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100021 Manwy@hibdsgi€m types of nenory cell designs exi stpdrmstzmmmb each
with its own advantages and di sadvantages. For exanple, a dynam c random

access nmenory (DRAM cell conprises a capacitor and an access transistor.
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menory ( EEPROM @€l | This isueafionaslates @Slmentoey) dell dedgrefonaniniéglarll ciritand rel atively
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| EEE Internati mmﬁng&ﬁ} cé[tsribesleehm:estorpg dati@ftdrapou@r Bt velidPerb/t2ddvicet . 2,
2002), both of Moreover, DRAM cells, even when powered, must be periodically refreshed to retain
their data states. A static random access memory (SRAM) cell is beneficial in that it
can be accessed very quickly. However, SRAM cells draw relatively large amounts
of current and are not terribly dense as they typically require 4 or 6 transistors in the
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.

0oo3)  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



whi ch are hereby incorporated by reference in their entireties, it was
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looosi  Another one-transistor cell approach is disclosed in U.S. Patent Application
Serial No. 10/612,793, filed July 2, 2003 by the present inventor, which is hereby
incorporated by reference in its entirety. In this approach, a p-i-n diode is attached to
one of the source/drain regions of the transistor, and the logic level of the cell is
stored in the intrinsic region, which acts essentially as a dielectric. The p-i-n diode
can be separately gated from the gating of the access transistor, and essentially
functions as a negative-differential-resistance (NDR) device. However, this cell

design is volatile and requires refreshing, thus limiting its utility.

looss) 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 Cel! (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-




with a Vertical NDR Device," 1998 Synp. on VLSI Tech. D gest of Techni caI
Papers, 7.3, pg. 66-67 (1998), and Farid Nemati et al., "A Novel
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refreshing.

fooos) An exemplary schematic of the thyristor-based approaches referenced above
(e.g., the Nemati reference and the ‘212 application) is shown in Figure 1. The cell
comprises an N-channel access transistor 118 whose n+ drain 121 is coupled to a bit
line (BL) 112 and which is controlled by a first word line (WL1) 114. The access
transistor 118 is serially coupled to a thyristor 120, which, because of its p-n-p-n
structure, is drawn as two serially connected diodes. The n+ source 123 (\Jf the access
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
fater. 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 (Vce; approximately 2.0 to 2.5 Volts) and ground (0

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



transi stor 118 conprises an end (cathode) of the thyristor 120, and
conprises 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 (W2) 116, which inproves the switching speed of the cell. The

ot her end (wacashiaf2zthe thyristor 120, p+ region 125, AcI/useepioedst o a
reference voltage (Vref), which is set sonewhere between the operating

vol tage of the device (Vcc; approximately 2.0 to 2.5 Volts) and ground (O
Vol ts), and which may be 1.0 Volts or so. 3 WD 2005/114742 PCT/ US2005/ 014433
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first word line 114 I's brought ﬁ Thereafter, the second word |ine 116
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read significantly enhances the removal of any excess positive carriers previously stored.
After the first word line 114 is shut off, the bit line 112 remains high for a short
period, which ensures the removal of such positive carriers through the bit line 112 by
strongly turning on transistor 118. As no charge is stored on the storage node 123
when in the logic ‘0’ state, no charge will flow to the bit line 112 when the ‘0’ is read
by gating on the first word line 114. Accordingly, the potential on the floating bit line

112 remains unchanged, as shown in Figure 2.

o013 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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by gating on the first word line 114. Accordingly, the potential on the
floating bit line 112 remains unchanged, as shown in Figure 2. |oottl
During standby, when the cell is neither read nor witten to, the logic 'O
and '1' data states are reflected in the I-V curve for the thyristor 120,
as shown i wéb@enes7423. However, these data states are n@ctAgkieeidsys st abl e.
As noted earlier, when alogic '1' is stored, a positive potential floats
on storage node 123 by virtue that the juncti-ons surrounding this node are
reverse biased. However, with tine, the positive potential on the storage
node 123 will drop. . .du toflnlt eakage
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that had DRAM trgfresh tl@snsmdthesvol&ﬁ%/hﬂemkteopp@ﬂlf ormance (quick speed), is
non-vol atile, and which is reliable and relatively easy to manufacture.

Thi s di scl osur elooyy edeperdinglycepch of ghe afoggmentioned cells has drawbacks that hamper

their utility. The art would be benefited from a cell design that had DRAM-type
densities, SRAM-like performance (quick speed), is non-volatile, and which is

reliable and relatively easy to manufacture. This disclosure presents such a solution.
SUMMARY

(o014 Disclosed herein is an improved thyristor-based memory cell. In one
embodiment, the cell is formed in a floating substrate using Silicon-On-Insulator
(SOD) 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.



SUMVARY 100141 Disclosed herein is an inproved thyristor-based nenory cell.
In one enbodinent, the cell is formed in a floating substrate using
Silicon-On-lnsulator (SO) technology. The cell preferably incorporates a

| ateral thyristor formed entirely in the floating substrate, and which is
gated by awecendisamx d | i ne. The cathode of the thyristror/usb@soniazgpri ses a
source of an access transistor, whose drain is connected to the bit |ine of
the device, and which is gated by a first word line. A trapping |layer is
built into the floating substrate, and when witing to the cell, pulses are
added to cause hol es to begpirgPISERITIONDHE THEDRAWINGSEr for a logic state
"1l and to cause electrons to be trapped on the trapping |layer for a logic

state '0.' Trapgisig Bafbo@iRRREES theNinkéiEvé raappisner lay afiscRdsds @t b& vErgin to
the stored data states, prevents their degradation, and renders the cel

non-vol atil e. BUNAESSWEHSMI FEfdoncpde thisSelnying fataies desesiptionppdenirest| N OF THE

DRAW NGS 10015 1conjubetdn Weilise éompasyihdwrihgsy m vas@ect s of this disclosure wll
be best wunderstood with reference to the follow ng detail ed description,

when read in c@iy UFgHuteON iNdstrited heiragic af@adli¢i 6Tt piic@Vri hgristbribavdal glfed 10010]
Figure 1 illustrates % circuit schematic of a prior art thyristor-based
gated rmenory cBFT°Y§8b171 Figure 2 illustrates the conditions for witing

and reading the cell o Fiqure 1.. 100181 Figyre 3 illustrates an |-V
curve for the thy imsﬁ%'Fe ofdufthaféesrtrlgrrowg%"élf?r %ﬁ’t"ﬁiaé'ﬁrr%g'"ﬁ,thea"ﬁ%i"%r%(%?/'\gd
pseudo-stabl e |Bgwel' 0 and '1" states for the cell. 100191 Figure 4
illustrates a circuit schematic of an enbodi nent of the inproved

thyri stor- basedogat éigureindiugtratee i I-§fcutva dorithabyristasief the @S2ty ¢&lgfi Fegus
illustrates a Cf,%ﬁ@%%@gﬂegg@tab\{% lggycegf'ﬂhm’&m;fop cEigure 4, showing the use

of a trapping |dyer and an insul oating substrate for the cell. 100211
Figure 6 illustgafegidfies GRRhE! QRBchiClhdthdit AGnaRfbolifRAl SO RfpBRALr Yy cel |

of
thyristor-based gated memory cell of the invention.

loo20] Figure 5 illustrates a cross-sectional view of the cell of Figure 4, showing the

use of a trapping layer and an insulated floating substrate for the cell.

too211  Figure 6 illustrates the conditions for writing and reading the memory cell of
Figures 4 and 5, including the provision of extra pulses for trapping electrons or holes

in the trapping layer.

l0o22) Figure 7 illustrates an I-V curve for the thyristor of the memory cell of Figures
4 and 5, and shows improvement in the margin for the logic ‘0’ and ‘1’ states for the

cell.

l0o23) Figure 8A-8K illustrate using cross sectional views the steps for fabricating

the improved memory cell of Figure 4 and 5.

100241 Figure 9 illustrates a top view of the layout of the improved memory cell of

Figure 4.
DETAILED DESCRIPTION

wo25] 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



Figures 4 and 5, including the provision of extra pulses for trapping

el ectrons or holes in the trapping layer. 100221 Figure 7 illustrates an
|-V curve for the thyristor of the nenory cell of Figures 4 and 5, and
shows inprovenent in the margin for the logic '0'" and '1' states for the
cel | . 1002310 Blogurses28A- 8K il l ustrate using cross secti oralrosbm@esididze st eps
for fabricating the inproved nenory cell of Figure 4 and 5. 100241 Figure 9
illustrates a top view of the layout of the inproved nenory cell of Figure
4. DETAI LED DESCRI PTI ON 100251 A circuit schematic and a cross secti onal
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PCT/ US2005/ 0144differentjagnseipt Eirshithe 'T“afo"%dd?el‘ AR istprsferpiy.chut mgeﬁgsse@lw forgtedFi gure 1,

but is differ ean:ngSll%N@fnﬁhsulé?drftécﬁﬁ&(ggy ﬁ\§sp|ﬁ'€¢'|§mg E'sﬁtﬁmte el RNngd cell 10
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vertical thyrist¥rfasyesempard o vegicy, ‘hyrts!‘?éb?ﬁé‘h‘é?ﬂlis (erge’ft@? Herpatisplegpceskq] | s

requiring thyrlc%np;eaum RGisREs fofASt atl BasP R arOYRF tﬁehﬁxbmkbszergattﬁe(.ﬁzg , the
212 appllcatlonQBFFur hernore, the insulated and fl oatlngﬁsubstrate for
1

each cell pref®p bUiurthesmorse dles dnslpted | and ofipating exbsirater Zg5prash sellyer 22

which is used t&ef@raglwmnotm@&ss\émyaédn{phsag altf@p J‘ hgelaye?lzb wanRd .stlgeduslpr-bvhs%ep t he
data states from degradin time. i sclosed cell thus has inproved

non-vol ati | ity,nanyoflity te ea&?Hég% to %ﬁ‘fquqaéheaf"’&e%ﬁ%@ frera Jesitdingny éhtime easy to

nmanuf act ur e. 10@%611—5c5‘s%eﬁ this %m%rc;vaﬁn&l%mntliyoﬁ%si & ackdist, tah@BasaNfdndecadi ng

the i nmproved cell desi
layout whic 1s easy to manufacture.

[oo2s)  Figure 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.

jooz71 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



10. For the nost part, the witing/reading conditions do not differ fromthe
cell disclosed in Figures 1-3. However, witing is preferably nodified to
pronote the storage of charges on the trapping |ayer 22 to inprove cel
performance. These trapped charges are generally quite stable, and wl|
remai n for wheosperration lifetime of the device (e.g., pt@useassilapven if
power is renoved fromthe device. Thus, unlike previous known

thyri stor-based nmenory cell approaches, the disclosed cell design is

non-vol atile. 100271 When witing a logic "1' to the cell, after thyristor
gating has cease second word. lipe 16, and i the first word line 14
is still high, ‘E’%‘YBF’ tVheP FETiPS 3 Log'cpﬂll Fa%: A éﬂrﬁ]le‘(t%%éh%ﬂ)“eﬁ? i YEE he
operating vol targﬂecﬂafd bly hige dh@wi i6 Figurele ExEe affgin i tia8 it o6 ovje&:oh’fé tgetefforgl y
turned on and con éfntly gfnerzlgs excegﬁ hol s i.n kr atln body of
the cell 10. Th‘gS(Sgr an gl i ¥4 S3H A HEPF fﬁBll‘er'ig °é"59é 2 PiHEe  they
are trapped. Thpbtén[lﬂmﬁIth%grapf)edhmle@gatbﬂhé l‘t@nitdiramplhngmhlma&fngaae blwndt&szwp a
positive poten even af second
word line 16 haé’tobtéé Pn ftﬂ?en%vﬁn (ﬂfoweAéé?‘W(H %E’PV ﬂ¥e[ ‘#’é'cf hW?%“? B8y ¢ ?e' tur ned
nmore strongly omanhthamthetlog‘nd hestade 2een a?tem“éﬂﬂﬁérﬁd%a AR dREIaUp 200 §peelsf4 33

woul d be when stao s reflected. by the increase in
current refl ecstwégc’ﬁh'ﬂgfotr ﬁhéq%cr 3W§Jmﬁs 'f:ﬁa‘cfffp %da tg‘?i?{?rf‘gp??ﬁpﬁfharﬁ AP S g ded t o
overconme the efthedireshad vaege aickas aaoessm-‘ansﬁslfte Iroghb, thel Storiigtod psditateehargesdi scussed
earlier. Moreover, the $o§|t| & | ntkal of the traﬁfed ho%es @ tes the
thyristor 20, tHUEeHEPRTS; ?’?‘ehé t&§ er? yPISEoCBHe PhEENIFENEROUET fiee - even
i f power is renmeeaytelomthe device. Accordingly, the cell naintains the
logic "1' state even after power is renoved. Additionally, the speed of

swi tching for times | Ohen Wiitingsd &tg@s ‘Ol so bresdebnafckr tmistohgatﬁtgolmctem iviai ve
charge al so reduce th eshq | n I n
short, the stor} ng vford glgl P‘lg \?gd E:the the f"sqq’ (ﬂ{'e {h 5 S"l?ﬁ ﬁ 61 %ﬁ' tlég;eneral |y
acts to incr easwlltemb“c(pnldu@i)ame‘é \t/lhclom@hbethé Vo‘mnmscy "Eie:% torwétd)bia&i thahen
T w00 Coiofh robfled BENER! e 274 (HE 5" ) 9R) 105 MEBERERHLY! 2

second word |ine and t wor the bit

line 12 is generates electrons that become trapped in the trappmg layer 22. The trapping layer
22 is thus negatively charged, which depletes the majority hole carriers from the
channe! region of the access transistor 18. This effect tends away from gating on the
thyristor 20 and maintains a strong turn off condition for access transistor 18 with
reduced leakage. Accordingly, the thyristor 20 is turned more strongly off than it
otherwise would be when storing a logic ‘0’ state, as reflected by the decrease in
current reflected by the arrow in Figure 7. Extra margin is thus added to overcome
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.



pulled I ow (pulse 65) to -V, which may be -1.5 Volts or so. This forward

bi ases the diode formed between the n+ drain (at the bit line) and the p-
substrate, which generates electrons that becone trapped in the trapping

| ayer 22. The trapping layer 22 is thus negatively charged, which depletes
t he maj ori two boob/eiacerriers fromthe channel region of theBewWEesH433r ansi st or
18. This effect tends away fromgating on the thyristor 20 and maintains a
strong turn off condition for access transistor 18 with reduced | eakage.
Accordingly, the thyristor 20 is turned nore strongly off than it otherw se

woul d be when stori a as reflected t he decrease in
current refl ect'®d bgg“taﬁse tgg v8 |en°fli’i" t?a,é'"gi subsirgte ROTRPY ?% fers eaf'hﬁé &dded to
overcone the e;hfaﬂ,cetndcbécadseghadaztylemrareahmt hés h@ge@ssafy tod&irfamﬁélﬁd}ﬂrgas)ndi scussed
earlier. I\/breovr of the tra gctrons to gate the

thyristor 20 of ef&?g ayfrﬁﬁt?ﬁ&yevgfhcﬁlab‘)é’ﬁmenp%ege%"g 13 tran5| stor 18 into the
off" state, ﬂ\ Ogtegot}égfabh%nl}%{ﬁ?ﬁg% {e& Qéﬁcf Fﬁg n 48 Y1 ERated B ures f\ogripu ng

stability of the I ona the store ivé charge
al so increases thteskﬂlhd mghotrdwillodppagiate dfat & el laziog g discasi fsmmpnahtmcas hort, the

storing of ne i i . to
decr ease t he gi%néﬁzﬁ%ﬁﬁi%"vt@fﬁfﬁéﬁ%%ﬁt%%‘é‘%‘a@?@*'@éﬂe%e&%@%%%%f%%
PCT/ US2005/ 0144®8shoivpo¥ Bk, the dlasimeedtphasess shawfreontyf betunder§tbaskas iemngnmanpst r at e

portions 32 for each cell are small, and because these |ayers are thin, it
i s not necessarlpit oProcessias ﬁ@@hwéharsgbst@ﬁ stru¢tarethagippiariyriedigxide Pyert2aachi eve

the above-mentigped, R?dﬁlg%ergércrﬁgﬂ%%amlpasan%@@ Cgbm&,ﬂi b 0Chobleh ﬁig&%l osed

cell design are illustra in Figures 8A- e skil |nt art will
appreci at e t hat8% Buhiburigd, PYide sthréingipubsiraieseae eameerilo i iin §0éémh"0tlm'&ach| eved

in several diffgpep wYéﬁb&Savaﬁ‘a[B% Uphd b&&tﬂﬁn@bh&h”@}e‘r‘é@ @59%1?&1 il GRFet hat are

not shown. Thus, the illustrated proCess shoul |y be understood as
exenpl ary.  100Feditrpdlt be &irmed istadliahdy dePFdeﬁ'l%'bélim Habprsferahbt mpyehadyagi ng a

buried oxide la}){@fnegs‘]@’ opfpi)wﬁﬁrﬁtetl)\"’fUOb%%gtﬁmﬁfor Fesy/ Sff%‘sée’ssﬁﬁ' m?stl@yér%ay8 and 32
(e.g., silicon), as shown in Figure A" Such buried oxide starting

substrates are t@cpmﬁbmvae@e@ alsh"‘ﬂ@@th'tclé@ﬁfnol ogies and are w dely avail abl e.

The crystalline silicon |ayer 32 upon which the active
(00321 Referring to Figure 8B, the substrate structure is masked (not shown) and

trenches 40 are etched down to the buried oxide layer 24a. Although not shown, one
skilled in the art will appreciate that the trench 40 surrounds the displayed crystalline
silicon material 32 to in effect form a block of floating substrate 32 which will
provide the active silicon 35 for one cell in an array (see Figs. 8C and 9). Thereafter,
and referring to Figure 8C, a dielectric layer is deposited and etched or polished back
to surround the floating substrate 32, which is now completely insulated on all sides

(24).

j00331 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



circuitry will be forned is a lightly p-doped silicon filmthat preferably
may have a thickness "t" of approxinmately 1000 Angstrons or less. |f
necessary, this layer nay be polished to achieve a suitable thickness.

[ 00321 Referring to Figure 8B, the substrate structure is masked (not shown)
and trenche@2m9184 et ched down to the buried oxide | ayer/uddmsnofhishough not

shown, one skilled in the art will appreciate that the trench 40 surrounds
the displayed crystalline silicon material 32 to in effect forma bl ock of
floating substrate 32 which will provide the active silicon 35 for one cel

in an array (seg th%yeﬁﬁ R i aITh‘ﬁf“ﬁ‘:@értﬁ pre@n@'d nﬁL .lam Ogtfa dripgure 8C, a

dielectric layer 1s déposited and etched or po I sh {ir round t he
fl oati ng subst rfatmeed3p the\/\)i‘li“t!'l*b’ Pfsthﬁémb%f@rrmdetbmsy)f|Zﬁsﬁllhatlédth9rtrammg kyees (24).

100331 Referri ngayt fsdiatHaGnBibnofk RO &asfme Qefglotn@ fMe%B&@&h§uQ@$r§$aﬁ§ea32 s

masked with an i‘on inplantation nmask (not shown) and a trappl yer 22 is
formed by ion 'ﬁﬁbwaﬁ@%fﬁbﬁeb¢ﬁﬁ1?ﬁ%$ﬁwwggF%§@¥eQ&'préﬁ@@h%ﬁyﬂ@@ﬂﬁvlses a

di el ectric sucho@s uiduti€PbkideQ¥pepbd ride, silicon nitride, silicon-rich
nitride, silicon-rich oxide, or alum na, although other nmaterials capable

of trapping chakhgpes NeaNad RRrkg 8 Fhflre @Jratgas%roxqmﬁl i esrakd gn%e re&,htﬁlgant to
form ng the trapping Iayer can be found in above-incorporated

Publ i shed Pat erftrugtiysi Neak 4 ehysilison ley oG9 deposted ridhich 06U comarise (i maxw'iw@mfent of

the 9 WO 2005/l gaférer RECILLESAARGIA 1AA IR fnts{ *5R1RE 1J1 aYRE pelgsilicon@er &1 tical .
However, it is preferred that the trqﬁg | ayer be forned in the vicinity
UgR

of the to-be-f diemdly rdped arddpayRy siligide '°t"hés tondisHy iy althayeh thisriggotal so

extend throughoybwi.ng SRS REEmb&AbRR 432is 1R ﬁéd oﬁ; e nyﬁncwnng/ei‘ ayer
need not occur at the bottomof the floating su 5 , It need not

necessarily t AREHherrEliting stgkds Bytieaed pisyrishedip mFUbQHT‘K@%ﬂmeéﬁﬁ“*%Y%rr|ng to

Figure 8E, a gatiRreattdrdatidderics sfdewird 485 drbefor&UIdhi M@ sifkd UAT el haiext a
polysilicon |ayer is deposited which will conprise the nmateri al for t he

gate of the accB¥k/pelysiionstagk using %"SO"?%G‘?W'?%‘FC*\WEF thatipee well knppyng As
pol ysilicon | aygiil beSeenN@@y tdrpuktisbaREHrsaNshd INAY 1 DRIt biklebitiel Oerk 934, 4By @Ve i ts
conductivity, although this is not
this fashion will allow the second word line 16 to be formed overlapping the first
word line without fear of shorting the two together. These surrounding dielectric
materials are preferably silicon nitride, but may comprise silicon dioxide or silicon

oxynitride.

oo3s] Next, and referring to Figure 8F, another ion implantation mask 42 is
preferably formed to define the source region 23 for the access transistor 18, which is
also the cathode of the to-be-formed thyristor 20. Once this mask 42 is aligned,
patterned, 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

10



shown. A dielectric hard mask |ayer 43a is then deposited on the polysilicon
| ayer, and the resulting stack is patterned and etched to formthe first
word |ine 14 as shown. Thereafter, dielectric sidewalls 43b are forned on
the sides of the hard mask/polysil icon stack using anisotropic etching

t echni ques wbadosaresanel | known. As w il be seen | ater, pgurusessdiags t he
first word line 14 with dielectric layers 43a, 43b in this fashion wll
all ow the second word line 16 to be fornmed overlapping the first word |ine
wi thout fear of shorting the two together. These surrounding dielectric

macerials are ALGLEARING B AiGAN) B Uhhfed B adRY, BRTRLHS, 3k bh Rl OXi de

or silicon oxynrtri erring t anot her ion
i npl ant ati on nﬁb«mw@mﬂéﬂwﬁb@ﬁumd@hweﬁérned to define the source region 23

for the access transistor 18, which is also the cathode of the to-be-fornmed
thyristor 20. O¥e Nekisarthekerdnp fosFigire §Hethe matsiat & tedsecendawerddiledbas shown,

on i mpl ant at | o phiseshiy Bo S isheBRRBMR ddhedas shRROIHROURSeor” SEN ©)

into the exposed portlons of “substrate 32, thus formng t source 23 and
drain 21 of thevadas 6 isrpariemesk errotherrnéomewm'mplerﬁatiqmream ated gncavalsk 42 i s

preferred so t %&)e rtlréeexﬂgggrflo\ﬂn%gsuutﬁg’et Qe Lﬁb%kﬂ; ﬁé FegfAS t2'8 Sh&0A T egpondl ng

to the future location of the thyristor 20 will not” be affected by the n+
i on i npl ant at i choxm.dpe edgedf |thanteppdi wind ling 1 & i %{’Pﬁe@h'y yspb tosgsifr adigh deredn r egi ons

26 are forned, apg, bhiewhrfetne mgbanés%mbﬁngé e;mavtﬁéialréaay ahaypkd ale Nose t hat

this ion |nplantat|on step (and subsequent ion inplantation steps) shoul d
be suitably enelogdgiv!l heyeilitfeetiecy and as paesddipay nepd pateprrkedshiiosion 14433
eventual 'y dri vigipR¥eaflbd. f usi on) the inplanted ions down to the trapping |ayer
22 and/or the bottomof the floating substrate 32. 100361 Next, and

referring to FiguleNgG ahd'RfdMdgElol Bhuré eH Blgﬁctﬁ@GQadalWSCLré koMed.Bn tHeagai n,
preferably ponS|I|con) i s deposited _and own. Once the second

word |ine 16 i sedgestaf dieseepnd ét'l‘;?ES’t'I‘i‘@r16 Wd’ﬁ‘ﬁé*t‘ﬁ“‘?"&ﬁ“i“?rﬁ?’%‘r‘ﬁsé*ﬁ Rosed %'bcoi"s used to
counter- dope t@g uRxpMESide fd PRALEH) it 26D 8S rdtHRr foR ilmPlamthion HARI NBud, @Fdrons 28 as
shown. As shown, the edge of the second word line 16 is Preferably used to
self align dopesddewall 45 formation, p doping is performed using the sidewall 45 to self-align and

form p+ doping regions 30, thereby completing formation of the thyristor 20. As the

drain 21 is n+ doped, it may be preferable mask the drain 21 during this ion

implantation step (not shown).

0038)] Thereafter, and referring to Figure 81, the gate dielectric 41 is removed where
it is exposed. (Such removal of the date dielectric 41 may occur when the sidewalls 45
are formed). Then, a conductive layer is deposited and etched to form the Vref 13
contacts for the each of the cells. As will 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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region 28. Were the n dopants inpinge upon the already n- doped drain 21,
such doping will have little effect, and as a result drain 21 need not be
masked during ion inplantation. (00371 Next, and referring to Figure 8H,
dielectric sidewalls 45 are formed on the edges of the second word |line 16.
Wiere t he SVaewaMi4745 overlies the exposed silicon (onpchaseioghisss de in
Fig. 8H, it acts as another ion inplantation mask. Thus, after sidewall 45
formation, p doping is performed using the sidewall 45 to self-align and
form p+ doping regions 30, thereby conpleting formation of the thyristor 20.

As the drain 2 S TherestRpasid réf&mﬁ'ﬁ)ﬁ PguBefLdiablutc Mhski4tibegdtigvel during
this ion inplantatiqgon step (not s 100381 Thereafter, and referring to

Figure 81, the Gafsuitpeae F‘i @high 1§ gre F@H@S\Peséf'%é'roé'de {f '}eéesé%%é%‘éh’ye’( Such

removal of the date MiRdest felv&al%br@érsoeﬁdwanv\&eaaﬁaneecﬁ(eogew@iul ShefiMcal-ar €
formed). Then, a conductive | ayer is deposited and etched to formthe Vref
13 contacts foPeqharical plagariation do reides it f}!?é fo subsaguens paternipe- Fifiate ¥, t he

Vref 13 contactsho@s in Walute 86, doRBCOtINE or Jk BiFe &bHed Gh umee&elwr.@m;erlﬁo to
preferably conprise |ines whi ch span over varjous cells to formrows in the

menory array. TH®OSr8f d&"b‘h@&c‘f’h‘i’% afegthery sybseauendly yfilted Wity steblp sogduetivec on.
Wiile illustrat mﬁieraass Qelysigcch, BRAGUM; eld) o fopalyshit iigOdbntadiyan (@gp@r@e from
t hose used to f he oth gate struct%‘m‘&ﬁ and 16, one skilled in the

art will realiz et“ﬁ g fhﬁéelgffep'i‘}‘?ess?ﬁé%@ ng¥Rdard) ﬁ’&‘iﬁ?ﬁ"lga‘?‘é‘l"@“%‘an be
used to concurrgbtshywh)ormthe Vref contacts 13, although provisions nust be
made in this circunstance to etch the gate dielectric 41 which would

ot her wi se resi deun ulRyne af khetdal o/ Figlires 8AI8KCIo fddn arliné&&f&ﬁ%{sjsWrﬂﬂm

i ol oot ri c. | ayeh 33%) SAUETE a6 aters Siaberel ofd Prigo Bt A b aoripicn | <

preferably a sitdk.on adirﬁ&tdﬂ&mbbcﬂlmﬁﬁpﬁsBial”r)e,cohlhd:ts12 &yxﬁl’e to bialhined 60, fvvigied of
several sub- Iayers and - .mechani cal

ol anari zat 1 on) 1B T Festend SR HE BhoRt \HBt e ARG RAT I, as
shown i n Fi gur em8Kory afhy. aSich bidlliess S0rare/prefsrabily dorricd redfitsnletdief slewl @)y i c | ayer
44 to as is well known. As noted earlier, the Vref contacts for the cells can comprise a

common polysilicon line 13 which contacts the p+ regions 30 of each cell.

Ultimately, the polysilicon line 13 makes contact to a metal line 51 formed in a

second level of metal (M2) which runs orthogonal to and over the first metal bit lines

50. The second metal lines 51 feed the Vref reference voltage to the polysilicon line

via a contacts 61 etched through the dielectric between the metals layers (not shown)

and the dielectric layer 44 (see Fig. 8J). Where this contact 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.

jo0411  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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expose the drain 21, which are then subsequently filled with suitable
conductive materials (polysilicon, alumnum etc.) to formthe bit |ine
contacts 12 (e.g., plugs). Thereafter, the cell is processed to conpletion
usi ng standard processing techniques (not shown). 100401 A | ayout of the
cell of Fi quo2ws/8A78K to forman array of cells is showrCirws20esou4s33 9. Shown
are the active areas 35 of the cell and the isolation 24 that surrounds
each. In a preferred enbodinent, the bit line contacts 12 couple to bit
lines 50, which are shown in dotted Iines and which run fromleft to right
to form col uMms,niiBs A& eaflRFAH, @rmﬁd.ﬂﬁ%mwo ﬂohﬁlﬁé dRPio8ddR el il 161301 ¥
formed in a first level of netal as i's well known. As noted earlier,
the Vref contact gutfigrachipe @,eélr‘fdsfue%ﬂ‘i’"ﬂtﬁhﬁ'ﬂq Brecessing epnYefiensel yide (diseloted]| i ne 13

whi ch contacts hhfodeind BEHuPER ,g@el?gxe%g@ cell. Utimtely, the polysilicon
line 13 nakes contact to a netal line 51 forned in a second | evel of netal

(M2) which runsyft ApEeRalihd Rednd YR stibk@ak iah$h tABRSiR) 1aPirtard pro@ied 0. The
second netal lines 51 feed the Vref reference voltage to the polysilicon

line via a corfeawpaioponstskitled in He stighi!ltreadizeithat either P%‘hﬁift%ﬁé?éﬁ %°HW bset al s

layers (not showed alo@NATHaR, é @AppedzNdyer dedy Rt bé dse HEAI Erhtdbdintehis; nohiee this
contact 61 is forned, extra space., between the active regions 35 and the

first metal |evefloging subsiat ‘zfroumy" B eBOAUMERY- o Indeed; R soffe pmbBHiMSREs can
occur at | ogi cadeithdrt £Lf¥aing sabswa@ ddie irapiighaph atdeeqpiaddy Sk lbeedits Inl 8 13,

such as every eight or sixteen bit |ines 50, Ioo4tﬁ1 Alternatjvely, and

al t hough not ~ shBHecHT @nd/Aesfenagmiad cpergly, thrgpgh the usegf e Latese) thymsion. hiRs by pl ugs
in the sane wayisdRpdsed BRirély in the RebsPhtelgh RER eHBbdmlénté Soter oBtiorB¥shemesand i n
fact they nay be nade concurrentl%hfhsf t hj s alter natl ve te&hnl gu

utilized, care"mbgtustseothedban Ry M5 Al Prriedmxide) lpyep 243 fpeg 5'3e§§kjre t hat

they do not shombreber, WHiR .M&@fefd@deugﬁt th€ n@moryl¢ll 'uliP@Q 18@raireHdR@r, thilRM i N sone
fashi on. The Vref hen be coupled to the second | evel netal |ines

| ugs nmay, .
51 t hough vi as %%Sﬁ@‘km%/d 'I"na"s%tfotj'me"‘fzas\/(bf FY5P §H 4 3Ispes M eiEs0Y/ 014433
and as not ed ealetafind ey idhgurdBNy di fferent ways to formthe discl osed
cell and to lay it out to achieve desired functionality and processing
conveni ence. Theafi SckdsRdbe understood that the inventive concepts disclosed herein are

capable of many modifications. To the extent such modifications fall within the scope
of the appended claims and their equivalents, they are intended to be covered by this

patent.
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met hods and | ayout and nerely exenplary. 100421 Although the use of a
floating substrate and a trapping |ayer are preferred in conjunction, one
skilled in the art will realize that ejther of these aspects could be used
alone. That is, the trapping |ayer need not be used in all enbodinments, nor
need a floating substrate be used in all enbodi ments. Indeed, in sone
embodi ment@§pimeei ther a floating substrate nor a trapping |ayer are
required, %rg"%E'nefits in cell architecture and design are had nerely
t hrough the use of the lateral thyristor, which is disposed entirely in the
substrate., I n sgne_enbodi mrents, .ot her isolation schenes can be used ot her
than through t h& ERORY Cell FAMIIEINGi de | ayer 24a (See Fig. 8A). MNoreover,
while it ignestiLEIRSrdiddHsuidted BBMREYakSH! utilize a lateral transistor,
this is not strg?%tly requireg :Eﬁ aﬁn enbodi ments, as the thyristor could
al so be ver thyristor disposext a@r e anbstvatet whereinrthaahyrigtor 19@48tiolled bpcul d be
understoodf.that the inventive concepts disclosed herein are capable of many
modi fi cat i'8®s92t®0 the extent such nodifications fall within the scope of
the appendgfl £18kdmraMasktol QbtialitiotRledNts th MRy risio?, WHerSSiethd Gchgsgover ed
by this patent. 13 14 ( ai msfﬁﬂl. E menory cey[l, conpri sllﬂng: acgﬁ%ati ng
subst r at e trarsigtar isccanyrolled blya seecgndagateyandt or di sposed in the substrate,
wherein the thyristor iis controlled by a first. gate;.an access transistor
cerial |y CoUAPBRSTBYEHUSEIr Moroine isiidion atbdisbEesd in thésupstae oL
cont rol | edsthiinqcREGRNE ARl cortibtantd a4 kefi screte fromthe

W eseaed” i Pty ce!

i nsul ation an osed In the s trate for storing charge to affect

conductance of the nenory cell. 2. The nmenory cell of claiml, wherein

ff [ he . I i ff i h

affecting Lhe CondueLance ol oS Whirei bhe SO e 83l 488L B idre
memory cell comprises affecting the conductance of the thyristor and the

access transistor.

3. The memory cell of claim 1, wherein the thyristor comprises a lateral

thyristor disposed entirely in the substrate.

4. The memory cell of claim 1, wherein the first and second gates are

insulated from the substrate.

5.  The memory cell of claim 1, wherein the trapping layer comprises a

dielectric.

6. The memory cell of claim 5, wherein the dielectric is selected from the
group consisting 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.



access transistor. 3. The nenory cell of claiml1, wherein the thyristor
conprises a lateral thyristor disposed entirely in the substrate. 4. The
menory cell of claim1, wherein the filrsst and second gates are insulated
fromthe substrate. 5. The nenory cell “of claim 1, wherein the trapping

| ayer conprises a dielectric. 6. The nenory cell of claim5, wherein the
dielectric is selected fromthe group consisting of silicon oxynitride,
silicon nitride, silicon-rich nitride, silicon- rich oxide, or alumna. 7.
The menory &el | Thé rokmony Tellvdfeclainm 1arwhereitethef fitdheartchgeceridgates aroupl ed to
a reference voltage. 8. The nenory cell of claim7, wherein the reference
vol t age iSOVSéI?RB'é‘g- an operating voltage of the nenory cell and ground. 15
9. The nenory cell of claim1, wherein the first and second gates are

over |l apping. 10. The menory cell of claim1, wherein the thyristor gate is
separated 1@ mfThéemempory sedrofbgiain di, edeerein the tHyristdregateniy geparateddf cl aim

1, wherein th nmor ell | agn-volatile. 12. A nmenory cell, conprising:
a floati n&o%gggﬁyf'é}lqrﬁylﬁ g{ei%cqgg. insul ation; a thyristor disposed in the
substrate, wherein the thyristor is controlled by a first gate; an access
transistor serially coupled to the thyristorherein the access transistor is
control |l ed byl. aTheomerdogatadl ofacidinmd awhedsis phos e orytded! is nbatvadatde f or st ori ng

charge to affect conductance of the nmenory cell, wherein the neans
conprises a |layer discrete fromthe insulation.

12. A memory cell, comprising:
a floating substrate insulated by insulation;
a thyristor disposed in the substrate, wherein the thyristor is controlled by a
first gate;
an access ftransistor serially coupled to the thyristorherein the access
transistor is controlled by a second gate; and
means disposed in the substrate for storing charge to affect conductance of
the memory cell, wherein the means comprises a layer discrete from the

insulation.

13. The memory cell of claim 12, wherein affecting the conductance of the
memory cell comprises affecting the conductance of the thyristor and the

access transistor.

14. The memory cell of claim 12, wherein the thyristor comprises a lateral

thyristor disposed entirely in the substrate.

15. The memory cell of claim 12, wherein the first and second gates are

insulated from the substrate.

16. The memory cell of claim 12, wherein an anode of the thyristor is

coupled to a reference voltage.

17. The memory cell of claim 12, wherein the first and second gates are

overlapping.



13. The nmenory cell of claim 12, wherein affecting the conductance of the
menory cell conprises affecting the conductance of the thyristor and the
access transistor. 14. The nenory cell c?of claim 12, wherein the thyristor
conprises a lateral thyristor disposed entirely in the substrate. 15. The
menory cell of claim 12, wherein the first and second gates are insulated
fromthe substrate. 16. The nenory cell of claim 12, wherein an anode of the
thyristor is coupled to a reference voltage. 17. The nmenory cell of claim
12, wher ei n 18heThe memarndcalbeforidinga eeharsin theymenapyiced.is bén-vbatilEhe nenory
cell of claim12, wherein the nmenory cell is non-volatile. 19. A nenory
cell, conprising: a floating substrate insulated by insulation; a |ateral

thyrl stor ditgpoaaemdry E€ll Yedmpridieg;substrate, wherein the lateral thyristor
is gated by a first gate; an dccesS transistor formed in the substrate and

serially caaﬂ@atm substiaée IrtShIiatedtb(yrlnSlwlhmrel n the access transistor is

controll ed cond g P trlc | ayer e from
t he insul aﬁ Wr%m y(ﬁ'isg%ogg‘(ﬁ’oisﬁ ﬂtwe{ 6’5“?‘%9 ﬁ Fatvéh é" tﬁ’ﬁeﬁﬁgﬁ&)ry cel |
of claim ]tﬁyrlé%BﬁTstdle@%?érﬁr%PP¥teCE| | is non-volatile and retains data
states when power 1s renoved fromthe menory cell. 21. The nenory cell of
claim 19, amac@em ttrensistes fommed gacted sgbsteateaard setillyacedpledoto thee
substrate. f cl in the trappin dlelectrlc
Cayer s todfstel dharRBgATers FanSiTR ephidld B Aislingi it ftte, s | con
nitride, |t|'a?9ﬁTg Hle%btﬂbtléerdlséfétéCf%}nr!h%hln%la@l%n ahd Eﬁléﬁ’ﬂé?fi‘i mZ?ne The
menory cel | cllaim1l wherei n an anode of the thyristor

floating substrate

20. The memory cell of claim 19, wherein the memory cell is non-volatile

and retains data states when power is removed from the memory cell.

21. The memory cell of claim 19, wherein the first and second gates are

insulated from the substrate.

22. The memory cell of claim 19, wherein the trapping dielectric layer is
selected from the group consisting of silicon oxynitride, silicon nitride, silicon-

rich nitride, silicon-rich oxide, or alumina.

23. The memory cell of claim 19, wherein an anode of the thyristor is

coupled to a reference voltage.

24. The memory cell of claim 23, wherein the anode is coupled to a

second level of metal.

25. The memory celi of claim 23, wherein the reference voltage is between

an operating voltage of the memory cell and ground.

26. The memory cell of claim 19, wherein the access transistor and

thyristor both comprise polysilicon gates.



coupled to a reference voltage. 24. The nmenory cell of claim 23, wherein the
anode is coupled to a second level of netal. 25. The nenory cell of claim
23, wherein the reference voltage is between an operating voltage of the
menory cell and ground. 26. The nenory cell of claim 19, wherein the access
transistor and thyristor both conprise polysilicon gates. 17 27. The
menory cell of claim26, wherein the gates are overl apping. 28. The nenory
cell of claim19, wherein a drain of the access transistor is coupled to a
bit 1ine fo2fedThe nembrseell ev@hino26nwhelein fige gatesiare exyedappingi rcui t,
conprising: a plurality of menory cells arranged in rows and col unmms, each
menory cell conprising: a floating substrate insulated by insulation; a
thyristor diggpoyge rhémbRe ceWBSs tiahel9, ah@efPs UrhinPesihet fcei8 tfadistocoupl ed
to the thyristor; and a trapping |ayer discrete fromthe insulation and

di sposed iigcoupledipst biktire fasmedsing Tinsgy levehotmetal. af f ect conduct ance of the
menory cells. 30. The integrated circuit of claim?29, wherein affecting the
conductance of the nmenory cells conprises affecting the conductance of the
thyristor ang tp@ inReFAEE dircafSésthphisingl. The integrated circuit of claim
29, wherein the thyristor conprises a “lateral thyristor disposed entirely
in the subsphualdy ddmembey cellsgrranged dn rews @ndf calming 28ch whemeiyncelhe access
transistor_is .coupled to the thyristor via a doped regi on conmon to both.
33. The i MY circuit of claim29, wherein an anode of the thyristor is

coupl ed t g floatfiesst@ity Hudted b§4nsdiffot;nt egrated circuit of claim 33,
wherein the reference voltage is ’

a thyristor disposed in the substrate;
an access transistor serially coupled to the thyristor; and
a trapping layer discrete from the insulation and disposed in the substrate for

storing charge to affect conductance of the memory cells.
30. The integrated circuit of claim 29, wherein affecting the conductance of
the memory cells comprises affecting the conductance of the thyristor and the

access transistor.

31. The integrated circuit of claim 29, wherein the thyristor comprises a

lateral thyristor disposed entirely in the substrate.

32. The integrated circuit of claim 29, wherein the access transistor is

coupled to the thyristor via a doped region common to both.

33. The integrated circuit of claim 29, wherein an anode of the thyristor is

coupled to a reference voltage.

34. The integrated circuit of claim 33, wherein the reference voltage is

between an operating voltage of the integrated circuit and ground.

35. The integrated circuit of claim 29, wherein the thyristor is gated.



bet ween an operating voltage of the integrated circuit and ground. 35. The
integrated circuit of claim?29, wherein the thyristor is gated. 18 36. An
integrated circuit, conprising: a pIurﬁgity of menory cells arranged in rows
and colums, each nmenory cell conprising: a floating substrate insul ated by
insulation; a thyristor disposed in the substrate; an access transistor
serially coupled to the thyristor; and neans disposed in the substrate for
storing charge to affect conductance of nenory cells, wherein the neans
conpri ses a J6ayAn iofiegcatedeircuibnhearhprisingsul ati on. 37. The integrated circuit

of claim 36 rei.n affecti t he conductance of the nenmory cells

conpr | ses SPIEARY 25 Toaort haliARRSTM oS BRg SUmSaRack RadmaneSl

transi st orgondisiddie i ntegrated circuit of claim36, wherein the thyristor
conprises a lateral thyristor disposed entirely in the substrate. 39. The

i nt egr at ech toatng substrate inswaded bylieswation;he access transistor is coupled to
the thyristgr .v%l?aa dop%d re iog caﬁm_mn to both. 40. The integrated circuit
of clai m ZBNYHRIA S$P0FAdR 0 SUPSYHE: t hyristor is coupled to a reference

vol tage. 4h adisithdrRiter g&iéq'@rc_q)tﬂqued)ﬂ‘o #hkahyisir; apMaerein the thyristor is

gated. 42. An integrated circCuit, conprising: a plurality of menory cells
arranged imeanswlispodeddhuhasubstrate fasraiofing ehbrgec tovpffest conductéinaeaof ng

substrate insul at%(jl by insulation: a |ateral thér' st or .di sPos d eﬂ'{i rely in
the subst rAPEOYHESi WhHET ADEr gleans, FPmprises bé(?éoq's%rﬁ QE¥Ds & ansi st or
formed in jhe@apspstrate and serially coupled to the

37. The integrated circuit of claim 36, wherein affecting the conductance of
the memory cells comprises affecting the conductance of the thyristor and the

access transistor.

38. The integrated circuit of claim 36, wherein the thyristor comprises a

lateral thyristor disposed entirely in the substrate.

39. The integrated circuit of claim 36, wherein the access transistor is

coupled to the thyristor via a doped region common to both.

40. The integrated circuit of claim 36, wherein an anode of the thyristor is

coupled to a reference voltage.
41. The integrated circuit of claim 36, wherein the thyristor is gated.

42. An integrated circuit, comprising:
a plurality of memory cells arranged in rows and columns, each memory cell
comprising:
a floating substrate insulated by insulation;
a lateral thyristor disposed entirely in the substrate, wherein the Ilateral
thyristor is gated;
an access transistor formed in the substrate and serially coupled to the

thyristor; and



thyristor; and 19 a trapping dielectric |ayer discrete fromthe insulation
and disposed in the floating substrate. 43. The integrated circuit of claim
42, wherein the nmenory cells are non- 1\éol atile and retain data states when
power is renmoved fromthe nenory cells.” 44. The integrated circuit of claim
42, wherein the access transistor is coupled to the thyristor for each cell

2, uhe | d to the thyrist ch cel
whor oi n'tRe EPRIRT ARRITRR iafr P Yok e R e e et <t ng

of sili corfloatipgisubstiate. silicon nitride, silicon-rich nitride, silicon-rich
oxide, or alumna. 46. The integrated circuit of claim42, wherein an anode

of the thyristor for each cell is coupled to a reference voltage. 47. The
integrated garcehb ifkgfAtalBirtit if B2t A4ke fionsecond
| evel of netal. 4 .I Tﬁe I nt elgr:alte clfdr cui %S@Cﬁa?ﬁ%@?%gﬁge?%tﬁg

r ef er ence votdtiiegadirstaimh datestateswber patvienis rephd\agifrom theememooy geltsel | and
ground. 49. The integrated circuit of claim42, wherein the access
transistor and thyristor for each cell both conprise polysilicon gates. 50.

The integratgd ¢j&CH| kL ‘B el i b ing. 51.
The integr a?gd ‘Zpécuﬁgrﬁe cl g?“m 1)2,0%\@2#2? n”wrgé}%lrrgﬁ??fc%téﬁsqua?{:séﬁp o
t r ansi st orcauplezbiopthedhyristar foirteaich reellfviar awldpied ragioinrctminendb both.net al .

45. The integrated circuit of claim 42, wherein the trapping dielectric layer
is selected from the group consisting of silicon oxynitride, silicon nitride,

silicon-rich nitride, silicon-rich oxide, or alumina.

46. The integrated circuit of claim 42, wherein an anode of the thyristor for

each cell is coupled to a reference voltage.

47. The integrated circuit of claim 46, wherein the anode is coupled to a

second level of metal.

48. The integrated circuit of claim 46, wherein the reference voltage is

between an operating voltage of the memory cell and ground.

49. The integrated circuit of claim 42, wherein the access transistor and

thyristor for each cell both comprise polysilicon gates.
50. The integrated circuit of claim 49, wherein the gates are overlapping.

51. The integrated circuit of claim 42, wherein a drain of the access

transistor is coupled to a bit line formed in a first level of metal.



