devidce dhegtaragedevicqq rﬁif? ﬁ@r b ind |3 werd fifle

coupled to the clamp material and the source.

16. 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



coupled to the clanp material and the source. 16. The
storage device of claim 13, further including coupling
W@ 2004081420 Si gnal to the upper region and a secp@mUS2003/024103
signal to the | ower region of the sem conductor
material. 17. A nethod, conprising: biasing a clanp
coupled to a bridge region between an upper region and
a | ' f td teidel i W)
Gelilfil URALAG AR o g O PR B roflonfig R fovier Rflon to
conts6U4s earrentl canduatet by thé éiefd-effdet dévieetandepiosde a multi-bit
response to charge passed fromthe upper region :
memeryotflh a conductive bridge region to the | ower
region. 18. The nethod of claim 17, further
conprising: 13 WO 2004/017420 PCT/ US2003/ 024103
Li qigt | NPhE hRetHoRr §EclaRs SIEM fUF®BY CbmpHYeg: region to
the lower region to control a current conducted by the
f i pluldirgf frecbiading tre thendlapro forde lengvhafitimetto l'rrehﬁ% charge
cel]l. 19 The nethod of claim 17, further conprising:
pas?ﬁd?ﬂﬂ?fh’{?éerbrie:%?mg to the clanp for a length of tinme
tolimt the charge passed to the |ower region. 20.
The met hod of claim 17, further including supplying a
fipel sTpeahetHod dhelaimpEr, fuedieoincading supydViegenfiest signal

signal to the |ower region during a wite operati on.
to the upper region and a complemented signal to the lower region during a

write operation.
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