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sem conductor integrated circuit devices and nmethods for the production
thereof, and nore particularly to thyristor-based SRAM devi ces. BACKGROUND
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diodes, resistors, and so forth. Each microelectronic device is typically a pattern of
conductor, semiconductor, and insulator regions formed on the semiconductor substrate.

15 The electronics industry continues to strive for increasingly higher-powered and
higher-functioning circuits. Improvements continue to be made in device miniaturization and
in the creation of multifunction devices on single semiconductor chips or dies.

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

20 obtaining a device that occupies as small an area as possible and consumes low levels of
power using low supply voltage levels, while performing at speeds comparable to speeds
realized by much larger devices.

An important part in the circuit construction and manufacture of semiconductor
devices concerns data storage, or semiconductor memories, which is the circuitry used to

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

devices can be very important.
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in which the data stored at each location is periodically refreshed by
reading it and then witing it back again to the sane location, or else it
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introduced, ranging from a simple bipolar transistor to complicated quantum-effect devices.
The biggest advantage of the NDR-based memory cell is the potential of having a cell area
smaller than that of 4T and 6T memory cells because of the smaller number of active devices
25 and interconnections needed in the NDR design.
Conventional NDR-based SRAM cells, however, have many problems that have
inhibited their use in commercial SRAM products. Some of these problems include: high
standby power consumption due to the large current needed in one or both of the stable
memory states of the cell; excessively high or excessively low voltage levels needed for the
30 cell operation; stable states that are too sensitive to manufacturing variations and provide

poor noise-margins; limitations in access speed due to slow switching from one stable state to

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




2 One NDR device is the "thyristor" (fromthe Geek thyra, meaning "door",
whi ch suggests sonething that is either open or closed, and thus either on
or off). Thyristors are wdely used in power swtching applications
because the current densities carried by such devices can be very high
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applications for such structures. These devices 30 are described as having
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20 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
clectronic terms this can be quite long.

This inability to switch the device off without interrupting the current, and the
associated slow switching speed, arc significant problems in many applications and have

25 resulted in many attempts to modify the device structures so that they can be actively and
rapidly switched off.

A prior design directed to these concerns appears in U.S. Patents Numbers 6,229,161
and 6,448,586 (both to Nemati et al.). The descriptions are directed to capacitively-coupled
NDR devices such as thyristors, and to circuit applications for such structures. These devices

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
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thyristor structures that slowy turn off due to the saturation of their
junctions in the on state, and/or that may not turn off at aII 3 until the

curr enfyii fhel c%%’éﬁteiq r@ﬁlcgﬁv bhloS &%llg)'lcﬂﬁ§ %ler&?tnt st%: ttl?eaciij v1éeg in . %%%g{ n these

patents are ected to capacitive coup r| S evices
qui cklaye émdtaﬂhtohapma&velﬁ-conplecéﬁiyﬂsmsisvmgs tlﬂd@ualdgi swvitchibetdenldl @ftlehnng node
in resHonse ta? %&(gapam tively-coupl ed activation sjgnal that is presented

adj ac At ] pPreRtshlprking MoK IR IBRONES 9 9&9@%ﬁ?1¥ww@evvaé@n 5 The
Swi t cRigkl 1‘1‘&@@1@%es%ﬁt@ﬂ‘a@ﬁ@erﬁta‘”;}:;a?tl&l?artlggloﬁtot?@ﬁe Gitivel %bﬁ@eﬁl\ﬁgﬁngﬁﬁf@l y low

voltag_ and the devices can inplenented 1N a refati area. A
t hyri Stheswiigh od Ch%{mﬁd‘mrame§@tqmnlbpwt1¢er'bcmmuymgrarlalatllwehyl lng' wlpkeraadi ty of

such s %Meggédﬁe @gﬂ?mel} &eﬂaﬁwsfgﬁﬁmﬁga‘i' valent to that of DRAM arrays

and a spee equi va ys Hence, such-a T-RAM array

coul d pr ovidytikier-babea irigRsaclbss dheReky(BTIR/ADO] fra3RAM AN pTRRAM Bf HRHKS -
These _advant ages nmake such a T-RAM attractive Tor = possible use in future

gener drRHfEcd q?#@ﬁlﬂéfﬁ@@@ﬂSltYo@ﬂnwﬂqrﬁgethahnﬂDw ara@wsansiya smedmduézalent

i bt SERHACHARR, ke SuRp TR AR BN BRI hR g b e ™

silbi cow bt BRAM rand UDR AM) arreys. t Thésel advemagssinblg: mhfa)n‘mmamuﬁwcaﬂr
confi ion., This is not conpatible wth _ 15 conventional bul k CMOS
proce Q?Sﬂ’ae ugeindpgre g%‘ﬁm“‘f’ﬂ%oﬁmgb SReTr logRpgltage) and (nglrdgpsity memariesa P~ wel |

in a bulk siohjce@N the ST RAMS Wag! HﬁEﬁsedThhsgfegeg abefitd rf)é%é:ht%r Urefl %J(’)(lance in

el evati on between the contact on t egl on e thyrl stor and

ot her dowvbiagkst sFemexahplel¢hd eire Agristatiin @rbr;nedtih arertiah sibieon ipflfair, cmtlmymg et chi ng
contacgts dye to this | | evation difference between the contact on the
t op OFPI?%éaLfSPrOC%m& ¥ g?l%érf %é‘é@?o(f?“ﬁlg%&Pnde el na} Lompabie ViRal

masKki e@@ﬂﬂoﬂaurghm@msqﬁogsggg are needed for the thyristor N+ region, the
thyristor-top P+ inplantation, and the thyristor N region. An additional

t her mal st Ebaq%tl%&fethmﬁotﬁmﬁ%@eﬂ HeRAMY t’el@tlma-Pbmeﬂlomal‘bﬂlk gljten(“SiMere is

| tibilit th .sal ddi t L
o157 AR, ol RSIPR] L Bkt il G ER G M AR s co
p| N aremdoﬁtapnlqduwrr@dtdmeo@tamnmmvi&r A&ddingly RiMeCqh lbel diffuity RAM

ay so, due to the existence of a vertical thyristor in each T- RAM
CeI | geopiagss dug fosthis 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 priof 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.




as a whole are not planar and are therefore difficult to scale to |arger
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contact with the thyristor. This method produces uitra-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

20  of those mentioned above. The advantages will become apparent to those skilled in the art

from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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 1s a plan view of the structure of FIG. 2 taken generally on view line 2A—2A

30 of FIG. 2;




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 hardnask; FIG 2Ais a
pl an view of the structure of FIG 2 taken generally on view line 2A-2A 30
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FI G 4 ElLG nwewof the structure of FIG 4 after masking and
i mpl antag?s%lhgagff‘ médnath&P f%éﬁ?’l y doped drain; FIG 5A is a cross-sectional

view of theIGl4AIL deRsObediofml el alfaRe OfudtiRefTAGH A tillen dHl e bp-48 Ol G 5B
is a cross-sectional view of the structure of FIG 5 taken on |ine 5B-5B of

FIG FIGFEG 5Cis a cross-sectional view of the structure of FIG 5 taken

on line 5Cg 18&%- i V] fit
structure o?é: Fﬁﬁ @"ﬁsig%dohgﬁ?%épdgﬁ%ﬁ Zﬁﬁqug%enF‘]f@%Eg4B§j§0& an
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i nvention; 6A IS a CrQss- sectl onal vi ew of
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view @f fifigivlopfliMie of FIG 6 after formation of a salicide block
FIG. 5A 1s 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 is 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;




oxi de followed by finishing operations in accordance with the present
invention; FIG 7A is a cross-sectional view of the structure of FIG 7
taken on line 7A-7TA 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 7Cis a
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substrate, regar l'ess of its orientation. The term "verti cal rEferS to

a dir Etﬂsi‘lttrinpqﬁwanmm@l veed -l wirh eorifiguirations ahd a:goqesss Btegsahrmami diFdosed, insuch as
"bel ow', ['bott

- B g s e s oty b iatedf of e Weart Ra TP P EURR HE e

hor i zaot @l scleastd, partiCulh@y,Sonis GBS slhﬂ@i'sms atSRA thd elraﬂtynof PetntitpndaROsi tion
of mat erlal or phot oresi st ‘gatter ni ng, exposure, devel opnent, etching,

cl eanm"r’q beghay s exsagsmed indhe FKes. nat eri al or photoresist as required in

formng a g0, é}ﬁ\l&(ﬂbl‘&&ﬁ Eﬂ%«#’l‘i&mn%ﬁeﬁﬁ%ﬂ%g a%‘?ﬁ’l\ie p%r{ Tlefro q}ue 051{;\? n?lbl?a(ll ZI "

shown a cross-sectl on Vi EW O prca 1 Con
inth plahe ros tsustheges a afaf@r mcﬁﬁsmitg, tepardilos b€ otk Q)rﬁnfmbh z OII"Heaﬂerrﬁ tqbrtigal”

read/ wr random access "SRAM'). The SRAM menor formed using a
ql!l§SI re ers to a direction perpendwu{m to the honzonzal as just defined. Tern%s such as “on” g

LE Y

"above", "below", “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”, “over”, and
“under”, are defined with respect to the horizontal plane. The term “pfocessing” as used
herein includes deposition of material or photoresist, patterning, exposure, development,
etching, cleaning, and/or removal of the material or photoresist as required in forming a

20  described structure,

Referring now to FIG. 1, therein is shown a cross-sectional view of a wafer 100,
typically of silicon (“Si”), in the first stages of processing to fabricate a horizontal static
read/write random-access memory (“SRAM”). The SRAM memory, formed using a quasi-
planar double gate ficld effect transistor (“FinFET”) process, is a thyristor-based random

25 access memory (“T-RAM”). The thyristor is a negative differential resistance (“NDR”™)
device having alternating N-type and P-type (“NPNP”} semiconductor materials.

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.




pl anar double gate field effect transistor ("FinFET") process, is a
thyri stor-based random 25 access nenory ("T-RAM'). The thyristor is a
negative differential resistance ("NDR") devi ce having alternating N-type

and P-type ("NPNP") semi conductor mat erl al s. shown in FIG 1, the wafer
100 is a PgLype ' | AN |I| ("Ssim)
base 102. For rre%glhlr)&tqﬁgjgnz t;cgérg nilg%hl S ac%url e g{el I con %)%fg%é I ")

| ayer gdfefallst on tihe 280X Fiy @A, T6lfhwing redmction bg okidatiea ofithsi thicmg oi[fh@ SiThe Si

b 01 t OX | dthe §. | h
conveliebads st 1 01ERnr A ik 1 0% S e hsay Sio ¢ S b s boariatErRd 5
shown aad ﬂ%&sﬁt@d‘ oﬁfthé hma%lr Y64, Wn@ tRE uinked: potr@&ﬁrbf msrs%n%teuo@%ﬁé tgf 2-2 of

FIG 2A, follow ng reduction by oxidation of the thickness of e SI  |layer
105 t etchbed tothe RO Aamaﬂ%asfonn%hormgatal 8figill ) (sne FdﬁnsdbA(ah&QEZ‘ﬁ)om thas been

atte ed on Si Ja t unmas, rtj.ons of
P SRl Fifer 308, 478 38hnbifthe Batet Tayely o¥eHh TR BTl 150 TG Ui hsr e s

hor i zbemeal 02Sknd tmc BOX Iagaelcﬁl Ehen 2dnstififle 3Renficonmutbe sub%ltra{eadﬁe%vhmﬁtheThe _
remai ni ng waf er é)ers eneath the horizontal Si fin 110, that is, the Si

base RopZonwy S ﬁ@lé Was dorpged. t hen constltute a sem conduct or substrate

on which t e o S%h&ma% Shaf mzre}&g pﬂo il f%f(xeg'gmg sg%f@@gﬁgﬁgvﬁo FIG

2A, therein1s ovvnapan View o L Ure
gener tkby gonerellewn viemeli@A2 24 A hisorewff anchsid)vsah@mung clearle titd Batdotal BEfin

hori z on top of the wafer 100. Referring nowto FIG 2B,
t her ei ﬂ6 Pgt%x}ﬂfw;\egaérgg% sectional view of the structure of FIG 2A taken
general |y QefdsifendPid B, Qﬁérem% §90»§|{' Wk @e&iocn?‘al B! S tRe Brudn®) ;}nt ation

(for exanple, boron or BF2) lustrated by P- 1nplantation arrows P12, The
P- i nplGritiattaleam, gensralijpo lhne QBpéBﬁhﬂrcdd A$d showmalmRIGl. 2Bfis b Re ilnptadtatisk 108

(as dgscribe el o ' ant h en |re horizontgl Si fin nd forms the
P- t ype cRanner’s Of?ﬂmgft%%z”@i}& %dzbé'ep'. ?Pt?ﬁglg%\gﬁ ﬁ? t Fl'bt?tf%nt al Si
fih 1dBich Befepfofrbl af@V¥ehRvhil 6F thd, haﬁ‘dﬂﬁﬁs@ g Fi s SROWbA B/dl@\)é\) @hpAnRahsi on of
the structure shown in FIG 2 after a pre-clean that renoves the hardmask

108 (Ff!t@;? thzqﬁ@ﬂ | ﬁmmﬂ fores feer Rtypeodhands faritls device frig.t irethe sidewsall ofis
t here 291% Iayer 300 has been grown (or alternatively, nay be
deposi |)zont al Si fin 110. A gate electrode material 302,

such as pabgesmﬂg ﬁ@mo FEG.t3heerele poshdvada ofevt bEa pottonfitHe sthayat sBSMHh and a
mask 30 G 2 a e?g p@gg{[egxg ?h%?removes the hardmask 108 (FIG. 2) and cleans the wafer 100
20 (FIG. 2) and the formations thereon. A gate oxide layer 300 has been grown (or alternatively,
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 removai of the mask 304 (FIG. 3),
30  patterning and formation of a complimentary mask (not shown), etching of the gate clectrode
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




and formed on the gate electrode material 302. The portions of the gate

el ectrode material 302 not protected by the mask 304, and which portions
wi || subsequently becone an access 25 transistor gate 400 (FIG 4) and a
thyristor gate 402 (FIG 4), may then receive an N-channel gate dopant

i nmpl a p e ant at rrows 3 when the gate

el ect r?%)g{ ﬂ%r]réfl% 51%$'§%29‘|a§e¥‘8§§9%’| |ecc[)$11.§ ﬁgrg%(?rafoﬁl\é\ﬁ naolg(\}(s% et b lthtﬁ‘ reinis
shown haripdraal Siif@w10f the structure of FIG 3, depicted in the same manner
as FIG 2A fO||OWI ng renoval of the mask 304 (FIG 3), atternl ng and
formation Bef FRH AP ReCarth. MRESKIN(I§ShowR Gufrpss- sectionah yioy ofﬁge

el ect ypde, fﬂipﬁ lﬁltak%g%n(lrﬂeCiA—?ﬁA et %%ﬁh n Ry tl?]ehl?or%mll 'sfr%ﬂtﬂoya Hask
and renova t conpl'imentary mask, ormt e ACCess transistor gat e
400 atite BOX lafyyr | Gt GlGoéA alsé0Down alnopldem:ht #(Drém/\mfsaoxaﬁ)yeraﬂﬂhmﬁheamhc ess

t S 400 t te 402, f d 8 fromth
gat e SHEQY RURSTHANE ShndgD, TheeingLts BH e o 2ottt Bre HeROPOSEEn ¢ h ¢ he
hor i z e eémoﬁledfth@hé&ﬁask%sqm@ ng Mté Brokilifiz thé/gatetdiﬁfe%fbrls%)o PRI

cross-sectional view of the structure “shown in taken on I)I ne 4A-4A
t hereof . | Refeddng now te §1G.HE, Hb@rﬁlzadsntsmwxsthefstmctmm%m@ 45takeeomtine HByer 104,
FI G ﬂétﬁ| S fshows an undercut 404 in the BOX | ayer 104 under each side of
the horizontal Si fin 110. The undercuts 404 are a result of the pre-cl ean

priocessi ngRefdmdiig MBWONCHIC. f5¢ theaéigimasshowaBa plnGriew) o fheOstnicurg (@VFIGY4t he
gate oxide layer 300 (FIG 3). Referring nowto FIG 4B, therein is shown

the stelsving glaélfmgrl@zl 11141?131t1ta'k‘§h3t@rf5n|141h@t agle 43 YOReofeprN- tighthedenad dsglnow t o
FI G « |
sk Saphfich 30 ERO B RlAfkatlifetcRlonblifeal GHES YifficGhalddre-fpadh) D 9

doped trensstor thamqum@medmtmw(ﬁhummm aass trdigistve gatei H)0- channel net al OXI de
sem conductof. (" NMOS SI stor, th represented, at this point, by
t he accesskfereﬁ‘gl’ég BRY %5{1}&5 35, RES é?‘?%ﬁgslﬁfﬁ\ﬁ fsoﬁ‘? geﬁ‘ﬁ“@'@ ofddG. 3nd 5D,

t her e'ta{kehsrea!%‘ﬂ@elgh@n FhEUSAUS £ 5’f§ B GeSe, tadisaken { PF(E’eth iavial tﬁbnal l'i nes
5A- 5A, and 5D-50 of FI'G 5. 'Additiona these FI' . show a

thin giese FlGneho&GthithSiO st 662 @lahaﬂalsym@e'pﬁg idepakitedh onhhe BOX laazyeet04104

th t t 4 402, d.th d
bort | it RARRLP ieafon 0 8P qiiisin gHenTR 4o apsed BT e
f or medo@rbntdeSitid MG Anitdhdedp aﬁ&ZSG@wa@Hﬁhef@hn&lh@n Bkl Bhertdne taccess

t ransi st or tgate 400, the thyrl stor gate 402, and the
protect the sidewalls of the adcess transistor gate 400, the thyristor gate 402, and the

20  horizontal Si fin 110 against salicidation, and to space the deep source/drain (“S/D”)
N- implantation (described below) from the channels. The nitride spacer 504 was formed in
conventional fashion, for example, by first depositing a nitride spacer layer and then etching
the nitride spacer layer to form the nitride spacer 504, the etch also removing the exposed
portions of the thin Si0; liner 502,

25 Referring now to FIG. 6, therein is shown a plan view of the structure of FIG, 5
following masking and implantation at a small tilt angle (5°-10°) of a deep N- implantation
600, followed by an N+ implantation 602, followed by a P+ implantation 604. The deep
N- implantation 600 is considered “deep” because its implantation is deeper than the P+
implantation 604. The structure then 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.)




20 horizontal Si fin 110 against salicidation, and to space the deep
source/drain ("S/D') N inplantation (described below) fromthe channels.
The nitride spacer 504 was forned in conventional fashion, for exanple, by
first depositing a nitride spacer |ayer and then etching the nitride
spacer | ayer he
cwposed pactue A58 b pRorh heRpR AR Woss SR el LR SRR
therelFerJStakhommhaeﬁhaﬂmﬂh@mbfof the structure of FIG 5 foI | owi ng rraskl ng
and inplantation at a spall_tjilt angle (5-10) of a |rrplantat|on
600, fol l O\R@tge%efg AAWNP FHp I 7atbeasings Sé'e?n # Planovisy %5 ﬁmcrqafﬁwirﬁ 16t Pon 604.
The degp, hit@hinB ARd inSasKABS LURIE JanRGE rARGALRLroknSy byRRigeNt at i on
i's deeperWIP%an tk ? éitﬂlngant él?aison%am %n%nstrucgt ure ﬁ)(een recezfr\ee a

r api d btdekromaie 70N ddle s@liﬁird\bl))ck oxide 700 atay EteHess&@tmewe rtlmln 1&101;1&!11&& as long

npl t gt t b f d..(,Th FI G 5A
and ¢ REREPYRS 88 e dinesion T ot e THRRrE: BosiiethIEedOf IOFPERGmes opor
clari e fefmalmh% dRpdsald Ip@fn&ns 9 S Bdridonehl rse?\ﬁnt Pld:|t1§% adbss t&-:lilﬁis%rngd@ 4@6}\0m a

cross-sectional view of the structure of 6 taken on line 6A-6

t her eehd th@thenstpngawm& o(Thechin751C: Hinee i5A2 |(El@lﬁ§\&naral e amtridesspaest SPRe

struc deposit L.on terni ng and maski ng, etching,
and n&ﬁ{g? hav lﬁ?ﬁllgr Igglql(}c? rd%ntglolfﬂ uso%lo 700. The salicide block

oxpde 700 rmy dbe;ct- %ﬁleﬁ&bﬁp&ted%)t maans off aisintalageh diskclrien@Idy”)ilaygqoers t he
P+/N- junction located at the line 702. A salicide Iaéﬁr 704 is then formed

on t Kemitiseerom ddGex pos elirisn of illweaten. (i Hewn 8 1 iBa 7€260dtHd access
trans 'bg%&f) agt’flrt}f'ekpé}g%smnlaog}@le{:gﬁalt éaﬁgdg? ﬂng?gS elé%)%ﬁl Fihn el QR %o d\{técﬁer 502

(FIG and the nitride spacer ave been omitte romFI G
7 for 768 as lotcgted)fnnl thé usd phthedwriporitdl Jihfen déd nesrestsht harscoamlistreghtbyiireans of

1 ar 658 S5 Fleietl Gitsh. 718t Tebint Rhoppimesits &8 i e origonsslrd) fniidPowy and

the pheybsi @0 tﬁfmﬁbﬁ%ﬁtre' 4@, Rt A6dtSca O®ntaclO 710 Lad ANdarkelfor thideacgisgctri cal
contact 708 is |located on the end of the horizontal Si fin 110 nearest the

accesgransistns gge 400 gad @1@4@@1;1§t01agm|e #02 retpesctivélp.aWihitemaishowadn FiG| baded on
05 B82S A1 I o7 B0 i PP R GRR ABBCA T, O
gat e 4¥0cladntcdl Reniabiy 7081 PI0, 98, &nd 024, WRSRAubisRlalily Mbé So-plnas Renieh isn FI G
7 (and FIGs. 7A, 7B 7C, and 7D), | t will be undéerstood t hat the various
el ect pp@a}oncm'mtg@tlg the getHo smable cfficient electrical contacts to be formed in a device
20  having very closely spaced components.
Additional finishing steps include simultaneous provision of other electrical contacts
(not shown) as are customary, and finishing with interconnect formation and other
conventional finishing steps.
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




the electrical contacts 708, 710, 712, and 714, will not customarily all be
co-planar, which is comon practice in the art to enable efficient

el ectrical contacts to be fornmed in a device 20 having very closely spaced
conponents. Additional finishing steps include sinultaneous provision of

ot her el ect cont nq shown), as_ar e, custonary shing with
i nterconnec elf lﬁl(g} %t é‘?remccs lé%‘t’il o%gio“ti in%h‘ifn% ’E?@B@ qu i? rring
now t onﬁiuﬁ“wurﬁ]@ an?ﬁtegmed ainehit/$huctire i hétordansh OMdh thB PresbhituaieHiRnOfTH G 7
25 taken, respectively, on lines 7A-7A, 7B-7B, 7C-7C, and 7D-7D of FIG 7.
The cd’i“’éh%iﬁ‘jg'ﬁ@%@ §teaf80@m§ pEREdiag a seanedugior yatstraieus steprPdofifaeninga t he
acces Si fin
10, aerbRERRi Qhaddbead il 1od S PUbRRERI A Ib BB A s 5! ERER ans

i Pl ankedsk tranﬁtﬁiﬁl‘ gadnon tdpa)fl‘the semobaniuator Gubsﬁ@% andSh m)ritact lwith thb éofiadmal
conmponent s the thyris 713 thus forned include the thyristor gate 30
202, CRERBR Bt 31 ROF iFoRFaINESH (TG 851N 9 OF ChTYORGRT . and
the adiBaRRd aRPid bONSct With tﬁ@h&%&taq@eﬂl@cdnaﬁa& #0a Jobe ngbfﬁgihg%a“ on
500, the N+ inplantation 602, the deep antati n he P

i mpl ariip@ﬁtss trnggar fomeatdeas sspartiemef ﬁteoinoﬁZDﬁtal memimsdwturiﬁn amck thel accesisus I n

contact with the thyris 8 for ont t hereof. 10. Ref

FI G an§1lg'|t0r gt ﬁ%@vﬁi)% {%05%1%% irof?%?titl(?ﬁig §dﬁrtf%]r°fethﬁh'ﬂgé(ﬁ’t ri ng an
i nbegrsainBnidiersi ard the GhyHseorl gﬁt@@ﬁé}fﬂi@ﬁh@ akdsh traR@stor i€ 38 Bbnth&tueid ien. The
met hod i ncludes a step 802 of providing a sem conductor substrate; a step
804 ofthyristafi ng a horizontal sem conductor fin on top of the sem conductor
substrate; o] C t.e of the
e conduct o iR Fm b BRBAGAN G B Sl R MR Bl KM or

fin; ac@drémg&i@ﬂleq:frestamtnﬁvmoﬁIstjmtfcirﬁlhdins gdloavson top of the sem conduct or
substrate %nd in conttact with the horizontal sem conductor fin; a step 810

of forminglan dd€e¥ater (Lfsisssyitably gwsnsred, ela@tngaapBﬁmeoﬁCchqquuwnzont al
>agi conduct or TichnditheldPehAGARIS 102, HHBOX R0erdidh CancdESPaRL AR 6GhéredH.
formng a thyristor fromat |east 4 portion’of th orizo

sem conduct or fi(RIGid the thyristor gate, such that t he access tranS| st or

method to B odudBeehEany P b i By LAb BHERT ol b ond- faale®
invention is peckRfiBs @he hathmaws10sls tdheidpabiaid a;ia%ait@médﬂah@ttié'sﬂa}e&ar ed,

having a P-type SO configuration
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 clectrode 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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15 consisting of the Si base 102, the BOX | ayer 104, and the Si |ayer 106
thereon. (FIG 1) 2. The thickness of the Si layer 106 of the SO wafer is
reduced to 30-100 nm by oxidation. The hardnask 108 is then deposited and
patterned, and the Si layer 106 is etched to formthe horizontal Si fin

110 on topcof t [ i i npl ant.ati on_of, the P-type
channel s (iSh thzﬁ-l S ﬁg’%ﬁ)\lvabﬁ/@p%%‘ gﬁ%nega%g? ?}%(% @ggtlrmﬁsﬁoriib;‘hegr%la?lﬁgnand
perforned, as in@phatedd Dhe tHve SKO, ling soatiatth@ndeppsited\Solldwed b laGaitride, 2A,

and 2B) 3. After a pre-clean that al'so renoves the hardmask 108, the gate
oxi de | ayer 300 SPRST dvstvihabrs Hispodvheddo faem she pitride gpacep S04 hd heoripiidenent ary
nmetal oxide 25 ] o QAR i 1td | ih1z2gdy. T, ate

el ectrode rraterisgfc%gg@id%%%eﬁfesnﬁlgepos|%lg$p®§2%r%§ {%gigﬁi%ﬁorﬁ?’sth&se e%s t he
gate el ectrode mhsstonpate30P, ambthiei thyrisiordgatergl2uapanstorlicidpiong EHIGK. 5,
phosphorus for S-ANgﬁa el gsjies is then perfornmed, as indicated by the
mask 304 and t he i’ﬂ(gi }on_ arrows 306. (FIG 3) 30 4. The gate

el ectrode gnt er isaberd0sndrE! fplRdtatichst ReN1HRAL haksiakdand siaRast t@ef @y the
access transistor gate 400 and the thyristor gate 402. (FIGs. 4, 4A’ and
4B) 11 5. The NMNDnpmitatinmati0on fdBevedt by Hee NiVOSHplantationt 60% amsl theeR-+masked
and inplanted. .Th in Si,02. Liner, 502 I.s then deposited, .followed by a
nitride spacer 11]“8@8{3 PHat 41 SRJF%elﬁ ﬂé%ﬁeé—tor{ngg]ﬁ&%g?ﬂg aﬁ1]1 &‘Filﬁ‘é’i@g&é‘%?- 504.
The nitride sp#EEYs. 5@4dpnptects the sidewalls of the horizontal Si fin

110, the access 5 transistor gate 400, and the thyristor gate 402 agai nst
salicidatidn. (Hhesaligde blngk oxgic KIS is dhen dappsiged, patianed. ardretchiedyspdhatat i ons
are then perfor i cul . i ni At Q, +f.ol | owned
By the o i mpl antad 50 BRSO RE ok o KGR erds THELARLA' b0 00 el
perfornmed to actorwadde felldwingewhiopl taatlaDi tiysr 708 0is (ddpGhitedbtharadverd) The The

salicide block oxide 700 is then _depegsi ted, patterned, and etched so that
the P+ N- junct St poptagis faclydig;cle cepactly 985 41 9.c1 e 2ndy/dh #64 i s
then 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 onc 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 tumn-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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formed, followi ng which the ILD | ayer 706 is deposited thereover. The

el ectrical contacts, including electrical contacts 708, 710, 712, and 714,
are 15 then formed through the ILD | ayer 706, followed by CVP and ot her
conventional finishing steps for the device. (FIGs. 7, 7A, 7B, 7C, and 7D)

It h b dj d th h . ik i h d :
Pr i et pal VA Iedion W e BeRHERE B oenflelbt BRa EinelifTHeR ol 3R UOTT

convegt bomatersYE® thd ALBS slidtgatives) Modifichticis] asd asnarinageill Se bpjaiedt he
present invention integrates the T-RAMinto a CMOS Fi nFET process with
only these salled im el arimslkght @f sheepforqesing dracniniipn; sterordirgly; Bt arended éa) . The
prese i td . Al j -t he z Qat: 1 <features
For t bRl supl ot R, BlbBiecasbuil? st KA 3G PO vl IR oB8 1 e
area sougbesyfethe includudt dgias. oAll @bttérkchithemfoHbrasethfotthchaneie. orTshewnnmehei on
further provides a static read/wite random access nmenory ("SRAM') design
Ut | | BS0ETPARYREBESHDUANF UPe THSTPIIon ipAD AL R .n-lémtiy“ﬁ%%es not

requi red because the T-RAMis fabricated horizontally by formng its NPNP
sem conductor material layers utilizing a horizontal fin. 30 The resulting
process is straightforward, econom cal, unconplicated, highly versatile,
uses conventional technologies, and is thus readily suited for

manuf acturing ultra-high cell density devices. 12 Wile the invention has
been described in conjunction with a specific best node, it is to be
understood that many alternatives, nodifications, and variations wll be
apparent to those skilled in the art in |ight of the aforegoing
description. Accordingly, it is intended to enbrace all such alternatives,
nodi fications, and variations which fall within the spirit and 5 scope of
the included clains. All matters hither-to-fore set forth herein or shown
in the acconpanying drawings are to be interpreted in an illustrative and
non-limting sense. 13 THE INVENTION CLAIMED IS: 1. A nethod for

manuf acturing an integrated circuit structure, conprising: providing a
sem conduct or substrate;
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formng a horizontal sem conductor fin on top of the sem conductor
substrate; 5 formng an access transistor gate on top of the sem conductor
substrate and in contact wth the horizontal sem conductor fin; formng a
thyristor gate on top of the sem conductor substrate and in contact with

t he i ]gJH 1. C %ﬁ r fin; formng an access transistor from at
Ieast?w I@ﬁm izontal sem conductor 10 fin and the access

transi stor_gate; an rmng.a thyristor fromat |e Lian of the
hori zont al l'seni é"oTHBtSE{l negpfachyp aé“n{%ﬁrfgei s%llg?}tﬁlg?%?}eég%rﬁ&ﬁ%%g t he access

transi storp}os,idiﬁg £ ofhR6hduMdrBubdi@td; hyristor. 2. The method of claiml
wherei n providing a sem conductor substrate and orm ng a horizontal

f
seni conducfamifg mhétgontad semisapducta fhy viogioh fhereaigondurooisRE ator 15

waf er and f.orm ng the hori t e 'ﬂ%”s%hﬂ L&of 1%&@%8%’ Sitddtcon
Ia§/er of tHE™H§ %&% 5% ﬁsﬁg’glggteo(rﬁj t\%]&)gr. : ﬁ%téihrrgtﬁo of clal rgn 1 wherein
bot h t he access withahshoi@htalséreicandhctdrefint hyri stor gate are- formed around
at least a portion of the horizontal sem conduc%)gé_ fin. ﬁod of

4. The et
claim 1 fuferAdng & gusisiosigals FdPRioh dresamirndugiRpsubsipts @of B PORIAT WBLTS; | east

portions of the ' s@somductor fin, the access transistor gate,
and the thyri spggédg%@ggﬁlf? e nmethod of claim 1 further conprising:

deposi t i ngf@mingterbaype traokigbefom at leay arpariier ofithel leuigpniah semaiserdstor
transistor and the thyristor; .and 5_f%rm' ng at |east one electrical
cdht act t hr ough HOHBYithA RCEsVRPSIFOELEE 9% | ayer to the access transistor

and at | eagfARg a BhRfitdrifi aCRiaGiorlid SUEA hbfitonitdllsemicayiaictodiie ket ¢
| ayer to the thyristor. 6. A nethod for manufacturing an integrated circuit

structure, conptligistny:gatepsushititit flee access|tragsipton is-1n sentpetrwith et Eaiiuct or
wafer; 30 etching a horizontal sem conductor fin fromthe top silicon layer
of the sil2con- dike methud atfoclaiserti sdagic porvidiag er semi¢ohdyctatngpbatiata edss

transistor gaje.on top of the sem conductor .wafer.and around and i
cont adeTHIE DR | FHtoRtudeh B oL SPPTH: bividihe! R0 R Mbulabr
15  wafer and forming the horizontal semiconductor fin from the top silicon layer of the silicon-

on-insulator wafer.

3. The method 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 method of claim 1 further comprising forming a liner and a spacer around

20 at least portions of the horizontal semiconductor fin, the access transistor gate, and the

thyristor gate.

5. The method of claim 1 further comprising:
depositing an interlayer dielectric layer over at least the access transistor and the
thyristor; and
25 forming at least one electrical contact through the interlayer dielectric layer to the

access transistor and at least one electrical contact through the interlayer

dielectric layer to the thyristor.

6. A method for manufacturing an integrated circuit structure, comprising:
providing a silicon-on-insulator semiconductor water;
30 etching a horizontal semiconductor fin from the top silicon layer of the silicon-on-

insulator semiconductor wafer;
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formng a thyristor gate on top of the sem conductor wafer and around and
in contact wth the horizontal sem conductor fin; 5 formng an access
transistor fromat |east a portion of the horizontal sem conductor fin and
the access transistor gate; and formng a thyristor fromat |east a portion
of the hori.zontal sem conductor fin and,the ristor. gat Su t.hat the
access traf@iggm f‘%cefsﬁr%lﬁtt(’é@f‘te\ﬁ]tq?ﬁ’ f’ﬁgletsﬁ? co%‘%[ for “?afe%{éde%e%&%d IF claim
6 further conpricshiag viifirtha RbfitehitARemicohd@iéd fin,doped 10 drain inplantation
into at |east a portion of the horizontal sem conductor fin and inplanting
an N+ i npl &rmang athyristes gate qnefﬁBtOfﬁlWTth%ﬁluéﬁm waker igad psard and de gPEéRduct or
fin. 8. The net Q\Rﬁltﬁghgljl &{\Q&g(ﬁkp} ffﬂlrm ng the thyristor further
conprises inplanting at €48y Ion’of the horizontal sem conductor
fip with afeagpg bh acegh aphditvofiom eftdbdts@\ambrbtyn bfrffleantrizogtabterhieasducwrpor t i on
of the horizontal sem conductor fin with a P+ 15 inplantation. 9. The

met hod of cl ai mi& andtherscess SRpsister 8354y ng a 1iner and a spacer around

at | east pgg e f

transi stor g%lﬂgﬁt%swﬁ%omﬁylr%%g% r gat eﬁﬁgg%irdﬁ%alrsrebﬂlcgghgﬁt@iﬁﬁlﬁ% tgefurther
conprising: 20 depBirtgaiegsush thaytherdcagss tradsiefoeistin iconthetyeith thedhyristor] east t he
access transistor and the thyristor; and formng at |east one el ectrical
contact through Theeméthb® ol @)t @ifmitl&@tcroinq:rismgehnplmﬁdgean aGcleginiyt daedi st or
and at | east. one el ectrlcal contac% hﬁOU h he i nt rlayésr dielectric

| dfer digin @rﬁgla{qu?pg igtgat leasf apprtion of the onzonta semiconductor fin and implanting

an N+ implantation into at least a portion of the horizontal semiconductor fin.

8. The method of claim 6 wherein forming the thyristor further comprises
implanting at least a portion of the horizontal semiconductor fin with a deep N- implantation,
followed by implanting at least a portion of the horizontal semiconductor fin with a P+

15 implantation.

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

thyristor gate.

10. The method of claim 6 further comprising:
20 depositing an interlayer dielectric layer over at least the access transistor and the
thyristor; and
forming at least one electrical contact through the interlayer dielectric layer to the
access transistor and at least one electrical contact through the interlayer

dielectric layer to the thyristor.

25
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