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THERECOF TECHNI CAL EI ELD The present invention relates generally to

sem conduct ol i"nt'e‘é'r ated circuit devices and nethods for the production
thereof, and nore particularly to thyristor-based SRAM 5 devi ces.
BACKGROUND ART El ectroni c equi pnent, such as televisions, telephones,

radi os, and conputers, is constructed using sem conductor m croprocessors,
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corrpongts arse typﬁfAcSa y #agr%ate on a se% com¥uct or §3§?§?§.e gnd are

constructed using various mcroel ecttonic devices such as transistors,
capacitors, diodes, resistors, and so forth. Each mcroel ecttonic device is
typically a pattern of conductor, sem conductor, and insul ator regions
formed on the sem conduct or subBECHNECATHEEBDect roni cs i ndustry conti nues
to strive for increasingly higher-powered and higher-functioning circuits
by devi ce niTHeapresdnt ahventiomnelaley generally ng ssidlcohdudnat intgraed czast Uovicds a
single sem conductor chip or die. Very large-scale integrated circuits on
smal | #tda@ethpds for thsnpidetion thewohediids Mot PRYCHIARY g HhRrister-based SYRAMeps
carrsi edjeQiiegin @ particular order. The main objectives include obtaining a
device that occupies as snall an area as possi ble and consunes | ow | evel s
of power using |ow voltage supply levels, while perform ng at speeds
conparabl e to speeds 20 realized by nuch | arger devices. To obtain these
obj ectives, steps in the manuf 8ACKGROUNBARE are closely controlled to
ensure that rigid requirenents, for exanple, of exacting tolerances,

qual i ty mat éleettmic andipadeagnsuehvasr eiewisidns, aelephicmat,i zelibs, Andi comoputart ispar t
in-the circuit, constructi on and manufacture of sem ¢conductor devic

S
concer rFONHEHCEd N, FanIconduCtoRUETARINCES TSNS Hied Crgs: TPMODN elis. g8 i o
store dial {Fles® SrhiBbRRERY cBfiporldhes SOHEAG HRaRRC PLARbbRICRE sbEiTe T Y
circuitry typically 1nvolves formng at | éast one storage el enent and
f or Wi ngandsarecdoasteutted nsing tvayiode siigoeldctraniacedsss sunh st bresdstonsf oapraitdren. | n

appl i caf.i ons where cicui a ower .cans tion,. circuit speed d
COP! abidipgs araSiR) A et b Fach BibolE AR YRS 15 DRRELY & Batesr Srenor y
devi cescopdiictbg sbickndutRR] irdlthsuldtor regldnb fsfifedonall snhitehdidide OIBsBaLESS MENDrYy

("DRAM') is a type of volatile nenory in which the data stored at each
| ocation i s Her plseliremiss yndusiy coptipngsytor eaige fgr iipcregsinglh dvghsr-Pewagdi andvack
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dat s, omcesingleissmwonddcedr dhip & dienmenory | ocation, remains stored there as
| ong as powey, is applied to the nenory chi %éé&unl ess, of course, the data is

del i ber at el yV%rp(alialr@g—gcz%%}t@gptggicﬁﬁui;sto g elatiagon vepbagy 355 g ugFk en
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space, | ower power consunption, and faster circuit speed. i nst ance,
sonme SRANEIningcd defece irat wictursesr ascsmalk gn ket ascprspibnuskecatumen daw develsodf t hese

primary_design als., 10 An ex le 15 a conventional. SRAM based on
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cel |l -access transistors. Such cells have the advantage that they are

conpat | Poeesyi &t ciselyseonialed tirghsuie thad migideequirenenye Ieyerraswhel Laft exactingCMOS" )

t echnol e I i velv.l . by power, operate at |ow
vol t age{%%%necfg és)’?l%gfrlﬁ I%%rﬁ‘%%’r%% %%éleﬁw?‘;e'fo\éﬁe\%%e %?@%gs peeds. However, the 4T
and 6T cel | sAarignpoetaste part dhathe yeianf ¢ogstivdiod Sindg manhfac@e ©€!semidodductand

this large area significantly and undesirably limts the maxi num density of
such SRIVECES CPRRSINSSHIY FIOEASE: ?fe@%da‘i't@r PagEHY r‘ihen@&‘é‘ﬂtﬂ(/ sedi tp fstare digital

resist a ' ' son - ' . ak jve
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char act formstg atdeast ondstondPR etbanant endh foempayr 4ssoeibted kircuitrpdesigmdd tfoactdss timver al |
performancg .0f this type qf SRAM ﬁel | . A vari et(%/ of NDR devi ces .has heen
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is the potential” of having a cell area smaller than that of 4T and 6T
menory bevéry ibpetade of the smaller nunber of active devices 25 and

i nt erconnections needed in the NDR design. Conventional NDR-based SRAM
cells, however, have many problens tHat have inhibited their use in
commerci al SRAM products. Sone of these problens include: high standby

power consunption due to the |arge current needed in one or both of the
stabl e




+ menory states of the cell; excessively high or excessively | ow voltage

| evel s needed for the 30 cell operation; stable states that are too
sensitive to manufacturing variations and provi de poor noi se-nargins;
limtations in access speed due to slow switching fromone stable state to
the other; and manufacturability and yield issues due to conplicated
fabricati on IRMARRS FdaBAvrite randofaddbly HeMbga“DRANI®) istatypé 6f oslatilelmeanvtyhe

G eek thyra, ‘meaning "door", which suggests sonething that is either open
~or cl odedvhighhthe fats starehat cah Iocatimy is. peripgicaly d?@esbﬁ‘g byii gadipe ds e thetpower
swi t chi ng. l,i ' c e current. [t} ES evi ces
can be v rl%oﬁibﬁﬁl?\t?\g%ﬁ%lgﬁet %ﬁer lqtcgtﬁqn,s%%gfsglt gﬁﬁeh}ysiissttgggr H%?@?%%ﬁb yer
sem condu&k aientty (‘SR AMMpis st tiypgoidfolatilé eenmiry mgwhich yipedasa) dndé it ysperitten to

sem conductor naterials (i.e., "PNPN'), with three P-N junctions. .
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(or co ' I i Lpitial current
s R R L T ey LAy
control (gatSRANUancDRAM ofent ¢ompongecmedercinorel ofstheageimary dgsigh godlsceint i nue

to conduct until. a mninmum hol ding current, is no | gnger i.nt ai hed between
t e andUlsh it ot OB RANGE FORAERB e At Tisall Pt b g T
cat hodesg AMsQHAN&SSrcuft stk itRdt cORIrdrhies asehd: Ohe 6f thesibrihryl dRkige gaaeunt s
of power using but a small trlggerl ng (or control) current or voltage.
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| i ght diwsTedlbaccpsseaasistors OrSuch| celly Haeeshe adehntaggthat- they elre camphtitionveth For
use in electronic applications, however, Si gnj‘&%)a@g difficulty with
thyri st @RINYERAT COMPYMeRETY Jpttal QFie IFEHCANGUERE(; dEEMolqgyy PRSIS, i n
this st tide t r ' u e &Y 1&RIN Ul RGfdHr hent .
Al so, i%iagigglgrg“f %ﬁ%ﬁﬁhsg%%?ﬁpc{‘ﬁs’r? tgéra %ﬂﬁ‘iﬁt% Z%é/i S isnt er rgfg{e_d (to

t ur 15 t heldiivglyi ligiospezflf.) Hotverert iheed T anfL6T ecdls @e coneentihpallyseanfigbsdrusingran t o
the off state is largely determined by the |ifetines .of . the current .
carri er'&egerellfres o glé‘f’ X?iﬁ%l afeh S@“éfgctapﬁ}ﬁ iaegpgé%galglgﬁgmgsatﬁe %axém}ngn(geniﬂﬂre.
Thi s i nghiych§rAMs SW tch the device off w thout interrupting the current,

and the associ ated sl ow switching speed, are significant problens in many
appl i cat i onsOthed SRAM 28l desighs et¢ basederny negativapliffereptippegsisianet d ekt e

strnctures so f.hat th can be tivel rapi.dly. swt 4 prior
R o
anda@, br 18t evic ateopatieulal ylimpmtand td 0
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appl i caticomgralppe <4 PLEHY LS. OIT: i vi ng
advant agesdhla, tagul A% dhind BiBbial Batki MR AR AR SN SRR Wedcan/ of |
swi t chi ng speeds and a I ow ildl g current when'in the on state. They are
sai d t oThe bipakstkavamtnge diDRe NVR dascdsmemorscatbiswba poentdl dfthavingtaoeell area

structures_that slo turn, of f due the saturation of their.jupctions in
The " on. snahe tanrcat hind O fpmet Selshecaps SEineRiS mig BF bl BFienT | <
r edyged, helaied 8ottt HeQBdGH iHA0bR detighead, the devices in these patents

are directed to capacitively-coupled thyristor devices that quickly switch

bet ween a cufoevinpiasali NPRrbased HRAM celis; domeiero dlave qnanyderableipse dpbrigEc t o a
| itively- | ed.activati. i gnal ' [ & B
par et cuttifbileggRER vSF of RembRiaaVRAE Plodi(S) S RSN BdbRAIRE LG

change fhamp0pewet abRuinptibl@uetibiahe Regdcormeimgdal rebad iov dbih bbhevahlilage,
and the devices can be inplenmented in a relatively small_ are
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thyri st orenisas sttesofdagreells cxeessivelydigh pr qxoragraly % 9ltagsevRls gee&r?@n fon they of
T- . - : t 1 . “ b d
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provi de pbbencishvmaicage imithfioisdadeds eed dud tdSRAWsevitchiDR Aoy shle Shede
advant a%aeﬁsﬂmrrake such a T- RAM at(i/r_act_i ve for possible ? e in future

gener at | o apd RN aeREbilty apd, peldiswes dygitogogipligand f‘(sb?cﬁté‘?’f’o?rf"éess.smgbv\ever ,
~the T-RAM cel |l disclosed in these patents presents several nmjor drawbacks.

‘For exanple, the thyristor SRAMcell (T-RAM sits in a P- well in a bulk

silicon substrate. This results in a large difference in elevation between
the contact on the top 15 P+ region o the thyristor and other contacts in
t he device. Also, additional masking, inplantation and diffusion steps are
needed to formthe bottom N+ region of the thyristor. There is al so
potential inconpatibility with salicidation. Additionally, difficulties can



ari'se in controlling the dinensions of the vertical pillar and repr oduci ng
t hese di nensions for 20 each T-RAMcell in a T-RAM array. Al so, due to the

exi stence of a vertical thyristor in each T-RAMcell, the T-RAMcells as a
whol e are not planar and are therefore difficult to scale to |arger
configurations. Additionally, since each T-RAMcell is fabricated prior to

~or after falpidcRDR@eRth @y thdeithiRtor! (HoMm de Gesk thye, aRating!"do@t’' avhizki de
sem conductor ("PMOS") and negative 25 channel netal -oxi de sem conduct or

(" NVOS'spegsspppwmetips deayiis eiher apan op closed mnd dhwsgeithst op or &Py AT BYESIOTL 8i on
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PNPN j udeeiceocarceweey hiztl wiendn tidOSnt s@atesi st or for ultra-high cell density,
the inconpatjbiljty wth conventiongl bul k. CMOS pr.ocessjng tma suc
enbdded SRAMISGISUEEY 810w RIS CRMCOaBTR POHE s PHBE ST FLSORaTReE P& Been
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sol utions’and, thus, solutions to these problens have | ong el uded those

ski | | echava thrbeelagttoded: an appEClaCabREe.@Rd Tilgatel (f/EpgRobrletiedepr esent i nvent i on
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t hyri stién Bos mh rd@as tank @bbire amed1 (gatd) dltrenb teonbnde joiasiduan dnitbel, abeileen.
At least two of the 5 layers are formed horizontally on, the sem conductor

sub¥t r sgoatigpr) taeondagisentil gomigimuge hplding carenb iss o fRGCY, Braintaiagd hetyiser He

sem con r . | j . ne of the
vort s onfigh R SRS, L DaAel el QTR ity Ll L EcR
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thyristor and the access transistor, Thus, there is provided a
Lhyr i St IEEEAREPT SR SPHITeRH O RIGHS  RFARrs B R e b SR OF ARt | o

that al} eycabficd NGicAN !l PEIRE! BllePhRPIR g UBH OwitherotiRh g §n bRivith.
di fference anong contacts in the existing cell, that reduce the nunber of

i mplant Ehyristors taep Msed namerigamaay | applisations. thamioter. spead tdesirelst hightadiramersd
devi ce structures ang net h($fis .yse ixi sfi ng bul k processi ng techni ques,
t her ebyP&EYYFarHREToL SEHTTSH AR 1%‘8%#%?‘5: fe49E expense in the fabrication and

manuf act ur i NEoPHRCES sRStréifc applicatibes, Mdsdvir, N Bighiiheyr aiffieultyr ®fithaibstor
scal abl e, repeatable 15 and economnmical to produce. Certain enbodi ments of
t he i nvéevigess ithay oner Bwitched\tafheinen state. ARy Temmswn (othoy stptg witd dhe eyrrent ds e
ment i on e V. il a | Sk in
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DRAWNGS FIG | A is a cross-sectjional side viewof a silicon wafer jn the
first sblalgels 'greepr éeteggﬁnﬁ%iwn&a&fsﬁl@amé W CHTEHCAFHES dnthe e 69# G

1B is aelLe@tY(%i’H(F eﬁh?‘ﬂﬂi@%antﬁéeal%h%ﬂﬁfewe of FIG IA FIG 2Ais the structure
of FIG TAfo Tovm ng tormatioh of isolation regions, renoval 25 of a first

mask, and f oThatinewilitf tea swécloribie mrsice ¢ff GritiRBt jigterruptingithe gumentofind Hie
structure af FlI

T o o3 il e B i,y AR e ©
present (dsGN&N i AAny Akéapi Bo infodify! Y AVicy isBctifes lsbeh&l thele ball Be @ttifelfCandA; S
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
30 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



- FIG 4Ais the structure of FIG 3A after renoval of the third nask,
deposition of several |ayers, formation of a fourth nmask, and formation of
a silicon pillar, in accordance with the present invention; FIG 4B is a

| ayout view of the structure of FIG 4A; 5 FIG 5A is the structure of
FI G 4A after renoval of the fourth mask, chem cal mechanical planarization,

renmoval udl theurfedy & RdudedlyilGw theohdlaine k. amsRedlithe abdtesl ialtBése pARts
formation of a fifth mask in accordance W th theG%resent invention; FIG SB

is a | aedircdréip egpapiivelyrooupled tayriforrdegices that prigklyswyilch hehigean 2 citame of
[ acooraanE i Re hefsrh Bieidni ot s il Byt S B ielfodin 75

st r uct wignadthafiCprefohtedddpaceitfe partitiler sigioncéfithe cafacKively-dvpkttNIDRfdevizat i on

of nitrjde spacers over. a TECS | ayer accordance wi.th the present
i nvent i S‘?ﬂE Orgglangc EFOF‘a?FEﬁﬁtatG it Weo?tﬂ?fh%ccgfsr%&&% wlgpve @“P’f%l‘ag%aﬂﬁl G 8A

is the a&aeﬁawan%ﬁbﬁmeﬁédqﬁheaa@@e@pahm%aof a salicide layer on the N+
and P+ inplantations, formation of an interlayer dielectric |ayer, and

provi si on of Adhwistaritmsdd podometess mﬂnmmfj‘erﬁﬁw )aitah hovieg ppbwelity of swent i on:

FI G 8B.,.i | avout, ,vi ew fthestruct 8A: and FlI G QJsarow
Chor t o Rt cefld Botig Rt GhnsteSabikieRE e PR s RS ot Bls s

i N accofodBACSE SHAM 4rh§s.PHRAG) budh W BIRARNarrBEahid\bEIEER sVRRYENGFIAded HE

I NVENTION In the foll owin deSCI‘I_ﬁ_tg:l on, nunerous specific details are given

to Pt ovhxiboth SRAMsaeth Frayndi S@ﬂdméaaeﬁm@ussﬁl arbRAM raitractiveifpr  be
d
o D hout PpBIERE 18 Sleeallludiorifdn ol 1 D SoldCRI Bl TR pREBSE 00 ene

i nvention, sHmeweJ Im&monéﬂ odisdbdednn ahéhcppﬁleﬂtSSpﬁ:'s@m sev€anQhajor

di scl os n _det Al t he drawi.ngs show ng enbodi nents of the
appar at E@Wg?‘é‘zs r e earfﬁﬁt@@%ﬁds £l £ aﬁHS im g b walkin § bullomre of

the di ngRsiPRBs@ie mrs rtdfts fl 2lakdediftreRESH: ahbgﬂet%gn ﬁgxeohac (kslpég@ftl P od as

exaggerated in the FIGS. The term "hori zont as use erein |
a planePpaggadi o the thyriker auhotbet ¢omtesks 18 Ohgdevive. or surface of a wafer or

substrate, ard oLl ion. .The term' vertlc fe to a
direction pe‘gg ﬂﬁlkﬁﬁ?ré?? DP%SLH% “Hﬁ%ﬂf“z"hﬂ? &Pd é@ﬁﬁﬁ%‘l SRy lalf?e’ﬂlee ?%rt?r:fo 31&

"on" @&%@Nﬂ.wgigh@y\ﬁ}edlﬁ@@om top , "side" (as in "sidewall"),

" hi gher | ower over and 6 "under", are defined with respect to the

hori zont al pFhgieis asepetential 11}3’9@@@%@11%W1th§31m0heMﬁmmﬁ%@@@@u po%l ti on
of mat eﬁﬂls%l g%@&lﬁ%ﬁ%ﬁﬂlﬁg?snfrﬁtotf?ﬂe{]{ré}ﬂc %’él?a?%ﬁcﬁ fegrcg uc Pfé er?st &ng'f?ﬁ’

cl eani ng, erla SIS
f or o ngezﬁ:hdeRmbadlrsdTMMr@raﬁ Referring nowto FIG | A, ther e| nis shown

a cross-sectlonal or side viewof a silicon ("Si") wafer 100 in the first

stages of pro¥esdyety thexigphgecd paerical thyristor Mraehl rRAM el Sisak R cillsror y
(" SRAM' )s & Rftblelafe AdDidndt d B8R rorelaiffNitho scale to larger configurations.

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-
25  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 T-RAM
combination of a PNPN junction connected to an NMOS transistor for ultra-high cell density,
the incompatibility with conventional bulk CMOS processing makes such embedded SRAM

30 design difficult.

Solutions to these problems have been long sought but prior developments have not

taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.



- The thyristor is a negative differential resistance ("NDR') device having
alternating P-type and N-type ("PNPN') sem conductor materials. The region
of the - Si wafer 00 10 shown in the drawing figures is a portion of a
silicon-on-insulator ("SOP') region, in which a |layer of buried silicon
oxide ("Si02") 102 has been fornmed on the underlying Si sem conductor
substrate 104 of the Si WBiSTLOSOREKDE TR INVESTIEEN102 has an upper | ayer
|06 of Si fornmed thereon. A nmask 108 is then patterned and fornmed on top of
the upper | apar 06 Ghvedlion Theyidesk Haghodebht Qﬁ&u@aﬁiﬂﬂfﬁ 1 iHRPHRIAS it

t her ebeneat h angl I sol ation regions 112 therebetween and therearound. The

i sol at istmciuegyi @ serit8nduceorf swbsteade sy petvededrapdod thySistor tik derngbdpihsiconnglhexi de
to fill,the trenches forned in. u r. | ayer .10 f Si ere it i.g not
or ot ect/ DAY BRGS0t Beme it st PaSirndiot ercbeivocto AL £ ab e o

I ayaut 1Myawarf fothed SbfinmiallyeorPthe Fefaiconfuctiiedudsiratd And aMast trlo@f2he 14588y €i n
is showmn the strncture of FIG | A following 20 formation of the isolation

r egi onsarg formedaveréealy in G semicopdugtori Obsiate.GA gty is formgd ledipgentHa st frsst
atter f er . I far
ol antaie; &N fhe [ iay PR LYBRET Ab Bilss HABHGLE st (ff i sefiRRAfcror

i rr]rpl antﬁbktﬁﬂe,%ﬁéan(uﬁélfc?@de@f istfyrnﬁdl betwest thathyistor bﬂi’tbthgl-acd:dﬁﬁtramﬁiabﬂ. orhug04 as
shown in FIG 2A is referenced gn in its carrespondi ng tive area.) 25
Ref er r i RgFeridRravddad ﬁhyzleeor%s&ﬁe‘iwfsm@m%n%d|la§}§w& {oF gty brieafiondherset ur o
of {1 & maandlerhe %Efb@i’—‘fotn?laﬁ&ﬁpr@cgklﬁg 2 SNl S1aRRONEL h!Bif e {6 "
FIG 2A after the mask 20 FI G "2A) has been renoved and a mask 300 "has
been patongactsenh thadxistingesliothat nesluop ter ndmbar of L@l adfteonnstsps, 300 thwfdlloss t he
area for..a .P- inpLantation 302, illustrated by inplantation ar.rows. 304.
(For cralifidgtion "TFRAR S aiviticnt dovier Srichuedy o 56028 RoRHSEE B0 o
3Ais Bﬁ%@is@iﬂgft&hﬁmws,itlﬁbréﬁysaﬁﬁﬁiﬁgﬁgﬂlﬂﬁ&m@oﬁﬁleixity?aﬁ?d 8ehsd @i tBE FdbRigatiiv t O
FIG 3B, therein is shown a |ayout view of the structure of FIG 3A

Ref er r i aig awlecumapuppcssesiorasi ta be dugip wanufaetugable, aelinble, s¢alable regatable

fol |ow |, .of mask 300 (FIG 3A), deposition of a lower, thin
Si CJZSOI a@’gré’cﬁlg%}{%hﬂ ttgr%&ﬁ%%er 7 | ayer 106, deposition of a thin silicon
nittide ("SiGiin emBydifmedRDIAe inkentidhiHavSbher hdwatagdd, adahidbndepesi plaen of

an upper, thicker Si 02 |ayer 404 on the thin Si3N4 | ayer 402. A mask 406
has t he?f BewhmeRionse faveandhe adyavresh ilh deqame apnarest tpthoss skilladin theifst rmsk

406 hasﬁ;_:gxlnhﬁ"réacﬂﬁ’f JeNRE %ﬂo&x@%?ﬂ&&hé&vgés&ggﬁoﬂ %Hiegntaﬂén Ly ’#%feﬂeﬁ@ gri“ﬂ?é on

204. 5 |l owm ng Tormation o e nms the portions of the upper |ayer
106, t h&companysn®rabvayesr 400, the thin Si3N4 | ayer 402, and the thicker

Si 02 | ayer 404 beneath the hole 408 are etched through the hole 408. This
can be advantageously done in several steps. By using the thin Si3N4 | ayer

402,_as an etch stop for i i I relatively high etch

r-at%oacan be used for tﬁﬁl%ﬁ%@%@ﬂﬁ?%@%ﬁ%ﬁs after the thin Si3N4

| ayer 402 has_been 10 etched through, a sl ower, etch rate can be used en

etchi ng t he Y¥I-dAsio? Payetechopl VRN 19 & Fidicer c‘ﬁ"ilfrﬁb mn tth“er}ﬁﬁts Rag6 ot s

renoved%ﬁeéssﬁtgﬁ’ﬁ a&ordmnhéaﬁm%@%ﬂe&ngméﬁn&y sel ective epitaxy in the etched
el ow )

region he hole 408. Refernng nowto FIG 4B, therein is shown a
| ayout vi ew BIG.tliBeis stlayout view affthdst@ctudof F€F.divi ng now to FIG SA, therein

is shown th ruct yre of Fl fol.l.owi.ng.15 r.eduction by .

chem oal - ook the sifientrs 87 FIG 18 RMiRg forprliSh of 5k BbeR Yomepspromgvaly | | oy
41024 0 phefiRkeiabl, 288 fédiftibRRf #becoR@ niatk.cker Si 02 |ayer 404 (FIG 4A). The
thin Si 02 |ayer 400 éF‘IG_4A), the thin Si3Nd | ayer 402 (FIG 4A), and the
t hi cker Si 02F1Gy28ris adayontyiew ofdhe saustire of Fikpedh;of f fol | owi ng the CWVP.
Advant ageous th i j r f f i bni- f the
i cier s 02t et i el BEFPARY ff s HE e tbos bl gl BB 0P o2

| ayer 4@hiadadkia accatiaick withrthgpesant Ih@ntieh;ow the thin Si3N4 | ayer 402.
Then, after renmoving the thin SI3N4 |ayer 402, a slower-etch-rate etchant
can be used FKf 3Bqs alayayl xiewnt the,gruchirg o5FE2 3%y er 400, so that not too
much of the isolation regions |12 therebelow is renmoved. Next, a gate oxide
500 has been grown through conventional oxide growh processes 25 such as

t hermal oxidation. The gate oxide 500 is grown on all exposed Si regions,
including the P- Si pillar 410. A polysilicon |ayer 502 has then been
formed over the P- Si pillar 410 and the remai nder of the upper |ayer 106.
The polysilicon |layer 502, as shown iqn FIGS. 6A and 6B, w || subsequently
be fornmed to serve as gate material. 30 A mask 504 has been patterned and
formed on the polysilicon |ayer 502, and the portion of the polysilicon

| ayer 502 around the P- Si pillar 410 and not protected by the mask 504 has
been inplanted with a dopant, as indicated by inplantation arrows 506. -As

I . I r



polysilicon layer 502 (FIG 5A) to forma thyristor polysilicon surround
gate 600 adjacent and around the P- Si pillar 410, and to form an access
transi stor gate 602 over the gate oxide 500 on the P- inplantation 302. |0
Usi ng conventional masking and inplantation processes such as those
descri bed alrape4ANs thOUlreaaR & FIGBaast&Odnivasieot thenhivé anaskodemdition éthe P-
i npl antation 302 on either side of the access transjstor _gate 602 and the
gate oxieHarabhyershtarepieratl B fowdhpaek ang forpatia @f & sthisen#HiE igraceprdance
-~ negati ve- ; - gxi de sem conductor ("NMOS') access transistor 610.
15 Usi n‘glﬂgg‘%&g%ef‘@ﬁgﬁt?’gt raethylorthosilicate ("TECS') deposition
processes, dfAGSHBIs b layent GOE of de dtinetordefdfiGE dAgred over all the various

structures qn t Si _wafer 100, .incl udi on the sides of the thyristor
pol y'si | i con B _ﬁdmﬁastt’é“%’é‘b,"ftflflr '%#d%@gorfmlol‘{g gt@ ﬁfﬁrﬁfhl TAS¥ 1990 e t he
thyri Stlﬁécl'ﬁﬁicxpﬁlb%eﬁﬁﬁti&ﬂ RERH of BleSe POl 1agé} foRBatfintTanldtidaalae R snd

d
transistor gate 602. 20 Referring nowto FIG 6B, therein is shown a |ayout
vi ew of forthatic efipcifith maglf inRicrdance with the presegiigwentigyer 606 onmitted for

clarity of i r.ation. Also.sho in E .is the formation of a

pol ysilicon %ﬁgéf quogbge\?rgffﬁ}ehs\éﬁg{#ﬁ?éﬁgr gg‘m ysilicon surround gate 600.
The pol ysi | i EIoN 6p0iN@6t dtaoued 8f FIGNS A hfer adagudted hpaiiingasindetchiagt aidal
continuity for the later formation of a |aterally displaced electrical
contfact fogmatiqsefezaps dn agmydange wath dkfeRieseil iysntiect rical ly to the thyristor
pol ysi licon I : efert 0 FIG 7A, therein is shown
t he structurlzﬂd%PglL'—iFglg@kﬁlg?’%gv%ﬁné&f@g?fowgé%n of a nitride spacer 700
over the porFihmAofs thbatriitii2 dfallet. 680K tdr fatmatfonasfonitritiet dpacd?s oBer pilHCOHK 410.
The nitride spacer 70Q is al so fornmed around the portion of the Si02 |ayer
606 tha]@Y?rén&F%&@c?I‘i‘@ﬂlégﬁg%eéeqtl’%‘?‘?gp‘%rﬁor gate 602. The nitride spacers 700

are formed byBopCRUYRRL AR ofdePQRicki:OBr PIPGasses, fol l owed by anisotropic
etching that stops onthe Si02 |ayer 606. 9 Then, again usin

convent i onal Fith$4 isghastdacturp lof Fi@t 74 after dapesitiom ef Alsalinde ka¢rdemiba Nir ek 604

adj aceny, and.outside.the.nitride. cer .7/00. .the top .of the P-.Si_pil]ar
210°  ank OREPGS st fomedi oF ooy pIRBIEY g Wb e hrev it ot BssBie!

i mpl ant adydtans, TP Aecoriaftd a[dlmedljrbﬁn{\hw&ﬁﬁﬂngnt ation 204 adj acent and outside
the nitride spacer 700 around 5 the P- Si _pillar 410 receives a P+

i npl ant at i onFIEHAB ig gilixput Wewralithe sacasaebFlG$d:apdund the P- Si pillar 410

to self-alig - P+ i Thi S: : : GQN nts
of the tnyr+ B i SO LR B | defb ror MoV Hich e S fARARE
i npk@nt SRIAM iV R onlantdwith die gréeneimientiodne N- i npl antati on 204 under and

adj acent the P- Si pillar 410, and the P+ inplantation 704 thereadjacent.
10 The result+ng thyristor device has the four layers just described,

formng three P-N j [ T | ayers (the P+

i npl antation 704 aﬁ%ﬁﬁ@ﬁ%\mﬁ?@é%ﬁfi&%WLe eto) are forned

hori zontally_on the sem conductor substrate (in the upper |layer 106 of Si),

and three of It the follgeing description MBmRrous specalic datpibsire given (g eroV Biker hofgrel on of

the P- §%dé?§t!u%cﬁﬁ%ﬁﬂlﬂlei ﬂti&tﬁelal%kbe{réfpit%h%te'a Earzﬁpto%e tsﬁ‘ﬁe%ﬂpth%r%?trtﬁﬁ’cfthé are
med ver y be

15 for I C ow and in the silic pt1lar on the sem conduct or
subst r atmventiorr apiy et fpractivet] veittmaa khetd Riifjc detaflhein pelef tr peddtabsavingvhee t he

!t 85 hBreREn SRR i, W BRI GO R RES RTA TS SR PE T RE dfe |
‘chosen guah. W@l dBadihieh WGt BmBBdikdeatsf i iﬂpﬁfaﬂlﬁVﬁé Seisdindrhhntafie and

| thyristor polysilicon surround-gate 600 sufficiently for the latter to
f unct i onovty wsleaandapaticieflyrsomegpfrtbevdinensions arRfor theeelatity ¢ispreseoition apdy out

vi ew of thg{ﬂ;&}ructure of c@ %ﬂ%@ Referring nowto FIG 8A therein is
shown t FEYSESTRYH FRESFT4SED % owi ng

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”,

L 19

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

6



formation of a salicide |ayer 800 respectively on each of the N+

i nplantations 702 and the P+ inplantation 704. 25 Then a | ocal interconnect
802 is forned between the thyristor pillar and the access control

transi stor. The local interconnect 802 is fornmed in conventional fashion,
for exanple, by first depositing an internediate interlayer dielectric

| ayer bl(“uhﬂerD i%\r,e Mﬁine% with telpart pd ahihalliermﬂtal t;ilramh pnme{j &ame‘]gprﬁedsiﬁg’t bmdsedh

Sui tabl e netal s an arrier erjals_are then used to fi t he ttenches
thus f dieHeR inglndes; Henosiéop: of mp E?§‘ﬁi \R/FtHI?OEOI‘FéISE’OBatE?FmP%ee’iH?F‘é"FﬁEEY%‘?R%n%_’ D. 30

The devetaﬁng Seid g{%%m et advaYot! @6 "ﬁﬁthﬁ’z[l &f plﬁﬂor#&g %Of’e&ﬁ/if@d if B6rm¥i ﬁ% 20US

structures on th wafer 100. The I'L,D 804 1s forned t oppi ng
t he ul tdeseribedistrDetute. ckness by dep05| tion of dielecttic. Then (anong ot her

t I f hi t tacts. 80 808, . 8 FI G
58 are for dsietnEdagrome” T, Befils v SeoSefishonsite bl Gractbsdnca
cont act@SPPvafGOf00 antheSARt afaged Bﬁpr&éﬂin"ghﬁ)dfawiﬁe @Vta@n ?’ea@lvﬂﬁé random-

\conventlonal finishing steps. lines, such as for a bit line 812 and a
V~ef 8lagcesameenarg ™y ”Mﬂﬁhm thysiterchasell €3-RAM Jeveral el ectrical cont act s

200 200 orch e BOE U ) AT EOP ot Dbl ©

transi sk-oype mmnmecgped“mmh)esdlmeaiducmraﬁaeﬂaaectTt&O&gxdiebﬂmd By wadw 10m FI G
8B, therein.is shown a_layout view of the strncture of FIG 8A, with

por 1 oroFin tﬂ?odlﬁﬁ’ingcﬁ%fﬁ i5 agrortiqn Qfsy $ikeqrypn-insalaigr (; FrFal’ hERGIQm iFphichgy

t herei C ” 0 vi.di

thyri s'?l 0 basgﬂghggAﬁ}:h?ér‘lY% e(gi?%% e(gfglgi r)gaptb g% r %g%%&(e)r@éndé dmatt OAJJUP 81?3'1'? %eSI

f abri catermcomdnemenfbsiraie 404 of tharii evalértlldOt he present invention. The net hod

i ncl udes a 90 vi ding a sem or bstrate; 04 of
formng. at e e SO Riristan g B D8RRy ehceing fesicr EmeSRTOER kot o
t her ebegaeafed d foedsd ohWep f tﬁ@%pﬂae%yﬁye% Rﬁ 8Ost Om%ﬂﬁrlﬁoﬂéﬁeé Yic@¥t t he
sem conductor substrate and at | east two of the |ayers being forned

- ver 13 calegipngrl 10hdecbenpath aerh dipdation wgipss rldfzethe@bemn%e fbﬁremund nglke gat e
ad] acentsolgﬁmjl ?%& nsqrﬁ O«; ft hed\ﬁere{t‘%cal l off. §1 thik F% S}le{%zs}‘tlge ottelﬁ) the trencfl )

form ng an acceéss tranet SOFCon e i ~ton and a’s ep 910

of for noAgedinh theLipperoaRe 06 bESIWRIRRe ithendt mele&b@by ﬁfbdnidkel(BCCESS transistor.
In greater detail, a manufacturing netho roduce the thyri stor-based
SRAM i s per fR¢FEHEIOW 91 HlGnLB, %re@ s Phevsa 1@@% HeW el dheostrustvbe ok BiCe 1994 i s

sui tably preg &Fg&é ﬁ‘i‘grt%vm% ﬁPT@Qeu{ ‘i‘% fi%h AL 4. 0d:d BE FrEY ﬁ%dfoﬁ' d%otzhe

and the upper i's patterned and Torne
uppzr | foymatid06f the islatfoarregiohs hlhend femavalodiahe arsk 08 GFIS. 12&2 ARk 2® | A

and 1B Thelso tion regio 112 ar de S|t1n Si Oz
s hoviheth SaesraeEant Ropmed ap s npey Bven I GO ARG Mool B RAtRY ok

108. ThaneRakd by implantation arrows 202, to form an N- implantation 204. (For clanty 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



+ 108 is then renoved, and the mask 200 is patterned and forned over the

- upper layer 106 to define the region for the N inplantation 204 (indicated
by the inplantation arrows 202). (FIG'S 2A and 2B) 3. The mask 200 (FI G
2A) is then renoved and the mask 300 is patterned and 30 forned over the
upper layer 106 to define the regions for the P- inplantation 302

(i I'l ustiggsr ad6p3epokicion P b amihailicon nitride\(Sid0?) layei403 o1 thBAh@RIO8 Bdyed 400,he
mask 300 (FIG 3A) is next renmpved and the thin Si02 |ayer 400 is forned on
t he uppdf depgdiomefgn upRer, tlmlwr51%4\143’#%'59&0114@62@%31@%}@?% ed over the thin
11 SOz | e thin
Si 3Na Iayerq%%%égo et ﬂlehl%%ﬁﬁp tg%g%dséiz?c%mhé%gﬁ thAEO déll%zl gjefl e the hkgl ght
of t he RaskSi06hat haole4iD8 thdreiaHosatdd oviee thieaegienl of ﬂnetl‘hempbin&ttm&%efl ned by the

mask 406. the | ayers 00, 4Q2, 404, are_ .t hen et ched u the
ol & 408, 1 ol PG 6 1063 pertioBh ol e et s0BRedfy

410 is ﬂbgmhyet A00, *tﬁ‘e ﬂl%%sigm t%emme aft@ Shehick8l Si §%'1¥y%r Qi bapdth thEhSle 15)84A and
4B) 5. Thé Hei ght of the P- Si l'ar 410 is reduced by CVP to the height
of the ar@ptcbed thnenghtthe kele 493-01h18w}31b340‘4311(fﬂ%le®51§4¢9n6 llrtseve@&h st niByrusig oxi de
st ack

h I 0 2 h
fol | ow tttlﬂg %ye?’ égtaﬁ e?tl %?34 2 t%% k%9§1(5 Slag’ere éelg‘g‘ge?&g‘lgt‘leé%ln

| ayer 51@% dafi beli8ed foRthedhiddeesEDVeYer 40he maxs t@ﬂéﬂ&wltﬁmmamﬂamdma nds bednmed on
the polysilicon |ayer 502, follow ng which the re ion of the (ﬁgl ysilicon

laylr Suchedvbiongihd slowernsich it qan bejused wher etghing fhe blﬁlp‘il@htaéfar i ndi cat ed
by ‘the inpl 31'«‘1%%%%&@&8% 00 mdsk !4 @F is ?érﬁ@r&?naﬁgghg%’c% %ﬁ%gtigffﬁsk%ré% ! G

5A) is renove ysil1con [ayer tropically
t o for nseldeevé épttaxytmthemdhyedn-églmobelewrtha)hniemgﬁhte 600 and the access

t ransi st or te 602. Th ource/drai n areas, 604 re then fo
maski ng andgﬁmﬁt%’t’v @ﬁ:&%ﬁt i“Hy'S ?‘ﬁhaﬁaﬁé’u@”@’ IRFSITUEES P frsﬁggﬂgsl ted.
(FIG'S 6A aggefRl dow BCFIL.ITA, dﬁeﬁ:ﬁ@q@ rsﬁo%QQhé‘rs@ruEtﬁféTBﬂ HI%. 2A0RMOSiRd On

and etch, stopping on the Si Oz 20 | ayer 606. The N+ inplantation 702 is
t hets pr wdiictizn Hyychsmicadinteshardedt rplagaazmllon FC MR hof tha heighteof thp - S5pitlgr 41k

nitride s er. 7 arou sel f-align, the P+.

i npl antté)ttlg%ﬁ I%Af’(%?%ertopﬁg%feh@rc&rt%ﬁ }@e’f 6@47@3 é]&gcent the nitride spacer
700 thereat. Tﬂmleﬁ@zu?et koo (wrey, han e tHie sagmu%et 802 (FGi. 45),ant dlid titker
dopants. (FIG'S 7A and 7B) 25 8. By suitable osition and thernal

cycl es, SiChedaye] 404i @é’eltb%be@oﬂnpeedf off feliowiag tthe CGYIP.; fsivanegequslys thegtin

d t
i( ?rSi‘;ﬁ?St. 5 BsBA0T Blaws 40F HRGE SO ANSE R SIG, lgt?%e AU ihlocks the |
f or ped, etthdnt Goinhthe whinS10t Ryet 400a@Dihe |1§ol:itmnrregioam 12 bddow |t thin 8BN,4 d:aqvnt acts

806, 808, and 810 areforrredthrou]ﬁhtheézL D . 804. This is foIIO\%&Fa
addi ti ofid Zhens sieerMiag thej thinshisNe layee e, astieveraich- e Pichafsar b 3t i on,
i ncl udi f Mesendift
(FI GS. g%tféérzdéﬁg& ‘)apgféﬂ%a%ﬁgselgrz\q 8J° fs%%%%% ?éﬁ?%gs&{]%géﬂpﬁgggﬁélgﬁ)\?enﬁ gn has
nurrerouthemﬂbehmtmgaﬂovdérl nci pal anong these is that the contacts can be

f d with | at | ht d 2 Anot h
the rel at| veNgxh ot S0 s el aroirt Bo ufbertonn Xk SR BB RPRGe | s
t he ;¢ ompgthi Rithdringl Bkidhtih. PTIRSEIM oXiAY 00 isOftowhtoh Sibdxpoiediatiiregiond, hﬁﬂﬁbﬁg

allowing for better contact resistance. An additional advantage is the
capaci t ﬁlcpdlﬂbﬂé@l thyrl stor polysilicon surround 5 gate 600 adjacent to

the Si pillar 1?804 C%zret $09" s Y ﬁ:lﬁ {:I?Sf & bier! RTPVG lﬁ&egij? %hdat t he

thyri stor cuf hg Wheh a voltageé transition i's presen

thyri st %mﬂ@dler?dflthdtﬂipes LryepUDs] ad pol§éilicon ger $2bs slivgvrt imyFIGst @A aaddBaccess
transi stor configurations, coupled through the | ocal interconnect 802, form
a T- RAMWiHgeb se@stqnﬂweﬁomﬁeﬁrﬁ@a%gﬁtmaéﬁnal:onf. guration, exhibits the

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



10 ‘advantageous |imted height differential that alleviates contact
formation problens. Wile the invention has been described in conjunction
with a specific best node, it is to be understood that many alternatives,
nodi fications, and variations will be apparent to those skilled in the art
in light of the aforegoing description. Accordingly, it is intended to

enbr ac exainbles Hehd@lahe tnad ivegshosphoghs, et iro plagndbse drdmtiBISSo WSEIS pal |
within the spirit and 15 scope of the included claims. All matters

hi t her &@-fore set forth herein or shown in the acconpanyi ng draw ngs are
to be inter ad i sl EiST Y Ts

| VENTI N CIATRERS PR FIG: 48, RBRIE shelin BB bl el ST R BEEIG oo
st r uct uri¢h the @ageraxsden®0 gmited trredpray seifustoatdmct or substrate; formng a
thyristor having at |east_four |layers.with three P-N ju 1,0 .

t hefebet wee ,ef@%as ROy dp E%%éﬁ %%Smi Ly ghaw, %ﬁtr?%?%ﬂpﬁ#?i%nff)g?wwgon t he
sem conduelarofSthshid! S04 EIGR S A eRat arlisdropic &tBiink axahs poBisiiboh ARFER 502
vertically on the sem conductor substrate; form ng a gate adjacent at | east

one of (FHa. 34y to toenl & thymistos polysilizos ;sufrownd gafe £H90as4ea! andagrepnd ghe BnSk he

sem condyct su rate: and 10 rm.n n J opne bet. t he
thyri st ara%ip’tngsgoc?%@% 4y gcﬁg?ssirg?s.mt?g g%ﬁeédr?tet% lF’ﬁéo:@rdﬁlgf g’%:tf’ aoﬁé#%%\%e&rhe#he
provi diplgnjpmtg&ﬁ,ﬁiggg,nduct or substrate includes providing a

sem conductor-on-insul ator substrate. 3. The nethod of claim1 wherein
for¥i ng t he W¥iye icopwntionsl) masking i inpplantatiosapiocesies sch e theset fesalididay er s
|0 a Velble . Rludeiraifhrddd o3 BLE HRAWELP forsblt o R'P imbRinfhtiod 62 WRIAG: Of
claim 3 Whérein Tormng Re gate Includes formng a surround gate around

t he verdideaf thei ddcess. tramsisithezate6¢dand thecgaae pxide \H0Ortbémbdnentl ngmpleting the

i nterconnect includes formng a |ocal interconnect ove L, i conduct or
subst r a39%° COmPRBENH Pit the prea Ty <R, et e KT SHe D RI%BS{T A hod
for manyfacidtdifg an integrated circuit structure, conprising: providing an
underlying silicon senm conductor substrate; formng a |ayer of buried

si | iskcon oxi désing coheentioddr teyrasthyloithosilinates € HESY A udepositisu psaccsses,; af $#@i ng an

upper layer_of silicon an the |layer. of buried silicon oxide; Ny .ant i ng
N and llagyerr@&k@ﬁéhqnﬁpeleﬂ EOIHFB&VCT é@g}e YGOUS plFYces %%&Sﬁﬁa%%r la(?)s fnecaigsblf r?%ne
addi t i of@thel AYARNofAfe tR@iskRRRIysiIRVA suftbuitd bite G00, @k Glien @f tiePagidpillosE)

layer to forma hole therein over the N- Inplantation region;, growng a
verti catbope thepthysistor pelysiicen sgrrouadigate $(X), andjhesdes afjthe agqepy wgipistor gale

602,
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.



stripping off the additional |ayer; 30 grow ng gate oxide around the sides
of the P- Si pillar and over the P- inplantation region; formng a

pol ysilicon gate over the gate oxide in the P- inplantation region; 14
formng and inplanting a polysilicon gate adjacent the P- Si pillar;

i nplanting N source/drain areas adjacent the polysilicon gate over the P-
i mpl ant at i oIThHeBUAgiMi usle @Sﬁ\teinﬁgmﬂithﬁskii% sdaamlmtaionwtepsathel Nasturavdrainf t he

pol ysilicon gates and the P- 5p|IIar form ng tatjons th
N sourdesdi0disdisputaad quh%@%@etnaﬁ de pP4CR 7R th t%.qflﬁitb%ﬂ% t%éntlt}% of

the pO'&éﬁ bt ih%%@c&ﬁﬁﬁn@&?ﬁn%ﬁrt@ﬁ}feach Me%taﬁtN-\oﬁn%%ﬂhﬁHh 7d0rmng a P+

i npl antation in antation adjacent t Si pillar, using the
nitride spacﬂmularlp,u'hd N- limpRatagpn D4 ldjacand asébﬁtsnihltgmnm 815&C¢rrﬁ§]0&ﬁmmdt on 10

theread'aet; r resp t1v sal.i ci a r the

i nplPant ?%’ Sé pﬂ 6% (5‘1%ﬁtvﬁt§1 3?1 @?@6 Z@‘f '@é\%&%ﬁﬂfl e SRASFS %rofné@g}e over
the topp.af ptm ) t§§elphl rethe mdmgtbﬁta@itmwtw mislc@ir@&tésaueetsrew Sipohdifs OF
source/drain areas. e method of claim6 wherein formn e gate

adj ?perthe ghﬁlﬂ_mr ’8?61 momlsn‘mglﬁf thecP-uBieBillin Ah9.ne N+ implntiiog a ‘alt HRMEPR he
vertic - [y, f
ot varsigon e N aipio 2B IR, pfipcif™ e S Wt TR b M, P

claim Qniﬁllﬁitﬁldgl foarthéregrljadeat. i nt er connect i ncl udes for m ng a | ocal
I nt erconnect_above the sem conduct or substrate 10, The neth | ai m
6 fUrther cohisTesuliige teaiséyidavicg has the, fur)layeas Jl&F QF%P??‘ dorming ‘Btﬁeﬁé Rﬁ

el oot GRlEANKAGka W e POnLE N BlerdOPL ifpibfladP i kid ! ¢ he

sal i ci ayers teégrated circuit structure, conprising: 25 a
sem COﬂIdUﬁhplantaﬂ]mSI(Maﬁdjaceat thhmto)snt@forﬂna@ hmgzmtal]yemsthe somicohductrsubittate t hr ee
P-N juncgtions th rebe

hor i zontthe, UpREr ¢ ﬁ@rs]bg? 0$]Qi’lﬂﬂd0 aesset‘bftsr\t‘\lgetg%réz ?‘% ré?i g tforﬁ tlilayers

bei ng fﬁwgoﬁﬁfnt bRk B s%lﬂdi'etmeﬁh&%def-tlﬁfptaﬁltB@ﬁ)hrmzeon a@ dpgRéreofadracent
at least oné of the vertically formed |layers: an access transistor on the

senifconﬂlmmmbwemaﬂbtbd@é an@mdtharsﬂicntleﬂl@omt:l@tsem@tqné@tom@sttatf;r| stor and the
access transistar

wherein the ‘ééﬁl? 86%{518% %Prne%ltfbs?AL, fs?ﬁénaﬁéa?@g%%gon hv %rl&%ég‘%t#{()ﬁs gfl%?ﬁ i

subst r afighants. The implant energy of the N+ implantation 702 into the N- source/drain areas 604
and the RTA temperature and time are chosen such that the N+ junction on the Si pillar
overlaps with the thyristor polysilicon surround gate 600 sufficiently for the latter to function

20  as a gate.

Referring now to FIG. 7B, therein is shown a layout view of the structure of FIG. 7A.
Referring now to FIG. 8A, 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 [LD.

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 IL.D 804.
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13." The integrated circuit structure of claim 1l wherein at |east two of
the vertical layers forma vertical pillar on the sem conductor substrate.
14. The integrated circuit structure of claim 13 wherein the gate is a
surround gate around the vertical pillar. 15. The integrated circuit
structure of claim13 wherein the interconnect is a |ocal interconnect
above the seThiedbDdB(el 00 theiélsttriodl @ontaol 806, 303, hal SEkdie tea fhiidhed withndMPhe
access transistor. |10 16. An inteqrated circuit structure, conprisin

si | i corfd & sRaFotignal dimshingsteps. NMetaghtings, sychyas £o 2 bit fiag®dAand A ¥us 814 | ?co_n

‘sem co h fé‘% . ' s il [ : te oxide
aroundn‘?ﬁ?egifoes (S)#Jat%hgnelgfédé?%%ﬁ%?gﬁ‘g%%ﬁ%zlr)ﬁﬂ?ﬂg%g@ EJ’:()ﬁp gr%’?g't I on region;
15 a pol ysi ITheothyystoe-basesk SRAMg 6F-RAM) deelli thusheorRists mfl et atlements:eghieon; an

i mpl_ant al ysilico ate | a the P- Si pillar; inplanted N

source/ ng%@ﬁy%er ﬁgﬁ af{%"%eeﬂ}daﬂ#eﬁﬁ@‘{)%m 881y 5‘1%8313% r c"t“ig?g‘:t?& thynfhea]r?f:%h i on
regi on;infRrdonh&e gppacers around at | east one of the polysilicon gates and
the P- Si pillar; 20 N+ inplantations in the N- source/drain areas, in the
top of the FRefgringinowaip Fign8Bi thereireistsbpwof leynat pistyef the stuctergtof FiefAt he P-
I mpl ant ati Qn . .regi on: | §-al-lgned.P+ inmplantation in the N- inplantation
adj acen‘?ﬁl% ﬁ%mﬁﬁg%ri%tpefiﬁzfnz(ﬁ?myé)gﬁ)ng(:S?gt\}%n‘sal i cide layers over the N+ and P+

i npl ant at i orgxferging ndt torHIS, O OMBRGE isBRbWE aITldw eh6d1 L£ind@oll 36 Foopevididye top
of the P- Si pillar_and one of 25 the salicide | ayers over the N

souldce/aihariporPegs SRAM imegraied drguistycture ¥ mehed frithe Babsirationgthateebin

wher ei n, b AQagdel &R the PREANHHERRSN, S WSt hghbd fianlﬁ&esra %&B%dzs of pr&z'?din% a
underlying silicon sem conductor substrate; a layer of “buried silicon oxide
on t he sendamdyctog seishiepn sepn®@oolfortndng 8 wingistattmyirgnat 18ast douruppes wityer of

silicon,on | ayer of buried silicon ide. 16 . 8. The | ntegrated

ot oo T B G EE e o st FRO of edayas® Being Leimel oeizpoaly S35 o
a surr oiificab&oR sObd RRd VRt alwoPof The Rdyet@being ForhBE veRi@AY e the
circuit structure of claim 16 wherein the interconnect is a | ocal

i nt Br coendeandadioy sulistrates e sicp MGud tforming lasgatandiaced0 at Iehgs doptof dhevesticdly cui t
truct Laim.16 . i sing: ' | aver dielectric: and
oot O AL P\ oD RSO TS e e bR YR E SRR o1 e

sal i ci destkRYE0 6f folming an interconnect between the thyristor and the access transistor.

In greater detail, a manufacturing method to produce the thyristor-based SRAM is
performed as follows:

20 1. The Si semiconductor substrate 104 is suitably prepared to provide an SOI region
including the buried SiO» 102 and the upper layer 106 of Si. The mask 108 is
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 Si;N4 layer 402 is then formed over the thin

11
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()- 9& () - 1mpl%l(l)ta{ (Ao lb)gu gglé ﬁeftal-/ld%%g‘aceﬁoo 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 sal101de 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 Vi 814, (FIGs. 8A and 8B)
It has been discovered that thc present invention has numerous advantages. Principal

among these is that the contacts can be formed with relatively little height difference.
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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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3. The method of claim 1 wherein forming the thyristor includes forming at least

two of the vertical layers in a vertical pillar on the semiconductor substrate.

15 4. The method of claim 3 wherein forming the gate includes forming a surround

.gate around the vertical pillar.

5. The method of claim 3 wherein forming the interconnect includes forming a
local interconnect above the semiconductor substrate connecting the pillar and the access

transistor.

20 6. A method for manufacturing an integrated circuit structure, comprising;
providing an undezlying silicon semiconductor substrate;
forming a layer of buried silicon oxide on the underlying silicon semiconductor
substrate;
forming an upper layer of silicon on the layer of buried silicon oxide;
25 implanting N- and P- regions in the upper layer of silicon;
depositing at least one additional layer on the upper layer of silicon;
etching the additional layer to form a hole therein over the N- implantation region;
growing a vertical P-type silicon pillar in the hole by selective epitaxy;
stripping off the additional layer;
30 growing gate oxide around the sides of the P- Si pillar and over the P- implantation
region;
forming a polysilicon gate over the gate oxide in the P- implantation region;
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forming N+ implantations 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- implantation region;
forming a P+ implantation in the N- implantation adjacent the P- Si pillar, using the
nitride spacer around the P-Si pillar to self-align the P+ implantation
10 thereadjacent;
forming respective salicide layers over the N+ and P+ implantations; and
forming 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.

7. The method of claim 6 wherein forming the gate adjacent the P-Si pillar

15 includes forming a surround gate around the vertical P- Si pillar.

8. The method of claim 6 further comprising activating the implantations by

rapid thermal anneal.

9. The method of claim 6 wherein forming the interconnect includes forming a

local interconnect above the semiconductor substrate.

20 10.  The method of claim 6 further comprising:
depositing an interlayer dielectric; and

forming electrical contacts through the interlayer dielectric to a plurality of the

salicide layers.
11.  Anintegrated circuit structure, comprising;
25 a semiconductor substrate;

a thyristor having at least four layers with three P-N junctions therebetween, at least
two of the layers being formed horizontally on the semiconductor substrate
and at least two of the layers being formed vertically on the semiconductor
substrate; | |

30 a gate adjacent at least one of the vertically formed layers;
an access transistor on the semiconductor substrate; and

an interconnect between the thyristor and the access transistor.
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13.  The integrated circuit structure of claim 11 wherein at least two of the vertical

layers form a vertical pillar on the semiconductor substrate.

5 14.  The integrated circuit structure of claim 13 wherein the gate is a surround gate

around the vertical pillar,

15.  The integrated circuit structure of claim 13 wherein the interconnect is a local
interconnect above the semiconductor substrate connecting between the pillar and the access

transistor.,

10 - 16, An integrated circuit structure, comprising:
| a silicon semiconductor subsirate;
N- and P- implanted regions in the silicon semiconductor substrate; -
a vertical P-type silicon pillar;
gate oxide around the sides of the P- Si pillar and over the P- implantation region;
15 a polysilicon gate over the gate oxide in the P- implantation region;
an implanted polysilicon gate adjacent the P- Si pillar;
iinplanted N- source/drain areas adjacent the polysilicon gate over the P- implantétion
region;
nitride spacers around at least one of the polysilicon gates and the P- Si pillar;
20 N+ implantations 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- implantation region;
a self-aligned P+ implantation in the N- implantation adjacent the P- Si pillar;
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

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

17. The integrated circuit structure of claim 16 wherein the silicon semiconductor
substrate further comprises:

an underlying silicon semiconductor substrate;

a layer of buried silicon oxide on the underlying silicon semiconductor substrate; and

30 an upper layer of silicon on the layer of buried silicon oxide.
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electrical contacts through the interlayer dielectric to a plurality of the salicide layers.
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