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Access Menory) manufacturing process utilizes CMOS (Conpl enentary

Met al Oxi de Sem conductor) technol ogy to produce DRAM circuits which
conprise an array of unit nenory cetRISRIBACH.AINCI udi ng one capacitor

and one transistor,_ .such as.a fiel ffect transistor,._In the nost
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digit |ine and GhRAGHIQR-LERS VOIATILEMEBVPEY SEHe. IDEVIGH: SYSFEY D i s
connected to WWﬁ@WW@%ME“ such nenory cells, an electrical
signal charge is stored In a storage node of the capacitor connected
to the transistor that charges and discharges the circuit lines of
25the capagj tor. TECHNICAL FIELD

Various embodiments of the present invention relate generally to the field of

volatile memory devices and, more particularly, to capacitor-less memory cells.

BACKGROUND
15 A widely-utilized DRAM (Dynamic Random Access Memory)
manufacturing process utilizes CMOS (Complementary Metal Oxide
Semiconductor) technology to produce DRAM circuits which comprise an array of
unit memory cells, each including one capacitor and one transistor, such as a field
eftect transistor. In the most common circuit designs, one side of the transistor is
20 connected to one side of the capacitor, the other side of the transistor and the
transistor gate are connected to external circuit lines called the digit line and the
word line, and the other side of the capacitor is connected to a reference voltage. In
such memory cells, an electrical signal charge is stored in a storage node of the
capacitor connected to the transistor that charges and discharges the circuit lines of
25  the capacitor. '
Higher performance, lower cost, increased miniaturization of components,
and greater packaging density of integrated circuits are ongoing goals of the
computer industry. In pursuit of increased miniaturization, DRAM chips have been

continually redesigned to achieve ever higher degrees of integration. However, as
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the dimensions of the DRAM chips are reduced, the occupation area of each unit
memory cell of the DRAM chips must be reduced. This reduction in occupied area

necessarily results in a reduction of the dimensions of the capacitor, which, in tumn,
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DESCRI PTI ON OF_THE AW NGS 15FI G | is.a cross sectigon of a . |
formation of &'St¥ B%%Ffﬁ?fé’,“"ieﬁﬁ“%%%’ﬁa%afé ‘WQPWa’éﬁc ﬁ‘gg%ﬁl‘h@?fcedc’f‘b‘i%‘m
present i nventidhiques. FIG 2 is a cross section of a further
formation of the structure of FIG 1, in accordance with an

enbodi ment of the present invention. FIG 3 is a cross

section of a further formati B@S?k{lzﬁéh%FmﬁAW@E}'sG 2, in 20

accordance wth an enbodi nent o e present 1 nvention. FIG 4
is a crosslisecti onFds. lais yrashsactibroofmfioimoationfof t kieucsire la betoedaaée WiiGan 3,

in accordance with an odi nept of. the present invention. FI G
5is a cross seggﬂgg}?mb&}ge ?rﬁ??ﬂ@?e?“(??lwat ion of the structure of FIG
4, in accordance WFIG 258 a @daosHc BN urthdtor{a862 6 the BYiRRE BFIG. 1, in
accordance with an embodiment of the present invention.
FIG. 3 is a cross section of a further formation of the structure of FIG. 2, in
20  accordance with an embodiment of the present invention.
FIG. 4 is a cross section of a further formation of the structure of FIG. 3, in
accordance with an embodiment of the present invention.
FIG. 5 is a cross section of a further formation of the structure of FIG. 4, in
accordance with an embodiment of the present invention.
25 FIG. 6 is a cross section of a further formation of the structure of FIG. 3, in
accordance with an embodiment of the present invention.
FIG. 7 is a cross section of a further formation of the structure of FIG. 6, in
accordance with an embodiment of the present invention.
FIG. 8 is a cross section of a further formation of the structure of FIG. 7, in

30 accordance with an embodiment of the present invention.



25FIG 6 is a cross section of a further formation of the structure
of FIG 5, in accordance with an enbodi nent of the present invention.

FIG 7 i; KoYl “%gction of a further formati on of the})(ﬁ%éﬁﬁi&%%ﬁsﬁpf

FIG 6, in accordance with an enbodi ment of the present inventlon.
FIG 8 is a cross section of a further formation of the structure of
FIG 7, in 30accordance with an enbodi nenf of the present invention.
- 3- FIG 9 is a cross section of a Turther formation of the
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capacitor-|less nenory ce I n accor e wth an enbodi nent of the
present invention. FIG. 11 is a cross EBdcGon &f3a fusther foinGikn df thg samta oAFIR 1O iy
device, in accordgnce w,th an é.o en%ogi ment of the present invention.
FIG 14 is a bi6¥R2%e 340Ahegodirea) ¥dbs ofiteet Byeh i n accor dance
with an enbodi ment g6, 198 aRIESEMibgraM\6® A hfABitor-less menfdriFeelll i dcBor@akE0CK
di agram of an el ectronic system 1n accordance w th another

embodi ment of Yiearperelesiipent ghdatpresent msmMia@. 16 is a diagramof a
sem conduct or vaf ergney i‘é@bﬂﬁk?lﬂa hﬁ & L& %\?Ti%éjli]ﬁ 2R SR ati ng
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a nenory cell of one or nore o reviou
accor dancelOn tdmtediment bithe prebodinventtonof t he present invention.

MODE( S) FOR CARRYI %CH-ES lﬂgcll( Mgl,zraNr-ll;lo an electronic system, in accordance with an
embodiment of the present invention.
FIG. 15 is a block diagram of an electronic system, in accordance with another
embodiment of the present invention,
15 FIG. 16 is a diagram of a semiconductor wafer including an integrated circuit
die incorporating a memory cell of one or more of the previous embodiments, in

accordance with a further embodiment of the present invention.

MODE(S) FOR CARRYING QUT THE INVENTION
20 In the following detailed description, reference is made to the accompanying
drawings which form a part hereof, and in which is shown by way of illustration
specitic embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be implemented,
25 and that structural, logical and electrical changes may be made without departing
from the spirit and scope of the present invention.

Embodiments of a capacitor-less memory cell, memory device, system and
process of forming the capacitor-less memory cell are disclosed. The capacitor-less
memory cell is formed according to a partial silicon-on-insulator (SOI) technique,

30 wherein the active area is formed from a substantially physically isolated portion of

the bulk semiconductor substrate. A pass transistor is formed on the active area and
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active area, causing different determinable threshold voltages for the pass transistor.
An embodiment of a memory device is also disclosed, which embodiment

includes a memory array including a plurality of capacitor-less memory cells. Each
of the plurality of capacitor-less memory cells includes an active area formed from a

25  substantially physically isolated portion of a bulk semiconductor substrate with a
pass transistor formed on the active area. The pass transistor includes a source
region, a drain region for coupling with a digit line and a gate for coupling with a
word line. Each of the plurality of capacitor-less memory cells further includes a
read/write enable transistor including a gate, a source region and a drain region

30 commonly shared with the source region of the pass transistor. The read/write

enable transistor is vertically configured along at least one vertical side of the active



active area, causing different determ nable threshold voltages for
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integrated into e processor device. e capacitor-less nenory cells
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used in the includes a semiconductive mdterlal. Thc terms wafer and ‘substrate™ used in the
following description include any structure having an exposed surface, on or in
which an integrated circuit (IC) structure relating to embodiments of the present
20  invention may be formed. The term substrate includes, without Jimitation,
semiconductor wafers. The term substrate is also used to refer to semiconductor
structures during processing, and may include other layers that have been fabricated
thereupon. Both wafer and substrate include doped and undoped semiconductors,
epitaxial semiconductor Jayers supported by a base semiconductor ot insulator, as
25  well as other semiconductor structures known to one skilled in the art. The term
“conductor” includes semiconductors, and the term “insulator” or “dielectric”
includes any material that is less electrically conductive than the matenials referred to
as conductors,
The ilustrated portion of the substrate 10 may also be a portion of an
30  implanted “tub” region of, for example, a p-type doped region of a differently doped

greater substrate, The substrate 10 has an implant region 12 formed through ion
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I n one enbodi nent, the protective layer 16 is polysilicon. In another
10enbodi nment , HpEAEIRNEKES-ve | ayer 16 is a nitride material. In yet
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that is covered with a nitride material. e specitic conbination is
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exposed, cur eghride or oxide. The area protected by the mask 18 defines what will become an
aclive area in a partial silicon-on-insulator (SOI) structure used to form a
capacitor-less memory cell.

20 FIG. 2 iHlustrates an embodiment after an etch process that has exposed the
regions unprotected by the mask 18. In the etch process, the protective layer 16 and
the pad oxide layer 14 have also been patterned, and a recess 20 has been formed
with a recess first bottom 22 and an upper first wall 24 and an upper second wall 26,
It should be noted that only a cross section of the structure is illustrated in

25  FIGs. 1-11 and therefore upper third and fourth walls are not illustrated but are
focated on adjacent sides of upper first wall 24 and upper second wall 26.

FIG. 3 illustrates the structure depicted in FIG. 2 after further processing in
which the mask 18 has been removed and a nitride film 28 has been grown onto the
exposed semiconductive material of the substrate 10. In one embodiment, the

30  exposed semiconductive material of the substrate 10 is exposed silicon. The nitride

film 28 is depicted as covering the recess first bottom 22, the upper first wall 24 and



and patterned. In another enbodinent, the mask 18 is a hard nask
material such as a nitride or oxide. The area protected by the mask
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that may be us@Bodi@eiit@k Baiifbieh Riréih] UeorelehiBodigheh§ tHeaPdcdmbert Rl oxide
nitridation (RTN). Such processing is also known in the art.
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t her mal OX|dat|on 10 In situ steam generation
pressure dadi Tht progdssl wtqarrrtd(ouPﬁO)nheJS’l rerlogr plasmagpromadérmiatpid thepalan

oxide and a nitride r rdl nent as set forth
ot 1 on@RoEHSo A Reisd nof et e S B EREE GG e
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substrate ledge structure. Because of the presence of the nitride film 28, the upper
first wall 24, upper second wall 26, and upper third and fourth walls (not shown) are
protected, and a lower wall 32 has been formed that is approximately coplanar with
25  the lateral extremity of the nitride film 28. In one embodiment, an anisotropic etch,
such as a reactive ion etch, is used such that the nitride film 28 is left standing upon
the ledge of what is left of the recess first bottom 22.
For a 0.25-micron critical-dimension {(CD or minimum feature) process, the
remnant of the nitride film 28 has a height in a range from about 0.1 microns to

30  about 0.15 microns. In this dimension, the distance from the remnant of the recess

first bottorn 22 to the recess second bottom 30 is in a range from about 0.1 microns



20a recess second bottom 30 below the | evel of the recess first
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5EB atoms/cm at process conditions of amblent temperature (20 C. to about 30 C.)

and an implantation energy from about 500 eV to about 30 KeV. In one
embodiment, a silicon source that is substantially equivalent to the silicon chemistry
20 of the bulk of the semiconductive substrate 10, is implanted to a concentration of
about 1E' atoms/cm® and process conditions are about 25 C. and an implantation
energy of about 25 KeV. In another embodiment, the implantation energy may be on
the order of about I KeV.
After the deep implantation, an eich process is used in subsequent processing
25  thatis selective to the amorphous material of the implantation region 34 and to the
nitride film 28, but the etch process removes bulk semiconductive material in the
substrate 10. In one embodiment, the etch process is a wet tetramethyl ammonium
hydroxide (TMAH) etch as is known in the art. In another embodiment, the wet etch
uses a potassium hydroxide (KOH) etch chemistry that is known in the art. The
30 TMAH etch chemistry is desirable because it is selective such that it etches the bulk

silicon of the substrate 10, but does not substantially etch the nitride film 28 or the
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are depicted in arbitrary shape, angle and size for illustrative purposes, and the
specific shapes, angles, and sizes of the faceted surfaces will depend upon the

20 crystallographic orientation of the bulk semiconductive material in the substrate 10

and upon the specific etch process and conditions, among other factors. According
to the specific etch conditions, a photomicrographic view of the lateral cavity 38
depicts subtended crystallographic planes of bulk semiconductive material in the

substrate 10 that have been exposed by the TMAH etch. It should be noted that

I~
L

there are other various methods for forming the lateral cavity 38 which are also
contemplated to be within the scope of the present invention.

After formation of the lateral cavity 38, the implantation region 34 is treated
to form an annealed implantation region 46 as illustrated in FIG. 6. The annealed
implantation region 46 has been returned to substantially the same semiconductive
30  quality as the bulk semiconductive material in the substrate 10 by substantially

repairing the monocrystalline lattice in what was the deep implantation region 34
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effect alo | ographi ¢ pl anes such that a facet L y
bRy e

appear W thi ateral cavity 38. Accordingly, facete

is illustrated on one side. However, these are depicted in arbitrary
shape, angle and size for illustrative pyyposes, and the specific
shapes, angles, and sizes of the faceted surfaces wll depend upon

t he 20crystal l aphic orientation of the, bulk sem conductive
material in tHERS Qs IoRognSios ising ek frecint prfdeppustiion theng
condi tions, arRp@ oPtireeed RS RionAEHET TH, R dvBildoRhSBRChidget tiedh

condi tions, a photom crographic view of the |lateral cavity 38 depicts

subt ended crysr¥EtogibPhirdaganes of bul k semi conductive material in
th bstrate 10 th ’ . - ch | d
e subsirate RS, ﬂ%ﬁﬁr&%@&@?&%&%ngﬁgﬁgﬁg %‘rﬁ' eﬁ%ﬁ&meg&trﬁgﬁé‘

be noted that 15there are other various mn
| at er al cavi t end8divent theanxposat soface of brpttatadat36 abé theibbhi ssmidvadstiope

of the present_invention. _After formation of the lateral cavity
38, the i mpl afRSETL PEgHBH80 1o Fad BePme sPBY oan VP B
i npl ant ati on rc8gdiBEhsA Ghad mihikdabiGdidaiol dohditidnls elals to lNBwaidd QalEkce stress

i mpl antation r_eg;@on 46 has been returned to substantially the sane
seni conduct i ven Bdiieel ¢ayityds 1 e opdrionsBnfuch nea shallow teateisplation ($TDhe

bstrate 10 - i . | o
hebarsas R LSTORRAIAL b LEPRLEL Dol RSN BB
condi t i ong0f ordoanwesal intghasubstkanoilh sidew s éntatite, faceid aepEnEIG By anthe

depth of the deep j.nplantati.qn regi on 34, the avail abl e. thernal
budget of ¢ he "BYUREE bOHYR ob tHAF T Gtioits I PYRCEH O EEReIer ey Pt
processi Ng acGay B -MirdOprades€ MRAGMERMns atedhbone. 03 MR igfRAk of t he
exposed surface of the active area 36 and the bul k sem conductive

materi al of t I9Eideligys4 igpverdrthe regnainingporeen ofithe wirslrasnBedioshe it anothsr ng
m ni mal condi t i nj.oal ' L on.. i 1.0 el at:

Moner od vor k. proSRenof PR, su LA | RGO Bk 4G Re SIeALER dOutyr
such as a I§halolidvwmicrons oiwardhk athisoate (ST J2 tbatirewains ® this stapeloft fradessing.

provides a thin oxife ] ayel kB SSledRld 90 18 QNS HIE RSk WG Q8. film 28
has been removed. This embodiment occurs where the protective layer 16 is
chemically different from the nitride film 28, such as a polysilicon protective
layer 16. In another embodiment, where the protective layer 16 is a nitride material,

20  itis removed with the nitride film.

For one photolithographic process, the amount of the substrate 10 that is
consumed sideways by the isotropic etch, for example, is approximately 0.07 micron
on each side of the active area 36. That oxidation process leaves the substrate
stem 52 that connects the substrate that will become the aciive area 36 to the bulk of

the substrate 10. In this embodiment, the substrate stem 52 is on the order of about

o]
AN

0.05 microns by 0.05 microns. Oxidation time will depend upon the area of the

partially isolated structure that forms the active area 36 and the other parameters. In

one embodiment, oxidation parameters include a processing temperature from about

850° C. to about 1,100 C. The ambient is with wet or dry oxygen (O-) or radicals or
30  ozone, atmospheric pressure or higher. In one example, a temperature of about

850° C. and a wet oxygen ambient is applied for a sufficient time to allow about 0.03



10downward into the substrate 10, sideways into the faceted area 44
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di el ectric (S@Pypinmheidatric (SOD) processes are known by those of ordinary skill in the art
and may include processes described in U.S. Patent No. 7,112,513, In yet another
embodiment, a TEOS material may be used instead of a SOD material. Furthermore,
20 combinations of the oxide materials are also contemplated.

While a continuous fill of oxide material into the cavity 38 for forming a
planar isolation to the protective layer 16 is contemplated, the present embodiment
illustrates a second oxide 42 formed by an oxidation process (e.g., high-density
plasma (HDP) oxide material, spin-on dielectric (SOD) material or other dielectric

25 fill). The second oxide 42 may contain the same dielectric material or a dielectric
material different from the first oxide 40. Since the lateral cavity 38 has been filled
by the first oxide 40, the second oxide 42 may be formed according to more
ageressive oxidation processes.

FIG. 8 illustrates further processing according to an embodiment of the

30  presentinvention, A mask 50 is formed and patterned upon the protective layer 16

and the second oxide 42 on one side of the active area 36. In one embodiment, the



hi gh-density plasma (HDP) oxide material or other dielectric fill.
VWhen a SOD material is desired, the layer 48 may be configured as a
nitride a j nmbi nation |ayer to allow the proper Lflcation
of the ngﬂ’r?%%”?ﬁg 9 By way of 10exanple, spin-on diel ePc ri cb@?:g%{éi
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as lateral cavity 38, that are fornmed acgprding to sub-mcron

di mensi ons. The spin-on dielectric (SOD) ‘process entails dripping a

| i quid precursor to the wafer surface in a predeterm ned anount

The waf or 15 SO oUPREOTFa PR al TRk P e o EPo EHCRAOOPHITC: Fhe
spi nni ng uni f afdk 50 pideeoly Gelor FekEHdds e tHeiabhiNehr@iBat fisn Et&&,@@@pby
centrifugal forces allowng [ow points to be filled. Finally, the
coating is bal®SeHTIRg o gidpast eneswher gide pf aciae wie 8¢.i Bhe mlOmeovidist ai | s
of 'spin-on di el&clioh ooy ro?%%ﬁﬁ%xﬂe%O%ﬁ@Mop%oﬁgé)&eﬁ%i fdaaary
skill in the art and may I nclude processes described in U S Patent
No. 7,112, 513 sidemf yretacavatréned6. elrbachingepribeesacxipietss thadegionainpistyctdiebysed
instead of a SOD materi.al,. Furthernore, 20conbi.nations of the i.de
mterials are HBERBNIHEPEEY S proceis i PR o o TrTIOL te TR op

oxi de materi alallbwiie fikEo:G@A0 ¥ndiRe §@bnd AidE 42tcPbeRbABAA hSRL Arindford &
the protective layer 16 is contenplated, the present enbodi nent

i lustrates aaséeEAEApElens ot feastonpside plthe actiyziagatifon process (e. g.,

hi gh-density pl as [ ' L= [ rlc QD)
material or other ngll(%:ﬂggt Sr@%%@ﬁ‘?&@h%a%gtﬁnﬁ ggiegllgg%élcrrlrta%/f(uc%ont ain
t he same dDel goisentenveatiar. | &minmaboddative @t the cormpdfepiealxiddishfiefopmnéd lom
the first oxide 40. Since the | ral cavity 38 has been fille

the first oxi dBoRD IPRECCUEOI Bpd e g ko ﬁ%ap%z&éwwﬂgf o

nore aggr essi ¥ehsaXiedRhi 57) THeREATUOSs gad §RideB54 dlloVS Féah & forhbtidnNg
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may be reduced by placing a single contact at the end of the continuous conductor of
the read/write enable signal 62.
FIG. 10 illustrates further processing of the structure, according to an
25  embodiment of the present invention. The active area 36 is implanted according to
mask 64 to form a first drain region 66 and first source region 68, configured as a
floating source region, of a forthcoming pass transistor 70. The pass transistor 70 is
gated by a word line and the first drain region 66 is connected to a digit line for
reading and writing by a sense amplifier (not shown). The active area 36 is further
30  implanted according to mask 72 to form a second drain region 74 which, in

combination with first source region 68, forms the drain region, referred to hereafter



10 present invention. A mnimal oxidation in the formof gate oxide
54 is formed al ong an open upper second wall 26 of active area 36 and
al ong an 068?1] \kdsy wall 56 of substrate stem 52. The (¢ qntd RdsReSe1
gat e oxi de ows for the formation of a vertical transistor along
active area 36 and substrate stem 52. A conductive material 60 is
formed over the gate oxide 54 to create jge vertical gate 58 on at

| east 150ne side of the substrate stem5 FurthernDre an n-type
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25enbodi nent of the present invention. The active area 36 is
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forthcom ng pass transistor 70. pass transistor ate
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for reading and witin sea lifier own The ctlve
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drai n regi on T7sécomdisobirce re:glcmombemtugctfbnw:ﬁmﬂurdasdn BOWIGE )N E’Eé Gmn&i@
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76. A second SWLLE&EQE-R3s ABmbRceliRE. vertically configured
read/ wite enable tPanS| stor 7/6°results fromthe inplant region 12.

FIG 11 ill5ustrat edlfulz iestrapsecassit diggrofm df the epacitot-lesseneraayeeidiimg t o
an 5enbodi nentacggrdang L esen

82 including a pass r AR %’P a‘%gp?{dﬁcapr?%gﬁ%ﬁ%ﬁ?‘bt%Oi'ﬁ%‘ﬁ'lpﬁmgeﬁm Tt >c/alCeI |
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SO process. Uﬁgbtg 331?51;t0rraf%s IT?]E’, (\)fg.no?ug cgrgtrotl glgn;]l I;Srg'lciy word line 88 and
read/write enable signal 62 respectively control the gates of the pass transistor 70
20 and the read/write enable transistor 76. The digit line 84 is coupled to the first drain
region 66 of pass transistor 70. A bipolar junction transistor (BIT) 90 is also
illustrated as the dominant parasitic device. In general, information is stored in the
capacitor-less memory cell by charging or discharging the channel region of the pass
transistor 70. The channel region of the pass transistor 70 is isolated according to
25 the partial SOI process described hereinabove and tn addition to the gated-diode
configuration of the read/write enable transistor 76. Such a configuration results in a
tow leakage from the channel region and accommodates charge storage in the
channel region.
During operation when the capacitor-less memory cell is neither being

30 written to or read from, the read/write enable signal 62 is set at less than the

threshold voltage of the vertical read/write enable transistor 76 but greater than the



drain region 66 couples to a digit line 84 and at the gate 86 coupl es
to the word Iine 88. The source region of the pass transistor 70 is
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configured rea e enable transistor 76 includes the vertical gate

58, a drain reglon | ocated at the common region 80 and the second
source region 78 resulting frominplant region 12 (FIG 1). The
vertical gate 58 couples to the readIMW|te enabl e S|gnal 62 which is
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20and t he rkadlh@momf@eléhalstbang ¢Iar$nstfmrﬂoﬁ6ng By refiqi 92. | TheehB4ingef the
coupled to th rai.n gg:gi on I stor

6 of
j unct i on ¢ ancndating body' kBn BEALAR Hen e BTVl M ReRlsrf T Qe ot

parasitic devi Ey&%ppl%g@ﬁfb@ﬁtﬁbmoltfﬁe% @'ﬁlblbdilﬂ 0.6V & -QVe8ak the rdaBRvrite enable
capacitor-|ess rrem)ry cel ch arg@l or dischargqgi n%he channel
& Sg

regi on of the $3M56% rHiar @P‘Eﬁ“b?f@a‘e tHafelr aleysdoa Tept. {Thds geadision
transistor 70 ks 3Pl RHaREGR IS tﬁ@g%éﬁrﬂﬁm&ﬁlﬁb g%d?g??gafﬁ&gﬁﬁ)ﬁ since

descri bed herei nabove and 1 n additi on at e
confi gur atifon tbé thrdsboldealidgami the passatﬂnasmr arimhst ©rz., ABout SU¥Maad further

ccomoat co. HIPGE LB TRE RCRE TR Bt areeasg s oo body FEion b g

operation when the ALapamd bt slats SucHRERhishG&did stis, i Ghittheinid@kng
30written to or read from the read/wite enable signal 62 is set at

| ess than t he RPACESHEFUNYHITY S8k bofeReive vedischaging tBa ahangs frem ehedisating
transistor 76y} C%fffxa}7e'bx§ch?1%1ngb%curs When M@F&:aﬁfwrﬁp&{%k t{aﬁém‘%ﬁ%‘i@' e,

0.55 V. First and Second tates are witten into
capaci t or -II5es dumedoif py emlylnge pmlmm@llagn (elzane 366 o the rdativritd aalbleng

bod 92. |
"og e state, PR PERbIRES et disnt e e TV e pEE BB

This condition results in a high conduction through the pass transistor 70 during a

read operation since the threshold voltage of the pass transistor is lower (e.g., about

0.2V} and further since the VBB=VBE-0.1V as charge has been discharged from the
20 floating body region 92.

During a read operation of the capacitor-less memory cell, the logic state is
read to the digit line 84 when the word line 88 is high (i.e., between the threshold
voltage of the pass transistor indicating a high logic state and the threshold voltage
of the pass transistor indicting a low logic state). Additionally, the read/write enable

25 transisior 76 is turned on by applying a voltage to the readfwrite enable signal 62 that
is greater than the threshold voltage of the read/write enable transistor 76 and the
p-type substrate 10 is floating,

Since there is finite leakage in the floating body region 92, adequate electron
concenirations must be maintained in order to preserve the stored logic states.

30 Therefore, the capacitor-less memory cell may be characterized as a form of a

Dynamic Random Access Memory (DRAM). Accordingly, refresh operations need



5menory cell by storing charge in the floating body region 92. The
charging of the floating body region 92 occurs when the read/wite
enabl e trapgy 6 Is turned of f by applying a negati

(e.qg., aboﬁ?ﬁﬁgﬁggg?o -1V) as the read/wite enable si&ﬁgw%%gg%%ﬁgl
p-type substrate 10 is set to OV or allowed to float. This condition
results in | ow conduction through the pasg transistor 70 during a
read operation since 10the threshold voltage of the pass transistor

i s higher (e.g.., .about. nd ,f upther  si t.he VBBV rge
as been addedos REUrSTRT Aol PEberbi e iRk By HE L 02
state, such asspacifit gfocksags impiin@eed. i s witten into the capacitor-less
menory cell by depleting or discharging the charge fromthe floating
body region 92. Di %ﬁa}gisﬁdﬂ%@eﬁg@%@@?m@wé&a?w pqerdapegyigh an

transistor 76 lgyokahdh B?ﬁt&?fe@m@%v@%ryi%{‘ﬂR%h@%%?’@ev%@'lb@%hﬁi@s g,
about +0.6V) to the read/wite enable signal 62 arid applying a
positive vd t agetrologc cirabolP0 te-badtrd ceatheritp-drysp end pdyErmather 2@mothi s
condition results .in a, high conduction thrqugh th ss transistor 70
during a read BaPaPy ohCUPHESdRE P LdRE 2ty R Bien R Bl bt
transistor is doowRiveneentbry adthasreqlestd) A adftdsi contioBEr cdLmeci 26h€coupled to
VBB, - ---VBE-0. 1V as charge has been di scharged fromthe 20fl| oati ng
body regi on 92the row addrgss ppifey 148 tecoatralybe Bfiegholghe mpBoyRFaY il 2D Are¥ s
menmory cell, t oG | & SR '

word |ine 88 i%%%cliegﬁilc(iit ?%@S%%lﬁﬁe%ﬁgﬁ\]gh% IE’r eésélﬁ%#dbd\%ef]? 2aggé]do Lel?‘ﬁltélg ass
t ransi st orld ndirgatiPhgAaohinghlctadyicocsit §1%is angpledte themobmimodddresol t age of

the pass transistor,indicting.a_l | ogic state). Additionall t he
Foadiwrite onabis’ 4 ranE alfiaat s et B so i R st
to the read/ wdetadcanabit €35ingnad mbBoiyhuaday il 32. grieddieAM Mefot/ ievithi@sigol d
vol tage of the read/wite enable transistor 76 and the p-type
substrate 10 i"ésofi}l%‘iaﬁﬁg*‘? hayjingean QUi Buffer 186 dnd &n nayibyffer l%_— Aeexternal
floating body f6akoR g be BSIRRAY TieRbRASITION: cirouit 190 BFHR DR UGRRYS!
be maintainedin order"to preserve the stored [ogic states.
30Ther ef ori®, tdegice aPii trovidd essnawmompndel | may be characterized as a
I)gre?]a'?{ oﬁsDynggg] C_ ?gcr:]a%gm oé?e%? rsnsem'é)/teync%il% 56) %Mﬁem%%? é’éa‘%'{' 19,9 Iisy §ho{v§fi1§ esh
FIG. 13 to illustrate how associated memory cells are implemented in the present

invention. States or charges are stored in the capacitor-less memory cell 150 that
correspond to a data bit. A word line WLO 142 is coupled to the gate of the pass

20 transistor of the capacitor-less memory cell 150, When the word line WLO 142 is
activated, the charge stored in the capacitor-less memory cell causes a determinable
amount of current to flow or to not flow to the digit line DLO {52 based upon the
logic state stored in the capacitor-less memory cell. Digit line DLO 152 is coupled to
a sense amplifier in circuit 134.

25 FIG. 14 is a block diagram of an electronic system, in accordance with an
embodiment of the present invention. The electronic system 200 includes an input
device 272, an output device 274, and a memory device 278, all coupled to a
processor device 276. The memory device 278 incorporates at least one
capacitor-less memory cell 240 of one or more of the preceding embodiments of the

30  present invention.



‘to be periodically performed with the period being determ ned based
upon the specific processes inplemented. FIG 13 is a bl ock diagram
of a menor i =l N accordance wth an enbodi nent of

i nventi on.ng%%%ﬁ}lgsﬁgnory devi ce 100 i ncl udes 5control l%%ﬁ@sz@tfsfn%ﬁ@%
120 to control read, wite, erase and perform other nenory
operations. A colum address buffer 124 gpd a row address buffer 128
are adapted to receive nenory address requests. A refresh

control | er/ counter l%s Cbﬁré"?fl)cﬁd to the. .row address buffc[er 128 to
control the refresh of tH& AP PLAT fFTOnIK SYBRI-dB ASEEARFG ¥ t 130
i's coupl ed bet yweeier thbodigentad tHegBseuh fetionl 2BheMdirbiie sYRPBOD HORAEsN
122. A colum decode circuit 132 is coupled to the colum address

buf fer 124. SelR8w dgise 274 an guippicieyice Ry apd B prpcessaigvics 3¢ ingpparating

bet ween the c bikChHd ; : e
DRAVI morory deyt op 4060g SEEYY g Kok e FRIAIKB MBAeRiEI N7
136 and an 3 np#s sthtad fes didd&ed fapacindrdess alenprpodiseplenreniedineing a ppitiadS Ol
t he control I(;Ig(ice circui£ 120 Rf t he M nenpry,15device 100 to
provi de ext er nAPCEORRRAGECaue ¢ CPYR"%@?‘PQW-S}CB for frrins fareg dpta jgentiop
the menory arr@yachidss. iTheehs¥ihd Abfdaon pdcéstesi bt fosrhing i dﬁ?ﬂ&itﬁﬁﬁeﬁ&ci at ed
menory cells are inplemented in the present invention. States or

charges are st®BfBeFYidsvichaccemdingdp therembedinenisidspayibed hereinsee qompetible with
correspond to -2, bl j : 42 . I he gate
of the pass 70£tﬁ? g%‘sii@%{%g?r%%s%\ﬁ%g?gag% [%{%?d %‘Ae%g S?r%l?raglré& r%gstpieé'bc.%‘ When
the word |ithe AMoOrdinddy.iasneaadry destieed pedrpmatirtyahgyenpstitiréas imemiohecell

capaci tor-| essden§126g(ri¥ cel | causes a.det e%m' nabl e ag‘Du t of current to
flow or to not-SfT oW 8 T HRYReRESTRieA aMe kg Bracesier dic 0{1‘38‘?? RAEYYi ¢
state stored in theFIGAKIE aldRErantee FBAIRLYUER WaferDh@idingd dmi@teDlatdatheuit S
coupled to a sense anplifier in circuit 134. 25HG 14 1s a bl ock

di agram of an WF BEPPERIIRE B ScBWrY FTRYARE st desamemonncetis B bonens more f

the present i nyeptiOfous BifoBinfghs! fﬂ%«gnéz}ﬁﬁé fith QQ%tﬂePQJnH%%erﬂ%f '}ﬂgput

device 272, an output device 274, and a nmenory device
coupl ed t d3a mprocessentigevicehoRiin Flhd6nesvorigondeatoceaf2740iindalepar at es

at | east one itor-1es nmory. cell. 240 of one or nore of the

pr ecedi ng errb(C}' |’%e%ﬁtcg @#egfarsﬁﬁrﬁw é’§e btnaﬁ\%ﬂ?f”é‘ﬁ?‘ Ong QIgnore capacitgrrigss 15
is a block di agmeotyedllsalhak@clisciged; system in accordance with

anot her enbodi nent _of the present invention. The el ectronic system
300 i ncludes an i nplf PIPSEFsEand fovices dlessiiberl abope iusteate gmbodiments of

nol ndes at | carioosan BEREPOITI ARy LATREL R SolRPRI ) ES o e | o
di scl osed 28apgmbodimenieof thepmsenyt imehlion. iificabrevet descripsibm gnddrpaings al SO
illustrate embodiments which provide significant features and advantages of the
present invention. Itis not intended, however, that the present invention be strictly
limited to the above-described and illustrated embodiments.
Although the present invention has been shown and described with reference
25 1o particular embodiments, various additions, deletions and modifications that will
be apparent to a person of ordinary skill in the art to which the invention pertains,
even if not shown or specifically described herein, are deemed to lie within the scope

of the invention as encompassed by the following claims.



process does not require the process fabrication steps for formng

| arge data retention capacitors. Therefore, the fabrication processes
for form t citor-less nenory device according <
enbodi man'?go e@é@?’ggd herein are conpatible with the fa(’(r:i“lJ'%:Stalﬁqs'gﬁ'tSGl
processes for formng | ogic devices such as a processor devi ce.
10Accordingly, a menmory device incorporating the capacitor-|ess
menory cell described herein may be integrated onto the processor die
for close integration. FIG 16 Qg#ﬂhﬁ%agran1of a sem conduct or
waf er including an integrated circuit corporating the menory
array and capacitor-less nenory cells of one or nore of the previous
enbodi nents, in accordance with a further enbodi nent of the 15present
i nvention. As Vkbiffl4imetisG 16, a senmi conductor wafer 400 includes a
yet-to-be cut integrated circuit die 440 that incorporates one or
nore capacitor-less nenory cells as herein disclosed. The
processes and devi tes désspachedeabmnmry bdllystmaisngnbodi ment s of

net hods and devi ces out. of ny that e.used an r oduce
according to ?ﬁ@"?ﬁa@ﬁ@%ﬁ?ﬂg%?ia%?a?wgﬁ ngﬁﬁﬁYﬁﬂ@&%ﬂﬁaﬁm<$ﬁ§“%bove
description and dr gsmif@Siutbt daséifaad; € enbodi nents which provide

significant features and advantages of the present invention. It is
not i ntended, 2iBawRdiraHstor fiegped onethe paive atea, theypass iramsishe imalwdieg 4 spurdeni t ed

to the above-describad and rh i%%&@%\ﬁ)ﬁgg %9%'02@%& anﬁ‘latogtglf&hcé)hglg‘ltgo

present invention h&8s been shdwn an cribedw th referenc
parti cul ad0enbodi neith 8 wovdilincoesd addi ti ons, del eti ons and

nodi fications th will , be apparent .to a person of .ordinpary.skill in
Tha o et b oune bttt b B R B B e BB e Mot SRO R gy ekon
specifically descrédﬁﬂﬁoﬂ]?ﬁlﬁd&wi@fmcg&ﬁé’ﬂi@gibﬁ)ofﬂh@pWs&ﬁﬁhﬁst@x?&eE@aﬁfiﬁit@f

the invention as enconpassed by the following clains. -1 VS

What is cl ai med i séhable transistor vertically configured-along at least one vertical side of the
active area and operable during a reading of a logic state, the logic state being
15 storable as charge in a floating body area of the active area to cause different

determinable threshold voltages for the pass transistor.

2, The capacitor-less memory cell of claim 1, wherein the active area
remains physically integrally connected with the bulk semiconductor substrate

20  through a stem portion of the bulk semiconductor substrate.

3. The capacitor-less memory cell of claim 2, wherein at least a portion
of the gate of the read/write enable transistor is formed along at least one side of the

stem portion connecting the active area and the bulk semiconductor substrate.

25
4. The capacitor-less memory cell of claim 3, further comprising
isolating oxide between at least another one side of the stem portion and the bulk
semiconductor substrate.
30 5. The capacitor-less memory cell of claim 3, wherein the source of the

read/write enable transistor is formed in the bulk semiconductor substrate.



51. A capacitor-less nmenory cell, conprising: an active area forned
froma substantially physically isolated portion of a bulk

sem conducwm%@gsgate; a pass transistor fornmed on thﬁ:ﬁﬁﬁbﬁéﬁ)sfs%faa’
I's

t he pass trans or including a source region, a drain region tor
coupling with a digit line and a gate for coupling 10with a word
line; and a read/wite enable transistor,dncluding a gate, a source
region, and a drain region commonly shared with the source region of
the pass transistor, the read/wite enable transistor vertically
configured along at |east one vertical side of the active area and

operabl e during a geadi g Qbadior-REE MebAlcRil of A8t 9Uiterdih HeQok8t HiGhe
15storable as charge in a floating body area of the active area to

cause di f f er entad(rente erabimlbingiston isfomeiddindes| theagiers ppiion fithidie hakks
transistor. SlnmomhmgﬁsmﬁgmggpaC|tor-less menory cell of claim 1,
wherein the adfive area renalns physically integrally connected with
t he bul k sém conductor substrate 20t hrough a stem portion of the bul k
sem conduct or substrate., . ? The cap:i\cgt o,r-*ess mag]gr% cel] of
claim2, wherein a_?' | ealhe EPHierEhmePoRel g ‘flé‘“b » ehgEeR B GPTRFD
enabl e transi §hQEd dotrde B BhOPAs BhnsisRRFShd BRArah AR of tGe Rl oAk
portion connecting the active area and the bul k sem conduct or

substrate. 75 enable transigtor Pithstaptig Boixteods theaygh therthickneseof thefctive atem 3,
further conprising isolating oxide between at |east another one side
of the stemportion and the bul k sem conductor substrate. -1S-

6. The capgacitor-|8ss nEmrapadet-lesomemnbdicoll of clike!, evtrerdiinte Sloutrpehoa
the read/wite eng@lﬁe transistor_is forned under th st&ryr ortion_ in

the bul k seni ¢6RA& GFtive Abe 15 sqndigured to be more negatively charge present a first
logic state and the floating body area is configured to be Jess negatively charged to

represent a second logic state,

15 0. A process of forming a capacitor-less memory cell, comprising:
etching an active area from a bulk semiconductor substrate and to be substantially
physically isolated from the bulk semiconductor substrate;
forming a read/write enable transistor adapted to be operable during a reading of a
logic state, vertically configured along at Ieast one vertical side of the active
20 area and including a gate, a source region, and a drain region commonly
shared with the source region of the pass transistor; and
forming a pass transistor in the active area, the pass transistor including a source
region, a drain region for coupling with a digit line and a gate for coupling
with a word line, wherein the logic state is storable as charge in a floating
25 body area of the active area to cause different determinable threshold

voltages for the pass transistor.

10.  The process of forming a capacitor-less memory cell of claim 9,
wherein the etching further comprises retaining a stem portion of the buik
30  semiconductor substrate to physically integrally connect the active area with the bulk

semiconductor substrate.



5 7. The capacitor-less nmenory cell of claim1l1, wherein the
commonl y shared source region of the pass transistor and the drain
regi on of ﬁ%ﬁ s¢rite enable transistor substantiallpy.exd, )

t hrough t he t“@%@ﬁ%@g of the active area. 108. The capa8¥%or-ﬁ@§§ﬁ6l
menory cell of claim1l1l, wherein the floating body area of the active
area is configured to be nore negativel yjgcharged to represent a first
| ogic state and the floating body area is configured to be |ess
negatively charged to represent a second | ogic state. 159. A process
of form ng a capacitor-less nmenory cell, conprising: etching an
active area from albul kThepocandUdihaing 2uhsicn@tiessandndrg cdiEof claim 10,
substantially physically isolated froamthe bul k sem conductor
substrate; forci rragdhapast Gansisios father eanaprseohiomig gt lest  gomign of

operabl e duri pg &d K /A PenhOd nGnsididHafong WElchdt AL Side SARE L B Hion.
along at | east one vertical side of the active 70area and |nclﬁﬁ|ng a

gate, a solirce region, and a drain region commonly shared with the
source region of the p transistor. and formng a pass, transistor
Tnthe active arealitho Rttt afloMured eilarir Bl TSN, o
drain region fiathee copprisivg foirhing axide Golatibn eataadt shogit fdé erthe terpl i NQ
with a word line, wherein the logic state is _storable as charge in a
floating 25bod§Ttiap SevsEn the@ctiyearspeang thePuioseriepedugipr st

determ nabl e threshol d vol tages for the pass transistor. 10. The
process of formng a capacitor-less nenory cell of claim9, wherein
the etchi A furthel3.conple wesess eft faiming g capasitaries arenicancadl oftctaam Q) k

S0 on e o B PR, NP Bl BT B NSRS it
prior to etching the active area.

14.  The process of forming a capacitor-less memory cell of claim 13,
15 further comprising locating the source region of the read/write enable transistor in

the bulk semiconductor substrate under the stem portion.

15.  The process of forming a capacitor-less memory cell of claim 9,
further comprising forming a commonly shared source region of the pass transistor
20  and the drain region of the read/write enable transistor extending substantially

through the thickness of the active area.



11. The process of formng a capacitor-less nenory cell of claim 10,
wherein formng the pass transistor further conprises formng at

| east a powld Bhskssthe gate of the read/wite enable ”ﬂﬁ%@h&f’osﬁﬁi’ng
at | east one side of the stem portion. 12. The process o
form ng a capacitor-less nmenory cell of claim11l, further conprising
form ng oxide isolation on at |east anotfqgr side of the stemportion
bet ween the active area and the bul k sem conductor substrate.

1013. The process of,.forni i -l.ess nenory cell of claiml10,
further conprising l|6'rrpl glnrp‘?%%}y?%g&ggélg neguf"e'gi on of the read/wite
enabl e transi stmem@y anty holueing Riphgalithef @aphdivesleds Mamory cells, whirtkin bl of
process of formng a capacitor-less nmenory cell of claimi3,

15f urther conpri si Hlj’H(i‘ﬂ'g]ét@’ioh@apﬁﬁg’_r‘éﬁﬁP‘@E‘OF%‘@”BWCB’F[“( Herchragratormed
enabl e transistor iRnh@bRdans 8AEangd el paHia bf #beIk4BHRbnddR St €M
portion. 15. The process of formng a capacitor-less nenory
cell of claim?9, foeubshete cprpirinsisiog fdroediongeaciermenihe pessdragsistopur ce

region of the pass.t st Qand Ln region of the ..
read/ wite enabl e %nrcg%&%sﬁsggicgi%@d?Er%%?ns%%?{' g"r%’ﬁggﬁﬁ“y v¥’Elrao(§t]1§1tt1hf“ﬁaenda
t hi ckness of the agiteY® canging with2Dword line, and hGcadAvrive Bidbie E@vise,

conprising: a nenory, array including a pluraljty of capacitor-]ess
menory cells, wher Cﬂl%aﬁaﬁ%cedgﬁ%ﬁ?cwdrém "egipmeseigpPnly shasedwgithyr y

celI's includes an aglby@e ALRA of PRk fm@RR (RUBRYAAL RhLY rrRli¥edc.cal |y
i sol ated portion of a bul k sem conductor 5substrate, a pass

transi st oldOf or med werticdlly canfigupel dongzat lqaktenp sgrtical siala of S activeradaudiing a
source region, a draj I for. c ibng with a digif.line and a
R EERRA SR A a0

gate for coupling I neg, an
transi stor includi cgrg igatfeating: sy ame of thgiactiveand ta caisadiffereagi on

commonly shared with the source region of the pass transistor, the.
read/wite enable "rt%fﬁg'i‘aé’feotﬁr W@V&F&%ﬁ foy the pAwsitpOTIEE abng at | east

one verti cal §a&i@ssmf§ ahi SerdGl ki&iR) SRpRRY %%@mrfﬂgydnﬂgpﬁigu%%nq of
a logic state, the logic state being storable as charge in™a floating

body arealdf the atddcyendreechandovita inssslegicf! bagsenitheddrelityiof adplacitor-less
t hreshol d vol tagesmgggr)}cjgﬁs.pass transi stor; and

17. The memory device of claim 16, wherein each of the capacitor-less
memory cells and the sensing circuitry is configured to determine the logic states
20  based upon the presence or absence of current flow from the capacitor-less memory

cell,

18.  The memory device of claim 17, wherein the current flow from the
capacitor-less memoty cell is responsive to an amount of charge stored in a floating
25  body area of the active area to cause the different determinable threshold voltages of

the pass transistor.



addressing and sensing circuitry coupled to the nenory array and
configured to 15select and read and wite to selected ones of the

plurality %ﬁmgjsgor-l ess nenory cells. 17. The-PEdRissse1
m )

devi ce of clal wherein each of the capacitor-less menory cells
and the sensing circuitry is configured to determne the logic states
20 based upon the presence or absence of sgurrent flow fromthe
capacitor-less nenory cell. 18. T%e menory device of claim 17,

wherein the current . f1low fromthe.ca itor-less nory cell is
fesponsive to an anount PCQ'R%P %“%T%&iﬂwiaﬁagacftf’%g?ﬁIﬁﬁf};%ﬁﬁl y area of
the active aresmnipisiguse the different determ nable threshold

vol tages of the pass transistor. -21- 19A method of witing data to
a capaci t or - | ¥ gt Rinalle RmopRFpk shargsdn aﬁ?@f%ﬁﬁ%é%?ﬁﬁﬁﬁ&b};@@
amounts of charge i .l Qat. i active area having a
pass transistor fo#%%@g€ﬁg%égﬁ?ﬁgﬁ%M%§{@%Fgﬁsag threshol d vol tage
desi gnat i ng detliering atinsboldogitagesiesigmeing flettingngdsogicsarsiof therpags t he

charge is stored in_ the floati.ng bo trea of the active area, nO A
met hod of reading JuapsiS ‘%%S?%?%d‘é%ﬁé%g%{fsgﬂ (B Jopnedhogy s pf fhe active arca

20. A method of reading data from a capacitor-less memory cell,
comprising:
10 activating a read/write enabie transistor vertically configured along at least one side
of an active area; and
activating a pass transistor coupled between the read/write enable transistor and a
sense amplifier, the pass transistor having a threshold voltage responsive to
stored charge in a floating body area of the active area resuiting in the

15 threshold voltage of the pass transistor designating determinable logic states.

21. A semiconductor wafer including an integrated circuit configured as a
memory device including a memory array, the memory array including a plurality of
capacitor-less memory cells, wherein each of the plurality of capacitor-less memory

20 cells includes an active area formed from a substantially physically isolated portion
of a bulk semiconductor substrate, a pass transistor formed on the active area, the
pass transistor including a source region, a drain region for coupling with a digit line
and a gate for coupling with a word line, and a read/write enable transistor including

a gate, a source region and a drain region commonly shared with the source region of

o
L

the pass transistor, the read/write enable transistor vertically configured along at
least one vertical side of the active area and operable during a reading of a logic
state, the logic state being storable as charge in a floating body area of the active area

to cause different determinable threshold voltages for the pass transistor.



conprising: l1lOactivating a read/wite enable transistor vertically
configured along at | east one side of an active area; and activating
a pass trals) ¥egH6E8upl ed bet ween the read/ wite enabl ePEF/EPRIDEASSF61
and a sense anplifier, the pass transistor having a threshold voltage
responsive to stored charge in a floating body area of the active
area resulting in the 15threshol d vol t agd2of the pass transistor
designating determ nable | ogic states. 21. A sem conductor wafer

i ncludi ng an i ntegr2et ed An dleuriohic 6getdn Fichithga ifpuldemidey aleMp&Rlevice, a
including a nmenory array, the nenory array including a plurality of
capaci t or - | essTHBSFViERI2P< 2 PRRES Y 45 visa eorpiFd tp His Bl RV prcpmemory
capacitor-les Jkg:lrdfﬁln &ﬁ}d’ : a
substanti al | ySd[?%g%??:Baélrﬁgﬁﬁgl&é%e poﬁﬁlgggno ag %’ﬁﬁagdel;ﬁ?(ﬁ: ngali{g gf;n
substrate, a pap®itbr-Resnenoly ckids, wheremreathhef the pluvdityosfeapacitielepasemory

transi stor .i nclyding.a source region,.a drain r.eqion.f .couplin
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read/ wite enaheulkissmsdosl@eorisitelbid] NehsRriRtstor famPalbh Gf 80 A8, ad a
drain region comonly shared with the source regi on of 25the pass

transistor, tHResSTERHPRF incldBAAISPECR eales; s egin rogipt for apypfing stithiagligibline
BUoT9% | oo dR e FndBlng itk e e, A8 LAY HEANNAREIR Hefiaing.

during a reading 8 c- state, the logic el ng stor
charge in a flagatej ngpubmdygiar &al odrainhegiactdnveordy darddorvidaiis sowdid fgibe bf
determ naljbe t.hreshol d. vol algedsy f.or t@egpass transj st or.. 99 22. An
el ect roni ¢V sy SRS HEFEWAAEE AV VAR als Fresstoragrisaliycantigud alome at
nmermory devi celeadifle FefRicGRE DO he GBI e MURDEELE Quiikea el of PlERUL
and nenory devices, the nmenory device conprising a nmenory array

including a pPiateathp iqgicstate heing pergbleias shargmingyipabied basly ayaer dierciescheaf
the plural ity of,,GARRE QTS 2] hX]da%ﬁFJré f!()jﬂfg% ;;h[‘!?ﬁ-ar?sﬂ getive area

formed froma suBstantlatIq{cy physically i solate I on of a bul k
sem conductor substrate, a pass transistor fornmed on the active area,
t he pass ansi stog, i ncl udi a source region, a _drain region for
coupling With a difit I%‘ﬁgeaﬂ)ﬂlcafyﬂﬁlflén@?ﬁ?g&:@dﬁwtH‘@VIW’ I oulPtleyics sde,

and a read/ wr piogesestatehRe boupnsaits tHelingud &l 208 odipGedeRice, AhSHYESESOr dBEEON
and a drain region,comonly shared with_the source region of 10t he

pass transi st 6FOPHHE FIRERINETERINENd R S Plyralit pEeaprclipEtess mampyy cells,
configured al QRgemleach of the plurality of capacitor-less memory cells includes an active area

formed from a substantially physically isolated portion of a bulk semiconductor

20  substrate, a pass transistor formed on the active area, the pass transistor including a
source region, a drain region for coupling with a digit line and a gate for coupling with
a word line, and a read/write enable transistor including a gate, a source region and a
drain commonly shared with the source region of the pass transistor, the read/writs
enable fransistor vertically configured along at least one vertical side of the active area

25 and operable during a reading of a logic state, the logic state being storable as charge in
a floating body area of the active area to cause different determinable threshold
voltages for the pass transistor, wherein at least a portion of the active area is
substantially physically isolated from another portion of the bulk semiconductor
substrate by at least one material layer extending horizontally therebetween in a vertical

plane.

24.  The capacitor-less memory-cell of claim 1, wherein at least a



| éast one vertical side of the active area and operable during a
reading of a logic state, the logic state being storable as charge in
a floating body area of the active area to cause different

determ nabl e threshol d voltages for the pa%%-transistor. 1523. An

el ectronic system.in ' ' ' | :

o ocessor devi cE gt g 5 e Fita IRk SRR AR AL KIS 68 £ 08 c8 of
processor devi cthe bolpemiiondpctr sbataty byatrleast onechaietiahpyer aptl theagglatetof thef

capacitor-1less nmepory cell wherei n..each. of, th lur al i .
capaci tor-| ess W@%P& ?Pé#’lls E"hl?sﬂféqrﬁﬁtggdl% %FPFT\?@ g’rbgéjeé”de?ﬂ}reh’é aﬁe%sgnagomon
substantial |y pépsd sk ¥reh 50l thé @R @EdidO6K thé read/atitdensiatramsizttis i dvertical
70substrate, a pass transistor forned on the active area, the pass
transi stor incIR]%Heng a source region, a drain region for coupling
with a digit line and a gate for coupling with a word line, and a
read/ wite enable transistor including a gate, a_ source region and a
drain commonly shar @8- wi tThe capacitastess mepwgy el BSclaim . Waggdn thesiest st or
the read/write enaRl. L LAREHS! Qha¥id il Mg R beauradial ong at | cast
one vertical sitde ofhf e active area 9b5and operable during a reading
of alogic state, the logic state being storable as charge in a
floating body area the.,active area cause.diff rm nabl e
t hreshol d vol t ages ?%r tﬁgeﬁlg?gr%afeglﬁgf’é B i?mg?ree%nntﬁ%%%ﬁee%g% %a
portion of thephgdidaile iselae fioen Mokt portibmbi tie plik sérsiabidpciosibsttagalby #tdenst
anot her portion of the bulk m conduct or,, sybstrate by at. |east one
material |ayer OEQ?éWHFH@’SHGWqStg%gﬁt%Pﬂge E%Q/P”é‘g%’f%é@ﬁrapﬂ%%f e\’fgepglingal
plane. - 23 - 1894dhiall§ bewet@e adivie Ufea ANE helsBurdd repRA S the whadivarite bmbley
physically isolated froma portion of the bul k sem conduct or
substrate by afransesieitin anerticldPlps-al | ayer and the gate of the

read/ wite enable transistor extending horizontally to be between the
at least a portion of the active area and the source region of the

read/ wite enable transistor in a vertical plane. 25. The
capacitor-less nmenory cell of claim2, wherein the stemportion has a
width that is narrower than a width of the active area. 26.

The nenory device of claim 16, wherein the active area is physically
i sol ated from another portion of the bul k sem conductor substrate by
at |east one material layer and the gate of the read/wite enable
transi stor extendi ng horizontally between the active area and the
source region of the read/wite enable transistor in a vertical

pl ane.



