THYR TOR- BASED SRAM TECHNI CAL FI ELD The present invention relates generally
to sem conductorated circuit devices, and nore particularly to
th.yristor-hased SRAM devi ces. BACKGROUND ART El ectroni ¢ equi pnent,
such as tel evisions, tel ephones, radios, and conputers, is constructed
usi ng sem conductor m croprocessors, integrated circuits, nenory chips, and
the li ke. These sem conductor conponents are typically fabricated on a
sem conduct or substrate t O FMY¢RISEORBASEIS ERAMSI g vari ous
m croel ectroni ¢ devices such as transistors, capacitors, diodes, resistors,
and so forth. Each mcroelectronic device i.s typically a pattern of
conductor, sem conductor, and insulator regions formed on the sem conductor
substrate. The el ectronics industry continues to strive for
i ncreasingly higher-powered. and. hither-functioning circuits by device
m niaturization and by creating nultifunction devices 150n a single
sem conduct or chip or die. Very | arge-scale integrated circuits on
smal| areas of silicon wafers are nmanufactured through a series of steps
carried out in a particular or §BcHNIRALMAIEADj ecti ves incl ude obtaining a
device that occupies as small an area as possi ble and consunes | ow | evel s
of power usTlhrgptesstit\inlvdnaige rslafplgentrallelts semiionéugedmkegmntad catuis deddss,
conparabl e to speeds 20 realized much .| arger devices. To obtain these
objrgct? ?reélaéttfé‘?qrwt%w{haé@%%g‘ﬁ?@éess arc closely controlled to
ensure that rigid requirements, for exanple, of exacting tolerances,
quality materials, and clean environnent, are realized. An
important part in the circuit gOOBRGRGINDNARMD manuf act ure of sem conduct or
devi ces concerns data storage, or senm conductor nenories; the circuitry
used to st igLtal. | r [ n 1.0 r ' of. . such
romory i 1 ourTret AP Fh R ool S HEh et ABE Al TBERERT theon
and f oconistrgeted sang adreidonductriniicsopeessgns dntbgrared afxesitd, eensdro chips) aridaheat | on.
In appl.ications where circuit space, power _consunption, circuit speed, and
reli abéﬂf‘i't &y éewp?&cg’rééﬁpﬁﬂeﬁ%%eé}’m?% HERteq, F PSRMIFRadYc SR meror y
dep COMECRR BihsivaYd LRONARRLs nitdfRIEcfokiE At e) ot A0 AAMIBERS SapMER Y
("DRAM')type of volati menory

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

higher-functioning circuits by device miniaturization and by creating multifunction devices
15  on a single semiconductor chip or die.

Very large-scale integrated circuits on small areas of silicon wafers are manufactured
through a series of steps carried out in a particular order. The main objectives include
obtaining a device that occupies as small an area as possible and consumes low levels of
power using low voltage supply levels, while performing at speeds comparable to speeds

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

tolerances, quality materials, and clean environment, are realized.
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in which the data stored at each location is periodically refreshed by
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The structure and operating characteristics of the NDR device are particularly important to
the overall performance of this type of SRAM cell. A variety of NDR devices has been
introduced, ranging from a simple bipolar transistor to complicated quantum-effect devices.
30  The biggest advantage of the NDR-based memory cell is the potential of having a cell area
smaller than that of 4T and 6T memory cells because of the smaller number of active devices

and interconnections needed in the NDR design.



then does not require any nore control (gate) current to continue to
conduct. Instead, it will continue to conduct until a. m ni num hol di ng
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state is largely determined by the lifetimes of the current carriers in the device, and in
electronic terms this can be a long time.

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

resulted in many attempts to modify the device structures so that they can be actively and

rapidly switched off.



25There is also potential inconpatibility with salicidation. Additionally,
difficulties can arise in controlling the dinensions of the vertical pillar

and reproduci ng these di nensions for each T-RAMcell in a T-RAM array.

Al so, due to the existence of a vertical thyristor in each T-RAM cell, the
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However, the T-RAM cell disclosed in these patents presents several major

20  drawbacks. For example, the thyristor SRAM cell (T-RAM) sits in a P- well in a bulk
silicon substrate. This results in a large difference in elevation between the contact on the top
P+ region of the thyristor and other contacts in the device.

Also, additional masking, implantation and diffusion steps are needed to form the
bottom N+ region of the thyristor.

25 There is also potential incompatibility with salicidation. Additionally, difficulties can
arise in controlling the dimensions of the vertical pillar and reproducing these dimensions for
each T-RAM cell in a T-RAM array.

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

30 Additionally, since each T-RAM cell is fabricated prior to or after fabricating other
devices (such as positive-channel metal-oxide semiconductor (“PMOS”) and negative-
channel metal-oxide semiconductor (“NMOS”) supporting devices) that are connected to it,

extra fabrication steps and increased manufacturing costs are incurred.



FIG 18 is a layout view of the structure of FIG IA FIG 2Ais
the structure of FIG 1A following formation of sol on regions, renoval
250f a first mask, and thrination of a second mask; FIG 2B is a |ayout
view of the structure of FIG 2A FIG 3Ais the structure of FIG

2A alter ream % al of the second mask and formation of a third nask in
accor dance WiushviHe thre seherowpeitandro realige @@%%C?lhpbﬁ‘ﬁmgl@ﬁvTogA%e

str uc"#)'hﬁ}n?% tiohl Pa. ﬁ@?%urigtlota obilifgeted R bt NM@S%&F{QI‘H" k&t uifea- ngﬁ‘ ceﬁ'ﬁeﬂgnge

remova he Thi eposition of several |ayers, tion
fourt tthaasdom;anﬁlhftyawmthtdoﬁvemrbnd wilk CMOS pirbdeasing imakec swhdaredded $RAMe
presen nveﬂ_t g FIG 4B is a layout view of the structure of FIG A4A
FI G sjed difigu tncture of FIG 4A after renoval of the fourth mask,

chemi cal gglth&le ?Qflﬂbrﬁ?thh@é]beénel'gﬁg abug thap ?l‘igle ?ﬁeﬁpn{eﬁwzﬁ/e not

forrratlono an additio [ayer, and formation o in

accor dangle omi dulggéshel m}esﬂmtuonsrmldmthmnsolﬁﬂl@s ®Bhese probeywsulaveileng efudehe
struct re ?{11 FI.G,, BA: FIG GAis the structure of FIG 5A after
remova el ipithe 4t mask, etching, and | Oformation of gates in accordance
wth the present invention, FIG 6B is a |ayout view of the structure of
FI G 6A FIG 7A is the structure of FIG GA after formation of

nitride spacers over a TBISCLOBEORE OFAC®INWRSEION h the present invention;
FIG 7B is a layout view of the structure of FIG 7A

The present invention provides an integrated circuit structure. A semiconductor
10 substrate has a thyristor formed thereon. The thyristor has at least four layers, with three P-N
junctions therebetween. At least two of the layers are formed horizontally on the
semiconductor substrate and at least two of the layers are formed vertically on the
semiconductor substrate. A gate is formed adjacent to at least one of the vertically formed
layers. An access transistor is formed on the semiconductor substrate, and an interconnect is

15 formed between the thyristor and the access transistor.
Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

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

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

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



15FIG SA is the structure of FIG 7A after deposition of a salient |ayer
on the N+ and P+ inplantations, formation of an interlayer dielectric

| ayer, and provision of electrical contacts, in accordance with the present
invention; FIG 8B is a layout view of the structure of FIG 8A;, and FIG 9
is a flow cRE:.t4Aofs thendtubtude 6 FIGr DA affien geraondhl fodilshé detd mgsistdepodiisedft 20
SRAM i n _ac rdan(‘fe w th the_present inyentiaon. BEST. FOR CARRYI NG OUT
THE | NV GRYEES, Tormaign gfeh foBrh Jir g e SIeBtn 6F 2 Wik BIE SpaOr e tier a | s
are {_GveAhd feRin®ivdBtich;t hor ough under standi ng of the invention. However,
it will be apparent to one skilled in the art that the invention may be
practi ced Wihdl ispHewat gisecefithe steeterp 0§ F1G.ttAsr der to avoi d obscuring the
25 _present .javention, sone - onf | i rpc .slheps are
not® di scl osgjcfg!i det S Ft.rucﬂllrg\g(%l hém%waa\%&néés&%ég%tfntgggﬂﬁin?ﬁgg’t gﬁ%?lé%lhe
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of the dinmensions are for the clarity of presentation and may be shown
exaggefamaton pf 3 f&h magk in aCCOfdanceWIﬂTﬁ@Rréﬁeﬁﬁmﬁ%‘?"l%nt al" as used herein is

defined as Iscglsﬁﬂ'ﬁaﬁ%go%'tbﬁbvéﬁhé E.ERRYeRid ol 30pl ane or surface of a

waf er or su rate, regardless of 1ts orientation, The term"vertical"
refers to aFHi.rcts dre garcpeadifcRIGAS At aftdrhembooeali abdtiteafiftiasngsks ttctmiz] asdl.

Terns, .such as_"on", "abgve", " tﬁl ow', "bottoni, "top", "side" (as in
" silYewdgrmeadion ofgalesdp-accorfiggige pvith the present inyeqtion;,nqer» | are defined with

respect 1o Efig ¢idkladRhlieR! ke sthitfurk 8F FIG.RjAOCESSi ng” as used herein
i ncl udes deposition of material or photoresist, patterning, exposure,

devel opnent Fl@t7ehisndie stuetard oQFIGrfe often fommetidn of nittide spicensioaker arTEOS
phot orlesi si as re[ﬂ:ui r. i .a_described structure. Ref erring

d,in formn |
now t o af’-‘?‘dn_aF%frd? Sr"gﬁhthfgre§?f8\mv%u8?’oss-secti onal or side view of a
silicon ("SkQ. 7Pkeraysd0vich difRe Sinichire SFRIRS Af processing to fabricate a

static read/wite random access nenory ("SRAM') that is thyristor-based
(" 1E- RAM') . FIG. 8A is the structure of FIG. 7A after deposition of a salicide layer on the N+ and
P+ implantations, formation of an interlayer dielectric layer, and provision of electrical
contacts, in accordance with the present invention;
FIG. 8B is a layout view of the structure of FIG. 8A; and
FIG. 9 is a flow chart of a method for providing and fabricating a thyristor-based

20 SRAM in accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent to one skilled in the art that the
invention may be practiced without these specific details. In order to avoid obscuring the

25  present invention, some well-known configurations and process steps are not disclosed in
detail. Also, the drawings showing embodiments of the apparatus are semi-diagrammatic and
not to scale and, particularly, some of the dimensions are for the clarity of presentation and
may be shown exaggerated in the FIGs.

The term “horizontal” as used herein is defined as a plane parallel to the conventional

30 plane or surface of a wafer or substrate, regardless of its orientation. The term “vertical”
refers to a direction perpendicular to the horizontal as just defined. Terms, such as “on”,

2% &6 VY

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

6



The thyristor is a negative differential resistance ("NDR') device having
alternating P-type and N-type ("PNPN') sem conductor materials. The region
of the Si wafer 100 10 shown in the drawing figures is a portion of a
silicon-on-insulator ("801") region, in which a |layer of buried silicon
oxide ("Si02") 102 has been Formed on the under|ying Si sem conducto
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The isolatiqn regions 112 arc ihrincil by etching off Si, then depositing
oxi de de&cTihed Stpelte r enches formed in the upper |ayer 106 of Si where it is

noty pr ot ectigdybiy o136 WBSE. i-@?theﬁ?ﬂ R dhbRg a%&‘és%é%cl'i_'d}rgl or diBe viches@d flibsn shown

a l'ayout view of "the structure of FIG 1A Referring nowto FIG 2A,
t her ei(hSi’}s velfiowhDG hetlst fiist stages of pRicGsirgAtof Gibrigatie rigstaiic frendimtifeolanddmt he

i sol ati on regi ons, enpval aof the A08 (FIG 1A). A mask 200 has
been FafTe _%Zoé]%/ﬁggaéﬁqﬁwtﬂg?fé?$fggggkﬁ36 (FIG 1A) for N dopant

i mpl ant at i ofhe thitistst s8¢ RebaYe idMRdraitadrésMlaRe (OMDR2P devit® hhd@haRBnbing

i nplantation 204. (For clarity of illustration, the N- inplantation 204 as

shown B-typel@d NAype (FRNBNSnswicordugtar rmategalsor Fless prsidt a§ thee Si veaferr 80 )
25Referrin ow, to.Fl 213, therein |. howw youk ey ew of.
etPucripings M Pitebudite sifFOr RSP B O P sl Wb ¢ e

structiyye of Uurfed dificad t®fidd Nesim3k 1800hid-Ibeen 2B mbdsorbakd wgkilyied 8hd a
mask 300 has been patterned and an tiled on the upper |ayer 106. The nmask
300 dekmieosdueier abstatedpP4 af e SiwaferdO8t i on 302, I11lustrated by inplantation

arrows 304? Fl)q{rieﬁlfsz{')i%i(h lggs ainlt@B?I;lEi?%ri I%B’of%??orﬁfegitﬁg?\l—:&m@rrﬂagfe 188% tAsh S hown

in 10FI G Isre nced onl S correspondi ng active area.
Ref er rpangrneavintiofobthad 3B, top hértet nppa lapawtDéaof 8y odthewhask DI8 titfestactie¢ ur e of

FIG 3A  Referring nowto FIG 4A therein is show the structure FI G
3A5f ol eERhd 1P thErrRenesth an 15padionatseiong G2 wﬁeieﬁﬁﬁssﬁﬂﬁi @ﬁre&o“&di owef, thin

Si, | i t WRY&REhi epRs ideh Qi odd B NNShd ERMedi tTi de
(" Sm%(ﬁ?%ég%g%% 12%# et eflrﬁsﬁ%héaé)gglfe%l 400, izzm(ljnge([))osi tion of ran Spper,
t hi ckefortBedCin thaypperdddr 006 vhei winire it54 80¢prbtayted ba @Ik mask 108. A mask 406 has

e e B e I Moo Bl SV Rt R 000
Referring now to FIG. 2A, therein is shown the structure of FIG. 1A following
20  formation of the isolation regions 112 and removal of the mask 108 (FIG. 1A). A mask 200
has been patterned and formed on the upper layer 106 (FIG. 1A) for N- dopant implantation,
illustrated by implantation arrows 202, to form an N- implantation 204. (For clarity of
illustration, the N-implantation 204 as shown in FIG.2A is referenced only in its
corresponding active area.)
25 Referring now to FIG. 2B, therein is shown a layout view of the structure of FIG. 2A.
Referring now to FIG. 3A, therein is shown the structure of FIG. 2A after the mask
200 (FIG. 2A) has been removed and a mask 300 has been patterned and formed on the upper
layer 106. The mask 300 defines the area for a P-implantation 302, illustrated by
implantation arrows 304. (For clarity of illustration, the P- implantation 302 as shown in
30  FIG. 3A is referenced only in its corresponding active area.)
Referring now to FIG. 3B, therein is shown a layout view of the structure of FIG. 3A.
Referring now to FIG. 4A, therein is shown the structure of FIG.3A following
removal of the mask 300 (FIG. 3A), deposition of a lower, thin SiO, layer 400 on the upper



Foll owi ng formati on of the mask 406, the portions of the upper |ayer 106,
the thin Si02 | ayer 400, the thin Si3N4 | ayer 402, and the thicker Si02

| ayer 404 beneath the hole 408 are etched through the hole 408. This can be
advant ageously done in several steps. By using the thin Si3N4 | ayer 402 as
an et chayst d)@ﬁ,fd@positien bha dfdde ISilthﬂ dittidy €1S1A02), lagerr42ain thelthinHigh layeic#00, at e

can be u df ethlck l.ayer .404.. The fter e thin Si 3N4

| ayer &6‘;8 aPBBP‘E,rh gk?g}d efé%f’&'i&bertﬁ’éltnsc‘ﬁe léyeer“t@gn be used when
et ching the&ﬂbgk $oRad M@beélppauemed and FBHh QMo thel thR K& Si0, Nyer 40 Mask 406
is renoved and a P- Si pillar 410 is tgrown by selective epitaxy in the

et ched magy o hired bele A& thestie lverd ORelf 2 rm@p piche No llﬂpl@tatlgl 29herein is

sho a lay view. of the hruct f t 5A,
Cheroi n i o SiiowinBborbeddiCo Sk HaRAe e b Cor I L itel R, B Bl
chem cgioNagsatniog te tﬁina$I§N4 Ié?éﬂ 402, 4ndME thickdr SiOeldyet gt bekeathhbe Fble 808 pi | | ar

410 to the height of the top of the thicker Si02 | ayer 404 (FIG. 4A).
The t hite stalpg ﬁ@}‘é]il thegl %(P Thipyan b%i‘taa'iaae@kymnparyéqvea@ztepﬂ%Yuamg and

the thi 2

Advant a%gﬁjsﬁl,q H@% é1 g@{@ gyert}gggﬁk%%%@&ér Q{)‘i si{%?dust %f ng of the
t hi ckeratSciiPbd ayedrfodhé tlmekm&@z ldyebH@c kEhdnh eﬂmthélﬂm St;Ng hayteh 402 hasrbebil 02

| ayer 40 d the isolati regi ons e t hi i ayer 402.
Théh, pri¥) &‘F‘é‘}ﬁ}i'vf‘ﬁ]@“‘reﬁétcﬁﬁ?tﬁ C%r éa@@ 1%&13? ﬁé}’?fﬁmbat e etchant
can be usedpfQbwinl ?%é MRR! tl?éfmm@md“isnrex?‘lo@gd hﬁ’d/ qrp- ‘S@%ﬂla?%bhé‘tgrdlﬂ{ b} 00

much of the isolalion regions 112 therebelow is renoved , a gate
oxi de Sﬂecttva§pb®arungh¢ dmhedﬂngmu@)IQloa\otheéntei%al oxi de gr owt h pr ocesses such

thor mal gxj dat i de 500 s al |
ogi ons. | nRel MOk BO-SE By < vl R BB ERREI M 02 has

then been fR'éfB?ﬁ'n Ry tFIB: 55 tiirdihak hbOnand §th1%tdr@rtﬁ1 FI@MAOffolildWinglppef
| ayer 106. The polysilicon |a g;ér 502, as shown in . 6A and 6B, w |

subsequrselign b ciesnigeldnechagisalmlangsizatiere GMRED o4 he lmlyht ok e B504 pHigs 4@)@en
patterpe %e%@%hygftﬂgg O&tﬂéﬁl kg@llh%qqo ﬁ,{lg 4%‘?2 and the portion of the

ponS|I|con around 0 and not protected by the
mask 504 haShéden Sh@plagéﬁm WG, dﬁpﬁmtsnw.;slajreirdﬁozﬁﬂﬂ 42y), andptharitielter on
arrows 506. As an the doparit could be Bh ghor us, with ahn

i npl amSl(a;Ogaé(eIf fl%{lge gle{l &)eqn gtElegi Bgfrfogﬁygmg the CM antageously, the thin

Si3Ny4 layer 402 allows for faster stripping of the thicker SiO, layer 404 because it blocks the

20  etchant from the thin SiO, layer 400 and the isolation regions 112 below the thin Si;Ny layer
402. Then, after removing the thin Si3;N, layer 402, a slower-etch-rate etchant can be used
for the removal of the thin SiO, layer 400, so that not too much of the isolation regions 112
therebelow is removed.

Next, a gate oxide 500 has been grown through conventional oxide growth processes

25  such as thermal oxidation. The gate oxide 500 is grown on all exposed Si regions, including
the P- Si pillar 410.

A polysilicon layer 502 has then been formed over the P- Si pillar 410 and the
remainder of the upper layer 106. The polysilicon layer 502, as shown in FIGs. 6A and 6B,
will subsequently be formed to serve as gate material.

30 A mask 504 has been patterned and formed on the polysilicon layer 502, and the
portion of the polysilicon layer 502 around the P- Si pillar 410 and not protected by the mask

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



Referring nowto FIG 5B, therein is shown a |ayout view of the structure
of Fla 5A, with the gate oxide 500 omtted for clarity of illustration.
Referring nowto FIG 6A therein is shown the structure of FIG 5A

fol l owi ng anoval of the mask 504 (FIG 5A) and anisotropic etching of the
polysilicon layer 502 (FIG SA) to forma thyristor poiysili.con surround
gat e 6OGMEE dhe dopan Forlobmaheshbomps, with gn|imgfan fose FRE 1B1F & MEAS Rk ess
transi gtor gate 602 over the gate oxide 500 on the P- inplantation 302.
10Usi ng conventional nasking and inplantation processes such as those
descri bed a]beﬁzﬂing\howsmﬂ?lﬁblsm, dierein iedn woldlahavte/i¢vh efithesanctior affld. 5AL he P-

i npl anta i.on 302 ther sj of t access transistor gate 602 and the
gate o¥it @W‘P’Hg?égg tjo’ééﬁ‘f)tlyé’tfh]i RO core components of the

negati ve- Chﬁéf@ﬁlng”ﬁ{»@' 0¥ 4 emefe%pqgl%h%n(thlé'!\@% Qurf‘%gelsl% %Aa@&l&xtlﬁ%emo-

15Usi ng conventi tetraethylorthosilicate ("T eposition processes,
an Si 02moaylepf 8@6mhass SORaR1bGe¥k) fml aedotonpee cahing h%thcapolymbccst tayet GP2s on

t he Si f 0Q, inc)udin he sides, of t thyri sto olysilican
surrou g‘%‘% %%8?3"“ hy%ﬁt‘b‘ge%‘ﬁ%ﬁ“ﬁ‘f%sqgougﬁ 819 F@Q ‘% BB@@‘P‘PW\Q tklﬁ)})l‘l St or
p_ol ysli 1!1910'2116%16(948@0&%81 @0Qss Mdsitlae g%téj%z vaeIr hEe 2G&E88idE I syos bat@E gate
ti02. OReferrlng nowto FIG 6B, therein is shown a layout view of the

st r uct Rrienpddnt®ic® 3BA, with the Si02 |ayer 606 onmitted for clarity of
iIustrat ormation of a polysilico
colhect t on BaeSRvERENRL biksking andirhBtior] HlhsS my®h o8 BBt Bederbel
POi YSi dhov8NCUMREFAraRNarbA Ut ShiRheal €6tuaidein SPAR] ingplanstidl B2t 64 Eitler
conti nui ty for the later formation of a laterally displaced el ectrical

cont actidgeb theseasess| ignsgByr gae 6ebANd &9 By 2xBla A MicrsaFrspth; c90ﬂwl@mtgﬁw! stor
pol ysi %dﬁg% PO £Q UG R2hE R0 channel mégﬁfcﬁ{i]&eé WG Lor | RMESr) | ag&fs‘é" nts

shown ruc ure o I ovi ng ormation of ‘a nit e Spacer
700 ovednsisie gaorti on of the Si02 Iayer 606 that is around the P- Si pillar

410. The nitride spacer 700 Iri algil f.or med aro,t,mgqthe portion of the Si02
| alfer 606 tHaDSionyeional totracthyloabesiticale &1 LGP )gatnesision rasrssesi £Ri U2

spacer 5y RS af A i 0RRRYR L nghs AERASIEL LAMPASAGEES B0, ihabdigued by

ani sotropic etching that stops on t er Then
usi ng eotheesiddsostathe imaistorgodysilidonpuantad gae @0e e, s1ddse)fl‘tlhe Poli pdladrad n

T, S LA e el b SR TR e Pl o
i npg@nt ation 702.

20 Referring now to FIG. 6B, therein is shown a layout view of the structure of FIG. 6A,
with the SiO, layer 606 omitted for clarity of illustration. Also shown in FIG. 6B is the
formation of a polysilicon connection 608 for the thyristor polysilicon surround gate 600.
The polysilicon connection 608 furnishes adequate spacing and electrical continuity for the
later formation of a laterally displaced electrical contact 810 (see FIG. 8B) for connecting

25  electrically to the thyristor polysilicon surround gate 600.

Referring now to FIG. 7A, therein is shown the structure of FIG. 6A following the

formation of a nitride spacer 700 over the portion of the SiO; layer 606 that is around the

P- Si pillar 410. The nitride spacer 700 is also formed around the portion of the SiO; layer

606 that is around the access transistor gate 602. The nitride spacers 700 are formed by

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

layer 606.
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Simlarly, the N inplantation 204 adjacent and outside the nitride spacer
700 around the P- Si pillar 410 receives a P+ inplantation 704, using the
nitride spacer 700 around the P- Si pillar 410 to self-align the P-E

i npl antation 704. This conpletes the core conponents of the thyristor 706,
consi sting Thed, hgaft ustiig porveationkl Gasking ald impiantativatsiaps, 6 2N-coutchelrainp

thereof, the N- inplantation 204 uynder dj acent. t P~ Si nill 410,
and t héreﬁsr@‘ﬂ'rﬁihé?ﬁnétap‘é)ﬁut?ﬁ]&_ tb%é%-%ﬁﬂaﬁ?gﬂ)ge the top O?ﬁ*ﬁeﬁ fséé’&lﬂ%fi“_dg’ ?"r@t&‘iﬁ’st or
devi cey : écfl?gccfe%ar{sv%&%?tdt Gr?zteaa?&%i'vpﬁgN-l-f iRfpAdMidnoee P-N j unctions

bet ween ayers. T l'ayers (the P+'inplantation 704 and the N
i mpl ant at i oRi20&lyadjealemplantetie 204 adjacehtamt edsie thezomidglspgceo 09 hewund

i duct .gubst r at inth I .10 f. Si h th
ayer 0 el AL et 2t G BE o R oSBT oS Rer B e T oy
410, apdgt a1 0 GBI 3h NP GdplaRkatiie 760 PTHiH s plkles &icccoke EdrRFdTRAts of

vertically below and inthe silicon pillar an the sem conductor substrate.
A rapi the Horister 78AneensistingTof” thei B S raharp@i dherdl implaptetion /82 rethgaPpous

i mpl ant,ati gn it.s. . The. | nt .energy .of t.h N t gt 7 bhto the
- sourtierd 4t Aoy Bt SEip SR dhaSrhheselafr & SRVER B BaciiE B S
t hat tmpmaﬁuﬂqm thercdjache. Si pillar overlaps with the thyristor

pol ysilicon surround gate 600 sufficiently for, the latter. tqo functi 20as
a date. Ref dheirpgyltngnhysster devipghay H@r@ﬂh}/qygrssjﬁmssﬂa‘r%‘y&nm% gwe%#’gfghe

structy ng;tiglﬁs E:e%eegﬁ[hfeohyers, Rt']!‘\?(g rdfnglen&WeItS?(tﬁé ?e+ ﬁf%platnﬂﬁi R 704 Sndh@un the

b
structur owm ng formation”sal I cl ayer 800 respectively on
each ofN-tiinglaNtaon 209 ladjatatt itimrstoy &2 farmakdt hveizBrtallyrph dret tiiomdd@dr substrate Then

a local . interconpect 2.is fo,uued hetween the thyristor, pil.l ar.,.and the
access(’_é‘otﬁFr‘l?Pert _ﬁ%ﬂ&OBF .S%Tﬁgd tyeg 0 iﬂ?ﬁ &5 cfa_“%“_ogpgplfigtf‘h% ZP% t?le
convenidpialodids BF ot pf g piﬁé@m,eap)dh}ie iNr ﬁﬁmeﬁ@ tdNGnaRe tdp BerRE ate

interlayer dielectric layer ("ILD"), which s then planarized, then
patis er fiechedndrtant i bdlowSuidtia hesihemaliBaramdhe semicendugtor sebiséipts. are t hen used

to fill the trenchi,s,thus,f. . and then "d..f h-w.th.th of the
i nt er medi at é\ﬁaﬁl{a tgﬁf,mal ?ﬂ‘éeabéﬁﬁqil%ﬁlf%g?f?%rgﬁgiyg?%&%e&ﬁ? B?rﬁ%%sil%lﬁﬁgga%gﬂ | LD
804 oveppidie YRE iBMEntSdieHS! oF 88 NinhlntSion\@dEintcl 3. N-Tdderckldhifl Qdeas $08 0r med
by "t oppi ng " to the ultimate ILD thickness by deposition of dielectric.

Then (anénke %t tenensnateret anshimefdraickegengpush dhys the Neciunchen ordhe ¢ éllasoe,
808, and 810 (.Fl 4 804
and’ t nd el ot B b aR Syl APy AeiRitor e e I AEneHOR SO0

andoot hek ggenventional finishing steps. Metal lines, such as for a bit line
812 and a V'f 814, are then forned . and connected to_the sever?l I%gtri cal
contacts so&efenrs ap {@T 3. 7B, thereinphghomma kayeus vigys ebide siaghee! IEA@» el |

thus consi sksegfint WRvwels AL §ﬁy&1§lﬁeiﬁhﬁh§w&etﬂs%m&@xi SCERAY A NG t vpe

access transistor; connected e local interconnect 802.
Ref er r ifognanow of a sHidGle BBer 800eesientivedy oinoavh cof thealyio umplanedions 7@2handshe B¢t ur e

of FI G, 8A witlagortions omtted for clarity of illustration. Referring
now t o "EP ntaé‘,ontﬂ rein is shown a flow chart of a nmethod 900 for providing
25 Then a local interconnect 802 is formed between the thyristor pillar and the access

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

30 The device is then completed by formation of an ILD 804 over the various structures
on the Si wafer 100. The ILD 804 is formed by “topping up” to the ultimate ILD thickness
by deposition of dielectric. Then (among other conventional finishing steps) electrical

contacts 806, 808, and 810 (FIG. 8B) are formed through the ILD 804.
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1.0 a thyristor-hased SRAMintegrated circuit structure and nethod for the
fabrication thereof in accordance wth the present invention. The nethod

i ncludes a step 902 of providing a sem conductor substrate; a step 904 of
formng a thyristor having at |least four layers with three P-N junctions

t her ebet ween, at |east two of the layers being formed horizontally on the
sem conduct bite B&h8¢4 andethg slechical eomiactst 39, 893, 1aRe il ApeertBerhBnigkeds withb 1P
verticgli j ] - t r.at.e; ten: of .f.oym a gate
i aceny! dpohlilond SROHRERE, Mouffal sBliEas Brd ot M oAlnd' Ol 40

f or m ngre dendoge&Baridr@ngeSEdio thasdviaeal skeoiricalnancicorswUPEs amlts0. and a step 910
of form ng ﬁgﬁti nt erconnect between t he th}/ri stor and the access transistor.

In greater dhyristor-Bageri r AN i (AR MY h ! ttBuprisasietle phdvenglemsnsy -thased
Al _ _ . . .
surt an) PRHPE TR Moidt btihe NBORyBETHEA0 Mk Qlors WiiRIC RN "b 1Bl 1

and t hatagpeect|8@¢er 106 of Si, The mask 108 is patterned and fanned on the

upper | ayer 6. of Si f fining.the isol ation regions 112. |G 's 1A
and 18) TheRéfgmn&tqoa‘htorng&i- 5B 1530 1 DOpgravayoutsiish Og@ewae&o%élﬁ&é%i 02 in
those QAk LbRRSs Ohitd¥eroHPRATY da)Edra4B8 of Si not protected by the mask 108.
The mask 108 is then renoveéd, and the nask 200 is patterned and forned over

t he upper |Rsfering0®wt tv K&T. i9 therdie iy hgivorn flow chire ofNa methldaiOafor provading
(i pdicated by,the d ntation arrows 202 FI.G.' A and 2B) .The .mask 200
(HUG, CSlmet pi SRMT Bl e eRbT aBeRating bclndh i G ARt b RS her c e
upper d@yRlanddGrithothd efreq@t tidenkigdll Onge iRkthodN@clided APt@NYOL I HrdPiding a
(illustrated by the inplantation arrows 304). (FIG's 3A and 313) The mask

300 ( Femic@nyclos suhskate; ansee 804nd fermeng i thyiSitozhdvayeat leag four layersediton t he
upper 1 . Th in | N4, | r i t hen f.or over. the thin
50h5" | LREF-nT BReriol] Sodelb bl M'1ca¥ S, of 95 tafefy Belhet BB Sheafid Sl !

Si 3N4 ded)iedinddOdr stibgelihiand dthRaltayer o 400,1avd2 beiipd fetd dedriiilyt be thei ght
of the P- Si_pillar 410 which will be fornmed in the hole 408 defined by the
nakk 4TencousRetor srhstratey astepAYY, olglopmingiyeate adment tah dspstepnenelcthe yedisghy t he

hol e 4Q8: .4 Pa.lykﬁy\dd Etgp‘rygg E‘)F félji}ﬁn%glf gcc%gsgtr%ﬁis{cﬁ'rdﬁQ% s&gicgﬁ](?lc{&%uﬁ' a .;,amll | ar

410 is grown in’t ting y selective epitaxy. s 4N and
4B) S dttep heh ghforrafngtdnantercoBineqibktvaten 4iddthiys stoeghdctad alyesOhisisoort he hei ght  of
the top of the thicker Si02 |ayer 404 (FIG 4A). The oxide/nifride/ oxide
stack defi n@dSBYt ﬁ@aﬂaw@% ,ﬂrxﬂo@,ethéﬂéomad@@ %ﬁéquﬁ&ﬁ@ij is

fol | owhgibe CMilowkhe gate 10 oxide 500 is grown, and the pot ysilicon

| ayer 502 1s then forned thereover. The mask 504 is patterned and fornmed on
t h® pol ysi | 1.cofihd Sysemi&@@luctookibstmted Odhs shtablyeprepagedv mbvidhen 6 ysgibn con

I 502 . . d.the.P- S pill 410 i s} ted, i.ndi.cat ed
byt he i mpl ant SEROIFEPF GHECS 060" ¢ afd hediensn e 4DO B 3r dFkaBiiell R
5A) i’ rermovedpadakdt i1 REMEEI b BRMIRY 8kyS0R6l 5f SF Biedkiing i ROlioRI Cal | v

to formthe thyristor poly:silicon surround gate 600 and the access
transi stor gateg®og I Th&IN sdduarglelBr ai n areas 604 are then forned by

Eni?;l rclig. 2n%i gﬁ%eagﬁét{o%nfeggoqg Pﬂ Ao %rim%g, tSQ&l g’ls any ldg o%lrtingogidzsind o%gi ted.
25 portions of the upper layer 106 of Si not protected by the mask 108. The mask
108 is then removed, and the mask 200 is pattermed and formed over the upper
layer 106 to define the region for the N-implantation 204 (indicated by the
implantation arrows 202). (FIG.’s 2A and 2B)
3. The mask 200 (FIG. 2A) is then removed and the mask 300 is patterned and
30 formed over the upper layer 106 to define the regions for the P- implantation 302
(illustrated by the implantation arrows 304). (FIG.’s 3A and 3B)
4. The mask 300 (FIG. 3A) is next removed and the thin SiO, layer 400 is formed

on the upper layer 106. The thin SizN4 layer 402 is then formed over the thin

11



7. The nitride spacers 700 are fornmed by a depositi.on anstopping on the
Si 02 20l ayer 606. The N+ inplantation 702 is then provided by suitable
maski ng and i nplantation"klso, by using the nitride spacer 700 around the
P- Si pillar 410 to self-align, the 13+ inplantation 704 for the thyristor

is fornmed adj aSﬁD‘ztla%'é}QlOO' add tﬂ@t}ﬁ&é@@EO]QQertlﬂ)ﬂrl@ﬁirmea'hb@eﬁiﬁé\thlﬁ St:NgMayer
perfbnned to activate the | npl ant ati on g@(f)ants (FIG'"'s 7A and 713) 9, 58.

By suitabl e def@3i ffpgﬁh%rnﬁletlh)éqfﬁﬂpo AP2) ard 4@hdefingl the height efthe PeBOPIlET f anned
on the N+ inpl n r. N R i or
gate 602, and ta E(gawlhi&i a'ﬂ?g%tﬁg |e§nlﬁ%gh§§o4u®c€e? %%%lbkqger gg“g]?%%g‘?‘i& ?ict!aﬁt

i nter connect 8&81efs5400hem faadmod, aré dlehaadtieg thvouglh thichield LOB,80Howmglvaltioked and
the electrical contacts 806, 808, and 810 e for med thro &Jl 804.
This is fol | ondhs Byskadi isitemaredend tsdren il 41 0ris grovn Wyt %tr%*agﬂngif&ﬁ as

i nterconnect f 5} f the bit line 812 and
formation of t%bgﬂ%gg%ﬂk%ﬂt@ r{g & §£Rgh§’ﬂlBP It has been di scovered

t hat the prg&sefthe ihaighhof tie PRds pillamel 6 us redldvaint ya GO toPhie heigbtibf taedng of hese
is that the contacts c be forne i r atlve little

di f f er ence. the thu iﬁbgﬁ@ la?é?fv‘g)réh &é@d j"g) tﬁd@e P@Idﬁ g/ X‘IdS\RPaﬁjﬁ%ﬁéPedoPy

I npl antati on shgbgyersiob! 4@NAhHa04 36 VRARUHel D ﬂﬁlo%ﬂ?ﬁfe' OVp! tYheOfaté he
present invention Wth salicidation, thereby allow n better contact

resd st ance. OXIdArioaahjgltOan ahd Mmmsdg:@nul@yer AB2 @ﬁatba@ faringd [tyerewigp| @he
thyristor polysil urroun |Ilar t he
thyristor, Whl E}?SIF §§£H Ratieppcy @Bﬁ?v%%e%g% g pgfysﬂﬁ:gn?%?“ s%goff) ﬁ%vﬁlrn Ch

swi t chi ng whentig Mglohagretht RNgilidoANaye Jesentad aaduntihﬁe Phii piink 410 is

pol ysilicon surround gate 600. The resultin ristor and access

t ransi st or confmglamﬁfh%‘n%dlc%@hb]’ﬁ@lmkﬁﬁﬁ’rﬁloﬂﬁgc’l"’éggﬁ HEes 64rmeeB)802, form

a T-RAM t ha y i
advant ageoué [ méplg%ﬁhel 8 sg‘?éé?é taﬁ?l@%é P{’Jlg\é}lhg eéaygf(;ﬁ?%é% ® C%}Qmati on
probl ens. aMbd)thq)utaﬂll@ tb lﬁMﬁﬂtheahyIﬁm fodwsilicde sarrbletigdte 6e®mdithe tacaass wi t h

a. specific hest node, it is be und st ood that Iter natives,
nodi fi cati ons, trgmstgragqtgpp%néf N‘I SOB@eé%%}Hraé‘ﬁf" 65% a{fﬂﬂ@é Qpied Rygmaskipge ar t

in light of t h %&Eﬁlﬁﬁt‘%&g fgﬁé\?’{grl'g ?IQH ’chea‘ﬁﬁgrlﬁi}l'é?gﬂ%qs 'dE}%dsﬁed n{eedeck A o

enbrace all suc ernatives ications, ‘and variations which fall
within the spl and 6Bnd scope of the included claims. Al matters

P her o1 et 9L Reeln. o SOKe. LG i ommanulng, i s are
CLA§ MED | S: layer 606. The N+ implantation 702 is then provided by suitable masking and
implantation. Also, by using the nitride spacer 700 around the P- Si pillar 410 to
self-align, the P+ implantation 704 for the thyristor is formed adjacent the nitride
spacer 700 thereat. The RTA is then performed to activate the implantation
dopants. (FIG.’s 7A and 7B)
25 8. By suitable deposition and thermal cycles, the salicide layer 800 is formed on the
N+ implantations 702 (source/drain areas), the access transistor gate 602, and the
P+ implantation 704 (source/drain areas). The local interconnect 802 is then
formed, following which the ILD 804 is formed and the electrical contacts 806,
808, and 810 are formed through the ILD 804. This is followed by additional
30 conventional finishing steps, such as interconnect formation, including formation
of the bit line 812 and formation of the Vs 814. (FIGs. 8A and 8B)
It has been discovered that the present invention has numerous advantages. Principal

among these is that the contacts can be formed with relatively little height difference.
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|.An integrated circuit structure, conprising: a silicon sem conductor
substrate; N and P- inplanted regions in the silicon sem conduct or
substrate; a vertical P-type silicon pillar; gate oxide around the sides of
the P- Si pillar and over the P- inplantation region; a polysilicon gate
over the gate oxide in the P- inplantation region; an inplanted polysilicon
gat e adj acehiothgiegrdpantage 15 the gelatively low n“mehﬁ? HRplaptafien §tGH$-c§?1& PRPReEr eas

adj ac i] . s j LM R | de
cpacorn Al a8 BT SN 3 e hent B ion W SRR, SRR | 1%
N- h i npttantaticonsisiamct.ne N- source/drain areas, in the top of the P- S

pillar, and in the top, of the polysilico ate oyer. the P-.inplantatjon
Pegi on: - An addiOgdIckiAntaey g Bl EtrcitRS o Tisof RelRbPR AR | on
adjsac %&Ee 60® alfaceit t91the &1 pillee FSRE ThyriktorS Mhichi RSultPHLHSHBVEY sfeb@ Jithand P+

i npl antations;” and an interconnect between the salicide | ayer over the top
of t hehpist@i cysidnt awiteiolg wihen af valtage randidomdis freseated abvles thyhetoNpolyeilicere/ dr ai n
ar eas. 2. @he integrated circuit structure of claiml wherein the

si i coN™QuR 8¥R80%t or substrate further conmprises: 20an underlying silicon

sem conductTHe e4il6hg ByBistor and access transistor configurations, coupled through the local
interconnect 802, form a T-RAM that, although employing a pillar configuration, exhibits the
10 advantageous limited height differential that alleviates contact formation problems.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and

15 scope of the included claims. All matters hither-to-fore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.

13



a layer of buried silicon oxide on the underlying silicon sem conductor
substrate; and an upper layer of silicon on the layer of buried silicon

oxi de, 3. The integrated circuit structure of claiml wherein,..,ate
adjacent the P- Si pillar is a surround gate around the vertical P- Si

pi | | arTHESAVENTION egteEmis.cuit structure of claim 1l wherein the
interconnect is a |ocal interc ove the sem conductor substrate, 30 5. The

i ntegrated gircuph isfeptddWituibtredtadeMomprisiddier conprising: an inerlayer
dielectric; and electrical contacts through the interlayer dielectric to a
plurality ofsilisen seanicendyetor aykstrte;
N- and P- implanted regions in the silicon semiconductor substrate;
5 a vertical P-type silicon pillar;
gate oxide around the sides of the P- Si pillar and over the P- implantation region;
a polysilicon gate over the gate oxide in the P- implantation region;
an implanted polysilicon gate adjacent the P- Si pillar;
implanted N- source/drain areas adjacent the polysilicon gate over the P- implantation
10 region;
nitride spacers around at least one of the polysilicon gates and the P- Si pillar;
N+ implantations in the N- source/drain areas, in the top of the P- Si pillar, and in the
top of the polysilicon gate over the P- implantation region;
a self-aligned P+ implantation in the N- implantation adjacent the P- Si pillar;
15 respective salicide layers over the N+ and P+ implantations; and

an interconnect between the salicide layer over the top of the P- Si pillar and one of

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

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

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

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

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

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

interconnect above the semiconductor substrate.

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

30

14



