THYRI STOR- BASED SRAM TECHNI CAL FI ELD The present invention relates
generally to sem conductor integrated circuit devices and nethods for the
production thereof and nore particularly to thyristor-based SRAM devi ces.
BACKGROUND ART El ectroni c equi pnment, such as televisions, telephones,
radi os, and conputers, is constructed using sem conductor m croprocessors,
integrated circuits, nenory i t i ke. These sem conduct or
conponents are typically f%ﬁ&ﬂ?@@ﬂ%@mwct or substrate and are
constructed using various mcroel ectronic devices such as transistors,
capacitors, diodes, resistors, and so forth. Each m croelectronic device is
typically a pattern of conductor, sem conductor, and insul ator regions
formed on the sem conductor substrate. The el ectronics industry continues
to strive -for increasingly higher-powered and 15 higher-functioning
circuits. Inprovenents continue to be nade in device mniaturization and in
the creation of multifunction I n_si.ngl e sem conductor chips or
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An important part in the circuit construction and manufacture of semiconductor

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

devices can be very important.



O her SRAM cel | designs are based on negative differential resistance
("NDR') devices. These usually consist of at |east two active el enents,
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the other; and manufacturability and yield issues due to complicated fabrication processing.
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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 that may not turn off at all



Thus, while there is a growing trend to realize an SRAM cell by using the
T- RAM conbi nati on of an NPNP junction connected to an NMOS transistor for
ultra-high cell density, the inconpatibility with conventional bulk CMOS
processi ng makes such enbedded SRAM design difficult. Solutions to
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pl n viewesiorahBulktCMOSWrecesdingl G 2 t aken gener aI ly on view line 2A-2A of
H 2 In addition, the thyristor SRAM cell (T-RAM) sits in a P- well in a bulk silicon (“Si”)
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. Accordingly, there can be difficulty
etching contacts due to this large elevation difference between the contact on the top of the Si
20 pillar and those on planar devices.
Also, additional masking and implantation steps are needed for the thyristor N+
region, the thyristor-top P+ implantation, and the thyristor N- region.
An additional thermal step is needed to diffuse the thyristor-bottom N+ region.
There is also potential incompatibility with salicidation. Additionally, difficulties can
25  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.
Additionally, since each T-RAM cell is fabricated prior to or after fabricating other
30 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 2B is a cross-sectional view of le structure of FIG 2A taken on line
2B-2B of FIG 2A; FIG 3 is a viewof a portion of the structure
shown in FIG 2 after renoval of the hardmask and further processing in
accordance with the present invention; 5FIG 4 is a plan view of the
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those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides an integrated circuit structure. A semiconductor
10  substrate is provided and a horizontal semiconductor fin is formed on top of the
semiconductor substrate. An access transistor gate and a thyristor gate are on top of the
semiconductor substrate and in contact with the horizontal semiconductor fin. An access
transistor is at least a portion of the horizontal semiconductor fin and the access transistor
gate. A thyristor is a portion of the horizontal semiconductor fin and the thyristor gate, such
15  that the access transistor is in contact with the thyristor. These are ultra-high cell density
devices using conventional technologies in a straightforward, economical, uncomplicated,

and highly versatile process.
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
20 from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

25 FIG. 2 is a cross-sectional view of a portion of the structure of FIG. 1, taken generally
on line 2-2 of FIG. 2A, after reduction by oxidation of the silicon layer thickness, and
deposition of a hardmask;

FIG. 2A is a plan view of the structure of FIG. 2 taken generally on view line 2A-2A
of FIG. 2;



FIG 5D is a cross-sectional view of the structure of FIG 5 taken on line

5D- 5D of 20FI G 5; HG 6 is a plan view of the structure of FIG 5

foll owi ng nmasking and inplantation in accordance with the present

invention; FIG 6A is a cross-sectional view of the structure of FIG 6

taken on | iR GR BA abssFeGioa] vi2FofGhe Ftricum (fIF-G. YAewnkanfort lige 3B+AR bfir e of
aﬁgﬁ formation of a salicide block oxide followed by finishing

oper at %n accordance with the present invention; FIG 7Ais a
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7, andransistor gate and a thyristor gate;
FIG. 4A 1is a cross-sectional view of the structure of FIG. 4 taken on line 4A—4A of
FIG. 4;
FIG. 4B is a cross-sectional view of the structure of FIG. 4 taken on line 4B—4B of
10 FIG. 4;
FIG. 5 is a plan view of the structure of FIG. 4 after masking and implantation of an
N- lightly doped drain;
FIG. 5A is a cross-sectional view of the structure of FIG. 5 taken on line SA-5A of

FIG. 5;
15 FIG. 5B is a cross-sectional view of the structure of FIG. 5 taken on line 5B-5B of
FIG. 5;
FIG. 5C is a cross-sectional view of the structure of FIG. 5 taken on line 5C-5C of
FIG. 5;
FIG. 5D is a cross-sectional view of the structure of FIG. 5 taken on line 5D-5D of
20 FIG. 5;

FIG. 6 is a plan view of the structure of FIG. 5 following masking and implantation in
accordance with the present invention;
FIG. 6A is a cross-sectional view of the structure of FIG. 6 taken on line 6A—6A of
FIG. 6;
25 FIG. 7 is a plan view of the structure of FIG. 6 after formation of a salicide block
oxide followed by finishing operations in accordance with the present invention;
FIG. 7A 1is a cross-sectional view of the structure of FIG. 7 taken on line 7A-7A of
FIG. 7;
FIG. 7B is a cross-sectional view of the structure of FIG. 7 taken on line 7B-7B of
30 FIG.7;
FIG. 7C is a cross-sectional view of the structure of FIG. 7 taken on line 7C-7C of
FIG. 7

6



FIG 8 is a flowchart of a method for manufacturing an integrated circuit
structure in accordance with the present. invention. BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON In the foll owi ng description, nunmerous specific
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to fabricate a horizontal static read/wite random access nmenory ("SRAM),

The SRNItpeeme god.frariiaderlys serge of Hiradimepsignapredion Bleeclyity of rescatabion aed

transi Gks a thyri ster-based random 25 access

menor yl%%ﬂll- W§$Fﬁéa@ﬁ?$ﬁ§?gr 1s a negative differential resistance

(" NDR") de\li‘lﬁ:eetehﬁ\fhds@zcﬁhkdl’eﬁmwedl’l@rdﬂi isyqiginadds Pplayp @arallIRDFHY carphtb@natiuct or
material s. shown in FIG |, the wafer 100 is a_P-type .

si i cOM2RmOT ﬁ‘ériﬁ"!"&t(tfra Wa’é‘aor)sub\%ﬁa& rregardiess ab ¥ origatiqn: sig t% verpeal” For ned
in4he, i I Jhe BOX
| ayer EOA 8 L not PeeRIRUECP L iAo BE i S LBUES, S T B

| ayer ‘'Hbdye"aticklowe ‘$bttd>1ayé?toﬁOGslde’bgastmé‘sl,dewaﬂﬂfbr il ghea”, ¢boweiit Toond] amd1
configurati.on eferrin ow to FIG, 2, erein. s show ortion
of "t e itofis defedpra repestaRdRe JeHeriih Pedh hRacst shopSHe. 5 ARe

foll OV\hé}&nr REtetd @@p&Ytldﬂbejﬁ{dtéth o ﬁﬂlﬁor%@lbtc @a&&ﬁn@f e& u@ ded¥8pmiA6 to
30-1 nm A hardmask 108, such as silicon ox. id 2"y, has been

pat t er ﬁehing,nde@hap@sandéd wmovhleofSthe| mpteriall 06 phaﬁodesmh@s ucqm@ﬂeld fponinigons of

t he Sl iOG are then etched to the BOX | ayer 104 to folio a horizontal
Si “q‘l n“t %1 MG, 2A and 2B) fromthe Si |ayer 106. The renmi ni ng wafer
| avers benenéfenidgenéwrtb Zg0t @ thekeif 11 shdPn 4 Bdbs-btiohdle/idl dTaseald2imnd the
BOX | ayer 104, then consti| tute a sem conductor substrate on which the

hor i zohPigrllBiof silipon 1GS asinbbe irtostages. of processmafteriabmgats avioriEorpiGstany,

t her ei e r gepgLal 1y on
i ow | 1A TE PR KBS bR EE SKART, 1 SREM el R et ISR AR 17,
110 onplafd dfubldgatectictd clfO&. transistor (REfIEPYE’lT”D'Ig)rmm t1§) aFhéxistédbdsed tri@toh N 1 S
shown a cross-sectional view of the structure FI.G 2A,  taken generally on

i e 2BCessymerREY 0k RANOD- s HERrhymsten & 2 aeptive diblersniyg) sstsiance r{“lNPBr”)

|eai( alnpn‘lp %&q{a%ﬁoeﬁteﬁ?aﬁzgk fylpk Y4 PQW(“NPI\HJ”) SRlcBRh R dr Ate g OWS 1. 12, The

As shown in FIG. 1, the wafer 100 is a P-type silicon-on-insulator (“SOI”) wafer
having a silicon (“Si”) base 102. Formed in the Si base 102 is a buried silicon oxide
(“BOX”) layer 104. In the BOX layer 104, in turn, is formed a Si layer 106. The Si base

30 102, the BOX layer 104, and the Si layer 106, together, comprise a conventional SOI

configuration.



IS which is perforncd aftcr renoval of the hardmask 108 (as descri bed
below), inplants the entire horizontal Si fin and fornms the P-type channel s
thr the device (e.g., in the sidewall cf the horizontal Si fin 110).
Referring nowto FIG 3, therein is shown a view of a portion of the
structure shefamingmort & FIGG. &f tlereia ipsiewal epnrtiohatf the stowase ol F 1 Gat drkesk 108

FIG 2 d | t 00. (FI d.the f t
Gat o GPERTY Apdmegod HoChedntolPoie Fove B Sl Do) P el bert ed) on
the holﬁ/é'qr@%"’lb 361 106'n'ih 1A%ard%1&§tl®86§1ﬁﬁta5 QfiRoBLBE '(‘ale?gzhassdé@ﬁ' patferned

polysilicon, is then deposited n the gate oxide l'ayer 300, and a mask 304
i s t hemdp&ipbeitadech ﬁm&f leyerreld)6o and He lgama;ked ectticoslef thet Bir lag¢r B¥Pare Then

ind wtdd by BEE fof FEURIERapRg fu S DY B LG 38 R

400 (FdiGaydh) 10®NdTRe tdhYdihisk QFaf€ialherd Bénddil e KorizoARY St Ifi@n 10eaeit V& RN Si
N-channel . gate dopant inplantation represented by N-1- i rrpI antation arrows

306, wren 10Aengahe Et@%d@&‘%démnﬁteerqoaﬁtltgwa semisondusiqr o ake oar whigly thiow t o
FI G A}ioﬁgﬁga ﬁ%iléﬁgﬁwﬁ?fgﬁ%ﬁ view of the structure of FIG 3, depicted

in the follow ng renoval of the mask 304 (FIG 3),

30 patter niRgeaing dav MRFIGNRAS thare@ospdhionnd play vias bof (thettrusievet) FIGLchi ng
of the gate el ect rode nmaterial 302 0EfFI G 3) .not protected by the
cotpl |tﬁ’g‘m gmpratys9a vigidineehvit radchapingmateasarhadr hofigontal $h fithe

access 9[]‘?, 0 and the thyristor gate 402 on top of the wafer
100. h g%g@gee‘ggf%fr(gﬂm stor gate 400 and the thyristor gate 402, being

for rred fr olhefbhmMVetoeFEhtzBod&arﬂnueshomm 30Dss-sgotiondlusew of fheecstarcouendf
andcontact with the riz fin 1 now to FIG 4A,
t her ei fG- 245 kA ganeé?@s%nﬁ ?Bo?rs%rhem éwkgﬁro PREndR ?ﬁ‘gt{ﬁ B &holRPlaRais 4,
taken Cﬁ&‘ (% 14 '%oron% Bﬂ‘}?ﬂﬁﬁfra’ce& By @ddidyiftatfod A% shab Z[@letlﬁl m%lal{tétﬂ)nl 10 and

t he ayer al so shows an undercut 404 in the BOX | ayer 104
unger whxch 1s |pdla°ormﬁed hﬁkerhcmlozaimfaﬂhe $ard‘ma$k11118 (aﬂ'ldesqmbdér’oclw@ nodlants éhey

result oce [ d r di.na, sk. 108, (FIG 2
prior i (ﬁkjﬁtﬁi ﬁl&‘? Src S?%{él éﬁvwe .8, 1M ?éﬁdﬂv%gﬁow to)
FI G %ehbﬂ%rﬁmrgllﬁsl gl@g)vvn the structure of FIG 4, taken on |line 4B48

t her eof Referring nowto FIG 5, therein is shown a plan view of the
structure oRefErr@g upw bt FKwnidngheneis ks ﬁ@vqn@lweﬁvpo%mp@ntlpwféhe grughap shqwn ¢

onate b, Tt Nl PN BRSO, B9y )
I S20° epIFeSED) £, thétoriratisnd@erdbn. Aﬁa’té@u&@lﬁ?&sﬂmﬂﬁtﬁbb& gowgdbealddhatively,
may be deposited) on the horizontal Si fin 110. A gate electrode material 302, such as
polysilicon, is then deposited on the gate oxide layer 300, and a mask 304 is then patterned
and formed on the gate electrode material 302. The portions of the gate electrode material
302 not protected by the mask 304, and which portions will subsequently become an access
25  transistor gate 400 (FIG. 4) and a thyristor gate 402 (FIG. 4), may then receive an N-channel
gate dopant implantation represented by N+ implantation arrows 306, when the gate electrode

material 302 is polysilicon.

Referring now to FIG. 4, therein is shown a plan view of the structure of FIG. 3,
depicted in the same manner as FIG. 2A, following removal of the mask 304 (FIG. 3),
30 patterning and formation of a complimentary mask (not shown), etching of the gate electrode
material 302 (FIG. 3) not protected by the complimentary mask, and removal of the

complimentary mask, to form the access transistor gate 400 and the thyristor gate 402 on top

of the wafer 100. Both the access transistor gate 400 and the thyristor gate 402, being formed



Referring nowto FICs. 5A, SB, 5C., and 5D, therein is shown the structure
of FIG 5 15 taken, respectively, on lines :5A-5A., 513-5B, 50-5C, and
5D0--3D of FIG 5. Additionally, these FiGs, show a thin Si02 |liner 502 that
was originally deposited on the BOX | ayer 104, the access transistor gate
400, tfiemt thyr gt electrate MOial aiNL, tdie thupdssdpaotndngd gh tdnachoritlz dimt al  Si
fin 110. . A '%r'd pacer 504 was then formed on the thin Si02 liner 542 to
pr ot ecto't8 % Hﬁ'@\gii of the access transistor gate 400, the thyristor gate

402, and. tiR&esfhg RAF itd PIGAA Sthefelnn isLddvagal dissk-se@ldn€l it dMtheasidlcluge Space
t he deep source/drain ("8/13") N inplantation. (described bel OWI fromthe

channeshownThe 16 #r faljen leémeﬂASGA thersof. obmedilition wothe datireiall Siffas hlGand f or

o o1 e SRR T RS M Bl o PR 0@ h WERON R bR S v g

t he ex§@s eflthe dotizGrisl Slfﬁﬁ ne0.t MheruSdddduts H0£ bredDResul2 oReHegire-clvgn peectsind=1 G 6,
therein is shown a plan view of the structure of FIG foI | ow ng maski ng

and i nﬁhﬁtarﬁw%ﬂleé@rdan@hdps (¥1G-2) arigl te grgwmfh%sataoﬂéébam $HgilGndat i on
600, follo ng on 604.
The deep N"E?fn%?ﬁ 5%% olilﬂa?éég |h§}éélg%3| ger eth%gég%‘é Oggégugga%e@nﬁ% aBnt ation
i s deeprheidvdn the P+ inplantation 604. The structure then received a rapid
t her mal anneéfl ("RTA") tqQ activate the 30 several ant i Iap%gél ons
th#t have bR ﬁ“B’ér‘FWr?%cFIGTﬁe thergim, iS00V 281N 5B (G SEgtU hitride
spacer b Gno C

P net P op R thiRlandind i Forp R A Bk d SRR (5000 o WISty dbpBd drain,
Cross- ﬂ;miﬂantntmsd 560 (éWI:HD’t) kfer émmegatmeeclmhnﬁ I@tal&m@(mmmndhcme( BYMEA) her eof
Referrjin rein |j an Vi \évéﬁé;ht he structure of

R o RS ratasered h et Py S BSRoL BB he *ind ek
removal to ReeMm novatd FIGesA; SBOEOCK 0K dtﬁex%ﬁpts sib@n%i’é itficlee bF peds. oxi de

700 may be | ess extensive than illustrated g as it covers the
P- 15 / Neak¢ryretpieotivel o cat JelabSaiA-tﬂzPe 848, ﬁ@z5CAaB<bI5DC§ eof] Fjeb. mddltlgnatllryen

f ormed,,on r.,ema ions_.of th r.izont.al tin he
oot FiRR SRR L A EXRAEC S LRRE WD Brilihaly Saftailf N b ma b i

i ner $@2accédsGrafbfitorapsle t419, Nhé &hﬁ&t&pg&erﬂﬁgén(i Rh&. expddetidportiane olﬁ&E@
omtted FromFIC 1. 7 for clarity of lustration.) toThe device is then

conpl ehatropipl fbins! 16f émltrﬂ@éppﬁyeﬁo avas Ber foraned: crrube)thma%ﬂé}z g6 5P%i t t ed
fromEF r t n S C, and
7D, el Sies? ShESIEAL b, B bt SR P hood MU MRS 402 pdPnd D 20
The el bcmzrohtaalswﬁmtbl@t addifst i @hbxdaacbledar(a\/lub fs@ammeoﬂeémmlhoe/dmt(tﬁ/m) fin
110 nearest _the acgess transis cal .contact 714

400, I
i s | ocht d@PkRtation ddesppbrs bedowrh Oﬁftgat lga%‘}sn i@ﬁt"é‘iﬂ %Sgaregﬁg@maiéomﬁé% est
the t hysdsinafRkkioft Ofr errﬁ%lgl @}ﬁﬁﬁt QBhosHY AGinSde’ épgcémﬁiye? 124 W& &Bfing he

access transistor gate Ti stor gate 40 respectively. Wile
not shiamiiride Bpager Tayeand fehGthe Miridedspadd, SOFICIheaq:tdh ﬁlS)) rembvmglthe beposed

under st oad t fﬁ%lhe v I’ll ougoz(;l ectrical contacts, such as the electrical
cont acP¥H9H %hd"714, will not customarily all be co-planar,
whiLh is C%@&x@ﬁ&b't@%l@ﬁ BRrdh tis tsﬁoﬁﬂaéob@neaflfa\!vcdfeﬂﬂé BLBGES bEAGEONt act s
to be fornmed in devi ce having very closely aced conponents.

Addi t | thlawirfg ma@hng] gné ireplsntavien ade smalﬂrmht m@ 19P)ovfi ssdlesp Nof imoplaetation

"t or cORde T Rt R BB Rhe HanbRira & T Byt "t del

Ref er r NngmpRintation Fd0Bsis cbAsidékd, “dKep abétadde its tifi@ladiakioh Ss ﬁbép&ﬂ thdiettgt puct ure
of FIG 7 taken, respectively, on lines 7A-7A, 713-713, 7C-7C, and 7D 7D of
Fl G 7implantation 604. The structure fhen received a rapid thermal anneal (“RTA™) to activate the

30  several dopant implantations that have been performed. (The thin SiO; liner 502 (FIG. 5A)
and the nitride spacer 504 (FIG.5A) have been omitted from FIG.6 for clarity of

illustration.)



The core conponents of the access transistor 716 thus forned include the
access transistor gate 400, the adjacent. portion of the horizontal Si tin
110, and the adjacent portions of the gate oxide |ayer 300, the NLDD

i npl antation 500, and the N+ inplantation 602. Simlarly, the core
conponent s Réfetriig ddw td EI@ro A7 18rtinus shovie drdspeédtidealt Hew tolfiyiid stueturgate 402,

the portiaon of the horizontal Si tin 110 in the vicinity thereof, and the
adj aceﬁd'ﬁéﬁlf‘?no‘_ﬁlsh‘?ﬁg“g@ g‘&fﬁ@f-oxi de | ayer 300, the Nt, DD inplantation 500,
the N inpl aRi@EdRMENZ0 H10L 70RRRIN s isHREAN ﬁltafl}lq}t?ﬂ?%q’thé@ﬂu&npe Bt FIG.6

i npl antation 604.” The access transistor /716 | IS structure 1st

cont acfollwivirg dépesitioy; Fitetniog aird Biaflang,caeitinglantl heaskotmoval to form Rehkeidé ng now
to FI therein. s sho a flo rt of a nmethod 800.for nuf act uri ng
on 3 e WgrepBACPC ThE SRR G T0Ebhu RS SRR n0ap LSAEE HI08h | on
The neidipgheRCihe $esNa icabn &23te@ht MM FONI A%aB &AL SRRHNE fa&heﬁltttﬁghé@é@; a

step 804 of form ng a horizontal sem conductor fin on top of
sem cothduemainingudraoped portians pehedosizoftal 8 fin g Oathcaseess dransiaios igstect00gat e on

som coMLE APV TRL LHE PR, THEVLF TOR My SoF VB Bl dut BB 0RY e

sem CORIGCE QY hahsth aingtlnEorFeQNT agtclatty bf filsirdidhi)zont al  sem conduct or
tin; a step 810 of forming an access transistor fromat |east a portion of
t hE hor i zontka desaes isdhenueqrapleter hyanerns 1vé aadetedayar diglestae 6rILEAD 2yend a st ep

812 of VA i - £aS I e, R0k Hz
U ser SOAELBSR FIEVT 15 Ohilyt ARGy R REELIPRIGE oS00 es 8 Mg st or
i s in Todowpatd thie provititue of Elycttisdl@dntacts 708, 110, i Bahér7 1 deTat klec@icabdontact uri ng
met hod_t o. produce the thyristor-based SRAM according to the present

i nvent Y%Bﬁecqa%# oo fieedat the hpeigantal Si fin 110 nepsest figr dicespgpmmpistog grteati0y

pr epar g, i - i Gus.at : Pt d g I se
T2 the BET Nl GphepTER (KA BLIR IpRICRRNSL I Rbed [ H 41

t hisck nessesofthe higyriStor| garerd0206Tbé ddverid@Dicomattsr 710s ande di2 eate tfor 30 hOG&snm by

i datjon. The hard 08.is then deposite .patterned, t he, Si
Phyer ORISRt AL e SRV o SRparery i ot Siovtion SR THENbox
llayer @@#. 7207BMaskidaoroy)é dvimme?lmd%%sitm @t thBSafodsyEtEHRRBRh&s (dubh hhe

sidewal I s of the horizontal Si fin 110) are then performed, as indicated by
t he P-thegfsiciiivahednsartay@owd 01712, afd7 G .will nop pystemarilg Byl 18 coAplaear, whishds el ean
that also removes the hardmask 108, .th te, oxide |ayer. 300, i s grown or
depos 1RmOR SRSy i Tt FERRING ision'BHeficl oaTa 1 ¥ aEngiin®a HEReE

semi comigs Wiy CloSPSpIcepo®ssenkei ng utilized. The gate el ectrode naterial
302 is then deposited. Wen polysilieon is used as the gate el ectrode

nat eri al 3o@¢d1§ﬁ@qlifn§shmﬂdstpwma o singHtagepisigovision of ndkssistactricat gentagts

chann {s .t - hndi e 304 d NH
i mpl aﬁ“ﬁ?%&a‘ﬁaﬁ ragmgpegcfg.&{’%%{’e Q@) @&kﬂ%ﬁéhaﬁggﬁﬁ"éﬁ G gg%}ﬁﬁg i 4] OQ’% (FI G
3) i s ddneentppaihl Brnisleiedg ategs.et ched to form
Referring now to FIGs. 7A, 7B, 7C, and 7D, therein is shown the structure of FIG. 7
25  taken, respectively, on lines 7A-7A, 7B-7B, 7C-7C, and 7D-7D of FIG. 7.

The core components of the access transistor 716 thus formed include the access

transistor gate 400, the adjacent portion of the horizontal Si fin 110, and the adjacent portions

of the gate oxide layer 300, the NLDD implantation 500, and the N+ implantation 602.
Similarly, the core components of the thyristor 718 thus formed include the thyristor gate

30 402, the portion of the horizontal Si fin 110 in the vicinity thereof, and the adjacent portions
of the gate oxide layer 300, the NLDD implantation 500, the N+ implantation 602, the deep

N- implantation 600, and the P+ implantation 604. The access transistor 716 in this structure

is thus in contact with the thyristor 718 for control thereof.

10



t he access transistor gate 400 and the thytistor gale 402. (FTC s. 4, 4A
and 4B) The NLDD i nplantation 500 of the NMOS transistors is then masked
and inplanted. The thin Si02 liner 502 is then deposited, followed by a
nitride spacer layer that is then etched to formthe nitride spacer 504.

The nitri derRsRaGRS nd@4tPRIGER! shekdig S| dpwal hsflow thet bord anicl 860 fokn 110,
the access transistor gate 400, and the thyristor gbate 402 agai nst
sal i ci a@pv’@ﬁtunpweentesrat@mlrcsg strggtureqipposerdapee Rl dpcapresrat @lweﬁmranff BEi ons

th d
byt e e RRALTR b sBEF bRt n o SRicIRERN b MRIEHLGH RSP Ry s 01
per f or hedzane! aehiceadwetal fin drhepi ofpheammit:d)mimo&ﬁ (ctbsGate; 6 s@pB06AY fakmidgen

sal i ci de bl ock, oxi de 700 |§ t hen.deposite atterned, and. et cﬁed so.t hat
t hej un@ESeEnirasisios gate; Htop §5 thesepirpapagor étr SPp ?IH%OI’ItaéEf/E’i‘th‘f}G"tl Grzonipbn

for medgerhighh QMR Firt¥hd Glept B6% 'ok'?oﬂrﬁ}igra QBistcr HRORSI &)gdoft fher %%nduy%‘?

el ectrical contacts, |nclud|ng el ectrical contacts 7 0, 712, and 714,
are 15suishateandeid ¢dmta@t|g¢1tlt the Dizbatpk serd@dnddatdr Huved step &ﬂ%ﬁfmnm'@em
vice. 1fil.Gs 7C,__and 7D)

t f f t
PO gt R BB S 2 ot S PerzGiasal emiSRidulion F8 e ke ng e
Princi pahsiaemae; A8 setdss 1her féﬁﬁ?‘ﬁ%td ihiliby §0fn 1i1GusDS 85RR dIANERA QAN LI

conventional cnos processing, 20A cul ar advantage is that the present
i nVent pamicoivetyatiasandibe thyRator |gnt[eosqg:h that the access transistor is in contact with the

thyristor.
In greater detail, a manufacturing method to produce the thyristor-based SRAM
according to the present invention is performed as follows:
1. The wafer 100 is suitably prepared, having a P-type SOI configuration
15 consisting of the Si base 102, the BOX layer 104, and the Si layer 106 thereon.
(FIG. 1)
2 The thickness of the Si layer 106 of the SOI wafer is reduced to 30-100 nm by
oxidation. The hardmask 108 is then deposited and patterned, and the Si layer
106 is etched to form the horizontal Si fin 110 on top of the BOX layer 104.
20 Masking and implantation of the P-type channels (in the sidewalls of the
horizontal Si fin 110) are then performed, as indicated by the P- implantation
arrows 112. (FIGs. 2, 2A, and 2B)
3. After a pre-clean that also removes the hardmask 108, the gate oxide layer 300
is grown or deposited, as preferred, for the complimentary metal oxide
25 semiconductor (“CMOS”) process being utilized. The gate electrode material
302 is then deposited. When polysilicon is used as the gate electrode material
302, masking and implantation doping with phosphorus for N- channel gates
is then performed, as indicated by the mask 304 and the N+ implantation
arrows 306. (FIG. 3)
30 4. The gate electrode material 302 (FIG. 3) is then patterned and etched to form
the access transistor gate 400 and the thyristor gate 402. (FIGs. 4, 4A, and
4B)
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CMOS Fi nFET process with only one additional masking step (for the
thyristor N- inplantation). The present invention also maintains the
surround-gate and thin-body features for the thyristor (for fast tumoff
speed) whil e taking advantage of the area and speed advant ages of the

Fi nFET archit ect UK@€NLDD impldt@atiofi Vst Othet RMOE trafdiisdiesthén siadkéd and
read/ wite random access nenory ("SRAM') design utilizing an N MOS T- RAM

for ultra-high ciamlarehsiThy thin'SiO; limgi paX s then wigpositeguiollewes dyat giridhe
T-RAM i s fabrica i I i LS. P 1. GQN gt eri al
| ayers utilizi nggpgg?{g??éﬁ%tﬁ?tt aﬁ t}llxrh Bééhg@{ﬁd%ﬁleh}ree%yﬁgi Sr?ggép})‘lr%%éggﬁ% g{m@

strai ght f orwar d, spacan®id gadtectsinoorjdewaldd e thdrihghikontalefisfihi 116, thes @scess
conventional technologies, and is thus readily suited for nmanufacturing

ul t a- hi gh cel | daisinEdR¢Ybeaad the thyrisighigate {Resaisb e tRBs (e 5
described in conglggnﬁgi@aﬁagj? a specific best node, it is to be understood
that many al ternatives, nodi ?cati ons, and variations will be apparent to
t hose skill@d i nS¢veealambrdé nmplaghittiond arhehet hyeefponedy the perticptar,othe deep

Accordingly, it js.intended emr ace .al | h.alternati ,
modi f i I(:atg i )c/)nsl, a ZIII”P faé’lof‘o%‘u@’ vﬁﬁewefém ﬂvﬁsﬁci foplfRtalen Irq\()?s and Ledpe of

the included clajfBiant¥idn B84t RTSA [N 1HRR pet@rh&d & a&tvatOhll MhdBhSlha@EnsShown
in the acconpanying drawings are to be interpreted in an illustrative and

nof-1imting send@Cs. 6TaE GAVENTI ON CLAI MED | S: 1. An integrated

Cet oonduct br 11 RoH B BPOT Rede IR0 46 ARTCELP el BRieafy; aufs R SEIF

transistor gate @8 F49R- Giindibdf af &i¥ GQNTNICE QWovEldS Thatseliclié 1dydr ¢eNisa@bn Wi t h
the horizontal sem conductor fin; thyristor gate on top of the

seni conduct or sulsmedt llardng whigh the IL leyert RO o depesied therepiesondbet or

fin; electrical contacts, including electrical contacts 708, 710, 712, and 714, are

15 then formed through the ILD layer 706, followed by CMP and other
conventional finishing steps for the device. (FIGs. 7, 7A, 7B, 7C, and 7D)

It has been discovered that the present invention has numerous advantages. Principal
among these is the compatibility of the present invention with conventional CMOS
processing.

20 A particular advantage is that the present invention integrates the T-RAM into a
CMOS FinFET process with only one additional masking step (for the thyristor
N- implantation).

The present invention also maintains the surround-gate and thin-body features for the

thyristor (for fast turn-off speed) while taking advantage of the area and speed advantages of
25  the FinFET architecture.

The invention further provides a static read/write random-access memory (“SRAM”)
design utilizing an NMOS T-RAM for ultra-high cell density.

Epitaxy is not required because the T-RAM is fabricated horizontally by forming its
NPNP semiconductor material layers utilizing a horizontal fin.

30 The resulting process is straightforward, economical, uncomplicated, highly versatile,

uses conventional technologies, and is thus readily suited for manufacturing ultra-high cell

density devices.
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an access transistor fornmed fromat |east a portion of the horizontal

sem conductor fin 10and. the access transistor gate; and a thyristor forned
fromat |east a portion of the horizontal sem conductor fin and the
thyristor gate, the access transistor being in contact with the thyristor.

2. The str uwhile eheoifiv&ltdinhab badtedestiibddna cdsjtinciimowith arspsdilis besatmdand ig he
hori zontal sem conductor fin further conprise a silicon-qgn-insul ator wafer

i n whitenba wedargeest thap magy demagyeureBhcations, ad yarakers Ml MetweaeBh % | i con
| ayer i - ' er. oo 3. ) 2 aim |
wher ei tﬁg%%{lﬁuﬁig tgggretgg-ﬁtg?ggg ?%?Jg?eegélgg éi e%tcrl{l 3 t1t0 ﬂ'e %%efall S l%’;ﬁ: %ﬁi’ geng{:deﬁ%‘ or med
ar ouncemabrateal$ tsuch goarmdtives,ahodifeativms, agintalatisesmivbahdial tvoithif ithe spirit and 4.

The structure of claim| further conprjsing a |liner, and.a spacer .funned
ar ound*°2Bar! he udeg Sl4imgn s}\@fm%tli?ésn_ﬁ&#?rzte%%q St dffCR SRERIL BTg T 1
accessaacf)ﬁ?%ﬁﬁé’ﬂra%{gﬁ arddthelifiRrprBd i 4PN1ugR4tBre and non-linditind B@sst r uct ure of

claim1 fu er conprising: an interlayer dielectric |ayer over at |east
the access transistor and the thyristor; and at |east one electrical
contact through the interlayer dielectric |layer to the access 25transi stor
and at | east one electrical contact through the interlayer dielectric

13



| ayer to the thyristor. 6. An integrated circuit structure,
conprising; a silicon-on-insul ator sem conductor wafer; a

hori zontal sem conductor tin etched fromthe top silicon |ayer of the
silicon-on- 30i nsul ator sem conductor wafer; an access transistor gate on

top of THEENSENTIONIGCAOMBm®Ri®r and formed around and in contact with the
hori zontal sem conductor tin; a thyristor gate on top of the sem conductor

waf er and fpr mdmﬁ@g@dtea@ﬁculms@mm@cdmypﬁsmgt he horizontal sem conductor
fin an access transistor folioed fromat |east a portion of the horizontal

seni conduct dfHEPNAARIT SHStaeess transi stor gate: and thyristor for med from
at |east a ﬁ&-%io Eal UmicBfadd Jr'fﬁp&ft%h of BT EONAAG 85 Jdb@t{cﬂ@d the thyristor

gate, such access ranS| st I's 1T n con ‘the thyristor.

7. Bhe str ucztmaceessftrmlsiaiomgﬁtefamrtbjaef ttmcsemaoadmgoﬁsubbtratb aghin gondepedthdhai n
inplantation inplanted into a st a portion of the horizontal

seni conduct or fllﬁp%‘iataé?PfN-?mi‘ %t“ati on inplanted into at |east a portion

of the horigzq &bcmg%i?t&rthfe'& 1$o%ua:[t3? sapgtfa@é Uhe ﬂ%&h@&%@hwﬂ@rel n

the thyiristor urt er co ises a eep antation inplanted into at
| east: a porti onhmfzontaésdlmnmzdmtcmlﬁnsem conduct or fin, followed by a P-1-
Isgﬁ,: 22%3;'0? zg)r éckrp%%pz}nggtolr (Er?ne ! rr(:il %? lteasa‘% a%%'i’ttlcl)noof t?lza hgrrfzeonr‘-[lqrsleégc%nguctor fin
10 and the access transistor gate; and
a thyristor formed from at least a portion of the horizontal semiconductor fin and the

thyristor gate, the access transistor being in contact with the thyristor.

2. The structure of claim 1 wherein the semiconductor substrate and the
horizontal semiconductor fin further comprise a silicon-on-insulator wafer in which the
15  horizontal semiconductor fin is formed from the top silicon layer of the silicon-on-insulator

wafer.

3. The structure of claim 1 wherein both the access transistor gate and the

thyristor gate are formed around at least a portion of the horizontal semiconductor fin.

4. The structure of claim 1 further comprising a liner and a spacer formed around
20 at least portions of the horizontal semiconductor fin, the access transistor gate, and the

thyristor gate.

5. The structure of claim 1 further comprising;:

an interlayer dielectric layer over at least the access transistor and the thyristor; and

at least one electrical contact through the interlayer dielectric layer to the access
25 transistor and at least one electrical contact through the interlayer dielectric

layer to the thyristor.

6. An integrated circuit structure, comprising:

a silicon-on-insulator semiconductor wafer;

a horizontal semiconductor fin etched from the top silicon layer of the silicon-on-
30 insulator semiconductor wafer;

an access transistor gate on top of the semiconductor wafer and formed around and in

contact with the horizontal semiconductor fin;
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9. The structure of claim6 further conprising a liner and a spacer forned
around at |east portions of the horizontal sem conductor fin, the access
transi stor gate, and the 15thyristor gate. 10. The structure of
claim6 further conprising: an interlayer dielectric |ayer over at |east

the access i KapBicsteafe (ﬂﬂl@F dfiige tdmyicoraduotor vaiieh @il fogasd aroti®l edeit doneat
contact through the interlayer dielectric |layer to the access

transistor and atithdhghorgam ab?*‘_é‘@?‘?‘ld@ﬁ’lor@@ht act through the intedayer
dielectric 20L avest dQistod SormW¥ fhth &f teast a portion of the horizontal semiconductor fin

and the access transistor gate; and
5 a thyristor formed from at least a portion of the horizontal semiconductor fin and the

thyristor gate, such that the access transistor is in contact with the thyristor.

7. The structure of claim 6 further comprising an N- lightly doped drain
implantation implanted into at least a portion of the horizontal semiconductor fin and an N+

implantation implanted into at least a portion of the horizontal semiconductor fin.

10 8. The structure of claim 6 wherein the thyristor further comprises a deep N-
implantation implanted into at least a portion of the horizontal semiconductor fin, followed

by a P+ implantation implanted into at least a portion of the horizontal semiconductor fin.

9. The structure of claim 6 further comprising a liner and a spacer formed around
at least portions of the horizontal semiconductor fin, the access transistor gate, and the

15  thyristor gate.

10. The structure of claim 6 further comprising:

an interlayer dielectric layer over at least the access transistor and the thyristor; and

at least one electrical contact through the interlayer dielectric layer to the access
transistor and at least one electrical contact through the interlayer dielectric

20 layer to the thyristor.
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