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cell design for an integrated circuit. BACKGROUND
[0002] Many different types of nenory cell designs
exist inthe integrated circuitry art, each with its
own advant ages and di sadvant ages. For exanple, a
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| ar ge anounts of nenory. éOOOB That bei ng said,
tradi ti onal DRAM cel | s BACKGROUMND nal . As just noted,
such cells require two el enents per cell-the
capagi t Masy aliffereictypec of snemayséedl designdhédiss imathy integrated
di f.f erent cell designs exist with the goal of
el Ry oA i e adr reieand Hisedyiviee®sFpy Stamely o
anrddii G 8§ @Rfnie il accéRendrdtlyl (DRAM) tdlB¢omprises a capacitor
accommodating two el enents per cell conprises a
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series, or what is sonetines referred to as.a PNPN . .
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been not prior art, thyristor-based cells can
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transistor. While many different DRAM cell designs exist with the goal of
reducing the area such cells take up on the surface of an integrated circuit, the
reality is that accommodating two elements per cell comprises a significant

sizing issue.

oo4] In one approach to making smaller memory cells, it has been proposed
to use thyristors as the storage element in a memory cell. A thyristor essentially
comprises two diodes in series, or what is sometimes referred to as a PNPN
structure, which reflects that the device is formed by doping of alternating
polarities (P and N). As has been noted in the prior art, thyristor-based cells can
be used to selectively store charge, and hence such cells are useable as memory
cells. For example, charge can be stored by causing the junctions within the
structure to become reversed biased, and such selective storage can be

facilitated by gating the thyristor.



structure to becone reversed biased, and such
sel ective storage can b e facilitated by gating the

W bopriosiser . [ 0005] However, even thyri stor- baseRPCTHERNG037750
cell designs are non optinmal. Sone require or use, in
addition to a thyristor gate, an additional access
transistor gate for selectively allow ng charge
transfer between the bit line and the thyristor. Such
CEhdos) dEFbRBEer! BRIEIQFiSofBi méhEI ENP dSAHR e avnasitimal.
as traditional DRAMcells in that they require two
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manufacture of the thyristor-based cell. [0006] In
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such as access transistors, and would be easily and
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degiygn are disclosed herein. SUMVARY [0007] Discl osed
herein is an inproved recessed thyristor-based nenory
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conductive plug recessed into the bulk of the
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gactleesign would be small, would not require additional devices such as access
transistors, and would be easily and cheaply manufactured. Embodiments of

such a cell design are disclosed herein.
SUMMARY

00071 Disclosed herein is an improved recessed thyristor-based memory cell.
The disclosed cell comprises in one embodiment a conductive plug recessed
into the bulk of the substrate, which is coupled to or comprises the enable gate
of the cell. Vertically disposed around this recessed gate is a thyristor, whose
anode (source; p-type region) is connected to the bit line and cathode (drain; n-
type region) is connected to the word line. Aside from the recessed enable gate,
the disclosed cell comprises no other gate, such as an access transistor, and

hence is essentially a one-transistor device. As a result, and as facilitated by the



of the cell. Vertically disposed around this recessed
gate is a thyristor, whose anode (source; p-type

WO e@irofBe1Ts connected to the bit Iine and cat hpdBEUS2006/037750
(drain; ntype region) is connected to the word |ine.
Aside fromthe recessed enabl e gate, the disclosed
cell conprises no other gate, such as an access
transi stor, and hence is essentially a one-transistor
d t
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[0009] Figure 1 illustrates a schematic of th
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ol tage conditions for witing a logic
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exenpl ary rocess for fabricating the
the disclose

o1zl Figure 4 illustrates an array of the disclosed recessed thyristor-based

cells, including array driving and sensing circuitry.

[0o13] Figure 5 illustrates exemplary voltage conditions for writing a logic ‘0’
or ‘1’ to the disclosed cell, for reading the disclosed cell, and for holding a

voltage in the disclosed cell.

0014 Figures 6A-6D illustrate an exemplary process for fabricating the

disclosed recessed thyristor-based cell.

oo1s] Figures 7A-7C illustrate an exemplary process for fabricating the
disclosed recessed thyristor-based cell using epitaxially-grown silicon to form

regions of the thyristor.



di scl osed recessed thyristor-based cell. [o00i5]
Figures 7A-7C illustrate an exenpl ary process for

wo awriossst1 ng t he di scl osed recessed thyri st or-peaEEs2006/037750
cell using epitaxially-grown silicon to formregions
of -the thyristor.[0016] Figures 8A-8B illustrate an
exenpl ary process for fabricating the disclosed
recessed thyristor-based cell using junction isolation
ungles negblirel NEA RS liushi@Rl 4h &lctiplfty IplobésdSiorafabsicaihg the
exenpl ary process for fabricating the djsclosed
r edisclswed retapeddsthyristbabesgd cell |usingi jugetipnpisplation yrdesaeath the
| ayer or an SO substrate underneath the cell. [0018]
Figure 10 illustrates an exenpl ary. process for
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thyristor-"based nenory cell 10 is shown schematically

i nuridegnenth the cls can be seen, the cell 10 conprises a
thyristor 20, which as noted earlier is a PNPN .

st pagt UFiguent) Hesitaes sn eepnEsorprecksaon fabricating the disclosed
serial |l y-connected djodes for .ease.of illustration.
TS I PE R eIttty Sodsret PRRLY Sigheath the
P-¢gQion) is coupled to bit line 14. The cathode or
drain of the thyristor 20 (the outer N-region) is

coupled to a word IjmeAfideDp DesE¢RYPTROQT 20 is gated b
y an enable gate 16F3F0020] As shoul d al ready be
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is sinplel esign. Tt requires’only a single gate
( 1Bigureand Alsfvas be ceq,; itteesellal doemprisen 8itByretorcad), which as noted

sonmewhat akin to the access transistor of a .
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Figures, the thyristor 20 gortlon of the cell is
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t NenabeS gate 16.

00201 As should already be apparent from the schematic of Figure 1, the cell
10 is simple in design. It requires only a single gate (16), and thus comprises a
one-transistor cell, somewhat akin to the access transistor of a traditional
DRAM cell, but without a discrete storage capacitor. Moreover, and as will be
seen in subsequent Figures, the thyristor 20 portion of the cell is realizable in
compact fashion in a traditional semiconductor substrate, e.g., a p-doped
substrate. The cell 10 does not require substrate isolation below the cell,
although, as will be discussed with reference to Figures 8-10, such isolation if
used can further improve the performance of the cell and can increase the time

needed between refreshes of the cell.

o211 The cell 10 is preferably recessed into the substrate 25, as shown in one
embodiment in Figure 2. Specifically, the enable gate 16 meets with a

conductive plug 22 formed in a trench into P-substrate 25. A gate oxide 27



al t hough, as will be discussed with reference to
Fi gures 8-10, such isolation if used can further

w0 pross81t he performance of the cell and can i PCTES®E6/037750
the time needed between refreshes of the cell. [002i]
The cell 10 is preferably recessed into the substrate
25, as shown in one enbodi nent in Figure 2.
Specifically, the enable gate 16 neets with a
c r i (o f3 -
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non- pl anar configuration further decreases the anpunt

of10zyceupiehen thetsabsieske 2510 occupi es on the substrate 25.
[ 0022] Before discussing the various alternative forns
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I
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certain threshold (VbIoc&%gug1nority carri

| rihe coliagy AgTes shee tprisier @ peRdod sstaigy thrgsold” (Vblock),
t rﬁ{fﬂoﬁbp{:%“ri%dar& tﬂﬁeét S bNe €BL 8UsstAtdPE%)i §4nkhyristor, and
e di nti a he

negat i ere resi stance, after which t
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exdetage St bR b s el o 8 Ry Bt el M

t Orifus! REkS Vidly edc€VDRRR, thk lckll dh@We aRidapHegsibgdahened to a
current. If hy does not exceed Vbl ock, then the

t Hpgicst bptates andvill draygen eapreeinbletavereniur Hevthy depmnslsexceed
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he“Vol't ages are renove e ce
Wi lbly, [.€t @iogid 108 safear ge for a short period of tine,

perhaps on the order of mlliseconds. This occurs due
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Ofc}ltalgg% f%?lal short period of time, perhaps on the order of milliseconds. This
occurs due to the depletion region that forms at the PN junctions of the cell.
Thus, when programmed via charge injection, the PN junctions will, because of
the stored minority-injected charge, be brought into reverse bias, accentuating
the depletion regions and their capacitance. This depletion region capacitance
stores the minority-injected charge, at least until these minority carrier

recombine in the substrate 25. Due to such recombination effects, the thyristor,

when used as a cell, may need to be refreshed not unlike a standard DRAM cell.

00241 In any event, after such programming, an operating voltage (Vop) can be
placed across the thyristor, and its current monitored to determiner whether the

cell had been programmed to a logic ‘1’ (high current) or a logic ‘0’ (low



Thus, when programred via charge injection, the PN
junctions will, because of the stored

WOorRwossy? i nj ect ed charge, be brought into revRCEES2006/037750
bi as, accentuating the depletion regions and their
capaci tance. This depletion region capacitance stores
the mnority-injected charge, at |least until these
mnority carrier reconbine in the substrate 25. Due to
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bi and dowlsl compyise aBpnEBRETIfSeiable GBS anplifier which
is active when detecting the current/voltage on an
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10conded cirdnits(ngbFheming e Asisan %P«fe&g&@ewrleﬁg%@le cell, the enable

gate 16 is preferably held to ground, but otherwise is held at a negative potential

(e.g., -1.0V), an accumulation condition in the P-channel portion of the thyristor
20. When enable gate is grounded during writing, the P-channel region in the
thyristor 20 tends towards inversion, with the possibility that Vblock may or
may not be exceeded (see Fig. 3). Whether Vblock is exceeded depends on the
bit line voltage at the anode relative to the grounded word line voltage on the
cathode: if the bit line voltage is also grounded, Vblock is not exceeded, and a
logic ‘0’ state is written; if the bit line voltage is high, e.g., Vcc = 1.5V, Vblock
is exceeded, and the thyristor 20 turns on (i.e., latches) to write a logic ‘1° state.

Once written, the logic state in the cell 10 can be read by sensing the



drivers 30, 32, 34 will generate under control of an
appropriate and typical control circuit (not shown).
W@A\300casssh’ e seen, when witing to the cell, theCEOSIINE037750
gate 16 is preferably held to ground, but otherwise is
hel d at a negative potential (e.g., -1.0V), an
accunul ation condition in the P-channel portion of the
thyristor 20. Wen enable gate is grounded during
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planarization techniques.

00271 In another process step, trench isolation structures 24 are formed around
each cell to prevent cross talk between adjacent cells. As is well known, the
formation of trench isolation comprises forming a trench 41 in the silicon,
filling the trench with a dielectric (e.g., an oxide or nitride), and planarizing the
resulting structure. As one skilled in the art will appreciate, the formation of
trench isolation structures 24 can also precede the formation of the recessed
‘conductive plug 22, or can be partially concurrent with the formation of the

plug, for example, by forming the plug trenches 40 and isolation trenches 41



plug 22, which as noted above will ultimtely connect

to the enable gate 16. In a preferred enbodi nent,
w@ondssive plug 22 can conprise doped pol ysi | P€DOS2006/037750

coul d conprise other conductive materials used al so

for substrate plugs, such as tungsten, titanium

sui ci des, salicides, etc. Follow ng deposition of the

conductive plug 22 material, the surface of the
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f ollg : ?raffce?l ni‘?ehaﬁ& ﬂgﬁaﬁ ]4% s Aeeégﬂg pgga{t %getd \émlg:hQVﬁEh Rhok otoresist;

Pl pg éhwiw hag®l 4@nhéd b ics0érathe QatHodeNGBE DHithline) portions of the
1si nul t aneousl y. In any event, the fabrication steps

asthytistprn20.diThel hesd chask 3@ LHOMPRISeraRY meftgrfab suiigble as an fon

US| n pr
T A KRR RRRRAE L hOTRR mbikhs vy
20thar1@tefzﬂ)rdmdns1&mr of 0@ ®PCt thegiondsctivarplogPdy iase hance this
bl anket ion inplantation in the array of a suitable
N- g pRFAn l(eepedformﬁﬁé?’étﬁ%trsgt% t‘&lf’raﬁ?esenl c). As one
skilled in the art will appreciate, inplantation_ into
t hievsg ondsfrer farmaipm @f she hrd mask| 43 j29athet Qi fmplartation step is

| |
W éf masﬂqégg i %@%S&O%Esr ‘(ﬁcet u&??mei) d&ftgla gd?gt?ﬁ\%\ﬁe?fxqst. Showifin

ha¥ epositéed, patterne ,
phBigareesC sifter rfctmastmmvmst) the Eharﬂ mhsghdd, the R ooginstdae be formed

cat hod .e., bit | ti f the t t
TSR dkekiondmpkn b g R L DuPs dfTeef Kse-
any 8, v Hat Rl %asmgtecﬁr%ﬁeaﬁ r@%&)ﬁé deiheAbdkIHAENThe P

of the hard mask 4 3 i's eased e | ateral
d| dagrisg gmshisfexamplet ogeuos int héommUudeedeNpﬂeg@nzZHOWﬁﬂBr, as

neh Srattd By MESIHIN RHSRurEBE, oSy REAGR"IE: e hBRNE implanted
P regions are driven downward into the substrate by the “emitter push effect,”
which is well known and hence not further discussed. Alternatively, if the N
regions were formed deeply enough, the newly-implanted P anode region can be

implanted at a shallow depth without need to rely on the emitter push effect.

o311 Thereafter, the hard mask 43 is removed, and standard processing can be
used to form the enable gates 16, the word lines 12, and the bit lines 14 into
dielectric layers 26 (e.g., oxides), as shown in Figure 6D. However, after
removing the hard mask 43, the exposed tops of the anode and cathode regions
of the thyristor 20 can optionally be silicided 31, as shown in Figure 6D. Such
silicidation 31 creates a Schottky barrier, i.e., a potential barrier created at the

interface between a metal silicide and a doped semiconductor region. By



[0030] After formation of the hard mask 43, another

ion inplantation step is perforned to formthe P
wW@rmdesss(i.e., bit lines) of the device. As shPUEFIUSIW06/037750

Figure 6C, after formation of the hard mask 43, the P

regions can be forned using a blanket ion inplantation

in the array of a suitable P-type dopant (e.g.,

boron), with the hard mask protecting the N-regions at

then& ﬁfg{; 85 - silidieuibn AGRbAEs, 1 M., %h' nEpeAdiileE Rafdifafs, | hise

forne ope Nreg| n. Howev as illustrated by

t heanaformatiori eondlitpns,eet6 Ghetehetricat grfmmnqmqfefrhlst lpearier can be

| anted P.regi.ons ven

o U Begruyd e fpgied ifio b e YRR b DA, g i

kmtﬁpgarh&n GRicRtiod BfftRelddHichalssiREs uﬁﬂés%'rﬂ@é théahyristor

i f the N regions were forned deeply enough, the

neshlagacienipliesnt ed P anode region can be inplanted at a

shal | ow depth without need to rely on the emtter push

eflﬁoezpt Otheo 8inpoditrenisafior éhe strimturezand mawiaci@re ¢f the recessed

Ved dar d essing can b

PR 00 L BRI A SR B e
| 'FlE§re§4 HiRdl, Figdred @8LTA @idcR¥E laSprébesh Fol fabricatingethk, reésed
shown in Figuré 6D. However, after renoving the hard

meeskl 1U3in whieh dhepbydgon isgerrogd tm@rhmemmlaé Atgioya silicon.
regi ons o he t r| s o n t.i I
e

Creafabs oﬁth&@hlsstﬂafeyzsb aFHer@lfter ia.téench &0 podréliedi thiough thie d 50
created at the interface between fagrget al suicid g,;]d 3
? and a

dopedthsesibetieiuckisr trensdi e, thep hg Tiled Mgty ste oxide
S' 4&%&% R4 B2 OCESSribed Enler: THRARBLALHFGurd B &hé Bh& 50 is

hase tra rmation conditions, etc., the electrical
pexreﬁmvamn cAt dfis pbing thaN regiorsanf the thyxistasr29dare Betm@;ds en the

t he char i nt.o the our d dr

or’ P%O%@Féﬂ‘%%“a {e Bt stien G Figre 15 TS 6 i pe AERE M Rhea
dl’%} tibeP @ﬁblaﬁ&hbﬁm& It ‘N—‘Sﬁé%ﬁhsﬂ @otilaend fé)ﬂtduﬁil(}f grown. After
characteristics. [0032 er enbodi nents for the

stﬁOﬂ@@ml‘eOfath@I Nneegionact bard nedskdRds farmed ggr the cathode (i.c., bit
. r' St {ong%ﬁﬁ% iff LJtor]é%) aflﬁl Ql‘?c?\% &l %Ian%ag (1%Or(§oﬂrlﬁle) to be

sequent gures. rst
7Aepmxﬁ11§ cgr@\sné o thé ezlmsd anreg‘icab rak @\&tmh’]gomhﬂlernhyleSeleaO is

in which the thyrist |sfor in part usin
epf“tllé)fp%lllqdy Adtepthis: $he l?aé%maslsgérlft Temfv dr?ff paing gontipues
tpﬂ% R &k 3ordQines WsibRSges) iahd 'bq’tehnéssasdﬁﬁ’&ééédeﬁjod?@. One
skilled in the art will recognize that suitable epitaxial growth processes are well

known in the art, and hence are not further discussed.

00331 As noted earlier, isolation under the recessed thyristor-based cell 10 can
improve its performance, and particularly can improve its data retention and
lengthen the time needed between refreshes.  Accordingly, subsequent
embodiments disclose ways in which such isolation can be effectuated. For
example, in Figure 84, the P-doped base of the thyristor (25) is formed within
an N substrate 62. In this embodiment, it is preferred that the N-substrate 62 be
biased to a high voltage (e.g., to the power supply voltage, Vcc) to ensure that
the diode formed between the thyristor base 25 and the N substrate 62 will not



surface of the substrate 25. Thereafter, a trench 4 0
is drilled through the pad 50 and the substrate. The

wao e@nosssean then be filled with gate oxide 27 Beiius2006/037750
conductive plug 22 as described earlier. Thereafter,
in Figure 7B, the pad 50 is renoved. At this point,
the N regions of the thyristor 20 are forned on the
surface of the substrate 25, as shown in Figure 7C

ThieStrRddbias@l a6f Beide M bebisyaiean OFR! kilcat irdthe &t will
the N regions could be epitaxially grown. After

f omdersiapd thét @ lpentact @gth@n]éT substrede @2neankb® Zseds g gravide the

o STl b IR TE L ot

| iAodirRet?, Shd¥ i@ Figdrd BBy faOMuBS’tralteh 666X p@@ce cbul isolation is
region, at which point the thyristor 20 is

{ dormead] umfernanth fie$asq bio FOTENRE A WS 6 Asarrdemfb@dﬁa%ll 64,
g;cﬁéé gsb%gé’]gS g%&%@&%@% glngeheéME ﬁbl}gﬁ@ﬁa&d to a

( nes “as scussed a
I migheokdde 10l }brbvﬁeﬁﬁgﬂlmewttlnadsspsul uoaihbeP sybistrate i @l (typically

O gounselt ot ey Brieca aithe Pt aeltfipftindea fhegonac: to
| SQlLAtIPRCHYESs it 6t she@ssed thyristor-based cel |l 10

can inprove its perfornance and particularly can

ng& d4gveA111 Berdbas & H\%H Mlob J‘ﬁx?rlgt&els sh@@n in Figure

between re res ccor subsequent
e nd) ol ivitht the déls t cssfermaymmgﬂa hﬂnmtmsdmhyers(@oatﬂObnAhhwgh

be effect a1ed exanpl ,'

Do et L <eding 385 Bps gt e Rk A Taforkt. Secas
SURSLE, b e P d Qm% iosn 1AGH 2EAS notl diffuse BES B6X elt Tednd
the N'substrate 62 b e biased to a high voltage

e.g.
t oneghigv ghpaksect Shypiskoy ZOouletfag@anch @}166'@11@?11 inthe artiygill appreciate

di ode for .bet ween t iStor h

o B e Bt S0 b &% &t R Big oS oAl % P o
bepd:sRyat A an®héncekhis! @ﬂotlfﬁrtlﬁdiehs’tﬁ&sem |Addltnﬂellyatxamd>uld be
that a contact to the N-substrate 62 can b. e used to

prdestoodribatbp Besrlryar & Opp akin ta usp ofi g bk sy qfqn SOI
t h i1eh? Z)E 1?1%% g ubgt?at@n\Q%Eﬁ" Fw &P ‘ﬂg€/ H{ﬂar ?@H&Wndn@e to the

ure DStTate i's use lation is
f %’rﬂMImaﬂt@hDWﬂtlh Rifnee Basel wyllmarommgesayetl\anm&ller ei®dodiment
and within tha mell 64, the P base 25 is forned.
Agithe displgsad 64 woul d preferably be biased to a

hi gh voltage to provide isolati.on hre
P goa% stlflﬁt‘% Bkl PE%?SC@OFIV" embodlmen%NI og the recsé s%?itthysr%tgr%ased

cell 10 having improved isolation under the cell. In this embodiment, the
isolation structures 75 include undercuts 76, which as their name suggests
undercut the thyristor 20 in significant part and assists in its isolation. The
undercuts 76 can be formed by first creating an anisotropic trench (e.g., trench
41 of Figure 6A), and then subjecting the trench to a wet eich after the trench
has been formed. For example, a wet etch solution of TMAH (Tetra-Methyl
Ammonium Hydroxide) can be used to form the undercut 76. Thereafter, the
trench and undercut 76 can be filled using a low-pressure oxide vapor
deposition process, as is well known, to form the undercutting isolation

structures 75 as shown in Figure 10.

10



grounded) and the P base 25 of the thyristor 20,

al though again the contact to establish such a bias is
wmoeio7esssen. [ 0034] Anot her nmeans for inproved PEDUSI00€087750

of the thyristor is shown in Figure 9, in which the

cell 10 is formed using a buried oxide |ayer (Box 70).

Al t hough not required, it is preferred that the Box

layer 70 b e rich in a P dopant, such as boron, so

t rlé%gcll Igegggf(f)gé of GARHeP KoPRDE vherdBe BBkisthr 2DUS ggécp itt ShQuld

and negatively affect thyristor
pecref apprmmmi th@nmesmdss@tjthwnstphbasadtcellvu1|0| regibisrin i eplledesign

t many techni ques in

e bR S Birl 08y 0 b SRS, &
t hA§ al fesOR! tHeUBisBREed 'c§1¢dl$,§1€dathd irhproved legll dldnsﬁle)LWldan
be understood that the Box |ayer 70 is akin to use

t heomipardd fon ératlisiona! BMM stis. (§p¢qlfe@HyOr&t P%@E‘I‘e&‘teértj’at the

su rat.e
et R alod Yt IR oAb ThoritcphBly 8 TG0 P HipAM
angphiedtionsbincwnrnt V(ﬂi‘ulé helldi(ggliving drefredh) . arg Gﬁaﬁsﬂ)orated into
Figure 10 illustrates another errbodl Fent of. th

[ colberBite (KRS orerHaRlACIoEl KhIDS G ng® i MPFEPEResors or
| Sel abdoBRolidein &l eﬁl%badedlaﬁiafﬁﬂtl%n@ NERch B8R becdr MAth greater

|so}?l§|on structures 75 1 nc dercuts 76, which as
t hfeequen@lmné ubgesten shodbt thet distlesedhgeHi K& orquire mere frequent

alnl;gﬁbgrlp {ant d@tﬁpaﬁiﬂ%@ﬁﬁ% Sb))h? |v|¥ot d 8?9 Latelxggcted Po cause a

aniHRide@BleCddsi @ ebnstRir. , Hbwend itd sHould alsoghié @ofefl) that the
and then subjecting the trench to a wet etch after t he

t rdindpsed asll e rapplmahéay i ¢radisiopstpnan-enbegded iptegrated circuits
soI ut | gn of TMAH (Tetra-Methyl Anmoni um Hydroxi de) can
be®5u¥ é to formthe undercut 76 Thereafter, the

t h
| g@gér e@@'ﬂ? gﬂ%%yalé%v ég)ofsalgsgg in;t ela l(c)hﬁsdl&gegdcggls o 1s d1sclosed as

VWehdink A PWIPN dtRictiRé, rentemﬁlmﬂdlemém whirehlsd thbt zoNPNP structure
structures 75 as shown in Fi gure 10.[0036] Regar
of cambtbrersedl a1 well ol swder SRISIURSlpEtass 12@?6‘?‘% ogg@EeS will

| tcosrrtl] 0 thegx% S@gl gaﬁl %,gﬂ}ttélg%{ellt Vi F&XEZRAY, well assuming that

_ ts in a cell 'design tha
I St}@mﬁhls p%aycecﬂ o thawrell acdasraes ofwmbosits yolawtyf 6|Ph¢1 apilitp to

T A ERE TR X e
when considering use of the disclosed cell 10 in an embedded application.
003s] It should be understood that the terms “anode” and “cathode” refer
merely to the end node terminals of the thyristor, and accordingly that it is
irrelevant which of these terminals actually sinks or sources current. Thus,
these terms should be understood as interchangeably throughout this disclosure

and the claims.

0039] It should be 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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conpared to traditional DRAM cells. Specifically, it
is believed that the disclosed cell 10 woul d have
w@20oviosishar applicability in enmrbedded DRAM PCT/US2006/037750
applications, in which volatile cells (requiring
refresh) are incorporated into otherw se standard
sem conduct or chi ps, such as m croprocessors or
m crocontrollers. In such enbedded applications,
r eWEST ISATL AP0 ¥8:t h greater frequency, and thus
even should the disclosed cell 10 require nore
frequent refresh than traditional DRAMcells, this
wolll d nAtmdmorgxpbotostprismgcause a consi der abl e desi gn
constrai nt. wever. it should als e noted that the
di scl osed 2CaN{uGhxE pg‘ﬁﬁcf’mea?glph % ﬁuﬁ’sﬁra%r 3‘&‘?t i onal
non- enbeddegy i efspdk&Hinahé Subsirgteand {6imed RN} aMhint ehe
the thyristor 20 as used in the disclosed cell 10 is
di scl osed ascdndiietiyecapiogRNds isplasadufrem dhfe canductieq) plug by a
the art mﬂl“ﬁgﬁgﬁkze that a NPNP structure could be
used as wel |l -"I'n"Such a structure, electrons instead
of holes will conprise the majority carriers, but the
cell will work equally well assum ng_.that th ) )
pot-ent i Bne memas el Pft daifth - Bapiein a fust B4 BF thspEisioe 1s
po{ii@&:ﬂ&f)ﬁouﬂm& t@?'git'lﬁ% ih Qn Hﬁ%{,tme?éifi,taogfeéo&fn le Tt @ AYristor
polarities provides design exibility, particularly
whig nlirecths tolgrédiy aiwerdoling inghelasay, eed dvieedih theOcanductive plug
enpedded a ication. [0038] .1t shoul d be understood
t h’étd‘rteﬁtgy ?‘E&’:‘ﬁg t‘”é‘ﬂ&ﬂ%b'l‘[’ ga il DSAHBYe" refer nerely to

the end node termnals of the thyristor, and
accordingly that it is irrelevant which of these
t ed.ni nalke memony ¢afl ofickiim o furthen cempriging parmans fos jsplating the

these. ter houl.d e.understood as i nterchangeably
¢ nraUgHaed e b R R ARSI A [0039] It
shoul d be understood that the inventive concepts

di scl osed herein are capable of many nodifications. To
t hé ext €he memory relbipk Flaim 1 oetherneqmpgising Fenchdsdigndogped

th claims and their equivalents, they are
in 8§%£g£ggﬁb e covered b y this patent. WHAT IS

CLAIMED I'S: 1. A nmenory cell, conprising:
5. The memory cell of claim 1, further comprising an isolation structure

formed underneath the thyristor in contact with the trench isolation.

6. The memory cell of claim 5, wherein the isolation structure comprises a

buried oxide layer.

7. The memory cell of claim 5, wherein the isolation structure comprises

the bulk insulator of an SOI substrate.

8. The memory cell of claim 5, wherein the isolation structure comprises a

reversed-biased diode.

12



a conductive plug forned into a substrate; and a
thyristor disposed in the substrate and forned
woegriosmit y around the conductive plug and i soP@EL/E82006/037750

fromthe conductive plug by a dielectric. 2. The

menory cell of claim1, wherein a first node of the

thyristor is directly coupled to a bit line in an

array, wherein a second node of the thyristor is

dig ect l'i”]% COURD ﬁdcélpoﬁclm g Wh@l%lri fhet 1@@laﬁ&{ ﬁ)‘uctt?r@ Gomprises

WhEr ei he cornduct | ve plug is directly coupled to an

endiblegrigahdercmist he array. 3. The nenory cell of claim

1, further conprising a nmeans for isolating the cel

formed underneath of the thyristor. 4. The nenory cel

of (¢! ai mn%mcﬁr[k,)%l'l‘%m_?ﬁﬂiﬂg' sing trench isolation forned

around the ce he nenory cell of claiml1,

further cerpndustingpkig f@l@@ﬂdatltocﬂnSl@tSfmI@,tamﬂe f or med

underneath he hyrrstor in.con .\ r

i solation? k’ ﬂ@ﬂﬁf %eﬁﬁ %gume &giﬁmﬁ%%%%% ethe

i sol ati on snkmg&uﬁep@@ﬁamnsegwpebur|ed oxi de | ayer. 7.

The nmenory cell of claimb5, wherein the isolation

structure conprises the bulk insulator of an SO

SUPIFt M mt%mo-lgfI CelBF R Ym R, lwitheifi | 248 go SBe H%' hykiber is
sol'ation structure conprises a reverse | ased

di digketl coljfled mearbityine éi hn afray; Ivetieneib a sebrendgiode ohéhe thyristor

|solat| n structure C rises dielectric.updercuts.

108 desBnetypIEEPI2 VRdBI B ey @B detan et cive plug

f 01% 'E'i?rgctl}né tpﬁdstb”aﬁteﬁaﬁ;leegat@ﬂgth@ aFrH%r i stor disposed in

the substrate and formed around the conductive plug in

a U shape. 11. The nenory cell of claim 10, wherein a

e of the thyrist I rect | (o} .

bi 121 1 nEhs Remerareik P S R0 i GERpnE §RaR firdoSaring

t hﬂ‘lé ic8ll €frmed underneath of the thyristor.

13. The memory cell of claim 10, further comprising trench isolation formed

around the cell.

14. The memory cell of claim 10, further comprising an isolation structure

formed underneath the thyristor in contact with the trench isolation.

15.  The memory cell of claim 14, wherein the isolation structure comprises

-a buried oxide layer.

16.  The memory cell of claim 14, wherein the isolation structure comprises

the bulk insulator of an SOI substrate.

17. The memory cell of claim 14, wherein the isolation structure comprises

a reversed-biased diode.

13



is directly coupled to a word line in the array, and

wherein the conductive plug is directly coupled to an
wepabbsssgate in the array. 12. The nenory cel | pOf/US1086/687750

10, further conprising a neans for isolating the cel

formed underneath of the thyristor. 13. The nenory

cell of claim10, further conprising trench isolation

formed around the cell. 14. The nmenory cell of claim

1048, f urihememeRPEdBoNdaint 14, Soheddih Ae Bblatich YirGeti@r dBatprises

underneath the thyristor in contact with the trench

i sdielgetriogndarsutsThe menmory cell of claim 14, wherein

the isolation structure conprises a buried oxide

| ayer. 16. The nmenory cell of claim 14, wherein the

i spd.at | Amehdry et ®ngeRMgt ses the bul k i nsul ator of an

SO substrate. 17. The nennﬂ%qcell of claim 14, )
wher ei n t Beopdusttixe ipbs ormpedt %tré’é%'rni agsubstrate doped to a first

rever sed- bi agoggklitg{ QAARreif- théh&naﬁ&%ypgg ls Qlsufbcdl Mohfthe

wherein the ion structure conp es dielectric
under cut s. I1€ibsttaterbyardyelecti¢ Jayeronpri si ng: a conducti ve
plug fornmed ipto,a trench in a.substrate doped to,a
First pol drdppos frgien mionee it &f ot ichghhirein o8 doped
i nsul at ed f rQ@BchEears Usped akRh w_s&&ueF&aiify Spp@Wer the first
first doped regions along the sides of the trench,

wher ei n t he ppét; ayi ons are doped with a second
polarity opposite the fir ritys .
doped r egiaoS Coﬁdoaﬁoé) e% M lono%én%%c}g 08% ¥ttdﬁ é%@g}egﬁ%ﬁs’%ﬁerem the
wher ei n t he sgeahdogtdnegion éghliveione alf vefisndomdd repiens and
first doped regions and is dQPed to the first

pol arity. 20isdpped eethefiyst eRIRIYof cl ai m 19, wherein one
of the first doped regions is directly coupled to a

bit line in an array, wherein the second doped region

i S20.  The memory cell of claim 19, wherein one of the first doped regions is

directly coupled to a bit line in an array, wherein the second doped region is
directly coupled to a word line in the array, and wherein the conductive plug is

directly coupled to an enable gate in the array.

21. The memory cell of claim 19, further comprising a means for isolating

the cell formed underneath of the thyristor.

22.  The memory cell of claim 19, further comprising trench isolation formed

around the cell.

23.  The memory cell of claim 19, further comprising an isolation structure

formed underneath the memory cell in contact with the trench isolation.

24. The memory cell of claim 23, wherein the isolation structure comprises

a buried oxide layer.
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directly coupled to a word line in the array, and

wherein the conductive plug is directly coupled to an
wepabbsssgate in the array. 21. The nenory cel | pOf/US1086/687750

19, further conprising a neans for isolating the cel

formed underneath of the thyristor. 22. The nenory

cell of claim19, further conprising trench isolation

formed around the cell. 23. The nmenory cell of claim

1935 f ur theh emPAPEdIBSINTaian 23 SPhddbin e blaU6h irGctii! dPRthrises

underneath the 'menory cell in contact with the trench

.i stk dulkgnsul@dr oframeSQ[%wbstyat@el | of claim 23, wherein

the isolation structure conprises a buried oxide

| ayer.25. The nenory cell of claim23, wherein the

| spd.at | DPhe flehdff LHIEOTCARTR 23,08hdrbia thelldslatios viradtare mprizes

SO substrate. 26. The nenory cell of claim 23,

wherevered-hiaseddipdd. i on structure conprises a

rever sed- bi ased di ode. 27. The nmenory cell of claim

23, wherein the isolation structure conprises

di 21.ect Themamdey call of. clZith 23y wikdrbiadhé olation wiragug comprises

menory cell, conprising in no particular order:

f ofiRicRGLCAndPEHEnh into a substrate doped to a first

polarity; formng a conductive plug in the trench

havi ng si des, wherein the conductive plug is isol ated

f r28n t ha rsethed foaf@minya medicey edt, comprifiog m mypdriicelar order:

doped regi.ons along.the sides of, the trench erein
he doped "PRINBATSR LM M E RoRE A Tty
opposi t e thenihg asdonB@dtifel iz imMiek freMdil MY ik S86H Neherein the
doped region along only one side of the trench, . .
wher ei n t he ewdueityedbpis isdypdfromsthe pehstratgh by afdiglegéric;
first dop .egi. : - i , ;
wher ei n o?gn%ﬁ 59 ¥ lgsga??‘%gqeglggg glgﬁ é E}% :jscla(%fss O? E}%c} fgrnéfg’t\merem the
coupl ed to addyet régiones dra dapedawithy, secdndrpeianity bppasite ohmedfirst
doped region is,

polarity; and

forming a second doped region along only one side of the trench,
wherein the second doped region is above one of the first doped

regions.

29.  The method of claim 28, wherein one of the first doped regions is
directly coupled to a bit line in an array, wherein the second doped region is
directly coupled to a word line in the array, and wherein the conductive plug is

directly coupled to an enable gate in the array.

30. The method of claim 28, further comprising forming a means for

isolating the cell formed underneath of the memory cell.

31.  The method of claim 28, further comprising forming trench isolation

around the cell.
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directly coupled to a word line in the array, and
wherein the conductive plug is directly coupled to an
wepablsssgate in the array. 30. The nmethod of cPEI/DsSR86/037750

further conprising formng a neans for isolating the

cell formed underneath of the nenory cell. 31. The

met hod of claim 28, further conprising formng trench

isolation around the cell.32. The nmethod of claim 28,

f ugA hermigompihe 09 J&RT28Y fafhdrs Sdmpriing ToFmiak Uge isolation

underneath the nenory cell in contact wth the trench

i siugturoundeasatimthe meston gelbin contgchivitl thajrmek iselation.

| east one of the first regions or the second region is

formed by an epitaxial process. 34. A nenory cel

arzny, TYREhSH RO clagn P8} wihsredf atniess oyie o€ tHesfirsemglonsior the

the nmenory cells conprising a conductive plug forned

i rieeondyegivnps farmed by ap aPiAXiH PF988%r di sposed in the

substrate and forned vertically around the conductive

plug and isolated fromthe conductive plug by a

di 3. ect Aimemdrieell hyeay, somprisiogpri si ng first and second

nodes; at |east one enabl e gate coy led to th -

conduct i ve pt BGEXAT memgny ey £ichg Ee BrEmeRY ?ec@ CBPIPERESE

menory cell's al,pgqtilé pRily thint&l inff the S@ktraNehddi t 11 ne

coupled to the first nodes of a plurality of the )

menory cel | s alaothyristors dispergd| innide suhsfrase ané fermeghgertically

word |ine coupled to second.nodes of .a.pl | 4

of the nenory cel ?rguréqt gﬁeg @ H‘lgt}vc? Ipleﬁﬁ%. angs I&Aa&ngrr%‘trnié the

cell array, Conpréo‘i{kiﬁlgiveq:)l@b?iaXdiQIfecﬂi’fEITﬂfeythyﬁﬂtdnScorﬁ&tsim,g

of the menory cells conprising a conductive plug

formed into the stilssandseeondAides t hyri stor di sposed in

the Sggzgea% RAY QT diEe B4 REuFIOE 1& FNALGHdu¥EvP bHGs 1P a
plurality of a plurality of the memory cells along a first line;

at least one bit line coupled to the first nodes of a plurality of the
memory cells along a second line; and
at least one word line coupled to the second nodes of a plurality

of the memory cells along a third line.

35. A memory cell array, comprising:

a matrix of memory cells, each of the memory cells comprising
a conductive plug formed into the substrate, and
a thyristor disposed in the substrate and formed around the

conductive plug in a U- shape.;

at least one enable gate coupled to the conductive plugs of a
plurality of a plurality of the memory cells along a first line;

at least one bit line coupled to thyristor anodes of a plurality of
the memory cells along a second line; and

at least one word line coupled to thyristor cathodes of a plurality

of the memory cells along a third line.
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at | east one enable gate coupled to the conductive
plugs of a plurality of a plurality of the nenory
weellr®smiong a first line; at |east one bit | iP€I/US2006/037750
coupled to thyristor anodes of a plurality of the
menory cells along a second |ine; and at |east one
word line coupled to thyristor cathodes of a plurality
of the nmenory cells along a third line.6. A nenory
cedd. ar kaYemsr 9B hithy)QomPriS@e! i X of nenory cells, each
of the menory“cells ‘conprising a conductive plug
formed i nt o amairirghmémors cslih sechaafahelmemary eells compsising
polarity, wherein the conductive.plug, is,i.nsu '
from the subst raaclogalb‘i?‘vg pg’f%&é@?&i‘%"ﬂ% ch 1Piar4§1t%gtg%%gaped
regions al ong theoshdgsstOpolakiy, t Wherehh thdebadictiveeplug is
doped regions are doped wth a second polarit

opposite the fi r_sitmﬂ@ﬂeéiﬁioﬁyt,heéwtrateéé’c%ﬁele%lﬁﬁweﬂegi on
along only one eyl 480l rdafisisLiihGRe SNECHEIE ehih SARO0H the
P& Ge of THre Firs d

doped region is abo doped regi ons
and is doped to tduped iregibngpatalopéd withta seeast palagty opposite
enabl e gate coupled to t{]e, conductive plugs of a
plurality of a plfif&rstPlagty-2A2 nenory cells along a

first line; at ,l&aslq Qﬂﬁedb.fégidd. Ql%ng%w 8fe tsR1OHE tHRS trench,
the first doped regions of plurality of the nemory
cell's al ong a secehaeinithesecand daped regivn inakoviamng of ithreefirst

coupled to the second doped region of a plurality of
the nenory cells P§ éegég Srﬂnlddgfki)ﬂ?g?o the fPrst po?arlty,

at least one enable gate coupled to the conductive plugs of a
plurality of a plurality of the memory cells along a first line;

at least one bit line coupled to one of the first doped regions of a
plurality of the memory cells along a second line; and

at least one word line coupled to the second doped region of a

plurality of the memory cells along a third line.
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