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METHOB@I e PR GATENF CATER &F TRy TSRIF

METHODS FOR FABRI CATI NG GATED LATERAL THYRI STOR- BASED
RANDOM ACCESS MEMORY (GLTRAM) CELLS TECHNI CAL FI ELD
wO 0@9A)s8sEbodi ments of the present invention rBCHUS2009/003246
generally to sem conduct or nenory devi ces. More
articul arl enbodi nents of the Qresent i nvention
DREG™P SAYBHT ACTEY MEMORY
(CLTRAMKDINS( GLTRAM) nemory cel | structures and -memory
devi ces which inplement such GLTRAM nenory cells, and
met hods of fabricating the same. BACKGROUND [ 0002]
Integrated circuit nmenories include static random

access nenory (SRAM. ﬁ?ﬁﬁ/l structures
utilize six-transistorﬂ%&¥N Iﬁﬁghsistor menory

[0008 P Ebfbodibhéntd aF ARe Ipadsehit irdieffidn 2818RCEeHebMlyWd Berfiltbhductor memory
Ssi x-transi stor an Oght transi stor nmenory cells which

deviggse ksl partichtasly, ﬁﬂ aentaof ghe pogsesRmverdon selptgsto gated lateral

e

PR B ASRLED ol AR BN S st momon
devites Whichdingléhamiti SichrGDARAM naemoyy Ceélls| and trietdodd ﬂplfﬂmcatmg the

| ayout and reduced | ayout area in conparison to
SaMEonventi onal nenory cells. Athrysitor is a bi-stable,

three term nal device which consists of a four |ayer

structure including a P-type anode region, an N-type

base region, a P-type bBAEKGE@ROONIzoupled to a gat ed

trod and an N-type cathode r on arra
100025 i P ROT s AL e TBHaraaf O PR (oUWl RAM).  Many
SRAM @elFst‘hY&@re@ﬁﬁﬁlﬁe iR A AR sRRMr Eiht-DadyR6r rﬂéﬁﬁr}f €940 he large layout
between the N-type base region and the P-type base

areay @egomted avith whmeﬁamSn%ORHWQthbta@@lst@gn@nowlls tyéhich are used in

man 0%1 Iel 6 %I%do #ﬁ&kf(t‘eylﬁgoga?ﬁ%é éhe eé %h a%l d&e?q%lt)e SW devices.

[000B} Gyws theskedra®Badks, tHefORA)e teen NetaRipts t@rﬁinlll a ByrBStodBas¢d memory
have di scl gsed a two-device thyristor-based SRAM

cell prithpvpimpde llayorhand medusad davant FECesCAMRATSPS (19 cORYRptignal memory
cells93H 9\125%?)&31‘%5 gr stgﬁl%t fh?@é tefrhind Eééwéé whith: COHQ&E St hGur layer structure

vert ristor is operated in a gate-enhanced
inclslmg z Ri-tyge Iam)ib: regem, kan I‘Neymt basarrdglani PRiypentrese, refion coupled to a

hyri st or.- ased RAM Cel | (T- fo .
gated elpetrade e bV 00e Falfade csaan GG, PYEN eopfiggpation. PN
Juncﬁa{s dr@tf&%eﬂt&@w&fﬂh%@typgta@ﬁﬁé’ &éguun hiYE 1R NM?'pesbi?sréfrgél@n between
, 99. The performance of the T-RAM cell depends

the N)'rﬁyneh@sﬂ uegionpnd thealP-dvnecbasstregionodnd: hrswoern thec%rtype base region and
the I\tl { le | S hoﬁe reT hoen t cr)rrﬁa&fs farecrrr]lacliea{%) tg? i’stt | ano%%pg%lo%qgl E\PPype cathode

carrier ransi

regldih@Sﬁﬂ thed- @lpeeﬁset;’egloHNPN thyristor. By reverse bi aS| ng
he thyristor for a wite-zero %geratlon and by us

100031 gaN@@a@: apd ¢ fladglman%rsfsqV§1dIWQs AEWA- dﬁwweémwrwgeg SRAM (T-
RAM’LEQF (A8 ihdIG RS Jnh%ﬁ;déil ofj bd I*Aié&f agslﬂs‘? SLREHEG PNPN thyristor,

char ge the turn-o arac erlst or t é verti
where the vertical thyristor is operated in a gate-enhanced switching mode. See F. Nemati

and J.D. Plummer, A Novel Thyristor-based SRAM Cell (T-RAM) for High-Speed, Low-
Voltage, Giga-scale Memories, Center for Integrated Systems, Stanford University, Stanford,
CA., 1999. The performance of the T-RAM cell depends on the turn-off characteristics of
the vertical thyristor. The tumn-off characteristics depend on the stored charge and carrier
transit time in the P-type base region of the PNPN thyristor. By reverse biasing the thyristor

for a write-zero operation and by using a gated electrode to assist with turn-off switching of
-1-
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thyristor are inproved frommlliseconds to
nanoseconds. [0005] FIG 1 is a circuit schematic 100
waRi0eh48583 ust rates an array of conventi onal PCT/US2009/003246
t hyri st orbased Random Access Menory (T-RAM cells
the Werttdahdiyrigtoﬂwkimlwégfr thtlsoarecl oogs thesughoffighanacteneticsifor the vertical
th t vq%%%> Bw%&? wor d Ii?es 120, 130, a
Yﬂ&gﬁﬂgﬁ“@ﬂf 2n iy %r¥ﬁ HPELPHEE S vel y- Coupl ed

[0003¥IG St Rra {if&diHTIcheuii€ €00 GRidhilsskdteSahlrlly 8N cdVietional thyristor-
access transistor 170. The TCCT device 160 provi des an

based Randam gycspssddempenEnRAMY eshls emkpﬁmg dsRAM pglt 1 K-or 162

[000@3? nSIRDT ELS 1R AURNGT 0! BnlillE 33t Fined 150, 130, a common bit
line 030y aI TN Capasievel ¢ Coapleddthyriede (M@T@ﬁe\hb@lﬂ'@:ﬁr sefiiey Wit an NMOS
160 and the comon bit |line 150. An anode node 148 of
accegshgansigtqr 4é¢ dbe 1T&PTsdervnq@eh60aﬂor<av1%sm iagveistaragerglement which
com%l;%u rggr gﬁﬁyr{l/sg(?rsﬁgp g}!)eJc Pla{ﬁé ﬁdﬁ Foetrhle 5ﬁaie of tPﬁ thyristor 162. The
NMO®S asdeadirensisson E‘mls\ceuplad; butoletageattbde acdet4cof the TCCT device 160
results i r ead rgln bet ween |0 one
and. {ggcopsmoe, bit e 550, Oy Raione dtode e S oE el itordo s fixed at a
posﬂfd‘ér B%@t FI@\E' PClg! WBRBe 1160 é}&ﬁl’il?ss albLst@b18 dikfent-Veflud vifitage (I-V)
. See F. Nemati et al. The bi-stable currentversus-
charamdrtsage () harl:a{st@ie stirentreswistvoltage gbamctedstic cesulterin a wide read

marei GPEotdpeRa o (1 and et iy Bh i Prigh e omoff current

ratio [be@Rh tG8ItREY are bPeatdrahsh 8x/108] §aé FORBmad et ) THEDI-stable current-
T-RAM cel I 110, a constant current greater than a

versustvoli@By charapististior seseliy i gpod seadppirreat beeause gh atlpgicalcore (1) data
state St%FY’ r’l;(ﬁ(g"ﬂ?%)%@i@ hse 1%Wal%%¢g§%er m%ﬁ@?&’?shﬁfn " %F@ier %ent. To store a

logichhod) ih filee TARAMNcdll 110, Ieﬂﬁm&ﬁﬁt cldurit r@editérethmea(ktandby or holding
eration,. the voltaga,level on the common bit |i

currepB sApYd o T RE SAViGe 140 1t he VS ety transistor 170. The

curr ; fuRled2h of 't ﬁ@*’ﬂfor}( YEDid colldet &f"ﬂcﬁf@ the 9&§mfo'hqm 150, During
of the menory cells connected to common bit [ine

the ré&pperhigory dhe arghageeleebl om theheoromondnt bn¢ 150 meust 3@ maintained at a

RIS R R —
connBéte® @ e %ﬁﬁl@ntﬁiﬁ liv@l1560thel WiIRke MVl ba tBEWIRIN bit hne 150 will

line 150 is changed by both the selected cell as wel
fluctgate.t Hhig e vausst thecigre goeratipn datber dl@mrque(abssseqfe@%ép as a “read

dlstupqealn t]grL)Bf%gﬁ]snl:ce%e gollt%ea}e&él ok lﬁ’lé n&ﬁ%ﬁ%}tj 12X 1\§\Qh&{ked by both

es‘an arr conventil

the s€lagtad céli weygH aothel @tibu'ﬁh yf leakaye dufrchilfrofidinseldcsed cells.
i ncl udi ng TCCT- DRAM cells 210, 270. In contrast_to
[000Z et i1 ﬁa‘F‘r%FEAWhE’é’IaP% 20Qnhich illystratss am @y epfaconventional Thin

Capam%i':y-rcg F&q@@%goﬁe@% %Mé&g%gﬁgﬁgIWQQJ LORAM cells 210,

consi'sts o hr ee
270. clordontrhs tb icneeenitionhlUAR A aecllw, mthecheuwsalallg indlude 2BBOSKET device and

line 240, it L 250.. Not gabl y, .t -
a capastipr, 746 TeL IRAM eallifie Gnsisticals il ST IR0 and three
contrb{sGinedgH168ing Q0w AR G ableSligf 230, W&llﬁk%ﬁ@@d M\"Bit%e 250. Notably,
i ncl udes an anode node 248 connected to the bit |ine
the PGOT-RRAM cell 210 does not require an access transistor. The TCCT device 260
consists of a thyristor 262 which includes an anode node 248 connected to the bit line 250, a

cathode node 246 connected to the word line 240, and a gate capacitor 265 connected directly

above a P-base region (not shown) of the thyristor 262 to a gate line which functions as the
-
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cat hode node 246 connected to the word line 240, and a
gate capacitor 265 connected directly above a P-base
WO eg@posssgnot shown) of the thyristor 262 to a PEI/ES10091@3246
whi ch functions as thewite enable |ine 230. The
writeT @GO 2. | 721160 T@Bmmaelmzlﬁgisbamr@ted eesdigubiasie read/write

er at,i-gn | ude sta a wite
opergis S T el BE o Enigihed o BROSHsr o) oot ol Togic zero
«»oPadn@nQ@adraﬂﬁéﬁ&ﬁﬁUh [0008] In standby node, both bit

ine 250 and word line 240 are at Vdd, and the stored

[0008binastandbyemeden bagubibjine 266 ang evosd dine 269 arehet Ydhand the stored data
is m%ﬁttg ned b f c{hﬁ}éé&rs?é% oft hﬁb&&: I%%IOP g't stor TL%MQ%M%O in TCCT

vat 9’5 6N the wit
DRAM &bﬁ@téd the TZ30T cBug C(Ergleatewfalldr% the@irite Qﬂﬁ)lé lihe 230. During a write
operation, the voltage applied on the bit line 250 is

logiceenst (1Djapragion. theevalfage apphedhpa the by 102305 ispkens drigh and the write
enabM'lIlneSZe#%sgpl%I%ége\ﬁ%gvng(\i/ :ﬁglé %ﬁg ds ?Eﬂluzg?% ﬁlvcﬂglwelb tn%genng the TCCT

devicecd6One ldtcli. The bias 2eltetine 00y wajre zerbi(Onopesatidnas skeneanasastthe write one
wite one ( p tion ex ept that, the vaoltage )
(1) OH‘ffﬁP‘i”éE"CSHt ﬂiﬂtet%s Voltpge Appicg éhfkg‘;s ing 3P tSokephihw pophat the pulsing
of thQ Witk @Halﬂé 1ihB @3 Wi h&NBP T BEvid3066 Nitd ?t@%?o&cli% S&ET During a
device 260 into its blocking state. During a rea
read openaa@n,ohq wiohd line 240 s held 260 and thethingow thedvdltage or the current of
th bcgan%goln tHe vol t age orfthe current of the bit line
¢ dYapeize ¥ Pyt PH?gsgn AR i fier. [0009] During a
[000S]t Eﬂﬁ@g’ aNRERIbY mod® bl “REIARRY p&ebd.” WhiicHoQued hfierdfhleBrite zero (0)

the wite zero (0) operation, t he P-base regi on (not
operagipgwihe Frbaspeegiopr (not shows) @ég}h@ ithisforc isanegagivelydcharged and the

pOteI?%ﬁ SRl Heﬁl bQJe rteg%lr(x a%g)(ﬁl%ﬁ 11?(9:' ‘95%?] gpggcfglré%ﬁe %é%gﬁg%i:that flows

reverse | & current
fromnthe emBéB nbde 48 toathb Qﬁ&loﬂedﬁ)dﬁ4ﬁ% BBeeaaise offthishieakage current the
| eaka ¥rrent the TCCI- DRANL& 210 nust be
TCCEHY gl 12} 0 yrayst dherpegiodifaily gelopded dupRe geratign to gest the charge

state OF3hd ?C@'labm &ner Wh@?ﬁ%ﬁ%ﬁa ib{ 1n\T(;1 ed Fefaﬁﬁ%ha stored value

operation 1 nvolves reading a sto val ue rom
fromTBCTCORANRAEV | celR 20 Oaand thdnewrltmg therggorefl @ abie draekl tos tle IRCCT-DRAM
lKﬁﬂCk to the TCCT-DRAM cel | 210. [0010] Accordingly,
ce ere is a need for nenory devices and nenory cel

[0016]t Ab&Hr&InEE,, Whré s Ba¢ed ForSBmbryTBEREY AR xlneﬁlbiyecan gtructures which
fast operatlonal speed, and for nethods fo

havefaasynalt samngy Selisizronst Yast eperatienal saesde nd )fot glethods for fabricating

suchiﬁéxﬁ&&u&&% ] atndv\l%%lggF ?elgsr uct‘?lt%t e Ik fwoqﬁjd: P o%gi?%% rllg fuech memory

ures can a

devideb@nd @ethdro cpi rsfroairr@ dar falsodsl itnin &tk ks heedte rpzifoni . a périodic refresh
woul d al so be desirahle. if such nmenory devices and

opergionp Fyveuld plsghe desigatde 1fsugh magmery daw&ﬁwn(bmem%%ll structures can

dud¥ QRY/6I%] pieAd dicht ChidT d d
recu ur ?ng r églgﬁ gtll ons. CBR?HEE@%UMLE%QD[CSE@%? ccoé: F [ narmg rea
operdtmnene enbodlnent, a method for fabricating a nenory

device is provided.
BRIEF SUMMARY

[0011] According to one embodiment, a method for fabricating a memory device is provided.
A semiconductor layer is provided that includes first, second, third and fourth well regions of

a first conductivity type in the semiconductor layer. A first gate structure overlies the first

well region, a second gate structure overlies the second well region, a third gate structure
-3-
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A sem conductor layer is provided that includes first,
second, third and fourth well regions of a first
w@ondnesssyi ty type in the sem conductor | ayer.P@I/i52089/003246
gate structure overlies the first well region, a
overbectbndhighwellgegion and és mvegrali with thessesauiogate sislidtuneeanidom fourth gate
third.gate structureoverlies.the third wel] region
sty "eHich 15, BRI e e STP Yl b BBy aed ffagent o firs
sideW @V bF thedabegatd Etnednaketind\sRichafls of bR JeBbtd throvih! follfB g8 structures,
Sidewal | spacers are forned adjacent a first sidewall
and g insmiating rspaceg lecksisy igomed everhdng iackowaen of die firse well region and a
Sec rthogate structure nd_an .
poreBER s it B RruPHE} O TRE MBuR Pl AT Blach T gHosy y segppa sidewan

of theffirbthgaté ktisdturee| A fir@tGioafteadgion i QriiedndpiceititBe firstSdate structure, a
gate structure. The insulating spacer block is

commgn rain(caghode Fsgi@nsisgiomaed betweanethe fisst aggtsecond gate structures, a
§ re.. Afi s r.egi IoS¢of ag] .
secofd s cPeiofl it hithed Athléhn 168 iRy ebte QRTRePEICRRRIn drain/source
regionegi forméed bétorene thdehiindear folnethfdatestramndes emdrddgat segion is formed
structures, a second squrce regjon iis forned adjacen
st

) t
adjagenbther{pyrth gafe straqtitfe Ay fiEst bASISRIONS ETHicA st Grierds g Hig first well
e bk, A SR T e ture and apapode region
is fofrped tnhthe dire vedlr regtar that ¢xténdssntolths rst egilloregion ddgacemttthe first base

.that extends into the first well region under the
89" sul ati ng spacer bl ock adjacent the first gate

structure, and an anode region is fornmed in the first

wel |l region that extends into the first well region

adj acent t he BRIH DE&SRIPEHINQF BREEPRAMINGPTI ON OF
DRAW A r onplete under di ng. af .

10015 bl SaneTs Ao R0 BB B R08H BT 1Bl by rfering
to thehdetaiRtaddsetbtitdisarid plaims whed @nsidsiedviheddonpdiRdond evied thenfollowing

conjunction with the follow ng figures, where: [0013]
figures,(¥here;j s a circuit schematic which illustrates an
0013 ERY. 19k aGRrURRER lc Wi QARG pd 166t Thyristor-based
0013 FRY y CT- RA}\ﬂglgceEihi%sl;c ‘%’ooﬁf?gsm &% ﬁ?ﬁg c?’%’ﬁﬁ il thyristor-base
Randomh Awedss desmory{TERANMDtaells;es an array of conventi onal

' paci ti.vely- Coupl ed Thyri.stor (TCCT)- cells: .
oot Dbie 2PRGR" S SR ity ey FRoy &) <ogkgtional Thin
Capathtively-Caip1Be THS 8o AT ETDRAINRRS Of the present

pinventytip{rl}? [T CAG ® P et cuit schematic which
[0015] Fl{st3 intacklogk dagrany o amemory systomduhick cop bp uggd with embodiments
the present invention; [0017] FIGS. 5,
13-14, and 16-21 illustrate, in cross
[0016EEIG.0Nis @ cifewiDEsheatitic hich iustrdted omeRioh Bels ire pscotddnce with an
its fabrication_ in accordance with the various
embedipgat ¢fhe Bresgntimentindent i on; [0018] FIGS. 6, 9, 12,

[001%@?{(%3%,%7?& I1 Q-blzg]g@-tlg{; ah(ﬁ] 169A iﬁ)llugtpaté[,i iﬁv%rostshs%cmr%emory cell of

FIG. 4 and method steps for its fabrication in accordance with the various embodiments of

ofth$ rﬁpeggﬁtg%{‘etfti%;

the invention,;

[0018] FIGS. 6, 9, 12, 15, and 22 illustrate, in top plan view, the memory cell of FIG. 4 and
method steps for its fabrication in accordance with various embodiments of the invention;
[0019] FIG. 23 is a timing diagram which illustrates voltages applied to control lines during
operation of the memory cell of FIG. 4 in accordance with an embodiment of the present

invention;
-4-
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met hod steps for its fabrication in accordance with
various enbodi nents of the invention; [0019] FIG 23
WO 2009/148583 ng di agram which il lustrates volt ageBCHppI00Ea3246
to control lines during operation of the nmenory cel
(0020 FFG.(R4 4s arcizgot xchematec whidh dhustratbs di membryotelt lire accordance with

res i nve FIG 24 is a circuit
anot gﬁﬁ’fif ?E:}f? qrf:%e&g{nr P menory cell in
[OOZQPFIU}@aS‘CP sM1bhr 12angt e an@ B IREkate] int (16sse@EOMta memory cell of
i nvention; [0021] FIGS. 5, 7, 8, 10-1 1, 13-14, and
FIG. 1% @ methed tsteps dor it fabrisationsiscaccondanee wﬁhﬁhqvmus epfbodiments of
theﬁ%é%}24 and met hod steps for its fabrication in
Act6Pance with the various enbodi nents of the

[0022FEGS.i6)19; 10,0022hd Bb Ghustrbte, fh topPlanlviewdid mémory cell of FIG. 24 and
illustrate, in top plan view, the nenory cell of FIG

methpd sigR$ ﬁ%tltﬁofab@%aélgg ip giccqrdandeawith varipwh embodimepisiainthe invention;
and W th various enmbodinents of the invention; and [0023]
FIG 26 is a timng diagram which i11ustrates vol t ages
[0023pBlG.e2b s Wmitgr dibgramnehicl dlusitepailtagesoapplitd td1€ontrol lines during
menory cell of FIG 24 in accordance wi th an
operalipflof thefnemery: ¢rdl of BKE A4 1nndcsAtdanse wiiam erpbpdiment of the present
HFeaCR! PTI ON [0024] The fol l owi ng detail ed description
I's nmerely exenplary in nature and is not intended to
limt the invention or the application and uses of the
i nvention. The word "exenplary"” is used herein to nmean

inve

"serving as an exanple, instance, or illustration.”
Any enbodi nment desqDEmggLBgn§EgcR§rngx$nplary" IS not
necessarily to be construed referred

[0024kVhe follpdng detaded d@ﬂ@éptlemtﬁo@ﬁ exemplpry l@fnamre and is not intended
to lll}lﬁ%‘qe {T%nxﬁtzf‘t ok t%e sél\?/ at dlegda{lg %lsgs %ﬁat 1r?ve%ﬁgn.a éle leoergl "Ie)ﬁemplary is

ermen 1 ONS 0 ena persons s

usedtHegeifrtd rhénrmdeevmg ass@ &taenplé)viastahad) oartusrationOt Any embodiment
i.ntended to |imt the scope of the i nvention which is
descrabgd deerimyas hexanplarys isFabt H@Fﬁ%?’é Y thehe q0§stﬁefd as preferred or

adva%lﬁg&ms' O%krt &nbe HLQH qjl#ﬁYs It?ngﬂ Qﬁtaf ,rlbed below are

ory presente in the prece |ng ni ca
exeni]ﬂm’ygmpnlnmbntdﬁqnefprmudﬂhtwermbld pesdms| dkdlddnig tﬁeiaaltb aukke or use the

esc tion. .]0025] Fpr .the sake f br ev 4. g
inveiifoand it PERT to 0w BF SEars b e ayeaaophishds ggfined by the
clain® AP (kA fd, WhdrB G nd Me SR {Pbe BOUNEBP aNy 2Me6RE or implied theory

menory cel | progranmmn menory cell ‘erasing, and

presegtdse in fﬂum@mcsdﬂag welpuieal sfidld, bh@k%@md@ dsichriymyary eorsthe following
dmm{ (ﬁ$&1% i ndi vi dual operating conponents of the
ev Ices and systens) may not be described in detai

[0025EF&i the Edkiet S bravitd, chbientiondleethiigudsl rtded hoVRansidtdrhdesign and
variqus figures contained herein are intended to
manyfagfpeagnthecsantiol of ymemact Aeviess, maempeyosdhppgraming memory cell

eramRE,ya?l'dQﬁlllerCfQHLQiO'nQ%pQ&E g cfebf:ceé’ Qﬁd %?en% GHE M Sindividual operating

components of the devices and systems) may not be described in detail herein. Furthermore,
the connecting lines shown in the various figures contained herein are intended to represent
exemplary functional relationships and/or physical couplings between the various elements.
It should be noted that many alternative or additional functional relationships or physical
connections may be present in an embodiment of the invention.

[0026] The following description refers to elements or nodes or features being “connected”

or “coupled” together. As used herein, unless expressly stated otherwise, “connected” means
-5-
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It should be noted that nmany alternative or additional
functional relationships or physical connections may
wheoopnessant in an enbodi ment of the invention.P¢DOB)PI/003246
The follow ng description refers to el enents or nodes
that me ¢lementy nedehei fagfutecis dne@lxammed to {@ralirsctiy tomoygmidatas with) another

clemieRl, ARG b ol HRHAR ST Pl S e 0BV RentcgpRcffg means that
one @iehRet, |1§ybdeod>1ﬂ etire i§ Airedly %tlhﬂlr&‘ﬂ?ﬁéme@aﬁeﬁ)rwﬁé&ly or indirectly

anot her el ement, node or feature kewi se, unl ess
commypicatss Wjthy arather Qi@h@?tvw@@ or'feadurg! ed" neans that one

t ry u s direct| ect “ »
[002§L?nmt='l'ge fi ?%ﬁoxg jand - y&glrﬂllsl ndm}e&g? %rdé)%%w 11 §l¥e terms “first,
“sectid, h¥thaa ot ‘Heurtig ! en@aiy, mayasteused fﬁﬁ@lﬁﬂﬂxﬂgﬁns}fn@ggﬁvebﬂ sinhliar elements
descrlptlon and t he clains, nunerical ordinals, such
and pat negesspRlyHiT desaribing a pawicslan sequeptilray, chrofalegica] order It is to be
f dj st. b r
undeg%?ééonden S tfaPlénad'M'ﬁl ‘E?s Ong%egstggrlﬂg&% %éu Q%S c%ﬁ?ﬁgppgb&&@ circumstances,
embgdmiehs Ubfathe Siagereioni d?dsc@lliedChdSremOhxﬁgﬂapable afdfabricdtioni 6r dbperation in
be understood that the terns so used are .

sequenges praHgE Abrss ilusiiatad o pthespise deseribed BgraR-ances,

[0023’[‘?&%%@?@ 1 tehf€ “E M FNel CndERET 1RRE NEli8InY Bi8tions thereof are
capabl e of ‘fabrication or operation I n sequences othe

intendbditp ¢dves eondekclssiva timdiusionso suvhrthatseprdesssy nbthadhantielen or apparatus

0028] Furthernore, .the terns ncl yde, " .
that by fes & kO GG .94 s EeseArdy GFTecp ghes LTt gt may include
othe CAMBENE At EXPrésIN/ 1kBed STGhITERAS suchiibcdshahetRod! 26818 Sor apparatus.
nmet hod, article, or apparatus that conprises a list o

[0028] Bian3 sisi & ek déagears 20fi hymeinafy exsters 34dehieh cxanbe used with
emb«‘?d" %er%y n%l ugg sgxgthefnve% frent n%en%( 25%% 346t ?d C)r51mp11ﬁed
eren tO S process net Od

repreaémﬂﬂi(ai U8 an[dXeaPlark | émbodithénta ald @ﬁkacdlaagfy&mnOB4@ may also include
mam)ri system 340 whi ch can be used with enbodi men
convgitiqngh efsmenént ogm SAmpeRentsyrandnBmghgnalify Mok, shawn; | 1§1 EIG 3. The
f: |
men I Blen) 340 S REXEA! S fftrR g IaRERARe 30 (RO Ry, write zero
0), aeﬂderaatheso (M) giith, respeoporsanemprysarchyf M2ct | onal i ty not

1003P L meBioEy Syt gndlae e MERory Biagads GBS comptises a plurality
of mMlor 8RS WHRL  weradlifidaghd 81t Nided) are Wokdin 618§ PAfdngb® ifto rows and
menory array 342. [0030] The nenory system 340

columm;lrmgtwqhe rnwwﬂw@mmaydegzﬁzrw\}ﬂ% A48 engserseqmplifier circuitry 346.
EachlpI o %lr)II Eé‘[ll 5 d% a@ﬁ Weth & ro\g@gg(fregp £nqi L(j)lﬁlgx% aacﬂlges I For a particular

nes are OWs an

membBs REIL! a\@hyculdrowOﬁmine caontmlsdmeﬁetoslts%mc?eﬂe& ﬁﬂﬂlge element by
sense anplifier circuitry 346. Each nenory cell is
allow@suogrﬁ@wﬁmgt the signaly (ﬁm‘?S@g%n%ﬁdlosm UhmoB@dlogiss "1'pogarried on a

pamgug%fﬂl{ 'ﬁ'iéJ {Pbe WRitRh Yo Gftdad fFork et§t&ld%@EleMg Thile ea%h memory cell

S access to Its artlc ar storage el enen
100 aalnlsmme oge bit o;ﬁdet‘aamallmgcalh'é" st lgplgadal (Ir'tpresenting a

r rri on a cul ar
10031 s e 0 theaeingry grab i ep B oo & tbaéense amplifier circuit
346, ed'}ﬁﬁeirt‘é word! lPi?‘u:s ea¢f Be 'E%HP&YecFﬁJl 4helrQQ' &?d&dért 958 Nfir&istand control

data as a logical "0" or [ogical
51gnals are input on address/control lines 361 into the memory system 340. The

address/control lines 316 are connected to the column decoder 348, sense amplifier circuit
346 and row decoder 344. The address/control lines 316 are used, among other things, to

gain read and write access to the memory array 342.
-6-
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[0031] The bit lines of the nenory array 342 can be
connected to the sense anplifier circuit 346, while

WO e®9messaB | i nes can be connected to the row depodE82009/003246
344. Address and control signals are input on

[0032hdhe selugwndecoen 348ets Gmnedted ¢o theesemeerampli§grscieenit324h via control

e add s/co trol lines. 3 onhected to .
and (R SIS SeBRrD coluiie el e irth P T e el circuicry 346
receivOWVirRiE QG dddthed THae tREdh@RSH/CRAY G2 | dndesutddR @dt® read from the
used, anong other things, to gain read and wite

memggy: agay 842 oMer mmlyplar(ﬂ/@ Mhp@o@z} DﬁtﬁalsCr@aqh figm the cells of the
IS, necte he Rehse | i :

menf 8081 328 bRARETLTO NG QAT URTOTG R tfaytict ouples ail of

the iE@hétyReBEL@EdspddILS to3thdt wEﬂ’lﬁln‘@tﬂ&ésp%Wd it BhesC360¢ Wihiidhydefine the
346 receives I nput data destined for the nenory array

columne of g Wp@!@ oaawq;e bitzlénes ragerilsp actieaiest y Whepa patioular word line

u I

and l\r{ gﬁr}]e% < %(!é E#é/@ﬁlleérérgbg aﬁrlp gx; bg ?’th% nggsgt 4n\§/%[f?e?dc1rcultry 346

connectedl td iartet (iueé detebte andvartpléfictethe ) in thiei SElEctEGUImk by rﬁédsurmg the
of t menpry cel]s corresponding to_that word line to

potential sgfefwg%s{weemt{mc%@ d Bipinapnder effEenRdingol umms of

[003%?1@“ RVa cifdift LheREEwWhidh MuStEReLS ﬁleﬁ{o?? Bt U193 Gcordance with

en a particular word Iitne and bit [ines are
an elabodlmntedf tlmhmcsbylwehte@t i n§vialeba single oemery ¢dike4 Beissilustrated in

R LT ERACTHE X RN RN W—

memﬂﬁa&'{‘lmmgs hﬁ@l RObLEBhE of a tirkd RIRP&GRRRINMGellhat are interconnected
activated bit yI i ne and a rgference line. [0033] FIG 4

in arj mtegrated circvit-s dhesaof skikhincthei art will naderstand rteatongmesst ¢ell 410 is
0
likely kbd InAEHAARRT S aﬁ‘%@ﬁyf‘%ﬂﬁ@ﬂ&%ﬁe&h iRLpA hRESRE Y more of such

membty ¢dlsr dhesheiembod{ment, tHetmumbtly &gl taﬂpée&ﬂbatrﬁpieﬂnynt’eh @S ®ne of the
skilled in the art that i n practlcal nPIenentatlon
mempReCals Fthyn theimemary areay| 34t yhe gepenbustest 340 {lsgated in FIG. 3.
U ¥
(00381 TRE Incflory P 4l RS highisk D8 gpl ol TRARRICHER, U460, @ write
accessrithasistoadd0 tdwxad peress fransdtbr 48(0aridsa $enkiagyrahsistme 490. A plurality of

i enment ed ry cell ar can inc
contsp PSR RESR5A e Ui, BRVHEHGFY B Paucfig g pend e 420, a wrie
enabRRRAUBEN sufphe 1Ry aCRtite BitQieddsD@nt FQTESE Bde @54, In one

one of the menory cells within the nenory array 342 of

lmplcm@ltmm rtlfye wout Bne 420 compuses palpdli¢an, thegwrige elwd)%h]le 430 and the
supp hyr P é%%p gg‘g f?rgtnﬁlg%f ?a ef a%?téﬁéj \&Jrf’ilé S{téf ne 452 atnd the read bit

evi ce access transi

11n64671(bac]ﬁlcdirﬁpﬂs@£§&5ﬁdhfe&flsa}&t'or 480 and a sensing
transistor 490. A plurality of control |ines are us

1003§Uno<§@rlmpéemﬁ?éatﬁhﬁa§h ekthe trangistosg A% 479> 490i% & M@ﬁEET and thus
mcluﬂgsoa Ruile! %lgctg(ﬂi% €diald 81e¢30de ﬁU;P @a% Ll&éﬁocﬁ?ﬁ&%ﬁlgugh the term

te bit and a read
"MOlSﬁﬁﬂ“érmMeme mﬁerstthea vi/ewdelhanmg4;2®nemingme shxtrode and an oxide gate

BB R oo Sk Cafb 5 R ot et
a coMMulclife gétE élédﬁ%dég‘%h@t‘ﬁgr hieal r&%ﬁh&'&nhﬁ&ﬁte%ﬂteﬁ@l@ Rhat is positioned

conpri Se a second netal layer. [0035] In one
over!ang;it@irsnlamri(min,etheaohld@fortdthert inswlatios)t whish4in0tur, 8 podi®ioned over a
semikgnd%ctlé)/roggt%l}a?engwﬁe?ﬁjesr silicon or other semiconductor material). The MOSFET
transistors can be either NMOSFETs or PMOSFETs depending on the implementation. In

FIG. 4, the write access transistor 470 which includes a source electrode 472, a drain
-
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i ncludes a source electrode, a drain electrode, and a
gate el ectrode. Although the term"MXSFET" properly
w0 2foengsssd a devi ce having a netal gate el ect rpCBEUS2009/003246

an oxide gate insulator, that termwll be used
electradectighand a gatereldcinode 67&ﬂ3at segpupltedda thowouielma:féZQ h’Blne read access

i ncl s onducti v ectrode
trangigfi MU Tl BF RN e B ctRIdR fop0e dam et . A543 g eleotrode
485. JBlhEsenbing | tahSiktot WD iMtPlided sl sdBrcelel @38 40N MirainOéldctrode 494, and a

which, in rum is positioned over a seni conductor
gate glgpEededAdS. (whet her silicon or ot her sem conduct or

r i e . )
005 LA AR ETGL SRS RS BRI gep o . i
to bd nddréiood thithite WVELT @letiveess® tdmprsdes taothyfisfdr MR Cldepresented as two
i ncl udes a source electrode 472, a drai nel ectrode 474,

diodgyi sgrigirande Mestal QuudaSticonMQY) e@pagiios gonrpctadelobe dhyristor 462,
s 183 RS SHG10F53pSEAPE, S B8, P AP i
devigatbich| ceatpriseea 48fed clémragerisbng chthads radion 4690an anode region 466,

and alhg%llr %gﬁgsegregg)[%récgq)tgyg?} ggsgg% %%g«%]r &lx?nha@gldg (r:eggrug)rgI 49166 and cathode

regloﬂaﬁt@d t@ﬁt%t@laré Hﬁéﬂé % ﬂ{e i dre 56N 1466 th %réa?@ﬁﬁﬁt%ﬁee@nmﬁal to the
ol IS to be understood that the
cathc@e'lfeglem‘tﬁé t¢6c@eat© ramaﬂmels termihgl; iasd ¢o ththGgatéd eh:%s@wﬂ@ijto create a

sate PRt SN nine SR P PR ypr B bion B and one of the

base lrééwkﬁst betwedn tHeOpait HSHAB ¢&ions) afid Getwéln tHebtB&WIealf thd B&se regions
thyristor is a bi-stable three term nal device which

and the ﬁﬁhp%@gwng‘kﬁ“e dndyiet P vige 4 the MOSAAoe o™ (eg) sbAWDES, connected
t
to o G LA R oa RO R Bt 4025 o 26 and

[003Tjalnhadexemplaon eﬁaﬁédm@nn bt Snemicryrcelld 10 owhick will delescribed below
n 466 to_create an _anode termnal, to the cathode

wit rG8heghtos BI0H o5 S e M AR PRoAS: (ASDn R aré AVORE o and the GLT
dev1&a46?ﬂc<§ﬁﬁ?§e5 QqﬁNﬁﬁﬁh%‘?s @mﬁ.’)l&ﬁfoea W@cﬁ@imto? NA%rlllustrated in

P junctions are forne bet e anode region
FIG. a?u@d thenRNBN thinestbiad@ mehiden s, gabeel ele@rodeh%Sp(daat scrfvebas ene plate of

the IO GRacitsdl BTGl TraRn 40 & P -Gms e 26908 HESNBR 1ype base
regiohB3C4ridodn N9pe s,!ﬁﬁm) rdgforC MM BEARdd iR a0NePRfcohfl xlaﬁ&e where the

regi ons (not shown) of the thyristor 462. [0037
N-typmandRelipe fpse eaginngi Hsatd0fare taterstlbratisposed betaegn tlm iPctiype anode

. t LGS, 45120,
N N
regiotldb6gievthe N-4p@ cathiode irsgion a6HNRY to Ky gaﬁécbéleéltﬁﬂieom.‘Bplk@N junction

. .to a MOS capacitor. As |Ilustrat din FIG 20, th
is fomﬁ\lbt:tmﬁﬁpsl’?we@@zd? AEFI0H SO0 Agql &“ém:b?w@gwes%fi another PN

Junct(c}nl"@‘tfoﬁﬁéd’ betwen ﬁféeNQ%}gé ﬁasgfre Bﬁ 4|g§§nSQH@§' tﬁf@% ﬁ)a}lsggreglgn 463, and

P-type anode region 4 ype base reg
yet dRothep®No gretiongh CfnrrriﬁB bamzbearthN-Pt -type tma¢ 463 emde(l;xieoN type cathode

reglogrﬁl§4ptl'{l-§%8g é:lggac?tg w)gccggg dg\%égaé\(f @clt@?é%%pﬁt electroéingJ 265 the P-

type th%l%éﬁﬂ [RtYB[E 163*&%&5% lﬁy&‘i‘i@'&;@&?b&%é@fhe”gﬁi@eda&é’ctrode 465 and the
N-typé cat hod@ regi on 464, above, contacts are nade

P-typtecbast eegion.y Jbe gatedimsulator layer serves as the capacitor dielectric. The N-type

base region and the P-type base region are adjacent one another. The MOS capacitor is
connected to the P-base region of the thyristor. In an alternative exemplary embodiment, the

transistors 470, 480, 490 are PMOSFETs, and the GLT device 460 comprises a thyristor
-8-
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region 466, to the N-type cathode region 464, and to
the gated el ectrode 465. A PN junction is forned
wWheimeessP- t ype anode regi on 466 and the N-typRCHESHE09/003246
region 468, another PN junction is forned between the
coupi¢dt tpreMEAS eapaégvro ere%tlartUYItlster P-argapgedasan NP eonfgwration, and
et .anot her |on is formed between the
the @ng‘fé@ Cbtggbs nggecé?%d T{i—aﬁzpe cat hode regi on 464. The
[oosafﬁcpa@anuitﬁtesotartdm #3dbs 0pN | a24643 | 4 WS R16gaugd449 to help
trode 465, the Ptype base reglon and a gat e

illustratg iherelgetrical and/en physsesd ceémlmmet\heengéltf@deréld@&ws;&éo 470, 480,
490 éu%thgr\]/gmt)&eco?ltr%y esbfz?)e 456 %3%”3?%—{1@0 ha C. é.k?:h@ ﬁ??{]/%néory cell 410.

er serves a € capacitor’
The b:ﬁrﬁﬁls megésodb ﬂ(ﬁtdlebbs%aﬁ’l'ytfyrqﬁy s ehe di et aévicd6acam0, 480, 490 and
one anot her. capacitor is connected to the

contrpl Jinge 428¢i43h; 6132’t Ae2.t fiyt ithatomake ppatheamemonytqelle410 are directly

com@é@%%ﬁm%g tm s@%@ %é@(?ﬁétg%ﬁtg e?ddA‘tYo%ral i@grveﬂi%% devices (not

illustrdtyd)i rsayobcpriepine ﬁeﬂm:ea alaBicudgpalevico and mgarea riolde.

ot 2P s 5 LAl by S B e 474 o

the wiitEacébsh trlaﬁ's%t&aﬁ’ﬂ?aﬁ’cﬁfﬁe%é 89&?&16%]5’of‘tﬂ@reaﬂAa%cesﬁ[ténsmtor 480 at
445, 446, 448, 449 to he lustrate the electrical

nodezidd/ dihegatediabexddtrodedps iof gm (Bb"tf\nkene do0 iecapleddtorthe ggite enable line

60, , 0, 490 a ar cont Lin 4 .
430 3t 140 and 352 ol PG ARG Y R REHBTp ccubiRigghe suppiy tine
432 ghedyagg ous nodes do not necessarily inply that t.he
di f ferent devices 460, 470, 480, 490 and control |ines
[004Q]2Bhe sepoing ARpsistgs 490 45eoupiesk torthk supply Hine 433 abrgdecdd9, and coupled
to the n%maélgctgcidre%g d% wited ges??raltls(?st&n%(ﬁ %ttﬂg C&th?&lglt’lé)& 8t the GLT
S a t|ona erveni ng eV|ces no

dev1de| 46@% naded)4. ndheBouree @ketbdd49NeLthe deidiig iransiasr 490 is coupled to
ice and a given node. [0039] The cathode node 464

the dgfm clestregerd$bof the rg@bachs%gwpség 489 atmedg A4, The sensing transistor
490 t&hg&ttﬁ@ggltﬁ%z%t Abdd fgy WEbL &aﬁrgﬁ@ %F%Jer@m lastiet 46d Qto%da logical one

at e ectrode 495 of Fead access transi stor
(1), th@@olwgerlmbé atdebile %HMlgatteéﬂh@i”e(etgr @eatet@barod. Stviolts )Gind large enough

to g B s img SR oS sbmedriraor aph iFea vilkape chanee
on réa@ bR QAR1484. 10thk Mﬁu@ﬁbémdso ﬁ@reé%aogt:amﬂe@%e vaQgJeQ]evd at node
The sensing transistor 490 is cou he supply

444 wilhlee aroximatdyl @ Uudts anddthe égtﬂl@trwlqtm“%} dgeg not induce a voltage

7 nd the
chanfll G 18 87 1 %2 s U4 {eePERERG T 205 LR P82 "5 0
[004Ther EeUSchematie alfr Bi® 4,9theOtvritd1@csess Stangistol 4T sxh(Drthél%hd access
is caoupled to the drain el ectrode 484 of the rea

transaa?&ré@g afg Biystraied as heng seuniedito the svord Hae 429,andghe gate electrode 485
of rehd Mfssttrzms s?&%é%@%ﬁﬁ]ﬂ%tr‘a&% a\éng e O?fedrtB ({f édté ere’: ggcée 475 of write

exanpl e evi ce es a I Ca
accegsltyansistoe 470! 4t agde |4d3el Ewin thodgh 4dté aledtiodbe 4751 485" are illustrated as
5 volts rge

being Gpblish H RS gl i i Shee g, R SHTES S A that the gate

electtJd@i‘&Vﬁitél%VS a4'<9 Qcthﬁlgﬁ_ iofts ¥PWoRBnE BEG Qﬁd RindeBathrRial common layer
1 ne device 460 stores a logical zero

of copdyctive mtmlt sugh ab polakiligon.node
[0042] In the embodiment illustrated in FIG. 4, the source electrode 472 of the write access
transistor 470 is coupled to the write bit line 452 at node 441, the source electrode 482 of the

read access transistor 480 is coupled to the read bit line 454 at node 442, and the drain
9.
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444 will be approximately 0.0 volts and the sensing
transi stor 490 does not induce a voltage change on
WO e@d/ 148583 | i ne 454 as the sensing transi stor 4BOT/Wb1009/003246
remain off. [0041] In the schematic of FIG 4, the
eleCWdeté@4a1f¢ka%$nsmarﬁ@nsisf@r 490 & cogledite theesugphdlowst3?2 at node 449. The

transi 48 re.illustrated as _.bei ng.coupl
writ A% @it ieioe VaSF B°Ge Ainie e WiRriagga Wite bit lne
452 B SRR&hihg amw{&nné%w Bitilink 43D (AR Gn 8&andS) MBdE.OTRE Sndby mode
to the gate el ectrode 475 of wite access transistor
refer @ a holdmpgwatg hetwaen sead ansuyritegppeeations dummwbldmordzlgﬁ 420 isata
holdb rgevoll #éjs&ﬁ?%eglg a%ée%s? glls'flgxgsli?r ﬁ?é gg?t%(tﬂ? ﬁea% a ?:'g'st?s’ ﬁigpngﬁ regd operation
via 1g&d Bit einemtsnodgspl%mmgla@aame vagie allri¢adobit line® 45Df 4340416ng with a
line 420 and forned froma comon | ayer of conductive
Separail ‘érp;eaqcce@l}gqﬁlsg@r @30 yaafl |a separate[ romlpqcessiirangistor 480, the reading and
I r I
e BT Bl 00y Bl ety MY Y BB Bl A8 pats e
decoupled irorh eord hndythéle tHebébyakelimtging4the iteh@ disturbaace issues mentioned
el ectrode 482 of the read access transistor 480 is

abovgo gPeatien of the meawryicell|419ewrk ke desqigd ingereatsh detajl delow with

referh QBEtTRL LB AR W Qﬁeﬁtclﬁﬁtlﬁﬁ RFiahdd §Bsd §§e9rt04139néa?te the memory
coupled to the supply at node 449. The wit

cell 4ldcess transi stor 470 controls wite access during a

' 0 ation via wite bit ne,452 b vvithi. C e
0048 Pl iz Hutaed comiory sty 4k i HREnoY T ol sabrication in
accofffi€e with& afibaeth¥odIRRAL ST tRE tnvletién NBI Firfioulst, 4‘1@8 6,9, 12,15, 22

bet ween read and wite operations during whi ¢h wor d
illustratp opplan viewstof shévaiemnony; c«ubm(ag@ methed stepd fercitsefabrication, whereas
rans 0 Cc I
ric ISt N ASRC 007 R 558530 DA 1 588pemppy cet 10

and etHod sadpd foead fblbfq’cdnbﬁesr}ﬂ&ﬁl,an%éwahmrsgawdtlh FGS. 6 9, 12, 15, 22
separate wite access transistor 470 and a separa
mclqdéalwps& é’é@éo‘y?ra?&qngtlo‘Fne:ﬁBOFKf’%Jar bhdlhgl@anid vanfit?qugllustrate cross

I f
el A TR P ok kb Sl O s 5
10, 1dndT,Héy andh2t dhgtratieicnossatetivgat iews efithednerarybaehicH 0 taken across the
1 ISSlerSImE‘ntI oned above. QOperation of the nenory cell

OV I "W ""®be described in greater detail below with

[0048EfEtHRNAAstiRivE | bodin b vk dreddbefiBéd BélbAN tif eXEBAAIRY memory
steps used to fabricate the nenory cell 410. [0043

cell fl@Sompriges thrdeubt¢haneelaM@EItNHM@S) Franl51$101§n‘&i7(]sré't8lﬁo&£0 and a GLT
dev@e whlgﬂ f:!)r]ﬁg?lget% %rﬁﬁlﬁlgléﬁ sltgr c%%ﬁf)egg??q\ﬁOﬁﬂ ctagacétgésﬁggl,ever, as will

be e)gplaﬂlé’d b&15w, Eﬂnllldﬂrtiethb@ts%ph Qﬁn bkaned tewinefactufe and@h& Memory cell
cell 410 and nethod steps for its fabrication, whereas
comypj i thsee - Ch@mel(M@S ﬂ’l\%’% hHanS&Wéf s pgd M GL| Q%tqea‘t’léwh comprises a -

e nmenory cell 410 and
NPN%@%%%ést eB%a?%F\K%It@s g{)crl{ogat ion. The plan views
[0045] Vasousadtegd in nhdam@ufabturof h2moipbcel B2 MO krandstaspand thyristors are

nd | ower section lines. FIGS. 7, 11, .13, 16,
well xgown ppd §¢. 4R thedpigeest gg@tﬂ VE¥dNany eRRY erffonah sepss wéfvﬂx@mmemwned

bnef‘&lgerta@lk&“wﬂpﬁé%ﬁmtt&ﬁeﬂ{ﬂw wﬁﬁ&ft'ﬁ?&vlhin%e(he VR e fn%ess details.
, and 271 illustrate cross sectiohal

As ndtedwsibove, t dse usadnbergimg ethe #i@ MK tmosistes’ ishéo be interpreted non-

restrictively and refers to any semiconductor device that includes a conductive gate electrode

that is positioned over a gate insulator which, in turn, is positioned over a semiconductor

substrate.
-10-
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| ower section line. [0044] In the illustrative
enbodi nents which are descri bed bel ow, the exenplary
woreswonyssael | 410 conprises three N-channel MOSPCTMNEXS)9/003246
transi stors 470, 480, 490 and a GLT device 460 which
[0046biThe iimitisl steNRNhe fapricatiar oL mepioed c¢ld 440 MRScayapeitdnabso the initial
wever, as wl be expl.ai ne el a sim.l.ar t hod .
steps eSS0t shar's B PG os el HbfeErdhs g facture begins
wﬁh‘iﬁ’@%ﬂi | @t E9rR8ctOr Stashnelor mt&%m%ntaha%'vﬁh@ﬁ 8 nﬁﬁibry cell 410
GL.T device which conprises a NPNP thyristor coupl ed
is fab@caéed\/[ﬁh@ agmgpn@}ctor[ gBite vyat ican be g:gtbgsa pwlkt sqgnconductor material

or a SRNoBFAHE P TBRR Sl dn' 4o R0RRAL i P mtgiment of the

inveRi@V illustrat®d i Emlvfnﬁhb%ﬂhccﬁfdﬁ@t%r thétra@é" l4ﬂ1 ki€ illustrated as a (SOI)
mentioned briefly herein or will be omtted entirel
@g406 disposed

struchre HOU Wi el Gerapvs ehlieastene tklﬁdWPr;@f é@@é@n@'&t@ materi

on of]g{/%ga @&e}?l n xé‘?e;lrng?ﬁg g?ar r ES r [ C r’\l(gué,é er SI tSYLOEamer waer

or subBirats iR Gorntatahe buded bxide fndalating cldaywl e94as drspdmjthemeen the carrier
gate electrode that is positioned over a gate

wafer 404 aéldotihevﬁqmécppndpﬁq llﬂ,yﬁr 408. p"laysglog skHl i the sgmiconductor art will
t t 6dan N I oyl PSe

appréﬁgﬂe?t ggtdtlﬁ%as%lhgn o? Et%?rlr%;egl()@él %an410aas{r11é(t'dc oir?vélaﬁ %nﬁr{amum layer, a

galhmlne arsentdlealayst eps dthansehicesdate madtersdiown Iandnenidmbodiment, the

detail.. Th j. .
semiggRdyeir davels 405 SRS Som iR BT FRnS d%s7 & kfdnap the buried

ox1dé1QiLsdl£h@ﬂiy@P 40hi crha tHﬁ”ﬁfoﬁo&?ﬁﬂallﬂéolahl@r bakiieat @ be a silicon
The sem conductor substrate 401 can be either a bul k

substratgi l@cvmmﬁ:(mo) rsntfm <a1yst91r OIaené,@tmrk: ohbies Stin silivenilpyar pagferably has a

resmf ng z)f 3t P?I on | ugtéa S8 Q%ree ﬁ\g us?%%g;%ﬁ) tﬁ@pt o'fs111con layer"

I nven e sem COI’]dUCt or

will $ehskd abendOhpass ﬂhb|rdﬁtlﬁlaye;dlraé‘sﬂ&:o(ﬁ%ﬁenslsrdvtCIlgﬂtBj #hgurity-doped
whi ch_conprises at | east gne thin | ayer
monggistalling licon watesialsatypireBy disepda dbe éﬁmzﬁonéww gpdustry as well as

SlllC(;HJ Ealﬁg(ee(y}’luq? sthAf lzﬂrﬁ)'ilh{égof{ M&r el&iént E’Qh@}h as anﬁéHi&}n %az?on, and the

orte a carrier er or substrate®402 so t
like, tab evdbhas mmpun»ty depamﬂdna&ntsngldha@sdrorquahosptdnrspcamédtrsenic, to form a
b g?en t he ca rier waf r 402 nd tpﬁe sem qr}ducw{l buried oxid
substag A Bgmoc AL GNP e off RULTIETUMEG dhe buried oxide
msul\ﬂhhé 1ARP 4031 @nebd, Bt ckiiBpRerl SRUERIdel RY&!, wiiéh pdTerably has a
be a silicon |ayer, a germanl um layer, a gallium
thICkaﬁsseﬁl eul 43,200 ny ot her semi conductor materials. In

ous S5 SR AR 06, A HEORMGHRLy LANEL AR TR Efoncucivi
deterdhihg impuHtiki mgPLtgpercoﬁadcuvTﬂyedétblmm@mﬁpuﬁﬁal HépeRding on the
| ayer of silicon can a silicon substrate havin

condeif@v)y yue PhEE GFY é@\épe 469 apd MO ransisiersi410n 484, 1490 g be formed. In
an N{\_ﬁ?@r Eﬁ'b&ﬁﬁ{eﬂpl the hs%ﬁn@oéd%ﬁfo? db% N 4/060§s tﬂ&%é(fts gﬁ% ?k{% conductivity

ms per ‘square used herei
detel‘hshirigompuhayseto credté P-woell t@aﬂlst%3e4l’blo Ftﬁé,SAEQStlh&he semiconductor layer

atlvel pure s terlalso
406.] brity, d Blagocaﬁloﬁ%er AqeallP] FRATEPIF Exﬁhﬁatf@?(mtgon and subsequent

theng%lﬁinﬁ@ilmg SiSRpahtiohd Sutesd KRHE U AL RMALNENS i ¥ PREOYRIHbodiment, the

semiconductor layer 406 can be doped with N-type conductivity determining impurities to
create N-well regions (not shown) in the semiconductor layer 406. Impurity doping can take
place, for example, by the implantation and subsequent thermal annealing of dopant ions

such as phosphorus and arsenic.
-11-
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silicon adm xed with small anmounts of other elenents
such as germani um carbon, and the |ike, as well as
WO ppasnigsys dopant el enents such as boron, phosphor/UuS2009/003246

and arsenic, to forma substantially nonocrystalline
[0048} finge HieruB tverl] reglansi403, 47 h 486e 48hbudfomsed, trmv:besbgan bel etched into

the ¥ n?lcr‘%néfﬁn%?g%t/eég&é % t'he&ﬁm %&rcg glcheﬁ ry:eﬁgg?gn reglons (not shown)
bemteem ckpess Alemdbpkll40-RH0exampld, 088 Thenhb§ SAM4GONGMCHO klectrically

er 406 can be inpurity dop ed either with N-type
15016&5%@9@ other eghore ceh (Th)@ shw@} by @gi;elgqatnp-mqlgf@on region (not shown),

refGRSU S SLE" AT (FBUIBLeS ALRe I i, Bre are many

proctdsad) Hias tcan $be4ﬂs@d té&@rm‘lﬁ@ S, & tHeOprioBebs deBd aidt WM dscribed here in
enbodi nent, the sem conduct or | ayer 406 is doped w

th
detaxb t ipgenestld SdY i ipelugesiat halowi thepchntbat is piehed enter@atselrface of the
Q r
sem cgf{/@rc o dg%rlinb%utﬁ&gf’ ;/s %F%‘g&ﬁgg ﬁegk\gﬂh qél’sc‘tﬁg@gfgoﬂﬁye%a? After the
trenahxia e w1t]nyart ineulatifnd matedital (snc}ﬁm:hrsmbda qhenirfach ey uslally planarized,

anneal ant jops, such as ron. Alternatively,
for ei"i’fnﬁe g‘dﬁﬁ%ﬁ?wa{]ﬂé“%‘% Yor | ayer 406 can
[0049F AdGRGFraVidl il FYGRY BSS, Cclquéf%tf' ohtd Msl 85y Mafdkap408 1s forrﬁed over the

impurities to create N-well regions (not shown)
Semlselﬂuctmdmyﬂr cfo6l aybgatd%ecmodpm%i W7do|6851,g4£iﬁaaret ﬁ)lmled overlying the

| a f th d t
sate{ETRGE TRHEERT A0 otoel RN DT G s LT SBRBS piiar - 486, 493,
resp?ﬁdel@r SEhY F&ykpgﬂé]ateql%aﬁﬁ%nﬁtéﬁﬁl |408 Qah B8 #Q3y oiﬂf?}i]ermally grown

493 are forned, trenches can be etched into the
s1hc<§emoggk§l|qd>g,cqlmthyb@ ad@gosrl@d ipguateoyush @p sikicep oxide, silicon nitride, or

a hl%l dﬁgl%& c%nkt%x? 6’% ﬁ?%?lle[tg%ng{%ﬂaf Heg}négc‘ Qtﬂ%) dl%% WRE cpo S ant (x) relative

acent menor nmenory

to s1146Idih diaxidbe Eﬁhmpteslocfa‘high i’ axeleatreﬂ rﬁatamlgiﬁwrddmﬁnnm and zirconium
a dielectric isolation region

[ t shown
SIIIC%SF»@@%QHQ&M)&&S@%&%F& QuisAgl ligxied rten hafnjuwy | oxide FHIO2), hafnium
s111cz(t§(}|1?81()?gir% 1ikS b (yéﬁls!i xﬁﬂf&‘ﬁﬂ? AEL Ge ﬁ epﬁ)%ﬁemexaﬁqgle by chemical

processes t hat Can e use ormt
vapopr dﬂwsmoneé@V BC)I low gessure belienhieale vaporddepasitionl {LPCVD), plasma

| t
enhaflicC e Hap i e bR P oI AIE Ot oy & BipoRBisn AL The gate
insullafor $44/26 808! BF¥féribllyi Hak @dhiokhdys 3N abdift UL BS A QaltRfu@h itid actual thickness
After the trenchis filled with an insulating

can heedesgrmaned @ﬁ@moaﬂleemrcmb@elg impberBet¢dace i s usual ly

0] CHBT €8] 855 TGS B ST, TEEANY s oo o

111usﬁat8d) of gady Erniihg gaiteridl peilphg e Rtesf gdte ‘Mhﬁlatﬁlgfrﬁditﬁﬁai 408, and
over the sem conduct or | ayer. 406 and gate el ectrod
then pgterning:ind ghohing s layes of gatdormaing M%Wf?é (3gelfas the underlying layer

I I 4t
o shESHLBH 3y 1105 ORI, 4008 1B
overlj@atamainisg| piriiovwg anthtﬂlergasd ind0ldtingmaberiah 408 eerilludtrated in FIG. 6. The

layer, g BUF 1o EoHNETr CHDES 1E5 EMEAeBNEL J08i § TLUARS, 495, can be

form@ll tHonf 8 lar oF ﬂi‘)‘l)@?‘% élﬁh@ §;lircbﬁ of OBk @Bhddckive inetiA Qfich as metals.
mat eri al "havi ng a di el ectric constant (K)

In onelembodament, the layer of gate forming material comprises a layer of undoped
polycrystalline silicon having a thickness of about 100-300 nm. The polycrystalline silicon
can be deposited, for example, by the reduction of silane (SiH;) in a CVD reaction such as a

low pressure chemical vapor deposition (LPCVD).
-12-
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to silicon dioxide. Exanples of "high-k dielectric"
mat eri al s i ncl ude haf ni um and zirconiumsilicates, and
W0 b@on48s33 des, including, but not limted to, PeE/NE2009/003246
oxide (HQ2), hafniumsilicate (HSIiO, or the Ilike.
[00SDEpdist petterning uindtetehing: the logerdeingnt¢ farting oratesiehapd ghe loyer of gate

insu GRRE P el AR, 5 TRPelfiOats Ak 1o AR 335 Hals S t6hea, which

overM@solthaﬂﬂﬁ’Qﬁbﬂtlbﬁﬁof HeCRdkd) indhilaBh® Materlaf¥e8. ASPMSIttatedin FIGS. 9-11,
(ALD). The gate insulator |ayer 408 preferably has

a
opengngsdR ke gate insulasing matexialHA8 expopoDgkionh el thetRraell regions 463, 471,

t hixC, d e
436, A ANES T AR LBEERHEII A 780E0, 057 B §AEN e 4is formed
overB/igy prifreseol Yhd Prwell réyiomlesasi Al Nease al Afate poftion of the exposed
illustrated) of gate formnﬁg%rmterl al overlying the

portippy & Brwehtregipps iods i 4 r#4 capgbe aﬁwua%ﬁmped with N-type
h
conDBBFL8] B, FOAACE, Gkl Pl e fegons 456 in e

semlbmﬁimlcairllabgar a6 eidjaebntdhe )gateoelbotrades t465 473 2485, 499, Idhpirity doping

ate form riial that overlje remain
can ‘6[8‘? R dopramie G Be implanAg s bsEna esgmaEannealing of dopant
1onskﬁdhua%ta&§hﬁd in FIG 6. The layer of gate formng

material, and hence the gate el ectrodes 465, 475, 485,
[0052PAs idugtrated inGFIGSd 12 Idimsalehallespacdrs g69 yiod ymuﬁtimgrwacer block 467

or ot her cndut v.e erial.s sych as netals..
are iy 5RO AT EmpSEREC A B R0 ik P e T Ay iusteatea,
suchCANP didiesrid 1dyay OF sﬂfcoﬁn&é}@@ AndRt ¥AlbatitrldeN® Sodfb&@Ally deposited
having a thickness of about 100-300 nm The

overlying /heyasteaglpotindes #05.cH9, d8h, 45 msb@aﬂ%%pom@ns ektepsemiconductor
layenb XO(?L hlgcshﬂtgﬁj#J Cfl]ié ﬁght?f cg%gtr%(l?am}e %10 él?)/ (E)) sjl{ ??}ge% ' oqnphotosensmve

mateﬁhP@Mh) as[;ﬂﬁﬁft]:mﬁsf isehexpﬁgiptlreﬂ roivegthe mmbxﬁbcllayasrg)ﬂlhmldtmgeﬁatenal and
gate formng material, and the | ayer of gat
is pqtﬁqgr@ﬂépllﬁ@v%mmn iPR&#OGA @ EoroaleT zpesﬂonﬁﬁ the blanket

1nsul%§§% laé?nS \ ﬁggéﬂt)érﬁf)ﬂ?gf th\é’ﬁl'lé}ﬁkepl\fﬁﬁllaﬁﬁglaé/%'en'tfﬂ&se not covered

e 1 nsul atlng mat er i al
by rémdmlmgmimmsensm\%l mengl- 496)), aro pleemi args)tmpld_aﬂyg etrdied with etchants, for

exan}pga éﬁrtglaaargr{gng 58(28%2?8%%% g@% %ﬁicegsa{lédq &n I:i_d\él\?vlahs 412, 413,

414, euhecupd@s 4@5@f t‘ﬂl@%até&éetr% ,469n4i753 4%85599 @Eto 98 dnSinsulating
f or med overl gbélgortl on of the P-well regi on 463.

spacablpekadq? en @dew of gatelestrodpd6 2 Pidiser opigetand sicen nitride can

be etP 1’1&19 br & Sn 416§HF 3P8F, ¢ 1CS - B9l iRYL pager block 467
b )?‘%hﬁé] Uc F § -de er ﬁy ¥

‘type con Vi ni ng 1 npu

overhes gipeaicd of gt deynicapiadtoe Xhpis40B) ar ggtion of 4ate elﬁcﬁr(b‘ttb 465, and a
em conduct or | ayer 406_adj acent the gat e el ectrodes

31de»21@1541§”z§ gat@g@ect@gg 46|5n-p"ﬁlpq f%}'ﬂéﬂgl&gd@)@% ot the p&pg{%nsmve material

496 :ﬁr@rthe?%@%k/ by the inplantati on and subsequent
her mal anneallng of dopant ions such as arsenic.

[OOSBDASZIIus@&tadI inUElGSat1Sel 7, ranﬁﬂﬁﬁlaybﬁotmaskiingembﬁalspdxtcﬂr gan be, for

469 and i latin cer ck 467 ar t hen
exarfRE Ay GUP RS 3 GiTaHALIed g SRLEeq oBIoRide g ton implant mask
499. nalt}{%r il intp1adt nhblaboaledls repithlt 65t ?én?ilc&ﬁurctd% 1a§¥%e806 which

silicon oxide and/or silicon nitride,
corregp«mfd;tq@leleye@ggi@patg@s of the N-type base reglon/anode region 468, 466, and
exposes regions of the semiconductor layer 406 which correspond to the eventual locations of
a source region 472, a common drain/cathode region 474, 464, a source region 482, a

common drain/source region 484, 492, and drain region 494. The source region 472,
-13-
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overlying the gate el ectrodes 465, 475, 485, 495 and
exposed portions of the sem conductor |ayer 406
WO pbaeisey) the |ightly doped extension regi onsP@B6S2009/003246
| ayer of photosensitive material, such as photoresist,
dram/@tlnmrrealppI417éd46ﬁ1ve@urpheegmraﬁéetcomaymrdr@Wsonmlrazlpng84 492, and
tterned tag eave rena

dramprelg{on %44% éarttgd’j1 85(??(%%’“8} eé¥ Zﬁré)r qua?{:g agfrePrﬁ:gented by the arrows

497.bl pnkes exempladyl Bgbbawent, NEpeXesriactiAe) tdefimimhg tiBfs, such as
bl anket insul ating |ayer (|.e., those not covered b

y
phosplgrs AT HEEHRATD y@ﬂgn&eﬁvahﬁéay@r phmasgiong matesial A%his then removed.
I te r I
[005@;%§ ?Lthfs?ﬁ{egﬁh eF;’fG el%F\%’Mg) fb’t%ol g?)trﬁlgas% \%arﬁ%@%aﬁ)elf g%lch can be,
for eﬁﬁxﬂpmn adhygkevef] Mﬁ)td}'&ﬁst {slthen hppliedt dber tﬁé@ate%lgctr(ﬁ{bB 466, 475, 485,
he gate eI ectrodes 465, 475, 485, 495 and to form an
495,. ared, pattergd s fPadePVide otk gl 7ingHandi makl Whichs exposgatisgions of the
semi %ﬁg&{: gqjagfeflgg? @;1(%} n%q S &r?dtg t@%v&@j?&g?h%%%%@e region 468
and mhmudstreglon'ﬁbé |mmmsm¢gapm@ isihptdntetbat avargle esthaespect to a
. I hon of the, sem conduct or a er 406, a portion o
line ggil d

&l i PPpaRdigwar t WPRST GRCP of eofergigppuctor fayer 406, as

repre8eREd HbYUBe ARRwsT 63 16 TRiafd B ROFAsk qeéloﬁf%tSh@lhlch extends under the
phot osénsitive material 496 are then renoved. [0053]

insulgiéng $pager blacled67.n TEe dSSbasweg@n 48R 0% pmferlably'empd}fnted at an angle that

: sking materi al can be, for ex | e ayer .
s xS R PLoGerpes "B aescih PEbuahie FRPTRYALts) dsBeES with respec
to a IHe03040@ail peyendidlanty a@ysper 49 Face BTehd SimicoMIRYr 18RFK06. In this
499 covers regions of the sem conductor |ayer 406
exemplary herabpdimspbnby-type tqeadesiifyudetermiaig aens, oluch s phosphorus or
t ng e
arsen% a¥e8 ﬁgﬁ%ﬁ%{ih g\gésxg,%s?gﬁ%%t (?gl ﬁg%ﬁ%ll 8@%% i2§hﬁle 432 ?ec'glon 466 is
1mp1amed as ppprbximatelye zarv eddgieds daso&qira:sen&dolﬁy dhes attoe’ 505 with P-type

regi.on, 472, a comon drajn/cathode region 474, 464, a
condugilligeieiegipiedsns, suoh syheRnarHns Al ERETER fTbheagp o form P-type

anod@?gzglo@ﬂ% AF FGE FURLeXDD. Thh IRYAKE ehBBERREnt, N- ty%ezconductlvny

drai n/ cat hode region 474, 464, source region
detergummp rionl; ssuplt 96 Phosphoeys onangdc, 4@2mmpardedr :Fonnatecgl ofithe P-type

494 ] . t i mat el
anods? 58 60 SRGIAE RS ir FBRE RBAM AL fie® afEnbfaiys Bwo portions: an
N- tyﬁﬂb@@lré@ﬁh 46Rkahni REP-eRJetinetE Ydiyn 466 oF He"GDY deRits 429U cthe N-type
osphorus or arsenic, are inplanted. The |ayer of
base m ﬁiﬁp

walisnoper betgeen thePriwall regien deB aijdibs Pl typg anode region 466.
[0055 ! l"H‘Fet fa?ére%flfngv{ﬁl@at&'?al 56§ %n]\%mo@‘a(]i aa)ﬁ%rtflg freﬁﬂﬁ%t Iﬂgmory cell

teri Or exa
410 yriuotupe essubjectédstot d‘lﬁilplcﬁﬁﬁi'mﬁ(hmvﬂr(m gotss Gblyeﬁbbsidgﬂle memory

cell 416&Sqoa(?ﬂ;?rﬁg§$5 o SO%lslndég‘gf)érgé]?%ﬁ; Sflg’lglg\élte%eelgc%lcally activates the
cos SO 4 49 0N FIBEIO 8107, s,

base aegde 468gilenP4gte aﬂ'¢th3 Ngtmsé66 ethe O¥-tyii8sdwce nqgi@an®82 the N-type
at gn.angle with respect a line 504 that

comrfion BBiRdParae 45O Rer e fraiis ey Bt gausss ovtward

laterd] QMﬂTlSlGlQQnotaﬁleﬁ%Sﬁ %Ftdgﬂarﬁylohg' ‘?mﬁfa'h%ﬁsmsﬁl%sé Pegib®at &n addition,
the N-base region whi ch extends under th

althongls notallbsteated ade;ndebﬂegmms 487 111 T3eatad) lsas thenehgi formelcsen the surface of
expogederegfo%? |o¥ therrgp tg Qlt gtgo&s 4%@, 2‘?59 4%5,t 5@5{ the N-type source region 472, the
N-type drain/cathode region 474, 464, the N-type base region 468, the P-type anode region

466, the N-type source region 482, the N-type common drain/source region 484, 492, and the
-14-
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is greater than zero (0) degrees and | ess than or
equal to forty-five (45) degrees with respect to a

WO pwe/18343 t hat i s perpendi cul ar to an upper supP¢HUS2009/003246
the sem conductor |ayer 406. In this exenplary

N-typerdadti reginm, 4M4- t Tipesibioidd wegipns plpvtﬂetaemnthainisgm farelectdgently coupling

cont{tfs RUFRRY Seetpne Fnfciiish 56 RiyPR i FamaB reeioey 404 can e

electfAb4ily Souphaal t@ﬁh@%at%tel&ﬁf&l@)@m@h)éxl?ci‘deoregﬁﬁlrﬁﬂs a8$llustrated in FIG.
represented by the arrows 505 with P-type conduct|V|ty

22. determ ni ng |ons such as boron, using a high-energy

[005%]2;&8 %{‘}8 in ﬁiq nf2a|t]¥ odg n%gg? ?r%lnl?eﬁcﬁc}{ﬁéle{eg%y%éﬁl known steps

(not nm@ﬁatea)l stch Ms dejoitifigt 1rageﬂ Mificle&HE A& fkctsmhg bpénifgs through the
arsenic, are inplanted. Formation of the P-type anode

dielepigigi orntersd opfli faming metalljzatipnsthat extas - Fstee df oppenings to
electég%lyaéog@a%clt e V{iH@JSp@JVE(!egnSF é%[}o pteK @1%&35%%% r{lgtghgln%agﬁl?e deposited

ype anode reglon evi ce

overljitgy hhd \aee dextrodegidns, 4665, i 485]i sposand et waposedheortions of the

s bor e B e S B 2o 8, b 8585 raicathode
ey ! e%mn HE&OH, -

reglolqls sugﬁé‘e‘c?{ggpttg&aaﬁg%é:{j t her nsl grﬁ@]e A@%%f}%gfﬁggg, the N-type

comibyn rapw'sdurce rapEom#idrh réy)zc ehd the18-type draint regidre¢P4end ethhed to form

of . hj hte erature. ep electricall
contsF} Pl S TPREES G SFPOrBRNEyE TRUAT 8 BB Cyths, N-type source
regiong2Nele P8 pe ladbdlé FeidHOM6%, "tl&gNQS}péZ&xrcél%loﬂm NnEYlﬂaeN -type drain
base regi on 468, the P- ty%e anode regi on 466,

region 43fhe &@Qn@@twgg],amr e shpwa) thly@gcqggmfometal or other conductive
/
mategélgéag ntﬁ%bﬁec g?ﬁc?%%‘? th él%%b élgtz lgp?n }gaﬁtegi f gg?;g\[ﬁ%fn S{nmg portions

causes ou
that ¢dnhpiise rtiag ﬁfﬂérc@ﬁnedﬁ@aﬂ{etalmlohl’fp|sﬂf¢i(ﬁd‘egi(bn§ (xstéllustrated) formed on
regions. In _addition, although not illustrated,

the N Pg e s Egighe 7% Abtyne anade Feiufot: e N Hiupe swirgeoiegion 482 and the

N- ty&f‘ b r ig!&ﬁ 208, OVla%X&‘ﬁSGﬁQn rb%gfo%%d Yhat! O&ePlough another layer of
ectrodes 465, 475, 485, 495, the N-type source

insulnteng onatefial fo tﬂaelrisérqupmcdmramdtalhta‘twdetormgwda ahi7dectd6al, pathway to

mter%@glect{({ﬁ%& a.ﬁ ogg tzf[ gg]agﬁr gaglzthe%{ ﬁ)g (%_p gaéir e\%:]iﬁﬂ}g at least the

vias SHPpAHeHRIAItE Forn® divirite £84ble 498 436 Mkht teth%{‘ﬁdal‘lp Roflfadlsfihe gate electrode
on 494. The suicide relg:;l ons provi de a mechani sm

465 ar@gNéyr@chape region/4ehomthe - éﬁ‘tlg‘t‘ﬂ@o sl 3 sppply h@fgﬂ%that electrlcally
g ;
conlh P Bt BE B8 A BARALIRIT AP Il o i
regiovil farmedson ﬂiede-typiagjraim rééléan 494 dfltheisdnbidechnkidtolr MGD. 2\210ther layer of
6] As jllustrated in FIG 22, the nenory cell

41
msul[efmg BatcEBhiprb ey h\FandIn beHsRRs ilgdeqyerlymgthe I“FU% F?aé?tl%li?e 430 and
the sﬁfgiﬁg Illﬁé 498 p\g% I 11%53 éaﬂ)b%rfﬁ% éf'ihlﬁ &Gkdd ﬁlr%%ls Zi"xllsulatﬁlg material,

ng openi ngs 't hr ough ectric materi al
and & metal- aga)matai thiem bt idepodited toventyiegdslehstitheiglas Bk 455 and patterned to

formph SRR b B 45Ae e ERTALY GPREiesc A 40 BRpdsicphdi Tine 454 tha
electgygryldblnfhgtst\lqgmgte el ectrodes 465, 475, 485, 495 and
he "exposed portions of the sem conductor |ayer 406

[0057]n”c“1|msdam@lustkwed\m B doand 22, theghnemony/ 7] 418eomprigpethe GLT device
460, % aN‘R’[ﬁgtwnte access transistor 470, the NMOS read access transistor 480 and the
sensing transistor 490. The NMOS write access transistor 470 is fabricated adjacent the

NMOS read access transistor 480 and the GLT device 460 on the semiconductor layer 406,
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region 474, 464, the P-type anode regi on 466, the
N-type source region 482, the N-type conmon

wWale@on4ssadir ce regi on 484, 492, and the N-type BEEUSR009/003246
regi on 494, and etched to form contact holes or

and thp @mmtrartfﬁastoréwpeﬁ thbricated gtjacer the)NMQS ireng acatsetiansistor 480 and

the GIEE e 0 SE TP RG dbG 4847 i on 482" ana the

[OOSBLTM@GLQT @dvicd £ Winptds aAateAN WPNP M rikRY 86ufdldPto a MOS capacitor
i nterconnect netal or other conductive

463, 4B et05al ThalatartlNPNR thjrder qomprms eliernatong NdyphandB-type material

whlcﬁqgclﬁgé tdq{-ﬁfgygahgcéér ge nec? nNr}?%‘f) Bfrlstfgrt%g%ﬁté{@ guPl-Eypg base region

463 ﬁrmarDN&yﬁd’léﬂthddd regibh b8 dwhére s Redibes 443t YOS arQbtefly disposed
region 472, N-type anode regi on 466, the N-t&//pe source

betwn%@gth@r? e anAde Foromdes prd Nriype ca@gdwg@mé i APN agnction (Jy) is
of I t hrouah
fom}éﬁ?&f ? t c? gIrlg@ﬁt ef%ct)rf '21@6' i de?%o %h)%ge r@éﬁgﬁ 4@8 another PN
juncticet @h) ﬂszt"atrnmbdtWem el Naypsbaseaegioh 8168 amdttliwvmtyp@base region 463,
i nterconnection netallization. A netal-1 |ayer ca

and yefeanother A dungtion Gvets| \prmed Detweensthe iiyngi base 494 "and the N-type
cath®RteBlof b4l OTAOMDS Updditer Q@?bji(% l46B eofgﬁg dthHe\gce 460 includes a

eecrlcally contacts the gate elecirode 465 an
gate Nlacyrpde HaS e theeBitppe 868 oifgiarhd6H anddeviate imbblitanbiyer 408 disposed

e B b 58 4533 TR B fe SR T el Sl ayer 3
servédQ itlececapabitar skl ctSéll ThelR-fyB8 badk feplofR8 ARd tﬂlibepiﬂyﬁeytfa@e region 463
drain region 494 of the sénsing transistor 490

are adipgeteane| appher.ofWhensthie t-ying amtﬁ eregen ¢elots i@tmmtlteawtentlal with
respecpg) &h%%\l g)ﬁj% (i%hml% eglﬁé égll @\%gfsl §5¥ﬁtlag§g§ C%ﬁ T é}ll r m%%Qtrode 465),

then tANjurRXibe r((ﬂl)tahhﬂom huhétton (Is) bt fdﬁ@aﬂiﬂbﬁﬁmﬂwhlliﬂENa]unctlon (J2) is
metal -2 |ayer can then be deposited overlyin

[ | ea
revers iageda A BN Junesignd fr) iGN ERSE @aeq SorCP M AIORRT<S Phice (o1 sate). If

a po 1#1{1??%%1;11%‘1{ |53 li att%qg ct?ﬂ: %;‘% fon ?ggtlg 1r\1ﬁlc?%as@(§] Heybrid&Atteakdown
voltag@(DBBQ) dﬂ1hs th)astorl hwmanche tbdeakdoWh@ PN juctio® 21,) tdkes place and the

t he T dev

thyriflpl statts (Pmtucting. o Shsh 5t DoV IR a Y s e UEplict 2 the gate

electtdd@ B Skt résBetad thd NerypeRathbde tégidis 464,Qhe BRAKkdIWE of the junction
NMOS write access transistor 470 1s fabricated

PN qutlae &l oeqves g wier selug of Brepasitiegiosansial. 48p selpetingan appropriate
X, d 406, and t he
valuEyfv et SR offbd GRS TARREY RS Ind BiFLe L0 The s

[0059]e131@b WS@abﬂm3$t408 44580s a@phcithfelﬁdixpdamootﬁe @aﬁhse Fegion 463 of
sem conductor |ayer 406. [0058] The G.T device

the thyisten ardhald P&h@ﬁgmthfmmpcwﬁmlll%g seteatidnidhe Poba&e rrmon 463 of the

th aph{ 081t4H8devel Q8 the'PP AdrerNRRE JA%AESS PN |
yriGBE o Ehe Bhid vt P P Rps PR A NS L BRE Mot PN acton

of the hetypdbase regioy @68 athe detype haserredion, 463 nand- thy petyipasethode region 464

. .é%?%ﬁn 468, a P-type base region 463 and an N-type

Is tn de regi on 464, where the base regi ons 463, 468

[0066Y thh&d@rtﬂklﬁaﬁb%‘?fg i9ah "W@)g Qxﬁbgdl}déﬁ? tﬁ&%ds‘f(llicﬁgl'notﬁe art will

466 and N-type cathode region 464. A PN junction (Ji)

apprécsatédrtiretd dne taltermati e tK/M@SarmmlmdlmgntorcaAGBe afatiritdted by switching

condll}létl\y tp € y%%geo v Lo%rs] é?;lsdnsa{l]la{ r}r(lez{kep{}|p the devices. For example, in an

alternative exemplary embodiment, the transistors 470, 480, 490 comprise PMOS transistors,

and the GLT device 460 comprises a thyristor arranged in an PNPN configuration with the
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junction (J2) is fornmed between the N-type base region
468 and the P-type base region 463, and yet another PN
wQ eovettisses (J3) is forned between the P-type baReT/u82809/003246
and the N-type cathode region 464. The MOS capacitor
MO% edpacu0gis ephBecsed than Bl-trasgenfi the tpgtarn cinutie PMOGaarebodiment (not
4.l ectr.ode 465. the P-type b region, 463, and a gat .
s Vel hioraf. a7 Lo B0 ateiofd raiops: who a8l portions of
N-wél eedioRdlacd 647an4kd, h@3Pcirype dvped8 WRBI Py pbeondhbevigadetermining
. insulator layer 408 serves as the capacitor ) ) _
impugities etet create Tightlx- donsd plsasipr gegiong 681dasgunchydran ¢ iggions in the
-bas ' 3 -adj ac 0 a her .  \Whe h - .
s PR30 4052 1805 QAT 0 B GE DR, b implamation
and siibbdyueasheahaltaantdligbft dpancidhbece iiron dfbufivé (BFJ)dor lightly
vol tage applied at the gate el ectrode 465), then PN
doped gxtenpign regipns andPopan for seyrce/Araim mgieise f orward bi ased,

. BN -~ Vo . . _
00s1fAL &b HBER LY A0E o ENRCEE, PIGS0E el 10 s operate
usingh pheralitgfdf cohtdlelineslwhiah pradudel werdplriee4t(, alritapphble dint @30, supply
, e P-type anqde regi on 466 is increased beyond a
ine 4o it UK 15 Hggga_éld(r%%??ﬂ bpe ot THperem, cell 4P srepgement, among
otherOfhBRS AN AL BN hisRebdnels dddig tal Q%efﬁti%ﬁ? b3 ULcbiRing the read and

thyristor starts conducting (on state). If a positive
writegot kemdsi44, 4325ps wsll hp dejceibiedbelbvewiglatefereherctorfd (e 2365

i respect to t.he Nt .Lat hode reqi on 464, th
0068} Bl R S ikt IRR SRR TY bRk 3y BimardSarag 530, s40
applit@ Y& EotAd Ume® 420,B 0P A54 14506 RRE BI¥M AR celBY 16 VF FIG AGuARg reading
appropriate value of VQ the thyristor can be quickly
and wifing lpegratians of e sremprncell 41008HccqdanegOBithaginempediment of the
| S 4 yel upl - -
el ASBeLTRETRE A0 b GRS B R e n any
one ¢fonhtumbet 6f diffdrantrmaédesdhclubigg Rviit@sener @J inasde4A8H), @kad tige (1) mode
thyristor. The voltage | evel of the P-base region 463

h
292, Het e FerP (Bsmafie e b Feadgeradmadeidgh- of the N-type
[006 32 Ple ﬁrae%oqg cgﬁfinot Q8 e 1oRsheRas et ABin Qﬁffeﬁ%ﬂfj vbIMkes, and any
type cathode region 464 Ts trigdggered. [0060
valued| sphaifigh bielvav ercampiety abowplarysarahpidvidedgntbbdstratvne particular non-

. .thaose.skilled i the art wl.l [ eci at hat . an .

i PR s, beciisd ety oa BP0e PaipfetubiRiep§i operation of the

mem&¥ EANUNG, HRNMHeEdfb¢l fsYndt MN@RraRld MAFI®US3. T Gl ORsttabd Maveform 510
make up the devices. For exanple, in an alternative

applieg sortheawyrd libo 42 rernges e arlawsyalwo et approxingegy M@ olts to a high
C | SE t | S Vi

valuecgﬁérgglgﬁlg@?#y% ?gltﬁc')r R’gp? engggff%)lﬁg gﬁ%gﬁgﬁl\(mﬁ? fr%gpthe low value to

the highnfalganvAén thie wart ltink ARV SatiaprRdi (The violtagoownestornl 520 apylied to the

. N-base of the thyristor. In the PMOS enbodi nent %?ot_
write qnaplet ling: 439) rangeseirene | lopeyalemal appsoximately b8 volts o a high value of
. | ans. . | . .

ooyl D40 ARSIRRIS) B35 RfoR ORI Nob AR e s

valucwhehuthe wiiteyendbledine 48i0nig actiyatied durage ¢ichee meatite dniegh) bgeration that
doped extensi on {3%%0 S 2pd source/drain re iogs i n .

OCCUFSHRITIOEHIE Hifde RO MBS XY, 2 WRHLAT? { STt qegws during the

writde?S f0) hede S¥QMPhE vol’?%get\b@ve'f&H{sWtSkl@ 'ﬁpﬁl‘ﬂgi PURS SHHEAhd read bit
thermal anneal i ng of dopant i1ons such as boron

linesc 52, | 45dr rahge (1BFR) a flow Valgétdfyapproximately 0.0 volts to a high value of

approximately 2.0 volts. In particular, voltage waveform 530 transitions from the low value

to the high value when the read bit line 454 is activated during a read one (1) mode 592, and
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doped extension regions and boron for source/drain
regions. [0061] As will be described below with
WO edoenessse to FIG 23, nenory cell 410 is operBCEUS2009/003246
using a plurality of control l|ines which include word
the \40|ltnge wavefoun iSH6 appligsl en thenweri3ot llsmfm franditwensaf@om the low value to

the h&%} Ya QEI_WB%H {hne 4&;@%&1%&}%38‘% bl geid ci gge WBI %/eéﬂ@ Rode 594.

[0064ﬁ@dmﬂg Sdithed aNee Sosbithtidig th@aﬂe@@@r atll on® hy séleqed!ri igivated by
e read and wite bit lines 454, 452, as wll be

applﬂeg bighpealtage (¥ddot the peiréd lian ¢0; andraplying a 19 woBpgertoghe read bit

Lid ' ich i | .
ine &5 Py S, 38 EUPRAT LS AR EROIPIEIRy, yen e wric
enabfe2he 483is of v véhageofeldtive toraiednode etdiodt 466 of tifel @T‘Hewce 460, no

and writi n operations of the neno

during readin
curregg flowa 1o tlil%%&o%%l%n‘é@ Wt ha Hpltageidient (Ccff-» QHevoltS) is applied to
I t
the P ESHIbie LY 454  WhitfoRERfh; PAY Abed dblyiifs Whadelblee 522, 526
to thefwrite Eﬁairle tihe #BOeshich chusds agunent © ﬁme i e GhlaleyB@,460 allowing

d 1 592, 0 de 594, and
cithef 8 4erogah o ) (Thisie SGHen [0 SemeTy R APy col | 410 can
[006§FF&%b Hed ohe (P)O&;se%t?onuﬁlw&cc%f (ﬁlﬁ{r@&le\c&}h& 2ALT1) %Qe 590, a low

any val ues specified below are nerel’y exenpl ary and
voltage ofor deainple, hdtivaert P At wlsrie Opﬁamlmud afrphndmd) bofht thagead and write bit

ines 410 S BT PR PO PSR s 506y Penor® ZoP e it aceess

transtsf470QANE thSsoidde élbdtibdeaBR A thdrehll Gecedsdtranisitov4dd, a8&high voltage
wavef orm 510 applied to the word |ine 420 ranges from

is appliedty thameed dine 43P rapdiheneetoythe gatedleqtepdes 425, HdgHrfithe waite access
t I t f,
v 5 8 ol s Sy 801 S8 URELAAL AL 5 copled 0 e
gated blectnated44s of the2QLTsdevide 4G0. edh oﬂ'éw(al)vlelmam wamefmmm)ry cell 410
20 appljed_to the wite enable Iine 430 ranges froma

Wher} WAtagzs Prise 820 apanpdsd tuths write gnablg bing 3¢5 a4 high val ue
[0069]f FSPRE W5it8BLS! (0) QRQraﬁQJl kit o¥alr§ agﬁng\@}é%ﬁfe@é@ @0) mode 594, high

transitions from [ ow value to the high val ue
voltaghas applicd tonthle| erite bt 1141304528tha1ﬂb|yvza;1pé5dngi larlnlglg \e)ﬂtlage rto ghe source

clectids' §72) O reuG Ststss, Wipoingt 425 Whils Wi eftig 1k Hlis held at nigh
poteiRfa¢ ltﬂeiietfiuéf gfg@ng Renhi¥h vbRagefoQhé @hterep&@foa%msTMSSV&hh@%te access

wavef or s 40 applied to the wite and read bit
transjstqred7 4@l thestead aiﬁg@s ftmms@rlﬁ&ﬂb ved the sraddpbhasi4rdtis hgld at low
2 I
vl OBt g 3. B, B, O AOREGKE LB 40 YFISread accs
transise 48DN The UvﬁitECEnbble lheg W3 & ad U@Jpﬂk‘d%tb tl’IBGga[te(ad:ldctxbdd: 1468 which is

454 i s activated duri n%ia read. one node 592, . .
capagify¢lp oyl dgdhqapaseot sﬁﬁlea%mdédwsrﬂ@he*mq (0)jp pvritten to the

t: .
ek 1P 0 SRRSHIBRERLE TR R So)B0 YP SO LAGIEHRD 10 sce e
voltalgh epulseiSfZé deercasqstthe potmtiabdf theGhbakk 463rafithe €t hdevice 460 thereby
he nmenory cell 410 is selected or

0 i on,
tum‘ﬁ%f’ f\ﬂé‘?@g{rﬁ{f"'&ﬁpﬂ ing high voltage (Vdd) to the word

[0067] Dﬁnﬂ%@ithe@@é’adacﬂﬁlréfidﬁg te th@oMUel1agd® it Selbdi&d 6@@&'1\/9&(1 by applying
l[ine 454 to turn "off "the read access transi stor

high obltageetontbernvoyd dimie| 4201 Bpplyihgra omeveltagedo or grounding the write bit line
452, and applying low voltage to the write enable line 430 so that no current flows in the
GLT device 460 thereby preventing a write operation from taking place. Because the write bit

line 452 is kept at low voltage during read operations 592, 596 the read disturbance problem
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enable line 430 is at low voltage relative to the
anode region 466 of the G.T device 460, no current
WO b@9a48583 t he GLT device 460 until a voltage pRCBESHAN003246
(e.g., 0.0 volts) is applied to the wite enable |ine
can bﬁgﬂlmmﬁem Mprg(pj@r,ancmngy cadkél (tande Qp;r@@bwthng agperiodic refreshing
ul.se 6totevvrte Lin
operifi, ROGUEE UE° et v earh PRGNS Tre oo et ity 466 is no
limited ldaihg thetitAdasy n@ocYlerO‘h()mm% gtaenehe(t ol:):ur% %eﬁﬁee‘x‘iﬁrbid rations 596,
to the nenory cell 410 5] For the wite one (1
592 @;rpiewatqqmrattwm 5% 9Ps durl ng the wite one (1) node
I et
10068 Bor, e @ e (38R peiybn WA Refine MFNEHE g oHE L Frfcte 592, the

memored] 45Pwillhavetgrevietily 8@ wiittgn avithavone(1).agle GLT B&vice 460 will
.source electrode 472 of the wite access transistor i
be im7 bighridpte kalsa trlpreed ©) asct rioawanddpeaking mode'ddhatasises the potential of
. ’ . H
the fEE 54 BbQlese T BOYlo 460 wlPle A o Bahfital 74,7 Bieh potential a
nodeA8%4 airns fiee wensing rasesar 49@Ifen.St dthedréad ditdlihe1d54 e gre-charged to
ns tor 480. The wite enable ling is

groue@dﬁ%eﬁol%s ey drighy veltass ioarplgsioothe; werddine 40 ;the read access
trans’lds@&* 48 tgﬂﬁ ((nl}md ?heV\gehEﬁlg 'ira'iﬁ;ﬁsttolfJ Q9 H@Eé’adczf‘clcess‘h]agsm 80 allow a

vol tage pul sé is ap tot wite enable |ine
curreh8 @ pa[sS)%ﬁj thlécanodleh%d/\m It:ed be lipe @464 voqcmlpam lore 433atWhen the voltage

oG5 TG 438 1Pt ghe RESGAntR T ErFyiha 40 55 g ggta one (1) s
beln?%@h}ﬂdﬁgt@rﬂéﬁ&yv&hque to the source el ectrode 472 of
he wite access transistor 470, while the word I

[0069bBor theﬁeadj zero (§) ghegioe fthataaccutsedusing télpme@d ﬁ@foe(oh mque 596, the
mem\égf: ess Ofr‘glr%fslpagf g’?é‘ﬁ?g]}gﬁééﬁ‘gg&?ég hggz%g%@) tr ans ﬁgvlce 460 will

be id8Mw atatk (alve refendd b s hi‘hey edsedbreskihig htbdat). | Dive p!(ﬂhxtt&'g @t node 444
thereb[y applying a | ow voltage to the source el ectrode
betwgerp Gl dqace 2ol and theswrits asrspSsiransisiaiod 74Tk RRF9ximately zero and no

curre\?;\)n ?ﬂ%a@sllslé R odadPth GICPURl i€ 466 V\hﬁm%f’(ﬁﬂa? hesddeoda 1§'§€phed to the

capacitively coupled to p- base 463 of
sensﬁg'l’radsavﬂoc é%,ﬁbe sansn@toan(sﬁ)orl 4§>0vw1|11t beeum itso“afffestate and gurrent can not

voI fa ied tg the .
flowdf gl 2op R4 dod B it 756 e Blseeirt heipd§ chareed read bit
line 4841085 ASt HABgHAhEM khcAkerdE a h?ﬂlﬂ%r RacEt 4868 sehset MBat@afa zero (0) is

devi ce 460 thereby turning off the GLT devi ce 460.

being ord flonptheimemetytdgli41Pead operation, the nemory cel |
O 2 S Bt L e wi

anotlggr aamitsbidirgenthef theipreseht invientien.45he @eshoApply ioNQ IfAIG. 24 includes
voltage to the wite enable |ine 430 so that nog

many, gf rt}efhﬁa“f‘? glrnents abinggreonyiestions assthe; mepeny cqlt A1Q of iflg. 4. The
sam%lrét%ﬂel ne&%{ééél S@{(éd%% %hﬁ:greﬁls&f:ﬁt Fﬁ?cfw%ﬁlegyﬁle\’\ﬁﬂr&fagemem or

ept at |ow voltage during read
structoyre redft memsryb @211 tﬂ%hashehau@d dFet sakaio€ erevitnh| comoaonlpenumbered

ellmn Mor eqver, . ne 410 e er.at ed
elemgpts g, <§§j p%r?”&d? Wilk gt fhen es&Bl%?%t‘? t%b@ﬁ{fs gqipgand only the
dlffeFéﬁrcEseﬁéthé@ﬂ VIRE M eRf @EIE 616 % MG 0% ﬁf&ﬂth@f‘@?‘?l(‘}e@'vﬁﬂ be described
Is not limted during the standby node or "hold

ng
belowt a‘t&eih Flkatd, ducmesohecelb6 0 comgrisgser gated rserdodyristor (GLT) device
460, a write access transistor 470, a read access transistor 480 and a sensing transistor 490,
and a plurality of control lines are used to operate the memory cell 610 including a word line

420, a write enable line 430, a supply line 632, a write bit line 452, and a read bit line 454.
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592 and wite operations 594, 590. [0068] For the read
one (1) operation that occurs during the read one (1)

worpwe/ 15323 the nmenory cell 410 will have previpCBEU$2009/003246
been witten with a one (1). The G.T device 460 w |l

[007BEThe mﬁnmrg lgel 1040 dllysatated indtler Ré differs éwnathefmemalryopell 410 of FIG.

4 in E@iﬁ}?&u #2&53%1@2&%%%10&&55 El%tc‘%lrﬂi) glt% ogrce e(fec?rode 472 of
the WriteAstesk ﬁﬁnﬁ?tér 41 ﬂfhoﬂ@tssmt iphdd@fior) dkearfbdid 468100 thel GET device 460
sensi ng transi stor 490 ' " The read bit line 454 is

and (Fj‘p@L eighe sqr@r@’tmﬁ@tqr@% agq)q:qug;)jed toiwag appiher vig|copgjctive line 634
that {:(?u ?&%dd@%ﬁg tntf(]ge M’é%&de'@ %ggz%d Q‘S a'is%ac%uﬁf’eﬁqg% write bit line 452
ghs stor 8 urns ‘on, and the sensi ng %

at notR063Md The aenAsE &afsistoAA0) Stides 488 valtdlgbv\atanmmanﬁ strfmlar way as
pass fromthe anode 466 to read bit |ine 454 via

descgmsipiﬂgpweuw respect\p &G frethg oyritg gecesp pranaigtop 7B icpnirels gvrite access
i ot 5 S8R5, SAN50 MPELI B AL i e P4 S0 s 47

contﬁ;lsOrea{iQﬁG@;]s ifrar sitniler magchs zdesaritied) abope rveith mSpeduao FIG. 4. As such,
ccurs, during the zero (O made 596, no

opergtian ot aeseaeninyd 5?‘3% s H?é‘i"}n\ﬂﬁ'i“f’t Ay %tIErE 4 thé mgmory cel

610 éan)elmT B@te%réé@\ﬂlscfﬁrbﬂ@& ﬁﬁ’bi}l@ﬂ%%t’fblﬁdbﬁ%éﬁ?&ﬁ)ﬂ(ﬁhé Qeparate write

referred to as a "reverse breaking node
and 1gad britlings 442, b detquplettheraad God Vdmlp@thsmn ame. Qperation of the

Wwite access.,.tra ar, 474 | i jat el ero an
memffy &) PEFTE ST BE SRR iofishy AL PR, Fh ERenGd 1o, 26
folloWgJa BéseFipAbn BPAIGtHA 4tepS uddiPloi fEtskidage thBendidt§iced 610.
ransi stor 490, the sensing transistor 490 will be in

[007?-]t EIG %2k pngd 25 dhustrateramemonasrlinh0 andanethp sicps fratsdakrication in
accorAdgﬁcé gvnthhsa o%@deé%édtukkﬁg o%iéﬁ 11'1\tenhglef SagjeZP%F{/]Q Been described

charg e does not ange
abové,htmds ﬁns&kamﬂ breviey wallritite @p6atedn SMSthbh a;tep@i afbﬁ t}Zee fabrication of
he mepory cel |l 410.

S _bei d from
mempptse 151 WHEngy BE dricPGEn ST ree oh FIG | 2 MYHiTbG diirates a top plan
view BRI MefiiShy cQ1O10. nARE MARLER m&ﬁlbrya&gé QD12 @RAFIENS, 2 metal-1

of the pr esent i nvention. The nenor
layer24 dﬁp@ﬂlﬂgdggeﬂmmg thé vias e44§aﬁ4§ e4|4§né4ﬁ gndireinaining portions of the layer

. tercon . of FIG 4. The,
of inllFter BRRRA A AnfRadeted TP D by Chinfetolipaadoplh Tine 632,
wmecdn@oleaﬂxewﬂmﬁ théal kg @mmmewu Ris ved A4S TONIG 49D, VBABAY clectrically
cell 610 has changed. For sake of brevity, conmo

contaftinpriitedts el Bhiede segion ats!lustraied) Prmad on” theP-bee "andde 466 of the

LIRS B ALl B0 G s o on

the N-hﬁie d)‘ﬁmFxle@onMSW bf theesedsifg ItltahﬁdtobGDOWTh%SsupﬁlyFlhIﬁ 632 electrically
nprises a_ gated | ateral

ry ¢ 610
cont%#ﬁ/vﬁas‘{% ¥A(bey‘ﬁfrjﬂe I@écwéects 3 Phgide region feotplusicated) f the source
electéozig 4P bead »@Hfée&%egsa@é}ﬁis%ro‘{md' 8@ 8, @aﬁf %f 'uﬁgllatm matenal (not

transi stor 490, and urality of “cont i nes ar
illustoased) 6 depcpmtteeltoaetlynagnhermsylamﬁgImz&&xﬁ)all4619L tluh upphy Mg 632 the write

4 a MWIt ena e 430, a.su Ilne 632
enably i 60 el 485 63 nd pesiprsi 9f [ ansustingoatrial are then
aniso Ilbﬁldiﬂgtudheﬁ eb |f01§14@ VllA hé’l%ttﬁﬁté%@eddg tirofzh Ak Ash1h8AS material 411 to
fromt menmory cell 410 of
via 442 and the metal line 634. The via hole can then be filled with conductive material to
form a via that electrically contacts the via 442 and the metal line 634. Thereafter, a metal-2

layer (not shown) can then be deposited overlying at least vias 455, 635 and remaining
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4 in that the supply line 632 is rel ocated such that

it is coupled to the source electrode 472 of the wite
W@e@es4358F ansi stor 470 at node 633. | n additi oPCT/UR09/003246

anode 466 of the G.T device 460 and drain 494 of the
portioan of thy layemnefl isvlating material canvppasternesl nformna wrie bvtu lane 452 that

clecREARLCoriks 14333800 et wERNPREF AP HR G Syt &

[0073PRI@t 26k tiidn dThBRINS YMSIhNQlubtRESVSItaRE WRRIHRIRSAD, 1711'@ 730, 740
vol tage at node 444 a simlar way as descri bed above

appligiltte) cortsgidines #30,436, 434, 458 f\he memaey: eel561¢ ehElGt2grduring reading
and ﬁ/?lq %ocg)é:{da%o ov\Mg t%/l\ng tnﬁe NN ee!:ltnmft‘)oﬁ':':%oﬁ{fn ?,C]vdéts L anbo iment of the

presé@ft Gi@&atidn.ansidet@ibed 10 deqilttelvs theakneg esls 610 cﬁl be operated in any
simlar way as descri bed above with respect to

one pka qyEber ghditigreyfnmedes; ingluiding Whishpre (,q,.)|mo¢foy9q,eread one (1) mode
. th N
R O L

m e read ance problem
[0074EThe anemtbraoeiled Iy cqr be iddsi gigedsepaypeadte usmgt daffarmht rvetiaiges and any

bi t Ianﬁ 452, 454&;‘50 decouple the r c‘@
valugsatnssifief dirlghare BT 4 EKEnPEFY £Rb PFAY) Jtobiptéyg ghgipprticular non-
llmlth'% 1¢rﬁ§&ﬁé Sorl. "TIH SRV & suffllyAinke 6*39'19@%0%3&1 trh%lf‘éh%ﬂf:@petrﬁlon of the

26 followi ng a description of nethod steps used
memtooy ballbr6|1 Batmd theeefoenisr yotcilbstraddd in FUG.729. AheSvolege waveform 710

app1 R o e word it 308 4fndS TRl o G el o f RO AR ittty .6R31ss 1o a high

valu€ B aghroRiMAte191.2 RBI1tS., nWI‘thg@Wavgfb% 719- tZdhsiione fﬁﬁi@ﬁhe low value to
descri bed above, and for sake of brevity will not

the highpeleewheviherierddine2Oig actvgted Athei voltagowaptfors ﬁ‘épfapphed to the
wntezglahbﬁgﬂlp%ﬂq %angg {?r% adfg)%&fgélgg f ‘é\]f)é/rpyélvﬁlﬁf(tﬁgfteﬂé %r?gt?réé: }l?%lgh value of

apprmefdateﬂi)l() 0 Vaitst hVohhgeewa@dtbm 70@nmnyitioas fromlthel layvowlucofo the high

1 layer is depagsited overlying th
valug, rvggn m@zwrlm@agml ﬂ%b‘se?ﬁﬂ"%t%‘ﬁﬁ]“ﬁ'i‘%] @tf&é@t\wawsor@f(la Rgeration that
occul'sa&iﬁfnngle Wb bAL tf)gmg@é ﬁd & a 4P% 2&8 ‘éO)O&He}zﬁfd?ﬁﬂat (gc‘&ﬁrs durmg the

exanple by etching, forma supply I'ine 632, a
writerab (@ mpde 79480 Tha domeaWavﬂfqmm’gm t7l49tappbezqotoetile\wme and read bit

. 4 to via 44 448 el e rical. 0 ct cont ct
linesy 455 | 4 e o b Aot pigeth smmamained Siptsr R a Wk value of
appr&kilnéRey a206Rts46h paﬁldum {B1fagd Q¥dveforhb130 ﬁtm;lﬁtjn@ fAAR the low value

electrically contacts a suicide region (not

of zere (Q)svpﬂtaﬁ@aye lrigh vele 9h 1 Ohvoltg-whepethel regdibit léng e isggtivted during a
read t({ggc(? fl Toc |g7§f ac{lll %:oxroltﬂgg Xﬁ%@ﬁ)\}'\ﬁ"?ﬂi XP};I {ddCorP wnte bit line 452

y Con S VI ectrica
transit@onk aedra the highc wdlaertemheno(vnmlue Whes tthatwarity baf 11hé1@:52 is activated
sour ce, el ectrode 472 of the wite access transistor
duringthe wWille,#¢18(0) Bode 729 i nsul ating material (not

[oo7§jabuﬁh iy Wrﬁedgﬁ@ﬁicfrFQPQVﬁEﬁn)féngelymO' ﬁsk‘él%tbcg%r activated by

409, the ‘supp I ne e wite ena
applying b@@@)lagd (Wd)aﬂo the rve)rﬁim;e 420 dangloapplyong adéwtviodtage to the read bit

ine 4§51 Gim, B Seadane et r P St ghe Pirgor Gelf BV ngvich the write
enablBHRS 43 is4t Idw Rf@lté/%eafeﬁﬂ@e@@%et 4R deREALN Uboer BRAGLTNRvice 460, no

via hole can then be filled with conductive materi al
currend fiowisrin she/ GA. Tt dmceeﬁ@Q: tlniillcialvblyagﬁm\tl@c't’%? (e, 0.0avoligPis applied to

the wrlr}e enalﬂﬁe i § %O w]rletmg operatlon %ﬂ( p%de bay arlr)%iya}rllg_ gvoltage pulse 722, 726
to the write enable line 430, which causes a current to flow in the GLT device 460 allowing

either a zero (0) or one (1) to be written to the memory cell 610.
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| ayer (not shown) can then be deposited overlying at
| east vias 455, 635 and remai ni ngportions of the |ayer
wW@RoovngssBat i ng material, and patterned to for nPEI/WRI00L003246
bit Iine 452 that electrically contacts via 635 and a
[0076kEHar metwriiﬁemec(snopdrauioreﬂ@tDmucadmyngmnt\muesmm(é) m@se 790, a low
I ustr

volte{gg 05%@ %el? ngﬁ%n @9 W§ 5(80 %7\@ rsal%n ABP é t|o|t earetag bt llne 454 thereby
applgéiﬁgtar B d1Rgs td 2 s clbBifod AER Of thihead BEREY trafidtor 480, a high

of FIG 24 during reading and witing operations
voltage, forexaraplsr hetweer 1.01®1ts andd coydtsn seappiic tcalppth the write bit line 452

thereggtégﬁﬂﬁ% h%"l vtongg%)entglrg ;(t)%rg%] F.I%g{f & 47n26%f tﬂg FS\)V%{ S ?gc%sg flansistor 470,

and Kigh voitegeois apphedidahe afordiliné aae ahd WeaRStoithE patdieRgtraliést 475, 485 of
one (1) node 790, read one (1) node 792, wite zero

the winle ae6eRs tragistos dd0rasdthe apasl aqvpsshiensistarsi8o; oblraprity enable line is

P t
couTRL b Py, G600 458 (1504 0P, BOPRAEL B ARLER 5 wigen o e
memivey edlly6 Exehql eliagapdlsp 70§ idgplied té tHeusdite @hable Ihﬁe 430.
articular nonljimting | enentation. The powe
l0072hE @w e 27940} 913@%%3'3&0%%%@%@ Spee Ze10dR) grode 794, a low
volta'gg %emﬁ r()VO ¢&ltd an%l@S voldlist a@)z;ﬁl%& *d ﬁle' %@%t lidd 453 t‘h@lteSQ applying a
26. The voltage waveform 710 applied to
low Wdtage Itcp the sd@@ercbogede A7Daf ﬁnelvmwe\aad:ese trafisistpp4 ik |wtal.eeth<y word line

0..0 .5, t .hi gh | f
420 G g pRieBi SeisbT pitRyiia BRCEHYaUfFet fothechats HREkSdes 475, 48
of tht RgitB iabdesy BhikstiNETD AfiiethWRES ddcBR tdilisto?r 480! dndethe¥ead bit line 454

The vol tage waveform 720 applied to the wite enable
is helq adow3@liagn gaesebWr@mﬁng awow alolfegoto hpppake @bﬂcgpsie 4&2 gf the read

acce C{ n§1s{09 4%0h|’191g W Bad 11%.@9{3%)% &p%&l thg aﬁed ele ctrod 465 which
ge waveform firansulons RIS ¢ Bwovar fo
is cajbehﬁl\hilg bouptédi theprbabh@63vwf the @haldeeick | I466 4%3£Xerb $0) is written to the
activated during either a wite one gl) operation that
memggy: g1k 64¢ Mhey \togfégwmlse T8Res @pplisrb e theowritsy engbig lu@%430 since the
volta?@?ﬁls@ 9)2 99&5&%%%% 1a98f:t‘HE§ _IINE 489 of iR (WLT B@w%@ﬁ@O.
node ol tage waveforns 730, 740 applied
[0078]oDuhing mhdreemir@eraztmm thetmd:moa'scelllaﬂ 0ig Mecrtech geadtiveted dy applying

highlv?)W3%%:t(g gqo 9 ’&gﬂat ngI ?hh@&l, %ﬁ‘?}&af%%atg tﬁégﬁlt\éaétu ﬁne 452, and
applyi/ﬂ% e R/mtgg%Qotth@G@ﬂté bfdbde fih@a30 B@tﬂa@% \catrbi®t MSw R e GLT device
volts to the high value of 1.0 volts when the read
460 thereby ipreventing p avrite oporation fiom fakingplpes Besmise(thy writelbit line 452 is
[
kept a?fl a@(ﬂta%ggi %l]gg ;9({3 g@r\éﬁ&?{) ?%%7 %6aﬁeﬁe€§fig[hrﬁ>ﬁl%g¥grblglgm can be
ellmlhawdvaMlﬁeMe,nmbhﬁrWdeIleGlm tan Ibéeolﬂdiaedi Swidtgduit Veﬂbeﬁodlc refreshing
during the wite zero (0) node 790. 0075% ng
OPe“’é}Ot“hB‘?Can the epEsnachebyween; prodeenist gathede 48 08.@ limited during the
I e} e Y [
standt%g {tﬁﬁgg\%{)r aﬁ{r%le dthé}n%&ggép !}:/t?s%aﬂ 5 {h mﬁé&ﬁﬂgs ééétj%z and write
operdtions 784TMit |ine 454 to turn "off the read access

nsj, st or . 480 f t he .nme cell . 610. \When_the ite
1007éln B the| epk oae ) gp%naﬂ%%oqceaﬁedlfrg}gaﬁe\fsacé gnEHd) mode 792, the

mem@ﬂpéi';@l GIQE\WQthA@ réVioldh¢ b&dnlwHaKh Qﬁthd'ﬁ@ne 19, THE Gt device 460 will

fl'lows in the GT device 460 until a voltage pulse 722
be in(ahigh stade (alscoteferyed to appffoadanddreaking mode”) that raises the potential of

the node 444 between GLT device 460 and the write access transistor 474. High potential at
node 444 turns the sensing transistor 490 “on.” The read bit line 454 is pre-charged to

ground (0.0 volts). When high voltage is applied to the word line 420 the read access
22
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the wite enable |ine 430. Witing operations take
pl ace by applying a voltage pul se 722, 726 to the
waowiva4sseabl e | i ne 430, which causes a curr entP@TXUSZOOSUm03246
in the GLT device 460 allow ng either a zero (0)
transgﬁmg 4(81))tum§ dre apgl the sensing trahsistop ABY pnd s¢ad @ggss[tgmmqor 480 allow a

curren t({ 8a%§n§r @eg%%gé ]4)88 tge&ﬁ%\l\}n\/&n?gzggocr}d“l { sg%g 1ng4§<{] of sensing

transBRIrVEDBNVIQ. leV@JéI S WienOth® veRthies appliedadpbit @lhet 434t idereagRdthe sense
bit line 454 thereby applying a | ow voltage to the

amplifigy cireuis B 46 senseethat t@wnq g iy being rrad dxom theqpemerygell 610.

i I
oosFse Be L8148 078 RAATBUE o B Tedh Jop) o 796, e
memébZcellngioabill lRplpyevicusty beaghwiitedd Rgh atzerd (09. TheIGIET dev1ce 460 will
~electrode 472 of the wite access transistor 470,

an
be i ko talet(alse reisrreg i ABA (Y R DTHRBE MORE )4 JEhearRien @bnode 444
betwkéh 61§ §RLi& (%)(? Ghd AfeRrift! R esdsgéarﬁfst&hfm"\fs &ﬁ@gé&r ero and no
transi stor t he reaé; access transi stor ﬁ
currewr lstpassmgtﬂreugh the GIST devipd ¢6D.t W}teheegnahlesjateic&let%de applled to the
of, thg GLT device 460, ﬁ é; tten %?
sensq:}% ltﬁgp%}ste)é 90,489 seNSEIE WS{S% 9§ Wl QGtSI psbqt? a f:%rrent can not
flow ifden Wd 4fdeR8I 18 thé 0&ité B8R 1ideU57dndR8 thE RRiM40YL %f%@ﬁs@ng transistor
0) operation that occurs during the wite zero (0)
490 vrotiee B34, Ifah¢ voltagslandhe preethsegad readbiy bine $54ddesond change, then the

i S. ap wite hit.line 4 t hereb
sensquiFarcifi g Serspufpat ot eirg Gl el bipabfoinde Fnosy cell 610.
[0081]T&hi¥e | 4t€lcAGCERS ekEmPRins le@ibofifRent WiHs! BednhBresexited |1hntﬁe foregoing

420 is held at high potential thereby app_ylng a hig
detailed|deagytption., it ﬁbmg]d%é agpeeetateddbat ayvast namberdt vapiations Q"éSt It should

s RSOG89 BEGSTDIPE S BEys s o

exandphsy ahy ﬂ@pioyumtgnd?ed awlmnt ltl&gecdpe txj)\[mcabﬂut}z,emebemﬂg\matmn of the

482 of the r ess tranS|stor 480. The
imverdioagh any e JGS e JosEeE ds el Fb dgaTBHOR M iPFeite tpge skilled in

the ivith 15 C6ARRFH: | N8H Ym& uﬁk ei%ﬂl&n&rﬁﬁlgptﬂéa%ﬁerﬁﬁl%r}oferﬂlﬁ)@lment or
GL.T device 460. A zero is witten to the nory
exemp&ry egboduhents. v &l shaghl lpfuue@rw@d that a/ppbu%dﬂalngeﬁ ban be made in the

funcrif 481 R Refhent BF eidiiont' it denarfing 35 B 79pf F gherinvention as

set foVih Gl AGRndéDOZBs dAdthe Bgll dduevalditathefdd€r ati on, the
menory cell 610 is selected or activated by applylng

hi gh voltage to the word |ine 420, applying a high
voltage to the wite bit line 452, and applying | ow
voltage to the wite enable |ine 430 so that no
current flows in the GLT device 460 thereby preventing
a wite operation fromtaking place. Because the wite
bit line 452 is kept at high voltage during read
operations 792, 796 the read di sturbance probl em can
be elimnated. Moreover, nenory cell 610 can be
operated wi thout a periodic refreshing operation
because the current between anode and cat hode 464 is
not limted during the standby node or "hol ding state"
that occurs between read operations 796, 792 and wite
operations 794, 790. [0079] For the read one (1)
operation that occurs during the read one (1) node
792, the
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menory cell 610 will have previously been witten wth
a one (1). The G.T device 460 will be in a high state

w@ 2008048585 erred to as a "forward breaki ng nodePQT/URzan9/003246
rai ses the potential of the node 444 between G.T
device 460 and the wite dck&BYStransistor 474. High
potential at node 444 turns the sensing transistor 490
"on." The read bit line 454 is pre-charged to ground
( OMthaY il dlsimedYien hi gh voltage is applied to the word
l'ine 420 the read accesstransistor 480 turns on, and
the sensing transistor 490 and read access transistor

129, 2 RS RS B A0 Ry in o s

of: transistor 490 via line 634. \Wen the voltage applied

on bit _line 454 increases, the sense anplifier circuit
34pBro¥ishinga sericonguter e (409) camprising, firsbargcends thirchand fourth well

regi(gﬁg g?&y 49?'48664&38 J&%@J cdx:l(a[lét'i\?ﬁ' etSf?@gl the rs&n{c?%lucrtr%r dlgyer 406, and a

ation that occurs durin ead zero
first gate, sttukmreré4aiy408) edvierl§i(y thiel firsheeh rpgieui(d63), 1 deeemd gate structure

@sEfob bl el ond wbllewan (87 doe 4 e SRR iecldtbiags) overlying
the tli'ig(g@?r% fre%-‘mﬁ (4%%H aRd itk al witRIke ée%én(pﬁat%ﬁ'lﬂgt@e-r@d?)\mgf and a fourth

d The wite accéss transi stor
gate atppntanei(#2/408) overlpingribe frairthuwelbregiangd483)ssi ng t hr ough

thg GLT device 460. zero bhias.al npde 444 |s
\pTIE FEEVAL GRRer o0) AR 3ab SUERBISEHI4) faf the frst gae
struchfré(WGSM(ISP afi@Sideivhlls LA 21 13,436, P 438 2410) BntheGeédRithrough fourth
can not flow fromthe anode 466 to the wite bit |ine _
gate giructergs) (479/408e4813/40%, WSA0SH, and s ingplatingsppesr dlockadoy) everlying a
] | ) A r .
portb 85 Bt U VOLRREC bl NS PO f0Mfhbe assans),
the isulatingt sp3<s Heuks@®$9) hdjacamtassez@idsidOyall &4 15¢iofithe fimtl gate structure
fromthe nmenory cell 610. [0081] While at |east one
GMS@Q§HpIary enbodi nent has been presented in the

f ofRAHNY ASt bl AERAT (49D] ‘%Hjac%ﬁt SRt B8R structure ﬁ4t65/408), a

appreciated that a vast nunber” of variatidhs exist.
commho udrdinddatwde eregppr €474864) bhtateeh htheeflistpdral yecond gate  structures

(a6 SRR OSSR, ©hccond TR S PR R Ser e AR APRLER ass1408),
a confiRdl @akhisbiinte 1@EioROM4I2It bedwed! thd)@hikd\@At fouRthi Bate structures
any way. Rather, the foregoing detail ed description
(485%0¥1 49 4B cradiardrein rerion| (494)i adjacket the fourht gateystructure (495/408); and
co | £ n T [agol '
erugARIEER firs, 84 B0 268y (IR IR 119 e g ETRAAGN (463) under the
insuldtigiesmicaoslotih 6467y adjaoeist thd firky @steGanctate (MHSEI08) dnldean anode region
unction an@ﬁanran nt of elenments w thout departi

f e ng.
(466} ythefiet weld segion ( @eﬁé thatextends intgthe &irstrwiel} region {408) adjacent the

first & &gyl ms and the | egal equivalents
st BRBTEEGH (088, ot 1o cl avmed e b A hethod for

fabricating a nmenory device, the nethod conprising the

steps of: oyi di nq. a sem.copduct or ] ayer 06). .

cotpr | S EEHPY SECoTSg R Ieieh | e FOYEP ST dgRting sidewall spacers
(467{ EGL NS a ([(A&DideWall (A3F of 43HirsPhat@ sirhéhite @8BAIRY bNd SMewalls (412,

ype in the sem conductor |ayer 406, and a

413, 416, 417, 418, 419) of the second through fourth gate structures (475/408, 485/408,
495/408), and an insulating spacer block (469) overlying a portion (468) of the first well

region (463) and a portion of the first gate structure (465/408), the insulating spacer block
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first gate structure (465/408) overlying the first
wel |l region (463), a second gate structure (475/408)
Wo@nliydsey t he second wel | region (471), a thiPCr/jsz0e9/003246
structure (485/408) overlying the third well region
(4690 adjgyent agecandesigheayallvid ) @f%frb %@ﬁ@aw geuctire (465¢408) efurther comprises
475/ 408), and a fourth gate structure (495/408)
élplfyl ng the fourth well region (493); form ng
si devfatrhal BPdeREising 48 Ahsagticaaterial fagérs(t46$) Seewuh% E4pbddd portions
of the first gate structure (465/408) and si dewal |
oftheéirzlcon@actomlmer (49®; 418, 419) of the second thr ough
[ 7 0 .
an H{:Otélnlihlggéﬁ?tgéé’ng?&g ngageérgeﬁ 65%6?1(08/’(3 4%§§on X Ité?g ﬁgsﬁl(a?iﬁ}lg material layer
(4679)Qﬂﬁém@vdrl4&8é pO[ftlohf(Q6$) oBthevilrkl welg @égion (4633 )anddpdation of the first
rtion of the first gate structure (465/408), the
gateﬁ%‘iﬂ”&t(f‘ﬁa“@@aé@ bl ock (469) adjacent a second
Si e 4 :
F of iy Aronidl Ml WiZetogal peftbfs 5 g Bttt layer 467) o
provgiet eidetvallcdpacers (465 ddj8gent & ﬁmtrmndewiﬂla(@% atfhthelefirst gate structure

P e N W PR
struckdt8L Y4 Al 5C &iRls /d0ige 45 5)408), %Ueansﬁrfsuﬁﬁlﬂgespﬁé@%lé&(sk%ﬁ overlying a

conmon drai n/ source region (4 ween t he
portian @468 wf the fiest weltregion (49 a@d&aiotti@; oﬂgﬁ/fnetsgqte stoattare (465/408),

e SR ST UBEEN L5 S DS (RSB0 st

(465ep08gnds into the first well region (463) under the
i nsul ati ng spacer bl ock (467) adjacent the first gate
structure (465/408), and an anode reglon (466) in the

f i St Wg lne{hﬁﬁ 63%)@0&?}-?%}0 tc{m{q K&ﬁ"é}gl s?ep QF erhﬁr?é a first source

regi on cen | rs ase reg
reglc(n46437)2) aajacéntnﬂfehﬁ)ﬁt A0 Bithdtgret (3166!4@8){1 a, comi‘m&fre Idfalﬂi/bﬂhode region

'] ad
(474?4i6flgpe@ieag&gq E?s( 311 ;gg}fndt g%geag%cg\lreg 2{?%5/@({54, ggg/&pé), a second source

reg1c(n4@ﬁ§/2§0a%)ac@ﬁ‘tdth%' ﬂf?x‘ﬁagﬁt@ s(tfhjcalre 4485/468p:a éérrzlmoﬁlgrauﬁgtﬁl)rce region

thée second throu fourth gate structur es (475/4
(484&@8) U@ een gis/thivg pnd a)ujﬂagatc ﬂtsllldtattes (4B S4428c ¢95/80®)c land a dram region

469 i ti f the first
cao4) o FRar oL PRt e A08) e pobidmdBemnet o
(48RmB) firthen lnliiﬁlhhﬁiﬂaﬁﬁ (BPRCSJer MORKIRERY spaieABRIIk (369) and a
second si dewal | 415%) of the first gate structure

portipn @5thedgst W‘Plbfqgt%lr(“é hpndses the steps of: conformally
dem Lu“ n't S l g{dﬁ%a(lﬁlg?{i' éondaé/o%rdugté‘iﬁg) glrpe into the exposed

over y| n ose ons e Sem condu
portioA @6 the ﬁstWeﬂil mgloni(%@)smist}fel %&ﬂm&wu@d fo(xAEGz)elbtegrona (471, 486,
portion of the insulating material_ |ayer

493)69 &my: @dirgt 9YFeeiTERIOP 4B E) aéIaCF‘Pféh? ﬁr%tgakﬁeﬂtqucwéf‘gi‘léﬁ/‘lOS) a common
r e C

dralr% ibide Og%l ag@ﬂ/h i %tglgll%@aﬁ:yﬁ}g% g In%e%%a* ég)‘g{)gggctures (465/408,

475/4e8)t a serond fourberagimm(48L) adjacemt drei third IgateestruCifer (4866108), a common

drain/source region (484/492) between the third and fourth gate structures (485/408,

495/408), and a drain region (494) adjacent the fourth gate structure (495/408).

4. A method according to claim 3, wherein the step of forming a first base region
(468) that extends into the first well region (463) under the insulating spacer block (467)

adjacent the first gate structure (465/408), and an anode region (466) in the first well region
-25-
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provi de: sidewall spacers (467) adjacent a first
sidewal | (414) of the first gate structure (465/408)
waowIsssseal | s (412, 413, 416, 417, 418, 419) ET/UR09/003246
second through fourth gate structures (475/ 408,
(463 ythey evoends4ony thedirst veelbiregioni (463)] adjaceyt theduret bask gegion (468), further

469) overlwing a portion (468) of the first well
cmnéﬁﬁ?%ﬁsz §¥ and a portion of the first gate structure
( HfoaiB secoh@ idmplarit sk BOresveb RcCkrst AR8ughpfiugtt giate structures
a second sidewal |l (415) of the first gate structure
(46549853 1HOHI8, 4§5/4ﬂ8n45& ) axchielr enpeges anoghesipertion et dirst well region
(463} %Jﬁac%{‘l?{?\e? suﬁafi{ngl Egce?b 00[(?11693()[” ce region (472)

ate ture (465/408), a conmmon
dr iadpir dighdéieant &@h@(ﬁ(ﬁ4%&/é@4§hebﬁkwﬁtﬁ Qoh&&tﬁvit&sﬁypaﬁdto the other
second gate structures (465/408, 475/ 408), a sec
exposgshpartion gfjthsfirstygel) reseﬁra@éﬁi adjpgent H}erlas@atﬂreg etaﬁ%rcltla%(%% at an

el O A oy VPR Pl e Wb s B jeppguctr taver

(406)419&1)#6&) firsababe aeglomi(468) @l@thﬂflr@ﬂ-@éﬂ r@@m(ﬁﬂ?ﬂ) thdo exfeﬁdlsr irlno the first
S cture (495/408), further caonprises the
well §¢iicy 6%{5&51@ flig gsulabps .SHﬁqeaMO%@@W?&Q@yﬂWE? hekte structure
(465M0§y5§&|ng spacer block (469) and a portion of the
first well region (463); and inplanting dopant ions
( digplariimngi depaat seco(fdSy dladungt thei firpt tcyp@qtlmty) type into the exposed

p d portion of i rst wel | e
poriGRRTREC Rt patn (4RI Form B apedqhebn bR b {5 first base
regioh@468) and fthe &Eulﬁﬁﬂ%gﬁcéﬂﬂb&@ (464Y.2) adJ acent the first
gate structure (465/408), a comon drain/cathode
regi on (474/464) between the first and second gate

stguctu 4

b2y aiad Bpckiipg 1 lald ) iR RS QUGO8 comprises
P-typep#finthe décmnﬂ/ceﬁdudneltye@earm(péﬁéd Magpe.bet ween the third

and fourth gate structures (485/408, 495/408), and a

drain region (494) adjacent the fourth gate structure

(495/ 408) rd j -

LS st en B e B N U s TS R e comprises
N-tyme tndthe secdmal dondudtivityttypeédmpregs 8rtypel63) under the

i nsul ati ng spacer bl ock (467) adjacent the first gate

structure (465/408), and an anode region (466) in the

fiyst vwldxetﬁ&ga&eféggio &bt 1 eHBEdDMpHsthg A6 sfebloFt

wel | region (463 acent the first base region

( 4s8iing fthe tltm@}antﬁsinﬁrst seyrcenegwnedd2hfimplarted ggmanon drain/cathode

e 37RO g BT P Bt g P e

regioA88419%)), Mpl@ﬁteﬂ@ﬂﬁ&&glaﬂ 9% inpslanted firafbabd eegion G168), 1mplanted
wel |, re i on adj acent the_insul ating spacer bl oc

anodg zegign (64| %@%‘e O&Eybaaﬂtlatpehgl ffuseen ohdonany quﬁemgvé@éfﬁ’dm the first
t { t ohxt.l
sourc%%glpﬁ r(g?i)v\éllle][ Xé}grémlog nd??&}lg h%ﬁ@ % @ﬁ?@ﬁﬁﬁﬁn{eﬂgl sg?clnﬁf source region
(482) fleecc@mrhoo diair/ ddiHge agumr(4&4}’39k), tfe dreinsregibaf494)y thy- ﬂ‘rst\mse region
degree relat to an upper surface of the

(468); 81k 08RGt (468) er

8. A method according to claim 7, further comprising the step of:
forming a silicide region (444) in the common drain/cathode region (474/464) and the
fourth gate structure (495/408) which electrically couples the common drain/cathode region

(474/464) to the fourth gate structure (495/408).
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(406) to forma first base region (468) in the first
well region (463) that extends into the first well
w0 e@o0#8563163) under the insulating spacer bl ocCRCT/US20P9/003246
adj acent the first gate structure (465/408); and
i mpl anting dopant ions (505) having the first
cofiduct Aunethod gaerding to tlasn éxfiothedcqoprisimnthesteps bé

bRl eSS0, (400 b el B TSRl B st soure
regldnn@lqb)”‘tthé" gn&ﬁafé%fonbM@@j( thé 8ddond Jourte ToLBA(485C @hdlithd drain region
to im4, wherein thé first conductivity type

@94h@n¢r|ses P-type, and the second conductivity type

r i s e gbx‘a%/ E ‘§4t1 g 6%%595%49 ait P\Eor di @E&Fﬁpggagét%ﬁl?ybcgnnects (421,

428aggzmm¢ second conductivity type conprises P-type. 7.
A net hod according to claim1, further conprising the
step of : heatlng the inplanted first source region

CH18)  ATRLARS S FANTRD AR B gpsor

| nfdrmmgezd pQWBﬂTﬁfppW ﬁna/(&:z) raﬁ& ar\eﬂteOéhabl%&Mé@lZD) whereln the power
npl anted drain region npl anted first

bas
Supp}yégaeow%h@sfytncaﬂhpvcaﬁ@%t mﬁaée fe@gqrbﬁ%éh@s«)u&hoa 5@&9 ¥ (448) and an
1ntert9c#1(ﬁe1 r(?%i’t;)aéxg% ?J(l:lggel}r(e {}#—:%H% 4@5531%(39%?&3@oaécth%iﬂbﬁl?&té fhe first gate
structira (465608 ankk thedstorasé depdéemi@dg). t he second source
regi on (482), the common drain/source region
(484/492), the drain region (494), the first base
regj.on A4§§hodSaﬁnﬁggﬂﬁdﬁﬁﬁU@Wh&ﬂé@%nqﬁml tHEEQBQof

according to claim further conprisin e step of:

f ofominimg sgcend dasie Si e@ﬁﬁhf(tm)nqaﬂytchetaetdhﬁﬁnst vias (441 442).
drai n/ cat hode region (474/464) and the fourth gate

structure (495/408) which electrically couples the

comron Amdthéd addodifg kedhion 1 ( AiAhdCebmpriidghtie Et@pg bh

gate structure (495/408).9. A nethod accordin

cl Brming a piite Ritrlineddpe) Hiahglectically spataghs one gf ?ﬂ“’n gecond vias (451)

and alg%%? gfg tﬁ’iﬂtQ E@estzt? et %i]ectndt%ﬁ cOftdets %ﬁ?xﬁ%@%ﬁh@?&%& HakYass).

irst sourc regl on he an
region (466), the second source region (482), and the
8 ﬂ%¥494éﬁ and for first vias_ (441, 448,
?“‘Et 1R F‘?:‘élf”l“&‘/ corbeommsInghE SR REct s
(41%11{11 8 pothér suﬁﬁ?)hnel(%ﬂﬁtﬂﬁ?temé%@ll?Qfoﬂia@ﬁ the fik@bdlrce region

9, further conprising the steps of: form ng a power
(4725 anshthy sk¢and souB2)regiod (432 natvmtsrcablble linner(é3Q)4tB@t) ¢lectrically contacts

the fi’{‘% ngag c. %h’l.‘l: rt]lfe{s Qgﬁg/é%@u%gi %lﬁlfl rﬁ% 432 zﬁ&t&r I Iccf? a thnnector line (634)

that £1é4falBNEbuplesi the @h6d¥gtdn (463)3)0 th%rtﬁai\ﬁhegﬁhr(@@)? wHetdi® the write
enable |ine (430) electrically contacts the first gate
enable line (430).

14. A method according to claim 13, wherein the step of forming a power supply
line (632) that electrically contacts the first source region (472) and the second source region
(482), a write enable line (430) that electrically contacts the first gate structure (465/408) and
the first base region (468), and a connector line (634) that electrically couples the anode
region (466) to the drain region (494), wherein the write enable line (430) comprises the steps
of:
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structure (465/408) and the first base region (468).
11. A nmethod according to claim 10, further conprising
w0 b@gsssps of . form ng second vias (451, 455) PBEEUS2009/003246
electrically contact the first vias (441, 442). 12. A
rreﬂﬁmltmgc%nfmitn@}"troof:mtahOl’trlymgrthh rst yrapr(d4 1 nd2, M8, 449) and
W ite bit e
rem 0§ Bofions of bR LB Spbena Bt T APY I (451) and

a pa&ﬁlmhgtthé fifs? 14yEbbF rﬁéﬁ@lttoefbﬁﬁtar;bcswérlsﬁ ﬁlgnt@%sz) that electrically
anot her one of the second vias (455) g A net hod

contagts Brecrnigsauacectiegion (972) andi the secapesplEE Aegion 6482 eparise enable line
(4302 %tlf}(f‘aﬁlg/%(fnrt%c;ﬂso g%cyu fri{':s'te te( Qg&)nt %;@;55/%)%) %I%eﬁgéek‘ ¥t (})ase region

(468;Qmﬂmecdnﬁg¢tom1n(e4(&2)1) that Wétthealeﬁa&lﬁed the@n¢db3gionh(@66) to the drain
electrically contacts the first gate structure
regiqn @84 sereai theywaterenale liga é83WPegi on (468), and a
connector line (634) that electrically couples the
anode region (466) to the drain region (494), wherein
t hda5 wr i emethab hecording tq 413t 13 1frthér comipristhgibe ateps ng to

g et v A PRCR PG rieit Geaets WBe P 3t LR aad another
secoﬁ@giaqnf)“tﬁgt)el&!ﬁ%a‘ll RoRBERME SHNeEST [1§QFG3Q )(482), a

wite enable line (430) that electrically contacts the
flrst gate structure (465/408) and the first base

PEher: Barryod Bor ot RRESER S SrB siimite B sieppet

d r ﬁirﬂnﬁgeg tean béH%)(45mﬁatedlébtﬁ&hmwdnta%tsaﬁa béc%nh Ivme(455) and a write
nprises the steps of:depositin first |ayer

bit hr_w (45)80 éhat elpeiricyllnepntanss thierodher wpegnd (viai 6 51.42 448, 449)
and remai ning portions of the second |nsulat|ng
material |ayer (409); and patterning the first |ayer
of 1Tret alA hethb fon fabrxaviag aswgpodry devive, the 3@dthddeédmprising the steps
_electrically contacts the first source region (472)
of. and the second source region (482), a wite enable

POvIARDA stlRbn@l &SRl &Gakbd) SRRIRGAS fitsh&ebbd S tthlﬁﬁ%.lﬁl fourth well

structure (465/408) and the first base region (46
regican 4GB, 3 h,n‘k&ﬁt 493) qf ndirstt@ajlucthaty tgpeot the sahicymcl\mlupn lager 406, and a

t he er to,t draj,n r.e
first G BT T T EREbin o 1ot B )eEi88 ARl iebona sate structure
(475ﬂ1©gpbdérr3@ng theCdeBbriB Wall rédibh tuen)CQ MRfd Fét@ gtrh&t8resU8BR08) overlying
form ng a second via (455) that electrical

the th%wsutrgglm £486) and ingpgral witb thexsegordhgatn éﬁu@é@cﬁ‘}ag/\?‘p&), and a fourth

L
C ofgoiirtd fﬁgiet’vfaﬂ sjaeq@s ((457) fadjaotmtga afirseaiticoiall (4148 (f48w) first gate

a0 b L HEE FTEPY e e o

gate Qﬁlﬁ@ﬁrég 7(5%8\”4 ﬁ@ég@%ﬂ%)g) dﬁd%tlﬁﬁﬁatfr%r spfa@é?rﬂl&&t (488) Sverlying a
menory devi ce, Conmprising t
portion (468) of the ﬁrst well region (463) and a portion of the ﬁrst gate structure (465/408),
the insulating spacer block (469) adjacent a second sidewall (415) of the first gate structure
(465/408);
forming a first source region (472) adjacent the first gate structure (465/408), a
common drain/cathode region (474/464) between the first and second gate structures

(465/408, 475/408), a second source region (482) adjacent the third gate structure (485/408),
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of : providing a sem conductor |ayer (406) conprising
first, second, third and fourth well regions (463,

WaATWwI/148383 493) of a first conductivity type iPCT/H82009/003246
sem conductor |ayer 406, and a first gate structure

a cofna®] mafp/SQV@ﬁl IEigieg (4%/492r)sbetwe¢n theghioth gndeHurthg gate structures

e8RS A ol e A ol R PR G B o100

ovardmgwgntlbﬁ infplard wasd (5@19! over (A8 Hirsefdtoligl €Quirt gate structures
h the second gate structure (475/408), and a fourth

(465@‘%e4’éi/4%t4§|5(é‘0§4@%?/ﬁ@%)wl@91é EKBAsag anaiberf pautieh ofyghe first well region

spacers (467) adjacent
(463 ;&gl‘l&g {h‘éﬁggmath%fg&% b%%e(twﬁbe} 'first gate structure
( Atnipplditihe dophns i 10@Nvgs039 }(aﬁr% t}klé’ecoﬂd&;oné\]&tv1t§f1@1pe4ﬂt9)) the other
of the secaond_t hrough fourt glte structures (475/4

expoawczrasn of thsy faggyvell é‘t‘&lo%ﬁf‘q3h§ aggnt e Wswlating ma@ewlock (469) at an
e 4L SO0 RS LR Ohpd M AL B dpeptucor v
(406) wofotGBiirst bise reglsnr I(M&)ng tispficse well Iregikin (M)thaidajxmndmnto the first

a second sid of the fir ate struyct
well GB35 108y "B Tt e ol Tt Phegd S ROARE P gt strurure
(465AQRPGRAt the first gate structure (465/408), a common

drai' n/ cat hode region (474/464) between the first and
seimpiantygt dopant venuf¥Y) (E6igd 08, fisT 3ond@tivity typeanty the exposed

.sour region (482 jjacent the third truc
Port e B o REROR" AR P 0P eB it bk PR e gaiecal Be first base
regldﬂe(h@\@%dtm@utsmaﬁﬂg Sptdef BIIEK (MRt MdSt ruct ures (485/ 408,

495/ 408) , a drain region (494) adjacent the fourth

gafogngt%@tlelrié region (43 jn thegommen érram/@mhq%mealﬁp (& #064) and the

o o 0 O O DO SR o ron

(474/466) toahe fourth gate stfuctdre (495/4@8)wel | regi on (463)
adj acent the insulating spacer block (469); inpl anti ng
dopant ions (503) having the_second conduct|V|t dD
i nt® t hA Bethed agsosdiag fo 5t9rm|18nWbPretm@eﬁtepst mmg sidewall spacers
) [
(467{ ﬁ%gt%ﬂg %4@% s@%}}'ﬁfgﬁh te)ggle't ?o rs?scr?f@@%g/{?r%ggéd sidewalls (412,
413, débati Ve 18 448) o plee swnﬂahmugﬁ fotweh @m stoeuvtred ¢475/408, 485/408,
er (406 o.forma first se r.egion (468)
4954 R cind,a sl ing PR 51op R kO DA PG OR) o The first wel
regtoWe(|453 88 QPoffGBdf &kt Ehe s'trﬂ@tﬂt@(%@@l(ﬁ? @ﬁnﬂlﬁﬁtﬁ spacer block
adj acent the first gate structure (465/408):
(469) frﬁpa@nt & serodd sidewvalldAES)(F0bY firstgategtubard (465(408), further comprises
the S%ondtlct ivity type into the exposed portions of the
base region (468) to forman anode regi on (466)
adfonE@ialllynRpbiifig ahasildt lrﬁﬁteﬁéﬂa&}er&(ﬂdﬁ &e&rlying exposed portions
i nsul at| n spacer bI ock (467); and form ng a suicide
0 th?éflj'il Yayes (44f9; conmon dr ai n/ cat hode regi on

ST A A g e

(467y ebichroverlies a portion (468) of the first well region (463) and a portion of the first
gate structure (465/408); and
anisotropically etching the exposed portions of the insulating material layer (467) to
provide: sidewall spacers (467) adjacent a first sidewall (414) of the ﬁrst gate structure
(465/408) and sidewalls (412, 413, 416, 417, 418, 419) of the second through fourth gate
structures (475/408, 485/408, 495/408), and an insulating spacer block (469) overlying a
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(474/464) to the fourth gate structure (495/408). 18.
A nmet hod according to claim17, wherein the step of
WO 2001485331 dewal | spacers (467) adjacent a fi rBET/US2009/003246
sidewal | (414) of the first gate structure (465/408)
portign d468) g fiest (vv¢!ﬂzegwm3‘4634)1@d ajportion 0 Bthefiret gasé strgsure (465/408),

the AR PG g ROob AN ] PREV D IE i st este sructre

(465(489) overlying a portion (468) of the first well
region (463) and a portion of the first gate structure
(465/408), the insulating spacer bl ock (469) adjacent

R S e R L S R L

defuemiing 5@oder sisply dineng3 Tpdhar elabtnbﬂ%ebor(técﬁi Xhe anode reglon (466),

overlyi q exposed Bortlons of the sem conduct or
and g 38§ engfy 6\1/1m.(ﬁ§0)§ ot Jeersally cantassy the; st gaﬁgesru@wr (4065/408) and

I i,psul ating material |ayer (467) which

ﬂwfg%é%(g 59%‘%B§%F§§ (468) of the first well region

(4ftoBmirggal waitbit tine (452 ahd e réadrtdt liga@é4st r uct ure

(465/408); and anisotropically etching the exposed

portions of the insulating material |ayer (467) to

provi de: sidewall spacers (467) adjacent a first

sidewal | (414) of the first gate structure (465/408)

an2|0 si déwaethed gacb2ding 1@ claitn 6/, futther abI)&;risilrth)he sfeps b€

é)o nd t h ro g\%h (§f§ 59 % gﬂr&g @5 ﬁ%’f{ﬁ u iﬁo rp@ﬁg g&gﬂ‘%&’ﬁ first source region

(4721 ﬂiﬁﬂﬁhe%\é@dﬂcwdﬂl%ea&@fdnl @82, ‘Lﬁ«gﬂlte@nabl@%xfel “sb) tnat Electncally contacts
region (463) and portion_ of |rst!%ate structu

the f'(ratay/t@l@tsl}ctuner(é@/ﬁg&) and g férghb@e rpgige k4436 and acqoae@mr “line (634)

o PEEARS S b ] 5L A BB 981 W e e

amb&dﬁmKHSOhgndhe steps of: forn1ng a power supply line

4 that elecirically contacts the _anode region
mgaqr]@ag \‘/&h“leé“gﬂa?élldé‘ Vit ingdSehat el ectrically

contacts the first gate structure (465/408) and the
first base region (468); and formng a wite bit line
(452) and a read bit line (454). 20. A nethod
according to claim17, further conprising the steps
of: formng a power supply line (632) that
el ectrically contacts the first source region (472)
and the second source region (482), a wite enable
line (430) that electrically contacts the first gate
structure (465/408) and the first base region (468),
and a connector line (634) that electrically couples
the anode region (466) to the drain region (494),
wherein the wite enable line (430); and formng a
read bit line (454) and a wite bit line (452).
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