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BACKGROUND [ 0002] Many different types of nenory cell designs exist
inthe integrated circuitry art, each with its own advantages and
di sadvant ages. For exanple, a tradi tional dynam c random access
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being said, traditional DRAM cells are not optimal. As just noted,

such cel |l s reguintegratpgciequément s per cel |l -the capacitors and the
access transistor. Wiile many different DRAM cel |l designs exist with
the goal of reducing the area sucBASEKGBQUERR up on the surface of an
integrated circuit, the reality is that accommbdating two el ements
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storage can be facilitated by ?atlng the t hyristor.
amounting in large amounis of memory.

poos)  That being said, traditional DRAM cells are not optimal. As just noted,
such cells require two elements per cell—the capacitors and the access
transistor. While many different DRAM cell designs exist with the goal of
reducing the area such cells take up on the surface of an integrated circuit, the
reality is that accommodating two elements per cell comprises a significant

sizing issue.

wood] In one approach to making smaller memory cells, it has been proposed
to use thyristors as the storage element in a memory ceil. A thyristor essentially
comprises two diodes in series, or what is sometimes referred to as a PNPN
structure, which reflects that the device is formed by doping of alternating
polarities (P and N). As has been noted in the prior art, thyristor-based cells can
be used to selectively store charge, and hence such cells are useable as memory
cells. For example, charge can be stored by causing the junctions within the
structure to become reversed biased, and such selective storage can be

facilitated by gating the thyristor.



boos] However, even thyristor-based nenory cell designs are non
opti mal re or use, in addition to a thyristao at e

addi ti onaﬁggggtg@g%t?an5| stor gate for selectively all ovﬁcr?g”s&}‘fﬁf"@"’é"”
transfer between the bit Iine and the thyristor. Such cell designs
therefore suffer fromthe sane drawback as traditional DRAMcells in
that they require two devices-an access transistor, and the gated
thyristor. In thyr] gtor based cet S, %L Qavi n fg access trangi s#or
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recessed mtothe% of the substrate, ch is coupled to or
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gate, the dlsclpsed cell conprises no other gate, such as an access
transi stor, anﬁ hence is essentially a one-transistor device.
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SUMMARY

jpoo71  Disclosed herein is an improved recessed thyristor-based memory cell.
The disclosed cell comprises in one embodiment a conductive plug recessed
into the bulk of the substrate, which is coupled to or comprises the enable gate
of the cell. Vertically disposed around this recessed gate is a thyristor, whose
anode (source; p-type region) is connected to the bit line and cathode {drain; n-
type region) is connected to the word line. Aside from the recessed enable gate,
the disclosed cell comprises no other gate, such as an access transistor, and

hence is essentially a one-transistor device. As a result, and as facilitated by the



[ 0008] Enbodi nents of the inventive aspects of this disclosure wll
be best undgysiopew th reference to the follow ng detaj <
descri ption, e(ﬁ‘ riead in conjunction with the accorrpa(ra]li'/(ih(r??gs2 ?650\?\,1773%5
in which: [0009]Figure 1 illustrates a schematic of the disclosed
recessed thyristor-based cell. [0010] Figure 2 illustrates an

enbodi ment of the disclosed recessed thyristorbased cell in cross

section. now Fiqure,.3 iJ.lustrates the current- e characteristics
o he i ort sraten gttt 8 hEERbn R HELSH AR08 SRRNARL ARG L
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exenpl ary vol tl‘gﬁéovébn%let !dés}‘?LOS‘F‘grceyﬁ/@/r it i Y1gPE Foodﬁ%’“?’ﬁ?“r%rm W VaRQSt he
di scl osed cel lombb@meh@adhdds tdagy db SohAged 6@l hn adig droEelROI dighgion
voltage in the disclosed cell. 00141 Figures 6A-6D illustrate an

exenpl ary procassngady theatsili edile gt remired #vpb e} epbedgnts, assists in
thyr i St or - bas gy ol md B4 MheTidURRe A1 £ Ll ki LU @hY
process for fa Fica ing the disclosed recessed thyristor-based cell
usi ng epit axi abll yefigslown silicon to formregions of the thyristor.

BRIEF DESCRIPTION OF THE DRAWINGS

woosl Embodiments of the inventive aspects of this disclosure will be best
undersiood with reference to the following detailed description, when read in

conjunction with the accompanying drawings, in which:

oopst  Figure 1 illustrates a schematic of the disclosed recessed thyristor-based

cell.

oote) Figure 2 illustrates an embodiment of the disclosed recessed thyristor-

based cell in cross section.

po11]  Figure 3 illustrates the current-voltage characteristics of the thyristor in

the disclosed cell,

izl Figure 4 illustrates an array of the disclosed recessed thyristor-based

cells, including array driving and sensing circuitry.

o131 Figure 5 illustrates exemplary voltage conditions for writing a logic 0’
or ‘1’ to the disclosed cell, for reading the disclosed cell, and for holding a

voltage in the disclosed cell.

pot4l  Figures 6A-6D illusirate an exemplary process for fabricating the

disclosed recessed thyristor-based cell.

po1s] Figures 7A-7C illustrate an exemplary process for fabricating the
disclosed recessed thyristor-based cell using epitaxially-grown silicon to form

regions of the thyristor.



[0016] Figures 8A-8B illustrate an exenplary process for fabricating
the di scl ogpdyfReagsed thyristor-based cell using j “nCtﬂ&Ptrézﬁ(R/o?%'—tP”

underneath the cell. [0017] Figure 9 illustrates an exenplary process
for fabricating the disclosed recessed thyristor-based cell using a
buri ed oxide layer or an SID substrate underneath the cell. mls]
Figure 10 illustrates an exenplary process for fabricating the

di scl osed rec edp I $1 Qfa- cel l i i t

partially undggrﬁﬁeat lﬁmél%e@%gl@l Bﬂ%ﬁ#%d ﬁﬁx@é%%l E%Q&Q {[Oggffgg&%g%é

i nproved t hyr ilistlosedbrasmssednbymater-lpedd cdlQusing sheiom iselhgoratidsaichip the
Figure 1. As cgp be seen, the cell 10 conprises a thyristor 20, which

as noted earl| is a PNPN structure and hence is represented as two
serially- conng cted.d ustr n. . The anode. or
source o7 1 nelUfyr Ferg: S DyoPrRE R Sehosyifiebnlor Mbnchiify BR 05 e
line 14. The ﬁﬁbdaaﬂeh}@fstod—badeﬂ efl dshgg & byriédsbrite 28vef bheanBOEsubstrate
N-region) is co qﬂ% mord line 12. The thyristor 20 is gated by
an enabl e gat & mﬁ 261" As shoul d al ready be apparent frontthe
schematic of Fi , the cell 10 is nple i .gn. [.equires
only a singl e“’?jg ﬁ@%@)i R eeewaférrsegcas éwefagrrcgﬂgg deotislees,

somewhat aki NrdeBssbd hyRisteLBssell LaNSbifE Mola®bn Anddrafdé bar0a® uRMMGehE
but wi thout a discrete storage capacitor. Mreover, and as will be

seen in subsefflent Figures, the thyristor 20 portion of the cell is

realizable in conpact fashion in a traditional sem conductor
substrate, e.g., a p-doped suBSEALED RRECRIFTIAN does not require

substrate isolation bel ow the cel |, although, as will be discussed
with referencéitlo Ehgimmsaved-thyistosdesedimesnary celh19 is shewd sehematicalyHer

i mprove the pefl.ar TBRERaPhe Eé’éﬁ L‘Ft@'c!etl %‘Qo:ﬁﬁrrbeb Qflil'ciﬁﬁﬁ)? zbh%hfch%?nﬂt%de‘j

bet ween refreshies of the cel [ Oon] The cel I's preferably
recessed i nt ocarhier is @u@rmtsmqee and heimg\ig rtipﬂeserﬁed as two serially-connected

diodes for ease of illustration. The anode or source of the thyristor 20 (the outer
P-region) is coupled to bit line 14, The cathode or drain of the thyristor 20 (the
outer N-region) is coupled to a word line 12. The thyristor 20 is gated by an
enable gate 16.

woz0]  As should already be apparent from the schematic of Figure 1, the cell
10 is simple in design. It requires only a single gate (16}, and thus comprises a
one-transistor cell, somewhat akin to the access transistor of a traditional
DRAM cell, but without a discrete storage capacitor. Moreover, and as will be
seen in subsequent Figures, the thyristor 20 portion of the cell is realizable in
compact fashion in a traditional semiconductor substrate, e.g., a p-doped
substrate, The cell 10 does not require substrate isolation below the cell,
although, as will be discussed with reference to Figures 8-10, such isolation if
used can further improve the performance of the cell and can increase the time

needed between refreshes of the cell.

00211  The cell 10 is preferably recessed into the substrate 25, as shown in one
embodiment in Figure 2. Specifically, the enable gate 16 meets with a

conductive plug 22 formed in a trench into P-substrate 25. A gate oxide 27



enbodi ment in Figure 2. Specifically, the enable gate 16 neets with a

conduct i vewR| #4¢é2s-0rmed in a trench into P-substrate
oxide 27 separates the plug 22 fromthe substrate 25 tgérgpé 671%3"7750

thyristor 20 to be gated. As can be seen at the dotted-lined arrow,
the thyristor 20 is not planar, but instead is forned vertically
formed around the trench in the shape of a "U ™" This non-planar

configuration o 10
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reference to EheufoespIé’naf bcsrmggifat@n firiigtid@reds&hANEMbIE o bicAChad kiR depon
which the thyristor-based cell 10 operates with reference to a

current - vol t ag® OeHPire on e WRIEIH%I nciple is wel | known, it is only
briefly discussed. As shown, when the voltage, across the thyristaor
(Vt hy) exceed "#2c ePERrs digemeiteolthe (OB RYeRHvso My that rthe recessed

injected intouhasRrbhsel- oclISHPSAT BlkE, 4R b&@brel MScUsBNE 1R hrio@NPayshig
thyristor enters a period of negative differential resistance, after

whi ch the vol téird the tegll can be femigaiehehe aperaiinn efhibe gglh it heefbh@!ﬁque&eér

(1thy) sharpl ‘%'FEIP \Vt I
can be said t)(gv1 gg%fegt%gﬁ)n}:‘%%u%o alo 5| cﬁqé’lufg)s%fi at ethyglnggié}i’e @Qﬁ@%han
appr eci abl e ctirer ptistor-hassd hsil d@@genatas \he&lae‘éaden‘dblt@ekcuutehte\mlmgmcurve
thyristor is oth1r|%? ed d thetclurlgle\r;) efl |Cns velyﬁow
i.e., alogic Sghs RpRe o S & 't REY V) & us{i?e rér%{\)/‘ela Wregm

t he device, the eqtdge Haross lthe El'@rh@ﬂoﬂ (Vﬁhs) @mﬁ@el E@falrﬁﬂ'ﬁéuhbid paoaty] of
time, perhaps aon the order of m hi s ue to the
depl eti on r egiMBACHHSRITIEEY 1€ Tjgcte gltcP SF Eln‘?:t? ﬁtéat‘f)gg)t ﬁfetiﬁgwmtof'hﬂ@
when programegh #iAsteaes al gikios b agganw@lf@énnumé&ls@m witdr whiblegruse
of the stored minority-injected charge, be bro%&tbgto reverse bias,

accentuating tRazaehE fallsind dan Srentifteugth Bierthys reaPlyririgases.

depl etion regigs, %%Wﬁq?%ﬁ@eeéé ObRel el B8R bd ¥aid B @&%&?raﬁﬂ%’d&@ a at
| east until these mnority carrier reconbine in the su rate 25. Due

to such reconigiatl’ siatefahe il draven epgredisgio purrshe i VEwdlogs ﬂ%F fé‘é‘qu
may need to be&’bﬁgfkr ?%H%qe %15%?'& h& t‘?ig &@%ﬂﬁ%@g@%ﬁ%r{l Uop %42'1,1

any event, after rogranm ng, ‘an-operati ng age
pl aced acrossldnim,eet hyogisttbrstatand its current nonitored to determ ner
whet her the

23]  Once the voltages are removed from the device, the cell 10 will refain its

charge for a short period of time, perhaps on the order of milliseconds. This
occurs due to the depletion region that forms at the PN junctions of the cell.
Thus, when programmed via charge injection, the PN junctions will, because of
the stored minority-injected charge, be brought into reverse bias, accentuating
the depletion regions and their capacitance. This depletion region capacitance
stores the minority-injected charge, at least until these minority carrier
recombine in the substrate 25. Due ta such recombination effects, the thyristor,

when used as a cell, may need to be refreshed not unlike a standard DRAM cell.

oz4] In any event, after such programming, an operating voltage {Vop) can be
placed across the thyristor, and its current monitored to determiner whether the

cell had been programmed to a logic ‘1’ (high current) or a logic ‘0" (low



cell had been programmed to a logic "1' (high current) or a logic 'O
(low curnggbyeratale. As one skilled in the art Wil agprgchakBiriNi S
behavior of the thyristor 20, i.e., its current/voltage
characteristics, is preserved even upon application of a small gate
vol t age (Vgat e), such as enable gate 16. O course, because a
nore-positive gate voltage will provide additional mnority carri ers
s (Voo ehifhg sl WISAUIRAGH ROGASN L BpREAM B LU HO1
sense (Vop) w ccor di ng e reduc ncreasi ng gate vol tage.
[ 00251 Fi gur eth4r1$bloﬁ& howits errditsoltagee chacasieristick) it gresprvedieveraupeh i n a

menory array 50 whi e 5 illu t he S, VO t hat
can be used tg);w:qn[og ialsgéﬂ(gatelvoltgge R;(ﬁa{a ’tS?)Chr %a&‘\é@heg% 5 qv of &g&t%
hol d data in bdieuselmore-pbsitiod gaay vEhge atippriosids addmormﬂmman‘bpdarmnn bi t
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lines 12, butthﬁ%‘%“ bptgatergy.clhg Valipges r“ﬁ"r‘&‘? t‘ABEﬂ ﬁi‘iﬂloﬁk) aé'g FhE B)e of

the array, angifschiid tgwpde%bucleammryasﬁg\gh@e&tagérlvers 30, 32, and
34 are used to respectively drive desired voltages to the bit I|nes

enabl e gates, ;afd MRHd 4 hBRS hoPdRk kiis@BR |c¥iis theanbiel situbl@ ilh méeaiory30
conprises a sense anplifier which is active when detecting the

current/ vol t ageaydW: whileFigiesd Biugtratesihe vatipahvliaess Hat @R de é‘éﬁﬁ’stP rgite
circuits are w&% kln% 0 Eb&éae AL belRlnd BRI d8fli iR tﬂ@eagnfrh@eﬁa}cwl d
conprise any nuriber o swtab e circurts. Fi igure S illustrates
exenpl ary vol tageises frmbneemboimagebit tipeswr4 wening @ﬁﬁog%ﬁﬂ}’ Fothg engpde
programmed dat t C i ch
the drivers 353%683]25 ngjhe ‘%H ué%%%é{hﬁt%%féir}e?ég n{blrltg ¥ FA %dYBg%gggﬁﬁgte
and typi cal ceigerdtheaimyg,sint! aé rsaypiszﬂmv\m)smovezsieuaes, Idevereéﬁ,,32mheh34vawt| ng
to the cell, th enabl e, 6.1S f er abl e un
otherwise is Hﬁf Oa{’PSPSCth@a rl"(/eed‘ﬁgf(gﬁ? %S (% %ﬁe% \/%ab‘i)e fles, B4
accumul ati on ¢endiikdsonAdditibhely Pttehisn rad dﬂ@drtﬂOOdibrqinséha dehyer arsflifter 20.
When enabl e gate i.s grounded dur.i ng},ewritip%I t he P-channel og in
% t??’l)”f at

the thyri st or Yashisadyerdrarigieciipg BeSuprmtVRiiaey ma gvsnglive

Vbl ock may or gpBR¥g BRY sdBin@ eEeEEkeste (WeflGnbive in He. arlBEinBRbrVENip absides
exceeded depends on the bit line voltage at the anode relative to the
grounded wor daid ch\mﬁ‘eaf@hﬂ%@i@r%ﬂ%ﬂemf‘fuﬂmt he bit | | ne voltage is

al so grounded, Vblock is not exceeded, and a |ogic 'O *Vf ‘%FL
witten; if tRegups ilupirics,exemaliey vatagpghat can ge use\slcte “‘“ti f ¥k is
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logic '1' stat ce witten, the logic state in the cell 10 can be
r ead by sensi dgVthéO 32ur Hemill \goharaig amder eonbobpl 2 japeropyate REAAYRIEH can
occur with the t L c6I18 18k enabid- OV)
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Buring periods in which the cells 10 are neither %%] eq %)oknor r ead,
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lines at Vcc (ot bdexRMded(RRAG). WV timcilee vBRRK & é:&ae@amepdrﬂhbﬁ awt ur e
of the discl oseg recessed thyrl storbased cell 10 understo

attention tur i ling viengretidhe Anaglsirelativent the seyadsy varsh ling ‘6’8*3%%%8“3
cells 10 can he B@é) Al ﬁgkﬁqh e%ﬂﬁ%w@glngHﬁnéedf KbRdck§eRedd¥Bed, Shawn i n

Fi gures 6A-6D. |gure adj dcent cells 10 in cross _section
at an i nt er medogt &’ stagegie wotttenaif tedut lineevoligge is high, sgadec =sle¥oridliock
standard processing step re I (eflogtg only
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[0027] In another process step, trench isolation structures 24 are
formed ar owpdyeasikieel | to prevent cross tal k between agja68Ms058k S-
As is well known, the formation of trench isolation conprises formng
a trench 41 in the silicon, filling the trench with a dielectric
(e.g., an oxide or nitride), and planarizing the resulting structure.
As one skilled in the art will appreciate, the formati on of trench

i sol ation strUeLdEesi28 of Fk K BR P 96868 LA odAf TRk e er@ble TR 16 at
recessed conductive plug 22, or can be partially concurrent with the
formation of theenegiting, pofantialetesnpll 8V) 5pd fdthnthe gvord Eng Bipgndade nd Hegic 40
and isolationr. w4 : n: usl .

fabrication st%ﬁgqgg&gtge g:%iiré I scf']gag%gi’ gdg%tooﬂéegtg?&%ﬁ%}@%V%}?ﬂgg’earﬂgﬁ%
manners usi ngawedult, kiveolim lipe cess semps Vill0eshgrivexthe @Hdrsas lagiovi. i By

oo s o' e Gomtphe e Bading rlSeib i e et S bR by g Mg o1
sui tabl e N-typeflato@adtwiich the scidd QRGO aldRcDIs AlogRNIIC) Dufsg padodskil | ed
in the art vmllcgﬁgrec antation into.the conductive

e ﬁ?liﬁgltogéfeiﬂienﬁ}lﬁr Gteare set fetaﬂ’o'g‘é dafariy Zﬁﬂeu?ellé .Cg‘lf 5823]2

and i sol ati on™&f

Thereafter, apflandnbRsle ASwbal IHRPOR Bitkhes REVESEREA L. 9., With
phot oresi st; not shown), and etched to cover the cathode (i.e., bit

line) portiongeaf Wi hbBpéstar andOachiRBuhasdnpaskiodsd @ads@ioRpidise any
material suitable as an ion inplantation mask, such as nitride.

Ali gnment of b¥ed el dldriindersiopd; stteniigadumy toHBanmgESeinalhigh % 856569 of
the top of ,thﬁq GOBAYEEL VR1IP 1Y%t Do ABHAMNGN R ERY SiffBS KirdSertidiBn&RN DE
performed wt gut strict tolerance. | 00301 After formation of the
hard mask 43, starvot freFigurey ¢ArpPantigtieotd sheys iteo pdiater relds €6 ih oresst he
P anodes (i.e,,. .hi i Lce i.p. Ei

after formati (S)er?ug Iart #e&ﬁez%laé{ %tgtg{%%lgle%% rﬁg{a ér%égfqur{]g S‘I’c‘:‘i %S%%%gifagé% d

usi ng a bl anketocessingi sEbanbati beeni petfbrencdr ranyg ofe dhaefotealsinly Priefipe

dopant (e.g., boron), with the hard mask protecting th i t
he-cat hodas, STREM 0§ fiys Tl Los RERer Bt & TRaEer hPTy Roped

N regi on. Howenmeith oR8egobitius bf a@cotiye Lhenasrtabwlepositel Gunies GGdudtive N
regi ons under the_new y-i npl gnt ed P wg%oqs are driven wWn Ii nto
the subst rat e Py 2n@hich s ppied abyepyillpftipately cappeghioiile Ghaple &Hotth And

hence not furtheLredl® emss@fenAbb BRI M8 22 chh cbRprid dpgl QBE/sINesE
formed deeply enou the newl y-inpl anted P anode regi on can be

h’ A o -
i mpl ant ed at autsm?ql mgesst pihow sangvativadagerads peadyalem Tarpubgia PRES:push

effect. [0031 rRRIstRT titahil, BRAEHedBRliIAS diS FOIRMAE deRBdos bandar d
processi ng ca]rslu%ggt}gggé t’owﬁc olrmthe1 gnablcla attes 16, t%ee%org i nes

12, and the biconductiesplig Z2rmaserehl.che surface of stoage 22 Cqy be plapyized,, as
shown in Figure,6D, SRT:\/ . i : S ,
9 ht I%s gg\(’)\'gfe{g{gﬁ%}—aﬁd&&hlgéﬁ H@Ya'ngtgzahgﬁ h}?ﬂg) ﬁ Bthétg kritoklfﬂ

exposed tops STt Hé cat e regions of yristor 20 can

optional | y be phinhticitidetecBdiqgu@as shown in Figure 6D. Such silicidation
31 creates a Schottky barrier, i.e., a potential barrier created at
the interface phet weeanahargt@ksssidp| certb isbdioa stiopeds 8¢ aiedomictraumd
region. By each cell to prevent cross talk between adjacent cells. As is well known, the
formation of trench isolation comprises forming a trench 41 in the silicon,
filling the trench with a dielectric (g.g., an oxide or nitride), and planarizing the
resulting structure. As one skilled in the art will appreciate, the formation of
trench isolation structures 24 can also precede the formation of the recessed
‘conductive plug 22, or can be partially concurrent with the formation of the

plug, for example, by forming the plug trenches 40 and isolation trenches 41



tailoring the silicidation process; e.g., tenperature, materials,
phase trangfousaiskqr conditions, etc., the electrical Hﬁf/&&m&ﬂﬁﬁan
this barrier can be tailored. Because the charge injected Into the
source and drain depends on this potential barrier, silicidation

of fers additional options in designing the thyristor characteristics.
[0032] Ot her enbodi ments for the structure and manufacture of the

recessed thyr isﬁ{ug%fsléeag& d £ 8l evhl SRR & 188850 AIoHean occur

illustrated in s uent Fi'gures. First, Figures 7/A-/C disclose a
process for fabmagadiffargnt mennescussgerkldabin pocesseshi ch the t hyri stor
is formed in part using epitaxially grown silicon. Starting with
Figure 7A, a pae ndess kad abthowsuialFigse 6Bnihe N dhgjons of deptbgiisterd2baret he
surface of thg .sugsgﬁr ate 25, There%ftgr A tarbzn ht A0 .is E;ld{a'g.lrllendh
through the p 4750 r?Hn?’ﬁégu%]hf%{OPgt & QﬁlPe EPenthec S I?“HEH 2 {1 ed
wiht h g?t e Ooxi deaRdf z&ﬂdtaalecqujah Glopatre (@g.u@o%w@s%aaémiﬁpmga{el sikﬂredh
Thereafter, in Figure 7B, the pad 50.is renmoved. At i i.nt,.the N
regi ons of thd PRGFEllgprssiaty E“iﬁ@"rt?fﬁjé‘ R ﬂf%cé’ngﬁ?“fv&?blgoz% %ﬂéﬂ ation
substrate 25, s@SiSBOM wilNndtia@eéi@hokestridiir&. coul d be acconpl i shed by
ion inplantation, or the N regions could be epitaxially grown. After

formation of fhe NTh&@gARNS had hRkH4IBIKposred, PaticpidiE.zQWelh phberdsat hode
(i.e., bit Iineg portions of the thyristor 20, This allows the P

anode (i.e., wer&hawmejnd giched Epicewskiths Lyherdcotis- it tiRe epersedf e
region, at V"hiﬂ‘é}gisﬁﬁ)izm Frlaehat D YlabiS U9 car? Corhpsisk Uhl Yndi QT8 itabf 4€dn foRi S,

the hard mask I's renoved, and processing continues to formthe
word |ines, enableetagen wesk, aveh asinitride.nAdgrment o hedwrbmakotiels cayed by
skilled in the.,a ik gL : ' e epi i :
processes ar e%m%[#eryn%\lpﬁhlﬁﬁ&t ﬁﬂeﬁlgrt%?%grg%u éerﬁlg!ét?vaer@h ?;?’ ?{ﬁ ? [rélﬁeb\ré,ttHIS

di scussed. kO38ikiAg staptadbeparformed withmit stictonletander t he recessed

thyri stor-based cell 10 can inprove its performance, and particularly
can i nprove i tgodatdter étrerativonf drdhdréngsihdd, adoghet iiore impentatibnbsiepvsen

refreshes. Accor.di ngly, . suhsequent, epgbodi .nent.s dj.scl os LN whi ch
such isol ati oﬁmé%rﬁlege%eff’f"ggﬁ%gt Hgdese- g’%geﬁlﬁ%)e?tdjfhﬁ %Flﬁg'r ?%%Ok\{&hl\éh

P- doped base @igrh6Ct Biéri otraatich2d)the Rarflandskdi3nite? negions Nas b Fomatle

62. In this enbodinent, it is preferred that .the, Sébstl‘ te \Gé be

bi ased to a hi§HeFd gk qngimplaniatign i, e&&%lﬂfﬁfﬁﬁ%e RGPV ES to
ensure that thg.gh odrn ey aad r%kn@@tecttnlg&hé My re Bt BrRs@tReanths ke N
substrate 62 will not be forward bi ased and hence w || bﬁﬂi sol at ed.

One skil | ed i rlopig iarthisvrmpignersrst i farmaty dopshiiatgiono flpgever as
N-substrate 6§ﬁ&%@te9%g4§ee9n-5vps aarﬁg%kgsc,ttﬁ@wgf)%ﬂc@% e Rle @By~ inf dritaugh

not shown in € Cross section. anot her enbodi nent, shown in

Figure 8B, a P sglss prt d&rigs doynwewldintonie sihstpigtbiydhe | anifter pys effect.”
under neat h t he .bhas ] Ay AWM At Bt 1evgl v 64,
the P base 25 W%af %r%h?gi@a?% ﬁ%}ﬁgn}gﬁxﬁtf@ %i&\?\%ul prefer b]Il y be

bi ased to a hirggiomoktradernted dpemy embeigh,sind metwlpimplatted Paspdaciegion carhiee P

bstrate 66 (.typicall and, the P i st
20, "al though dTRECH SNPHerP b RP T B a e AR W (SO0

nom Anot her neans f.or ipproved jso i.on_of [ I.s in
Figure 9, in viith ﬁﬁgaﬂ%}, ﬁ]e%@“# @as?(%ﬁ%‘&nﬁg?#igg%g%ﬁaﬁ%r%é?(s:mgéE% ayer
(Box 70). Alth@ugk i thequibledated 16,i the poaf Bnasel®, bhdthet bieliBsx14 ajer
70 be rich in a P dopant, _such as '50 on, so that, K P dgga S fromtthe
base 25 do notdiglpFirgdayerd 2PhE-8BoR! "é{reffs FEVENE ABYHE PYelP S et

thyristor 20 pghbehPRRCRard 8k 9Kithé Bhobdd thpeorahé aiddelanapphedd @piend hat
many techni ques exist in the art for formng a startin _subg}graétug1 25

with a Box | aydrthethyrisint2hesncertionplly hessiligidedrily phdhowgiia £igee
Addi tional Iy, gbuﬁj igiefaws@l Q&twss@&&ggaﬁﬂagﬁ]eg h&oBMial RS FOatdcBarakd N

to use of the I nsul at or of an ( I'con on insulator)
interface between a metal silicide and a doped semiconductor region. By

8



(00361 Regardl ess of whether isolation under the thyristor 20 is

used, it sRQuhehReappreci ated that the recessed thyrisjofibanad 6! |
10 results in a cell design that is conpact, easy to manufacture, and

easy to forminto an array of cells. As a result, the disclosed cells
can exhibit inproved cell densities when conpared to traditional DRAM
cells. Specifically, it is believed that the disclosed cell 10 would

have parti cul gr,_appl L,cabjlity. in dd I)I'?’épé i cati o ich
vol atile cell gallf) P%u%‘% nséhcr} arres ﬁ’f&;g%é ?%&ior po %%He}%’ i ﬁ{a})egg?he%\nh%c
st andar d sem comteratation coridfons,stchhaslentrical gpriocesse phtherbarrier can be

m crocontrol lers. In, such enbedded lications, refresh can occur
with greater aﬂ@'&‘fﬂe%@ﬁ“ﬁﬁ& ARFS “@\eliggc{)'é"hoo@laao'frﬁéea'ﬁf%% 0%3%1%58fllhli0
require nore hsestitBhrries sReAtibh affert badliibriad BpfionDRANEstgin gSthe tiyirstonoul d
not be expected to cause a consi derabl e design constraint. However,

it shoul d al s6M&!5i5tEY t hat the disclosed cell has applicability in
tradi ti onal non-enbhedded integrated circuits as well. Nom Wile iShe
thyristor 20 #%dusher smppdimgntsdppdstpelre ans mangpdueddge scetgling a

PNPN st ruct ur e, @@ensdl | defdig Bret ﬁt%si@feg ad Isbmb eRd 1iF@trkRadtin Suliitent
structure coul 3’ be used as well. In such a structure, electrons

i nst ead ‘of hoFtsrasi | Firse ofipwes éAtHe diselpesr # pipcesirier &bsicatig: the mecegsst |
wll work equ : l_%lw;;'; | b akis P 1ik&h. t he
cell nodes ar 2&2}0 gﬁ%k??? ep ﬁq%:rnfitg @rn{'ﬁﬁgn g%ﬂa% @%fgaxu_sg%?ﬁ)%?islt ors of
di ffering pol StartingegitipFiguiede’s adwd ingterfal 8kisheh astaynitrigaris depdsted 9n tiaen
consi dering use..of e disc e L 10, ] . i hon.
foo3si It shoﬁ?rgfi 088% ﬁlr?ggﬂr)szlia%o 'ﬁ?gfea{tﬁé%réﬁr%ﬁs%"lgﬁgﬁée&}ﬁ%ﬁgﬂm@aﬁ%ﬁtg e"
refer nerely tnd tikeseadateodEhet @errh nah shof bé¢ Hidled hwith gateroxidendV and a
accordingly that it is irrelevant which of these termanals ac Iy
si nks or sour&%%duﬁ‘ib‘feréﬂ% 55 %g ?rr??elqeeglélef'e?%eagﬁﬁd? e urfcfﬁaer E%C%)éotglsas

i nt er changeabkymédaaoughanit pbit, sheNsebipasbe thRntyide 20 ok fermddodtat | t

shoul d be understood that the jnventive_concepts disc¢losed herein are
capabl e of masyEQf thecubstgirss: HShoRa ‘%?lgéffﬁf u@ﬁ‘s ﬁﬂ@ﬁigf’ B%Whg’egall

Wi thin the scepeafidiieARREBAGKE & 2dgitnsadilid Bei dpit@aslly ahet. s, Atidiey
are intended to be covered by this patent. Wat is clained bs: LA
menory cel |, domptpsphie Naregsmeirchard @apt e isrlormrddPvehths cathsdpier ite;
and line) portions of the thyristor 20. This allows the P anode (i.e., word line) to be
epitaxially grown on the exposed N region, at which point the thyristor 20 is
fully formed. After this, the hard mask 52 is removed, and processing continues
to form the word lines, enable gates, and bit lines as discussed above. One

skilled in the art will recognize that suitable epitaxial growth processes are well

known in the art, and hence are not further discussed.

0331 As noted earlier, isolation under the recessed thyristor-based cell 10 can
improve its performance, and particularly can improve its data retention and
lengthen the time needed between refreshes.  Accordingly, subsequent
embodiments disclose ways in which such isolation can be effectuated. For
example, in Figure 8A, the P-doped base of the thyristor (25) is formed within
an N substrate 62. In this embodiment, it is preferred that the N-substrate 62 be
biased to a high voltage (e.g., to the power supply voltage, Vce) to ensure that
the diode formed between the thyristor base 25 and the N substrate 62 will not



a thyristor disposed in the substrate and fornmed around t he

conduct i vewp Mghnaid;i sol ated fromthe conductive plug by

dielectric, wherein a first node of the thyristor is d|re y cou
toabit line in an array, wherein a second node of the thyrlstor
directly coupled to a word line in the array, and wherein the

conductive plug is directly coupled to an enable gate in the array,

and wherein the fihaf bﬁQQﬁaﬁJ‘ﬂexﬁ}c@ewéleﬁ@%lﬂﬁf gg.rﬁk IRG e&‘.;% ill

surface of the substrate ,
conprising a wﬁwﬁ@nﬁoﬂhaﬂ scbaadinly thidV-edisirate o¥neah bndesdnmapievide thhe

thyristor.
| sol ation for
further conpr

e nenory ce alm urt her
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a g.})]péll,a%ﬁ ﬁ%?y a?tﬁ&d 10§10tC|2¢11?C!\\%31|1}’1 Jhgrérggs S?CI% ri %I nfﬂl(}hﬁg? nch

the C
esboyment, sl&nﬁain bipust 8Bic4 Br mbﬁmmd s ndet, ﬁmaﬁshﬂdnbe is

t hyri st 1 1 t 1 h | i ) 5.. Th |1
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| ayer.

the P base 25 is formed. Again, the N well 64 would preferably be biased to a
high voltage to provide isolation with respect to the P substrate 66 (typically
grounded) and the P base 25 of the thyristor 20, although again the contact to

establish such a bias is not shown.

t034]  Another means for improved isolation of the thyristor is shown in Figure
9, in which the cell 10 is formed using a buried oxide layer (Box 70). Although

not required, it is preferred that the Box layer 70 be rich in a P dopant, such as

boron, so that P dopants from the base 25 do not diffuse to the Box layer 70 and ‘

negatively affect thyristor 20 performance. One skilled in the art will appreciate
that many techniques exist in the art for forming a starting substrate 25 with a
Box layer 70, and hence this is not further discussed. Additionally, it should be
understood that the Box layer 70 is akin to use of the bulk insulator of an SOI
(silicon on insulator) substrate, which would have similar performance to the
embodiment shown in Figure 9, and which comprises yet another embodiment

of the disclosed cell.

o3s)  Figure 10 illustrates another embodiment of the recessed thyristor-based
cell 10 having improved isolation under the cell. In this embodiment, the
isolation structures 75 include undercuts 76, which as their name suggests
undercut the thyristor 20 in significant part and assists in its isolation. The
undercuts 76 can be formed by first creating an anisotropic trench (e.g., trench
41 of Figure 6A), and then subjecting the trench to a wet etch afier the trench
has been formed. For example, a wet etch solution of TMAH (Tetra-Methyl
Ammonium Hydroxide) can be used to form the undercut 76. Thereafter, the
trench and undercut 76 can be filled using a low-pressure oxide vapor
deposition process, as is well known, to form the underculting isolation

structures 75 as shown in Figure 10,

10



6. The nmenory cell of claim4, wherein the isolation structure
conpri ses wuezdoubissivnsul at or of an SOT substrate. 7. TRerxEmwd ;786!
of claim4, wherein the isolation structure conprises a
rever sed- bi ased diode. 8. The nenory cell of claim4, wherein the

i solation structure conprises dielectric undercuts. 9. A nenory
cell, conprising: a conductive plug forned into a substrate; and a

thyristor di spRaedrepardlBR oF HhaleR iR1a808 uhdh Iﬂ&dhﬂﬁ@@t@b ishRed; GNibGIHi ve
plug in a U shape, erein a first node of the thyristor is directly
coupled to a Betappiesiaied #haatheaiepepyed Giarierhesed %%ICB%EFSW%'@ pfelh ¢raign

thyristor is ¢ikectdy, agplépg ﬁjg}@ac‘{\ﬁ?é danh'eﬁ?y loNfobM 8nidr 4rP¥ray@dthells,

wherei n the conducti rectly coupled to an enabl'e gate in
the array. 1Gs Ehesuhfer’fbfr WS@@EM otllchan wxighbit fitppraved cedndensiiengvhen

means for.iso%g&pggdthﬁﬁﬁknmfﬁﬁﬂﬁﬂ sder §eafa gl it N8 delWeliSha the

disclosed cell 10 would have particular applicability in embedded DRAM
applications, in which volatile cells (requiring refresh) are incorporated into
otherwise standard semiconductor chips, such as microprocessors or
microcontrollers. In such embedded applications, refresh can occur with gfeater
frequency, and thus even should the disclosed cell 10 require more frequent
refresh than traditional DRAM cells, this would not be expected to cause a
considerable design constraint. However, it should also be noted that the
disclosed cell has applicability in traditional non-embedded integrated circuits

as weil.

o371 While the thyristor 20 as used in the disclosed ceil 10 is disclosed as
being a PNPN structure, one skilled in the art will realize that a NPNP structure
could be used as well. In such a structure, electrons instead of holes will
comprise the majority carriers, but the cell will work equally well assuming that
the potentials presented to the cell nodes are of opposite polarity. The ability to
use thyristors of differing polarities provides design flexibility, particularly

when considering use of the disclosed cell 10 in an embedded application.

wo3s} It should be understood that the terms “anode” and “cathode” refer
merely to the end node terminals of the thyristor, and accordingly that it is
irrelevant which of these terminals actually sinks or sources current. Thus,
these terms should be understood as interchangeably throughout this disclosure

and the claims.

10039] It should be understood that the inventive concepts disclosed herein are
capable of many modifications. To the extent such modifications fall within the
scope of the appended claims and their equivalents, they are intended to be

covered by this patent.

1



11. The menory cell of claim9, further conprising trench isolation
formed around the cell. 12. The nenory cell of claim11, further
conprising an isolation structure formed underneath the thyristor in
contact with the trench isolation. 13. The nmenory cell of claim12,
wherein the isolation structure conprises a buried oxide |ayer. 14.
The nmenory,gel J:laﬂ{ed% aim 12, wherein the isolation structure
conprises the bulk insul ator of an SO substrate. 15. The nenory
cell of claim 12, vvherel n the isolation structure conprises a

rever sed- 1b| ased d 16. The menory cell of claim 12, wherein the
i sol ation'stru Welpglyc ST BRENE ol ectric undercuts. 17. A memory cel |,

conpr i si ngonductive plug formed into a substrate; and
a thyristor disposed in the substrate and formed around the conductive plug and isolated
from the conductive plug by a dielectric, wherein a first node of the thyristor is directly
coupled to a bit line in an array, wherein a second node of the thyristor is directly coupled
to a word line in the array, and
wherein the conductive plug is directly coupled to an enable gate in the array, and

wherein the first node and the second node are located at a surface of the substrate.

2. The memory cell of claim 1, further comprising a means for isolating the cell

formed underneath of the thyristor,

3. The memory cell of claim 1, further comprising trench isolation formed around
the cell.
4., The memory cell of claim 3, further comprising an isolation structure formed

underneath the thyristor in contact with the trench isolation,

5. The memory cell of claim 4, wherein the isolation structure comprises a buried
oxide layer.
0. The memory cell of claim 4, wherein the isolation structure comprises the bulk

insulator of an SOI substrate.

7. The memory cell of claim 4, wherein the isolation structure comprises a reversed-
biased diode.

8. The memory cell of claim 4, wherein the isolation structure comprises dielectric

undercuts.



a conductive plug forned into a trench in a substrate doped to a
first polarity, wherein the conductive plug is insulated fromthe
substrate by a dielectric layer; and a thyristor, conprising: a first
doped region along a first vertical side of the trench doped to the
first polarity, wherein the first doped region is |ocated at a
surface of the substrate; a second doped region below the first doped
region along the first vertical side of the trench, wherein the
second doped r@@ﬁmnwisdﬂopmdﬂﬂoga second polarity opposite the first
pol arity; e rd dgped region along a second
verti cal %%O%ua\@ aﬁpgﬁgﬁg%%s%gﬁygéyﬁe first vertical side, wherein

the thir da thopedr diggisedini the cihgeste had fdimes eoRdthRebidictive ging it 5 ULMeRL ed
at the surface of the sgﬁstrate 18. The nenorxncell of claim17,
further cBRPPNS g irahihs thaistar indisety gounts te gibit lims inar aiidd Sigwht h

of the thythstRfde of 3 th}-'ll- eor W?HﬂPé'chy ¢6ldleh anIJ(%B ni‘né-ﬂ thE 'éFrE 1@hd wherein
conprising trench isolation forned around the cel e Menory

cel | of chacenduotiveping héi'leéwﬂpﬁdﬁgamﬁﬂabmaﬁlmdhﬁ @ra’yucture f or med

10. The memory cell of claim 9, further comprising a means for isolating the cell

formed underneath of the thyristor.

11. The memory cell of claim 9, further comprising trench isolation formed around

the cell.

12. The memory cell of claim 11, further comprising an isolation structure formed

underneath the thyristor in contact with the trench isolation.

13. The memory cell of claim 12, wherein the isolation structure comprises a buried
oxide layer.
14. The memory cell of claim 12, wherein the isolation structure comprises the bulk

insulator of an SOI substrate.

15.  The memory cell of claim 12, wherein the isolation structure comprises a

reversed-biased diode.

16. The memory cell of claim 12, wherein the isolation structure comprises dielectric
undercuts.
7. A memory cell, comprising:



underneath the nmenory cell in contact with the trench isolation. 21.
The menory cell of claim 20, wherein the isolation structure
conprises a buried oxide layer. 22. The nenory cell of claim 20,
wherein the isolation structure conprises the bul k insulator of an
SO substrate. 23. The nenory cell of claim20, wherein the

i sol ati on &hbWEhEHRIGEMNd B85 FerlcYPd Sedndk éé;f‘e@ HLohg m?o?a% 1y, TherTRiRr Y

cell of claim?20, wherein the isolation structure co
di el ect r i @nduptive aarT i wategd Sromhiée mehstinty byaldiclettriclagemaid, wherei n t he

first dopaetqynsq(g{ 96?11;5:?5 ‘gé_rect |y coupled to

a first doped region along a first vertical side of the trench doped to the first polarity,
wherein the first doped region is located at a surface of the substrate; a second doped
region below the first doped region along the first vertical side of the trench, wherein the
second doped region is doped to a second polarity opposite the first polarity;

the substrate; and

a third doped region along a second vertical side of the trench opposite the first vertical
side, wherein the third doped region is doped to the second polarity and is located at the

surface of the substrate.

[8.  The memory cell of claim 17, further comprising a means for isolating the cell

formed underneath of the thyristor.

£9. The memory cell of claim 17, further comprising trench isolation formed around
the cell.
20. The memory cell of claim 19, further comprising an isolation structure formed

underneath the memory cell in contact with the trench isolation.

21.  The memory cell of claim 20, wherein the isolation structure comprises a buried
oxide layer.
22. The memory cell of claim 20, wherein the isolation structure comprises the bulk

insulator of an SOI substrate.

23. The memory cell of claim 20, wherein the isolation structure comprises a

reversed-biased diode.

24, The memory cell of claim 20, wherein the isolation structure comprises dielectric



one of a word line or bit line in an array, wherein the third doped
region is directly coupled to the other of the word line or the bit
line in the array, and wherein the conductive plug is directly
coupled to an enable gate in the array.

undercuts.

25. The memory cell of claim 17, wherein the first doped region is directly coupled to
one of a word line or bit line in an array, wherein the third doped region is directly
coupled to the other of the word line or the bit line in the array, and wherein the

conductive plug is directly coupled to an enable gate in the array.



