THYRI STOR- BASED SRAM TECHNI CAL FI ELD The present invention

rel ates generally to sem conductor integrated circuit devices, 5and nore
particularly to thyristor-based SRAM devi ces. BACKGROUND ART

El ectroni c equi pnent, such as televisions, tel ephones, radios, and
conputers, is constructed using sem conductor m croprocessors, integrated
circuits, nenory chips, and the |ike. These sem conductor conponents are
typically fabricated on a JHYRISTOR:BASEDOSRAMe to and are constructed
usi ng various mcroel ectronic devices such as transistors, capacitors,

di odes, resistors, and so forth. Each m croelectronic device is typically a
pattern of conductor, sem conductor, and insulator regions fornmed on the
sem conduct or substrate. The el ectronics industry continues to strive
for increasingly higher-powered and higher-functioning circuits by device
m niaturization and by creating multifiinction devices 150n a single

.sem conductor chip or die. Very | arge-scale integrated circuits on
smal | areas of silicon wafers are manufactured through a series of steps
carried out in a particular or deH ﬂﬁéLﬁﬂﬁﬁtbbjectlves i ncl ude obtaining a
device that occupies as small an area as possi ble and consunes | ow | evel s
of povver us’lihegprlesmt wolentigre reatep Iggndrale tas semiephdicperifitsgratety cistuits geviets,
conpar ajl e to Fq ; ﬁgﬂreah gqﬁ8¥ ch | arger devices. To obtain these
object é@”eg? Bapiy e ATV ae=¢ ‘ngﬁﬁﬁﬁess are closely controlled to
ensure that rlgld requi rements, for exanple, of exacting tol erances,
quality materials, and clean environnent, are realized. An
inportant part in the circuit BAOKGROUNDMRNI manufacture of sem conduct or
‘devi ces concerns data storage, or semiconductor nenories; the circuitry
used to st gfigetldl b ghﬁﬁprgﬁeﬁ'é&nte@;hgffo&sorta%h&{egOPamd Jn@rgﬂ?ﬁﬁlﬁ&soﬁs such
menmory circuitry typically involves formng at | east one storage el ement
and f cnonstng:tabmmg snedosiuctou nticrpprbesisgrse thtegratad ceegtst memosy chips, euid the

ci  oulikes et Senmnau R bPRPYPRLy e bl BReg o Ao SRR B Pr. 1 on

ang | %ﬁuﬁre%nm&/uﬂ 'vﬁﬁ&u§ﬁﬁcr@@leé‘t%rﬁc idepieed idh: as transidtyRaBhgacit@ad/ Wwite
random access menory is a type of volatile nenory in which t he

dat a sliodesd resisterac Iantli cﬁ@afqrtih i Bachemiesaeleetranjc devicesiieapisplly endatiemi of and

then 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
15  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

20 realized by much larger devices. To obtain these objectives, steps in the manufacturing
process are closely controlled to ensure that rigid requirements, for example, of exacting

tolerances, quality materials, and clean environment, are realized.
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10 witing it back again to the same |ocation, or else it disappears.
Static read/ wite random access nenory ("SRAM') is a type of volatile
menory in which the data, once it is witten to a nenory |ocation, remains
stored there as long as power is applied to the nenory chip (unless, of
course, thelriamportant deart beithe eirguit irangewstioy andpmasufagfuret Of\nsﬁmmt?edmﬂ@tt a) .
SRAM cgltnts%@t s%@téé) rgrigm%ggd&rtornfg&%ogés R‘ﬂe ci c'tﬁ mirs%d?o g?n?%ﬁ s of
15 sma Ier CITCUrt npt i on, PESTere f

speed.infodmaiitist The Q:onﬁﬂﬁiﬁoxslaﬁﬂ/ﬁbmmioudﬁ Sillch therhof:}'t éltb@titty’ 8pidatlatinesivgyr om se
at Ieast one ?f t hese pri mary de5|tg goal s. 'An_exanple is a conventional
SRAM HEBResh leg tf‘H’I?rSt‘trP&?t% lemerfy and-fenming assqciated CIaC%trx designedita ageess teT" )
celsl , r I [ t wo
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.sem cqnduct or CI\/DS ) technol ogy, consune relatively |low | evels of standby
pover , °SofFEY MRROYEPL | ow vol t age | evel s, and performat relatively high
speeds.  Howyfiic Ha e Mitofilaeld Rafiby CPRIGNT] ANAY of 98 ing a
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the overall ormance of this type of SRAM cell. A variety of NDR devices
has beﬂememqry deaden remawglsﬁged Iﬂtﬂw as é¢na)a%P@W9Y018a¢PPllp<ém@lﬂm memogy chip

corrpl eV| he t .advantage of the
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t hat of 4T szmmaéhdnamm afehl@nﬁmﬁmsem@fortm&esmdhbqfnnﬁutmglg@fgoa@tdfve
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I I
Uoe | RIERUEHi SERMBE GG oL oS0, L ORLETRAhRC ey 0T
t he stfAabé&ammpeBraycoaveaitenaldfRANEbased bn ae“«xmetsmstsﬁir)("m"g belffor @xiessisistdry | ow
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devi ces can be ve ghllgr when in their "on" state rlstorlsa

f our - llargeceld ereiac gedaeea @emﬁomly&mdrigid@ﬂlr@jly lamtatthmglafmmylpéema N- t ype
sem cor%du%t%ﬁft erials (i.e., "PNPN'), with three P-N junctions.
Thyri St are Iy have three el ectrodes: an anode, a cathode, and a gate

(@5 controloteéreSRAMIER] ddafink e i@l of §B@Vé diffieeht rBiistadtel (MNDREH
current at the gate, and once it is turned on it then does not require any
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t he cahdoderall perfonpansedf this type of SRAM cell. A variety of NDR devices has been

introduced, ranging from a simple bipolar transistor to complicated quantum-effect devices.

30  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.



A thyristor can thus switch or control |arge anobunts of power using but a

small 20 triggering (or control) current or voltage. Thyristors, then, act
| i ke a sem conduct or anal og of a nechanical switch - the two stable states
are "on" and "off,"™ with nothing in between. Thyristors are used, anong

many applications, | or controls, light dimers ressure-control
sys%/emps) p aﬁgonlvfﬂ&ﬂﬂ“ﬁl- I?\B%1 a?eéiggmr%e. S’Fg?wﬁ‘éeé’ ﬁﬂveefr@@%'rgﬂp]@&ﬁp%ﬁ aY9 ons,
hovev ghhibfed tH#H hdeGANtonthdrtial skmwr&dhc&sbys&%k QF theke HEWEHS Sndlddd: agh once

switched to their on state, they remain in this state until the current is
r educ estandby paweh sonkamiptionhdledionidre dargeeswrrenfingeslediin quenen both afhiba stdbde mai n

thyristor current.is interrupted o turn the thyristor off), .t ti me
oo PRS0 i cbll SebaREpieh frie R O LA EE® bRl st B bl i e
by st hecelli dpRtdtidRS stablet Sites tHat @RS t0dASenkiivE th niriacieitigC Parialibfls hild PkBLdS ONi C
terms this can be a | Q% rime. 30This inability to switch the device off

W t houroor peise-Mmapging dimitpiions racaess saerd duedo slosodwitghing Ko wns wiabkeritatg tespeed,
are si.gnifi | gk i i s resulted j.n many

2t t et Eo{sE AR R R E R e BB S BRSO il ) A
rapi dly swioehBRoUévice is the “thy¥ighsr!’ qfrofte #ieQGretkr MoAag ndafinigh@loer'c avlged ns
appears in U S. Patents Nunbers 6,229,161 and 6, 448,586 (both to Nenmati et
al .). swagestfesomatiyng dhad 1% eiher; qnen 108 ¢lasgd.candatbps piflsrencespfife d TS W es
such as;LRyrd.gt:or . (R TTRe { i b, St L These
et ety el 1R oBcf 9o oppltaioRE BLARL nauri el dBHERkCbEL b B3 10 DR
devi ceakvitay cangbeveryrhighwednan tefif “oafiistachi ng speeds and a | ow hol di ng current

when in the on state. They are said to he .unlike man DR devices such as
convent i ond} R 4t 8 oWy sermacondngier 3?‘6&7 §OSERtiAg 5 @Na%ﬁ%btw and
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off at al’l until the current is reduced below the holding Current. I'nstead,

t he deéwaveéses eletthelss apaneds, @ cathedeliand atgatk (oo copaelecirodd)y- coupl ed t hyri stor
devi ces that ,qui ckl jtch between.a.current- to passing .node and a
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capaci tivel y-coupl ed devi ce. %‘he switch or change fromone state to the

ot her cootinmestougindgctauntid|aaminieiupn heldingotureege is amdpnghe mainiaioed betaigen ghe

i mpl enented jn.arelativel mal{ .area. A thyristor-based random access
renor yrpas and St ordinal i oBRE bt e b g hE SRR BBRRS. Cour d have
a density equhpakdnéant Bub RatitcBf orDRAMORNArEY SnividtstoS peRer edns bat andmdlp t hat
of SRAM arrays. Hence, such a T-RAM array coul d provide the advant ages
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thyristor SRAMcell (T-RAM sits in a P- well in a bulk silicon substrate
Thi s rEgescontoLsystemseant hquad-tsysbregplaiarevat i on bet ween the contact on the
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Al so, additiona i ng, antation and di ffusion steps are needed to
f asm tdeeichoid that dicer sygtohad od thdireon bgtel sheyrremain 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 a long time.

30 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.



25There is also potential inconpatibility with salicidation. Additionally,

difficulties can arise in controlling the dinensions of the vertical pillar
and reproduci ng these di nensions for each T-RAMcell in a T-RAM array.

Al so, due to the existence of a vertical thyristor in each T-RAM cell, the
T- RAM cel | € Boresjgn| diregled toghesp renramsapaeat & Ve FafeatseNambers ©.420,16d scal e
to | ar,ggr | ' 3 dei.Li ] 1 pre - e |
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solutions to these problenms have |ong eluded those skilled in the art.
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on the sem con ate, an rntéerconnect is 15formed between the
thyri st or andiytifter-baseéd smdbmaarsesstodmory (“T-RAWA’Y ardy leavirpdi pierilisy of suche
i nventjon have other advantages.in addition to or in place of those
meit | ?ﬁﬁé@ﬁ%@@u Ve SR GTRBIA 90f tribebAeDRANARBRYS 40¢ & WEbCERYAIPEd i n
the a ' H_pw ' LAt on,. ken
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wth reference to the acconpanyi ng draw ngs.
DRAW Rg®oth SRAMElagd IDRAM amays: o$Bessexivamagds maldesuchewTaRAM sitdacttanfonaf er i n

' ' iy rdan Wi r nt invention;
the flpgsssgblg J{lgegirel t%I'e gn%ga%%%sl gighllg}? s;?e%g,ologvélvo teage, atng hggqi?dfgmet? aneEnories.e tion;
However, the T-RAM cell disclosed in these patents presents several major

20  drawbacks. For example, the thyristor SRAM cell (T-RAM) sits in a P- well in a bulk

Do

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.

25 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 T-RAM cell in a T-RAM array.

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

30 Additionally, since each T-RAM 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.



FIG 1B is a layout view of the structure of FIG 1A FIG 2Ais
the structure of FIG 1A following formation of isolation regions, renoval
25 of a first mask, and formation of a second mask; FIG 2B is a |ayout

vi ew of the structure of FIG 2A FIG 3Ais the structure of FIG 2A
after renoy of the second mask angﬁfor tio

ne.
accor dance %Wﬁlﬂ% there Sed KPS Ateng do realige aggslfél\ﬁcﬂgb{s ehsmgltg%ToRA%e
str UCtdéhﬁ)ll‘Htloﬁlo@’a PEN junction corflefed 46'ah NMOS téh&!s't%{’ H’fr%lt?ﬁ-hfgh@ell Aendiyt er

renmoval of the third mask, deposition of several layers, formation of a
fourt rtheramompanbiht}owrthtcpnventubnd heilk CMOS prddessing mkecaohdarbedded $RhAMe
presen Jn\éef?.lltqﬁ) FIG 4B is a layout view of the structure of FIG A4A
5FI G Blstructure of FIG 4A after renpval of the fourth mask,

chem cal - NRMAHsGalthddb %ﬁ?dlérﬁ@hh&mbeeh%ﬁlg’ 3bught bhh?n&e&%’é%nieﬁbéq{a%e not
formati on of an additional |ayer, and formation o I n

.accor ctamghé cwsuggctsm pvesdutions randnthusnsolwiaps tsBhess problepsiiaveileng eladehe
structure 1 th eﬁf FIG 6A is the structure of FIG 5A after
r emov al* Ha’él i l?et mask, etching, and 10formati on of gates in accordance
with the present invention; FIG 6B is a |layout view of the structure of
FI G 6A FIG 7Ais the structure of FIG 6A after formation of
nitride spacers over a TBIRCLA$ERE OF JEHIOINMBENEIONt h t he present invention;
The present invention provides an integrated circuit structure. A semiconductor
10  substrate has a thyristor formed thereon. The thyristor has at least four layers, with three P-N
j
junctions therebetween. At least two of the layers are formed horizontally on the
semiconductor substrate and at least two of the layers are formed vertically on the
semiconductor substrate. A gate is formed adjacent to at least one of the vertically formed
layers. An access transistor is formed on the semiconductor substrate, and an interconnect is
15  formed between the thyristor and the access transistor.
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.

70 BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1B is a layout view of the structure of FIG. 1A,

FIG. 2A is the structure of FIG. 1A following formation of isolation regions, removal

25  of a first mask, and formation of a second mask;

FIG. 2B is a layout view of the structure of FIG. 2A;

FIG. 3A is the structure of FIG. 2A after removal of the second mask and formation of
a third mask in accordance with the present invention;

FIG. 3B is a layout view of the structure of FIG. 3A;



FIG 7B is a layout view of the structure of FIG 7A; 15FIG 8A is the
structure of FIG 7A after deposition of a salicide layer on the N+ and P+
i npl antations, formation of an interlayer dielectric |ayer, and provision

of electri ontacts, in a rdance. with the present invention; FIG 8B

is al ayou§ﬁ %i@wl fhe; gficiyre @%&ﬁpegéf affer semgyal ofnthe thind mask, deposiiongfj s g

flow Vi-di i ki i ed 20
GOkl 190erd BRAARA §04 fREAVIniAnd TmhARN S8 hlﬂgor?‘efllla}é &%&;@%

SRAM i n accordance with the present | nvention. BEST G OUT
THE | NwENIe ENsent invention;t he fol | owi ng descri ption, nunmerous specific details

are given vide a.thorough under st i of the invention. However, it
will gbe apggﬁig 15 a%%"é%?f@&%‘ﬂ\‘rﬁé)fﬁg- @ﬂ;at the invention nmay be
practiced wighoutis theS8uaRRCHT FIGIRA Aifled rethBvAl’ Sfethet Ruad FhskkORAEMILNY t he
25 present invention, some well-known configurations and process steps are
not dimesheseal planadzation) remyvelof thy sevgralhavers Iehwion gf enb@rﬂtinmilt@elcfanﬂhe f
.appar s..are.sem -di rapmat ic and not to,.scale and, particularly, sone o
b Rt RBh R R B PR AR aafe RO SRRt RO "ana ey bo Shoun

exagger at e@IGISB ke 1y deh viebhef thektfuctivelof 700! #4;" as used herein is defined as

a plane parallel to the conventional 30 plane or surface of a wafer or
subst r at e, FFadt d$ s stayctine ofoFiGe rapiternremuyel oérths fifihrmpskaletching énd to a

di.f ectel ner i cul | t. s _just defined. Terms, such as
" 6?1",tférgb}‘ggg"’?g&gge@%\%ﬁ‘?rd&%gt‘{kg‘n@?[f’k"t%g‘g"“,ﬁ%@?ﬁ’e" (as in "sidewal "),
"hi gher", FIGvEB is,a lapmenview afittle strustgterof F1@r@defined with respect to the
hori zont al ane. The term "processing"” .as used herein includes deposition
of materi afﬁjéﬂ‘%ﬁ%i[’@rsé‘%‘?g‘?? Oggtl@e%aiaﬁﬁr, formabian of nitgde spasgrrenier agtBASng,

cl eanifigy ; ey dle RdsehfiBvdmibLgr'i al or photoresist as required in
form ndg}gél degé@?%%d stru(?t usfe. \éé%l 1Z’rri ng now to FIG 1A therein is shown
a cross- setiG.ohhls adnyait dewokthe sfrucdursiof FEGN74;'Si ") wafer 100 in the first

C8aor " BIBSERR B B bBNSE Fo b lrloR e GRS P 3R
negat iwein%%ﬁt@ﬁ&fat ifeHmakiBd i ot a{lmeﬂéyap%iélelaﬁyilgrﬁeé,h aNd PRoRibe rdgaéléd}ﬂcé?- type

and N-type ("PNPN') sem conductor raterials. region of the SI wafer 100
contacts, in accordance with the present invention;

FIG. 8B is a layout view of the structure of FIG. 8A; and

FIG. 9 is a flow chart of a method for providing and fabricating a thyristor-based

20 SRAM in accordance with the present invention.

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

25  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

30  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”,

"above", "below", “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”, “over”, and

6



10 shown in the drawing figures is a portion of a silicon-on-insul ator
("SA") region, in which a layer of buried silicon oxide ("Si02") 102 has
been formed on the underlying Si sem conductor substrate 104 of the Si
waf er 1Q0. The buried Si02 102 has an upper |ayer 106 of Si forned

t her eqn. A,,mas 8.is.then patt formed, on top of the,upp | ayer
106 o Saie” THE e 108" Heprehde BE REGste gl onne Tert Prrgresbie 4f Rottha

i sol atHefdin rRALAGS dépb&tfoheéfeﬁﬁtef@p dr PhetdrEit e phteimidg, & shl%O'd%%l@;t'imérﬁgl ons
112 are forned by etching off Si, then dep05|t|ng oxide to fil

t r enchetchifigyreleathing, anteor uptpevall Qafy@ﬁ m@eriaglf orsphatpissist ps réquingdtin founisgtaed by
t he mae J‘{?ﬁ tReferrlng now to FIG 1B, therein is shown a | ayout view of
the stfUHW ST G 1A, Referring nowto FIG 2A therein is shown the

strsuct ure Qleférkite nbofy toHTGOMANtheRih fsBhBWhi adtoBEsettiéhal 5pkidt vy 6£P4iEen 112
and renoval of the mask 108 (FI G IA). A mask 200 has been patterned and

f or med %) traderuifein fheyBist sBgey of rocessing oy fakwicels Fapiatic Apidamiite: lapdom-
| | usty N- | ant at 204.
(For - e BeS oy TR RN MG S & CHORARET O D e shown 1 FIG 2

is refer enCEﬁb thptistor 13 a hegacloé defspentihl nepisaaick (ENBRER dgvied Reving raitagamyv to
FIG 2B, therein is sh | ayout view of the structure of FIG

Ref er rli- ﬁ@er@w Netype @‘PbéﬁN”)t prREREPRvCtor JRYGRale el G FeRQLPE the Smeerzh@%f ter

, t.erned
2@ for lgﬁ}(ef I%Aﬁ%d??% gﬁ%ﬁbcéﬁgpigﬁﬁ(gg% gbgﬁgﬁf(?%(gls 5lrgl(r?lga oraea P-
i nmpl arlaml ofi BR2d siliberstoxade d“SiP,T)ibanhat ibeen aformed (1’1‘04he (dralerlgingr Bt y of

|IIustrat|o t he  P- | apt atj.on .3 as shown in 30 FIG 3A is referenced
only iy H‘JP’F%‘%’[%?‘FGHH@ gihpiyévagqrgé Oy Referring nowto FIG 3B, therein

|5 shown a 1iifiied $i6M 0 hds'hf uBbEtie)et'106 9 sEldAned fherddhl &£ a8 109K they Fi G

4A, therein 1s shown the structure of FIG 3A follow ng renoval of the nmask
300 (Fpaﬁcrr@d\)a,nddbpnsd phdop of the uppesrlayerniGé & 82 [ThyenaskO&defires agiiyper

Iaer 106 0 f a, thin silicon nitrid "SI3NA") | a 402, on the
i gFB9ty dy B DishSieafhye L iR drEbRs 4t 2 BpEPetenh R, hergisihdy b0 o
the t hbdlatﬁbrﬁ%dn@;)d@ﬁ aﬂ@?omed by etchifB6# S 0feh dépdshﬁig HegN Al RS R@thand

formed on the thicker Si02 |ayer 404. The mask 406 has a hol e 408 therein

| ocat ddrmedin theyappesdaysn 164 of Fievhere itipneirete¢toh be the mask 188} | owi ng for mat i on

of the mas the i u | ayer

400, the tﬁ{eﬁoelgi% 3:2¢ glg,zthgremdls?%o&x?ﬁ'ia&gﬁy%gwég% a%t/tlglr%m gﬁ enea "h the

hol e 408 arwefam@eﬁbw hto opigh 2t ethbelre it @Bowi hhé s&a&ufbeoadmnmgﬁmwuyg done

in several ste Bﬁm?y ng the thin Si3N4 | a yer 402 as an etch stog for the
SO,

{ ek PRt oleheisoltion rastprs K2 37 sy alrpfdhe maslad 88 BRI Bé\msAe@aqslb 04 he
1 0 D e DB, 0115 NSV SRS ',
| ayer il(§irated by implantation arrows 202, to form an N- implantation 204. (For clarity of
illustration, the N-implantation 204 as shown in FIG.2A is referenced only in its
corresponding active area.)
25 Referring now to FIG. 2B, therein is shown a layout view of the structure of FIG. 2A.
Referring now to FIG. 3A, therein is shown the structure of FIG. 2A after the mask
200 (FIG. 2A) has been removed and a mask 300 has been patterned and formed on the upper
layer 106. The mask 300 defines the area for a P-implantation 302, illustrated by
implantation arrows 304. (For clarity of illustration, the P- implantation 302 as shown in
30  FIG. 3A is referenced only in its corresponding active area.)
Referring now to FIG. 3B, therein is shown a layout view of the structure of FIG. 3A.
Referring now to FIG. 4A, therein is shown the structure of FIG.3A following

removal of the mask 300 (FIG. 3A), deposition of a lower, thin SiO, layer 400 on the upper



Fol l owi ng the etching, the mask 406 is renoved and a P- Si pillar 410 is
grown by selective epitaxy in the etched region bel ow the hol e 408.
Referring nowto FIG 4B, therein is shown a |layout view of the structure

f Fl 4A ferring.now tq. FI G, 5A thetein is sho he_structure of
2 e Dovd dPeoipRytoB R denironyeRe Sl Fart e U hifes A v
f th ' iAf HaleY ' top of the
thi ckS‘P"%F@‘Ft;@e%ﬂai‘%ﬁﬁjg‘é@z%@”ﬂf*Q‘O“%ﬁ%ﬁ?tﬁﬁsﬁ%lfs’l&a“y? 400 (FIG 4A),
t he thin SiAgmask 40@hasithen beerpatiened anddforthed omithektbicksi 81D, layar40404THeav e

h b ' f ol.| owi he, CMVP.. Ad . thin Si3N4
| ayer 105 ‘ApmtRRRsok e WA r g ateion et BRNEREPHE ol 404 because
i t sbl ocks tHaHow#} Ri®AEM of fRNMAde4(d)itRe Sbi#idns 8 ee diPer der 1106, theGhi@t | on
regions 112 bel ow the thin Si 3N4 Igg}/er 402. Then, after renoving the thin

Si 3N4 SiQy kayeudy, the HinoHielNs yemd(2aeed edhigker T laysr 4k berfeath thpboleet®Bval of

the thi | t the isaolationgreqgions 112
t hor Bty S ot U Incsie 456 TRkl BE o ARG a8 st RY Hsadn By iing

t hr oughe thimSANG I0RAKOD XS die e@h Gwiphfop trcRkeSSiZEIad 408, 4 hgatively Kixh éahi on.
The gate oxide 500 i s grown _on all exposed Si regions, incl uc?,i ng the P- Si
pi | | arratg £an be used fopthedhigken §i0a havenged- Shen, piier the din Sédh lavsr 483 haveeent he P-
Siiqpi | ' : : ) epol ysilicon
ey B O hoer LR R bl dereH B Hing Bl S0 g 0B Y et o
serve as g&pHownigethe &tchi})thammatk 506 isemdyed angatR-e3inelaradid karowa bgn t he

POy L ! B A s BREL R oLYoLb con | ayer 502 araund.
with a dop@Rferrids nbRdb ¢/E B, berkidRd apy dﬁ?o&rﬁ%f 2Q8rudar AT FIE 2Pl e, the
dopant coul d be phosphorus, with an inplant dose from 1E15 to 7.5E15 per
Referring now to FIG. 5A, therein is shown the structure of FIG.4A following
15 reduction by chemical-mechanical planarization (“CMP”) of the height of the P- Si pillar 410
to the height of the top of the thicker SiO, layer 404 (FIG. 4A).
The thin SiO; layer 400 (FIG. 4A), the thin Si3Nj layer 402 (FIG. 4A), and the thicker
Si0; layer 404 have then been stripped off following the CMP. Advantageously, the thin
Si3Ny4 layer 402 allows for faster stripping of the thicker SiO, layer 404 because it blocks the
20  etchant from the thin SiO, layer 400 and the isolation regions 112 below the thin Si;Ny layer
402. Then, after removing the thin Si3N4 layer 402, a slower-etch-rate etchant can be used
for the removal of the thin SiO, layer 400, so that not too much of the isolation regions 112
therebelow is removed.
Next, a gate oxide 500 has been grown through conventional oxide growth processes
25  such as thermal oxidation. The gate oxide 500 is grown on all exposed Si regions, including
the P- Si pillar 410.
A polysilicon layer 502 has then been formed over the P-Si pillar 410 and the
remainder of the upper layer 106. The polysilicon layer 502, as shown in FIGs. 6A and 6B,
will subsequently be formed to serve as gate material.
30 A mask 504 has been patterned and formed on the polysilicon layer 502, and the
portion of the polysilicon layer 502 around the P- Si pillar 410 and not protected by the mask

504 has been implanted with a dopant, as indicated by implantation arrows 506. As an



cve . Referring nowto FIG 5B, therein is shown a |ayout view of the
structure of FIG 5A, wth the gate oxide 500 omtted for clarity of
illustration. 5Referring nowto FIG 6A, therein is shown the structure of
FIG 5A follow ng renoval of the mask 504 (FIG 5A) and ani sotropic etching

of the polysilicon |ayer ,50 ElG 5A), to.fo thyris 0 iLicon

ur r ouramgle Shes Pt RAEA K heParl, At 1R pBlaE) ol WaRlSh ROREELS BBEY 1 an
accessm¥r ansi stor gate 602 over the gate oxide 500 on the P- inplantation
302. 10Usi ng conventional mnasking and inplantation processes such as those

descri bed dtdemingovwstoutlcie pBr Bicteinisshews @4aymy sicphelthp senctirerafddGi AL he P-
i npl a i 02 . i i cess transistor gate 602 and thc

gate &ﬁj{eh%%% %%‘gépse e&r{gg{eﬁ?&gcgaﬁg?g??ﬁi%&%ﬁoglcore conponents of the

negat i ve- clresterging nidval to ORIG] & As efiereiin ti ghewn (thétbCthirenof €96, SAafiglosting 610.
15Usi ng conventional tetraethylorthosilicate ](1 TECS') deposition processes,

Ao Compa et thsgmaks S04 6EICh B T SREPUOPET CaPing; qTethb AR BRECos: P SPoe on

t he Si f 00, i ' - ' t ' il ipC
sur r oG ohpm § FREl ool SRR Shie o MNGEhERAL RERRL bEST, )
pol ysipill@oal Guandundogatan 6Q20ss annkitttre gaied6d? olvert He gatcessdt r@isostthe gat e

602. 20Referring nowto FIG 6B, therein is shown a | ayout view of the
st r uctur@rEntatoR308A with the Si02 Iayer 606 onitted for clarity of

| justrat i qlisipd\cdveionsl &asﬁhganéglrﬁpgmﬁmmf BFJEBIsEORUA a8 tﬁeéa/a&sl%ﬁgw

connection 608 for the thyristor ysilicon surround gate 600.

pol ysidbozgN-conretiraioraré® $0# lave thee beartl tamad én deatiimglatadios| 392 tani ethler

conti nuit or the later fo jon, of a laterally,displaced el ectrical
cont acidedbicasses sl eals b e e e Sk b ey alio Sompleing S o
pol ysidor& QBmpBhéERY M Bt opfffe-channel nfRedlVxideNSeniedndutdr! GNMAS”) hedegd N 1S
shown the structure of FlI 6A following the formation of a nitride spacer

700 ovieansistes 6p0rti on of the Si02 layer 606 that is around the P- Si pillar

41Q. The nitride spacer 700 i.s .al.so.fo ngd th ortion of the Si02
‘e 606 e R R Pltel Bu G AL EITEREY Sph b Pk i
spacerigyet #06 Has tHepro¥esl fdihed Gvealy gietvacioad stelenasd bn thie JragesEEs indwlitgwed by
ani sotropic etching that stops on the Si02 |la 60 n, again

usi ng Wotpeires ofdhe Hasizion gobisdicpmshmprnsk gase 68 ,gtisg ,Sidg'ﬁ@f the Bodir g@ﬁum n _
o 2. e A0k AR 5000, B PRGSO o R P 7, O
N+ i npdoant ati on 702.
20 Referring now to FIG. 6B, therein is shown a layout view of the structure of FIG. 6A,
with the SiO, layer 606 omitted for clarity of illustration. Also shown in FIG. 6B is the
formation of a polysilicon connection 608 for the thyristor polysilicon surround gate 600.
The polysilicon connection 608 furnishes adequate spacing and electrical continuity for the
later formation of a laterally displaced electrical contact 810 (see FIG. 8B) for connecting
25  electrically to the thyristor polysilicon surround gate 600.
Referring now to FIG. 7A, therein is shown the structure of FIG. 6A following the
formation of a nitride spacer 700 over the portion of the SiO, layer 606 that is around the
P- Si pillar 410. The nitride spacer 700 is also formed around the portion of the SiO; layer
606 that is around the access transistor gate 602. The nitride spacers 700 are formed by

30 conventional deposition processes, followed by anisotropic etching that stops on the SiO,

layer 606.



Simlarly, the N inplantation 204 adjacent and outside the nitride spacer
700 around 5 the P- Si pillar 410 receives a P+ inplantation 704, using
the nitride spacer 700 around the P- Si pillar 410 to self-align the P+

i npl ant at i 704. . Thi.s conpl etes the core conponents of .the thyristor 706,
consi st i ng 1Ben faginpuNiag CaYentipnal fhtking R UTRLEY AP =Yoo the0- BT EaRop
t her eQfeastcng ahﬁacér{mthé Ruiideoe 2RAdH BEHRE: Aot tl?éjﬂog(iﬁ@ﬁe PNe Riiard100bhd 8 410,

and the P+ inplantation 704 thereadjacent. 10The resulti'ng thyristor device
has t liep 6Dthe atceyeiransistartgatie®Pr dable teceive amiNvgimplardatidd N2} unct i ons bet ween t he

| ayers. Twq.of the |ayer t he ipplantation .,704 and the N inplantation
204 ad; ace iy S Ep@aplifn 40 aMRoeahu pigd e Bt PehaobBnd

subst rad B- §i pilllh$1 (RRERed aer indfnt@{onSI04, uging thdhREdPEpable7dRMBAd (Hehe same
N inmplantation 204, the |ower portion of the P- Si pillar 410, and the N+

i npl akt & poler #bdtooselfralignithp Pt irepleataiion 7e4. 1Ehis complelasithe eosk gmpenents afnd i n

the sifl . pil]~ar . 1 uc nat € . api d thernmal
annealtﬂlé( &%&&)f 10§’ £ ﬁ%ﬁ&%gr%gﬁﬁec%ﬁop 1%%[ ?‘%B gé t@%?r\rllglrafltgggn ;é/r(r)%l (g{hﬁ?t P)B n
dopanttkeredthehé M igmplaneiRngR0Ofundbe allt ddjgeeantiat POBi Flari H1M) ddde tid P+

source/drain areas 604 and the RTA tenperature and tinme are chosen such
that tpelartation 104 thereadiaceMe Si pill ar overlaps with the thyristor

il 3 bel 0 . 0 i ety gn 20as
e b T
st ructjurctiond Hetwgen7the layers. RBferdfi thg tayerst Gh& B iBhlantdiehel7od iandsthewn t he

structure of FIG__7A follow ng formation of a _salicide |ayer 800

res peﬁ'i 1 faﬁta&‘?n Shdrdpeent ﬁléerﬁg) Pﬁ‘?ﬁ{’r’g‘i"ﬁdﬁqr@ﬁgtaaﬁ on dhigsepHeonsuctopsubsHatt i on
704. T, i € i o Ay MHing t pillar
and L e B L D o e e s e B
convehewengdrtidm o ithenP- $iopillex Ahpl and thy N msplactepas 702 ng the tomtlerenédaat e

i | di el ic |ay "1.LD").,, which is th | ized, th
patt et Al hele® iRt g diar A sefipuR i NS R o (hen used
to fill the iaFiElgﬁ&@rﬁal bkl FRTRY is Hesl Réﬂ%ﬁhe@l\{g’ abtivakd BB VSR ikt @fenof the

internediate ILD. 30 The device is then conpleted by formation of an ILD
804 ovepantheThairmplast eneraycefithe N-omplaaat@m Ve mto tEON- sphece/diDngdesi694f or med

by "t i "1 ul.tipate |ILD thickn eposj.tiaon of dielectric.
en CHRAMERIA idrioekdlfit i BE b chadel SR TRE LY Y SRRl PR B b0,
808, anerldpbavittthethygB)orpobysilivonBarréldogsehe 0(hsuthi&ibht®Pfbr the latter to flM@iohLD 804
and the electrical contacts 806, 808, and 810 are then finished with CWP

arfl ofhéB3€onventional finishing steps. Metal lines, such as for a bit line

Y, Gl A I e S o T

consi st s oReforringlnemwens FIGt B&, therein is shown the structure of FIG. 7A following

formation of a salicide layer 800 respectively on each of the N+ implantations 702 and the P+
implantation 704.

25 Then a local interconnect 802 is formed between the thyristor pillar and the access
control transistor. The local interconnect 802 is formed in conventional fashion, for example,
by first depositing an intermediate interlayer dielectric layer (“ILD”), which is then
planarized, then patterned and etched. Suitable metals and barrier materials are then used to
fill the trenches thus formed, and then CMP’d flush with the top of the intermediate ILD.

30 The device is then completed by formation of an ILD 804 over the various structures
on the Si wafer 100. The ILD 804 is formed by “topping up” to the ultimate ILD thickness
by deposition of dielectric. Then (among other conventional finishing steps) electrical
contacts 806, 808, and 810 (FIG. 8B) are formed through the ILD 804.
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5 PNPN-type NDR device and the NMOS-type access transistor, connected by

the | ocal interconnect 802. Referring nowto FIG 8B, therein is
shown a | ayout view of the structure of FIG 8A wth portions omtted for
clarity of illustration. Referring nowto FIG 9, therein is shown a flow

chart of a nmethod 900 for providi n%él a tQ%I’I stor-based_ SRAM i nt egr at ed
circuit strihetliP30dmnditae plgetrical confastsi39nr $Q%andR1Q arethesr finiphed with §¥Hte with

t he Prfm g%ﬂ%er'cm{ ttl'oﬁﬂ ﬁn-mﬁn%?trggg g%fﬁ&g 1H%g§u<§1 R6Pa %9%1&{8&?5&&'&%

sem con or su strate; rmng a thyris avi ng at | east
four |ayéfen fuinidd dnldroeandidd o uleddverab eletteicaohiven 8062808 ad}10t wo of t he

| ayers be| for ned ri n conducgt or substrate and, at
| east two et#@ﬂs gﬁﬂgefﬁe{k@\# 6?3%%1@&% ‘Fsl foemst%r@fs 180 selpmensatls or
suhst r}%ﬁfN-t?p ‘I\ﬁ%{ MO Rl adc g W@s&%@ aé&Hs@Ct%Elst%} l:cﬁﬁx%&te@”@y el 18181
verti cal rme

| ayers; a step 908 of forming an access transistor on the
.sem cdn@m&:ﬁnncct@bstrate and a step 910 of form ng an interconnect between

the thyristor. and the ansi s ater det

mnut act ur (SEERBERSN o 1ot SHutterhis ayRedeyne sidefl ERAEARE B as

fol | owgith phi@iomt oRRIEITENAHSH T iBupatisat € 104 is suitably prepared to provide
an SO region including thé buried Si02 102 and the upper |ayer 106 of Si.

The mask 1cmefcmngaweﬁ0rféﬁ‘r Anthefenn isshiown atffew ghgstet @ megod 96 fof poividing

SOl oy 05 bR SRAN hEHARL TG HhEHE et B B SRIB AT o e

upper dcaxn@anceO@itAf thSipréRht RivehB6d. e drheymeied hslkdk08 . stepne0 @ ordd@inksa t hen
renmoved, and the mask 200 is patterned and formed over the upper |ayer 106

to defsemicanductergibsiateop Kaped®d of fasmang athwistadpvingndi least daumlayemns avith

ton roies e R efboviiin & lead o0 oF B 1558 ORB B b Ry g8 e | 0 o,
106 t Oseﬁﬁédnldﬁctbh@ubﬁgtd)laﬁdfa@rlehdﬁetwlB- of nind dmedd being3fdemed | Yersdallgt @d thy t he

in@oant at i on arrows 304). (FIG's 3A and 3B) . The nask 300 (FI G 3A).is next
r elfov e¥maeRRdugiar supistiats; ztepa%ﬁérof4fennm§ af%?rt?ré‘éﬂa%ﬁ’i“ ghleagtnerof| th?xéf?mf@‘éy The

thin %Im Vi d the

t hi ckgf}ogt@@%if%ayer §8Q§ h%Hm% ove§g nSitSH) Oh%@%e@b%ygﬁ%bfﬁgbaﬁher

t he | ayses9UDOE fodDidg aandteftﬁﬂncb&abeﬂm&emﬂrethmgdyﬁandfthé e traBsistor] | ar 410

which w || beforn& nthe oIe.408tg%|ned e mask 406. mthe

| ayers 400, nagsaterfigfal e R T e A% d%i ng

whi ch epfo @?E@ﬁho&r@ﬁ |s rem)ved and the P- Si pillar 410 is grown in the
0

resul th ng hole 408 by sel ective epitaxy. (FIG's 4A and 4B) 5. The height
of20t he P- Si. plld Sirsemi@nidsctoesibseate 394 G\fritablytpnepahesi tgmroxdﬂe am 8O oggiarf t he

t hi cker Si 02 Ia er.. 404 ), nlne XI de/n tri tack i.ned by

the I ayers. 40000agE Hndueh SIQ? | e B ppetioat FTb Tt e AGE RS GO The

gate patterned and formed on the upper layer 106 of Si for defining the isolation
regions 112. (FIG.’s 1A and 1B)

2. The isolation regions 112 are formed, such as by depositing SiO, in those
25 portions of the upper layer 106 of Si not protected by the mask 108. The mask
108 is then removed, and the mask 200 is patterned and formed over the upper
layer 106 to define the region for the N- implantation 204 (indicated by the
implantation arrows 202). (FIG.’s 2A and 2B)
3. The mask 200 (FIG. 2A) is then removed and the mask 300 is patterned and
30 formed over the upper layer 106 to define the regions for the P- implantation 302
(illustrated by the implantation arrows 304). (FIG.’s 3A and 3B)
4. The mask 300 (FIG. 3A) is next removed and the thin SiO, layer 400 is formed
on the upper layer 106. The thin SizN4 layer 402 is then formed over the thin
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10 oxide 500 is grown, and the polysilicon layer 502 is then forned

t hereover. The mask 504 is patterned and forned on the polysilicon |ayer
502, follow ng vvhi ch the region of the polysilicon |ayer 502 over and
around the P- illar 410 is inplanted, as indicated by the inplantation
arrows 506. (FS|1@2 e0qanud B)thisker¥i0,; tryek4 B0 (i ovt&A)heithianém\/laybr and

t he polysillc I el 50 et c 0

thyristor pol y@?1 Srihgt, of??f 4@ e4%%@n§%h§gﬁé %ﬁ’@g‘fb&‘ﬁ)gﬂk‘;}é rlf’1 te 602.

The N- source/zzdoavamm%eGrQAn&rﬁl thbeRld fogBsHAY Kidkkafd. | adiafeat i on,

fol | owi ng which the Si02 layer 606 is deposited. (FIG's 6A and 6’B) 7. The
,f@m

nitride spacedayerdNare2 vy thendéphﬁdl thfoygh dbeihede 9, Blloppigghwh t he

h d bl
waski ng and’ 1 i RavsIG R FeroBRe T e P iy Rk P LSS Pblna ¢ ne

P- Si pillar 4;meb§r@elsaivfee@itwgﬁ (Fiies BA ang@Bant at i on 704 for the thyristor
s fornmed adjacent the nitride spacer 700 thereat. The RTA is then

perforned Po dégihgigheot e B- rﬁilpaltlﬁreﬁli()dﬁ resysethby CM?F‘G‘Zhe height of ee tPB)0f258. By
Phe e ol boid irdihP IOl RELTRa (e BR). THE oRRlelHlE ol ROengy BT o0 O

the N+ inplantations ource/ aral n” areas cCess I’ ansi V gate

602, and the Rhdlayerpl40; 402, and 704 1é slmmrsrﬁppﬁdaofﬂ f(ﬂro@aﬁg theTORIH. OTh¢ gate
i nt er connect 80%8@ t.hen forr%&? g whi ch t he ILL) 804 is forned and
t & el ectri cal®% 0ds grogrs ang e Y?élh%)f aygr 902 &y then formedubereeyrs. (Thp 804.

This is fol | oyedykys adgh t%én%aalnd%%ﬁffiéw&mﬂe R O%ﬁdio eﬁ%@r{%gfﬁgl}gi@égﬁ has

i nterconnect formation, 1ncluding fornati
f ormati on of thtere‘g’rcal &flthe Hoysgiicon8ayaniD28@)er and arourkl tha<P-I8é eilladi4iGoxer ed

that the present ent| h us advant a pal am)ng t hese
O hat the: e b BanORuT By MR R 905 (TG P
differences. The mayﬁnsnznhgrma@xzng eBoveR, bhe tﬁ@baty'sm%&y 1Ay 508! W?%&ch%&
inplantation steps. Still another advanfage is the conpatibility of the

piésent i nvenehisotraficablydalfomi thetthpmston prdysaligonssutrowndhgate 600 bed t}eracccsst act

h el dth
ol yei 1 con sUPPatRueaC RS TR0 APk RN a R o fen REReE by e G TS or

whi ch resul t's ahd ihplahaues ﬁ“a[l@ﬁdmgosizhfbh@hé B, 163@T606UE rd@ﬁcssn%m (el . ngs Ahen a
vol t age tranS|t| on is presented at the thyristor polysilicon surround gate

600. Thend 6BYy| t | ng thyristor and access transistor configurations,

o o e " Pu e bl GBk 10 SLRRAAEEDy BR%acl DM b UbhAiREbn o SibU9"

enploylng a pillTar co uration
layer 606. The N+ implantation 702 is then provided by suitable masking and

implantation. Also, by using the nitride spacer 700 around the P- Si pillar 410 to
self-align, the P+ implantation 704 for the thyristor is formed adjacent the nitride
spacer 700 thereat. The RTA is then performed to activate the implantation
dopants. (FIG.’s 7A and 7B)
25 8. By suitable deposition and thermal cycles, the salicide layer 800 is formed on the
N+ implantations 702 (source/drain areas), the access transistor gate 602, and the
P+ implantation 704 (source/drain areas). The local interconnect 802 is then
formed, following which the ILD 804 is formed and the electrical contacts 806,
808, and 810 are formed through the ILD 804. This is followed by additional
30 conventional finishing steps, such as interconnect formation, including formation
of the bit line 812 and formation of the V¢ 814. (FIGs. 8A and 8B)
It has been discovered that the present invention has numerous advantages. Principal

among these is that the contacts can be formed with relatively little height difference.
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10 advantageous limted height differential that alleviates contact
formation probl ens. Wil e the invention has been described in
conjunction with a specific best node, it is to be understood that nany
alternatives, nodifications, and vari ati ons vvi |1 be apparent to those

skllledlnthe art. inlig of th f descrl tion. Accordingly, it
is int endea’“%%h"ér?blf"%%gea1slth§ GelAtvA BEOf frgelpttion SEHS . SANAROMET 4t i ons

whi ch {59 ta%@ s PhdcdiatiBRit) bf t}?er}ﬂe%ﬁ%%%h&fwmm§a11clm“aluuﬂe¢ﬂe&t%ﬁ§wn@|ftr

matters er-to-fore set forth herein or shown in the acconpanying
dr awi rigtteracontacordsmstannt.er preted in an illustrative and non-liniting sense.
THE | NVENTI ructur e,

conpri si ng: Aqgl %FW’E% nadlérg%ag% i R g?pagﬁhgg& %)%Bfi dl\f-?‘y’glﬂég %hfyﬁﬁrlﬁP% SEEQUdgi ons

i N st heyagd bOE Ajas@t6 I LE blar Sﬂhﬁé"t tor5ﬁ'hiéﬁr1"eklﬂ%| 1npﬂﬁﬁf9€ed3éﬂeb& QrtRd |l ar;
gate oxide around the sides of th | ar and over the

i npl anthgistencuresgt switching vihpe naNO&,t@ge gamsethnﬂérpr@sqretegait éheobhlyda;tor polwléccm
i nplant ati on rtegbé)n an inplanted polysilicon gate adjacent the P- Si
pi | | aPHrounc gate Ol il anted N- source/ drain areas adj acent the polysilicon

gate over tiR rBsulfingihgribet bad aé&ﬁﬁﬂm&tormohﬁg@ﬁtl&ﬁaﬁﬁiﬁe@ﬂ@&fgﬂ thé Idcapst one
of the polysilicon gates and the P- Si pillar;
interconnect 802, form a T-RAM that, although employing a pillar configuration, exhibits the
10  advantageous limited height differential that alleviates contact formation problems.
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

15  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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N+ inplantations in the N source/drain areas, in the top of the P- Si
pillar, and in the top of the polysilicon gate over the P- inplantation
regi on; a self-aligned P+ inplantation in the N- inplantation
adjacent the P- Si pillar; 15respective salicide |ayers over the N+ and P+
i mpl arditlt IMVENTHON GAIMERrISonnect bet ween the salicide |ayer over the top
of the P- Si pillar and one of the salicide |ayers over the N- source/drain
ar eas. 1. 2 ArTintegrateegraitetiuciurg gompssingct ure of claim 1 wherein the
silicon sem ond cto str te further conprises: 20an underlying silicon
seni conducfdt ICQHBET}CQP‘Z‘” Ev ®of buried silicon oxide on the underlying

silicon sem- %ﬁﬂ%%ﬁlﬁnﬁ%&?@:é&tlﬁ1th@d?Hcc§1rheHﬁ&ﬁxﬁuét6ﬁ’§iBsﬁite5' licon on the layer
of buried silicon oxid . The integrated circuit structure of

cl&iml mh@rvgﬁwakhéymlézoadaﬂéarem the P- Si pillar is a surround gate

h d t st t f
aim i ndlEonoma dt i be pESCoiafa NP LRI Bl Glibt e ° °

sem CondUCh@bI}&m@sﬁ rgaﬁee)vexah&rlg@teldai@gﬁaﬁeept igdplakationsbgivgt ure of claim1l
further conprising: an interlayer dielectric; and electrical contacts

through t henimplaniedpelysdicen aateaiiacens the By Simallart y of the salicide |ayers. 30
implanted N- source/drain areas adjacent the polysilicon gate over the P- implantation

10 region;
nitride spacers around at least one of the polysilicon gates and the P- Si pillar;
N+ implantations in the N- source/draiq areas, in the top of the P- Si pillar, and in the
top of the polysilicon gate over the P- implantation region;
a self-aligned P+ implantation in the N- implantation adjacent the P- Si pillar;
15 respective salicide layers over the N+ and P+ implantations; and
an interconnect between the salicide layer over the top of the P- Si pillar and one of

the salicide layers over the N- source/drain areas.

2. The integrated circuit structure of claim 1 wherein the silicon semiconductor
substrate further comprises:
20 an underlying silicon semiconductor substrate;
a layer of buried silicon oxide on the underlying silicon semiconductor substrate; and

an upper layer of silicon on the layer of buried silicon oxide.

3. The integrated circuit structure of claim 1 wherein the gate adjacent the P- Si

pillar is a surround gate around the vertical P- Si pillar.

25 4. The integrated circuit structure of claim 1 wherein the interconnect is a local

interconnect above the semiconductor substrate.

5. The integrated circuit structure of claim 1 further comprising:
an interlayer dielectric; and
electrical contacts through the interlayer dielectric to a plurality of the salicide layers.

30
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