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design of a single cell. Moreover, such cells, like DRAM cells, are also volatile.
Electrically erasable programmable read only memory (EEPROM) cells, such as flash
cells, are non-volatile and relatively dense and quick to read. However, such cells
take time to write and erase, and are subject to wearing out after a certain number of

write/erase cycles.

[0003) Thus, the art continues to search for a memory cell design that has the benefits
of the previously-mentioned cells designs without their negative aspects. In this
regard, Silicon (or Semiconductor)-on-insulator (SOI) technologies provide
interesting alternatives. For example, in S. Okhonin et al., “A SOI Capacitor-less 1T-
DRAM Concept,” 2001 IEEE International SOI Conference, 0-7803-6739-1/01 (Oct.
1, 2001), and P. Fazan et al.,, “Capacitor-less 1T-DRAM Concept,” 2002 IEEE
International SOI Conference, pg. 10-13, 0-7803-7439-b/02 (Oct. 2, 2002), both of
which are hereby incorporated by reference in their entireties, it was suggested to

fabricate a DRAM cell using a single transistor. The state of the memory cell is
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design is volatile and requires refreshing, thus limiting its utility.

[ooos] Other NDR approaches have been proposed in the art using thyristors. For
example, in Farid Nemati et al., “A Novel High-Density, Low Voltage SRAM Cell
with a Vertical NDR Device,” 1998 Symp. on VLSI Tech. Digest of Technical
Papers, § 7.3, pg. 66-67 (1998), and Farid Nemati et al., “*A Novel Thyristor-Based
SRAM Cell (T-RAM) for High Speed, Low-Voltage, Giga-Scale Memories,” IEDM,
11.5.1, pg. 283-286 (1999), (the “Nemati references”) both of which are hereby

incorporated by reference in their entireties, it was suggested to use a negative-
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transistor 118 comprises an end (cathode) of the thyristor 120, and comprises the
storage node of the cell where a logic state ‘0’ or ‘1’ is stored, as will be explained
later. The thyristor 120 is gated by a second word line (WL2) 116, which improves
the switching speed of the cell. The other end (anode) of the thyristor 120, p+ region
125, is coupled to a reference voltage (Vref), which is set somewhere between the
operating voltage of the device (Vcc; approximately 2.0 to 2.5 Volts) and ground (0

Volts), and which may be 1.0 Volts or so.



cell is also relatively conplicated to manufacture,

and again is volatile and requires refreshing. [0008]
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112 remains unchanged, as shown in Figure 2.

oo111  During standby, when the cell is neither read nor written to, the logic ‘0’ and
‘1’ data states are reflected in the I-V curve for the thyristor 120, as shown in Figure
3. However, these data states are not perfectly stable. As noted earlier, when a logic
‘1’ is stored, a positive potential floats on storage node 123 by virtue that the
junctions surrounding this node are reverse biased. However, with time, the positive
potential on the storage node 123 will drop due to finite leakage mechanisms, e.g.,
thermal recombination of holes with electrons across depletion layer of the reverse

biased junctions, as reflected in the arrow on Figure 3. Such degradation in the logic
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(SOI) technology. The cell preferably incorporates a lateral thyristor formed entirely

in the floating substrate, and which is gated by a second word line. The cathode of
the thyristor also comprises a source of an access transistor, whose drain is connected
to the bit line of the device, and which is gated by a first word line. A trapping layer
is built into the floating substrate, and when writing to the cell, pulses are added to
cause holes to be trapped on the trapping layer for a logic state ‘1’ and to cause
electrons to be trapped on the trapping layer for a logic state ‘0. Trapping of charges
on the trapping layer adds extra margin to the stored data states, prevents their

degradation, and renders the cell non-volatile.
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4 and 5, and shows improvement in the margin for the logic ‘0’ and ‘1’ states for the

cell.

00231  Figure 8A-8K illustrate using cross sectional views the steps for fabricating

the improved memory cell of Figure 4 and 5.

[00241 Figure 9 illustrates a top view of the layout of the improved memory cell of

Figure 4.
DETAILED DESCRIPTION

00251 A circuit schematic and a cross sectional view of an improved thyristor-based

cell design 10 are shown in Figures 4 and 5 respectively. The cell 10 comprises
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DESQR'] PH, QNB 6 shows the conditions for writing and reading the improved cell design
10. For the most part, the writing/reading conditions do not differ from the cell
disclosed in Figures 1—3. However, writing is preferably modified to promote the
storage of charges on the trapping layer 22 to improve cell performance. These
trapped charges are generally quite stable, and will remain for the operation lifetime
of the device (e.g., 10 years) even if power is removed from the device. Thus, unlike
previous known thyristor-based memory cell approaches, the disclosed cell design is

non-volatile.

(00271 When writing a logic ‘1’ to the cell, after thyristor gating has ceased via
second word line 16, and while the first word line 14 is still high, the bit line 12 is
pulled high (pulse 60) to Vcc, the operating voltage of the device. The access
transistor 18 is strongly turned on and consequently generates excess holes in the
floating body of the cell 10. These excess holes drift to the trapping layer 22 where
they are trapped. The trapping of holes in the trapping layer 22 builds up a positive
potential, which further gatés the thyristor 20, even after second word line 16 has been

turned off. Accordingly, the thyristor 20 is turned more strongly on than it otherwise



[0025] A circuit schematic and a cross sectional view

of an inproved thyristor-based cell design 10 are
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the effect of degradation of the logic ‘0’ data state as discussed earlier. Moreover, the
tendency of the trapped electrons to gate the thyristor 20 off coaxes the thyristor 20
and access transistor 18 into the “off” state, even if power is removed from the device,
again promoting stability of the logic ‘0’ state. Additionally, the stored negative
charge also increases the threshold voltage of the access transistor. In short, the
storing of negative charges on the trapping layer 22 generally acts to decrease the

conductance through the memory cell.



second word line 16, and while the first word line 14

is still high, the bit line 12 is pulled high (pul se
w®pstot7vrc, the operating voltage of the devieper/uIivesni14433

access transistor 18 is strongly turned on and

consequently generates excess holes in the floating

body of the cell 10. These excess holes drift to the

trappin ayer, 22 mher h are ed. T rappi n
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(24).

00331 Referring to Figure 8D, a portion of the floating substrate 32 is masked with
an ion implantation mask (not shown) and a trapping layer 22 is formed by ion
implantation. The trapping layer 22 preferably comprises a dielectric such as silicon
oxynitride, silicon nitride, silicon-rich nitride, silicon-rich oxide, or alumina, although
other materials capable of trapping charges can also be used. Further considerations
relevant to forming the trapping layer can be found in above-incorporated U.S.

Published Patent Applications 2004/0041208 and 2004/0041206. Alignment of the



reduced | eakage. Accordingly, the thyristor 20 is

turned nore strongly off than it otherw se would be
wowmeistraring a logic '0' state, as reflected BYI/USRB05/014433

decrease in current reflected by the arrow in Figure

7. Extra margin is thus added to overcone the effect

of degradation of the logic '0' data state as

di scusse
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Addietd aalctyr, at tHeeofib@rd dheedihg vebsehtange.ealisheed not necessarily

i ncreases the threshol d vol tage of the access

t r dAghdhghuried Qxide e 24 he storing of negative charges
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each cell are small and because these ﬁgrs

t hithe g3t of the FpteshErnsisORyiP- {thy @%}V%fdmreﬁ“ &fsg%)'beﬂ'%éayef is
t r aRRYiRoh-bepee rand?%a} Be REEUEVS inPRVEROV¥STIIE Nty OBBugh thls is not
benefits. %0030 Steps for fabricating the disclosed

celshoyes iAgdielgpteic e ek A Aimisghegudeggsighoghe gyfysilicon layer,

SKi Jnli@gk deduiddd Rk s pattbrhe PRHATRGERTS ok Ble st WK 11204 RAGhown.
the di sclosed functionali tgthcan be achi eved.in several

di fFhereafier, wdigsctriangidendlls 43t qaral foamemhit oy ehpr ddass &f the hard
St %H%kép@%lh@&?stmtusﬁlg(AMOtr Wéehlgg‘ﬁclﬁd J]déﬂﬂaaﬁr@ QVe[l]&r)l%\]\fn As

proces only be understood as exenplary
Pr oeidldsisaen lsten strsounfing the fisiuerd dine 14 with @temce"criawm@aa 3b in

burth%dfl'a{l}fﬂn d\gllﬂ QM)W tl%%gcdﬂgt\y\ﬁg Mink W8 b Eb\éqr)rﬁ‘negfoverlapé)mg the first

crysta e materia e.g., silicon)
showerdilime Fvighepe fe@Aof Smth'lgbthlﬁlt@'d togeithte. Jthaset mntgundmg dielectric

Sub,%gtegg 1 8re PGB ALY HAGE bl naPleoh AR c%q'q@éx,@end silicon
are var I apl hecrséﬂ e silicon 7
upocrxymﬂmmh the active circuitry will be forned is a
lightly p-doped silicon filmthat preferably may have

a tibwse kMNess and" refdfrriago o dﬁ'gumt%] yandBe0 igin gsplpmationomask 42 is
neces

acrirelsably YRR e Fun @ GEL Y BB PREekD 18, which i
Fi galsceth8 Bathblke ofs thestbtbatferns:t rtpristor 20. sOnmthesdm@sko#Z is aligned,
shown tt%mecﬁ1 and etched as shown, ion implantation is used to inject n dopants (e.g.,
phosphorous, arsenic) into the exposed portions of substrate 32, thus forming the
source 23 and drain 21 of the access transistor. The use of ion implantation mask 42
is preferred so that the underlying floating substrate portions corresponding to the
future location of the thyristor 20 will not be affected by the n+ ion implantation step.
Following ion implantation, the source/drain regions 26 are formed, and the hard

mask 42 is removed. It should be noted that this ion implantation step (and

subsequent ion implantation steps) should be suitably energetic to inject (or
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trenches 40 are etched down to the buried oxide |ayer

24a. Al though not shown, one skilled in the art wl|
w@ppseci’at e t hat the trench 40 surrounds the drepUSR0esi014433

crystalline silicon material 32 to in effect forma

bl ock of floating substrate 32 which will provide the

active silicon 35 for one cell in an array (see Fi gs.

di eelverg zgay dr gr 8?{&1%%) the prﬁqug idelo nht8 éll: tgau Bmfg ﬁgagﬁr and/or

baake b@toﬁwfnlﬁnﬂrthtlhilﬁlbﬁt‘ranaﬂ ng subst r ate 32, which is

now conpletely insulated on all sides (24). [0033]

Refi@ser i ﬂ‘r{g:xl; (ancﬂ:irgemeg SOFigurep8G1 thermayérid Hfier the cetond gvord line 16

( ﬁ oséairﬂf? Vﬁ{s:ra%l &OEYH%‘F%{@ is Hapqsgedez}n%zeéchngla?gflc?r&én:jo@nce ﬁ\e second

| npbc&munaé 16 fis paTth&ledi raaplghemngdb;&yeiron Zﬂplrantelﬁm ady i used to counter-
rises a ehoctr C, suc £on o§¥n|t

P TRek R pboreen g TR oo 1 [GEMe TP B gown. As
OXistléwn,0the ahgem»fntae sédohdh wogrh lind b€ s ﬂfafeeibﬂ)ab&daapablabgroﬂoped

tra charges can al so be used.

bbb VDI P oOhrARS SBPRES T HES8Y appeeg draig &), sueh
C arﬂobﬁhgfvﬂu Mevd IttlaBisee,-ant A€ @ QT At 2 1Un&d rdubd mafied during ion
Pat ent )pl i cati ons 2004/ 0041208 and 2004/ 0041206.
Al igRI%E ‘O%f thetrapping layer 22 is not critical.
However referr d th he trappi | ayer_ be
Fortg et rad v iy Fiere b Pt FoPRaR 1DUF faman on e
20,ed§$stdf%@écérﬂavdrﬂ ARP1 A1 gWhary eie Jideywadll4s @v@dﬁé:ﬂﬂéi exposed silicon
throu%ﬁgyt t he substrgte regi on 32 Nor eover ,

t r dppiirighayide imEigd BHotit ettt angther e BoREHmatie Thus. atte

f1 agdelw0 484bsdakiah. & &%mg' is Perfortded S %tﬂ%os‘ideﬁﬁﬁ %S@Eélf Mign and
touch the buried oxi | ayer 24. O 34] Next, and

r efferm phgoripg meins 80.ghereky ﬁ)&tpéetleﬁu H@aﬂomof tge fhyFistR2GnAs the

t heyhigsal i RY d%b&)uclt WS- bd\Brekerabi® HhatR i thd QlPJ‘n |2§y<ﬁfrmg5thls ion
deposited which wll conprise the material for th

gatimpbhtatipeste (hesshowpansi stor, i.e., the first mord
line 14. This polysilicon |ayer is heavily n-doped and
mayope  JitprepftRscendaeliertipg ¢ BiguteSlcihaaee dislactrip, 41dp tamaygh where

£hig %OQJ (%ﬂ%os/"\l o 5l &kd dibiecthah fmfaRskeut @}{3{ th@%@edta‘-‘lls 45

t hen sited on the polysilicon layer, and
r esand fqrmgd)st'af@n ] Sof}ﬂaﬁt!\@rlm@d issgrpositedirad etched ES’rfi?rlf’ tge Vref 13

fi F Shtal® rf(q tLé a&n %ﬁth@%elﬁh AVVill be seen in Figure 9, the Vref 13 contact (as

well as the other gates structures 14 and 16) preferably comprise lines which span
over various cells to form rows in the memory array. The Vref contact 13 is
preferably formed of polysilicon. While illustrated as being a made from a
polysilicon layer separate from those used to form the other gate structures 14 and 16,
one skilled in the art will realize that the one of these earlier polysilicon layers can be
used to concurrently form the Vref contacts 13, although provisions must be made in
this circumstance to etch the gate dielectric 41 which would otherwise reside

underneath the Vref contact 13.
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Thereafter, dielectric sidewalls 43b are fornmed on the
sides of the hard mask/polysilicon stack using
w@mios/ot47epi ¢ et chi ng techni ques that are wel | MGUSR007® 4433
will be seen later, surrounding the first word |line 14
with dielectric layers 43a, 43b in this fashion wl|
all ow the second word |ine 16 to be formed overl appi ng
the[oo%t) rsl'the 1rte(il ln{dnr%feW]l ﬂ%%glfrgﬁ O&eé&ﬂé H Qng44 Fede $ed over
t oget her. ese surrourrdi n dle ectric materia re
pr ethe reabltiyg strdciure nviicht mpd@erabimta siteppn clonxjrlei dEneredsaxyothis layer
di oxi de |} con d 035 d.. .
; efceapfh n% cl E% gevera?gﬁtm g%l-l(s)’t d éQl §e %)laL\%'?a% a(l?g.brv]vnrl}acslfmlcal
42 mechpmied] quatahyattbo)r e centler xﬂe‘falt n’er strbeecmcrurwemegi oRin2lBy, as
igtrwtg\lé}g ug eul?]es tr)g(gn t(l)fl:gr% 8r8 ’vl,%amrec%tcfledzla tﬁb%hetﬂec r|,<]: layer 44 to
ITHSé«pés% the dadih e skhichadre ehermeshbs@;nehtkyt filheidwalb ssinalin conductive
i used to ect, n
oo o el afusiRih, 61 ieleaR i alABE Ptk B plugs)
SubBHeratter, &, cetlNylprokesset G ohipeetisn usiGe stdddasd frodésaing tethdiques
of the access transistor. The use of ion inplantation '
masieUBoVY- preferred so that the underlying floating

substrate, portio on to the futu .

oo ors o e efiPE EERST UMK, blst Ga itk Bl ety ipghown in
t heFidre 90 18ho WP hi@ MicddctiOdars4se33. of kel deD\Ahdl@e lisdMhtion 24 that surrounds
i npl antation, the source/dr <';1£/@_t?rCO i on

andeahelnarefe g gmbpsliment, Ry 'la°t§ﬁ€)ﬁ‘i"ﬂ’ ol bﬁg » which

t hagre tshdwen inOlbtieANinaN bt walah sl Romaefl 5 WRREQUBRH cbRmns in the
i npl antation step S€ shoul d be suitably energetic to

i nj BEPOTY GFrayent ] negpy \9@ Assferably fforaneg iy 2 fiR 15vRlpfaprtad gMD),

I ong idQwn {rewhhead AARPLABer] B¥eVreRdonpdtty RF tHeh@1DAd &hprise a
of the floating substrate 32. [ 0036] Next, and

r ef mang PelysiEFQuige 81G whitk Aentasts &le Por regiees sWcghgach cell.

V\Drgltllrrlaﬂ:gy ltﬁe @ @h&m ﬁﬁ@ﬁ?hﬁhéyc&@dd% LiRQR) lideS51 formed in a
deposite as shown. Once the second word

i n@cq_r@l lp\gal pfi{ngtel( M ,whighoupeerthegersah ipnandj qygr the first metal bit lines
' npé()anflﬁge dShéd lfn\s,s 5'15%9(;1 I \ﬂ%%e%ngp p&tatgg?o e QQ@@Qcon line

floating substrate to formn- doping regions 28
shovim a castacsh 6letchedrtbropglythe dielachis bebwasn dhevpetels | 4yn@ (1<8 shown)

I's Blrdqfxeeél"é]il%t}{lc ﬁ%g,dzpf @eesﬁg.f&ﬁl nggreqﬁip@&tact 61 is formed, extra space

between the active regions 35 and the first metal level bit lines 50 may be beneficial,
and such contacts can occur at logical intervals along the length of the polysilicon line

13, such as every eight or sixteen bit lines 50.

t0041]  Alternatively, and although not shown, the Vref contact to the p+ regions 30
may made by plugs in the same way that the bit line plugs are formed (see Fig. 8K),
and in fact they may be made concurrently. If this alternative technique is utilized,
care must be taken when forming the bit lines 50 to ensure that they do not short to
the Vref plugs, e.g., by “jogging around” them in some fashion. The Vref plugs may

then be coupled to the second level metal lines 51 though vias as is known. In short,
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region 28. Where the n dopants inpinge upon the
al ready n- doped drain 21, such doping will have

wo oshiei7€f fect, and as a result drain 2 1 needPCDUSI0es/014433
masked during ion inplantation. [0037] Next, and
referring to Figure 8H, dielectric sidewalls 45 are
formed on the edges of the second word Iine 16. Were

hgwﬁlag ﬁ%tgck eﬁluﬁ ggye%ﬁﬁnea%Y %hj}]f%ree%(gg 2 %% Roart'nh he é’ls%%sed celpand to lay
| mpik @6¢ @t ichikverasdred Fansionaity end piodesimp |codnfeataraThodisclosed
p doggqg ig perforned using the sidewall 45 to
seI methodsand laxautapd My 9 H‘@y regions 30, thereby
et| ropation, of the thyrist in . .
SOTeL Algut e B Rodbe siiRrale b e ke Tt e grteded in
1 dishjung@tidnhiofie bKiled ifipth@ @it atiil Qbalizé elfat ehkddr of sl hspects could be

0038] .Thereafter, and referrin o Figure 81, ..the
B PENGc T g et Peing By iad TP o5 ol <BRpingtis. nor need

( Sug Rlo%teigDbiradd bé gedd i &1l diBbdifkhits.C Mdded/TRY s&If€ Winbodiments,
when the sjdewalls 4 5 are forned} Then, .a conduchlve

| ay¥ithrsa dlopiing Pstran d'OBACHPAMEDAYSr A tHAINfhets Ropefits in cell

C ONdrafifeStufeindldo@ o &€ ha@etdhe the@ich She 88 oMilel 1atbRI BHBE A, hich
Figure 9 , the Vref 13 contact (as well as the other

gat 'é§'5§?%eﬂ epiifelysinthe suhetraiss) Ingjopresmbedimentsnpihersisolptionesghemes

Whi GR RRRBD OMeF m\éﬁlrmr@ags] welksS of ® bhEddAi@MRyé24aNBee Fig. 8A).
nmenory arra Vref contact 13 is preferably forned

of Meregysrs wé&mﬂ isynefesed thpythe pamery sl Ysibizng laseratdtrasistelo fhis is

a prqiosﬁic 1y GOk @Y all SEPBLiMeRsf 40ME tRRRRr 4o8H 19 bVeRical, or
the other gate structures 14 and 16,  one skilled in

t helatgral ang \Ielrthab’alfla@ée that the one of these earlier
polysilicon | ayers can be used to concurrently form

t helooggt eflt slguldde suntigrstogd tthas Lilh IpYeaUTSs consePtidiclased hagim are

' n é ﬁtﬁe Gfl rjf] rmcgcﬁlr&ﬁoﬁso T%ttﬁJ‘ex'ié?@s&ﬁ%dmcgdl(ﬁﬁ tfzm »Qltlﬂn fhe scope

woul d herw se resi de underneath
co nﬂzfab«t appgnded @ms Tivkthein tquayalentm they efeelmem*ﬂgl tp @e F:P‘gﬁmdeby this
8J, ielectric layer 44 is deposited over the

resJ1t|ng structure, which is preferably a silicon

di oxi de. If necessary, this layer can be fornmed of
several sub-layers, and can be planarized (e.g., wth
chem cal mechani cal
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pl anarization) to render it flat for subsequent

patterning. Finally, a s shown in Figure 8K, contact
wzloss14042 vi as are etched in the dielectric | ageErug2oi/m4433

expose the drain 21, which are then subsequently

filled with suitable conductive materials

(poI ysilicon, alum num etc.) to formthe bit |ine

plugs). Thereafter, the cell is
proc ssegﬁb‘t(@ﬂg)fetl on using standard processing
t echni ques (not shomn). 10040] A layout of the cell of
Fi gur es BheBKrytosll foomprising:array of cells is shown in
Figure 9. Shown are the active areas 35 of the cel
and the |S%T§ﬂﬁ$ﬁ 24 that surrounds each. In a
preferred £ﬂ@ﬁd&ﬂﬁﬁb&ﬂhh&wbﬂkﬂhkﬂe contacts 12 couple
to bit lines 50, Lch are sho dotted | |nes and
whi ch run 336 g?’ts'sfoé S?fragtﬁfmt gmdft&‘ RIS 1t he

MeNOry arrayrappohi€ haybi Ulsbd)s@@Sn SR siiBurpe ebesbhy ch@gersl affect
inafirst |evel of tal ( as is well known. As

not ed earl|eFm“Pﬂ@“VgEﬁwéﬁﬂF5%f%]for the cells can
conprise a common polysilicon line 13 which contacts

the p+ regions 30 of each cell. Utimtely

pol si | ToEmemoRecellof siaked. whisinatieqtipe éherf@tl%tctam%fé the memory

f or s d oinPrifts 886PRE (HeR@¥RducRhcdBIR th{rddeor aWiing AcdetBansistor.
orthogonal to and over the first nmetal bit |ines 50.

The second netal lines 5 1 feed the Vref reference

vol § age i@ r'r'ieprﬁ)rp&llly(ﬁ'ciauﬁ qnwhér@ﬁ tyd tﬂyﬁst&Q@Fmﬁﬁié a%atdral thyristor
et ched through the dielectric between the netal s

| aydisposgdratirebhiowke) substeite: he di el ectric |ayer 44 (see

Fig. 8J). Wiere this contact 6 1 is forned, extra

space between the active regions 35 and the first

met4l | ékhelmdmdry lcelheb clBin drayhéreiniibe adcessi tednsisign e coyplad to the

Co”&,{/ﬁsttc?r V?;%a{ldo%gg}‘%glo%tcoln%h(t@{)oth nterval s al ong the

'con I'1ne 13, such as every eight
or sixteen bit [ines 50. [00411 Alternatively, and

al t BOUQ hF nOtekr)nsolt])gi\:/\Ai]l of cr}um erherequ me %typl%nglaggr c}(])HlpBEe%g d%]gctrlc

30 tray nmde I'nthe's
pI ugs are forned (see Fig. 8K) and in fact they may

ut I ga de or}r?e%orr)? lel 5 cleliIn 5t Iwhgre‘tinl &1(? Ellrfl‘, tet n\(/:(:i\s Ee?ecpeglfr AF the group
conSIStmg of silicon oxynitride, silicon nitride, silicon-rich nitride, silicon-rich oxide,

or alumina.

7. The memory cell of claim 1, wherein an anode of the thyristor is coupled to a

reference voltage.

8. The memory cell of claim 7, wherein the reference voltage is between an

operating voltage of the memory cell and ground.

9. The memory cell of claim 1, further comprising a thyristor gate.
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care nust be taken when forming the bit lines 50 to

ensure that they do not short to the Vref plugs, e.g.,
whosjiogegd ng around” themin some fashion. ThePOA/E$2005/014433

plugs may then be coupled to the second | evel netal

lines 5 1 though vias as is known. In short,and as

noted earlier, they are many different ways to form

the disclosed cell and to lay it out to achieve

desired functionality and processing conveni ence. The

di sm. os elthe Mdnkw ¢l Selpofdclhiay D Utheddid therhglisyor @Xe P kepasated form the

[00421 Although the use of a floating substrate and a

tra‘ﬁw%ﬁymge%’% preferred in conjunction, one

skilled in the art will realize that either of these

aspects coul d be used alone. That is, the trapping

| aybr nedg mestonpestipd gldim A, whereip thssupsiraiisfloatisg: need a

floating substrate be used in all enbodi nments. |ndeed,

in sonme enbodi nents, neither a floating substrate nor

a t Fappihg mempey cedlrad claipdi Visgein g sykstrafeiiy wirjopnded by insulation.

architecture and design are had nerely through the use

of the lateral thyristor, which is disposed entirely

in the sissemenecell|al clagme, whaseathearameory eqlhis pon-¥ejptded on

schenes can be used other than through the use of a

buri ed oxide | ayer 24a (See Fig. 8A). Mireover, while

it 14 préemempwdetlrempribiegnenory cell utilize a lateral

transistor, (hfig..is not strictly required in all

enbodi nents, as the thyristor could also be vertical,

o r | at er a# thaniglondispoieglah thersubseratgr e. 100431 It shoul d

be under st 9o ' [ dj scl osed

her ei n aregEgﬁégﬁ%“§gﬁﬁ%ﬂ¥§%@3*%?%3?5@%&@” 6ﬁthe

ext ent sucineamdisposedin e subfsahte faristaning chdnge ®affpe cofduchece of

appended clahgﬁngﬁg E%Fir equi val ents, they are

i ntended to D& COVet & "by this patent. WHAT IS CLAI MED

IS 1. Anenory cell, conprising: a substrate; a

t hyrJ st di sposed . in. the bstrate; _.an access

r ks s BERTRITY SotBied S ERE PIGTREES Congygance of the

memory cell comprises affecting the conductance of the thyristor and the access

transistor.

16. The memory cell of claim 14, wherein the thyristor comprises a lateral

thyristor disposed entirely in the substrate.

17.  The memory cell of claim 14, wherein the access transistor is coupled to the

thyristor via a doped region common to both.

18. The memory cell of claim 14, wherein an anode of the thyristor is coupled to a

reference voltage.
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a trapping layer disposed in the substrate for storing
charge to affect conductance of the nenory cell. 2.
wabmsmermry cell of claim 1, wherein affectingP@h®es2005/014433
conductance of the nenory cell conprises affecting the
fondupt?nce gf %Ee thyristorlﬁndfthﬁ acciSSMh _ .
ransi stor. 3. e nenory ce of claim 1, erein the
t hyrj st conpri ses lateral, thyristor disposed
entl®h o o e FerRe s Pt 48 et BB MERFE8F. 1 ai m
1, wherein the access transistor is coupled to the
t hyJi st via a daoped regjon co n.to both. .5. The
nerfor y gi‘f’ f"eg’loryc‘feﬁi(’?nc'i",m %é’?‘&eﬁ’% B TAR Bi fR)éml'gétyer
conprises a dielectric. 6. The nenory cell of claims5,
Sordl 110G TSmO 3B TETEdL e ST e
silicon-rich nitride, silicon-rich oxide, or alum na.
7. The nmenory cell of claim1, wherein an anode of the
t hy%% st df MPEOYSEIY SQBPEYE 1 ef erence vol tage. 8. The
menory cel]suBfraed;ai m 7, wherein the reference voltage
i s between an operating voltage of the nenory cell and
T

ground. 9.2 Hydsterglippseddibe sefistrated@nth 1, furt her

conpr i Si NGarPactddy rhrtlsRr s@BIIP cdidled B neTRyRIY, Cel | of
claim1l, wherein the thyristor gate is separated form

t he thyri svesreipghegubtratedefioatisg- 11. The menory cel | of
claim1l1l, wherein the substrate is floating. 12. The
menory cell of claiml, wherein the substrate is
surfd®unddd mememnisesllaef elaim 23, whgeeinyghephyrigied comprises # |eferal

L ORI AL DA IR i Slbsch® Non-volatile. 14. A

nmenory ce conprising: a substrate; a thyristor
di sposed in the substrate;

24.  The memory cell of claim 22, wherein the access transistor is coupled to the

thyristor via a doped region common to both.

25.  The memory cell of claim 22, further comprising a trapping layer disposed in

the substrate for storing charge to affect conductance of the memory cell.

26.  The memory cell of claim 25, wherein affecting the conductance of the
memory cell comprises affecting the conductance of the thyristor and the access

transistor.

27.  The memory cell of claim 22, wherein an anode of the thyristor is coupled to a

reference voltage.

28.  The memory cell of claim 22, further comprising a thyristor gate.
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an access transistor serially coupled to the

thyristor; and neans di sposed in the substrate for
warmsiing4rharge to affect conductance of the nEIMDU§2005/014433

cell. 15. The menory cell of claim 14, wherein

affecting the conductance of the nenory cell conprises

affecting the conductance of the thyristor and the

access ansi st or iGT'T qpnnr% cel | of“clain§#4
whetei n RECPRP e85 Flajmy frp g e emapael ingan wabie
di sposed entirely in the substrate. 17. The nenory
cel] of claim14, wherein the access transistor is
COU%Ted’\@eTﬂ@‘?“yPF@Pﬂngia a doped regi on comon to
both. 18. J&estraesiory cell of claim 14, wherein an

anode of the th¥rLston is coupled to a reference
vol t age. 19 latpFab thygiper Jispogtd engifelinghejubsirate apd her

conpri si NCardackY rhrsls@r s@alI coupled 1 BR tHRRREY cel | of

claim 14, wherein the substrate is floating. 21. The
menory cell of claim 14, wherein the nenory cell is

Nonz Vol aths Infemofy cel PofMBATRY 30, Gklein GO ARebStfIGistoR is coupled to the
substrate; a thyristor disposed in the substrate; and

an thyistasyia g ¢onsd seion ca@mioalte §etkoupl ed to the

thyristor, wherein the substrate is floating. 23. The
menory cell of claim22, wherein the thyristor

cond® i sdde amempreed) oftdapmi 39t trtheti copwsisitig @ritappiag Jayerdigpesed in
su : ein
thaneeefue Ff yolfEMRIE HEE K ndla kLB e PRt 01

a doped region common to both. 25. The nenory cell of

1 33M 22me THERDG" cefiOlPLbH 39, AnbeMPRidind WECoRuEBRRG the
memory cell comprises affecting the conductance of the thyristor and the access

transistor.

34. The memory cell of claim 30, wherein an anode of the thyristor is coupled to a

reference voltage.

35.  The memory cell of claim 30, further comprising a tﬁyristor gate.

36.  The memory cell of claim 30, wherein the substrate is floating.

37. The memory cell of claim 30, wherein the memory cell is non-volatile.
38. A memory cell, comprising;:

a substrate;
a thyristor disposed in the substrate; and

an access transistor serially coupled to the thyristor,
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the substrate for storing charge to affect conductance

of the nenory cell. 26. The nenory cell of claim 25,
wobmseiqat4nf f ecti ng the conduct ance of the nmenopgr/vsdohs/014433

conprises affecting the conductance of the thyristor

and the access transistor. 27. The nmenory cell of

claim 22, wherein an anode of the thyristor is coupled

t f | tage 28 .Th 1| of .clai
22, "t urt heTREORIPY ST CHRy FOE ST a0y 50 gsta et Sl yroen

cell of cl ai powét,is ratmered fiforh ke neemoy yelcel | i s

non-vol atile. 30. A nenory cell, conprising: a

substrate; a lateral thyristor disposed entirely in

t he3ss ubgthe atefiorpBéll SicIFARCIBS WhfedNhie aE@ks BaBiIs@dk fisycoupled to the
cougled to the 3hyristor. 31. The menory cell of claim
30, MRS ¢ dred HELaSSMPR P or is coupled to the
thyristor via a doped region common to both. 32. The
menory cell of clajm 30, further conprising a trapping ..
| ay®h ~ diTdpgeaery selk ofeclaimpd; fusiher qogiprising 2itiappipg Ly gredispgSed in
af f8e LubsPNE s ERARECHAFgetth Brf &R BEHAMCERE lof thd FaembREcdlENDI Y

cell of claim 32, wherein affecting the conductance of

the nenory cell conprises affecting the conductance of

t hegjt hy ringt QEm@) kelingr AGHESD, WhaRRl 8fQking e cdi¥ictance of the
menory cell of claim 30, wherein an anode of the

t hyeeryreefl scogpipisetffecting theegaafugianse \ph| they gwristgs andrghe access
menpyisee!l | of claim 30, further conprising a

thyristor gate. 36. The nenory cell of claim 30,

wherein the substrate is floating. 37. The nenory cel

of ai [ ' -val.ati
38 AQA nem#g glfn}ggﬁe’% c{:i} Skpnf i3§${1%?é{n Qlﬂulodé of i@ [}ly}/lg}t)lalg c!)lﬁ)led to a
reference voltage.

43.  The memory cell of claim 38, further comprising a thyristor gate.
44.  The memory cell of claim 38, wherein the substrate is floating.

45.  The memory cell of claim 38, wherein the thyristor comprises a lateral

thyristor disposed entirely in the substrate.

46. A memory cell, comprising:
an isolated floating substrate;
a lateral thyristor disposed entirely in the substrate, wherein the lateral
thyristor is gated;
an access transistor formed in the substrate and serially coupled to the
thyristor; and

a trapping dielectric layer disposed in the floating substrate.
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a substrate; a thyristor disposed in the substrate;
and an access transistor serially coupled to the

w0 boositst7er , wherein the nenory cell is non-vol ap@1/8SBNH014433
retains data states when power is renoved fromthe
menory cell. 39. The nenory cell of claim38, wherein

the access transistor is coupled to the thyristor via

a doped region common to both. 40. The nmenory cell of
claim 38, further conprising a trapping |ayer disposed

I N 4he JubShdnire clDbf Slakii 4B gwhdiéinghe memafyf &gl is non-volatile and
conduct ance of %he nennry cell. 4%% The nmenory cell of

cl aFNGaa it dNAn BAYE T TREYCHE R B FERNTE of t he

menory cell conprises affecting the conductance of the

thyristor and the access transistor. 42. The nenory

cel 48 of The gremong celhpfeflaim e whisdyde deceshiEansistpr isgayplef Lo the
Coupl@gbrivia Addped RigRAEBmMRht@B®h. 43. The nenory cell of
claim 38, further conprising a thyristor gate. 44. The
menory cell of claim38, wherein the substrate is

f1 ogt i NGhe 4emdtyecdBRPIYaithChd, RherbihaihB BPpinghBY&! LorhifiRes a
thyristor conprises a lateral thyristor disposed
entdieledtyic.i n t he substrate. 46. A nenory cel l

conprising: an isolated floating substrate; a latera
thyristor disposed entirely in the substrate, wherein

t hed0. at dihgimeropy ¢edltaf claing 4Bawhesein Hyg digdestries's selegtesl faqnp the group
for(!&%lgst& Jflgﬁl §rlrlp)§}1n§tﬁ5 ,sﬁi@ ﬁi‘tat{deaéi|ié’on9r%mit¢ige,tsgict)n-?ich oxide,
t hyristor; and a trappi'ng dielectric layer di'sposed in

t heorfalupgind.ng substrate. 47. The nenory cell of claim

46, wherein the nmenory cell is non-volatile and

51. The memory cell of claim 46, wherein an anode of the thyristor is coupled to a

reference voltage.

52.  The memory cell of claim 51, wherein the anode is coupled to a second level
of metal.
53.  The memory cell of claim 51, wherein the reference voltage is between an

operating voltage of the memory cell and ground.

54.  The memory cell of claim 46, wherein the access transistor and thyristor both

comprise polysilicon gates.

55.  The memory cell of claim 54, wherein the gates are overlapping.

56. The memory cell of claim 46, wherein a drain of the access transistor is

coupled to a bit line formed in a first level of metal.
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retains data states when power is renoved fromthe
menory cell. 48. The nenory cell of claim46, wherein

wWa bwsacioess transistor is coupled to the thyriBIDUSMIH014433
a doped region common to both. 49. The nenory cell of
clai m 46, wherein the trapping |ayer conprises a
dielectric. 50. The nenory cell of claim49, wherein
the dielectric is selected fromthe group consisting
of silicon oxynitride, silicon nitride, silicon-rich
ni t574. de,Arsinkdgeanedt cironh comipdging arplahlityiof amentdly cdlise each memory
mempry cell of claim46, wherein an anode of the
thyrlsPoP T§;coupled to a reference voltage. 52. The
menory celd subbtratd;ai m 51, wherein the anode is coupl ed
to a second, | evel .of tagl. 53. The nmenory cell of
cl ai m 51, Vﬁé?%@ﬁm?ﬂﬁgﬁ%ﬁﬁfgm%gmvoItage i s between an
oper ati ng atadctag@aistdr Berialip @Bupledas e tRyrhta@y mdnd. 54,
The menory cell, of cl in14gh wherei n the access
transistor? é’ﬁBP'P%'/”rYF%gBPOSB t'h ROMPIaE IBoFPEs ichyre to affect
gates. 55. TBehduBrameYf GRlmendky &181 M 54, wherein the
gates are overl apping. 56. The nenory cell of claim
46, wherein a drain of the access transistor is
cougy. ed 1the ifefthied keirflBt §0815RA57, iRreid E8dctih@WR! coffiuctance of the
metal .57. An integrated circuit conprising a plurality
of MERYYcelbcruprises affeqiBauhe conduptarss iy the itihygistop and the access
subgikidle; @ thyristor disposed in the substrate; an
access transistor serially coupled to the thyristor;
and a trapping |layer disposed in the substrate for

st 059 ng Tq‘QQHtggratié@ cﬁ'mi?&t claim 57, wherein the thyristor comprises a lateral

thyristor disposed entirely in the substrate.

60.  The integrated circuit of claim 57, wherein the access transistor is coupled to

the thyristor via a doped region common to both.

61.  The integrated circuit of claim 57, wherein an anode of the thyristor is coupled

to a reference voltage.

62.  The integrated circuit of claim 61, wherein the reference voltage is between an

operating voltage of the integrated circuit and ground.
63.  The integrated circuit of claim 57, wherein the thyristor is gated.

64.  The integrated circuit of claim 57, wherein the substrate of each memory cell

is floating.
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conductance of the nmenory cells. 58. The integrated

circuit of claim57, wherein affecting the conductance
wobkooshesrwenory cells conprises affecting the PCT/US2005/014433

conductance of the thyristor and the access

transistor. 59. The integrated circuit of claimb57,

wherein the thyristor conprises a lateral thyristor

di sposed entirely .in the substrate. 6Q. The integrated

ci ;¢ AT SR, S GAEPEIRE £ TR G0 TN SPLy Gre, Gemory
couplie8mpmsiidie thyristor via a doped regi on common to
both. 61. The integrated circuit of claim57, wherein

an anode o SYHEShyristor is coupled to a reference

vol tage. 62wmyrddi& dispbe@natRdursiraeyi t of claim 61,

wherein the reference voltage i s between an operating

vol t age ofanaseess Hansipfossaréplly cownlgdito dedhyiskuiradd 63. The

I Nt egr at edmednk Qlépdse@fn Bt Mbrad forWRBHE ERbrid 8 atBMcb®duRfance of
is gated. 64. The integrated circuit of claimb57,

wherein the 84pey®lle of each nenory cell is

floating.65. An integrated circuit conprising a

pIuraIiHy of menory cells, each nenory cel

congsr i siling:intggraigs streit ef claim 63/ hetedt alfigcsipy thegeonduatange of the
S U%Erﬁé\?%el@@orﬁﬁ&%§ %fftecrti%g $heé ESHdu&%dea(Lfl the QﬂWElo? dnd @e access
the thyfistor; and nmeans di sposed in the substrate for

st ordnsigtochar ge to affect conductance of nenory cells.

66. The integrated circuit of claim®65, wherein

af fecting the conductance of the nenory cells

conft i s&hednttgratedl migctihel cleind 62t wirecen dfe thimisterngomipsisesra lateral

an dthglrri]s?or%?s%gsséﬁ GLII;I%{)]’SI}] ?hte%l]bstrate.

68.  The integrated circuit of claim 65, wherein the access transistor is coupled to

the thyristor via a doped region common to both.

69.  The integrated circuit of claim 65, wherein an anode of the thyristor is coupled

to a reference voltage.

70. The integrated circuit of claim 65, wherein the thyristor is gated.

71.  The integrated circuit of claim 65, wherein the substrate of each memory cell
- is floating.
72.  An integrated circuit comprising a plurality of memory cells, each memory

cell comprising:
a substrate;

a thyristor disposed in the substrate; and

21



67. The integrated circuit of claim®65, wherein the

thyristor conprises a lateral thyristor disposed
weoiosned7y2 i n the substrate. 68. The i ntegrat edPCT/US2003/014433

of claim 65, wherein the access transistor is coupled

to the thyristor via a doped regi on common to both.

69. The integrated circuit of claim®65, wherein an

anode of the thyristor is.couple Q reference

Vol tage. 75 ekt birklsRl el B R Pl o o

wher ei n t hehdréiy tHeStiostraief gahaxkmoryl celllib @oatimgegr at ed
circuit of claim65, wherein the substrate of each

menory cell is floating. 72. An integrated circuit

CONYH. | SiThg idtegrhtad alrtdily ofodlaiffe NI whetdth ltis, th@astdr JORIPBIESS a lateral
cel| conprising:.a substrate; a thyristor disposed in
théLgﬁﬁgﬁFﬁﬁﬁaggﬁgﬁﬁ“g@é@%@“?ransistor serially

coupled to the thyristor, wherein the substrate of

each menory cell is floating, 73. The integrated_

ci r'éui t TOF TUPEMAY ?%”‘R/%é‘r}aéff‘%zt HBEreiRyhG LHE T@BHIIPY i eupied to
| atiag alyristbyvih 8 HeJed dShnDaEnA@NbbE@l Y i n the substrate.

74. Tﬂg integra?éd circuit of claim72, wherein the
access transistor is coupled to the thyristor via a
doped r gk ORtegRMADRrduRt BOLhim 72, fiRRerl &ngSisAzes trapping layer
circuit of claim72, further conprising a trapping

| aydpogrddp datbstitedprstaingshirag t© Afiget copdicranes Q,fﬁger gemery cell.
af fect conductance of the nmenory cell. 76. The

integrated circuit of claim72, wherein an anode of

t he7& hyrlihs insegrited eisyplobelaimn 72 whefeay arpneds ef| thexgrristqris coupled
The, i t ircuit of claim72, wherein the
th?P52%§%E§§&§3 ed. 78. The integrated circuit of

claim 72, wherein the substrate is surrounded by

77. The integrated circuit of claim 72, wherein the thyristor is gated.

78.  The integrated circuit of claim 72, wherein the substrate is surrounded by
insulation.
79.  An integrated circuit comprising a plurality of memory cells, each memory

cell comprising:
a substrate;
a lateral thyristor disposed entirely in the substrate; and

an access transistor serially coupled to the thyristor.

80.  The integrated circuit of claim 79, wherein the access transistor is coupled to

the thyristor via a doped region common to both.
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insulation. 79. An integrated circuit conprising a
plurality of nenory cells, each nenory cel

w@owpni«gung: a substrate; a lateral thyristor BPUBEpS®esio14433
entirely in the substrate; and an access transi stor
serially coupled to the thyristor. 80. The integrated
circuit of claim79, wherein the access transistor S

| ed t
Corl: 52 T3 Bt Pl b, ¥l 7t SRfer LG T e taver

corcpsfplosddng th@ snusmqalfﬁrgstdra]gehargle &pﬁ@aabonductahee SulsShende cell.
for storing charge to affect conductance of the nenory
cell. 82. The integrated circuit of claim79, wherein

an ggnodghefintédigted Eipciit SF Olaim B, ddERireth dnddeofltRf By 6dderas coupled
voltage. 83. The integrated circuit of claim79,
whéPéFﬂbFW?‘PH@?istor is gated. 84. The integrated
circuit of claim79, wherein the substrate of each

menory cell is floatlng 85. An integrated circuit

corﬁér i siThg indegstiet ety EJF‘"h%"r’rtYPﬁreH‘éP? dyrigordp edethor y

cell conprising: a substrate; a thyristor disposed in

the substrate; and an access transistor serially

couft ed The intpgsateqh girquitiaf claim{@r whesein phe svBFEste Ol cath gempry cell
nonsYigkeRlel | € and retain their data states when power

is renmoved fromthe nenory cell. 86. The integrated
CIFCUIt of claim85, wherein the access transistor is

- ed t t
sor G AP RS Bl 5 OB o SRR COTERY ferer

conpﬂwsmngﬁmgtrapplng | ayer
a substrate;
a thyristor disposed in the substrate; and
an access transistor serially coupled to the thyristor,
wherein the memory cells are non-volatile and retain their data states when

power is removed from the memory cell.

86.  The integrated circuit of claim 85, wherein the access transistor is coupled to

the thyristor via a doped region common to both.

87.  The integrated circuit of claim 85, further comprising a trapping layer

disposed in the substrate for storing charge to affect conductance of the memory cell.

88.  The integrated circuit of claim 85, wherein an anode of the thyristor is coupled

to a reference voltage.

89.  The integrated circuit of claim 85, wherein the thyristor is gated.
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di sposed in the substrate for storing charge to affect

conductance of the nenory cell. 88. The integrated
w@resai44nf cl ai m 85, wherein an anode of the PAHUSBIDO14433

is coupled to a reference voltage. 89. The integrated

circuit of claima85, wherein the thyristor is

gated. 90. The integrated circuit of claim85, wherein

t he, substrate of  eac ryvy-cell .is floating. 91. The

i ot T R R e S S T R ]

conpflbearg. a | ateral thyristor disposed entirely in the

substrate. 92. An integrated circuit conprising a

plurality of nmenory cells, each nmenory cel

COM i SiThg intagrates @lradiedf flhianss, nghesdil Ster th Estoracongpriedsad lateral

thyListor.di3ﬁosed entirely in the substrate, wherein

t hehyrtt disposefl gphirely dp thesubsiatey.  an access transi stor

formed in the substrate and serially coupled to the

thyristor; and a trapping dielectric |ayer disposed in

t he?’f | oal MEFBESTircatt €omgEsingr A S G AREPrE CfiuFichgnemory

claknkgapﬁyﬂgrein the nmenory cells are non-vol atile

and retaln data states when power is renoved fromthe

nmenory celanssolyed floatiag suhseEdtsat ed circuit of claim 92,

wherein t hz?la@&@letﬁﬁristt&ad}ﬁiogﬁéntiréy GRWR! SifbstrAe, ! MRrein the lateral

thyristor for each cell via a doped region conmon to

both. 95. Thewripeegeaedd circuit of claim92, wherein

the trappi Jﬁgaéc@s)éecfangig’t()r ?(ﬁ'ﬁl@d Ge ltlle %Mé kb selﬁ'ia_lly coupled to the

dielectric. 96. The integrated circuit of claim 95,
wherein the Hivesteserd ¢ is sel ected fromthe group

o oo PSP AL g bt

silicon-ric I coh-rich oxi or al um na.

93.  The integrated circuit of claim 92, wherein the memory cells are non-volatile

and retain data states when power is removed from the memory cells.

94.  The integrated circuit of claim 92, wherein the access transistor is coupled to

the thyristor for each cell via a doped region common to both.

95.  The integrated circuit of claim 92, wherein the trapping layer for each cell

comprises a dielectric.
96.  The integrated circuit of claim 95, wherein the dielectric is selected from the
group consisting of silicon oxynitride, silicon nitride, silicon-rich nitride, silicon-rich

oxide, or alumina.

97.  The integrated circuit of claim 92, wherein an anode of the thyristor for each

cell is coupled to a reference voltage.
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97. The integrated circuit of claim92, wherein an
anode of the thyristor for each cell is coupled to a

wo efoeneree vol t age. 98. The integrated circuit PET/USADFN14433
97, wherein the anode is coupled to a second | evel of
metal. 99. The integrated circuit of claim97, wherein
the reference voltage is between an operating vol tage
of the nmenory cell and ground. 100. The integrated
circuit of claim92, wherein the access transistor and
t hya8i. st dihe fimegretad biradl df dedinP7¢ @hfprinstbe praddy 3§ toupted to a second

ates] } tlThe integrated circuit of claim 100,
whef¥ AT PHA" gat es are overlapping. 102. The integrat ed
circuit of claim92, mherein a drain of the access
t re\a/%)lSI gf ﬁép{t%ra%gﬁgscult ,R% ﬁléll"h d w&lﬁrleggtgé %{f&eﬁ%e é{gltz?ge 1sI lget\}veen an
t hydpesating vhiagess mememyrycell knd yoeiei n the nmenory cel |
conprises an access transistor coupled a bit |ine and
to a thyristor, a trapping layer for storing charge to
af fept  anBGwedraBe Birdht IfRAIABADWMerbifllthe aRB MAGE! dhdaRyristor
anode of the thyristor is coupled to an reference
vol fergpeh celhothgqmpsise peliyil ?%lgﬁés sending first signals
to the cell to wite alogic 'l state to the cell,
wherein the logic '1' state connotes a high
condct die @t@&rﬁfcbcltwnpﬁ@alﬂh&ﬂor whesein thengates aredivadarpid@ond
signals to the cell to inject holes into the trapping
llayer. 104. The nethod of claim 103, wherein the first
si g3l s Therpegrated gisguityf dae Re whersint diaisi of tthy aceeRd trangstor is
t hyJo'uglL:&)[o aaﬁlfjh&erH&G'.ﬂ‘Qﬁtshf%v? of nleta'ﬂe 105. The net hod
I'm 103, wherein the reference voltage conprises

a voltage between an operating voltage of the nenory
cel{yzan T Q:Q : [
f he gec%g{eg}%gg’g%gg’at"%g t etstggtgas%g K r)mg%ig?shewgh% rnemory
t r ardicotrprisearg otas |tnagplsnorpw[zlnd jaghit bnrf: aridletobd thytistpe a trapping

3:'071a er t}or 45 rmgogmargo(‘e a?ijecr:]g conguct%@ee LFt r%hrgorg eﬁnclmd wherein an
anode of the thyristor is coupled to an reference voltage, the method comprising:
sending first signals to the cell to write a logic ‘1’ state to the cell, wherein
the logic ‘1’ state connotes a high conductance state of the thyristor;
and

sending second signals to the cell to inject holes into the trapping layer.

104. The method of claim 103, wherein the first signals comprise gating the access

transistor and the thyristor and grounding the bit line.

105. The method of claim 103, wherein the reference voltage comprises a voltage

between an operating voltage of the memory cell and ground.

25



vol tage of the nenory cell. 108. A nethod of operating
a thyristor-based nenory cell having a trapping |ayer

w0 20054814083 ng charge to affect conductance of tPEl/ITRW03/§14433
cell, wherein an anode of the thyristor is coupled to
an anode, conpri sing: sending first signals to the
cell to wite alogic '0" state to the cell, mherein
t he ogl "0 0 s a low con uct ance
of 10ke v et F Gafy E@«r’?a*re'w@e'%é Porel Y C e op g the
Cel&méeumnk&ﬁhn@bﬁahgopamnntammbethapplng | ayer. 109.
The nmethod of claim 108, wherein the first signals
conprise gating the access transistor and the
t hyro7st ahe aféethéd @€ ic@mal e tweteirilthed Potbitial Ribnphised€an operating
110. The nethod of claim 109, wherein the potentia

conmpitpgesy theym ﬁB@W&F?ng vol tage of the nenory cel

111 The nmet hod of claim 108, wherein the ref er ence
vol t age conpri ses a vol tage between an operat.i ng
vol ¥08ge “ofmethre Oﬁ@PFé?‘V‘g@e‘PY"%d’a&ddﬂﬂﬂorY filb haVT‘Fﬁ’ea FraRRiRgdlayer

of 6} abMigl@fRrgeWh 8frEdt BofduBiaSRCHME HEHER ISl GRENIH 88 anode of the
gating the access transistor and placing a negative

pot BSt|is eayplef éo Hi anodlg, gemprising:

sending first signals to the cell to write a logic ‘0’ state to the cell, wherein
the logic ‘O’ state connotes a low conductance state of the thyristor;
and

sending second signals to the cell to inject electrons into the trapping layer.

109. The method of claim 108, wherein the first signals comprise gating the access

transistor and the thyristor and placing a potential on the bit line.

110. The method of claim 109, wherein the potential comprises an operating

voltage of the memory cell.

111. The method of claim 108, wherein the reference voltage comprises a voltage

between an operating voltage of the memory cell and ground.

112. The method of claim 108, wherein the second signals comprise gating the

access transistor and placing a negative potential on the bit line.
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