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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.
The electronics industry continues to strive for increasingly higher-powered and
15 highef-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
obtaining a device that occupies as small an area as possible and consumes low levels of

20 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
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 applicatiohs where circuit space, power consumption,
circuit speed, and reliability are primary design goals, the construction and layout of memory

devices can be very important.




"Dynaiic read/wite random access nenory ("DRAM') is a type of volatile
menory -in which the data stored at each location is periodically refreshed
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thyristor devices is that once switched to their on state, they remain in
this state until the current is reduced bel ow the device holding current.

Al so, in general, when the main thyristor current
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20 is interrupted (to turn the thyristor off), the tine required for the
thyristor to return to the off state is largely determned by the lifetines
of the current carriers in the device, and in electronic terns this can be
quite long. This inability to switch the device off wi thout interrupting
the current, and the associ ated sl ow switching speed, are significant
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devi ceselectronic terms this can be quite long.

This inability to switch the device off without interrupting the current, and the

associated slow switching speed, are significant problems in many applications and have
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



" Al so, additional masking and inplantation steps are needed for the
thyristor N+ region, the thyristor-top P+ inplantation, and the thyristor
N region. An additional thermal step is needed to diffuse the
thyristor-bottom N+ region. There is also potential inconpatibility with
salicidation. Additionally, difficulties can 25 arise in controlling the
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ultra-high cell density devices using conventional tec ogies In a
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Certai n_enbodi ts. of the_.invention have other advantages in addition to
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on view |inergde FsPp&Endlal fBicompatibility 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 the structure of FIG 2A taken on line
2B-2B of FIG 2A; FIG 3 is a view of a portion of the structure shown in
FIG 2 after renoval of the hardmask and further processing in accordance
with the present invention; 5 FIG 4 is a plan view of the structure of
FIG 3 following etching to forman access transistor gate and a thyristor
gate; FI G 4husswhile tless isegtowingltrevd eovredize lae SR AN eellebyobisifg he 7-RAKeEN on

line 4A~A of FIG _4; AB js a cross-sect] view of _the structure of
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on | i neSEAMbgesigh diffigult5; 15 FIG 5B is a cross-sectional view of the
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line 5D-5D of 20 FIGS; FIG 6 is a plan view of the structure of FIG 5

f ol | owi thgseriddligda thet.i npl ant ation in accordance with the present

i nvention; 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 formati on of pisepbkERIEORMAAKNEXENETHR! | owed by fi ni shing
operations in accordance with the present invention;, FIG 7Ais a
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10 structure, A semiconductor 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 then formed on top of the semiconductor substrate and in contact with the horizontal

semiconductor fin. An access transistor is formed from at least a portion of the horizontal

semiconductor fin and the access transistor gate. A thyristor is formed from at least a portion

15  of the horizontal semiconductor fin and the thyristor gate, such that the access transistor is in

contact with the thyristor. This method produces 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

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

30 of FIG. 2;




"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 cross-sectional view of the
structure of FIG 7 taken on line 7C7C of FIG 7; 6 FIG 7Dis a
cross-sectional view of the structure of FIG 7 taken on line 7D-7D of FI G
7; and FIG 8 is a flow chart of a method for manufacturing an integrated
circuit strUJdGueB is a casssaectnakbviawtdf thhgryptias of FIGI3& tdkieo on 1meBESPTBMIDE FOR
CARRYI &%@THE I NVENTION I n the followi ng description, numerous specific
det ai | iven to provide a thorough understandi ng of the invention.
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parti Cl&@fsismrga@rmdgfmyﬁb@oﬁgatmna ons are for the clarity of present ation
and may be shown exaggerated in the FIGS. The term "horizontal" as used

herein is defiGhéd ige goprwadonsdview ef thestupwre ehiKntd len oplliandAotAselt f ace
of a or substrate, regardless of its orientation. The term"vertical"
15 refers'tb a direction perpendicular to the horizontal as just defined.

Ter ns, Such HSE. 4BniS ,a cradsoseetional hizwowf the'dotuttuedrbf FIG.oplaken ohdide 4BRSIB of
"si de\/\% "“hi gher", "lower", "over", and "under"”, are defined with
res Iﬁ) the hori zontal plane. The term "processing” as used herein
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devel opnment, etchin ni ng, renova mat eri a
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to FIG 1, i S shown.a ¢ross ctional waf er 0,
typically ofﬁg S:Ac%rff‘ (rog section. Vf%ofﬁ’ﬁsg[tmg?lﬁeggtﬁm OS,p‘iagE‘eé’gi Wﬁ%?%“sﬁa?ﬁ'l cate
-a horizei. gt static read/wite random access nmenory ("SRAM'). The SRAM

menory, forned using a quasi
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;



‘pl anar doubl e 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') device having alternating Ntype
and P-type ("NPNP") sem conductor materials. As shown in FIG 1, the wafer
100 is a P-type silicon-on-insulator ("SO') wafer having a silicon ("Si ")
base 102. F@EIGeUDIiR atdiessSecti@ne vikd2of the atrbttuieesf BIG. i70@kemox tige (DBON 9f | ayer
104.. In the BOX | ayer 104, in turn, is forned a Si |ayer 106. The Si base
30 102,FIné: amex | ayer 104, and the Si |ayer 106, together, conprise a
convent i onalpygC ; Q%W%%tdf%’}netﬁoc} f(&e}%ﬁ{ dc'ﬂﬂl Q‘ii’{ ﬁl%ﬁf %Tl&?ﬂltts%&%}

shown a portion o e structure en gehie y on l1ne 2 of
FI G 2Accérdhdapwritigthe peksentiiovenipn.oxi dat i on of the t hi ckness of the Si |ayer
106 to 30-100 nm A hardmask 108, such as silicon oxide ("Si02"), has been
patterned and deposited on the Si |ayer 106, and the unmasked portions of

the Si |ayer 106 a forma
horizontal Si fin mﬁ%@@m&%@%@ﬁﬁﬁ@@ yer 106. The
remai ni ng fer yers beneath the horizonta i fin 110, that is, the Si
base 102 amﬁntﬂvfe@ex FrpLOR, n%eﬁu%mgﬁct%faéls ATCSHPRCIO RIS RATREN at e
on whi GlhdkREnAREe AU Averton! | Moy 1AiIPEE o R BSlond BT ipfie Be Wik el G
2A, therein is govvn a plan view o¥ the strncture FIG 2, 10 taken
gener al inyensionuiabé iprestied Sithodtethessf specifid debadlai Ny qrmrdocﬂvea} blyscnﬁeg the

hori zont al Si fn%illo on tglz of the évaf er 100., Refer nne% now t o ) g2

t her ei PPN FORAUY PR VELEPP YR AP URRIYE T0POrFE ct Pé“‘f%PO’FP’& ORIt aken
gengy al defaiRNAlsb e dBvwafost MBWARY emBdSBerith OFihe iaPpdrhtts artBen$-dtgBmiaR! afdt at i on
(for exanple, bor on or Fz) ustrated by P- 1nplantation arrows 112. The
P- i npl Bkt s¢adn and, Dagiisuidaly; §orpepf Brerdinensipesy arg deiptag|clasity of prasertainsand 08
(as des e entire horizontal Si fin and forns the
P-type I% aﬁ%grf(}se‘%f or %‘ﬁ%@?@?‘%z@p g., in the sidewall of the horizontal Si

fm 110) . Ref'Hier teng “haivohmi’FisGised heteheiseicfindedasdiphance pam]lcﬂmo dic @npaitionaln of
~the structure shown in FIG 2 after a pre-clean that nﬁhes t he har dnmask

108 ( FI AT é}}%’éﬁcaOéﬁMeﬁé’r\k}abS&atqm%ew ats Ql)lenénamt ¢ Bratye
t hejseone sl a%wmfspé%xﬁdmﬁ&%hﬁe HES Bnt gl QSV‘f[ﬁsﬂ 9§fueht ef ikl MRhYas TRy, be

deposited) on the hor ntal SI fin 110. ectrode material 302,
- such as"apove/sibelewh “bo&omﬁéholﬂ’efjmdﬂ@d1mﬁs1tl¢me.lljfaz.t thigher’ 4 €ldveey’ & r‘o8a0, amghd a

mask 304 |s then ed and faq d.on th ate, el ectrode materi al 2
The  por KITRS: 81 S Yl ettt BABe RRREMI PIEty ABY 'BHoUBRTSTEy o fee

304, a”ﬁieré!ﬁl' ifﬁbluﬂ@sf Hé}ﬁﬂ%ﬁldﬁ' bt nﬁt@ﬁew%t&eﬁec?mf@erﬁaﬁg,asmﬁre&ema@ﬁmﬁt or
gate 400 (FIG 4) and a thyristor gate 402 (FIG 4), may then receive an

N- chan n@chlgat deappg rand/orpraevalt @fotherleptﬁeglem pliotsesist-as iqsuirnd deifermiagrows
306 0 V\h&{g %%Eﬁlrel ectrode material 302 is polysilicon. Referring nowto
FIG ﬁer SN TS Shown a pl an view of the structure of FIG 3, depicted

in the sane Refeikig &swv b GIGA], fhetdidW Bigowe aDsals-@Etiddae views kof 30&alel 1160, 3) ,
30 patterning and. formation of a conplinentary mask (not shown), etching of

the gat WPIRBY (of SHiCORHL &1 )-aln @eiﬂftﬁt@es)ofrwpceﬁﬁlag éetfélwoagﬁ %W@ﬂé‘éf%‘{ $talint ary

grrg;s(l; 400 Wﬁ z}c{cgst%or&gg]bﬂe 402 o?? topko]%lmhe HZ‘H 100. o%&qtaﬁ% stor

access plaparsiaibler ggatfml@@ffeetnﬁattstsmrt HYmFEISy pyatss, 402, thiestogbdsed madlot
fromthe gate el ecty terjal, 302, are thus f round and,, gont act
il CF ¢ b PsBiors (RRANTS. S The et A1 P SR R hufe PR Ehonn
.acr Ossdéﬁ‘é"etﬂa@)ﬁfg'alt\éhﬁWnQN yB@aﬁdP#ﬁ%é’ﬁ“ﬂPﬂP@y\ﬁbmﬂofdu@orihatérﬁ&en on line 4A~A
thereof. In addition to thé horizontal Si fm 110 and 5 the BOX Iayer 104,

 FIG 4A al soAsisbown dn Hldér thet waipr 109 is pePBme siligen-on-guuiging (S0 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.



-side of the horizontal Si fin 110. The undercuts 404 are a result of the
pre-cl ean processing that renoved the hardmask 108 (FIG 2) prior to

growi ng the gate oxide layer 300 (FIG 3). Referring nowto FIG 4B,
therein is shown the structure of FIG 4, taken on line 4B= 4B thereof. 10
Refernng nowto FIG 5, therein is shown a plan view of the structure of
FIG 4 fol | quéfeginganki ROFENQ, thepdiam dowena pértian fahd sthichire a0 F@. [ Fakdd) of
an N lightly doped drain inplantation 500 ("NLDD') far the )
megat | VPSR S8R 2100 G1 ek P EIEGESSIon b3 NP o shesiPisknsssiof dhe Fis

repres 1g] I Rt & i fe: gad i n
now ¢ o Ry EA063, 36200 oBP! Rmiilock 1B eSS SHEGTSUSE PS16F) Mt Blen, FlcFldd 19
15 t akemd depesitedtonvible\Si layer| li06e sndSthe SAymasBedSEyrtiBay &CtheaBidagd- 1906 aé thanG. 5.

Addi ti | | t FI GS.. sh hi.n Si | i 50 h \ i gi nall
Gepdsi et thoba% dar gy i i hlri Gt i Dot Bidsg dhatage i I 'Y
thyri stgiragat ©6408he &Jﬁﬂaiﬁiﬁ% VAR08 RSs BehdatiPihe KrizbM@l BPFih 290! @dat R, e & 11 0.

A nitride spacer 504 was then fornmed on the thin Si02 liner 502 to protect
the si d@aalll2 asfl theBGE dews 104ahen swoostityigt & suigondugtor tshbstiate on wdele the02,

and th L i L1 agai nst salicidation, and to space the
deep S&Jo%%gﬁk%%ftﬁ@}@ag%egﬁoq%#% antation (described below) fromthe
channel s. Theefadringi ey SPRIEI2H0hereBSisf showhth plan 6w e thoftalctira OTiFIG. 2f or

exanple, by first depositing a nitride spacer |ayer and then etching the

ni t 1 dealgiageaerallyymy viey s Zi-t2dethsreot. and sbpwing mag £lealydhe ferzental Sl tkhovi ng
t he ex ! e thin SiQz liner 502. 25 Refernng nowto FIG 6,
t her ei wﬁgﬁsﬁg%ﬂ%qﬁﬁﬁldﬁew of the structure of FIG 5 follow ng masking
and i mpl anf ak¢femingtnosy ®NEIQ. 2Bi titeraindd shofl- 4 Qpswfectiontd afeviNef theplractiat ofon
600, f d an N+ inpl.antatjon 602, followed P+ inpl] antation 604.
The degﬁcﬁ-ﬁ’ F?%%’éﬁ?%‘i‘lg’n&g%@? é@‘j&ﬁ’ﬂe& réifo"sh%‘é’ﬂ'm gﬁ%%@é ail:f"smi’_ @it i on
i's deepgér ﬂiﬁil'plé B6rod-or B ARk@4tb@ By PO4mpliewidh aHEHA 182 IR PL 8RBlveRioR, Fapi d
thermal annea ("RTA") to activate the EO several dopant 1 nplantations that
have bewhichds porfometd {fRngemhial itbe haidneisk 308 (aFHGcribgd below ) imeplants thede

. h ] d, f f lari .of
SRS M L DAL e B i o

Ccr 0ss- st hbAf@lal\8i € 1aD).t he structure of FIG 6 taken on |ine 6A-6A

t hereof. Refernng nowto FIG 7, therein is shown a plan view of the
structure ofRefergnggiophia Bt 3gtheespods showin, a yawt frawpergon et thesss e shomeni ng,
and mas; i [ Gl i ge~ 7 i.Cl ock
oxi do. 700 ey R 1 SCAE BaE by e iRt 08 AR Aopg thEns e ORI OF
P+/ 20 | (RiGt 2)camd|the Breeltiads théreon. i Agaielikideagal300ihdebdenyppowrd Qe dlisrdatieslyf or med

th i nj . Li of. t hor i Il Si fin. | th
Cr ans STBY DgA@ON0) Sdrite HREZDNGh Soior | Bat 8 599 ACHHEE PFTiak B2 Frheds £0
(F1G siBE, 1@eh uelgdsﬁed %ﬁaﬁee%é%g@géﬁ; 366 arlaaafhﬁlaa@@m %ﬂﬁl&% ‘ﬁgr;/érﬁ&f“ FI G

7 for clarity of illustration.) evice 1s then conplete means of
an i nt exdalpemed on Ithe gate clectibds Majeriab$e2. T06 podivins o the gasenclecB® de7mbigrial

clarity. i.llustrati but 0 in FIGS 7A., 7 7C, .and 7D, bel o and
the. pr otPonds prfpted b s 2B A oty Piong Wiy {fscdigynd Bicongar GG ¢ | cal
contact trafdfitdrzated 0l @IGOM) dnde @HAsOF ¢4t 20N OFI 2))tnddy dkn FdcBive b8 MR8t t he
access transistor gate 400, and the electrical contact 714 is |ocated on

t he opp#is depashimplantptien epresemied by Naiimpiantatipg aygws 886.cxhentthe gataplectods gat e
402. T . i : cts 710 and 712 are for the access transistor gate
400 anﬂﬁf‘%%gﬁ(?r‘?ﬁ"g?ﬁ%]é‘?e 402, respectively. Wile not shown in FIG 7

(and FIGS. TRefertBig ddy tafdG7 ) thetelin ¥ khovire auiaie ko ofl theh@tuchlie of FIGOBS
electrical contacts, such as the electrical contacts 708, 0, 712, an

! 71 d
714, wi fepigied i tag same imanngt jas JGe 3Ap fellowring ipmekali & thenivatk gPACEIG )i n the
artsd o enaRlife #hd o b { f i 6120
havi ng %r y lc% ose|°§fn§g‘té%§%§§%rh lglﬂérﬁf&g%%ﬁélﬁﬁ%ﬁg]ﬁ)’feﬁl |fintge g%tg%ls@cﬁﬁ% ude
si nul t amewusl 30dv{FEGoR) abt grdtected|bgcthe calplimantagt maskotnd hemoyalasf ahe
customary, .and finishing. with interconnect formation and other nvent i onal
Fini ohi iRmRRuay ARk (riath ik pctsraion gote D ane e iiodt eiir 4B 2R o
shown t f&h§ Ware 11008 Both fhik Gecels BansisiiSte 4005RRAGHE MStiYior Site U0D &R it Forfed
7B-7B, 7C-7C, and 7D-7D of -FIG 7. The core conponents of the access
transi stor 716 thus formed include the access transistor gate 400, the
adj acent portion of the horizontal Sig fin 110, and the adjacent portions of
the gate oxide |layer 300, the NLDD inplantation 500, and the N+
i npl antation 602. Simlarly, the core conponents 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

N NN n - g o NN .y g - P~ NN o



-sem conductor fin; a step 808 of formng a thyristor gate on top of the
sem conductor substrate and in contact with the horizontal sem conductor
fin, a step 810 of form ng an access transistor fromat |east a portion of
the horizontal sem conductor fin and the access transistor gate; and a step
812 of formng a thyristor fromat |east a portion of the horizontal 10
sem corfesigtthe dame ardtrbdre mididtial FOQ! agaltitus foi@Bd tha@indt Bl a€ GREGct Rastit or i'S
in contact with the thyristor. In greater detail, a manufacturing nethod to
pr oducémpﬁ@“tﬂ}rﬁﬁrfi‘byd)r based SRAM according to the present invention is

Pt ype S0 cStrrany i S FIEAaE K rkhn LRGP BR NG e R, o,

104, arsowhén S{[Gl «aycekenmﬁhneheAem thérEofG. In]a)ddmon'lib ahé hortdones i din Illti)ezn‘al

| ayer 106 r is reducedt i dagjon. The
oy drradRE BOX a5y Tk, tHE 88 e PabicBroiba0? amibe Bxiyery flrindopers
et ched g éfah8hbhLoltArSiZANT A, Fhe hiderdulO40Nab QleQflt f8e %@SCIEQIY ocddith
Maski ng and inplantation of the P-type channels (in the sidewalk of ft e

hor i zorfbail relstmfd the hagmask 408 (G- %)eplﬁcmttrgcbwmg tHerghtecontidellayer 300FIG. 3).

1 0 r emove Rk HERROIRFISL 48, efin § a8 riituctive Pt B € oG sfRe e

dep05| tzmithc&@fpreferred for the conplinmentary netal oxide 25 sem conduct or
"CMOS") process being utilized. The gt?te el ectrode material 302 is then
dep’<95|ted \sderring| Besy (1o &3 §-sthomgis isashaviie a gdare visve f ﬂl@métmﬁmrérq'faﬂ@éz

Chen papfosng Théskleinyifhe LAGIH oy W PRRSEIR G PRe e ARG doBR GRL.D
306. ( Hhﬁlm@tmﬁ(ﬁm (“NhDEg Atfer tht acgaiivdehamict meadl oI semidendidjtod ENMOS”)

patterned and etched to rmthe access transistor gate 400 and the
t hyri sttnsigior g aﬁﬁ?epr@ﬁﬁf@ ahfhlsmmtamth&@fwfitranssswﬁg?ée %D i npl ant ati on 500

of the NMOS gdranpbSio¥ & mst@&nsm%ﬂdw &ahqprsmr &Jaesuhlgegge&ﬁxq]lsl her

502 is then deposited, followed by & nitri e spacer |ayer t
et ched tal@nﬁ oespecthvelynionrlinte 5§pééeﬁBSGB 5¢hﬁC,natItdr5]ae5Iépﬁ<PéG 50Additiimellys t he

S|devval e _.hori zaon the .access 5 transi ate 400,
and ¢ neteRIoST oA FEMSE0: i B B rs R ebpad o e MGk 185 T8
5D) 6. tﬁe\@e@h tmrsﬁtdrrrgut@mmt it o sﬁbrt 49@%1@1 rﬂ@edexpdse@?o&m@ﬂsl éf thd he
deep N- inplantation 600, followe ﬁYré‘ﬂi i npl antation 602, and the P+

i mpl antlmzeﬁtalaﬁufm RiEA. | A nitride sproer 5P Sttbeﬂafﬂfm@@toé the fthin Oz hlpPraﬁﬁ?atq ons.
ot ¢ or 3y O 8 skalls of Ui SPasf BN S Ao vlifiot AR, 96Ro8 B

covey eohorfﬁbﬁtals il fin da 0l agednst Malcidstidoyemdfl ar spate thel deypi mrw;rdrﬁin (‘rSED’l)LD

| ayer 706.1 s, deposited. thereover. The electrical contacts, including.

el ectri a|1mel9ma§ éﬁe?%be ﬁ@g),wri%n thenehapnels. Zhe nifrds spager W ﬁfl@fﬁgh t he
L, D | aMgkertRBial | for
the. dev BecT( R SN, o Rl RS QhioRiing AHERK AR LhELRSTIRA FRER 1o
pr esentthe rmwtalde ispaceh dayen tonBrrouthe adividn tspages S0Py tha catqiadﬂs@ nengvith dsecipesddhe

conpat i bi sen nvention Wi th conventional CMOS processi ng.
20 A pa?orr{“ 053‘1%@%%@3 vI-éojt‘hat the present invention integrates the
T-RAM into q{éﬁamgadﬁérmeoseﬁ@raﬁ b1 IR Y aOf18n A OF eRaktri@Sie! OFRE.SP (for

the thyristor I'npl ant ati on’) The present ‘invention also maintains the
surr ourﬂ‘@llg‘éﬂ@ Iamklmgmxrd iserlgntatéon @tr%@nﬂbtﬂttahelet(ﬁyﬂi)"éloéra deep N-f wmplantagion of f

speed) gl ey d ald B9 AN ATLAGSRE, KBE AIER.ATY Speed sdvantages gh 3o he

Fi nFET arChl ven er p ovi de

randomracmgﬁnmaﬁﬂrﬁﬂo(ls IoAditigred by b&cmhsezntmgn@ammlﬂd&ﬁ% ftah e thea- hi gh
cel | densi ty Epi taﬁ/ is not required because the T-RAN fabricated
hor i zonif2Rlgufatign G04y heg%twtgrq\thmpr@méaﬁ%éfwmﬁﬂaﬁ RTéy)ewsacuwtp ithd ng a

hor 4z onde3braf Bdpant implantations that have been performed. (The thin SiO, liner 502 (FIG. SA)
and the nitride spacer 504 (FIG.5A) have been omitted from FIG. 6 for clarity of

Q.

illustration.)



-30 The resulting process is straightforward, econom cal, unconpli cated,

hi ghly versatile, uses conventional technologies, and is thus readily
suited for manufacturing ultra-high cell density devices. 12 Wil e the
i nvention has been described in conjunction with a specific best node, it
is to be understood that many alternatives, nodifications, and variations
will be app&{effé’tﬁ'mgmom&‘ KAl tieebih i $Hd®vnad ErobPsdetiGitll vihw bhieatBE@e0sMnyg
description. Accordingly, Is intended to enbrace all such alternatives,
modi fi G- 8 ﬁ@enéwdwé% @ﬁ@o ich fall within the spirit and 5 scope of
the include tye f ghown
i n the acco%%%@llngsmfﬁmljr%s?a@gregﬂogﬂg{q% erpretv(E:eSJ |0¥1?%%1&r+ﬁ?ustra |ve and
non- | i rﬁoilowmgs@peaﬂoﬂ,@atteﬂiﬁi% :hrfd\ﬁlﬁhﬁ[dnfg\l efdbAlgVER hfask femdvained Fath 4 ealicide

manufa turing.a te cu ruct ng,.. provi ding a
seni’co @8%2%@%9 1c Pﬁ?%)xa&n | A& %esss@sw%b%th@t Blusaipd 7S Qg of
the sendsGpasleatifg P$H@S{uﬁl@ﬁﬁ1 1oéaté&5m1@ﬁn@ﬁoz&<>ﬁ%§1§maé fagéﬂ R4 tlﬂﬁtf@m% dnop of

t he sem conductor substrate and in contact with ori zont al
sem corbecemainingrexpbeadrpartions ofthe ihotivontgaliclimn 19 dpe @tcesh tragsstorc gate 460,01

substrat i n.con Wi th the or. form,mng an-
access a[nﬁatﬁg Cé]é’frbsltorf ga&ﬁnﬁg% I(tlées Eh"é Srﬂ;@’r lf“gng(%f (E?ﬁr%‘ﬁg ‘gg}ﬁ li"e‘?ﬂ ct or
10 fin @nd. é Aphaebe&sotited Fichh BIG.0R{R cladifdof i0hdiapgnd thyri stor from at

| east a portion of the horizontal sem conductor fin and the thyr| stor gate,

suck t hat t hEheadevicssis thereamplefed by mepns of aa daierldyen didlretiin(TLBY blayers106The
met hod ﬁ;&é@hmnllz 61 Rl B’i@ ff%;llﬂarﬁloﬁeﬁhtc%%%%%ﬁ‘ﬂ% A &;@ng g ghm ng a
hori zontal sem con uctor er cohprise providing &

si | i conbebow) agithaporvisidn o@éleatn@ahdoﬁtaa:tsrﬂﬁ@, TBe7 ) uhd 0. aThesaE«'ttﬂeaﬂGkUﬁﬂaOtr fin

fromt to 5|I|co | ayer. of the siljcon on-insulator wafer. The met hod
of cl apﬁlgllsaﬂ (G e, preoatal S5 4 Hlgreagst deaqeess W@nﬁlﬁw gde d0gat e

are_f 0rﬂﬁdtherérée&@ca@fcohﬁ@tsvmsm&atwremOEhe tcﬁ)ﬁoﬁf&rérﬁoﬁ e ﬁ%ﬁﬁﬁgv%ond in.
4. The method of claim 1l further conprisi formn | 1 ner and a spacer

ar olfind nearest the thyristor gate 402. The electrical contacts 710 and 712 are for the access

transistor gate 400 and the thyristor gate 402, respectively. While not shown in FIG. 7 (and
FIGs. 7A, 7B, 7C, and 7D), it will be understood that the various electrical contacts, such és
the electrical contacts 708, 710, 712, and 714, will not customarily all be co-planar, which is
common practice in the art to enable efficient 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 isl 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 portioné
of the gate oxide layer 300, the NLDD implantation 500, the N+ implantation 602, the decp
N- implantation 600, and the P+ implantation 604. The access transistor 716 in this structure

is thus in contact with the thyristor 718 for contro! thereof.

10




-20 at least portions of the horizontal sem conductor fin, the access
transistor gate, and the thyristor gate. 5. The nethod of claim1l1 further
conpri-sing: depositing an interlayer dielectric |ayer over at |east the
access transistor and the thyristor; and 25 formng at | east one el ectrical
contact through the interlayer dielectric |layer to the access transistor

,and at | eagtef@fiageh®etiol BRE. & 0RéRA id RhewAM ey ichierdfay ehelo®! SO0k e
layer to the thyristor. 6. A method for manufacturing an integrated circuit

st r uct URRNUIRCHHY 41 deSrprd Girelihefruct e iR eenprdmice Naill the dressrininremivne tBie

waf er; [ r dcp0 . 1.C i RS | ayer
of the rﬁ%{n?%%ﬁidﬁs ?r?tsb Iga({zzo(?}t@é% c?nad%%g(?&d\%gt’rogFﬁbsﬁé%%gﬁﬁgﬁ%@g@&s

t r ansi dovizogral endeordotop fintonaop efrihe camitohdictordubstrand acplidofaioening anont act
with the horizaontal sem conductor, fin; formng a thyristor gate on top of

t he >serfCESRTEHYPT G4f SR t%%fd ¢ umigoBRHEar ﬁU'&%ﬁ?ea%xd ipjepRagi R BB R |

sem condhfidtudib fin? of QEFI0E M ity 2 ﬂl?’ﬁﬁ&“ %Et%rorf "téifno?,tthé g8BlcoRdiR@sL | ON
of the horizontal sem conductor fin and the aCcess transistor gate; and

f or mi ngpubsttaty and timcofitaonmwith the hstizentposenicondottor Him; ostéy 8 aif ferningamduct or
fin and the thyristor e, such that, the.access transistor is..,n contact
i €t SR RslF T Sl Biiah oF g B RRER S pleRIRGLA ahd R ng
an N |tr@Ristor gepast h Gre@reai of ifsiRliagnh akyrfor fidm afleast i6n BOhkiHRfizeMtall he
hori zontal sem conductor fin and inplanting an N+ inplantation into at

| et aScpurandaefonfin ppd theothysiga sate.suph whgcicesss flipnsigior isHa caplaploditbthec| ai m
6 V\herethg?gt?{]m ng the thyristor further conprises inplanting at |east a
portion e horizontal sem conductor fin with a deep N- inplantation,
fol | oned by Inngleatei idegilata haasfactaripg rhéthod ad prbduch othe zhpdisabr-Sazad SRUMCt or
finwith a P+ 15 inplantation. 9. The method of claim®6 further conprising

f or mi n'gacﬁ("ldil?getf’. eéenéﬁ’é’é’é‘iml’alls@ﬁﬁm 35dade¥Sort i ons of the hori zont al
sem conduct of fi nrhd RBFACEEF s uRASY ShRpar8dt BavifPth B¥Epe 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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*thyristor gate. 10. The nmethod of claim®6 further conprising: 20 depositing
an interlayer dielectric |ayer over at |east the access transistor and the
thyristor; and form ng at |east one electrical contact through the
interlayer dielectric layer to the access transistor and at | east one

el ectrical contact through the interlayer dielectric |layer to the

thyristor. 25 11.THNNLDIEh ti6th 15001 df tBE NMUDS @Insi@diPié $heMImasked and
sem conduct or substrate; a i zontal sem conductor fm on to({)bof t he

sem conduct or subiBplanted. Ehe 3&%&@2 linem&(2sissheny derosised. tiollowed by nitride
sem conduct or t n t lzng€ 0, tor
fin, 30 a thyri s%ga&géfgyg?gﬁa ttI(E)] tﬁe%f ét@%}él %sgle%?[gotﬁgﬂ% (%MF' ngﬂ%gépgt (r?h %n@ﬂﬁ%
contact with the spacdr Z5dt pdotestsmheonda:mcﬂhroﬂ the H&rizontah Sciired40} thenaicsdsor
formed fromat |east. a por | an of the harizont sem conductor fin apd the
accéss transi st orT4JSiSer g8 @ Pﬂ‘s/ 15@53%(5‘%%@6%‘1%541 atony GdO8i dn of
the hori zont al semcgyl(gppaﬁs}ﬁ) n and the thyristor gate, the access
transistor being in contact with the thyristor. 5 12. The structure of
claim 11 whéxein &dverabanomonupiantahomuw (lzeme panfdrmdde inopirtiowlar| the deep

sem conductor fin,further S n-.Qn-. n tor fer I ch
the horizontal seNi CBRGHRE 81? r@on &é %fr lr'?%cf%? Iﬂ %Bmm Iﬂi'if'ygzn
the silicon-on-i ngiplatMonvedser RTAOislBen ‘ﬁbﬁoﬁﬁerd%t aahea@falp{mumplalnmiaﬁéel n

both the access transi storﬁAgate and the thyristor gate are forned around at
| ea®t a portion dFIEhE a8 ont al semi conductor fin. 14. The structure of

ol i m 11 urf her SONDGLE A bR Mt ABARAL IRL: UG Al ol 635!

portions of the horizon sem conduc access transistor gate,

~and the thyri st orthg®+N- imcfion aflthe sk r02tisiceveddd. cThe salitidef laydri ¥ is then
conpri si ng:

formed, following which the ILD layer 706 is deposited therecover. The
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 uﬁliziﬁg 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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ran 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 transistor and at |east one electrical
contact through the interlayer dielectric layer to the thyristor. 20 16. An
integrated circuit structure, conprising: a silicon-on-insulator

sem conduct owhiletief invéntio haz Bednedeseietidan Resfahetiond with 8Helc héseMddbst iop
silicon | ayer of the silicon-on insulator sem conductor wafer; an access

transi sPdie Badesstond thap mpnytalernatingse arrilideationswaingy vagigtionso itk fe Appwaat nd i n

25 cont i ] I 1 . fN; t.or. . top
of 1o ore daheq hiife U h AL B npIRERREL Sk Rbio kbl ARobidel? Pl HEGRED
hor i zordmsibraceeall swchdalctrioativesy medifiedtivms,sarklr waniatisisowhich rinie dvifhio theadpitieast a
portion of the horjzontal semconductor fin _and the access transistor gate;
and 30 S&OPwF e, GieludBe) aimpy a{’tlat‘ieé“ag—tmeé‘tﬁ‘é?ftei 5 1efth fipkeimer shayv i the

sem co i i} : : nﬁﬁ@f ransi st or
isin cmgzﬁf&gg%n)é& h ?ﬁleg%?ﬁey?!ﬁgtlg?@?ggﬁ{%ﬂ lﬁ%wg?%g%ﬂfﬁe 0 %ﬁg‘%’m 16
further conprising an N- lLightly doped drain inplantation inplanted into at
| east a portion of the horizontal sem conductor fin and an N+ inplantation
inplanted into at |east a portion of the horizontal sem conductor fin. 18.
The structure of claim 16 wherein the thyristor further conprises a deep 5
N-. inplantation inplanted into at |east a portion of the horizontal

sem conductor fin, followed by a P+ inplantation inplanted into at |east a
portion of the horizontal sem conductor fin. 19. The structure of claim16
further conprising a |liner and a spacer forned around at |east portions of
t he horizontal sem conductor fin, the access transistor gate, and the 10
“thyristor gate. 20. The structure of claim 16 further 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
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~transi stor and at | east one electrical contact through the interlayer
dielectric 15 layer to the thyristor. 17 .AP.Aq. Al U
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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 wafer;
30 - efching a horizontal semiconductor fin from the top silicon layer of the silicon-on-

insulator semiconductor wafer;
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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 diclectric layer to the
access transistor and at least one electrical contact through the interlayer

dielectric layer to the thyristor.

25 11.  An integrated circuit structure, comprising:
a semiconductor substrate;
a horizontal semiconductor fin on top of the semiconductor substrate;
an access transistor gate on top of the semiconductor substrate and in contact with the
horizontal semiconductor fin;
30 a thyristor gate on top of the semiconductor substrate and in contact with the

horizontal semiconductor fin;
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he structure of claim 11 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

layer to the thyristor.

20 16. 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-
insulator semiconductor wafer;
an access transistor gate on top of the semiconductor wafer and formed around and in
25 contact with the horizontal semiconductor fin;
a thyristor gate on top of the semiconductor wafer and formed around and in contact
with the horizontal semiconductor fin;
an access transistor formed from at least a portion of the horizontal semiconductor fin
and the access transistor gate; and
30 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,
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around at least portions of the horizontal semiconductor fin, the access transistor gate, and the

10 thyristor gate.

20.  The structure of claim 16 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

15 layer to the thyristor,

17



