HORIZONTAL TRAM AND METHOD FOR THE FABRICATION THEREOF TECHNICAL FIELD The
present invention relates generally to semiconductor integrated circuit devices and methods for the
production thereof, and more particularly to thyristor-based SRAM devices. BACKGROUND ART
Contemporary computers, cellular telephones, radios, televisions, and other electronic equipment are
constructed using semiconductor microprocessors, integrated circuits, memory chips, and the like. These
semiconductor GCAMRINONT ALTTEANEANBRIEATSOCRIN) RIMTBEA BRICASEIONOTHERBOgUbStrate, are
constructed using various microelectronic devices such as transistors, capacitors, diodes, resistors, and
so forth. Each microelectronic device is typically a pattern of conductor, semiconductor, and insulator
regions formed on the semiconductor substrate. The electronics industry continues to strive for
increasingly higher-powered and higher-furltiCHINI eilctifisSLBY device miniaturization and by creating
multifunction devices on a single semiconductor chip or die. Very large-scale integrated circuits on small
areas of silicon waféhs aresaranufertigrettlainrogeieralbe e seatispaguctarieemiedncaquarietiegsorder. The

main objectivgginguas abtaining aidamisethrRbLECEHPIES RSpaali Al e s Rassiie ardgpnsumes low
levels of power using low voltage supply levels, while performing at speeds comparable to speeds

realized by nﬂ?é’???érger devices. An important part in the circuit construction and manufacture of
semiconductor devices concerns data storage, or semiconductor memories; the circuitry used to store
digital information. The construction and formation of such memory circuitry typically involves forming at
least one storage element and forming assgﬁé}gﬁgpém%%gigned to access the stored information. In

applications where grcilf, space. poser consmption, citeuit speed, and reliabiiy,are primary design
goals, the construction and layou oP memory Bvicel C8R> Hd very |mvport%1nﬁ ynamic read/write
random-accesgipeano pye(CDiRAIMEd s anty penafordiatite mermpcersorhioke heedatiacsioredeatoeach location

is periodically ygfreghedl Pyideafiog. LA IRe M EHRENDACK AR 00 G SBE ARHIRM A §1Se It
disappears. Static read/write random- access memory ("SRAM") is a type of volatile memory in which the
data, once it A\ sg@icpgductor substrate, are constructed using various microelectronic devices such as

transistors, capacitors, diodes, resistors, and so forth. FEach microelectronic device is

typically a pattern of conductor, semiconductor, and insulator regions formed on the

semiconductor substrate.

The electronics industry continues to strive for increasingly higher-powered and
higher-functioning circuits by device miniaturization and by creating multifunction devices
on a single semiconductor chip or die.

Very large-scale integrated circuits on small areas of silicon wafers are manufactured
through a series of steps carried out in a particular order. The main objectives include
obtaining a device that occupies as small an area as possible and consumes low levels of
power using low voltage supply levels, while performing at speeds comparable to speeds
realized by much larger devices.

An important part in the circuit construction and manufacture of semiconductor
devices concerns data storage, or semiconductor memories; the circuitry used to store digital
information. The construction and formation of such memory circuitry typically involves
forming at least one storage element and forming associated circuitry designed to access the
stored information. In applications where circuit space, power consumption, circuit speed,
and reliability are primary design goals, the construction and layout of memory devices can

be very important.



a memory location, remains stored there as long as power is applied to the memory chip (unless, of
course, the data is deliberately changed by replacing it with new data). SRAM and DRAM often
compromise one or more of the primary design goals of smaller circuit space, lower power consumption,
and faster circuit speed. For instance, some SRAMs include circuit structures that compromise at least
one of these primak)xiesignrefsargitcarnsioanyshess BesenydnbBBraYISRAM tgseavoltdemameansistor ("4T")

cell, or a six-fraRgiRiPkhE Gl Geledhatdas f@éarﬁgmsmem@my QEE&FQHSW P\é&ﬁiﬁéﬁ@%@rﬁlé}ﬂd two
resistors, plus two cell-access transistors. Such cells have the advant?%e that they are compatible with

mainstream COMPAHeME FBLP SR BEARER INGu oT PMB PRI hURSGy c_YRS R OB ively low
levels of standloyspawsiorpeSRIENT ) v waltage deadismamadp efifatiitiatheelativelydigh speeds: However,

the 4T and 6T cells are conventionally configured using a_large cell area; and this large area significantly
and undesirab TR IS oo TStk O b SRR ARNEOSThar SR Roll s B ased on
negative diffeertial pesintpca N R Jelokeitels cithiessd by ienllycatmisisibiamdast two active elements,

including the NDR d@vigg- o /D ®RUNEIR ARShRRSALING G ARRISHER0p RSN DR R isgiatg particularly
important to the overall performance of this type of SRAM cell. A variety of NDR devices has been

introduced, raRgHY FHETH RIS I &S DB SPTSTERR N B SRV SE S YUt RRth-dite ARG e8 ™ he biggest
advantage ofYRa MDiR:hdsetdniemaneallintbenpetentahofchaving d telcargmasniainthansthat of 4T

and 6T memaqry cells because of the ller,number of .active devic d interconnections needed in
e DR des R R B B
inhibited theif @de)inctbothaidvsidp SRAN rvdledt agosinesofithes drprobilermanihelsdeeshighs. slamndby power

consumption die g hedargecursat nerdedin eneonbah allle siablsememennpiaias Qidhe cell

excessively high or excessively low voltage levels needed for the cell operation; stable states that are too
sensitive to nTARTARA0YISGTVRIHEHIAS aRefrovide i?BB?%%Qhérﬁmgqi%ﬁeﬁ]iﬁﬁg’ﬁﬁ’ atte¥epeed due to
slow switchingfidvel prievstaigssiate tmdie mitver, apetaranufaciurabiliy anvelyielfdsssiesdus to

door which R e b Ao b T D SN tors ave
widely used ihugowdt switchiddghaplpligativasigedamagtithadcurdepiransiniés dwrriedibysulmsidevices can
be very high whep,iRghgifs'on" state.
Other SRAM cell designs are based on negative differential resistance (“NDR”)
devices. These usually consist of at least two active elements, including the NDR device.
The structure and operating characteristics of the NDR device are particularly important to
the overall performance of this type of SRAM cell. A variety of NDR devices has been
introduced, ranging from a simple bipolar transistor to complicated quantum-effect devices.
The biggest advantage of the NDR-based memory cell is the potential of having a cell area
smaller than that of 4T and 6T memory cells because of the smaller number of active devices
and interconnections needed in the NDR design.
Conventional NDR-based SRAM cells, however, have many problems that have
inhibited their use in commercial SRAM products. Some of these problems include: high
standby power consumption due to the large current needed in one or both of the stable
memory states of the cell; excessively high or excessively low voltage levels needed for the
cell operation; stable states that are too sensitive to manufacturing variations and provide
poor noise-margins; limitations in access speed due to slow switching from one stable state to

the other; and manufacturability and yield issues due to complicated fabrication processing.



A thyristor is a four-layer semiconductor device consisting of alternating N-type and P-type
semiconductor materials (i.e., "NPNP"), with three P-N junctions. Thyristors usually have three
electrodes: an anode, a cathode, and a gate (or control electrode). A thyristor can be turned on by an
initial current at the gate, and once it is turned on it then does not require any more control (gate) current
to continue to cond@ee INBR k¢ Vicill bontinue e comeuctharfiresiminiraumehaiingleurreribiehno longer

maintained bgfween W arRdmaNd crlbPdp.PoLRBLIReYalRge hevesningmnadsanddhg.cathode is

reversed. A thyristor can thus switch or control large amounts of power using but a small triggering (or
control) curreR9PVBIESGE. RMYFISTPE R FPRHEHINS ReHIRG HfutTF dndiBY 5t SEFHELNTEET switch - the
two stable statescasediobe asid hiafl, Whdthimoikiirt@in hedween. Thyristors are used, among many
applications, in motgrtﬁ?c?sqgrqsogt{;ols,lli htsgimmersu&rgssure-cont{ol systems a}lndl\}i__ uig-le el

n T our-layer cond €VIiCe .CONs1S mn aX. .
regulators. For use ih electronic applications, however, a significant difficulty With thyristor ‘devices is that

once switcheb-tethesimisestactor theterialngin. in NI Riate ighthrdee dmanstinsredhsedtdse lswathye device

holding currepf,&gR. N Q80EEM avhiRiadhe MRl IS gL CUBERIniDIIBHIRESd (to turn the thyristor off),
the time required for the thyristor to return to the off state is largely determined by the lifetimes of the

current carriers in tHe IS ARG AV ERL I ATk AL ER A hR GRAE L PRI ThEBARS 2B Lwitch the
device off witihehtdinte Haiptingthengutites ; candlitata ssociatad sl swichingapdeaseareisgiificant

problems in m@'}%{}‘@ﬂ!i%@ﬂ&m& anc have .resul e? in man attem(pdﬁs to modi trrfgdqa%\’\izge% Steuctures so

that they canbe actively and rapl If}l switched of .d K%ﬁ%r dlés‘}lsgrrll irected to these concerns appears in
U.S. Patents Modnledsc@lzR9, b6 tn@kideoyai@& s8¢ Visonl o aednatidtheakithnde idesiptions are directed to

capamtlvely-couplegL h{%tgﬁ%‘}ﬁﬁﬁy%@ﬁ&twr&iﬁ%l %}Qetoc_u%ﬁh'ﬂ_& %P@&@éwﬁgﬁﬁgrbﬁv%hsﬁﬁaﬂctureS_-

These devices are described as having advantages for use in designs that need NDR devices having

improved on/GRREHRH MY YPERYLHHE! grlawtﬁ%ﬂd?ﬁbyea%ﬁqmﬁém 8 Srerduarang Yaid to be

unlike many hibRcdgviegssitch asieorwe Rtibnakthysister siiuaiuresfiiatsibwibyHing iroBetue:to the

saturation of Jll?leirig'tunctions indthe on state and/?r hich ma Oqgrt turné)ff at alll Bll%lﬂl %.I%r%grrsrent is
ecCted to ’

reduced below thé ﬂ%lcﬁrﬁguéﬁrfe%lﬁof?%tggg}f thePdeVices in'these pS tents Ogtrré) dir

capacitively-guessiactthytistoy tiavicesdthatigdivkdyregvitthrbetween a current- passing mode and a
current-blocking magg IEEFPEREFHA @ £RNBAHINEMERUALd.2GMHAHIARN: difficulty with thyristor
devices is that once switched to their on state, they remain in this state until the current is
reduced below the device holding current. Also, in general, when the main thyristor current
is interrupted (to turn the thyristor off), the time required for the thyristor to return to the off
state is largely determined by the lifetimes of the current carriers in the device, and in
electronic terms this can be quite long.

This inability to switch the device off without interrupting the current, and the
associated slow switching speed, are significant problems in many applications and have
resulted in many attempts to modify the device structures so that they can be actively and
rapidly switched off.

A prior design directed to these concerns appears in U.S. Patents Numbers 6,229,161
and 6,448,586 (both to Nemati et al.). The descriptions are directed to capacitively-coupled
NDR devices such as thyristors, and to circuit applications for such structures. These devices
are described as having advantages for use in designs that need NDR devices having
improved on/off switching speeds and a low holding current when in the on state. They are
said to be unlike many NDR devices such as conventional thyristor structures that slowly turn

off due to the saturation of their junctions in the on state, and/or which may not turn off at all



signal that is presented adjacent a particular region of the capacitively-coupled NDR device. The switch
or change from one state to the other occurs using a relatively low voltage, and the devices can be
implemented in a relatively small area. A thyristor-based random access memory ("TRAM") array having
a plurality of such TRAM cells could have a density equivalent to that of DRAM arrays and a speed
equivalent toiatlest SRAN iaresyscHesiow, hadioldiTRAMealr alpsiould theoladecthia depsameigris afforded by

both SRAM apd BRAM &y @yscifitaseadrantagesinakesuahaiRAY attiactive.fon pessiale use in

future generations of hiﬁgﬁh speed, low-voltage, and high-densit¥ memories. However, the TRAM cell
disclosed in RS RETRAPI ST LRk )81 GHAMSBKE. -8 Ry R RIAHA iNOERor is formed
in a vertical silipei ghilak, peqetitsigépianialppracessiagdo dothe thpacattida! copfiguraiiRvaeibés is not

compatiole wifh.conygiongl bulk, GMQS BIoEeaRIg 1 Adailian, (g HNISIRT SRAMEEN (TRAMD Sits in
a P- well in a bulk silicon suabétrate. IS results In alarge difference in elevation betwesh the contact on
the top P+ rélbfclevetheathiristotearatotharadeltively mekatiavice. Also, additional masking, implantation

gnd difoSiQU steps @r&lﬂ%@ﬁ%s@dfﬁ{ﬁﬁ&'ﬁeac@&%ﬁ@rﬁb’fyr ?@ﬁ%&f”%ﬁ}%iﬁ&@ d Bﬁ‘di%ﬂ?y@ﬁ%@@te”tial
incompatibility with salicidation. Additionally, difficulties can arise in controlling the dimensions of the

vertical pillar SRAYEPTBHGRIHY ISR dibnefsheial B4BR PRIARAMATS FraviPsFrhgIUAYaE Hue to the
existence of aowantioalSRYNStatdnsedtinddRAvh eeliRikel TRANM @l $radd wisoley anegotsfariad and are

therefore difficulf t | la figurations. Additionally, since each Il is fabricated prior to
or ater fabricg b oL fuuah SE e R S Rl TR DRSS ana
negative- chaensbinosalioiitizoszaniasiods ofdrngNMOS ) wrppegtimdbdbalsnsizmraasinected to it,

extra fabrica_tion Ste}@&x%@r,i@ﬁé@f%&ﬁl maniariedng t%@%%ﬁé‘ﬁtﬂﬁ%é‘ﬁfl- sl'l?lé%él MQU?JB%%&@ growing
trend to realize an SRAM cell by using the TRAM combination of an NPNP junction connected to an

NMOS transiStor Ftttfa g Reen BEHERY, themesrbattsitabitticshvaiiorAime ERSS brocessing
makes such erobsdidedo SirAMd esigniditiicigri&olurian s taop toblparislofthiscsart e lbagk long
sought, but haﬁdgggogégsqgg those skilled in the art.

In addition, the thyristor SRAM cell (TRAM) sits in a P- well in a bulk silicon
substrate. This results in a large difference in elevation between the contact on the top P+
region of the thyristor and other contacts in the device.

Also, additional masking, implantation and diffusion steps are needed to form the
bottom N+ region of the thyristor.

There is also potential incompatibility with salicidation. Additionally, difficulties can
arise in controlling the dimensions of the vertical pillar and reproducing these dimensions for
each TRAM cell in a TRAM array.

Also, due to the existence of a vertical thyristor in each TRAM cell, the TRAM cells
as a whole are not planar and are therefore difficult to scale to larger configurations.

Additionally, since each TRAM cell is fabricated prior to or after fabricating other
devices (such as positive-channel metal-oxide semiconductor (“PMOS”) and negative-
channel metal-oxide semiconductor (“NMOS”) supporting devices) that are connected to it,
extra fabrication steps and increased manufacturing costs are incurred.

Thus, while there is a growing trend to realize an SRAM cell by using the TRAM
combination of an NPNP junction connected to an NMOS transistor for ultra-high cell

density, the incompatibility with conventional bulk CMOS processing makes such embedded

SRAM design difficult.



DISCLOSURE OF THE INVENTION The present invention provides a method for manufacturing an
integrated circuit structure. A semiconductor substrate is provided and a trench is formed therein. A
thyristor is formed around the trench and within the semiconductor substrate, the thyristor having at least
four layers with three P-N junctions therebetween. A gate for the thyristor is formed within the trench. An
access transistor isSotiees dn Rieblsarn iohtusidheubsacitdonmepaghtifterbaymibogisiidathdwsetween the
thyristor and {hgiacsess transistor. Thus, there is provided a thyristor-based SRAM and advanced
methods for the fabrication thereof that alleviate the contact-formation problems due to the large height
difference among contacts in the cell, that reduce the number of implantation steps, that do not require

epitaxial formation procedures, and ghgtaleyypaliciegighmruERefotie advanced device structures and
methods use existing bulk processing techniques, thereby avoiding additional complexity and expense in

the fabrication andTRarpéa&iLiNG RIGEEHEERIGO Asntande mighbamanuiasiuablaelirdleisaalable,

repeatable and economical to Eroduce. Certain embgdciimegts of the i venti(?n have %th}?r advantages in
o struciiure. PHIUCO ductor substrate 1s proMde a trench 1s.rﬁ1 med therein. At hyr St(t)ﬁ .
addition to or’in place "of those mentioned above. The advantages will become apparent to those skilled

in the art from foreadingwiitite fotokingddettile dhd esoriptivinatdrentisikes Wittt irefierenice tazthe
accompanying drayings. BRI (RESHRIRAAN Qhe Lo REAUING S5 Gre iR At PRSISRRLPNAl view of

a silicon wafer in the first stages of processing in accordance with the present’invention; FIG. 2 is the
structure of FIEhNaferTeirby b bREFFN- T RTIsK AREPRshPRtish SmacmdreriaRiHcacedrdaince with the

present invenfigRsdnlectIsitotiR Shiclsend hieisdaftarremeval efihad-wallinask ansgtdeipation of an
active mask for for.min% SQ&'@’VA

I%ri/lenc iaolatio s; FIG. A%is he sgructure fFI(E. 3 after removal of the
ctive mask, TIAIBRA S R ME e AR S o iR AR s7as VR S aent
inventi_on; 5 Ek@tdﬁﬂéotha@@nuptob@m Elh@twmprgemtglaldﬁﬁml@)@o_mlcpommmdﬁdhelbldilde liner,
formation of &Gl est 0 P65 1 OIS GRGIPEILEIR Bi50P SIHEUISREIGD afer

removal of the Poly mask and formation of a tetraethylorthosilicate (TEOS) liner on and across the

semiconduct8P& s taed irhhgidarigantertifththse praveddrrientioistures and methods use existing

bulk processing techniques, thereby avoiding additional complexity and expense in the
fabrication and manufacturing processes so as to be highly manufacturable, reliable, scalable,
repeatable and economical to produce.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a silicon wafer in the first stages of processing in
accordance with the present invention;

FIG. 2 is the structure of FIG. 1 after removal of an N-well mask and formation of a
P-well mask in accordance with the present invention;

FIG. 3 is the structure of FIG. 2 after removal of the P-well mask and formation of an
active mask for forming shallow trench isolations;

FIG. 4 is the structure of FIG. 3 after removal of the active mask, formation of an

oxide liner, and filling of the trenches in accordance with the present invention;



FIG. 7 is the structure of FIG. 6 after etching to form an access transistor gate and a thyristor gate and
forming a mask in accordance with the present invention; FIG. 8 is the structure of FIG. 7 after removal of
the mask and formation of spacers in accordance with the present invention; FIG. 9 is the structure of
FIG. 8 after formation of a local interconnect between the access transistor and the thyristor; and FIG. 10

is a flow chart of a iéthddsforeprovidirg tdtlzortaltityiistorabatee SRIMMddwvites f dicokdince with the
present invenfipR. BERENGR PR SARRAN G GHATHEMNENELION In the following description,

numerous specific details are given to provide a thorough understanding of the invention. However, it will
be apparent to one 'HHET SRS I IR OIHE Gnvet o ATHEYh 8! fhs i dih 8t 98 98eific details. In
order to avoidcabsayrongdkidcpead@nsnviastion as0 meonaldnancocanfigusabions: andjorodass steps are

not disclosedvér{hqllgaetailgé s’%rlﬁ?ﬁ tgeﬁglrlawings showing embodiments of the apparatus are semi-diagrammatic

and not to scale an , particu aIr]Iy, some of the dimensions are for the clarity of presentation and may be
shown exaggerated I tHe G sstriperent Ro zdittartdngdedtareindecefsfinadisigraepianedgarallel to the

conventiona] tt@ﬁﬁl@r%fa%ﬁﬁ%%rﬁﬁﬁg"é{%@iﬁh%&%éﬁ@e'{’zﬁg@ﬂiﬁyﬁé‘sé}ft ifsverigstation. The term "vertical”
refers to a dlrectlon#ierpe_ndlcular to the horizontal as just defined. Terms, such as "on", "above",

"below", "bottom”, "EH* B il {EETRro QB EIhIF G gHR al f R magkapd fézﬁ'aaﬁaﬂaéﬁeaa?@ dEfined with
respect to thadworizantal jplahe plentefimenpsacessing” as used herein includes deposition of material or

photoresist, patternjgg, $XqguTs, dgvelapment siching, sleaning, andiolremeval ol e materal o
photoresist as required in forming & described structure. Reterring now to Fi6. 1, therein is Shown a
cross-sectiorpefeassitioont¢t 8ivg thafbyriQor: indhe first stages of processing to fabricate a horizontal static

read/write random-g¢6ess inLMAY chrRAM hifld SIhyFRIREHRARSS dnldR W) oHiadhy §RIOR4S a negative
differential 6 resistance ("NDR") device having alternating N-type and P-type ("NPNP") semiconductor
materials. A SEMTESHURFCAGSSHLRADE PESFP IR Bisilicon, has an N-well mask 104 patterned and
formed on the semiconductor substrate 102. The N-well mask 104 defines a region for an N-well

implantation 106, the implantation being illustrated by N- implantation arrows 108.
BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent to one skilled in the art that the
invention may be practiced without these specific details. In order to avoid obscuring the
present invention, some well-known configurations and process steps are not disclosed in
detail. Also, the drawings showing embodiments of the apparatus are semi-diagrammatic and
not to scale and, particularly, some of the dimensions are for the clarity of presentation and
may be shown exaggerated in the FIGs.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of a wafer or substrate, regardless of its orientation. The term “vertical”
refers to a direction perpendicular to the horizontal as just defined. Terms, such as “on”,

9% <6

side” (as in “sidewall”), “higher”, “lower”, “over”, and

EE T3 b TY

“above”, “below”, “bottom”, “top”,
“under”, are defined with respect to the horizontal plane. The term “processing” as used
herein includes deposition of material or photoresist, patterning, exposure, development,
etching, cleaning, and/or removal of the material or photoresist as required in forming a
described structure.

Referring now to FIG. 1, therein is shown a cross-section of a silicon (“Si”’) wafer 100
in the first stages of processing to fabricate a horizontal static read/write random-access

memory (“SRAM?”) that is thyristor-based (“TRAM”). The thyristor is a negative differential

6



Referring now to FIG. 2, therein is shown the structure of FIG. 1 following removal of the N-well mask
104 (FIG. 1) and the patterning and deposition of a P-well mask 200. The P-well mask 200 defines a
region for a P-well implantation 202, the implantation being illustrated by P+ implantation arrows 204.
Referring now to FIG. 3, therein is shown the structure of FIG. 2 following removal of the P-well mask
200 (FIG. 2) satibpagtefmidRanddonn dtvn o keractizeNrispk 38D RdyprofMRYBhationctredistolisolations
("STI's"). The,aKeag Of the semiconductor substrate not protected by the active mask 300 are then etched
to form two STI trenches, as follows. A first STI trench 302 straddles the N-well imBIantation 106 and the

unimplanted portior*UBEFORHBERTRRSHAI A Atafitticaty YrtHe tebaicBhiutel etisstbaBaiem et and near its
surface, thusaektendidgphaolh iesiderahndiauisidediad 0:-weHdNplatfitaiich 106 dasnilustrated. Arsecond STI

trench 304 is formed entirely within the N-well implantation, 106 for later use in forming a ristor 808
(16, 8) acoatin e e B R B I e ot i
3 following removaRefethageeventdsk 300qriGisBhand foerriativrroPahloxitdéoilesrianeiypitally SiO2)

on the P-wel)implRniaLiaRL02@NEIHE PHEDEhESnihBa i o pobliEangh BAganshikegecend STI trench
304 (FIG. 3) are then filled by an STI gapfill 402, followed by chemical-mechanical planarization ("CMP").

Referring noW e 1825 400 dr{ires RolhRi e’ Ltrd uvs bi s g otihghe BRAM i R PR osed
portions of thelexidedibe P400Hi-atatbaseposttons not covered by the STI gapfill 402). A polymorphous Si

("Poly™) mask 500 ig then formed t fine,an opening 502 for formin ristor gate well 504 within the
Second ST rench SO (10 By iy ot S WAl T Aruh on st o e s ing 502 by
means of an §TthetBrwelhickslalse0reérioves the paitiomafaink foxieksitimef 400 ¢hisseberkeddn. Referring now

to FIG. 6, theggin;is, shanshe rituctigoat Herxfollopingremavak fthe RalsPasksr? (GIG. 5). A gate

oxide layer 600 has been grown on and across the semiconductor substrate 102 and the various

structures thé¥8SHRSIRA5Y YormiakioN bRy RapLthsibRHoEM AR YFFEESh inty 8H2V6h the gate oxide
layer 600. A RelySayet adB® étthancdeposited bimhianthEmS dih en b2, vantdpagateporask olkis patterned

o et o0 18, AN, BB G e SIS el e ©
exposed extending both inside and outside the N-well implantation 106, as illustrated. A second STI
trench 304 is formed entirely within the N-well implantation 106 for later use in forming a
thyristor 808 (FIG. 8) according to the present invention.
Referring now to FIG. 4, therein is shown the structure of FIG. 3 following removal
of the active mask 300 (FIG. 3) and formation of an oxide liner 400 (typically SiO2) on the
P-well implantation 202 and the STI trenches. The first STI trench 302 and the second STI
trench 304 (FIG. 3) are then filled by an STI gapfill 402, followed by chemical-mechanical
planarization (“CMP”).
Referring now to FIG. 5, therein is shown the structure of FIG. 4 following removal
of the exposed portions of the oxide liner 400 (i.e., those portions not covered by the STI
gapfill 402). A polymorphous Si (“Poly”) mask 500 is then formed to define an opening 502
for forming a thyristor gate well 504 within the second STI trench 304 (FIG. 3). The
thyristor gate well 504 is then formed through the opening 502 by means of an STI etch
which also removes the portion of the oxide liner 400 therebeneath.
Referring now to FIG. 6, therein is shown the structure of FIG. 5 following removal
of the Poly mask 500 (FIG. 5). A gate oxide layer 600 has been grown on and across the
semiconductor substrate 102 and the various structures thereon, followed by formation of a

tetraethylorthosilicate (“TEOS”) liner 602 on the gate oxide layer 600. A Poly layer 604 is



portions of the TEOS liner 602 therebeneath to form an access transistor gate 700 for an access
transistor 806 (FIG. 8), and to form a thyristor gate 702 for the thyristor 808 (FIG. 8). Both gates are
formed from the Poly layer 604. A mask 704 is then formed for a lightly doped drain ("LDD") implantation
800 (see FIG. 8) represented by implantation arrows 706. Referring now to FIG. 8, therein is shown the
structure of RGN Aeistidiadrn bbbV bheneGhaaid 2QateRIask704risl Ritewirthatsedepgivnd of the LDD
implantation 8gR. ;ppaeers 802 have then been formed around the access transistor gate 700 and the
thyristor gate 702. A source/drain ("S/D") mask (not shown) is then formed and, in combination with
masking by the sp&&erEi887°8eithEthe ME5ifols SH8h i sitfidton 3% ﬁﬁ%}w}‘@l%ﬁﬁﬁlﬂ%e S/D mask
is removed. Thewdreheemponskticoof e acresshiy @oBidtgeB806GH KIS fonmed inclutdetibe gesess transistor

gate 700 and the adjacent ions of ate oxide layer 600, the LDD implantati 0, and the S/D
mprantation BOTOSI ATl g O b o S TRy 8 e ey e 703 anc
the adjacent praiomgsitiee Yarerdide [ayro 600! thidyrDDr igasidtationhe oy iker08 idilsiaRtation 804,

the P-well imﬁmtgﬂegl 20%0and: theNnvalbiypiantation A0S ReferriRanaW G0 thergin is shown

the structure of FIG. 8 fo‘l‘lowir]% formation of a local interconnect 900 between the access transistor 806
and the thyritRe8sE i h-3PaT RpRBHAR PG AT R FeRTregied P iaretn 3N thanner such
as used for contactRigemiatarmw-or EXarspikstie detisenahthisstage o olE beamaskedeetchad, and
tungsten filled . to for I interconnect. The device js.th ompleted b s of ap.interlayer
dicieetic (1 B o5 B e SRl b0 BOR T Sb R the Ml ransistor
gate 700 andhtive theprixtor trarecd 0Roued trecticesiys. udisionahfinTéRinndstepthimsiod @t osion of other

electrical 90”§§1‘ﬁt§eiﬂ}9h§{‘@yr$")) AN @it SHOWARYYs R fipisbing.yv iﬂ_i‘ &Mﬁ@a&mﬁrnﬁ%ﬁgmjpnal finishing
steps. While not shown in FIG, 9, it will be understood that the various electrical contacts, such as the

electrical con¥ct884 8 GBS M HER (LtdmeRy BR PRt LR atoNoniEre iwhitdhfiidn Besktice in the

art to enable gffigiené&lectrical contacts to be formed in a device having very closely spaced
components. Refergﬂg now to FIG. 10 tl?etﬁein IS sh?wn a flolé?gq%lﬂtsotfoamrgg%gﬁ 3.60810 for Eggoviding

: . CcQr opients’ of .thé access transist e acc
horizontal thyristor- ased SRARN devices in‘acdcordance with the present invention.
transistor gate 700 and the adjacent portions of the gate oxide layer 600, the LDD

implantation 800, and the S/D implantation 804. Similarly, the core components of the
thyristor 808 include the thyristor gate 702 and the adjacent portions of the gate oxide layer
600, the LDD implantation 800, the S/D implantation 804, the P-well implantation 202, and
the N-well implantation 106.

Referring now to FIG. 9, therein is shown the structure of FIG. 8 following formation
of a local interconnect 900 between the access transistor 806 and the thyristor 808. The local
interconnect 900 may be formed, for example, in a known manner such as used for contact
formation. For example, the device at this stage would be masked, etched, and tungsten filled
to form the local interconnect.

The device is then completed by means of an interlayer dielectric (“ILD”) layer 902
and the provision of electrical contacts 904 and 906 for the access transistor gate 700 and the
thyristor gate 702, respectively. Additional finishing steps include provision of other
electrical contacts (not shown) as are customary, and finishing with CMP and other
conventional finishing steps.

While not shown in FIG. 9, it will be understood that the various electrical contacts,

such as the electrical contacts 904 and 906, will not customarily all be co-planar, which is



The method includes a step 1002 of providing a semiconductor substrate; a step 1004 of forming a
trench in the semiconductor substrate; a step 1006 of forming a thyristor around the trench and within the
semiconductor substrate, the thyristor having at least four layers with three P-N junctions therebetween;
a step 1008 of forming a gate for the thyristor within the trench; a step 1010 of forming an access
transistor on tABREMiReFitGCHD ks b tiatenadil cifsiept dledtPiest forHiely Entinteremdniact Wetiveen the

thyristor and f¢iAccesSIRNSISItednSigRIRNAetail, a manufacturing method to produce the horizontal
TRAM according to the present invention is performed as follows: 1. The semiconductor substrate 102 is

suitably prepared, tREMRIREINAR 18%-is bhahriedsarhe 18t A therth Chriu TSR W Aniiantation 106
is performed pridviding haridnea Nhyedtonasied OR AMG e liy¢s theacoaimmeed;ithadpraeihinaskiD is

patterned and.form nt emicond r substrate 102, and the P-well implantatio 2 |s performed
through the P kel Sk SR ) SU el i 500 (e 3 M TR maek 306
for the first SPImaacHeod anthehrensicontitd STIupeirtp: 30%is! Pedterhershigc: fbsmgsar arptind tkemiconductor

substrate 102,306l {he willlirenches ARilen sished. heraitrone ha (S .Sk The exids lingr 400 is

formed on and across the semiconductor substrate 102, the first STI trench 302 (FIG. 3), and the second
STI trench 308 R IGN Iy s hereRs Ay a e ORISR 201 a5Rn hoBsighd ENIPRE performed
thereon. (FIGrehkh, alfiepaxposgdopaitigns afciie waisietdinet tioQaie sedone dubhealRohndmaskp500 is

deposited, a g) e%? ristor gate well 504 is form d%etchin e ST1 beneath the opening 502 in the
Poly mask 500 (I R g e P LR e Py L e SR ovice myer 600 and the
TEOS liner 602 arelfogragiar dgénilandnacissutin seeied tlpetdrosubsrateonod TEniiMhecseidogs structures

thereon, folloying yyhich the-Raly layer§odis.depgsited on the TEOS liner 602. The gate mask 606 for
the access transistor 9 gate 700 (FIG. 7) and the thiristor gate 702 (FIG. 7) is then patterned and formed

on the Poly layer 6d4. (FIGh emisppasdy t4bardd A0GISUBIRY thisRatenBa Dselymint Y4é mask 606

(FIG. 6) patterned and formed thereon, and the N-well implantation 106 is performed.
(FIG. 1)

2. The N-well mask 104 (FIG. 1) is then removed, the P-well mask 200 is
patterned and formed on the semiconductor substrate 102, and the P-well
implantation 202 is performed through the P-well mask 200. (FIG. 2)

3. The P-well mask 200 (FIG. 2) is removed, the active mask 300 for the first
STI trench 302 and the second STI trench 304 is patterned and formed on the
semiconductor substrate 102, and the STI trenches are then etched
therethrough. (FIG. 3)

4. The oxide liner 400 is formed on and across the semiconductor substrate 102,
the first STI trench 302 (FIG. 3), and the second STI trench 304 (FIG. 3). The
STI trenches are then filled with the STI gapfill 402, and CMP is performed
thereon. (FIG. 4)

5. The exposed portions of the oxide liner 400 are removed, the Poly mask 500 is
deposited, and the thyristor gate well 504 is formed by etching the STI
beneath the opening 502 in the Poly mask 500. (FIG. 5)

6. The Poly mask 500 (FIG. 5) is removed and the gate oxide layer 600 and the
TEOS liner 602 are formed over and across the semiconductor substrate 102
and the various structures thereon, following which the Poly layer 604 is

deposited on the TEOS liner 602. The gate mask 606 for the access transistor



to form the access transistor gate 700 and the thyristor gate 702 from the Poly layer 604. The
unprotected portions of the TEOS liner 602 are etched away at the same time. The mask 704 for the
LDD implantation 800 (FIG. 8) is patterned and formed, following which the LDD implantation 800 takes
place. (FIG. 7) 8. The mask 704 (FIG. 7) is removed, the spacers 802 are formed, and the S/D
implantation 804 is perforgrée 7(0/d716) 9) The tecdhintéecanite@DO0GS fOrmebiethutiamed aDdayer 902 is

deposited thereover and {3g,caniaats PO UG e girstdgal contacts 904 and 906, are formed
therethrough. This is followed by CMP and other conventional finishin%r:tePs for the device. (FIG. 9) It
8

has been discoverel that TH& PPOSENESROEAELH BAS thrnaiehsd duoushdbegae arsioa o 4hiEn§ these is the

compatibility of the presentiforentierasvids aansieiotignal 190lknd o phiyiiciagyt e hoxidaeseshiconductor

("CMOS") processing, with the addition of a poly ;and.an implantation.mo . The.invention provides an
embedded static read/writ%yrgn g’m?ggcuen éorﬁg%ld )(} tqgﬁ?(rﬁﬁﬂﬁ)qtcﬁe%%;ﬁnﬁﬂ |§!&§%r%er%§§t?\y§ycﬁtannel
metal-oxide semiconductchg" MmO 8meT RAN moslulffdHightlee I-BEh syl @pitary §80ndtlitegdired because

the TRAM is fabricated hasizentaliy. Ry RrBing.itswME MR SemicopBusipMateriablpyeEs preend a trench.

The resulting process is stral(ghtforward, economical, uncomplicated, highly versatile, uses conventional
technologies, and is thus (EX ilz/)suited for manufacturing ultra-high cell density devices. While the
invention has been glescrilvae imconpination wiik @spegifithbesicaderitis fighalyndest@it that many
alternatives, modifications, and variations will be app tto those skilled in the art in light of the
aforegoing description. A(:l,(l:n ?&.‘H&i‘?n %?SQ intende ff%’ zﬁr?]%'réze all such alternatives, modifications, and
variations which falPwithinTtre lopititiatatt ossepe?0f thefimaledicticaldhndLRIayatt€0S hitldepasitfdre set forth

herein or shown in the acgRRPANYIRG t@lé%ﬁi&?s@ﬁﬁciﬁd@ﬁgim&@é@&@&f!&@ﬁa@@%@t% @06’, qg_p-limiting
sense. 10 THE INVENTION CLAIMED IS: 1. A method for manufacturing an integrated circuit structure,

comprising: providing asé‘?ﬂRf‘d‘nHl‘fé?HF%%ktra?@iS is followed by CMP and other conventional
finishing steps for the device. (FIG. 9)

It has been discovered that the present invention has numerous advantages. Principal
among these is the compatibility of the present invention with conventional bulk
complimentary metal oxide semiconductor (“CMOS”) processing, with the addition of a poly
and an implantation module.

The invention provides an embedded static read/write random-access memory
(“SRAM”) design utilizing a negative-channel metal-oxide semiconductor (“NMOS”) TRAM
for ultra-high cell density.

Epitaxy is not required because the TRAM is fabricated horizontally by forming its
NPNP semiconductor material layers around a trench.

The resulting process is straightforward, economical, uncomplicated, highly versatile,
uses conventional technologies, and is thus readily suited for manufacturing ultra-high cell
density devices.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and
scope of the included claims. All matters hither-to-fore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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forming a trench in the semiconductor substrate; forming a thyristor around the trench and within the
semiconductor substrate, the thyristor having at least four layers with three P-N junctions therebetween;
forming a gate for the thyristor within the trench; forming an access transistor on the semiconductor
substrate; and forming an interconnect between the thyristor and the access transistor. 2. The method of
claim | wherelHoIMHENREOM{ristdMEdadhd the trench further comprises forming at least two of the
thyristor layers horizontally in the igmiconﬁ?uctor substrate and.at least two of the thyristor layers

vertically in the semiconddtiBF 0D ERFAtE S AT HE TR A B G A Y WS EIRe FERAS S least two of the
thyristor layers vertigaiydfugtheeroompiises fobsning; the layers vertically adjacent the trench, and forming

the gate for the thyrﬁg}gﬁlygiml{gﬁzihrmc&&gﬁ&%&gﬂmg&%?{orming the gate for the thyristor adjacent at
y of

least one of the vertically formed layers. 4. The metho claim | wherein forming the thyristor around the
trench further compeisesgotrHingsthe aretch thattiensh leastokdnoththecrisrryeisforuUBYEYS, theThe method

of claim I wherein forminghg ditefcanpactineldemierming arleqaNntareenoactakavethe
semiconductor substrate connec u&}% thyristor and the access transistor. 6. A method for

manufacturing an iftSgPaEY %% o sIBHEIR g 5Poviding a semiconductor substrate; forming a
first well in the semtoondhigcionstivstraieisfaromniy acsaconthwwel sibthesamiconductor substrate extending

across at least a PN, ot e Etell fauuing sk shelanitepehsplatiqnextending both inside and

outside the first we ing a second shallow trench isolation in irst well and the second well; |

| forming a thyristorwithinthe semigdndusion suiRslirie aNdArRURGHRS: seaadiRhAIY riengh isolation,
the thyristor having at least four layers with three P-N junctions therebetween; forming a gate for the

thyristor withir? T SECSNE ERalbWHeAtR Rofhfiohy HHhifiy i ALtEUtanists: S SER Eonductor

substrate adjadentthentirst lshaliew of the thyristor layers vertically in the semiconductor substrate.

3. The method of claim 2 wherein:

forming at least two of the thyristor layers vertically further comprises forming the
layers vertically adjacent the trench, and

forming the gate for the thyristor within the trench further comprises forming the gate

for the thyristor adjacent at least one of the vertically formed layers.

4. The method of claim 1 wherein forming the thyristor around the trench further

comprises forming the trench within at least one of the four thyristor layers.

5. The method of claim 1 wherein forming the interconnect includes forming a
local interconnect above the semiconductor substrate connecting the thyristor and the access

transistor.

6. A method for manufacturing an integrated circuit structure, comprising:

providing a semiconductor substrate;

forming a first well in the semiconductor substrate;

forming a second well in the semiconductor substrate extending across at least a
portion of the first well;

forming a first shallow trench isolation extending both inside and outside the first
well;

forming a second shallow trench isolation in both the first well and the second well;

11



trench isolation and outside the first well, the access transistor including an access transistor gate formed
above the semiconductor substrate; and forming an interconnect between the thyristor and the access
transistor whereby a horizontal TRAM is formed. 7. The method of claim 6 wherein forming the thyristor
around the second shallow trench isolation further comprises forming at least two of the thyristor layers
horizontally in the séitondtetostenbsthitéhananzicadetwoubsiae trmmibihsrscoartdchiioin the

semiconductor substrate. 8nthe;prind afeclm%s?owm&ﬁi('jg: fermingrahleastive o thedhyristor layers
vertically further comprises forming the layers vertically adjacent the second shallow trench isolation, and

forming the gate for the thiHSEMVIRRTANH¥S8eond shallow trench isolation further comprises forming the
gate for the thyristofcaaljagentaad feasicahgisothei ivarthealty fodriad dayessciisdlagomethod of claim 6:

further comprising foring spacers araund,(he tytisior daie and (e Recess ARSISIAl gae, fne spacers
being formed above the semiconductor su(bstrate; and wherein forming the thyristor and forming the
access transistor further coenphiseoksipningdsouiride dhel drstin el gibagsacticrspsitioonaiedorssaibstrate

adjacent the spacers. 10-aI&‘§s@§ﬁE‘@Q>P§aQ@M&‘%B% ERMMMisGLIMINEhe. intgreonnect by forming
a local interconnect above the semiconductor substrate, across the first shallow trench isolation, and

between the thyristé? B ffb BECEXEA RGBS dBp RIEIH LAY M RRSF HiTRRHOTaYBF 608 Aat least the
thyristor and the access tharigistar; TR¥M 2 formédg at least one electrical contact through the interlayer

dielectric layer to the thyristor and at least one electrical contact through the interlayer dielectric layer to
the access transistdr. 11. Aieimetheted clooit struetira dormprisity: thyseimicondudttessidsstrdte; a trench

in the semicafpdyGion RPEIREtion further comprises forming at least two of the thyristor layers
horizontally in the semiconductor substrate and at least two of the thyristor layers vertically

in the semiconductor substrate.

8. The method of claim 7 wherein:

forming at least two of the thyristor layers vertically further comprises forming the
layers vertically adjacent the second shallow trench isolation, and

forming the gate for the thyristor within the second shallow trench isolation further
comprises forming the gate for the thyristor adjacent at least one of the

vertically formed layers.

9. The method of claim 6:

further comprising forming spacers around the thyristor gate and the access transistor
gate, the spacers being formed above the semiconductor substrate; and

wherein forming the thyristor and forming the access transistor further comprise
forming source and drain regions in the semiconductor substrate adjacent the

Spacers.

10. The method of claim 6 further comprising:

forming the interconnect by forming a local interconnect above the semiconductor
substrate, across the first shallow trench isolation, and between the thyristor
and the access transistor;

depositing an interlayer dielectric layer over at least the thyristor and the access

transistor; and

12



a thyristor around the trench and within the semiconductor substrate, the thyristor having at least four
layers with three P-N junctions therebetween; a gate for the thyristor within the trench; an access
transistor on the semiconductor substrate; and an interconnect between the thyristor and the access
transistor. 12. The integrated circuit structure of claim 11 wherein at least two of the thyristor layers are
formed horizontally fiertHagsainsesineu ecsuedtemiaghtherughshavvokse dslassioriayers dre formed

vertically in the semicondlggi;ggtgygggaggle;g’{. Jiedpteqrated firgUit S tme afdlaim 42 whgrein at least
two of the vertical thyristor layers are adjacent the trench, and the gate for the thyristor is adjacent at

least one of the vertically e geFrES 1M ntegrated circuit structure of claim 11 wherein the

trench is formed Wilt in atAeas% ane qof the four thlyristor Ia%éers. 15. The integrated circuit structure of claim
n.1n§%ra e$ circuit structdre cgmpr n

11 wherein the interconnect is ajocal interconnect above thé semiconductor substrate connecting the
thyristor and the acesswi¢radsiseosub8rain integrated circuit structure comprising: a semiconductor
substrate; a first wejl i the; semicondyciossHlsiiaies. a second well in the semiconductor substrate
extending across at least a portion of the first well; a first shallow trench isolation extending both inside
and outside the firsPWeYFSRSAMBRY SialfshrtraRenidBiadbn ?ﬁ%ﬁﬂ%ﬁ‘é%ré’t‘%@ﬂt‘én@eﬁ@yﬁ%nd well; a
thyristor within the semicomgdligiar Babsisaieagnd arouhedirersporrdshadlevetweash isolation, the thyristor
having at least four{a}#(?g% \Mﬁg H;ree P-N j[lljlncatligpg Ctgerebetween; 13 a gate for the thyristor within the

T1Stor wit T 5 . . .
second shallow trench Isolation; an access fransistor on the semiconductor substrate adjacent the first

shallow trench isolatieecassdroutisideahefirstigeidtistonsdesatoragnsistor including an access transistor

gate formed above jhe serisibsiotsUuRstialesanehamitercQnngcisRgtween the thyristor and the
access transistor whereby a horizontal TRAM is provided.

12. The integrated circuit structure of claim 11 wherein at least two of the
thyristor layers are formed horizontally in the semiconductor substrate and at least two of the

thyristor layers are formed vertically in the semiconductor substrate.

13. The integrated circuit structure of claim 12 wherein at least two of the vertical
thyristor layers are adjacent the trench, and the gate for the thyristor is adjacent at least one of

the vertically formed layers.

14. The integrated circuit structure of claim 11 wherein the trench is formed

within at least one of the four thyristor layers.

15. The integrated circuit structure of claim 11 wherein the interconnect is a local
interconnect above the semiconductor substrate connecting the thyristor and the access

transistor.

16. An integrated circuit structure comprising:

a semiconductor substrate;

a first well in the semiconductor substrate;

a second well in the semiconductor substrate extending across at least a portion of the
first well;

a first shallow trench isolation extending both inside and outside the first well;

a second shallow trench isolation in both the first well and the second well;

a thyristor within the semiconductor substrate and around the second shallow trench
isolation, the thyristor having at least four layers with three P-N junctions
therebetween;

13



17. The integrated circuit structure of claim 16 wherein at least two of the thyristor layers are formed
horizontally in the semiconductor substrate and at least two of the thyristor layers are formed vertically in
the semiconductor substrate. 18. The integrated circuit structure of claim 17 wherein at least two of the
vertical thyristor layers are adjacent the second shallow trench isolation, and the gate for the thyristor is

adjacent at least onegofher thertivalioformtid thyereontosiihenmtetphatedagiveuit structure of claim 16 further

comprising: spacergareuad {Bﬁsﬁg%@%@&M%B&Hﬁ%t@&m&@%ﬁ&ﬁ%@fi%@tesﬁﬁlﬁﬁ@réelﬁailng formed
above the semiconductor substrate; and source and drain regions in the semiconductor substrate

adjacent the spacers. 20. TH&AReyIh Mot JRINRL drchermss Sies it iR AR iAtErEbnnect
further comprises a local intesconnect abond ihevsamieanchidianauditate; actoss the first shallow trench

isolation, and between %he thﬁ/ri r and tpe ceess tran%stor; andtfurthter cqlmlp[)isin%: an in[t rlayer

. . an IP eI'COI]h ecﬁ] etween thé ﬂH’I‘lS or and the actess ransistor wnere %a 11701 a(_ii
dielectric layer over at least the thyristor and the access transistor; and at least one electrical contact
through the interlayer dield&Adaypionaddse thyristor and at least one electrical contact through the

interlayer dielectric layer to the access transistor. 14 _ _
17. he integrated circuit structure of claim 16 wherein at least two of the

thyristor layers are formed horizontally in the semiconductor substrate and at least two of the

thyristor layers are formed vertically in the semiconductor substrate.

18. The integrated circuit structure of claim 17 wherein at least two of the vertical
thyristor layers are adjacent the second shallow trench isolation, and the gate for the thyristor

is adjacent at least one of the vertically formed layers.

19. The integrated circuit structure of claim 16 further comprising:
spacers around the thyristor gate and the access transistor gate, the spacers being
formed above the semiconductor substrate; and

source and drain regions in the semiconductor substrate adjacent the spacers.

20. The integrated circuit structure of claim 16:
wherein the local interconnect further comprises a local interconnect above the
semiconductor substrate, across the first shallow trench isolation, and between
the thyristor and the access transistor; and
further comprising:
an interlayer dielectric layer over at least the thyristor and the access
transistor; and
at least one electrical contact through the interlayer dielectric layer to the
thyristor and at least one electrical contact through the interlayer

dielectric layer to the access transistor.
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