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METHORR{FRE ABRPRISAEING RATHR S8BH i FRAEHET O B

WD 2009/ 148533PCT/ US2009/ 003246 METHODS FOR
FABRI CATI NG GATED LATERAL THYRI STOR- BASED RANDOM
WRHOESBSBEMORY ( GLTRAM) CELLS 5TECHNI CAL FI ELD »@0083009/003246
Enbodi ments of the present invention relate generally
to sem conductor nenory devices. Mre particul arl
B A RIPG g5t MENORY
(GLTRAMY QP t hyri st or - based random access nenmory (GLTRAM
menory cell structures and nenory devi ces which
I mpl ement such GLTRAM nenory cells, and nethods of
fabricating the 10sane. BACKGROUND 100021 I ntegrated

circuit nmenories incl t.at | om access nenory
(SRAM . Many SRAM cel %%ﬁé%ﬁgg%ﬁl lize

[000%] Embbainednd BF the pedsemt irfveaiisl $1e SRy ﬁ)ehélﬁlcoﬂ_dlﬁtor memory
| arge | ayout 15 areas associ ated wth such

deviggsy - Moaﬁsﬂagtcg}aﬂam @néqogmflerttsr @iﬁsth%mmsemempymve ré¢lateviii gdted lateral

thyn?toF b?sse rae% emnké&gﬁgﬁl@ﬁgﬁﬁv d(ge gtzgcg‘ures and memory

devi¢30RBikh Ghifﬂﬂéinérh e@eh CtEBT\RAM Smerthb8r Ecllkavufd he@hodd be Mabricating the
to build a thyristor-based nmenory cell with a sinple

sam§.gyout and reduced | ayout area in conparison to
conventional nenory cells. A thrysitor is a bi-stable,
three term nal device which consists of a four |ayer
structure 20 incl udi ngBACRGRQENdnode regi on, an

10003 b ase e dneri e 0 TR eF st DRl (TRgDM). Many

SRA'M‘ céll BNP%I%QﬁﬁhMl@tﬂaﬁﬁstoP B EigRCHARMorAhEMbARS ¥®E. The large layout
bet ween the P-type anode regi o6n and the N-type base

areay @gomted vathieh sthtramdistgmpandoci ght-trangiston ragrdonyhesllp-wihygreare used in

many RSP QB0 e o B Mok MR AR G PR AM devices

[oooﬁkGym tBERARawBaikeNthetd Ravy Beth %tt@ﬁbfbot@emﬂﬂrzﬁﬂiy@l@toribﬁ%d memory
e P-type base region. [10004] F. Nemati_ and J

cell pithrarsimpelayodt aed sediged laxqyt @espi iBeCAMRATISSR (9 caa‘sé@alonal memory
cellsS Eytarys B?[}Q a Beéthl%ﬁe N@ted (8 Mgféﬁyﬁ%'\}gﬁ%ﬁ%ﬁn%gtggf E%Eél?relayer structure

assi s , ver
mclu‘dhg a/@rttype ahodehsepiosit an N-sympmSatregion na ®-tgpé bamh:ghmec:bupled toa

gatem%}roa%%qnggrg rN-gg%eee gat rm(%giéq)r? rz‘a?r—:itfll D nplaggﬂsf\f configuration. PN
Junctliiﬁrgrhr§@@r?r$d BeB¥een 3@ PIR/pkaBBde Heidh Pl WRIR b&% region, between

Center for Integrated Systens, anford University,
the Nstypefloasel regipo and g@oP- tymebqse régionmandebetveerh the TR- W] bas¢ Fegion and

A ST X T —

regldﬁeme@my@baaﬁtr@gl@d charge and carrier transit tine
e P- tage base regi on of the PNPN thyristor

[0004]25eN91§a%|a / nla Plyenmgqyhave disclosed aawmet/@ez@fr&tor-ba%ed SRAM (T-
RAI\&Dﬁﬁfﬂa?% ?&h&gtr%sgﬁ&egnfl g Q4G4 L ARRIaPPNPN thyristor,

urn-o
where the vertical thyrlstor 1s 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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WD 2009/ 148533PCT/ US2009/ 003246 the vertical thyristor
to discharge the stored charge the turn-off
Weh@paetsey i stics for the vertical thyristor arBCT/US2009/003246
improved frommlliseconds to nanoseconds. [0005] FIG
the verticgl thycistoe (4 dischangatieistorad changé the tirn-off tcharaetsristes for the vertical

of co nti onpal i storbased Random Access
thy“%ﬁﬁ%‘ryﬁ;} ﬁgﬁ"“&éﬂ‘ §e?"ﬁ‘5HPd?%‘QS@F°§§?\A cel| 110. 5100061
[0008SFRNOMR d &irduiitGehématlc RAMBRN! i1143PateLAS higd of)éorWQﬁﬂonal thyristor-
l'1Tnes 120, 130, a common bit |line 150, a

basedRpndim iAgepssNMesmpned -RAM) eslls inqiotiag Y -RAM e@!l 1HD in
[ooogﬁéf 8@0\1%5)‘{1 Fith {\| AT, lbrc%gesl%)tSto?rwoéa 2‘%}85 FSO I%Ta common bit

provi’des™ an active
line psmarmﬁles:apadithwymﬁlea%yamdr qr@@mzaexheé 14Gm me@hem an NMOS
to the gate of the thyristor 162. The NMOS access
accessy wprisgeod 74.70he TGl gleairen BOwpEqyidescan Hetee rsisgagel glment which

com segﬁggé%g e éll‘gF %gé)aﬁi]tgtr@c C}g)VI Cm%apé{) hquyr}s?&’ 162. The

NM(DS)Sd:desy&armlsaSr 170hie cdajldd tetwieer a tathodx hodd 146 of the TCCT device 160
-stabl e current-versus- voltage (1-V) characteristic

and. the copnoay B e, G ore. $6 606 A afethier i GE dewvics; {00 15 fixed at a
p0s1tf\%SU akS mReardCdeqtaad 1%pr &lmbl%etamﬁﬁﬁaﬁlegé&@nt-‘?@ﬁus( Ritage (1-V)

ogi cal zero (0) data states because the on/of
chara;:tnrrsent The |h}staeia/veenentmrmabﬁagarchargcteasm resultn m a< wide read

The bi - st abl t
marglfp PR ES) JPEigtlet i b ofaPiett £erp QL RS THEL BBt Sioff current

ratio GEfWRAtwB &eASHe Fteater! tR&H £31100N8e4 ) Ngﬁhﬁ eBhiAl Fhe Elh:@able current-
TCCT device 160 is in forward di ode node resulting i

versusi vghtage @harﬂetﬁnstlcrbessktaa ie geod gidceurresh beqaupe jah atlpgical one (1) data
0, t r
state,stthF\)'%‘gl,lné"le dev1 (I)‘;f]‘sg%cfé?\%%ﬁtdu%’e x[nSH re%gﬁ?ﬁr élﬂﬁ ﬁﬁm?r&C.IT o store a

loglchMhGCﬁ)lﬁ @héimdu\hﬁcéﬂl\/m) aﬁaﬁ‘ﬁ&nt Elﬁ'ﬂﬁ‘lt Siré@iterltfin a Bemdby or holding
current. from each of the nennr% cells |s col |l ected

curreph scARphed frorgintsn T davire Hfoandpiae N OSpagoges trangiptor 170. The
curreﬂpﬁ{)ﬂlt ¢ of ttlt@m%ﬂllo}}agegls iS¥Elecl ﬂ'lHﬁl &}ﬂ?foh tif i 150. During

must be nmintai'ned at a certaln eve
the rgacbupm‘a‘mn che vhlthde levelddn thd €orpmondnt lifé dHE nhusd feengintained at a

BN BN ORI Y ——

connbdtef k| M comMo KiRIn€ 386 eth%%ltrag@de\epeh&hb @Bin®orPBit line 150 will
di sturbed (also referred to as a "read di sturbance”

fluctgateb| iy can reeset the tead topguatipe el beogisturleeds tiseprefrired to as a “read
distu%ﬂ\ealg?e”l rgPﬁﬁi)gsnn%ggﬁg\égﬂ}éégé\g% %g téﬁer ¢ en%mgﬁtbﬁqn}%e §0 1§%hanged by both

the seleetedi e€ll egdwekkhs the dnfART bf FehKageZuhentfremithelitsefechdnoetls.c
O which illustrates an array of conventional Thin

IOOOBaBI&u 7 iy 8 jreguinhernatn 200 swhich (itegtatesprmpray| qfsconventional Thin

Cord LU D PR eI BEAM LN 0us %A cas 210

270. I\I@Siéﬁffasiev icoevemnidna RBRAM iceltw; whidheusDAITY indRidMd « MOSEHRD device and

a caggioh ghe T REORAY Gl Y0 -Comfeotnainte el isyice,0gand three
contxjolsnl%e%‘melu@i'ﬁg aBwhltd erdabR8li>530, Wr@kﬁn}f 24bh§ndT5:gl{ IMO Notably,

10 doeS not require an access transistor.
the TI(CICT [@l@exM:eeliai Ocdossi matsreqiire ah haccesst wansHea. \mimeclﬁCCT device 260

cons o A5 AR P50 SRR R Bl i e 250,

cathodt od@nde QolicRIG8ARCWHRY llr?eeﬁl()c AN GhREapAdiRE R6Y caktR¥éRd directly
a P-base region (not shown) of the thyristor 262 to a

abovgatRebaservegiani (ont shomapiodrike Hyristes 20 to a gate line which functions as the
2009/ 148533PCT/ US2009/ 0032462wr it e enabl e Iine 230.
The TCCT-DRAM cell 210 is operated using basic
read/ wite operations which include a standby node, a
wite logic one (1) operation, a wite logic zero (0)
operation, and a read operation. [0008] In standby
nDde both b|t line 250 and word |ine 240 are at Vdd,

oy o I T
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5 is maintained by a charge state of the P-base region
of thyristor. The word line 240 in TCCT DRAM acti vates
WO bw9/T65E33 cel | s connected al ong the wite enabb@r/§1089/003246
- 230. During a wite logic one (1) operation, the
wntwcnabégémap%(? edT Tegn THOHET - DRAM aell 290 issoperaed msglg Baglc read/write
wri.t.e. en lipe 23 ulsed whi |l e wor d
opereﬂﬂr)ls I\%hlﬁb}n&‘ g?,t%rﬁfﬁ)g g Ia w ?el lgél&qnﬁdll} ﬂ%ereﬁ&ﬁ a Write logic zero
(0o &’dh@@ 2R84 reql dpir@tton. The bias scheme for wite zero
o eration is the sane as the wite one 10

[000 mnd@u ragdse poth bisling 80 and wagd linp AP etk @iané) engjthe stored data

is milhﬁﬁeé %9 a csha%posttat!s %r/tl-heoP B?ﬁte tg%%fﬁgll@%} Eog g.f tvsr/]oe fivl\fnetﬁO in TCCT

DRAMN achvdigs the MECT Rulls Sghndcte Atbr@RBE 3iritd Bnable emwaed |Dlﬁﬁlg a write
240 is held |l ow and the change in the voltage or

logicconer ditopsratioRethsi Yoltagaapphed py the hi linet S0aisskeps éngh and the write
enabl%ni%é %ﬂ(}efs V%dlge}govggllé%lr@agpgrﬁ?ﬁg ﬂgﬁl}ﬁl z{l%qguen?f lez/gl) ltx?%él:gmg the TCCT
dev1@ri&60ab lach. Thebias beisene fogmaite ¢erot(0pbymenatjonai tllid'mime as the write one

t hyri stor gatively charged and the paten f i
(1) opeyation geent &lébﬁ Bﬁ%ﬁdmhpgi op kg @ageg Zofdyis et 59 & g the pulsing
of thE W@Qﬁalﬁé‘ \ih€ Q§O ts%t:hés tﬂ¥"5f ddp glg\m?@ 260 ﬁﬁi@ it U kafEsth®. During a

he cat hode node . Because I eakage current
read pp@aff@(:'fhmm tet¢ I24(2 1Oheludow aed pier chmigc a1l the vadfageshéek current of

I operation to res t he charge state of the
theb‘cli(lff?g%%&% I‘rftoffﬁns q‘rfbelrr esh operation invol ves
[0009]EB GRS aastaﬁ{d%qﬁo&@ bk eheldir, 9&1&179 whichl oddBAVhAE! theZdfte zero (0)

and then witing the stored value back to the

operafoay tIBRRNpase | regipno(not ghaen) AEdbe dhyrgter, ist hrgatively eharged and the
poter\[}h%l?gg Iﬁ:raI:/ g?ggorre%aﬂﬁg\flﬁeﬁl%ﬁ Rge{[ﬁ%g@}lg éocg lﬁé e?staeglgglgaﬁg Rirrent that flows

fromOtheraabd@lﬁaHe opead, thartdt}foﬂé fode s Betausalwfi thiat ieﬁ@ge current the
such msm)réédew ces and nmenory_ cell structures.

TCCRIIRAM, gellj2d 0 st e Her@dtqa}llwéﬁfé?sye@siuaeg.%@é@tlaﬁ do reset the charge
state 'B?rf?of(fﬁ‘ bl@EM%ﬁlufﬁ)s "F &R O?Jeféﬁ'oHQB@ol%He Jﬁ@ﬁg 4 %ored value

rma periodic refre operation. It wou

fromdhcsifcaﬁl BR:AstcaHmﬁmndltl}erdwntmgeﬁmmmedwamewacletd the TCCT-DRAM

ll:étsoructures, can reduce and/or elimnate problens such

read di sturbance that can occur during read

[oomamﬁairmg}sj RSN Fhe@VMARYMbAP ddlicACH N fbmBry BelPBuctures which

enbodi ment, a nethod for fabricating a nenory device
haveuassrpatlbme@my callsze ansh st pperatiengd speesl, gné b awthadatfor fabricating
such'@&h&&e&e Coa%l 1%?1%8%51 Cel[ rs]{rﬁcqu%n?hﬂewsf) H] bgvedgglrz{b?g LA memory

dev1de§yiﬁdi mefndri Ic8ll sgraétarestcan lsoredinginste ltheeseddne petfosrh asdrlodic refresh
region, a_second gate structure over|ies the second
operzW@|n| Itrvwl% also é)etqwllr%pl@af{sycg imeyeqry devicggand memory cell structures can

reduc?eo Q%/grdf %ﬁ%l%?g/ pllj%gglgl %ﬁzﬁé % Y€ bishftBa d‘fo@ hhichd! oMl durmg read
ifon and 1s integral e second gate structure

omﬂaWMSa fourth gate structure overlies the fourth well

region. Sidewall spacers are fornmed adjacent a first

sidewal | of the first gate structure and sidewalls of

the second through fousgkirEeURIMhRACt Ures, and an

i nsul ati ng spacer block is forned overlylng a portion
[001 bf Atdeadifig ts bnevenbodiewinga raettiod 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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5 portion of the first gate structure. The insulating
spacer block is adjacent a second sidewall of the
wo poosti4g§at e structure. A first source regi on iBCT/US108€003246
adj acent the first gate structure, a common
overUesanhnﬂlniai weleegiegiand is mtdgpalneith thetseeand gdtestiuatere, ambla fourth gate
econd a _se ource re

st GE R G Teohilf el bieefng oSS OB rs 58 ROmed pdiacent a first

sideWsIRbNHS THECEtE SBIIrel ahd fsRieRfls BE tHeRBodd @rduh fduAR @ate structures,
fourth gate structures, and a drain region is formed

and MI@@}aaosﬁpaqehéﬂcmkunstﬂorrged everlying aupastionnof thesfirspavel region and a
d t hat .ext en
pordp§ e fiks B TSlehiE! TR ATk Bhfoct Plock 1% itk sepand sidewall

of thei first ga@@bteuctiire U A Wira, soafvé r8gioA N9 efnlel GidPientSthé Girstaftd §tructure, a
the first well region that extends into the first well

commegudmn&@}méenﬁguonelsf formed hesweaneHieofirst pp@RIeEymd gate structures, a

Secogﬁge r SF I ng Ogll;%#)g@}{\é%ﬁtlé IQI%\%% AO%R{?EHQ Ogr%lg g’EI??/ne g rain/source

regidayisrfofmeed betgetw thiehthirdedrail foacth dg,@&:fthﬁiﬂresj aaﬂdi @ﬂaﬁi @101‘1 is formed
when considered in conjunction with the follo
adj aqqnb%éguﬂ%@@ gtructure. ‘Af M@Psqu@on 18 f(gmgd that @mepds into the first well

I t
regi qg@?ﬁlfgﬁn%g% %héé@%&g cc?gts tz&: Nfgiyrtoé?ﬁe ﬁﬂﬂﬁﬁ@ dn‘an,ﬁ anode region
is foﬁﬁﬂﬂlﬁ] the-figt well sgmoncthatcexténdsaitorthe ﬁthullahglohlad;acenuths first base
an array of conventional Thin Capacitively-Coupled
Tegi%Phyri st or (TCCT)- DRAM cel I's; [0015] FIG 3 is a bl ock
di agram of a nenory system V\,hi ch can be used with

enbodi ments of the present invention; 25[0016] FIG 4
is acircuit %%%@ESSR\IBTL(PNQH THEDRA, lé\f(?n%m)ry cel |

[OOIhﬂV:ﬁCr%rcd ?np[(lﬁﬁ Hﬁlerﬁa gé)?qf;}empnrggen?gn\;f%gorﬁfr Ty e de a/ed by referring

to thkGdePailed! ded&riiptineand elaﬁﬁmﬂxeﬁesbhmasredanrﬁmprnycu@leIvht}ofhe following
FIG 4 and nethod steps for its fabrication in
figurgy, iegince with the various embodi ments of the
[00 lkﬁdﬁptl' {1 cn%Q{t ggilé%lxat{: I v@ﬁch (ﬁius%'a et 4an atrd o?@&r\%ﬁtl?n% tlalnstor-based
trate, Tnto an vi ew, enrem)
RandbnaAdcemMmmbryt(@ﬂkAM)rcellSs fabr| cation in accordance

' ri ous .enbodi ,nents of . he i nvention; 9] FI )
IOO%HI% 15 fi HEPY Sehematicn vbich thiustretes, &y %1& éé%nven%onal Thin
Cap@amelﬁéoﬁ@e&@ﬁyﬁgbr (TAEB)- Qmme@per ation of the

4 in accordande with an enbodi nent
[0015]‘ FKhe3 praelgeqck dnagxpgnpf amemaap system which can be used with embodiments

ot 12992 4RRAREET US2009/ 003246

[0016] FIG. 4 is a circuit schematic which illustrates a memory cell in accordance with an
embodiment of the present invention;

[0017] FIGS. 5, 7, 8, 10-11, 13-14, and 16-21 illustrate, in cross section, a memory cell of
FIG. 4 and method steps for its fabrication in accordance with the various embodiments of
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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[0020] FIG 24 is a circuit schematic which
illustrates a nmenory cell in accordance w th anot her
weododissent of the present invention; [ 0021] PEI/ER005003246

7, 8, 10-11, 13-14, and 16-21 illustrate, in cross
[0028E1G .04 inarmirenityschernitiovhiihGllugdatend mrembnd csit @pscdapdance with

its fahbricati.gn in accordance wth the various
anothghsmRO ?‘3 OSﬁleé%rﬁS&“?H\YS‘PH‘?rbn; 100221 FIGS. 6, 9, 10,
[00212FIG905, 25 g l1bugt N3t ahd 1600 iMustfat¥] @Yrods"@ B Memory cell of

cell of FIG 24 and nethod steps for its fabrication
FIG.i24 arscoetdiad stepaifernits, fabrisaftoremtasdondenteswish therearious embodiments of
theiine\l/“n}ljon; and [0023] FIG 26 is a timng diagram

WH"ER™ Il ustrates vol tages applied to control I|ines
[00221FIGS] 610, openathd?s dfustrBe, FEppYarCabw, Bk fidferyZ411iof FIG. 24 and

accordance wth an enbodi nent of the present. _ )
methiod\sefsi fon its dabmgatipm iprSeRAmKeONith Spooey pmiphdinfenty efathggnvention;
and detailed description is nerely exenplary in nature and

iIs not intended to Iimt the invention or the
[0023pPl1G.cH isantiming disgamokhichellbsiaestvottagesTapplisd tdl control lines during

"exenplary" is used herein to nmean "serving as_an
oper@wahgﬂp the mepaoryyeedl ofoF1G. 34,0y 3cgpidgnce wathyancembefiment of the present
mvmgg§§ribed herein as "exenplary" is not necessarily to

e construed as preferred or advantageous over other

enbodi ments. Al of the inplenentations described

bel ow are 20 exenplary inplenentations provided to

enabl e persons skilled in the art to make or use the

i nvention and are notETADLEPAdsEStRIPTION t he scope of
the invention which is defined by the cl aimns.

[0024Th énllonving detadeddessrintion it marel pexaneplaey ipowiide lapd anyot intended
. e essed.or implied theor [es ed in th recedin "
o fEERERER ] o 1 ohise PE SR SR Ehchlloy "The e “Libhptary i
used ferdia b Ngedet @iifg ad eacéiapipl€ ninstdhde) @2 3]ludtatiohne Aaakembodiment
of brevity, conventional techniques related to
describeghdiertinrasdeSTgPlamd itafat dtecessrily, te nee construsd @s preferred or

adva@?%ﬁ&)é gﬁgi (S(}ﬁ?ﬁ ﬁl@i?ﬂ@ﬁyen&elfkll %P&%%Bl&ﬂ;m?ﬁ&ﬂy Mes%ﬁi)!:d below are

I ng, an unctional aspects 0 e devi ces
exemgphaty Syl emant{teond prdvadeditd eratileaperspsrskiliadginaberprrte mbake or use the

. of the devices and systens) may npot be descriped .i
inverianad 16 ok P RoRith B¢ SERRe B sy S VREE i Rgiped by the
clainls) Fd¥ehe¥Abi0 erf i OHS SftetH R BEBo iRl B BnReLprefie8 M §fplied theory
to represent 30 exenplary functional Telationships
preseated) o1 tiyhpedceding clechlical glielde bagkemourtde byief isymgnary or the following
dmﬂﬁ!%ﬂP&%§inlt shoul d be noted that many alternative or
a& 1T InE™ f unct i onal rel ati onshi ps or physica
[002SOPAEtHc SHke SRYrdvetypcesntiohdl Rohmghadidimed t@ftrdnditor design and
i nvention. [0026] The follow ng description refers to
manyfpetpapg.sthgr congab ©f dremeanyt dedsesp anerporycesih gragsymmyig, memory cell

erasié g,gat%gg) Oltlr Hﬁen?c\?\i%glglfs{sp%ég% ﬂgélt%gigp&%% gxgds s&éEHn%S(%nﬁ it ﬁﬁﬁjia/ual 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-



10

15

20

25

30

WO 2009/ 148533PCT/ US2009/ 003246 t hat one el ement, node
or feature is directly joined to (or directly
w@ewonssseat es wit h) anot her el ement, node or fBEE/USEN9/003246
Li kewi se, unl ess expressly stated otherw se, "coupled"
that ensaelementanodsne fedtaredndirecthdieined té éatdireetly somimuaadtatep voith) another

ndr ctl n to (or, directl r, indirectly ’
clemgl o e ealiP ket Bhisss EpEtrath o Biiehy St bouplgd” means that
one 5&%3? Indde &heeablfs G§ iditet Oy o@ﬂﬂdﬁ&ﬁycﬂoﬁieﬂsto (B%n&féc@l?' or indirectly
ordinals, such as the terns "first;
commuhicatds with) anather, elemgntarpde mﬁfs}atllire used f or
t| g i shi between ,sim | ar ot « »
too2f Bt LREHRBp Ay “HULEE R, LR neRefT SIS osheBots she ggrms “irst
“secéiid; OMBlAY ‘FBhrtQr ddny, hiayi tfe dsed Fer &B@@g@ﬂ@l@bétkﬁbn kigilar elements
terns so used are_interchangeabl e. Under appropriate
and gotrnegesseralyclos desombing arpprtisulas seqveniiglvasmhrenelegisa rarderg It is to be

unde (50% thaftffe ?eg'&x%bgo ?%d Jr?QBfepc%¥1+§ ApRr aﬁplgéra%pg'{gg idle 01rcumstances

sequences hose erw s
emb@lﬁﬁlems bﬁdthh ahed:rmon[ d&&&l}edlzhéréhemapablb hef fabrio&ion or operatlon in
nprise,” "include," "have," and any_ vari ations

sequnegy e@fsr thafl dhasqlludrated;as othspwise desrribed hersin e

[0028FhitRIRBR, tRtiehnd h&}rnﬁisgr”()(iﬁ&&de nﬁﬁﬁh@d”anﬂr C\Jaﬁatl&{s thereof, are
apparatus that conprises a ehent s

intended éssaver hyndekclusigd inausidss mchlthaterprspesbmeﬁmﬁ antnc]eu deapparatus
ot her e n not ex ressl [ nhe ent

that Gt BABLE! CIFBEM & RelrereRaTly St bRt s gy include

othefd1éments hét &p?és@@hls%dacgrlﬁ‘l’f@r%t t& sHEN PR Yess 1RO, 3c1eNdr&paratus.
can be used with enbodi ments of the present invention.

[002ﬂ1hEIGre3msya éy@qkemma)mtsf a @cmpryi Swé@mré‘b(} evtuph apobe used with
embo 1m%rr1] s BF n{%l a sgxﬂb PEven 1on ARG u‘Ssll 25 H40" ?s a simplified
s8 incl § conven |onaI erren?rg Vogl c,

repre@él{fﬁm’ﬁﬁ Bf @n e’m&pﬂm Gimbydath érity alﬂthnSd%ﬁlMD slystefnl &40 3nayTh1§0 include
nem)r}/ system 340 can perform operations incl udi
convgptiqna @k@le(nis; logiga gomRENGMS, , andly nitionaliy 10t @bywnalﬁdFIG 3. The

mempBRS6 R Re0 i patio DR RRT NI HIRE a8 ([ Rentone (1) it sero

O, a’ﬁdZeadﬁemdn(Q:)a)WersﬂEcatom merabr'ycamayf%ﬁenory cel | s whose

100305 e ez Feiers 240 de) s A memrrB ik 42 S comprses a plrality
of nféﬁfé?ﬁ%@ﬁs Ittthse %&daﬁ&ssmsuqmlslafre %nﬁh&rﬂylafrfaylgs&amo rows and

Each menory cell is designated with a row address_and
colur@oﬂ;,umpeqdmheggw ardrCOéurpadﬁ¢Qsi9rSa$442548ren@ senseemplifeer 01rcu1try 346.
e, GRNE IOl s access s, parti gl a

par t
Eactighafr el iSBiie A A o BoAERCTR MhlyhradPeb T ¥ paricutr

membfiE REIES £ Patth@l & Javogi tiné Gon@blsdadceBi ® itd partécildri §6ra@d cdement by

particular bit line to be witten to or read fromthe
alloveﬂeroageemr@ﬁgntﬂle stengd  (repaessningreripeice((” qne 1@&? "orearried on a
prs 5 ] il PR 2ol Rl Ry el 00, i, i memory oo
100 canrmﬁebﬂeibitofﬁhta asanegcatp! of fogicabflr'tui t 30 346, while

its word i n can be connected to the row ecoder
[003%],}he mglln dn%qﬁyraaaygﬁ &ﬁ;&p be épgnq g sense amplifier circuit
346, %ﬂ‘ﬁfe %P@?lﬁgé cad B@%oﬁx@éctéd"footh%t}%wn@é&ﬁ& syt %&é’s@ -and control
The a dress/control |ines are connected to
signaol ancmmdetc aaie rathztss/comlrmt elnwsp B6T i mto che cmnemosﬂesy:m(h 340. The

addr?fg)N antréglbrﬁ:é 3§$hgp-|;‘?)ﬁp%: teotS /egc:% t rli(l) 21560%534%' etngcra %mphﬁer circuit
346 RELCRW dbQdeP84HETRE Xd&%is?’ébn%?lmé@@w are used, among other things, to
2009/ 148533PCT/ US2009/ 003246 [ 00321 The col um decoder
gain 848 and wrdnpewsetd tho maneorga@rrag 34dypl i fier circuit 346
via control and columm sel ecb-signals on columm sel ect
l'ines 362. The sense anplifier circuitry 346 receives
i nput data destined for the nenory array 342 and
outputs data read fromthe nenory array 342 over
input/output (1/0O data lines 363. Data is read from
the cells of the
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5 menory array 342 by activating a word line (via the

row decoder 344), which couples all of the nenory
w@2iobg48583 r esponding to that word |ine to respBCt/US®09/003246

bit lines 360, which define the colums of the array.
[0032h Eho colmmmeddspder] 348ets @naefabdsm thet Sense eniplifi¥recireuit 346 via control

rticular word |ine and are activate
and Belaii G siBel ap S satesiingS 3o T Sers i fep circuitry 346
receiGbd Grifut data3 A6stineA NBE 1tRE rhénérybirkay BAE HAt S@batsadla read from the
anplifies the data in the selected bit by nmeasurin

memoReart@p o4 2 averanpal dutputeED data lmesrd (3h Oatactsi lvad @@nb?tte cells of the

memobhgrran%f 1\3\}2 %tﬁvra 1?&58\%/(#%61&6[ (goaré#'g? %e&)c}er ﬁlgl'llj couples all of

the ndéiRerly ¢aNE orvdshndifly &G BRITineh réstpecwcﬁﬁe ﬁhes 360 which define the
invention. Wille a single nennr% cell 410 is
e

colups of theaeay. Prie pr @org, blq linegjarg alse agipyatedi Whea apertieiaieword line
and 1l§ 'hlnlese gre:I Jbtl&/gﬁ%fi,a{ix%ﬁﬁ)pgsteﬁc equﬁ) bﬁ@lts tﬂpl ?xqg%ncfr%;liﬁ)eqsc’lrcultry 346

e nenory ce e dne o
conan:tBtbecF addit irerdetecseldnldsarhplifiesathe datd v therseheteddbit 1:5 théasuring the
egrated circuit, Those. of skill in the art wll

POte‘EIh”él et ér%ma befugen tasestiyated bit lingpnda nefaeanics ling. be
[0033PIcE 'Heﬁt Ldrduft RhERIRE Whid! HludfdtéYa H?:g& 2B11 1476 i d€cordance with

thousands or nore of suc nennry ce n one
an erahdxboienteof thetplnaememegmmel | WHilE « singleemempiyecsdh4 Hilisaiflustrated in

one of .t he nmemp t hi.n the por rr 42 of .
FIG. gt ‘il SpPesy et S Rk st idtiscir (Rerirsragicaf YogigeRtations, the
membREcdEATRNiY hE@l%g'to $d 8né 8P (dr8E€SuAbE VT AcLrhGHy REM that are interconnected
thyristor ( device 460, a wite 20 access
in an jrdggsated gircuir.o Th98¢ ehakidlcineths atrt Wil |u9de‘stan@ ohaatrmeraory cell 410 is
NS r P roI I.nes
11kel§?o g’e 11%%}%1%1%{1]%% zltrl g | r?%ré/ cr?tlel nag}rja CetI (%/an ZP_:Iﬂul ncqouaanda orf more of such
mem‘ﬁ@l’ ckllsi g ohe me@d\lbﬁeﬂtet}eﬁﬁ&h&y{ ¢efied WB3éhn tee ﬁﬁ{ﬂﬁh&nﬂed a6 one of the
a wite bit line 452, and a read bit line 4 In
memetyecq st theaneraery arry A the nérnnzosyet%?t%@strated in FIG. 3.
I
[003?]01"15@12[%2 eagﬁﬁ g0 \%h‘fspglsg@?:gra%td l?r%t?aéﬁ%y (dﬂ?@ d&é{@@ ¥60, a write
accesartraneistor 870, madﬁ@ceamttamdnsion' 480dartdi 4 seSing randiStbr d9@.h A plurality of
rise a econd net al er. [ 0035 . one . .
contf e el g, Rt Ut meIoTY esihed 10c B b ingo vpsg lingg0. a writ
enableSlige M&REIu 1ltneus_zzl RCWHEEBIt JinR 4L And| £Edali M€ 1in 454. In one
drain el’ectrode, and a gat e el ectrode. Al t hough the
lmplcremtat'rqmcrqohw 420 yomefleerSpqlzmbcqme\thQ:wntmcrtabge lne 430 and the
supply rmrﬁ 4\1M ?acgeclm%Ct i Odﬁ'}rgtug an a%/%(ar ql%dgﬁé % Ité] I?)'l{llme Ys0 atntﬁfle read bit

line 434N6a€IP BB SY a stswmcﬁxetdtadyerncl udes 30 a conductive
ate electrode (whether netal or other conducti
(0035jaknce

qeatmpltm%ntatt@, ach of thedrnsistors 47,4489, ARQ g aﬂ\é@SFET and thus
mclu(iwgtgaﬁfceoéﬂa&ﬁx@r aC8 R eiegt?b’(#eata%'a) treaglgctt el “%«rithoh& the term

I'oned over a sem conductor su
"MOSFETt’:qmomlyotdﬁm te eardevioel having armicali gdtg .elebheddfabiEERh oxide gate
transi stors n be either NMOSFETs or PMOSEFETSs
insulgtopdhafiter wa hesedriprosghontde FIRT o 3ny spmicopdugtppdeyiee tat includes
a congﬁlggxt?e? %%tgaﬂi%z‘%g r(wﬁglt:ﬂﬁﬁ’\’ﬂie?ei1 D or Wﬁéﬁ%ﬁd@ctﬁ@%%nal) that is positioned
over zogmad 48R3 REhEWSE 08 A 3RUG iebwator)oekich,7ih, tuamds posjéibeed over a
ctrode 475 coupled.to the

semiSagiria §ibslate, bV e S oy st Geibiciorupifedl. The MOSFET

transBtc2§ CAPHE eftidr NMOSBETs 8F PMOIEIET A8 endd ch BRtigplementation. In
el ectrode 485. The sensing transistor 490 includes a

FIG. shuthe ewniee ataest] érangstor #7@r whitheingbidep destigdg elastiode 472, a drain
gate el ectrode 495. 5[0036] -The gated-latera
thyristor (GT) device is represented by synbol 460 in
FIG 4. It is to be understood that the G.T device 460
conprises a thyristor 462 (represented as two di odes
in series) and a Metal Oxide Silicon (MJXS) capacitor
connected to the thyrlstor 462 as. |Ilustrated for

o, - o o o 1. . - . - o
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10 and a pair of base regions (not shown) disposed
bet ween t he anode regi on 466 and cat hode regi on 464.
W@atss3 are nmade to the anode region 466 to RPCEHHSBOH0N3246

anode termnal, to the cathode region 464 to create a
electuaielﬁéean@a gﬁtn alectradel47 Hthahes @apbad teltke worsklénei6X). t Bhe read access
e termn

transbsé(erv\% en"ic egﬁ (%lr(i'ee%fng?d& Zaﬁodljguncl t? Qﬁeé?%laggg a ga(%e electrode

485.1'BleH SASing RRMYERA 400 enddRies aGbuR@efeckiBlE 293,a @A e84, and a
t he ot her one of the base regions 15 and ‘t he cat hode

gate elegirede 454, I n GLT device 460 the MOS capacitor (not

. Q S . .
[003§Eg%%atg¢-1¥§@pmgﬁg t@%ﬁ;ggezwée[ gpstqn edr bﬁgSQ}( ol Qﬁ@?r;/ FIG. 4. Itis
to bewhddstoBdithaf the GLTRIEVICE 4658l Eordgiises ihthgFistor |462b@epresented as two

descri bed below with respect to FIGS. 5-20, the

diodesr 1grigTist cind a¥istal £Bde Sdgon (MORNEBpaEcHor capgpctadetodhe thyristor 462,
o SHES AERRA0RI T, 20 AN 1 i d0P UL, By v

dev1¢ehwhichtcmmp#ﬁé’s a patedddsctddg alitdda ehthote oot 664, (atrhaiode region 466,

serves.as one plate of the MOS capacitor), .a P-t
and & g Pat; 581088 B érotashonn) Qﬁeows@tws@ b dnpde rogipn 6% and cathode

regioRafR. " €8s 4R3mAAE A theMidodP Sefigh 186 o RGO 4Rde terminal, to the

arranged 1n a PNPN configuration, where the N-type and
cathddetrggion fdetor@eitoascatttde ted@naly end & dteagatgd d]estp@d;eedGS to create a

sate R RSe S RGipRS S ries BeufeEn fRueneds RN opyAge one of the
base @ég@&% Bé&wees 'tlﬂanpa‘ﬂlG@f bds® rédiéhsNahd/ B&v\/é@ﬁ RRARhERHVT tﬂ@ﬂase regions

d to the gatedeectroe465 A PN junction is

and th@ exthedbregipactvIp-Inypel devdae4e@ticdyiObampagitpr (et sRowppis connected
o BT F3L lB o RAMIS B g, o Tormed Betveen

[0037613,, orarwlemptargaembh@;meﬂt\bf the eridn@otyicsll 400 ehich etilMbe detdribed below
with Fr)estp%gtetob%?GeS 456 %Oa?lge Ergr?sml}lc-)rtsy 7e() C4a8t0h9180 are NMOSFETs, and the GLT
device 460 comprises a PNPN thyristor 462 coupled to a MOS capacitor. As illustrated in
FIG. 20, the PNPN thyristor 462 includes a gated electrode 465 (that serves as one plate of
the MOS capacitor), a P-type anode region 466, an N-type base region 468, a P-type base
region 463 and an N-type cathode region 464 arranged in a PNPN configuration, where the
N-type and P-type base regions 468, 463 are laterally disposed between the P-type anode
region 466 and N-type cathode region 464. As above, contacts are made to the P-type anode
region 466, to the N-type cathode region 464, and to the gated electrode 465. A PN junction
is formed between P-type anode region 466 and the N-type base region 468, another PN
junction is formed between the N-type base region 468 and the P-type base region 463, and
yet another PN junction is formed between the P-type base 463 and the N-type cathode
region 464. The MOS capacitor of the GLT device 460 includes a gated electrode 465, the P-
type base region, and a gate insulator layer disposed between the gated electrode 465 and the
P-type base region. The gate insulator 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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regi on 464. The MOS capacitor of the GLT device 460
i ncludes a gated el ectrode 465, the P- 30 type base
WO epas8s3and a gate i nsulator | ayer di sposed bECTESI009/003246
the gated el ectrode 465 and the P-type base region.
couplidetogalM®S papaciem wherg the thpnstersisasranped magaiPNGY configuration, and

ectric. The N- e region and the P-type base

the]\&@g CS?lacétP%‘Safan%cé?f{% el\?g’ﬁ%? her. The MOS capacitor is
[oossllonl@m qplust@tdshearfuRasRies @Bl 0a49f 4401€444)Y4455t4a6; 448, 449 to help

ternative exenplary enbodi nment, the transistors 470,

illustzyge thengchtgycgl @mg‘m&caé@guplmgs@_eﬂwmqj@@rm@iewces 460, 470, 480,
0 008/ 5 2009 4
490 an%r%Fegl"‘?? S con LI J1§%asp4£3200|v\?é§ 4&% é?% 4?)% eﬁc Slfpo(hgggéngry cell 410.

The %ﬁo@@@@deddb Adt MYCBRat By (it twmffaﬁﬂt Hé\&cd&’%O 470, 480, 490 and
capacitor is connected to an N base. [0038] FIG 4

contsof |1ul§$ rale430atBdudShotied thatimake zp theamenipny cgfs5410 are directly
0 I |.u e I: /
conBs 35 8oL L SR B RTFRL UG e o
111ust41:.8€u) mdy BOfresant betaeer arpiaausllar deticeohnd a gb&nhdde. 430
432 452, 454 that nmake up nenory cell 410.

10034 b hddsode dgd ﬁéﬁh%@é&%eéﬁqev’gﬁo IFppyplechie the ﬁléam afectrode 474 of

the vg*itt: @&%Qhﬂ&éfbﬁ&—“ﬁo éllﬁpthe‘%%% cl48fhde 40 mﬂe FRR s ltllafl§§tor 480 at
420, 430, 432, 452, 454 that nmake up the nenory cel

node4t#8. dihe gtedeadxtdtxy)dc dahefthedGLD demiee 400 ithenpleaintd thewsiberenable line

150 FFBIEHTE b RS 346308h abBhE W B2 MR il o e sty tn
432 deviegs@nd a gi ven node. 10 [0039] The cat hode naode

464 of the GLT device 460 is coupled to the drain
[004¢]) 'Blet yensiag Arpnsistor #A@ ispquptedatodhe supplyahne 433 at wordy 449dand coupled

to thé&%n‘%@%&r gilg%ﬁa A)?q\%]t %gcet% d‘%nﬁefset(o: ! o Eé%at% ? nﬁo %4 of the GLT

devmd:ewiocae nééd4445 qQbe Bb@ﬂée felectrbée 492 6Ethe rsabdl@ ﬂramesték&@oak coupled to
de 446, and the anode node 466 of the G.T device 460
the dragn @};ﬁﬁp@ed%ébof the rgeybgqc?sq transisierA80: at ede 4498 The sensing transistor
t
490 éleﬁgégQﬂQLol '%% ap ﬁggci @%o dfé@lﬂ%ﬂgﬁ{p?n éfgftzlg u(% egg\tHgé ?ﬁ% ts%rr{asl'hﬁloglcal one
(D), tbdz e«o:ltagedla/ehimadfe 44diveidl beeCthegs (b.gagseasdrahand(.6 valts)) anddarge enough

t hod de 464 of, th Td 460 at
to i G5 PR RIS A g e tamedrgnt: 90 AeRsEoR valtge change

on rea@ b WAB1484. 1Oht L TS 1Ee 86EabFRAG0ABA Rfo (0)ahE @8Hage level at node
access transistor 480 at node 445. The sensing

444 wilbbs aprroximagdy Héhvelts andethg sensangetransistertd04dpes nppinduce a voltage
changé( gr{rpelag bit! llnet4|3§ aGt'}-lre sde%\s/m%?raﬁggt0§ 586 &% renllaqg of? | one

[0041] In the schematic of FIG. 4, the write access transistor 470 and the read access

transistor 480 are illustrated as being coupled to the word line 420, and the gate electrode 485
of read access transistor 480 is illustrated as being coupled to the gate electrode 475 of write
access transistor 470 at node 443. Even though gate electrodes 475, 485 are illustrated as
being coupled at node 443, it will be appreciated by those skilled in the art that the gate
electrodes 475, 485 are actually portions of word line 420 and formed from a common layer
of conductive material, such as polysilicon.

[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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20 (1), the voltage level at node 444 will be "high"
(e.g., greater than 0.5 volts) and |l arge enough to

WO 2000/148333 he sensing transistor 490, and the SBOIBUS2P09/003246
transi stor 490 induces a voltage change on read bit

electradeet 9454 thd fensing tranJistde ¢Pe & cvbPledito thessupplydgiectd2 at @ode 449. The

.O,tevltelv at node 4 will .be . . . o g
writd dcess sl i AR e 17 AeRs IUang P ronestiopayia e bit line
452 BPSRitelRhg bﬂ?%n&hé/ Wit @R 1B 3R & I‘Rﬂ if SRHdB) ﬁlohé NehéS4ndby mode

as the sensi n% transistor 490 will remain off.
referg ) @baltjng sﬁatc etwseh aerst ang wiiteRiperations diengwhich werdding 420 is at a

hold}nlrglan?tI St 0 read ggg%sta rt]rgag%lle %g é§§ ggﬁtﬁ%g \%\%apgacﬁ%sg giuﬁgg aarg%% operation
via reftEbiY altne 4sl4e J' P idiBS sé)farit@&ﬂqt@%&sréad bidMines 462, 430along with a
is illustrated as being coupled to the gate el ectrode
sepagiEWte cresdransistos ¢ 70 aad 4isspaptesval ancesromnsis 480y kg reading and
t 38
ertlgg I%Hcglja’g%rﬁsp eg&%ﬁ g%%}é%@ fro?h gac lo?l%) 2 sgn%%&fé%%egﬁ gﬁ t\)/\i/rlte paths are
decoupled efrexki d)ﬂeedn(bthert freerebyt ehhﬁtatfmgethgaﬁe&d aﬁstaibaﬁter (i)s:ba6s mentioned

475, 485 are actually portions of word |ine
aboveq r pgrationy pf thec Bismony o8l et Oowilk B digsqribed lﬁragréﬁltprarietaﬂ below with
refer O TICE 28 POWFR e o tiftbn of et RERTLIRNG fgbrigas he memory
cell4kl.t e access transistor 470 is coupled to the wite

node 441, e o r e e trode. 482 .

10043} E1qS, 0623 Bt S0t Celgoit Snd Gushes S Re e airication in

accoRiahcd WiR vARGuPémP&H ettt of tﬁ@ﬁwfehﬁoxdrﬁi Pari@ilar FIGS 6,9, 12, 15,22
2009/ 148533PCT/ US2009/ 003246 el ectrode 494 of the

illustsatn som@}am Vmwi tly megOTy sell:éupalehmpﬂjwd Isteps digrptsyfabiieasion, whereas
(0] e l. e
FIGé‘ro hg o] @ €IW [ ? 2% chg%‘ﬁ%dltrlusrt]ra ¢ Crg?s F‘%nag?'at | ooﬁl\%? fpemory cell 410

and Wiethod stéps fot e fé&—anlnysnsv&ntd:blaﬁgnmé yllu&trefedtlheFIWSl t6ge9 12, 15, 22
bit Iine 452 is not in standby node. The standhy no

inclydgruppsr apd dowey shcHgndingse BKiSwebnl ekl Hndl Swrangde20 Hidetrate cross
sect1 J?é% QH{e %“ QIPO eg ak?o@?th%ﬁghﬁse@hoﬁgigé whereas FIGS. §,

tag he read access transisto
10, 1(40 hi,ri®l snd Ehdluatra:te&sosd sedtivgabviewaodf trenanoxyncelli 4 Ortaleah across the
bi t e 454. By providing separate wite and read bit
IOWGFF??QQ“E‘S’Q 454 along with a separate write access

[004111' ﬁf‘ﬁﬂesﬂlﬁﬂraﬁz@ RHIISRP WALIL af LA ABEE B8 oW ARS ExidnPlary memory
0, the reading and witing operations are conpletely

cell f*k(blcamedsefSrf(bmeebI&haonﬂeMQS Ry @ﬁbtrmsaﬂmanWMWe@O and a GLT
deV1P a‘{()lb wl% (()jne1(P: Q4 S a%dlglg )(r(l)srt]cgr c%ﬁgfeﬁ‘?o atl\rllsg ca a01tor Hoster as will
e |n1na |ng e rea I'S anc I ssues nmenti on

be eﬁﬂ@ﬁd@d bERE!, aimitit MEthbd 8tepE B Ye gbd tcﬂﬂrﬁnmfabﬂurtb&nother memory cell
escribed in greater detail belowwth reference to

compismg thyeg %1Ch@weh @S dBMOS hotransisters apdtanghT ddexjss wiaigly comprises a -
410. [0043] FIGS. 5-22
NPN?)T}P@% a{o%f%d?rgﬁo%%ﬁ&{ﬁo and nmethod steps for its
[0045 pNaticat steps in mhcammmfdamoaeof/mnbimomcelmuMcmrhanhlmtmdahynstors are
he i nventi.o ﬁ)cular FI GS. , 9 12, ;II 2% .
well xBoywp ppd $9, 4¢ etlaﬁﬁrf‘ﬁr QhbREVRYMERY ¢arveninngl steRsewvill oply be mentioned
bnefgnﬁierg?nt &o\glllslg@gﬁutftéar edtfréli/f\ﬁf?l‘idlﬁ %b\gar vWhe st?eﬁskrl:(}vfﬁsproéess details.
4, 21 1 l'lustrate cross
As meed iabond, a8| ewsl héretmethmswnny"Mé]ﬂ trafi§istarid ismtd thedinterpreted non-

restqcﬂvéyégg @Je}sgofaggrsér%%toln%éét?%&e' | ha Vlgﬁgs%%térgﬁdtg{l% gac{e electrode
that Repdsitihelli 8P a datGhsulatorlhich3in g\ﬁn é%osﬁﬂﬂeg%ver a semiconductor
ilTustrate cross sectional views of the menmory cell
subs#dt®. t aken across the upper section |ine, whereas FIGS.
8, -10-
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20 10, 14, 17, 19, and 21 illustrate cross sectiona
views of the nenory cell 410 taken across the | ower
weembieidd i ne. [0044] In the illustrative enboRiTES1089/003246
whi ch are described bel ow, the exenplary nmenory cel
[0046]L Uhe omitial geps inlthe éabiicaticmotmeos ¢HIMEB) ater covsestianad so the initial
470, 480, 490 T ce 46Q ich c i ses .
stepRusE g st SRpRE DA EAsCpaLin Gt e fanuTagtre begins
wﬂh‘fdrdnhd % g RRnBEINdatoL StnRehe\Wr s%s@a{eamlqﬁtahe @nsv'l}}ﬁ&i;a &¥hory cell 410
be used to manufacture another menmory cell conprising
is fabmaé@i PTbth semispnduosr(sehitsite #0 hesi be @rtherwuula setrficonductor material

evice which ¢ rlst r_cou
or a oD R E ot TR TRl IS OBt hites e Rendi oV Al thejment of the
invetior TR Erdted inl BIG. M)Shk rs@fstciidaESr 30Bstialy ﬁOlStl@rlBus%faGed as a (SOI)
wel |l known and so, in the interest of brevity, man
Stm%ﬁxﬁéhtwlnﬁacompm aplepst O@ﬁltlymkl@quﬁtsemweaducw Inﬁﬁe@ﬂll 406 disposed
on OF ﬁ{/& | nlin?r{elg O)Jvl\é]e %S%lg{eﬂ%é 4f M’l? mwmyf' y g%@[{/ Qt\éld %é/nagcamer wafer

or subsSeste HOL &b rthattthebmeédmxmmmhraﬁng|1§3tee 404iis dispoml between the carrier
interpreted non-restrictively and refers to any

wafeg 402 e tssmicradreter 1ayst 4PaciThese of skdhauthe sﬁ@lwdéwtor art will

appr%q?tgttﬁﬁ’ﬂjﬁletsl%ﬂﬁcdrﬁu&g? '1:5}‘69%@ QYi€be @ sgl‘%o% 1a §1“| a%éf‘fnanlum layer, a
turn I'S pPoOSI tioned over a semc nduc

galhsmbstseatde layw,') 20 08hard 8&8Padudis? MA¢é8246n [ Ok &mbDdenent, the

ial step n the fabri.cation of
semigihicBin JBHE SHLFOBGE TR CPRROSStpEne RN aTHiCl gn the buried
oxid® QhsuitN 1386 401! | TROtthRE ndRs& sBRM el Ry&ebRistlicohN@n be a silicon
manuf act'uré begins with providing a seim conductor
substgatp d@vmgea 0r003 gbefageagrystalari¢miationd Bhe {thn sHicendeyesmpyeferably has a

resmﬁ 8g%to lgggteqbtoﬁ{ %gt(g]grp&-rheﬁu%gﬁg q%l%é %reer Rf;t {2 e"s111con layer"

will BeSBBd aonEd6ihplss e irBlatl el furé SQiconSwbetinBt & lightly 1mpur1ty-doped
accordance with an enbodi nent of the invention

monpqrysiaiingsaiconnmptegalsstypically dsed do b é?‘B%CO%‘Efé?rr ipdustap ps well as

sﬂlcdnS adrh )ééat\{/lﬂ{ %al@%ugt%%'f)otﬁéﬂ' é’l&‘h%t@ r‘ﬁg}mlum carbon, and the
nprises at [east one thin |ayer o sen1 uct or

like, matv&ﬂ] ad mﬁﬁﬁntyi depog @ibmtsasuch\mrboaorbmhoeldlms ced arsenic, to form a

sl b e S 3L b BUBRASE o i ovie

msulaeihg@ayew@haéahn& |féi/%f(a14914 h%ll%o?lp@l%ﬁﬂiebl%&&e%lémgreferably has a
carrier 10 wafer and t he sem conductof [ay
thickmihgssd abputsd- ?-(P()nm the semi conductor art wl|
eC|ate m _cqgnduct or l.aye 06 can
(004?]0 FI ¢ gem cgr)}cﬁel%c?or la el 4U6 can e i ur1ty doé c{ Fll e v&élrﬁlsléln 9 conductivity

deternéiidlg, irBpuritiesesr PERHE Qidﬂdﬁ‘dtﬁ/ﬁtynaétemuahfg irthPurities dependlng on the
enbodi ment, the sem conductor | ayer 406 conprises

condpﬁmwtm% ef el T dedcs 49@andMQY rp%%ﬂO@W@h/éSQa &Ppé‘abe formed. In
an Iﬁgbg?e o L’I%E’l{ NGe! s%}ﬁq n%gétor -EQ}‘TJ‘ert Il gsnﬁglgé:(f Withap! ltgé}ee conductivity

I édon can silicon strate h
detexmm]h@(ﬁmpannésame:rmtg/ Et\ad:ll ﬂ:rglceisméBJ 4., 4362493Ninnhs sdnnlcmrductor layer

w06 Bl ShSeE0Ly D RSty 00 B opot OO L
thermal! dnhEQThel PRpantiohd sk H#3RHod. o(\%ﬁﬁ@@l it €9MOS embodiment, the

relatively pure silicon materia
semicorpluctor yaykopdd canntwec dgpstdawith Mé-tygiel cmxducm\at)edétatmining impurities to

B O N D
plac&! BFRRABPRUGY tAS iMPIaiBINoH MAndCAIbR& henBBEbrinBE annealing of dopant ions

such as phosphorus and arsenic.
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20 like, as well as inpurity dopant el enents such as
boron, phosphorus, and arsenic, to forma
waamstiesssi al | y nonocrystal li ne sem conduct or netBUSADI/003246
In one enbodi ment, the buried oxide insulating |ayer
[0048D Dnge thepB-wdlbreginamdBe 47k 486} #ed aredfoombd!,etmm:taesr ¢an be etched into

whi.ch ref rabl h t ness apout 4 0 nm
the 55 e Taim: 209 B IOMEIER St eleliebiso gl rrgne (ot shown)
betwdep &d Ja@éﬁthﬁ’ém Qefbk t YRR SQARPIS Y i thdmorOcdPUe0 dafi bW electrically
urities or pe conductivity deternining
ISOIaITf?EfIﬁIint other @@p@ﬁ}d Pﬁ]éﬁ oot shewrlobid acli¢leétrip lsqlpt@mfegme(not shown),

d
prefaty o AR ShBob (TR, hRie s SRl ik, BPare many

procés@@s tteat dap@d Wel ho Hoiri RBe SAMAsiS tHeViroYesd Gie€d Mo ib8Aescribed here in
npurities to create P-well regions 463, 471, 486, 493

detailn Ihhgengedly Sdhdoelpdes Paﬁ}l@ﬂowdsenchnﬁbatr ist gtcheshiintg thgrsurface of the
sem&@rgﬁé:g%‘;}% er SAggt hg%r(ma b%e a ?Egleggp o%éﬁbélﬁ&l@qglaterl{lal After the
trendhas ditled Ahﬁq@rmat;ulmehg/matdmaa sRHOS aandoad, MeendurfacBés usually planarized,

sem conduct or | ay 406 can. be doped Wi t h N-type

for exgmplgchy WW%@F K aﬁ“i‘ﬁ?&?‘?’f (@4P).o create” N-wel |

t
[0049]9“%5?{1%)5&% F;Pf]ﬁg@‘ggé St gkltgi?& o??a‘leclﬁor n )ggxr'iT)_p 1eﬂ¥?5¢084%6formed over the
semiconpluator doyeo ri0gnahds gise @pmnﬁest hey, s, dfhedds ag fm&med overlying the

dopant ions c S osphoru d,ar senic.
eate 0BRSS 1B ok GTBIAG SqrggaBvah desiome, 43uct Tl 486, 493
respécBiYEIQNSTUO fhyert 61t gat@&ﬁsulﬂt@@g AHaferfaPu0® dan bl %ﬁ?@ﬁ of 8feri8lly grown
etchéd into the sem conductor |ayer 406 f

silicgrpdingide on, dferntivelye 8 dieposited lingulaser suehias aidicom exidehgilipgn nitride, or
a hl%ec? %@gt?la%?g%%%tn&% n?rtlgrc {en?ﬂl lé%v?n g g@ r%l%leg{rﬁ: cIRstiRf ?/K) relative

to sili@indiyxide! Examples of Ihigh)x biy:leatrﬁ:l’ gh&eétidls indlwde! llfihiom and zirconium
regi on tg}not shown), 5 preferably a shallow trench

silicgtes | agl AT (97dlss, r"é‘dﬁl@ﬁg, hat Tl ligited KProipfNiuh xideq (IfO2), hafnium
i SRR R B 70 DRSS Py BILAL gl b chemica
vapogedmoalltlan(r(DVD),cIluwlegresswhablhemvcalr gapdr tbpdsition LERAD), plasma

nto.the surfac 1 he ondyctor. | ayer 406 t
entap€8Cslie e Sps Serdrition (BECHIon0h HOTH oy B epREBPRJALD). The gate
insulddor ®lyet BO8 prefdrablyikas falthicﬁﬁesw Bbcﬂfﬂ ll-flﬁllﬂhailtlfb@lgh the actual thickness

material, such as an oxide, the surface Is usually

can by determineschasadion ghe ascaipeing implementetal mechani cal
0
S T s Rt —

illustoated) dﬂ‘@té eorhiog thacdrizl olveyging 4061agado Dgdte uﬁduﬁfti&lgciﬁﬁénal 408, and
465, 475, 485, 495 are fornmed overl yll_bag t he ?
then pasiniagiang efphing thalavenof gate fomming majeriad frsgve Wethe underlying layer
1 bh v
of g%tg?ﬁes‘ﬁﬁlsé@gﬁeﬁlél 408?2?i fgﬁ%%&@sﬁiﬁ? %elag%y of ;&QE& fo‘f%ﬁ{g Rbterial that
overlidyeammahing pprdens dfSthsigatecmauldiing nﬂnaermﬂ 40&Ials elusitatedeinyFIG. 6. The
tor such

layefiof ERRQOTBEMRGR. AP HEEs 1B BRRTENOOE oDt 495, can be

form@@tﬁ%'iﬂ ahaavdr %lﬁrﬂtﬂhng Lsﬁlcgﬁ:tof lothef @BRdRBYe Mkerials such as metals.
relative to sili‘con dioxid Exanpl es of "high-x

In odé¢ emdodment, Mg dayealof gatel fmemmfrmrceml ammImscszcanilaym of undoped

o 8 SR R PSR 3 D s stin s

can KdlicpoSited, Bdr dxdpld, |‘b9 th@?&Rl%&EGf kl[h%lé é@IH%') $n WV &eaction such as a
deposi ted, for exanp ggchem cal 20 vapor

low preprosd Qhe@nca(lmrdqp@wtlpné UV®)chemi cal vapor
deposition (LPCVD), plasma ehhanced chem cal vapor
deposition (PECVD) or atom c |ayer deposition (ALD).
The gate insulator |ayer 408 preferably has a
t hi ckness of about 1-10 nm although the actual
t hi ckness can be determ ned based on the circuit being
|n'pl errent ed [0050] Gate el ectrodes 465 475 485, 495

I L L, ~
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30 fornmed froma |layer of polycrystalline silicon or
ot her conductive materials such as netals. In one
weododissent , the | ayer of gate form ng materi abCT/US2009/003246
conprises a | ayer of undoped polycrystalline silicon
[005hhiftey pattarhing land stchidg ﬁt@dayerlcif(ga@@@)rmimg Tiaterial and the layer of gate

insuliing sl Al B e SRRy BTy 2y B0t s BERT RO, which
overBéiCiRnsnifg g&*ﬁoﬂﬁ 658 AtECHSNaGAE MatRRI 408 PASIillhsdated in FIGS. 9-11,

(LPCVD) . WO 2009/ 148533PCT/ US2009/ 003246 LOOS_l]
openpjgsdn thagate mﬂummanmat@mlrﬂ%gemée peryiens of thgdt-weflgegiongy 463, 471,

486, {@% ez{dlé%enta{ﬂl (ﬁap 0818§t¥%{% 01627 317 § , 4%%? %ngsgnﬁg a e'm%gg ﬁ%r 1€9%81s formed

overny{gTBCborMh oh tiy/ eréle Sediomaion] NAt Peust hsuBfaod pbhﬁ)ngaf Ehe exposed
i nsul ati nq material 408. As illustrated in FIGS. 9-

portighe Afngsvelh regiengy 468, i47dul 446, n‘bg%é@%rli’f‘allthGBtYeﬂ%% WIth N-type

Qas

condQithe BreffinhiaCinbp flce PSRRI, it glted i rélihs 456 in he
semit@stactonyeyer 498 adiactmtr e acey elettydodey 4650471,1485, 495.t i@purity doping

P- we| | regl on 463. At .least a surface portion of the
can take,Blags; fpoPtample byrth leelapta.nea.aaﬂéa‘zﬁssuen&ﬁfmah@meaw of dopant
jons SR d3&rdefRUr i ty doped with N-type conductivity

determning inpurities to create lightly doped
[0052)kAe nkklusmnatqde\gllﬁﬁi@ 436l 4, sidehallsspata® |4692| endiinsuiating spocer block 467

are tﬁﬁ‘.ﬁpﬁ)cen &"2 l ec atolgﬂékeg ?%’Ceé ]ubspl gggm%%nal lgg}ot illustrated),

suchtd€a IdiaMARd @d}iep Bf %ﬂ@oﬁ%)ﬁ&@l Whior shROoARitrRleN 8atddT8medlly deposited
dopant ions such as arsenic. é 0052] As ill ustrated in

overlyingshe patejelecteidgedad.| 470p 48 &r 495481l gqmscpdngmgns pigthe semiconductor
layerbfi)gbrc] r{chp(il%zl}ed'gl;ht?r %of}&f QX{egglgﬁ gloﬁ (E@ 1 e@qgegeoqtpho?osensmve

materibl, $6dH &t Pdjoresistcis thén appﬂneeloe/elt thie Gldnkyelayerfofdhdulating material, and
oxi de and/or silicon nitride, is confornally deposi t ed
is paftsmeg dp lgavega f%algﬁltgep(éTl@ét“r Bcrnd eeposy gthen grtiongepf the blanket
e
1nsul§{]1‘?% ﬁgl ngﬁ%hcg&:blg% %so% e?;?(a{ﬂé(ﬁgflﬁgﬁﬁélg% } gélyﬁ 49&6 not covered
by rdrm}mmgqihopismtsumattemb@ﬁa)t are itladn, ammﬁmpmllp mmhed e’ethsetphants for
ver er of

examgle. o aptRE i EcRist (RIES, o8 08 Rldsyl Shoh i iy Saeltus 412, 415,

414,296} 4 01 44954 BNG the APaSEreIEA65PH73, 1485549 add'® form an insulating
"bl anket i nsul atin The exp osed port| ons of the

spacebiaieA67 erssirawdlhg! 3 ol Bite elecode ms&hﬁ@m owigeandailizon nitride can

t 4
ve el SRR AR CRRLTHL VP SETLAGHRly 358 194 ybtbogy ook 4o
overliésa@tpbbtﬁ)nl ohthet whhékgl(ﬁlaoll_:)laydrm%oranp(ﬁ'tld@\w| gatesalaet@(bd‘e 465, and a
on sidewal ls 412, 413, 414, 416, 417, 418, 419 of
mdewwb%pé géqeeeé%qt@é§§6§65The49%nala@s poxdens fthe phptnsgasifive material
pacer bl ock 467 on sidewall 415 of gate
496 gggﬁnﬁfg@gg%gs Silicon oxide and silicon nitride can
[005BAstithintatedf iarFI&Santpl ¥, another CGhies of Gfedkingrm&@tHal, which can be, for
chem stry he i nsul a,é %ﬂ’i acer bl ock, 467 25 overl i es
exanzylwrl@mr? otoRgsisl et ieg andl paiemad o Pravisle/an; ig igplant mask
499,931 Rhemfiademddio 499N varsS ! bt 61]e5sé?1f11c&ﬁiu%tor layer 406 which
el ectrode 465. The remai ni ng portions of the
corrqsmndo@etﬂns|etve1vtealnlaca§rqnalof4@6I\hm)etuasmregmmme r[:@0531]68 466, and

expo&gssrﬁglﬁgs? hé@tg %%Bicon%ci%%hlax%{nj()& wl%fcgfcgr%sponx fo 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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exanple, a layer of photoresist, is then applied and
patterned to provide an ion inplant mask 30 499. The

WO 2009148383 Nt nask 499 covers regions of the  PCT/US2009/003246
sem conduct or 4:‘%gr 406 which correspond to the

dramé@ﬁélmdﬁabglpo dat saifrce trgide 482 somarm dre@r’sonrcarrogien 484, 492, and
dramS %%ﬁ ol}nq?%%cp gt4ex osesﬁel% %%ﬁ%gier%wa 3s &ePrﬁ%ented by the arrows

497. eVBﬂttM@| eidﬁﬁ(}ﬂ&ﬂyoeﬁlb@&m?énﬁobkf?@er&Qidﬁ&nﬁ?}z,deﬁm(ﬁ Mons, such as
drai n/ cat hode regi on 474, 464, a source region 48 a

phosplgra® Ar ¥selif/a8e umlenneég The laygnof meskingmatetiah#t 99 isehgroremoved.

05 AR TR0 B oitns 0 of Cpkinganttgg 39! hich can be

for eﬁﬁxﬁples aubg® dfediotsted§i2is teATBpliel avél/ the patecele@EIdeR 465, 475, 485,
484, 492, and draln region 494 are inplanted at

495, appst pettemed) (P AEPVdeiey des implatpmasknylighhgxpases regions of the

semi&did E‘ﬁ)rf £r 468 th'iEhS n;g@ldatro%hg Q@ %a'ﬁ&ta {21 4EN- base region 468
con uctl ity det ermni I'ons, such as p osp or us of

and ar amide cegian @6t mihan edse regéonl 186891’5 indplameskatng amlewitdlrespect to a
%82 Es then re ved 5 100541 As dﬁj strat ed |n FI GS.

line 387 that i, aerpendigula e ano HORRSRITTRGE et teT samigeduciqs laper 406, as

repre@él‘ﬁecp%y theTarRXATROE to 2rdafY Ble Nfba%QQ'EQBESd@t which éﬁ@rﬂis under the
applied over the gate el ectrodes 465, 475, 485,

insulgtmp gpacereblndd46d phow- blaseamglpo 468 rrpbmﬁd:rahlusmwmnm]at an angle that

s s PABER 70 (0B AP et O b s 5P e (0 erees with respec
to a IRBOAhAOS peRféndiculRP & ik QR fALGS tHSencHRRR T Qﬂyei? B06. In this

468 is |TPIanted at an angle with respect to a 10 1ine
exemplary ¢ erabodimepler Nethiph caondyctivity afletappiaings igrisacaiclyfast peosphorus or

S ETREHELE, Yy 88y BRICITSAES I 0uion oo i

implameteat tapproxifateBt zérg SRS asdrapedserdfed. byTh]l& Brrbas €505 with P-type
region 468 is preferably inplanted at an angle that is
Condvg?thva&yeéet?rﬁﬂawngé%% (8" AeBPreBsuUng 2| ehseResgn 1t beagy ig form P-type

anodd 96%1&{ l¥6 Hr i &}ﬁ@(}e@ﬁgrw 13y atnhalfe@ﬁef@%ﬁqu@m?enlt 198y nductivity

I s perpendicular to an upper surface
detenmmng oogiycuch ab Phespheds. ol arseicsartSmtarpd. arFy)rmatlon of the P-type

anod§ EEkSon, TR bl e REWBRRRE Tegiowdhotle srkiah J6RGIAE Ry o5 Bortions: an
N- typd ﬂ)déétrég’ibﬁdéii Anf la@8typkoanod® répiéh 246 of R GDPARVIRIH20N The N-type

Is Tnmplanted at ‘approxi mately zero degrees as

base fe@m@%@ms dispesed brsweer had-welb regiem463 andybe Potiyre enedgiregion 466.
oos$15AT0b0r 3030 SIS 3000 Wy MRV A SO Bmmory con

410 shexiee iddbjected dm ﬁ:lptd%threﬁhﬁ annbal RT prodést BPexposing the memory
conductivitg 20 determ ning ions, _such as phasphorus
&

cell 40 f@reqatiode F@odmﬁ high demperafsat THA ROFA sk @eqtvgaély activates the
ions ﬂp@lgq\l-rtg%'s AeGIQ:ignt 4';25 thd'R- t?lpé ﬁpeﬁnlggtﬁ ; %&ﬂgzﬁé%ﬁ, the N-type

regi on , o two portfons:
base regjomA685&heaRdype Ehd@epﬂ:gamod@ rthglmmy;%ﬁnmée rdppor(3182, the N-type

comii BTN THES ERD 154 A0Pod S e faeeiibed U gocauses outward
laterd] QHTfR8loA §Rot ﬁﬁ@@&@dﬂh? dbﬁ%ﬁrloﬁg aﬂ?&'ﬁteﬂgmnﬁltogé r&diom01 In addition,

is then renoved, and the resul nmenory cel
although not illustrated, silicide reglons (not 111ustrated) can then be formed on the surface of

exposed regions of the gate electrodes 465, 475, 485, 495, 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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25 410 structure is subjected to a rapid thernal
anneal (RTA) process by exposing the nenory cell 410
w0 2000485801 | ed peri ods of high tenperature. ThECTRU$2009/003246
step electrically activates the ions in the N-type
N-typodraderegeg 494. 4Tk sitibide Kegigpeprov siery matheoisen f(ﬁgﬂ'lmmcally coupling

the N 4
contief{ o, a6 680 W AL D0 e &g G odp R, S0 464 can be
electf SATDEL LI tB/tRE §ateee1é&lsa>u@ 29484a a4f%idedRgion@4Nat IRRtrated in FIG.

drai’n regi on 494 and causes outward 30 |ateral
22. dj ffusion (not illustrated) of dopant i ons i nplanted

00567t ARREREEH B 24 Inéiiation Bery Al O HE scPblpted by ugli-known steps

(not ffueRatb®) Jueh BB deptditirpan Iavérd FReleétrie xROSad dtedh Bﬁerﬂﬁgs through the
the gate el ectrodes 465, 475, 485, 495, the ty

dicleggigr eatgriagi gad 4mmmelnptatlyz|§eomrﬁmh/%mdéd@w@@t dhe openings to
P e 6
electﬂ&ﬂly coqliae)cé ttltf'eie &h(&&é t daevgc%g o l}{og gee'xrgxggﬂeb ﬁnsﬂgagl?lg trﬂ%ﬁéﬁ@t cga%glgeedeposued
overl@'mgmllib agd relectrodes 46801 4ns, 4485, 4952, andnthe kepeskd- pofﬁ@ns of the
2009/148533PCT/U82009/003246 N-type drain region 494.
semiqepdugtior &avee P@gtl?}H‘%mg 8% N1E/Ps SREEEARBIOM4/dr the N-type drain/cathode
| 261 r4ega
reglogldﬁ? |4gﬁ tl%eyhlé(i ype dfegp}r??géa? h%lgeﬁ regi %(%ﬁ%?g@%%lig% the N-type
comriben dt@dmurceatdg;oméml@d drod tHeeNgmeedleiremgrand@%%d vctc:hed to form

oy ST e S b ST A e e e
regloﬁaﬂZbﬁleqﬂ%E ahedk He\éld/fﬁié& oMy sd Shtcd RRton 442U8hd Mcetype drain

such as depositing a |ayer of dielectric material,
regiogt ¢3. g speduatiys lakiero(ngh Shhwn)jmé |isterqonpeqtametal i, otherdconductive
r tall | t hat gn u t
mate‘é‘%'em ﬁ%es"? & B ?r . c{ﬂﬁcﬁa&%‘n 9’}%% tt\‘fg‘r"*i%tc}ﬁs!ea 8JFRaiping portions
that dodfiprizy ahmirﬁercdnﬁﬁuhat mgalrrﬁnehltalsﬂﬁﬁre &godepﬂﬁnnmlrated) formed on
overlying the gate el ectrodes 465, 475, 485, 495 an
the N-type éR‘ES% EREYLT 12 Shéynsranpie regiprsdfe, Mﬁweo?"“lf%fyfégloﬂcf@z and the
N- e r
N e 20 ey oot Rl flfon bt dnather layer of
insuldtfifg miatesiaNtd Yhepeinderoomecti@y nmtal 4 8R21ont theprbividy pa eechmoal pathway to
.. drain/sourc ion 484, 4 and th t ype drain.
mter‘i"é‘é‘F’%W“4‘§ﬁta %ﬁﬂg%t rclhglfmp& ?‘é{FW%WF%E’FI\‘i?B%gE‘fdo‘?VG“Ymg at least the
vias SREPUtRATA!tD Fome s vaftd chiB1etab 480 ehdt REetrRlallPGonBER th@bate electrode
to the N-type source region 472, the P-type anode

465 anddi-typedmis ragien 46& gftbe evwfe@@(bmmwppésnunq ##2 that electrically
conta’sg'hsoévﬁﬁmgé ge%%?rtl'egfé t?)l% ?e@? ﬁg?dei {Agﬁ)%'){%ﬁgotrflthéon%q’y ealc(e%b and a silicide

regioffEfbMiddodn theN-tyjendraia rdgioasioded thesdnbiggernbisw 490] @sother layer of
and patterned to | eave remaining portions that

msuléteﬂﬁam?@ealt (Ret shovay <an thsa hegdeppifed Qvierlyingdhe waite pngbie Hae 430 and
e s 3081650 13 903 LRLP RO LAEUP R SR matcria,

and ngﬂabﬁ ldb&ﬁ canthen be debdsyteéd osterdying nelgasinhel Gids 4V1 865 5caad patterned to

that ]?réten throu h anot her Iayer

t hen, of
form 30 SHHE i P Rolhat CETEaTY OOV et Hlogtd Gntead B line 454 tha
electBHIB doh#Ris 459 provide an el ectrical pathway to

I nt érconnection netallization. A netal-1 |ayer can
[0057]hEmsbas idloptoased wdF 6t M a]ndr?@ tite theraetty dehlet 10icaspaises the GLT device

at dtoformavvf bl e 430 tha
460, B NRIOS i@ AeBrT Bl AT BOS el Scssh lppsistor 480 and the
sens1h§ttbéﬁ§1$fé@5@0r ePhONMOS Rtitd rﬁ@ce%--{raﬂﬁytb? @7669 fahlcafed adjacent the
upply line 432 that electrically contacts a silicide

NMQ%gﬁtadrﬂce‘fSSttW@SIW)ﬂ}S@ aad dhe Gldyilevicei$@0 on thehsengcanductor layer 406,
devi ce 460 and a suicide 25-f®egion forned on the
N-type drain region 494 of the sensing transistor 490.
Anot her |ayer of insulating material (not shown) can
then be deposited overlying the wite enable Iine 430
and the supply line 432, vias 451, 455 can be forned
t hat extend through the |nsulat|ng naterlal and a

T | o o a o, T .
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-15- WD 2009/ 148533PCT/ US2009/ 003246 and t he sensing
transistor 490 is fabricated adjacent the NMOS read
W@emes$858F ansi stor 480 and the GLT devi ce 460 PCI/US2009/003246
sem conductor | ayer 406. [0058] The G.T device 420
and the wensingetsansistart49Pas fakFkied agjacsttshe NMPS echdtagcess Magsistor 480 and
ci.to 463 408, ., 465, Th ateral NPNP thyristor
thecglg FYige 2000 %Wg?l?q%t%lﬁ?bgoénd P-type material 5

0058NTREE GLITCAIGR QOPC&%ﬂ@e§BQﬁSraI SNt EStor 3bupied ¥PEMOS capacitor
[ Egse regi on 468, a P-type base regi gﬁﬁ463 anﬂgban P

463, QOB \ 45 cﬁhmb&éalrWB nhyrédor omeprises hlderbating Netgpoard Bggpe material

whlcﬁ elg?lgﬁe léﬁ{y?ﬁ %l kg% gel 3 nog&ﬂ Oaalgltlr ég‘?n B%Srézrggfony&gr\la ripgype base region

463 aridngi Navipd slalﬁode&egl@ﬁ o4, WedraBe bd3e rodiens 530868 &@il8@rally disposed
466 and the N-type base regll on 468, another PN

bethe@htéxeuPowp@ﬁzydef segfcm ﬁ‘ﬁﬁjaflﬂe e cathedewragianedshsd B gunstion (J1) is

o0 ., 48140 65 0 N 00 S
juncteord(Jb)hie fbhﬁqtpleetwaémﬂﬁel\mﬁgd ban;elkﬁéxon Hoe awﬂlﬂlﬁaﬂype bm region 463,

463, 408, 465 of the GL.T device 460 includes a
and yetcanothen PN genction (I p. isyfoemed betwesyi the Pxbpe bese 4 3gaadethe N-type
I MEOS b
e o LM% cEbRREE 88 RIR83 sff e 2" dyice 490 dneludes =
gate iekestrbde d065) theeP-tvifiBbaer negsona 463, handc apzate froulator layer 408 disposed

v S5 GR35 R SRS A S B b DR ver o

serveds-ak YIRECapRAHR diQ&itee 'fﬁ@N‘-t%fp@ba@ 1€§§>ht4168 An@ MEPUiY R base region 463
W th respect to the N-typé cath ereglon 464 (With no

are adigicentmeanpthicad Véhent the Fotype a@bé@ regeieda® ) at 4 mtl\rq\potentlal with
[ J3 for I a
respé Wﬁlpq ttg &E—It un(’)g hoﬁg I'?gj%%l ngg %wggeg)s eoltg? ¢, dpplt red QWate éleegt’rode 465),

then JPINY §uiric€ibn ((Jg)ankisPN gufdtim (L pardforwardCbiaskd; tldle PNkfaactmn Jy) is
place (off state). |f a positive potential applie
reverﬁﬁélaﬁﬂdt y?&%P%mwélopéba) Srrexgie pissdh @Pé&§@é?t’8§§%l?ﬁ§ p&we (Ofr state). 1¢

avﬁg‘qaﬁm 6‘?}9 ﬁ\gglottﬁgﬁ it ﬁ@%‘%&?%ﬁ JF?X llr?ctr sed bfyond a breakdown

voltage Viheoft thy Itln)&rtstnr stadariche damaltchnmg P(N)]urmtlam @2) tdkes place and the

.positive tent a eda
thyri§ P start oPumg (O S edl 4 BOUHES OLephie (oo G qepplied at the gate
electfo%g|4@5 Wi resh&® tHHEAKAGYPE chold ?e%jéﬁ‘ﬁ&l QRe BNakd6\6h bPhe junction
J2) occurs at a Iovver val ue of ositive

PN Jmlen {l2hpceusyatgelowet valge af tfmmsameup@t@tmhl By seJecting an appropriate
t st.or _can b [ the on
cand Y WE RSB AR BB IS TS B0 e

[0059jaPREMOY edpaciteryd3e d08,0465He chbdeabely edlipha %@Be Dfbash gegion 463 of
thyristor, and hol ds charge thereb(y control Ling
i)

the tlrzmsa«m and helds chargp thexely F@Qr%hnaeg faliafdhe ﬁybqsgtr%ﬁlon 463 of the_
oo Y8 PR VRO L B RS RO AP st

of thé BBtype baseRegippe6Bathe Prtype dbasod6Biona6d, aridethbiN-type cathode region 464
cat hode region 464 is triggered. 30[0060] Although the

is triggezethl e above is an NMOS enbodi ment, those skilled in

[0066]hﬁltﬁ(5 V‘therxﬂEfeeéHo@E §dah WO@"exﬁb&ﬁﬁﬂ:ﬁ{ itN&eRMIRA in the art will
enbod nt can be fabricated by swtching conductivity

appntchmeis that \ear iabamatieg)i BMOS hembadaentuman hbe dfabiicaed Bprswitching

cond§iiA; Eipst T3 SO SISEIORS 08b kes &P BUBE Vi | Eppyedample, in an
altertide 'éﬁ‘@ml\gaﬂ_ y RN diReflD %&@mwt&@am 481 ube tompALd PNEtransistors,

in an conflguratlon Wtht
and the GLT device 460 comprises a thyristor arranged in an PNPN configuration with the

-16-
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-16- WD 2009/ 148533PCT/ US2009/ 003246 MOS capacitor is
connected to an N-base of the thyristor. In the PMOS
wenbodissent (not illustrated), the well regi onBCHES2009/003246
471, 486, 493 are N-well| regions, and exposed portions
MOStapicites is qongeaerd to B N-hase, 0f486 thytB®rcaln the PAMOS cemiadiment (not

s P Py SRR 4 1 B, PTG L b 528 porios o

N-wélEgég08s 463t 1Rl 5486, M 930851 &k AdopedYi®ith 4fﬂ6ypel SoHdutfivity determining
dopi ng can 't ake pl ace, for exanple,

impuirities et grdaten ll@hﬂy sdnméqe}etﬁnswme\emns aandeaommg/drﬁfm regions in the

sem1§l orfgl%{; or 'l%’%? )I%?gﬁrsl’{gfgio%qn d%%lntg ) R CB, Oé)gg)%% pl%,r by the implantation

and ﬁmw@eﬁtdmanﬂalraagemfg ofldipadtlioAs sidhl ds ol @sElouRael (BF,) for lightly
below wth reference to FIG 23, nenory cell 410 is

doped sxtension regionfand horen SOYCR/AraABREANS. | | nes whi ch
[006%]”&% ‘MH b%oégc éaebe‘}%\g tw‘M k&@rg@é&aw Fig. ' AN én%xq?ryl ééfﬁpiﬂo is operated

wite I ne
usmg45 ﬁlurﬁllmysof reneolylims| whidi Ohchudeangraniaiet 42(& ity eﬁﬁlﬂe rllne 430, supply
i ngs, , prevents read_ di iturbances during read

line ﬁ?e?”é’(t? Bliding > denduptd b ling 54 e hbis apgmeyicell 43P arjapgeraent, among

4 I
vt 525l o A4S AR A D 1§ SR 40 e s

writei Hit listsrddd 452 @b Walgbe desceibed belowmith fEefé&renée30, F1G403.

[0062}% ;}‘%Cltél%l %ﬁ%‘r A ”eﬁwhdﬂﬁq@es v tgng%%fogﬁa 06 520, 530, 540

appli¥ll ké toYrdINReRUDO, WﬁiO‘ﬁSl s 2r8TRE YnctfIr) c8i1@10f FIG. 4 during reading
accordance Wi th an embodi ment of the’ present

and Wwriting toperations ofl e miepwdly icall ddOain| acketdenge Wit amsﬂmbydlment of the
prese ? l ventl0 Can Qscn%@g ] a &911 bBlo@ YheX gm éelpym) l?e opgra ed in any
X 5

eren noaes |nc Wite one

one Wnﬁrbbemﬂﬂlf@c&t rﬂ\dsdetsﬁinél&dlﬁg(v%termﬂe(l5%dea‘mﬂ rreaiﬂone (1) mode
zero (0) node 596. 100631 The nenor% cell 410 can be
592, weks griedOx Modhedhead read#grak0p made®oy ol t ages, and any

[006%OH'Y@ r§ Q@ étflbe&nb@el QHigHeR 18] *a)fe %§1ﬂgﬂi fféﬁén@@gltages and any

to I | ustrate one partl
valuesrqpbeﬁe«htbatavo are mkeely oxemplagypupldyploviied48Allugrate oo ;iatﬂlcular non-
llmlt}ngrl%pge%e%tatpo%er teI p%r\lve?fsuppqy line 432 is grounded throughout operation of the
memory cell 410, and therefore is not illustrated in FIG. 23. The voltage waveform 510
applied to the word line 420 ranges from a low value of approximately 0.0 volts to a high
value of approximately 1.2 volts. Voltage waveform 510 transitions from the low value to
the high value when the word line 420 is activated. The voltage waveform 520 applied to the
write enable line 430 ranges from a low value of approximately -1.5 volts to a high value of
approximately 0.0 volts. Voltage waveform 520 transitions from the low value to the high
value when the write enable line 430 is activated during either a write one (1) operation that
occurs during the write one (1) mode 590 or a write zero (0) operation that occurs during the
write zero (0) mode 594. The voltage waveforms 530, 540 applied to the write and read bit
lines 452, 454 range from a low value of approximately 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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menory cell 410, and therefore is not illustrated in
FIG 23. The voltage waveform 510 applied to the word
WO 2000/1488683 r anges from a | ow val ue of appr oxi maREt/ySMOV003246
volts to a high value of approximately 1.2 volts.
the Whhg@g@vwﬁamﬁéﬁ rppli@l on theswritedritlifie 653 tragsifiaw fverh ke tay value to

e s DR SR A S BTt kB B e s
[0064] Darif8 Qithen 3astel s uateon, aNe iAéMBryOtelaPDOXK BEQLY orlao'iwated by
volts to a hl%h val ue of a pproxi mately 0.0 volts.

applyrag highevaliage (B ©Abe tvoad ém@ 4@ Rsandrappl ing a [lewy phgeetot the read bit
line Ila%ftloqhﬁp f?l e 14 actCﬁslletranswEo? 4%6%?|ﬂ%‘( %errﬁ% 8 hf‘% V\Ehe{l the write

durlng el

enableCliny 4»30211@ rat NGy tvBRagh reladive ie tHelanod® EepiSPIc®bf tiheVﬁiLT &levice 460, no
zero (0Q) operation that occurs during the 30 wit

currepg ﬂ@W§ oy thioeie Tsdevicer#0 yafik myltaggissr He G, 0. lets) is applied to

i
the ERBEh Ay fifle V1P Wikt BlSbuloRiE adchack ' 5pp e o S0adeife 522, 526
to the alrite endblafipe d30,nmhieh kaised a\mhteﬁt tol flovp dui tHec@LArdevice 460 allowing

vol ta vvaveform 530 transitions fromthe |ow value to
eithef héelﬁg@howedé ) s wiiten Fethg “Eﬁ“POWlCﬁﬁ] A§4 i s activated

[00651UE b e vrtERHe ?I&e 26 chtidIOfgt Aars @Rthg HOwrite one (1) mode 590, a low
009/ 148533PCT/ USZ009/ 003246

voltage, for example, between 0.0 volts to 0.5 volts, is applied to both the read and write bit
lines 452, 454 thereby applying a low voltage to the source electrode 472 of the write access
transistor 470 and the source electrode 482 of the read access transistor 480, and high voltage
is applied to the word line 420 and hence to the gate electrodes 475, 485 of the write access
transistor 470 and the read access transistor 480. The write enable line is coupled to the
gated electrode 465 of the GLT device 460. A one (1) is written to the memory cell 410
when voltage pulse 526 is applied to the write enable line 430.

[0066] For the write zero (0) operation that occurs during the write zero (0) mode 594, high
voltage is applied to the write bit line 452 thereby applying a high voltage to the source
electrode 472 of the write access transistor 470, while the word line 420 is held at high
potential thereby applying a high voltage to the gate electrodes 475, 485 of the write access
transistor 470 and the read access transistor 480, and the read bit line 454 is held at low
voltage thereby applying a low voltage to the source electrode 482 of the read access
transistor 480. The write enable line 430 is coupled to the gated electrode 465 which is
capacitively coupled to the p-base 463 of the GLT device 460. A zero (0) is written to the
memory cell 410 when voltage pulse 522 is applied to the write enable line 430 since the
voltage pulse 522 decreases the potential of the p-base 463 of the GLT device 460 thereby
turning off the GLT device 460.

[0067] During either read operation, the memory cell 410 is selected or activated by applying
high voltage to the word line 420, applying a low voltage to 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
-18-
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the vol tage waveform 540 applied on the wite bit |ine
452 transitions fromthe [ ow value to the high val ue
wobmm14d3e3 wite bit line 452 is activated duriPQI/us®09/003246
wite zero (0) node 594. [0064] During either wite
can bq;xéhmimht@d Mchgom,rmcmowdll Hlocandesplemtedewithout a periodic refreshing

ted hi I, t Vi to th
operfifap, BEkste Be SRt iyu? Fulbin et 8wt Bidn 466 is not
11m1t§d |dhﬁﬁg fHesstdrdby Widte d}f fholdife staRaGhA GBS befwdhiréddbperations 596,

of the menory cell 410. Wien the wite enable Iine
592m@bwngnnﬁnn@ms§ ;t%@fe relative to the anode regi on 466

[0068LF51hﬁ1e%gd dﬁ%{:(?f ggg}% 1?%gléa%glrﬁrc§rgt cngsz e reaé gnsc(;ll% In%od)e 592, the
memioBy 8d1P41(e@1f RavichRevibiidl ¢ bedaititteh Wi a‘kﬁﬁa (IW Thé GLT device 460 will
operati ons take place by applying a voltage pul se 522,

be ingp Blahcﬁtattﬁ élgg referreshiabise fonsardducakipg mede’ ihetraiges the potential of
r I N
the n%gé 42%%;:&%% edrl\opf !(1%\5 5%?6% ?l%\u’l?t% aég&\slw ‘?}JI ¥¥IOPQ74 t EI egh potential at
nodemdbtyne ehd sehtlhg ra36h4r #20° “Ome Vithetread it Klﬂf) 454 is pre -charged to
eratlon that occurs during the wite one

mod
ground 403z valty vinem dueh vaitags snpprlied et the etord, 24,78 i sead access
trans@sté' A9 tushs drS aﬁtpﬁ{e' s%gsﬁlg 1RAbiBot 160 aﬁ@geaﬂ%cws tfa%sx@iofr 480 allow a
[T nes 452, 454 thereby applying a | ow vol tage t
curregp tor pass GlosTthe adedel6t freadbit ine 464 ampplytlnwr@ﬁs tWhen the voltage

470 and..th ource el ectrode 4 of.th read acge .
appief anPE IS a8 EReS RS Rerib rdier sl 346 SFsEs B appeone (1) is
bemg\wad fldmthedR@néyteange to the gate el ectrodes 475

of the wité access transistor 470 and the rea

[006%E@sﬁletrp@d1§¢r9t(@b onst@tlorrﬁbatvmcu@ dnnigl e |rearbzere (0) mode 596, the

memﬁ%gellegl()t \911% lﬁ%e%gév\?\?lfs?)( \ggﬁ% e&f% %I)zre&p @)g Eﬁ%ﬁﬁ V\?}&’lce 460 will

be involdvagatenidlss aeferied its aaap‘lrd:\eﬁketb}eiumg Wdde®). erl&blbcﬁexhtiam @t node 444
430. [ 0066] For the wite zero (0) operatlon t hat

betws&*«:tt@#% It doQ Ard (he vate agcssy @9“.%% 4ol appreimatsly zero and no

curre\ﬁ?ks ﬁné ﬁxrﬁﬁ’%Lﬂ Q']‘v]f"p dbige %%t WVHhzeld Biis %dg%ﬁqp){pghed to the
appl ng a voltage to the source electr

sensingdransistoe 49@,abs sertsimgrtsansisor 49P0yilvibe inatst ‘todf vatatel ahd marrent can not

flow Jim Ao s Rk GAREr B ot el aFRYaB0B o [ i Phied read bi

line 354 @868 hét2dhahgs, Ocheﬁ]f?lQe siide aliplitieAdira@i€ 836 sk Shatldka zero (0) is
480, and the Fead bit line 454 is held at |ow voltage

being trad dtoyn thepngmery cglll4df: vol t age to the source el ectrode

[007@]?1%0(? 24 1@% mr}@% | S%gag‘azpvrl%gh ﬁﬁlﬁﬂﬁ g%lg{i ’él‘%& cgli[brqg\gfé i dance with

anotmldi}ﬂibdd&né?xﬁﬁﬁbﬂhélpté’dent aouptied tThet hempribasie 6463)f(]1fth I?g includes
GLT device 460. A zero (0) is witten to the peno
many. of thes JaMGyRlemepts) Qréig@tﬁsaw@cs@ﬁ assthgppemary edll f‘h‘éo FIG. 4. The
i
som@fofbiEnG i rale S84 IHID. O frel RGO PR B ffeep B gramgement or
strucd&mo:feméﬁl@r)t leell edily) has nhzn@edf f th gakd of deevitye cbftinonly numbered

clemigle g -k B 29 WL POLPEGTByTABpIY A ER: BEfPagEa only the

diffetdhictdBetWRES thd RRNGAP cel? B@bydfrIQCﬁ J40MU dV Bt @9 £16.04 GFill be described
grounding the wite bit |line 452, and applying | ow

belowol AsigeFiGo 4 te meimbey eaihél@%mpesewoga;cd tatertl thyristor (GLT) device

current fl T device 460 there reventing.
460, 3 i dectssare i 47 Pof e s o0 RS fstor 490,
and Pplurdlit 681 85rdrdl $inkEre kd tP¥perak tRIMeRiory B aﬁﬁﬂacludm a word line
operations 592, 596 the read di sturbance 5rob|en1- -

420, woyrite eoable §a8 4HG H susplydDYe0B22a ovrisa hit bise 452 rindatead bit line 454.
Mor eover, menory cell 410 calP-be operated wi thout a
periodic refreshing operation because the current
bet ween cat hode regi on 464 and anode region 466 is not
limted during the standby node or "hol ding state"
that occurs between read operations 596, 592 and wite
operations 594, 590.
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5100681 For the read one (1) operation that occurs
during the read one (1) node 592, the nenory cell 410
wowdob/1¥sas® previ ously been witten with a one ¥dl/US2Dh®003246
GL.T device 460 will be in a high state (al so referred
[0071 b The memdry caki6d 0 bl wstiatedgn fidGe 24 diffiexs froa Ehesmcmery Cell 410 of FIG.

4 in fRb A oPoivdinec? Pl oRR R s Sy Ba i diregtittirode 472 08

the witd@cdedd trabligtsr 471RatSRAS 683, I Altic, Mhie ARde 466 of thETELT device 460
read bit |ine 454 is pre-charged to 10 ground (0.0

and drgint49¢ ofighe perisingtrapsistoad80iaze egupladete one anptheip gonduedive line 634
r r
o GG 58 560554800008 5814205 By G0, M e 45
at ncilel 635. aTausefsitg tranfiees 490 @Bhdel ehanotifzedbibndde 44ead shhilar way as
line 454 via supply line 432. Wen the voltage appl.ied
describedyphoviej wigh mesret t@ Fddsdsthe wiite aeppss trappistor 1P centrelswrite access
n
in a grirél?rlg? 8)32%? ldg%il%)eﬁi %E@VOqugli (’é%eétst s ?e‘g ?gﬁ% Fé(agggcgéﬁg transistor 470
contiofereatl iadotesk hata Omdlar svaghuasidegeritied abese wadr espéxt todid@. 4. As such,
10, wi | | e previousl een
Operwwqféﬂe%%nay %EG‘IL e demébeeqwrede@gee Aeon it 1& £ijbe mgmory cell
610 @‘anl &ﬂ’ﬁlﬁﬁt%ttﬁe ﬁéah%tﬁl%fi&rer R8blefh Iﬂént?oneﬂ %\68&@%?} th@Geparate write
The potential at node 4 bet ween devi ce
and 1z¢6dl) bgtridles HE2#54 ® decouds the madmad ovrit¢ pathsdrom one. Operation of the

e SRE R AR S S0, B e R SR b . 2

folloamﬁ 4 &é*schﬁtlérhﬁf %@th%@ @ferB Asddr 8 Tathridaty thé%mér'?%eﬁ @nei ng
transistor 490 will be in its "off' state and current

[0072LRIGt5-21 and 25 dHastrafe aanemeryiadl @1 andanethed) stps farijitsdabrication in

accor@%ﬂCe Uétélt n o\ﬁglhan %ngglhtts Q)? tﬁé ?n&e%ﬂgge%l@a%e?i :}:lalrléc Bget'n described

abovd4énds ﬁflswetdfaltredlﬂy avill afod KeOI)epEe&ecbelN'Ighb&&tbpﬁ rfomtlieh &bncatlon of
cel| 410, 0 24 is a circuit schemati

menor, 0
memgQpy ?ﬁlrly 610 yd} now be dsscﬁ‘gﬁ% Withdgferense do FHCS oc% &flﬂ‘awélélswt%a top plan
v1ew%rryl'3§r rtrlgé;ﬂEHl%F)f @egggfbo?ﬁg%l% Qlftezrgcl&lf‘}veor}i&ggg céllrl‘}’l@rl%%iﬁ é)f isEg@ 25, a metal-1
layeragb einpmﬂlt‘gd aedrlymgehe sranddlj difs 448, Mﬁeamdammqmmgmom of the layer

.of FIG 4.. T ef erence nuneral s used FIG 4. .
of ingyainectyaisiial JSrAes PTG SO0 S bERelg oD o Supply line 632, o
writeSdnabletliHeet30f anda @AYk 14 tﬁaocdmgeswk@wd> VIEq@SaK@wé electrlcally
brevity, commonly nunbered el enents in FIGS. 4 and

contagty forigsts Besilide regien (hai lblestsﬁwd)rfenee@@authe Patyre @nps}e 466 of the
GLTté%slacg %6?,&21 de\%? qg? ée@ﬁ’fc\ﬁﬁ? P @Q&a g‘s%g}r)cil% el% n (ggtolllﬁstrf (l:cﬁ formed on

the Netype dbaint hgldﬂiem yf el den§idf tiaasipor 466. a }@aﬁ@ﬁlyl ladee6 3 electrically
t hyri st or devi ce 460, a wiite access tranS|s or

conta&i;sowaéMrl H\él (g)cglggtgcglll)éﬁ%qtgqtgla salepyde, Fegion fotd I“%rated) of the source

electltd'd@rWZS(ng{he@Qte ﬂ:@gssatramsiﬁ(ﬂ'l 47tOV R%&%P‘i Rt ofi 1ﬁ‘s%§ati?1%§natenal (not
used to operate the menory cel |nc uding a wo

illustrated 1421©posatedmvbﬂy1egabda mshlanagmenai 4)9p meysulppbelnﬁi%mz the write

bi t I|ne d a read bit_ line
enabic i (5101 36 aBal e /%yﬂélqnéoer&]themléwﬁ@éwgr rategia are then
anlso@r% 1dail$/ lé%’ééttﬁ Qloﬂnp a thﬁlolgz{hﬂ' dxt&las tlfu'bﬁgﬂ Eﬁkemgﬁm?ﬁé’ material 411 to
in that the supply Tine 632 is
via 4|4%Iaod aheachem! dimetdﬁét The vig hotrugdnettien detfiikedswithh cenductive material to
ite transi.st 4 at
form o W SfeciiAt apbihEia e 1B 45500 e hRER 1Pk 850 ThgR0 e a metal-2
layer4@@t 3RewAY dhm K& b&Tdepbiited eI thgl AARGLSYIAE 4@906% de remaining
coupl ed to one another via conductive |ine 634 t hat
coupl es node 448 to node 449. Nodes 448, 449 are also
coupled to the wite bit |iR&-452 at node 635. The
sensing transistor 490 senses the voltage at node 444
a simlar way as described above with respect to FIG
4, the wite access transistor 470 controls wite
access in a simlar way as descri bed above with
respect to FIG. 4 and the read access tranS|stor 470
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10 operation of these elenents will not be described

herein again. As in FIG 4, the nenory cell 610 can
we@biopilssas® t he read di sturbance probl em nmenti oPedUsiIOv@3246

by providing separate wite and read bit |ines 452,
portiogstof thedleyerupl msulating eaaderzatdand pattermeslt tosfoimoarvaite. bit line 452 that

clect A T 0 B B e it ey SroEbetpeme it ia 4Bs.
[oompFi@vmm@ DtiRSE diaPfan® Whdh MBtaek ¢418Rs wisRtbri® 710, 720, 730, 740
fabricate the nmenory cell 610. 15 [0072] FIGS. 5-21
appligd do gontral|lings A2Q.e434, ARhASY of éhe mslmrxamjl hf)EiICstZé’rmeng reading
r.its r t r var i
and (Nggomg o*g%a?ﬁ?)n% %)? thg rI]rlaéanVoe t Iegnéjﬁ‘)n Jhac o lanee ﬁvave eerenrll)odlment of the

preséi@ $dfehtiesl AR@¢scribzddn detailbalety, dhe Mie@ory ¥elol 0 citDbe bﬁerated in any
repeated. Met hod steps for the fabricati on of meno

one @%P inugtbgr ¢f Kifferent me @e@ékuri%dwwet one g anedec €94 deiﬂl ene (1) mode

I Vigw of the nenory
792 %értf\égpfgb)ﬁn Zgja ?Z‘F% rrnggrpoerjyg%cell 610 | ayout of
[007#] The Zemary reetled 101can2be Idegtg’(edl o oepaisiusing differdny ivolages, and any
the vj aé 442, 446, 48 449 and rerrgé ni ng. portions of
r

valugssperifipd belw arsmes y faenaker pa PrRygledsind!ipsirate ofg @articular non-
llmltfr@' tRidy Pl W@’sugﬁ%e&% 532 1s°' h&ed fhRudhdée oﬁératlon of the
enabl e |ine 430 an t 34 t hat coup es

mem(or)aCdmglt),oand thefefore Wi thSStmt@bm FI@I 2¢. dliwet wdtage waveform 710

app 00 B3 ot B A0 Faesring Bbvr ali PE BBy T 481 to a mign

valud4P asibr8&intdt@g! 1.y veRat Wtﬁé@wﬁwfoﬁhdﬁortﬁﬁisﬁﬁnﬁ Fm the low value to
il lustrated) forned the N-type drain region 494

the hagh yahee wbﬁsth¢g~@rﬂdm4§£)o$ a%%tedTHBlesv@ﬂipggfwwﬁerre 320 applied to the
a
write én%?fe l%ﬁ;e Jg»ds/ raﬁg e " elé):vxg\rf]ﬁff { X\ﬁ* ? ealteq d; %bt]s %f% a high value of
apprs)ﬁttfatbﬂfy 610evdltso dVoHngé whvdfben R0 ttﬁnﬁﬂﬁﬂs &otrf thedbet wilue to the high
Anot her | a}/er of insulati nap material (not

Valuq Wlhﬁ% fhcawetﬂ enabledinstit isgetvaed Jumgg either | an\gmea&qer{é) operation that
occur@d %ide g@ge ﬁ%?g)ﬁﬁ?dr?eygﬁd;ﬁwgﬁdgé%é ??)O%Heﬁtﬁ)nQEth&%urs during the
writd zeso (@t inde #9d.eThalvoHage wherfornB07H7i740 tapplédctal thy write and read bit

tofor a via hole that exten t hrough t he
ines 4 S0 S1 Frpeieem 4110w oige < apraominay 1hl o i high value of
appr&aﬂ}ateTm Mdtshah %a&ﬁﬂlldrhﬂﬂta@@ wavetdh 790 farsaid GdnY €he low value
material to forma via that electri cally contacts the

of zeyq ﬂ))zmizts émthethhah welpaof [ il avhenthe readtbiteline 454mstaglivated during a
read ogég({i) nblle %‘%{é g@%@;ﬁg@ n\&%‘%ﬁ%%mf%ﬁﬁbl%‘é%ﬁ Y Wit bit line 452

transﬁﬂﬂn@/ﬂc#ﬁ&ﬁ@?@ﬂ U260 (G8/ thE 32w 6vabar Wheﬁlah@fwrttb&)iﬂ Hyersofis activated

aul ating nmaterial, and patterned to forma wite bit
dum}% ﬁ?z?rﬁzﬁ)) BPde?99-cal | y contacts via 635 and a read

4 t [ t& v
[007?1039 3 %ﬁé?r é%ﬂlgsorgér?tlﬁﬁ{ ntgé‘ J{'lgraglgmi:% a0 is égté?% oersactlvated by
applyiog h@levolziage(\ziddr)stonhe word (Dme 730, anZMeQ)ph)ppg aéoiwtwnltage to the read bit
rol e 4 t he menor I .

ine £0to 1o e Tt sk ok 04 dhGerioRg STt Wi the writ

enabRf lidd YB3 0B WP 10w 8lthgeSrbfhtive t BEAdAB¢Esi%h 486 8P the GLT dev1ce 460, no
enbodi nent of the present invention. As descri bed

curregie flaivis ib¢heo WL Tt devierp@l} ynitled Volege mése B2 sy @.Oecbltlshxs applied to

r of differ nt no n
the s} epfe e TG0 iimelipefitiont oK e S5mbliips § yOfagpuise 722, 726
to thé Writéefdbld Sfte 4300whiRREads A duPdenROBoW I8 thd 8D TAevide®t60 allowing
menory cell 610 can be designed to operate using
eitheg p zetrer(Bher east ¢l rele waittgn émgbememqweﬁ 6dPeci fi ed bel ow
are merely exenplary and pre¥i-ded to illustrate one
particular non-limting inplenmentation. The power
supply line 632 is grounded throughout operation of
the nenory cell 610, and therefore is not illustrated
in FIG 26. The voltage waveform 710 applied to the
mnrd I|ne 420 ranges fron1a Iom1va|ue of apprOX|nater

~ I T a o - Y . I T
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25 transitions fromthe high value to the | ow val ue
when the wite bit line 452 is activated during the
wowiope48583 0 (0) node 790. [0075] During eitherP@F/USm®09/003246
operation, the nmenory cell 610 is selected or
[0076L Fox thieewritioyona i p) gpenatidni that oedursaderifgiie)write aniad 1)vaode 790, a low

voltgger Br gEamp g PR P 1.0 50 aBalet p e B8t Tiiss4 thereby
applﬁhgtahl@wn%mgy t6 eld sutéd elbhiedtict 482 dY the @eatDaRBaPIrfhststd1€480, a high
430 is at Iom1vo|tage relative to the anode regi on 466

voltage, fonexanpledesiveen h8oltaand dry ealts, fsl apphied to bath thg write bit line 452

evice.460 until a valtage pul se 722 ( , .0 volts).
B SpETCn R Vol itk SR HIESFod 728 Hognrs Rt ddistor a7,
and WigR valth@is abplie tol the oy 1iaP ALY iaf@ handeabthd Bath¥leeGoded2475, 485 of
726 to the wite enable line 430, which causes a . o
the wiiteracqessttiansiston 47 anddherqadgeseessetrasisten 489w hbe siritp gpable line is

e BBty Yo 8 B VELASESL AT TRERLY,Cfblien o e

membohecell 6 t0ewherevd]thie ppRe 26 (napphiad tothewite @dablating Be0.

wite one (1) nmpde 790, a | ow voltage, for exanﬁle,

[007ple Foretbr wite 2591 (Pl opegationsthgbpgaurs duringhe et geror (e modg 94, a low
. i . " '
vl b 28 (O IECSEY 2RI ASE ) B FAL 0B P By opiin
low vidtage ¢o theghurce leteatyede 462 ofthampiite actmss trersistar 470y stttile the word line

and. 1.5 .volts, .is applied to both the wite bit Iine
420 G o poyris PP gPa R e elGes 1 MRrie lgp s 475, 485
of the MeftE heE8s AdisiRbr 410 andl the PeRAICLRES thdnBiRPr ABOS arflHBe réAit line 454
h voltage is applied to the word |ine 420 and hence

. g >
is heldoattlpw vpitege Bleeabyrappbsng adow 4@bagyd tor the sapice elegtrode 482 of the read
r.ansi st ol 4 and .t he .rea G t.r apsk st 480. Th .
sccefy ERRERARP s Moo CIRE RS D3 PR BE SaRled Hapedos whicn
is cagdetivelly tdugpléd 16 tHepitase 469 of theCBET (déyick 60 Al 2@t (0)As tWiftten to the
nenn&i cell 610 when voltage pulse 726 is applied to .

mempRecelf H1@ vdirapiodage Ralsa Ig2 1s Appheb e thepwrite erabl ing 430 since the
w55 2 RSEALL 18 i POENE B AL OBl B g hegeety
[0078JoDuisng sitlxppeadempetationhtheunérheryhiel]l d10neselé&Qed beaatiygted by applying

v S0 % UL HR% O S e SRS Bhe 452, and

appl AR 106 vORAZE Bithdiveife BRILENA&L36 B8 THRPYo RBREM MEvRinth8GLT device
voltage to the gate el ectrodes 475, 485 of the wite

460 thexeby Previenting 8 maite aperation fiome takingoplaess Besause A Waitobit line 452 is

; t he,. r. ' ine 4 hs  held. at. | ow

kept JE RIS ISR eH bohaides 28 /30 4B 4O, Bifhout orgblem can be

elimighed! r Migech&2 @kmohe ceRagl (Resieve dpcated Shitiowd 80 perlbtic refreshing
wite enable line 430 is coupled to the %ated o )

opergtjogc by HEsCWFRNE thetweqaaparder ange cytheds dod ds tnot tlipaited during the

< 3 : eyl [S .
standly 58e 8P Cnice! Ball® In AR, f80kech rEA] Bporiors™ 106, 799 and write
operatona@pd,i Bd.to the wite enable line 430 since the

ol.tage pulse 722 decreases the potential of the
1007%{}_- picBedsed gre t(ﬁleowﬂ%waé g5, durg ti]@cf?@f_g opg{j hgrode 792, the
mem8hy! 8T 6 18R IRREHREVIORSTy bb& WRERH Withed Jmeﬁ(l?.h'rﬁe %ig[egéﬁ& 460 will

or activated by applying high voltage to e wor I ne
be in4PRighaate (dlsgrefertadotio asal tfageartl bredkengumiotie”)shat rhisaethe potential of

452 applyi l.ow voltage to the wite en e line <
the g4 BB NRER O 10 i S0P s iBC trleingcnst robSuPLA hobign botential a
nodet SRY BRNs BHeL¥@BinkGarRistdr! 4R) OHEP atTiherehd B iRKUBY is pre-charged to
pl ace. Because the wite bit line 452 is kept at high
groundb (@-8geolishir i When dizgh ypleaget isoapplied o theewerdeline4@0 the read access
di sturbance problem can be -25 elim nated. Mbreover
menory cell 610 can be operated w thout a periodic
refreshi ng operati on because the current between anode
and cathode 464 is not limted during the standby node
or "holding state" that occurs between read operations
796, 792 and wite operations 794, 790.
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[0079] For the read one (1) operation that occurs
during the read one (1) node 792, the 30 nenory cel
W®109/ad583 have previously been witten with a BCEUSZDPI/003246
The GLT device 460 will be in a high state (al so
transistdred8Odurns na and, thef sgnpiag drabsistak #9Q andad@d)aCPMttramalsm%O allow a

cure B B et e oot 0P G e Wl TpS 732, g o Recfifina o pf sensing

transRREFIGia tliHeN63 4 W ianse Volthged I&Han 1919@m60¢54 indfe@ses, the sense
read bit line 454 is pre-charg e round (0.0

amplifisir cipuit §he serspgythatdata agre(l) és bpng re@d %tqyn thﬁnmm qeilfd 0.
2 - 29-
[0080)20s! S (&L LABTDBerfEs ol Bepurs during the read pero (0) grode 796, the

meman el I 05@ilshave prévanssl Bbedn widerowith aeaeb @3.CTH6 GLT dev1ce 460 will

transistor 480 allow a current to pass fron1the anode
be inggle Haer(alse TBierTellihas 45 50ver breAkiBTAE N TRspaspntial at node 444

betwadn L'Cfgdév'i@e{;&%@%&[ (19 g é Qcctzésnﬁargl?sf’or W!;eﬁ ?ox\ﬁ%%{eﬁgﬁero and no
app i ncreases, the sen i er
curreat 1sqasdingdvosgnthe Gl hdevicat 0. O%e(l Fpro lsadat nugle r4G&ds applied to the

SCHSIEI%?I‘TB%%S]&{T?@Eﬁ% ﬁegglnl(gctg%lggtogﬁﬁgo t]q?gnrl@;h z&?"gg eéf crn?rrent can not

flow 'ﬁ‘?ﬂ? the2hodk 868 TRE Writ€ bt I%QlS‘Q" zlnld BaKe dRIif o2 l(')?ls)!nsmg transistor
been witten with a zero (0). GLT device 4

490 e ling 634.| Hithe vealtage (cal tb@preecfhargeédeacbblai;na454 dv@mm change then the

The tial at de 4 GT
sensc S EIe Hebui 40 sHE SRl B o PARE et FoR b oy Lo 10,
[008 HPWhHRS| dtelefdtY o ﬁe@erﬁ@%r}n Rnibetingétt has Pens pitgeritbd QHMRe foregoing

the GLT device 460 en zero bias at node 444 is
detailgd slesaaiption, it ishould bs appiegigtadrthasd wash number oft vaelaerisgxigy. It should

aiso BE RSB 450 ke sobQua o Rl gl arc omy
examdie?, and dr® nbheéntdndddntod Siothes ssvpengpjplicabidityt or céhﬁ{)gumtam of the

line 634. If the voltage on the pre- char ed read. b
inverjtiopdn a8Y, Wy e KA ﬁéﬂrggomgﬁi@ﬁnlﬁﬁ dessBRLer M PrTYies those skilled in

the eﬁ"t NGt ta 3808vesds el%aa hﬁ'é ok airréﬁélﬂer(tgl)g b Qﬁérﬁﬂlaﬁe 2thbodiment or
fromthe nenory Wi e at | east “one
exeneiwyrptrﬂvpsllmmﬁdiltrmwlmla@uMﬁom gmtvadous chapges can be made in the
15 det

f d d
funcogll SR Etheam RO Hiat BB o0k Frolt s &oBf g ne fryention as

set forthH ik ApeAd&Pclapiy £ thé Ral Aivaldits erispl ary
enbodi ment or exenplary enbodi nents are only exanpl es,

and are not intended to limt the scope,
applicability, or configuration of the invention in
any way. Rather, the foregoing detail ed description
will provide those skilled in the art with a
conveni ent road map for inplenenting the exenplary
enbodi ment or

223-



20 exenpl ary enbodi ments. It shoul d be understood that

vari ous changes can be nade in the function and

arrangenent of elenents w thout departing fromthe

scope of the invention as set forth in the appended

clainms and the |l egal equivalents thereof Wat is

clainmed is: A nethod for fabricating a

menory cell conprising a first transistor, a second
Whtrianlginsddas:;, a third transistor and a thyristor, the

nmet hod conprising the steps of: provi ding a

sem conductor |ayer conprising first, second, third

and . f ourA el Ifor fRH@ASy Oefoly &ﬁtcoﬁt‘ﬁngﬁ’lg%'f“thtLMnsu}{&e

in the sem conduct or Iayer and a first gate structure
secqypd tpapasipr, adhird pragsetatapd ddw@tﬁ»toysuthfgmt«thed Fompisingathe steps of:

s [

ovg:,r y?lﬁga§ﬁgf&gg%%ﬁ%%@f fch‘t?[;e;gl{n ni?];LE ﬁnc} Qyud {nd%mth well

mg@n&m&tmﬁexmﬂmﬂheySﬂmomdwbbmnshﬁkﬁnl@M&Bh&hﬁgﬂ@h@sﬁhﬂmdof

n nt al with the second gate _
e BF bt B e PG e st R G e s st
ovetl ylagﬂtc%tzﬁﬁtdw&lﬁleglbn% thhe gheufridiuraRl lherseQing r\vansmton ovca[ ing
si dewal | spacers adjacent a first sid ¥

the thﬁé wqﬂr@%w@ a*tctemgtarctt etiilirtee spaendsgatresiiciuge, ofd ¢ Ifmlil@%@@nd
t i nsul ati ng
sttugtggzgdggl% QY 'tidgsvgé‘t (ﬁ/eﬁgng%euff)%%l}) \r(]v@g?cgt?cﬂté first well
r eg‘mmnn@ﬂde\wlbsmtmeum afent hérsf sidstallgattiee Sist gred wreiurd Hel

. insulating spacer ock adjacent a second sidewal f
siaep B p e P AP B Elen Do RO LRRENS, Birign e SRt hoitee
ovell#@§ QPo@id a€ entiictveIfesish agad §m§bﬁ HEMBTSst g GQWWG the

gﬁaln/cathode regi on bet ween t he first ané second gate
insu ’l“taéttzlﬁ?'e@“kaa%@éwc%lﬁjr%@“tdég’lféh‘t f“aéijéa@esﬁtmﬁf% third
gat{&nﬁ.ﬁ& Jt‘ms't‘ g&vt ccﬂcglgmgc&t B M-S QUG 6 u&ﬁ %l 28, plﬁgtween
fourth gate structares, dra
(hmﬂ@gh@ﬁﬂa@pabémmcﬁﬁﬁ{ﬁﬁundﬁﬁgaﬂgﬁstﬁwwmeﬁesmandqmﬂccwgmn

i Bl BT i T S i nd
iout&dJ,a&Cﬁﬂktul Beafd 4 Ghingadien sdjhcat te Eour@dNAeaiudinRgdend egi on
inthe first well region that extends into the first
wel[ Py gyt Brst Bavp seedon thtatandy dyo g disst mediregion padar et hod
insuBEROECH-AD 16 ’@hcﬁtl'@tl’le 1M?J{§étnmtth@ afd glpdiﬁ{dc &l £ﬂ [qgh{.. first
si dewal | spacers adjacen first
wellfrpgian thgagxeersts inje therlestandl leldewa;tldtcSli téth ‘tlttémstecgnnt
through fourth gate structures, and an insul ating
spacer bl ock overlying a portion of the first well
regi on arlﬁletﬂ)(pﬂi’cbﬂd@fg t@fc[aﬁlhe #hérsin tedien @ﬁ%ﬁﬁﬁtglf,tﬁuvilhe
i ns atlngbs pacer acent a second s

gpd%lr%élgﬁmﬂéﬁ HAslewpl ebffw’ést gpiGs H‘évlec‘ﬁ%tdi)‘é{@’ss qf Hé? 5§@<@§s
thro@dh fourth gate %&fuﬂtmhé ¥n nglﬂgﬁtotépg&i ek B%ts)fi'ﬁ 591[9( rtion of the
material | ayer overl yi ng exposed portion he
first g\@mt%w@j@‘@tmmttqy@ﬁi{m first gate stttpmgv,| thi¢ mgulplvet psendlack ve
adja{ﬁm ggéc%d 9 ﬁ&vdlﬁoﬂ&é Susg;:dtg st t.:l:Cé)Lﬁc o{?: I%J(.h g&fqglg%cn?[wesltcips of:
r egmﬁfm n&ﬂtgl dap@aiirtyf cmrins{mﬁat’h@ @naldriablay@advert il § Weiodé®por@ed of
he &0 I so (ﬁlcally etching the exposed portions of the
the seREep Wt ®¥i&terial |ayer to provide: sidewall spacers
adjacent a first sidewall of the first gate structure
and sidewalls of the second through fourth gate
structures, and an insulating spacer block overlying a
portion of the first well region and a portion of the
first gate structure, the_insul ating spacer bl ock
adj acent a second S|demalg4of the first gate
structure.



3. A nmethod according to claiml, wherein the step of
formng a first source region adjacent the first gate
structure, a comon drain/cathode region between the
first and second gate structures, a second source
regi on adjacent the third gate structure, a conmon
drai n/ source region between the third and fourth gate
structures, and a drain region adjacent the fourth
gat posidmggthorosgnsitive trfaer Eab@moﬂipsmsmbh thestspsin@hviaterial layer
mask over the insulatin
i T F koS E s BN ST e et ef o §esghbivre
andand i npl anti ng dopant ions having a second
conductivit type into the exposed portion of the
fi ra;w\wepwﬁl etione daaxrased eEenid! ﬂlharlou@wnt,ommltm to
pr o(/ 80! QNS4 !ng&[ s {c@urt il SRULE S I8 H:QD 11%(111 @&?s@tana Wewalls
first gate structure, a conmon dra i n/"¢at hode regr on
of thesanerhthr Ch@hﬂ@lnﬁltﬂdamﬁ ustsconthdgatiesusitting spaceies oclaoveegiand

[301[S 10n ofc L?c Td'esg V écm gteoghgq% ot[lelﬁrl\@é c%{tq?%;sutp{u:tj(g glyeéﬁﬂllatm&
Spdmwdc,h agate Stsdfddﬁ& biti@Sall @NHe ArsdbAk at Jc@@é.on adj acent

the fourth gate structure. . A net hod

according to claim3, wherein the step of forntng a
First baggeliB@haRdifdf Gahen i

region undgtltae fnsﬁﬁ)%%ng g&g§2¥ﬁ5%t§ﬁfgd “Stﬁuwt

regipi pdircayathe fBsigactsimeyrean dommoadmdeccnlegn mjz,l(bmbdihecnfthcﬁ ftst
X Nubiat, extends int _region
and Bcd e PRt R B0 Bt Bled grhn e B e
corsi@pd dmfsou:cc regionf @0vdeR ghexh € GAN thut R Rate ARL @ Mes, R K deMET
the first thr ugh fourth gate structures whi ch exposes
‘emﬁﬂGWHEWtBBH?W ol SLURIETG: (FrEer GRippriseelde sispael: acent t he
' ns{bh nﬁﬂalr AGir % RAGERTH A 91%1@ over the msuh'ml! @1511%1%%&&91%@ sk r
aV|n& the second conductivity type“into t ot her
ﬁu:éwpug d&mehmdn of the f|rst wel | reglon adjacent t he

' n%t‘ﬁyﬁ% n\[t}gdozﬁai‘lc&éssharvg% ) SL,(.Ol cgn%%u %(é/lpc gﬁ? fhggép%ﬁﬁdt he
pox[ﬁﬁlm Ghmkﬂnstt:\tvéﬂ mlwaaysemd tie sﬁ@ﬁtmtlﬁ ofibll BlrRABE LGB fbrih: bRt
we). | on that extends into the first well
SOL“F%&% ) iingent ”?%‘é“’i FELFEE g asp eI dstiperthady rsaienbetsen
the fidsl $id Q8GR Al MGEMFE; 2 RBShd source rdJTRY @Eﬂkhﬁt&hé’%@g ol ons
havi ng the Tirst conductivity type into the expds
strugisiet # 68MOR drapdsoliiqeses I@as@wr:e*guh@ thitdounfl (bmtmla;atcaﬂmdmtcs and
(jlr base regi on and the
a dtﬁlﬁg%%h { Jm%l‘?ﬁm io&tnﬁr,ato struciure: 5. A nethod accordi ng
to cIa|n14 mhereln the first conductivity type
oo | S Soniey o 3 e B s
regi®l @a:dondWhfd BleMird R 1L SIS Llﬁ:&ngté%éu‘ildtt‘hﬁ shMRELISARY AR RS
N-type, and the second conductivity type conprlses
the fpsg gAfestructure, dnd m atmdmdwdmél&@rsmvﬁglcgm)ncﬂluaw:rqehds into the
ftstfvs}érit Qﬁgm g&ﬁ%ﬂ%&slﬁb Eigsttﬁra!gsg ?%8: 91111(:1 001 %zlstcs g%tsbc%hhe
draMnYmadhmd&hb&ghﬂﬂnhhmﬂkﬁﬂﬂﬁdh&emﬁm@1S@Mﬂﬁ§néngﬁﬂﬁ
[ qp ant ed common dr [sour@e reglon i mpl anted drain
whighdspgies ST LY oF Fieat S ioae ORIl PR s avesaE apsee
blockegi on to cause outward |ateral diffusion of dopant
i ons inplanted in the first source region, the comobn
dr ai n/ cat hode regi on, the second source region, the
conmon drai n/source region, the drain region, the
first base region, the angge regi on.



8. A nethod according to claim?7, further conprising
the step of: formng a silicide region in the
common drai n/ cat hode regi on and the fourth gate
structure which electrically couples the conmon
drai n/ cathode region to the fourth gate structure. 9. A
met hod according to claim1, further conprising the
steps of: formng a power supply line and a
wWr iimeiaetina_l,)(ﬂ(g)dhli ines havheriet secoiecqrduelvitgupRliviolthd@her
X echt;icak ﬁ cont cts th anoﬂe reglon and wherein
xppiig BGROfRT WAV iheioe pdiass 91N EBRBRICEID lehent i pragle of
less@RnS 0/ {-THE Lk @es@@i@u@eht% ahl ub@ét sPase JI aQ s‘éﬂnconducid‘r%yeﬂo
met hod accordln to claim further conprising t
forng p fisg byfe:region i igg figst well regien thay dxivads e thelfi le%milcaj,ldnytmdcr
e h LGBl d g read bit line
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9. A method according to claim 1, further comprising the steps of?:
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adj acent the third gate structure, a comon

drai n/source region between the third and fourth gate
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form ng a power supply line that electrically contacts
the anode region, and a wite enable |line that
electrically contacts the first gate structure and the
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form ng sidewall spacers adjacent a first sidewall of
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structure overlying the third well region and integral with the second gate structure, and a
fourth gate structure overlying the fourth well region comprises:

providing a semiconductor layer comprising first, second, third and fourth well
regions of a first conductivity type in the semiconductor layer, and a first gate structure
overtying the first well region, a second gate structure overlying the second well region, a
third gate structure overlying the third well region and integral with the second gate
structure, and a fourth gate structure overlying the fourth well region and disposed

between the second gate structure and the [irst gate structure.

19. A method for fabricating a memory cell, the method comprising the steps
oft

providing a semiconductor layer comprising first, second, third and fourth well
regions of a first conductivity type in the semiconductor layer, and a first gate structure
overtying the first well region, a second gate structure overlying the second well region, a
third gate structure overlying the third well region and integral with the second gate
structure, and a fourth gate structure overlying the fourth well region;

forming sidewall spacers adjacent a first sidewall of the first gate structure and
sidewalls of the second through fourth gate structures, and an insulating spacer block
overlying a portion of the first well region and a portion of the first gate structure, the
insulating spacer block adjacent a second sidewall of the first gate structure;

forming a first source region adjacent the first gate structure, a common
drain/cathode region between the first and second gate structures, a second source region
adjacent the third gate structure, a common drain/source region between the third and
fourth gate structures, and a drain region adjacent the fourth gate structure;

forming a first base region that extends into the first well region under the
insulating spacer block adjacent the first gate structure, and an anode region in the first
well region that extends into the first well region adjacent the first basc region;

forming a power supply line and a write enable line, wherein the power supply
line electrically contacts the anode region, and wherein the write enable line electrically

contacts the first gate structure and the first base region; and



forming a write bit line that electrically contacts the first source region and a read

bit line that electrically contacts the sccond source region.

20. A method for fabricating a memory cell, the method comprising the steps
of:

providing a semiconductor layer comprising first, second, third and fourth well
regions of a first conductivity type in the semiconductor layer, and a first gate structure
overlying the first well region, a second gate structure overlying the second well region, a
third gate structure overlying the third well region and integral with the second gate
structure, and a fourth gate structure overlying the fourth well region;

forming sidewall spacers adjacent a first sidewall of the first gate structure and
sidewalls of the second through fourth gate structures, and an insulating spacer block
overlying a portion of the first well region and a portion of the first gate structure, the
insulating spacer block adjacent a second sidewall of the first gate structure;

forming a first source region adjacent the first gate structure, a common
drain/cathode region between the first and second gate structures, a second source region
adjacent the third gate structure, a common drain/source region between the third and
fourth gate structures, and a drain region adjacent the fourth gate structure;

forming a first base region that extends into the first well region under the
insulating spacer block adjacent the first gate structure, and an anode region in the first
well region that extends into the first well region adjacent the first base region;

forming a power supply line that electrically contacts the first source region and
the second source region, a write enable line that electrically contacts the first gate
structure and the first base region, and a connector line that electrically couples the anode
region to the drain region; and

forming a read bit line that electrically contact the second source region and a

write bit [ine that electrically contact the anode region.
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