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Uniunit memory cells, each including one capacitor and one transistor, such as a field
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effect 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

[
n

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
30 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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i nventi . . .
%fb 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.

FIG. 6 is a cross section of a further formation of the structure of FIG. 5, 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

accordance with an embodiment of the present invention.



FIG 8 is a cross section of a further formati on of
the structure of FIG 7, in accordance with an
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with a further enbodi nent of the present invention.
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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,
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,
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



menory cell is fornmed according to a partia

silicon-on-insulator (SAO) techni que, wherein the
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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
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supported by a base Sem conductor or insulator, as
thereupon. Both wafer and substrate include doped and undoped semiconductors,
epitaxial semiconductor layers supported by a base semiconductor or 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 materials referred to
as conductors.
The illustrated 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



wel | as ot her sem conductor structures known to one
skilled in the art. The term "conductor" incl udes

waeemsaaisstictors, and the term"insulator" or PCT/US2008/054561

5

10

20

30

"dielectric" includes any material that is |ess
electrically conductive than the materials referred to
as conductors. The illustratedgportion of the
substrate 10 may al so be a portion of an inplanted
" RGN Ira R S [

e e S B P bR R e Al
101riahsh@’maskpi@m foreginamplkat fegiomeblattihofbiegim one direcnon as
[ ompén'gl antation into the substrate 10 accor ding t

PO R AR ARPOYBEMNIRRIFY oA [t ﬁ@n%@wﬁﬂ@t ingg
fopI I that ff [
asﬁi tite %@gt ggé sif 9!11?20 gﬁ Hé(': deg r@@%xld& n‘%ﬁ? lgdélgdélt%%n]ereon.
12 Ais sisddoremad, me)temmsiﬂtbbsiied isumsend -broadly tbe@aaoﬂayei"mhich are not only
strate 10 a ncl udes pad _oxi de

deﬁwsvaﬁmﬁh%%%ﬂ% Sersedun B B of Tk é’?ﬁ?‘d’é%%@wt“éﬂ in any
S ottses) at a y
o Sk o Rl e APl 6 8o dgion op of the
mapat dxdte laiymclht taraet gradwrifeo dutimg safmyeqnbﬂneitchmmeamd odused
to befor ective |ayer depgsi.ted on
toafos?ssme %aae aﬁ%@n’?ﬂgy&w PIofegiyye @fcr r 16 isPalikegn. In another
dugng Bler lelyct RS, AGIOhIEL PR In
one eﬁ%ﬁgl msn% he eprB(])t ectfé\i/e I ayer B i 59&%5&%
pokmbodiineon thel promotdteHeyer d fiioa pmigahg:ort Ihgerphzahmmemd with a
| ayer 16 i s aﬁlgxlt“dg mat eri al %géano%‘her
enBBEiGRAENak e speg %?‘?‘U%‘“F%i}‘e‘? Sﬁ e depepding 4ppn RgResS
| aygbohintcHogecovered with a nitride material. The
spem%l c conbination is sel ected dependi ng upon
processaAi mﬁs&glr@as fomedhod pasarned mekhel;&otestlﬁmiaﬂadléarid one

pat on the prot ctivela
b dERet et SRSty ot gnLBRGs Shht G eaposeshegured.

' Sard te%!lad RetRHembsifdnt, @H%%zi?sﬁti%% Regkd rhékk%ﬁ‘aﬁ&&h%uch as a
enbodi ment, the mask 18 is a hard mask material such

as narum oraxide. dPhecm:aiHote'q’thé batieampkoliSedstiocs Bhattwid beeske an
fi nes what ve are

o i G bRty arggr P Lt i et T bem 4

f OE/p.@it&GaRaChiRbrylggs memory cell. FIG 2 illustrates
an enbodi nent after an etch process that has exposed

the regFhs ilingrasessntabddymert eftemeietdBprbeess et Besodxposed the
P SaS PGPS b Bl e B AR 3 s nc
bean gfa@r(ﬂﬁ:&l 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
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
exposed sericonductive 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



with a recess first bottom 22 and an upper first wall
24 and an upper second wall 26. It should be noted
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aﬁﬁgr ding to an I’Tb%dl nt as setI forth herein. %ﬁ@one]

15 PETT 18 ‘faﬁ’ée‘g‘i"ﬁ ‘fr O MOHP SR Opre8 OB H &P HgTma
pl aeeE® n?\lé%u%ihﬁot@i'lﬁlhhg fhe cAibolintéhtV@EQBsed Fbbehiencan
oxynitride fiTmis formed in the place of the nitride

f i thmzBoatcbo raagder of the dadctosnreathieemelBole difemert (o aFhlee nitride
prgﬁgég is carried out by either a renote plasma
or a rapid thermal process. Although not

| i m tingid hegahed ﬂ?@d&%ﬁngbﬁ‘&%h Q9Rhatel 107in GARMEM QAERas formed
t hroughout the renmai nder of the disclosure, the film

20 28a rsessghemddmtiom %tbet b thi leydl 9 thiei rbcmsgérst Bt@m 22 and at about
et U k8 FHET S R LRGRER Bt Bhifa Tt e
| evidstr@b 14da8 strea8sS Hebhiib obMetppeier? ANk Mt @AHE 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 bottom 22 to the recess second bottom 30 is in a range from about 0.1 microns



the depth of the inplant region 12. The recess first
bott om 22 now appears as a substrate | edge structure.
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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 forneg that is approxi mately
coplanar with the lateral extrenmty of the nitride
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condjtiong use a silicon ur hat ed to a
%i?wpi?mm%enfwsfm Bt a8 eWte apo ab TG Bt
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another Goup IV elenent is used, or a conbination
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After the deep implantation, an etch process is used in subsequent processing
that is 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

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



enbodi nent, a silicon source that is substantially

equivalent to the silicon chem stry of the bulk of the
wG@eosaa3skict i ve substrate 10, is inplanted to BCT/US2008/054561

concentration of about |E S atons/cm 2 and process

conditions are about 25 C. and an inplantation energy

of about 25 KeV. |In another embodi nent, the
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ateral cavity 38 that has undercut what wl
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20t herysedbgraplfic phienthtaerestzhe bty |swylcgeducave| mptdriab it the substrate 10
cont t.here J H etch

eff :
ol o ey e el g RC and S, AL RS (B HEEbraine
CORS B lspdtafic &BIPESHdiNbsDd PhdibiRick@dr@Ihdd 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

25  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



cavity 38. Accordingly, faceted surface 44 is
illustrated on one side. However, these are depicted

WO moantidss ary shape, angle and size for ill ustPer/Usmos/054561
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pur poses, and the specific shapes, angles, and sizes
of the faceted surfaces wll depend upon the
crystal l ographic orientation gib-the bul k

sem conductive material in the substrate 10 and upon
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process, such as a 0.1 5-nicron process, the

di ﬁengqhoem@ ofrthe adyoygtarea 36 That oxidation process leaves the substrate
stem 52 that connects the substrate that will become the active area 36 to the bulk of
the substrate 10. In this embodiment, the substrate stem 52 is on the order of about
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

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



0.01 microns toward the substrate stem 52 that renmains
to this stage of processing, FIG 7 also depicts the
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28 has been renpved. This enbodi nent occurs where the
protective layer 16 is chemcally different fromthe
nitride film 28, such as a polisilicon protective

| ayer 16. I n another enbodi nent, where the protective
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t her di el ic fill,. Wen. terial, js.desired

© e B R g B B PO SaE BN £ T b qaother
CORRILD@HAN al BYSS nalridl hMaYWbé BRJIRALLRIof AN fla&@at. OFurBlermore,
the SCD naterial. By way of exanple, spin-on

di ebmbinpiiensexithieoiSODptenals ard dto pmiamplaisd.good
oxi dat i I or trench
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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
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
aggressive oxidation processes.

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

present invention. 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



l'iquid precursor onto the wafer surface in a
predet erm ned anount. The wafer is subjected to rapid

W@ pisnoasss (e. g., up to 6000 rprn). The spi nni NBCT/US2008/054561

uniformy distributes the Iiquid on the surface by
centrifugal forces allowing Iow points to be filled.
Finally, the coating is baked-1i2n order to solidify the
material. Further details of spin-on dielectric (SCD)
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enpadbpertucaf bgﬁ ﬁlﬁmﬁ’g Q%gfe coRMEN i endA Mk diBhuous conductor of
oxidation in the formof gate oxide 54 is formed al ong

the read/write enab]c signal 62.

FIG. 10 illustrates further processing of the structure, according to an
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 606 is connected to a digit line for
reading and writing by a sense amplifier (not shown). The active area 36 is further

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



an open upper second wall 26 of active area 36 and

al ong an open cavity wall 56 of substrate stem 52. The
wa@ensilistis gate oxi de 54 allows for the fornap¢DOSHDS/@S4561

vertical transistor along active area 36 and substrate

stem 52. A conductive material 60 is fornmed over the

gate oxide 54 to create the vet3.dcal gate 58 on at
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Pr Qe HRENAble PRSI 8§ foly BERRI SHeBtdsQf @R pass transistor 70
enbodi ment of the present i nventl on. 'A capacitor-|ess

20msnmd yhecread/wme ¢n¢bleuchnﬁigtoa 7@ adBe tigitripie $tos crPlegird thee first drain
enabl e .vertic ansi tor 76 gé
{nacitt P B BPRT SN G Aty ot ko2 Ty B bl
Thei @& edtas dtsdorhifint fRradfictde@ick] rStentfaliiffolAIANs @t@red in the
couples to a digit line 84 and at the gate 86 coupl es
t o capasitapteds 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 in addition to the gated-diode
configuration of the read/write enable transistor 76. Such a configuration results in a
low 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




line 88. The source region of the pass transistor 70
is configured as a floating source at common region

w@onos/Thsss/erti cally configured read/ wite enabP@r/US2008/054561

transi stor 76 includes the vertical gate 58, a drain
region |ocated at the common region 80 and the second
source region 78 resulting from-i nplant region 12
(FIG 1). The vertical gate 58 couples to the
r eagi b hshuTabhanig0als Y2rnhiaah séc%n@%%ﬁ’ ahed Ui into the
readi ng of the capacitor-|less nenory c 82. FIG 12
i | lcapdcrtat-tss megionceslitacdordgigamcbdrge steredap dei flaating bsdy region 92
rregg@/ﬁif[l %n accordance with an enbodi ment of the

' ﬁ)ron The capacitor-less nenory cell
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with the readfwite enable transistor 76. The vari
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thedrrin nt rasitjc device. i nf ormati on
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transi stor . The channel region of
t r anse ﬁteoYBB@<V§E| s chagedasipronddagotie tﬂclmemg aantly adgide2.
bov

process descréﬁl@d her ei g ﬁgd in addition . to the
gat ed- ditbH&oR fcgslﬁzftﬁtsfl as high logicsiate s iWriica dnig the
t 1 @BSdcEblesy MemekCdlidyRPleliAY bRk QA difS e Rl §E‘ fi@dnl @Wfloating

| eakage from the ‘channel regi on and acconmod
ch é)r)gyé regtcmr%g dlis¢harging ctvannehen tbg rerad/wrfw enabge opesisitn Tons
apaC|tor | ess ne

bo:
o TS S BPS R nekBve Ve e Ga et 0 BhiB fle e enable

62 Ighas@t ardita gk; Be% 4 faniveRRIthiy @sh Chlbgutv-iql\t)qg ?neg; tg%@ Substrate 10.

vertlcal read/ wite enabl e transistor ter

t hé“rlmt mw@natsuab oua high @pn@xamptife@ugh.t%pasfs tRnsistor Ahduring a

i,nt t he |, .
c oo pePRnE s TR Eu ol B e B einir gulongp it bou
| nothe dnl Gardiicd Ginbe ehe VI?EEVBEQ?I‘(( Hg;@harée Has®Beh diddharddd from the

first logic state, such as a low logic state, 1Is

20\/vr|fl0@’éfrgﬁ><?ﬂyo’eglh@9%apa0|tor- | ess menory cell by
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ot o 1O AL, B8P 5980 e e

t heeddaadeni it Bn€RARMEN tHealsrl $hOBS Tbnibss (itel rb@ﬁﬁeeaft:ﬁe 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
transistor 76 is turned on by applying a voltage to the read/write 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

concentrations must be maintained in order to preserve the stored logic states,
Therefore, the capacitor-less memory cell may be characterized as a form of a

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




by applying a negative voltage (e.g., about -0.6V to
-1V) as the read/wite enable signal 62. The p-type
weustioase 10 is set to OV or allowed to fl oatPCTHE®08/054561
condition results in | ow conduction through the pass
transi stor 70 during a read operation since the
threshol d vol tage of the pass-t3.ansistor is higher
(e.g., about +1V) and further since the VBB"VBE as
ch |
R e S R A S A
wWr isptegfiic protesstsienptapaced or - | ess nenory cel | by
depl etin or di schar ing the charge fromthe floati
body red"9 Gnlbb 2 Hipdediagamfy 20wy dRHen 1R ATFOFLRa? W‘R@B
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positive vol (S about +0.6 e read/wite
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ca , t to
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ine 84 when the word line 88 Is
betbuﬁeniiélh eSenbr aspldias-VOl gaige cofuit het ipasspled tmwe&t e column

d 1 gh | ogi t at d.th h hol
voldesigle v ha? sl ety Sy T ane Pha MEGY dagice 1001
? t 3§ @)inuddeiatds (Plﬂﬁlné ¥n ohﬁ‘;ﬁt b&aRg/ 196 hﬁ@a@ﬂ@pt !ﬁ.leff’e[}qg@ Ah K ternal

6 1s turned on by applying a voltage t
r epddossior enaghalobeplied gt c&Rrd hagic ciscugr i@atod thed RRAM hemory
t hr eshol 1()11%vol ta%e of the read/wite enable transistor

1576 dg¥ige dHG19RPYRE cXIGHEt FARBAAY - i s floating. Since
there i fdpakit&- llzs%%é}ﬂ&'g cBIL 1 56 of e enity 91995)’ 132Q1sR8wn in

92, adequate el ectron concentrations nust
maifﬁﬁai h@dlmnra@rm aisoaplreésxmrmy tHb st cnpidmbntgd @ the present

tes, ref or t he capa r-less ry cell
be TRRIAE STic GHCIAEE FORREGN Doyt MBI AbED tat
Ve B ¥s foRIRAM datA6E O A0k Bi@ Hhe WEDTES &Hﬁfea% %Sgafbe&%é)pass
be periodically perforned with the period bel ng

20d ettetnmstnedf tbaswcqurelnssmemsigemllfiﬁﬁ prleoebswerd line WLO 142 is

coF CBEd, Ft s b S A S A ATOrRYTY S e & dlierminable

Pr @sRht dMNEEAH (8 Mlow brRBNAM MIBNRS e 6 BOO 15064888 50n 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 1s 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.



control logic circuit 120 to control read, wite,
erase and perform ot her nenory operations. A columm
wadsaessbuf f er 124 and a row address buffer 1PSI/as®08/054561
adapted to receive nenory address requests. A refresh
controller/counter 126 is coupled to the row address
buffer 128 to control the refrgsh of the nenory array
122. A row decode circuit 130 is coupl ed between the
row add d?iéf ftﬁ&cklﬁ 2Rl %Ie@ﬁfi‘iﬂ& ¥ys@drh A% aé@c%dan%e with
col um eco e circult 32 I's couple ¥o t’he col um
addineshsr drufdddmenitd theSensat mvpzhtldm ét?heeldc@ogxatsynqn 300 includes an
circuit 134 s coupl e bet he col u ecade
oi ARRt o8 2 B 4 OIDUR e ﬁ’r na Rf@éesserrp% ARSPERGyating
de [
bt o T3 ha e e %B%ﬁ%ﬂ?% AR Lo R Ay cen 340
Spr okessed, thagisdesed caplogdr-tess mbmoqoawlnoipidmg;itezi wingeupdrtial SOI
120 of tge DRAM nenory deV| e. 100 to $¥OV|de ext erna
cormiiTHs IO PERFARFT B Prsss ﬁ%‘ﬁ%“;?“ S1EPt Tof Sermype {akge data retention
me r [
nocan B, Tholde! Be FPMAT bl icetsh fofmlne (Ll By do
i nveemhérg e viSt atcesding tocthaembsdiaretsskearidd heretrhee compatible with
capac%$or- ess nenory cell 150 that correspond to a
datB BPTCARMIBRESICS A FFOng %‘? oGS pPetestEoPTpefasg Acuice.
of a
R R L e A L R SR
c halegpeibsd bereth mnay bmmtecgaqmatmtto rthd e sy for clké intausas.
a deter %{‘hnia% nount of curr nt to fl o¥¥ gr t o, not
f1ow t o tHe YSFiHagFRO! pEesiEsD Lt?é%fé’&ﬂf‘ifda iRg ap @f&?&rawd circuit
st t L I
i R phang e eniaRGy «Al RS DI dnGY cptls S Helor more
ci rof thetprd84dus d*'ahiﬁadumdms .91 acdokdrmke dmthgrfanh@ferrﬂndlment of the

el ectroni c syst n a nce with an e
IS nergrddettbiy Tebn FoR. IR et S0E F ot S meludcs a
gklul@% @R 1dt?%’t%d g@é’dl@(ﬁe aZ@tha@ﬁlchg)B%s e\ ?r%rg(?egpamtor -less

a nmenory device 278, coupl to a process
de\mea:reorﬁﬁﬂ a'EHleramedmlysadiew ce 278 incorporates at

| east o acitor-|ess no el |l 240 of

o e of LIRGrBPSEL U b ORcREt e s eadRiments of
|n%%ﬁd&%ng' b&icckRut 8 Mat QGkmP BILRMAS ﬁﬂiugécte %&Qﬂgﬁ the
system in accordance wi'th anot her errbo i ment o

20 pr egdndinienisarttheopresethamvehtast riowi abosfy@selmptﬁﬁ(hnﬁnhdmdgs
n _ou e 274

6@@@?& %g)\é/)\c/ic eﬁ‘éﬁwgwﬁﬁ&‘? oﬁlaiifj ﬁaélt ? eatures and aﬁgagages of the

present invention. It is 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 to 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.



therein a nenory device 378 includes at | east one
capacitor-less nenory cell 340. As stated, the
wale@shasssl capacitor-1ess nmenory cell inpl emrenP@mUS®DSICF4561
a partial SO process does not require the process
fabrication steps for formng |arge data retention
capacitors. Therefore, the falricati on processes for
form ng the capacitor-less nmenory device according to
the enbodi ments described hgfgipysare conpatible with
the fabrication processes for formng |ogic devices
such as a processor device. Accordingly, a nenory
ﬁ;ce i ncorporating the capacitor-less nenory cel
K BEHMET BT n may be integrated onto the processor
d|e for close integration. FIG 16 is a diagramof a
sem conduct or wafer including an integrated circuit
5die incbr porAtciaprgitbhEsmmw @tly aympnmihgapaci t or - | ess
menory cel | e or nore f t he prevjou )
erbbte s ol A auhetalty el Sl Conson etk
of the pLesSS§RbcloPY®ALhen. As shown in FIG 16, a
sem conductor wafer 400 includes a yet-to-be cut
|naggﬁamedﬁorﬁmmadomﬁezﬁﬁﬁ:mhanhapﬁsnpmnabemcmdmgmmoume
nore capaci tor-|ess. ells as,_herein discl C
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10 enbodi ngnh s WArd WRE:NQES and devi ces out of nany that
may be used and prioduced according to the enbodiments
of a tead/vpite smibie nrme:mruurdudﬁrgle gatboa/mudesregmp,t andra daaid region
drawi ngs il | odi nent s whi provid
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i nvent i QPpiel FankiSioR Q&mb!ﬁhﬁé’ﬁﬁgumﬁ Qiﬁg &t }ea&r@)ﬂE vERRal side of the
present invention be strictly |imted

above- d@$wcabednénQMHMb@snn@&eﬂdmgmﬁdﬂm@mmsw et dwa gtate being
15the prese (é I nvention ﬁas.b&sa shown and, descri bed

with ref¥PBIfEs CPYLpEH2 'R PoSHBEA P ﬂ’éﬁtag“‘”%fff? fufuse different

addi t i ofgernfiRInad inRlRoRNG AR ird, tﬁ@bhs@%n§:§l@§ will be

apparent to a person of ordinary skill in the art to

whi ch the invention pertains, even if not shown or

oPihin the cHERhREr iy ral S B RO U agy ve aren
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A capacCitor-less menory cell, conprising:
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.



an active area forned froma substantially physically
i sol ated portion of a bulk sem conductor substrate; a

w@ams/1va3sssi stor formed on the active area, theECPHES®08/054561
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transi stor including a source region, a drain region
for coupling with a digit line and a gate for coupling
wth a wrd line; and a read/wgite enabl e transi stor
including a gate, a source region, and a drain region
commonly shared with the source region of the pass
transi stor, the read/wite enable transistor
verticably cOn ¢qacied-ladsongn@y ctibabdlaions, wisrtinclad sostradef the
of the active area and operable during a readi ng of a
| omaé/“gxt%@@biq S|yl ogms@ engsathegptearn gpaondn s ilar ge
area of the active area to cause
F%gréﬁ%' ggggﬁ?%able threshol d vol tages for the pass
tranS|stor 2. The capacitor-|ess nenory ceII of claim

1, wherein the active area renai ns physically

i ntegrally coMEPREEPTUPSHNGTARIY el RY Jaim LotkRieip dhe commonly
su

cor i 2t AR o ShETHAOIG, QAL BL IR sl e readrce

c ebhabtf tralsaionsdbstadnial gexteads th@agh the thioktdsoof ik atdhe area.
gate of the read/wite enable transistor is forned

aiong at | east one side of the stem portion connecting
the active a i et af, .

4 The apac Foriidudes Moy P 6PN GHRTAS Bhime body
confeh bsihegcti godrad 1smgnbg0}rd®tobﬂmmemeg¢tidel§,aﬂfar@dm kegresent a first
one side of the stem portion and the

s elizondaardhedipgtpg hedy arep 15?1%@%%&9. tted?ss negdiveheshgrgpd to
ﬁlgéggmcjsgb(md%%]mg‘g in the source of the read/wite
ena

e transisto ormed in the bul k sem conduct or
substrate. 6. The capacitor-less nenory cell of claim

5, wherein the sourcF of the read/wite enable
transi sPor |§Hf6?eﬁ%8 foraEE 3 93BacdioElRsy Bemapy cslh cpparising:

bulkpgTh 91 frox% %tll\flﬁetn?xconduc p@ulﬁﬁ’%%?n& ® ?}é ﬁ%%tantzaiiy

menory “cel of a|n11 rein t e common ared
sour ce pegimiy dﬁolaidrthfrqnasise ibzrihﬂamsbmtucamdutbsimmedr ain

ion of th read/ ite. enahl e s|s
78 1 RS PR T S apiegLioy Qo HRledUsinergading of a

aCt I Ve ffo88aiB; veHR&IG @&ﬁ%utr&f albl?gst?t i%ﬁ@ﬁeyve‘%@éall siQE of the active
claim1, mhereln the”floati ng body
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

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 bulk
semiconductor substrate to physically integrally connect the active area with the bulk

semiconductor substrate.



area of the active area is configured to be nore

negatively charged to represent a first logic state
waeastitsss | oati ng body area is configured to beCT/ES®08/054561

negati vely charged to represent a second | ogic state.

9. A process of formng a capacitor-|less nenory cell,

conprising: etching an activelarea froma bul k

sem conduct or substrate and to be substantially

physically isolated fromthe bul k sem conduct or

substrate; formng a read/wite enable transistor

adapt edlt.o b&éhop®cedloé fdmigngcapacigadessgnahory cklbgi daim 10,

state, . vert] ca%lg conf i.gul{;ed al ong at fleast one on of

veM{FER 8P HE 1Bt PEREAGETP _é‘“ﬁ?féiﬁ_ 3 0EPIgioh s dggreon o

a ek eSf R RO Bl Rk R0k QP LUITRE kivie PR m portion.

W ththe source region of the pasS transistor; and
S5formng a pass transistor in the active area, the pass

transi stor includin source region, a drain region
for coubti ng! lf e af GITTS hemvaniprdey drangisicl spRmyL
W EBih@r Mﬁiéﬁﬁg‘%mmﬁﬁ%‘deﬂ sd1ior] QP4 GeRt Mothel 3ide L RSN
as charge 1n a floating body area of the active area
t operus bedickf greativaace nmd thabhik sehrawdodtdr subbtrages f or
the pass transistor. 10. The process of formng a
capacitor-less nenory ceil of claim9, wherein the

10 et chi ngyf urtigs ploPERR ok %%m‘if& @dpﬁbii&-f@ss%eﬁ%:?%i‘l bPAa?M 10,
t he bul k sem conductor substrate to physically
i nfirgeatdnyproommniantiarting taciduwe regiem oiMhe meadherilowghkble transistor
sem.conduct or, substrate. 11 The process of formng a
caPagi P&Fehinele AdhE A el | of claim 10, wherein
form ng the pass transistor further conprises formng
at least a portion of the gate of the read/wite
enabl e 14.ansTke process o fprating ecsprcindessindanaty celhef gtieml 3,

portion. 12. .The procgess of form a capacitor-| ess .

15 o b teamirisgne Bl e Soutr paP of BingriT R spbgeistor in
OXtlﬁ%u!i@é%'nﬁ&éxﬁiﬂct@ﬂsxﬂistrht;@@ﬁ&er&ﬁ@it&ﬁgaoﬁid?@ of the stem
portion between the active area and the bul k

sem conduct or substrate. 13. The process of fornmng a

capacitor-le menory.cell of claim,10, furt heli ,
Compr i sitig i RBF BETT FHE R pRaCIdgrS Moy g of claim o

r eagher tdBpidimbioemingan®nfh&ly BRarQl sdufce@b&ibh BYtheRass transistor
active area. 14. The process of formng a

20 capabthe orain gagsomydibe gﬁa@/@{rjte prfabld nyisteg extending substantially

through the thickness of the active area.



further conprising |ocating the source region of the
read/ wite enable transistor in the bul k sen conduct or

wGeustioase under the stem portion. 15. The propeBESDNS/054561

form ng a capacitor-less nenory cell of claim?9,

further conprising formng a conmonly shared source

region of the pass transistor-2and the drain region of

the read/wite enable transistor extending

subst anggal | ¥ a4 g;gvitcg,ecohg,jﬁgggess of the active

area. 16. A nenory device, conprising: a nmenory array

i nemedhong amapinoudingtayplafliyay aspacapsleesmemeryoreyls oelhdran each of

wherein each of the plurality of capacjtor-less nmemgr
col | s 1 HEmbTalty oh CapialSsn admpry; TG gRs an active area Torimed

subst anthal 4 %baamlwhwcélﬁﬂk&gz@g Ps%hioea bAfk @mdtnkuctor

sem conduct or substraté, a’pass ansi stor formed on

5t he act substrate cmpast henpassiotmeahsi §ikactivenarba) dhengpsatransistor

source region, a drain region far coupling with a. .

i gi t 1 ITREHHER SPURE EIPBrE kISP A ISP RPITE Y e fEidine and a
and a 1 eadkMdobSliRNARh € Wok@RRd, Rh@% rdBAL e IRLh I8 1 IRERor @
source fegion and a drain region commonly shared with

t he soumchidimemd gnte, afsotufve rqgagsartdraadrsingtgion commeonly shared with

read/ wite enable transistor vertically configured .
Al ong. alePREEE esin o/t pess freayisier e ead i snpBlegragsistor

10 and_ope(ahta _hhg&ea\afoﬁg% R8st Bhe Perti®lisfleSI MeEactiVO8rea and
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| ogic state Being storable as charge in a floating

body ar eperdfle timeng teadiog af edogostaiaube lafid ftate daing storable as
determ n%tgl e t es.hobd vol tages for the pass .

transi stoVES Qi GlaE BedY 4§ ® 8EhSi g fgicpRgqifgrent

coupl edgdierntiReIERIBLYI AVl @YesaBAne QRSsi iBMLie@ripasel ect

and read and wite to selected ones of the plurality

of adhpratigtaod stresr amsnirycoopled &0 the ToenTirg arreyrandcaiéigined to
of claim16, errein each of the capacitor-less nmenor
el | et et BE Sy PR Poieptry SnS B p Bl bES it ess
det er m pRmoRecdiRYi ¢ states based upon the presence or
absence of current flow fromthe capacitor-|less nenory
cell. 18. The nenory device of claim17, wherein the
current flo romthe. capacifor-less nenor [l is.
Fesponst e t SN RERBHE ISR shiP 8 SRaF B oL Pl igess
boghendfeaiRfand b s@ﬁsﬁhg/@r@ﬂ%aisfc@nﬁ?}ﬂ&?totd?:%:rﬁﬁ'ir{ef 18E RI¥c states

deterninabl e threshol d vol t'ages o
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 memory cell is responsive to an amount of charge stored in a floating
body area of the active area to cause the different determinable threshold voltages of

the pass transistor.



the pass transistor.19. A nethod of witing data to a
capacitor- less nenory cell, conprising: storing
waledoenmidsabi e anounts of charge in a floating POOyYSAN®Es4561
of an active area having a pass transistor forned
thereon; and altering a threshol d voltage designating
determ nabie | ogic states of the pass transistor as
the charge is stored in the floating body area of the
active gpea. ngleth’%d%?Wq§ggtart§§ghgghgztgxafegs &Eﬂg})ﬁceli
capaci tor-1less nenory ce activating a
readﬁmmsmg enabl e transi stor vertlcally confi gured
al on | east, one side of an active area; and

acth s.dﬁﬁnaifﬁs@sawaﬁsq shagee Eoniipadmeedyasa of mpactive arca
read/ wri nse amplifier,
t he pasggﬁpgggggﬁgéﬁﬁgﬁrﬁgQgE?ﬂresﬁ&?d vol t age
Sr espoms ¥ thr¢sbolsitvoliegk distunging det@nfihabdd iogw sboekyofakiepasof
the active areat% sulting in thﬁ éhreshold vol t age of
the pas$HSRISIGFISIgRaEd MgheiEpaing tedh @@a%we&cm area.
states. 21. A sem conductor wafer including an
integrated circuit configured as a nenory device
i ncl udi 3. a remothypd af reagingtdas fremacypaitoaless mehudidey, a
plurality of capacitor-less nenory cells, wherein each
ofc?Wgﬁﬁﬁﬁrality of capacitor-less menory cells
in I
O e R Y Sy RS Rt ST P TR A2 Bkt one sice
substrabémianpa@mMammS|stor formed on the active
rea, the pass tran3|3%ﬁ |ncludh g s{source regi on,
ar &‘Fth‘faflaé%’ﬂ%rw&é@a FPIR! REtYREnhe Fegpvite ﬁ%abémar&rsgcgta@d a
for Couﬁéﬂsggm\ﬁl&& %evﬁgsdtridsﬁﬁ)r h@ﬂqgﬁ R eIk e?&ﬁgllls?ve to
transistor including 'a gate, a source region a
drainr e@r@lmharg&nmnlﬂpamtmbceiy andat df thdstive ureaeesmﬁgigon thaf
15the pas tﬁ@gﬁ §tor he read/wite enablg transi stor
verti calI'§eshYqges b & PBITgraatisior et EgHBS Jeprnipaie gifestates.
of the active area and operable during a reading of a
| ogic state, the logic state being storable as charge
in a flaating sousondneer whiet meludotyg anenepmeedtdrcoaussfigured as a
differen% deterI m,nabi e threshol d voltages for the pass
t r HISETOGY 87155 RO RHIMG (ISR I 421y 8% BRTOREATERY R USRS RABRILY of
devifaeitoraBssAHéRy HBY | '&ﬁrm@ezféﬁ'@”s% HEMliRLf @ 1t§r—less memory
processor device coupled to the input, outpu
20 nen@hyn@@dqsmsmtwm@emﬁmmy frdmvd wsmmjm ;mymgazsy 1mtmd‘pomon

art fa z¥ bulp%én%gbg&c?or sugstrate, a){)ass 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
25 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.



capacitor-less nenory ceils, wherein each of the
plurality of capacitor-less nenory cells includes an

wa@edosua3ss ea fornmed froma substantially physiBel/U§2008/054561

i sol ated portion of a bulk sem conductor substrate, a
pass transistor formed on the active area, the pass

transi stor including a source-22gion, a drain region

for coupling with a digit line and a gate for coupling
with a word IdnGect@AR FskRAAEUERE &n ﬁgﬁphﬁﬁeﬁ Qﬁ‘ﬁhtghpcievice, a
including a gate, a source regioh and a drain region

c ommomiry dethiat, @dd wiptdeetshedsdeer @apled ge tr ofutt hieppasd memory
transi stqr, the read/wite enable transistor. .
velFYiES: ﬁs‘? IRV FEY ST CAPBRGN ST MeBQEY A nclading aplurgligof

of cgﬁ%it&@fekélr%?ﬁBﬁaceﬁﬂ%%f?éﬁ nCordhe hingidy i&fZ&E@&%ﬁc{sg gqem()ry

| ogic state, e’logic state being storab

5i ncellfindati¢snm doody arma Eampdl ftolvea adisianealby glyysicall cauksed portion

di fferent determ nable threshold voltages fo& t he pass

t r h8 PUKGEMICPRAUCHr SUPHENS. Grijass (E3RStsknipad Al tag aciiye area, the

I n O . . a - ] .
o RS AR R JEK0E 1, 0 BB 95230 Y St e
pr acés gak fdenoupkngwithnivirdiing and poead/ aritcapablo clhodstoginaluding
plurality of capacitor-|ess nenor lﬁgl | s, ,wherein each

of 22 HPIUFSR FBIPIAAI @ FFHR FEH™ §OBUBORY ARfryd W e source region of

101 NGAUSES AR AGT Ih¥ e A SRl RLBTE a‘ﬁgﬁgg&} \ﬁcrlzééi??tcéﬁ‘fti LAald Yong at
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physical [y 1solated portion of a conduct or
substtakecrtarapadsof thansi vetaora dndropecibieniuting aaetdingsof a logic
area, th ass transistor includjng. a source region, a

dr a1°HF- FEJPEIR SRis Dot Pl TSI BinE PRGY 4Ra Ok g deave arca
F ok, CRMPHIRGENMIEBAnNRE thrbdhDRs voiesdof GRPaWddnSisfRab! e
transi stor including a gate, a solUrce region ané a

drain comonly shared with the source region of the

ass transistor, the read/wite enabl e transistor .
Dorti canly comrdsstPal sy RAnet e Pgh e 1 eapugieyise and

of athheaeh Hé’@ceaé’c%?le@'ﬂéi thQ@;%LﬁQiE@i_CQ BEd &g?lgt silfe@i%g,i tH¥ chbfceséor

| ogic state, the logic state being sto e as charge

| ndeviéd ganprsgndotymanearayfindbdnge pluwditaoéapaditgdesenemory

? Ir fg%ﬁslf g}ﬁt‘a gneetagﬂ oF 2 %Iluera]tltg ro? ?c:’etl]p%lcr orylgg;strggtggryfcgﬁs itngﬁldgsa zic’nsactive
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 commonly shared with the source region of 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.




