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BACKGROUND [0001] In recent years non-volatile nenories have becone

established in a variety of 5 el ectronic systens, especially nobi | e

syst ens. X3 non-vol atile nenories are wd in a

vari ety 359QP§8%3§n.C products such as portable conpgiigggBﬁgé?%

cameras, nobile tel ephones, and other simlar products that are beconing
increasingly smaller in size and require |ncrea5|ngly hi gher nenory
storage capacity tXERITHDRA &1¥h# WIHAREODTo keep pace with these
advanced applications, non-volatile 10 nenDrles are being manufactured with
hi gher |evels of integration, BAGKEROPMhonse, higher reliability, |ower
power consunption, and increased storage capacity. [0002] One way to

achi eve these ever nore demanding requirenments is to downscal e the

non-vol atile menory cells. H gher storage capacity for non-volatile

menor i B80kdy rivent ygatsinew-wdlatle nienwrisabivedetdne: ertahbshpd et vargbrei ty and
reduci ng the size of cell conponents 15 such as the floating gate and the
con r o¢legratie, sysiens gsprhly nebdnwitess. Borpxempleonal-vqldtdnmemoresmc onduct or
menory architectures require too nuch real estate per nenory cell and are
di f fi celdelytempitopen Scaleictyoofxiduirenie padnsesuch @b portableowtputers, éigftdct i vel vy

i ncrease the nmenory capacity on a wafer. [0003] Vertically oriented nenory
cel | atsirrdsembbiteaslepiaonics) gndothén simiteptddoets St abbdyonsinglin2@ativgly si ded fl ash
cells, however, may be configured to achieve a denser nenory cell |ayout.

Al t houghnllehig svRRhd euird glctiasingl hishasgemmpetoyage ehpaciiy tosoppires provi de for
denser nmenory cell layout, these structures |ack the necessary overl apping
areas QwhinRabpiiReiaRNToekeRkewith fsd fiRaideoapplivgtigal wntwlyilel d a suitable
gate coupllng ratio (GCR). The inportance of a suitable GCR is expl ai ned
bei®W. mdmories are being manufactured with higher levels of integration, faster response, higher

reliability, lower power consumption, and increased storage capacity.
[0002] One way to achieve these ever more demanding requirements is to downscale the
non-volatile memory cells. Higher storage capacity for non-volatile memories may be
achicved by increasing the memory cell density and reducing the size of cell components
15  such as the floating gate and the control gate, among other elements. Conventional planar
semiconductor memory architectures require too much real estate per memory cell and are
difficult to downscale to achieve denser cell layouts to effectively increase the memory
capacity on a wafer.
{0003] Vertically oriented memory cell architectures having a thin vertical Si body and
20  two sided flash cells, however, may be configured to achieve a denser memory cell layout.
Although the vertical nature of these memory cell structures provide for denser memory
cell layout, these structures lack the necessary overlapping areas between the control gate
and the floating gate to yield a suitable gate coupling ratio (GCR). The importance of a

suitable GCR is explained below.




WO 2006/ 105461 PCT/ US2006/ 012143 [00041 Non-vol atile nenories, such as
flash cells, may be fabricated using a netal - oxi de- sem conductor (MJXS)
process. An MOS nenory cell array may conprise electrically isolated

floating \985@6&355&“ ures formed of polycrystalline f?fgﬁ%ﬂ%@%w i con)

surrounded y @ silicon dioxide (Si Q) insulative oating
polysilicon gate is electrically 5 isolated fromthe substrate regi ons of

the” SeqlgonAUE| Bk RS 08 & ARH AL Y5 YRR RoL S, Rl et VP I 50

may co an n-channe ransi st’or operation is
control | ed st Qri electro arge on.the el ectrical . 1,50l at ed

Foat | A EReR IO pieEs A0 MR G SRR st Bea of the si co
insul ative |ayers surroundi.ng the fl oati te ,and.the term nals of the
sour ce BT e SRETES e S S S o B P SR BT ¥ e

El ectrjcal, access to.the floatjn te is only through this. |inear

Capaci Por SHETLBPRIS BRI cahbrs e 1Bt Totrecabr i SRR HA | 1 terms of
capacitive coupling ratios, including,, for exanple, the gate coupling ratio
(R, ‘SOEFeéiﬁ?ng%ﬁﬂ%iSH@teF%‘F’é 0?%@@?‘?“’ OB By ﬁ‘érgg(é%}ﬁ?'i&aﬁ’de?%‘i-o (SCR). Due to
t he ca%gci tive coupling, any change in control gate voltage produces a
change Ce¥s ¢fithia bivg glsg siag Coupiissge mrevannsl MQOr#alslos with the GCR A suitabl e
GCR for proper nmenory operation is -0.6. This may be referred to as a

" gol dePOPak Tl cefl gper yortgplled By stordng glecdrop sharegon e secrifely devel opnent  of
the scaled nmenory cells, such as, scaled flash nenory cells, for exanple.

[ 0006 1isplatedifivatingerdivsilicen getal Adinearveracitemesrork iefogaeed haSianvent i onal

planar flash menory cells, for exanple, a suitable gate coupling ratio of
- 0. 6 minpulbivedeyrresreguidingibe dnetinggatcad Jo tpjrdaals efgheysnueceadiding he control gate
|aterally (e.g., horizontally) into the isolation area to increase the
ovéd | appisistprpbimel Al rflysiliven geitted gatThBleginpal nccest todhefl9agipp eig isdet er m nes t he
capaci tance coupling between the gates and thus the overl appi ng regi ons may
be adj usly¢toughahigilipbat capasiivtiabyak oThakepiditaidce! GCRell wsytbe dafinedlimsh cel |
structures, however, do not have an equivalent isolation area available to
ext endierheofapastiveandplingustios] inclndiag, fogexempleuthi iggtetchrgpling ratio (GCR),

drain coupling ratio (DCR), and source coupling ratio (SCR). Due to the capacitive
coupling, any change in control gate voltage produces a change in floating gate voltage in
15  accordance with the GCR. A suitable GCR for proper memory operation is ~0.6. This
may be referred to as a “golden ratio™ for memory cell structures that governs the
development of the scaled memory cells, such as, scaled flash memory cells, for example.
[0006] Due to the horizontal orientation of the gates in conventional planar flash memory
cells, for example, a suitable gate coupling ratio of ~0.6 may be achieved by extending the
20  floating gate and the control gate laterally (e.g., horizontally) into the isolation area to
increase the overlapping portions of the gates. The amount of overlapping determines the
capacitance coupling between the gates and thus the overlapping regions may be adjusted
to vield a suitable or desirable GCR. Vertical flash cell structures, however, do not have
an equivalent isolation area available to extend the gates, and thus, increasing or tuning the
25  GCRin a vertical memory structure is not as trivial as in the planar structures.
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25 GCR in a vertical nenory structure is not as trivial as in the planar
structures. 2 WD 2006/ 105461 PCT/ US2006/ 012143 Accordi ngly, conventiona
vertical nmenory structures have a GCR of -0.33, which is substantially

bel ow th ired golden ratio. BRI EF DESCRI PTI ON OF 5 [0007]
FIG 1 iﬁ“ﬁ§§¢g?%2 a schematic cross-sectional vieM/ggkﬁﬁgﬁﬁﬁéggfnent of a
menory device 100. [0008] FIG 2 illustrates a diagram of one enbodi nent of

t he mepory,.device 100 . conprisin di el ri nedat n. 10 [ 00091
FIG (?cp?lqh‘%g‘jjf’ﬁ%v?mém&} geﬁi,{ng?w%ns 81:#{6)68(??%#9 n‘?d&% !'fgﬁ 'gﬁfb\%[gérlglgnent of the
menory . devi ce, 100.. [0010] G 4 illustrates a diagram of one enbodi nent
of a fﬁula%%qtﬁ@yaé%%%ﬂa%e%ﬂeafaﬂ% he menory device 100. [0011] FIGS. 5A-5J
illustrate various enbodi nents of processes and integration 15 techni ques
to realize one enbodi nent of the nenory device 100. [0012] FIG 6
illustrates one enhodi ne f a nmemory 600 [ FIG 7 illustrates one
enbodi ment of a prd¥Edd LN Ol b DESCRI PTI ON 20 [ 00141
FIG 1 illustrates schematic cross-sectional view of one enbodi nent of a
meRory device 100 conprising a first nenory cell 102 and a second nenory
cell 104. In one enbodinent, the nenory cells 102, 104 are forned

back- 180073 G tihistatesonirBematiseio s sardgEl gievhefdipe sTDOdieREt 2ebodi nent s of

t he nenory device 100 may conpri se
memory device 100,

[0008] FIG. 2 illustrates a diagram of one embodiment of the memory device 100
comprising a dielectric formed thereon.

10 [0009] FIG. 3 illustrates a diagram of one embodiment of a subcomponent of the memory
device 100.
[0010] FIG. 4 illustrates a diagram of one embodiment of a floating gate component of
the memory device 100.
[0011] FIGS. 5A-5J illustrate various embodiments of processes and integration

15  techniques to realize one embodiment of the memory device 100,
[0012] FIG. 6 illustrates one embodiment of a memory 600.

[0013] FIG. 7 illusirates one embodiment of a process flow diagram 700.

DETAILED DESCRIPTION

20
[0014] FIG. 1 illustrates schematic cross-sectional view of one embodiment of a memory
device 100 comprising a first memory cell 102 and a second memory cell 104. In one
embodiment, the memory cells 102, 104 are formed back-to-back with a common
semiconductor body 112. Other embodiments of the memory device 100 may comprise

25  nonvolatile nltra-high density electrically erasable and programmable read only memories
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25 nonvol atile ultra-high density electrically erasabl e and progranmabl e
read only nenories 3 WO 2006/ 105461 PCT/ US2006/ 012143 (EEPROM). The
menory cells 102, 104 formonly a single pair of nmenory cells in a nenory

device c 5@%&8 an array of nultiple addressabl e n&r%él}éﬁ&’?)f’ﬁﬁ for

exanpl e. Hoodi ment, the nmenory device 100 na EEPROMV
whi ch provides sinultaneous erasure of nmultiple bits, for exanple.

Enbodi f th i 5 100, .h A i th

Sont cRinEDaD Aroeoe S8 1GF anatncy PR BT ey MY OIS, Sccess
menories (SRAMs and DRAMs, respect.ively), nChI‘OI’lOIﬂS random access
menor | BYNOY B hHERMRIFHgEn GFa piigle af 8?53%8168’88’ T ety 761 sel ecti vel y

addressable nmenory cells. In one enboi)i ntﬁ@%ﬁf ry device 100 nay
conpr i Beng empodimeltgiaEIsEIBNAAViEdAY Y8y Fgﬁ.‘@s Qﬂﬁg’gi%gr%é‘iﬁ ng a gate
portion that extends in_a 10 substantially Qrtho al direction away from
t he suiistitaneeys sxEssrdinRgine b‘FSnfoéﬁéam}g?rb%‘Bg‘HjéTﬁFl}ts gﬁg?}mﬁ%’é’ VFGct ures may be
referred to as vertical gate structures. Menory cells conprising vertical
gat®e stOOubewsves mas ¢ompriTeediss Aipe PR BIEMIRACEISes: i 25 8215 ot egr at ed on a
much smal |l er surface area of a sem conductor substrate to provide a denser
nenor ydyarminrandoor acsgssmsiwrics (SRANS sl PRMVIsgresresEYalpt YOFITORNE terns verti cal
and horizontal 15 are used nerely to describe the relative orientation of
t he gakadon accefsensubiss,rabthentyprseofnimanorige et inelbdeir meekiofreledivelybst anti al | y
orthogonal to the horizontal direction. The enbodi nents, however, are not
| i mi t eddldigasdble isernayicelst In pROdsbdEndnbdhemeneryckvich e0dmapeynifEgrce 100 nay be
fabricated using standard MOS processing. The nenory device 100 may be an
n- chanhede-dhevisiomal fRardophids @émeryde uict Baving a 20 petierthat extiideigs, read from
and wite to the nenory device 100 may enpl oy either re channel or
conpl esimrh@tayly MGodoGMaBEctitavivag Sonathe ngsottheAcehedinglgsin ohdt t he fol | owi ng
description, the termsubstrate generally refers to any structure on which
i nt egr @hrdlikédt bl Sate structures may be referred to as vertical gate structures. Memory

cells comprising vertical gate structures and corresponding select devices may be

integrated on a much smaller surface area of a semiconducior subsirate to provide a denser

memory array, for example. In the following description, the terms vertical and horizontal

15  are used merely to describe the relative orientation of the gates to the substrate where the
vertical direction is substantially orthogonal to the horizontal direction. The embodiments,

however, are not limited in this context.
[0015] Embodiments of the memory device 100 may be fabricated using standard MOS
processing. The memory device 100 may be an n-channel device. Peripheral circuits to
20  select, address, read from, and write to the memory device 100 may employ either n-
channel or complementary MOS (CMOS) devices, among other devices. In the following
description, the term substrate generally refers to any structure on which integrated circuits
may be formed, and also to such structures during the various stages of the integrated
circuit fabrication process. The substrates may (;omprise both doped and undoped
25  semiconductors, epitaxial layers of semiconductor on a supporting semiconductor or
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may be formed, and also to such structures during the various stages of the
integrated circuit fabrication process. The substrates may conprise both
doped and undoped 25 semi conductors, epitaxial |ayers of sem conductor on a
supporti ng sen}'lc_gnduct or or 4 WO 2006/105461 PCT/ US2006/ 012143 insul ating
mat eri al , Qasitrath ons of such | ayers, as well as ot HEYHAERT A E uct ur es,

for exanple. Throughout the drawi ngs and witten description, |ike
nunmeral s _describe. substantially.simlar _conponents throughout the several
vi ews . MSHRING BT s RS Iatans OF $458 pYRESy 3 el %%E?QW%WC%%’ ‘i%?m ted to the
context in which the}é3 may -be described. 5 _(%gg#%gﬁeflerri nE?eragai ntoFIG 1,
one erfiFaupite Atragehe; e fsippgs AdviHEn fo6Tiel shumerals dosgEbs ate 110 and a
body 112 formed thereon. The substrate extends al on (gi rection 155, which
i n oneubssiglyaimilapegrnaacite frepysbeptihs S&‘éerﬁlh"éewshé[ihief@%? fent§i r ecti on. The
body 112 extends away fromthe substrate 110 al ong di regti on 150 such t hat
it is desiried bereinubaverar ari oy lipitedigdbmemmterbingHichisE mrE Pedese#Ped) n one

enbodi ment, direction 150 may be 10 referred to as the “vertical'

di rect[0816] RefergngagibiodilGehtone phbodiwenf of the mawory 8evics IPEFOBPISSR or ot her
sem conductor material. The body 112 has heavily doped regions formng a
sour cesubdritand and dibailn | Plermakthgreeny i Theshisttesaissdedong Heckiinby devi ce
conprises a first nenory cell 102 and a second nenory cell 104. Each

menor ywitieh in d8 2mbbidenayay oonfrid & orike ‘Goripatad’ ditegdan. nhedadesl?118 | ocat ed

| aterally on either side of the vertical 15 body 112 al ong direction 155.
The f|oamdngvgafras tiklBbsnteeid almgtdirectionyl Swevh that dris eeetedsubst rat e 110 al ong
direction 150. The floating gates 118 naybe forned of polysilicon. Each
menor ysueehhtiall® 3rthdfdaimayhecabgpiaiesid 0o eorgrembodiment direation dad a8y »20 | ocat ed
adjacent to and laterally on either side of the floating gates 118 al ong
di r@ect jetdred Bbas i ercaRAr ERbctiogaltme kabodinsot, éxctbedyl 1 emby bafotiyedafay from t he
substrate 110 along direction 150. The 20 control gates 118 nay be forned

of pol & btePimiBalibicibh@atbligatrhegodgali e $iasl HBvindbpet agions forming a
source 114 and a drain 116. As previously discussed, the memory device comprises a first
memory cell 102 and a second memory cell 104. Each memory cell 102, 104 may
comprise one or more floating gates 118 located laterally on either side of the vertical

15  body 112 along direction 155. The floating gates 118 extend vertically away from the
substrate 110 along direction 150. The floating gates 118 may be formed of polysilicon.
Fach memory cell 102, 104 may comprise one or more control gates 120 located adjacent
to and laterally on either side of the floating gates 118 along direction 155. The control
gates 120 also extend vertically away from the subsirate 110 along direction 15 0. The

20 control gates 118 may be formed of polysilicon. Both the floating gates 118 and the
control gates 120 are electrically insulated from the substrate 110 by a dielectric material.
[0017] A first dielectric 122 is disposed between the body 112 and the floating gates 118.
Vertical portions 122A of the dielectric form a tunnel dielectric between the body 112 and
the floating gates 118. Horizontal portions 122B of the dielectric 122 isolate the floating

25  gates 118 and the control gates 120 from the substrate 110 and the source 114. The
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control gates 120 are electrically insulated fromthe substrate 110 by a
dielectric material. [0017] A first dielectric 122 is di sposed between the
body 112 and the floating gates 118. \Vertical portions 122A of the

di el ectr i\%]l‘g@?}l}%sg?ﬁ ;lnnel dielectric between the bodycplcjlr%%%nga@e floating

gates 118. portions 122B of the dielectri e the
floating 25 gates 118 and the control gates 120 fromthe substrate 110 and

the source 114. T 5 2006/ 461 .PCT/ U 4 rti.cal portions
199 oP R DAISrBERA B HoSRREe 1T HEE e Ty THEo i S e vy
fromthe substrate al ang..directjon 150. The harizontal. portions 122B of
the di gtl"@c"#‘?f’ strafe é@*ﬁ%nga‘g egE%h{S%t E}Jh? H%‘j@ﬁﬁg??ﬁ?@qf% Ogﬁlﬁ dé%cghcd away from
t he body 112 al on irection 155. In one_enhodi men t he,.hor.i zont al

porti orﬁé{2 3ty pyagnt f%ﬁge eradet 1 %%fﬁ?n@?(‘f’@’nfﬁoﬁg]emli%@mﬁ %‘éetcfl??’g gates 118
and the _control gates 120, for exanple. ln_one, enbodjnent, e dielectric
122 mayShengre wg%maiﬂeihéé?lﬁoetaéﬁ%rﬂ%%Bgf B\Srﬂiﬁ‘g‘fcu’bﬁ L%ggé{eml EQP‘é{yer. A
second dielectric 124 may be forned between each flpating gate 118 and
confr oftheclpptng gates HiR and deconfep! grtey b0 for examnle-1 19088 e@bﬁql@F’étc&‘Pi c layer in
region 129 between horizontal portions of the floating gates 11 8B and the
cont r oMielpstrissl 22 peR be pp oide distesisigiane frrms p amaelbieritiolagi e fe®Ed 124 may be
an oxide-nitride-oxide (ONO material, anmong other materials, for exanple.
100181 dictectyivel 24 msod fermed betsiebn ¢dcb Apitmg sgtetld 8 mn@eenbighgdte 8. dlhger t i cal

menber 11 8A extending along direction 150 and a horizontal nenber 118B
ext endisergndiflielegiridil 4 &irine a diel®Fic liyer drregienbdtbareean horirentsi@ortiona bl menber 118A
and the horizontal nmenber 118B 15 form an "L-shaped" floating gate

st r uct tredloatingviteshl 18Bend tretchutad! gatenti2OB. 14 ogremipdineydie se¢dsdn t he hori zont al
menber 118B. Each control gate 120 conprises a corresponding vertical
merber dieRO#ica2t engibagn akidegitdie-eddd @NQG0atend, dmomigodrt alatenplyier 120B
extendi ng al ong direction 155. Each nenory cell 102, 104 conprises a gate

over | appinnde.

[0018] In one embodiment, each floating gate 118 comprises a vertical member 118A
extending along direction 150 and a horizonial member 118B extending along direction
155. In one embodiment, the vertical member 118A and the horizontal member 118B

15  form an “L-shaped” floating gate structure in which the vertical member 118A is longer
then the horizontal member 118B. Each control gate 120 comprises a coﬁ‘esponding
vertical member 120A extending along direction 150 and horizontal member 120B
extending along direction 155. Each memory cell 71 02, 104 comprises a gate overlapping
region 130 formed by the horizontal members 118B and 120B of each floating gate 118

20 and each control gate 120, respectively. The GCR between the floating gate 118 and the
conirol gate 120 in each memory cell 102, 104 may be tuned or adjusted by controlling the
horizontal length of each of the gate overlapping regions 130.
[0019] In one embodiment, the gate overlapping region 130 in each memory cell 102, 104
may be formed to increase the overall coupling capacitance between the floating gate 118

25  and the control gate 120. Thus, the gate overlapping region 130 may be formed to provide
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region 130 forned by the horizontal nenbers 118B and 120B of each floating
gate 118 20 and each control gate 120, respectively. The GCR between the
floating gate 118 and the control gate 120 in each nenory cell 102, 104
may be t .adjusted by controlling the horizont ength of each of
t he gateQﬁsgplgﬁggng regions 130. [00191 In one enbod?#@k?@'@ﬁ@”gate
over |l apping region 130 in each nenory cell 102, 104 wmy be fornmed to

i th | | [ . it t 't fl ti t 118 25

o PR B o O B rean TR e G AR R 0 el M s £

formed to prqvid _ 6 VK)%OOGll 546% quIUSZO 6/013%&% a greater GCR

bot woelP PR YSEE M HaPE: APSOHR PRIFESIEIR 281 SRR ISP H] accor dance wi th
mbodi t, f | e, ifi i | tati t f th

o e oG tsgoral BRY Dy ek COF S b e Rt G R Rere s Lo

gol den nunper of = -0.6. For exanple, in one enbodinent, the gate

over | appfniPesyrelf: goe Fpodimcrid Féﬂ%ﬁ“ﬂ@PWBgVﬁé@dgﬁnééﬁeg?méﬁﬂroxinately
0.57. In _one enbodinent, the L-shaped floating gate 118 structure may be
adadt etp Hed p fReeloppronEnatelp A7t vaecabptinggt HEilneianet fleating 84eilh§ gate 118
and the control gate 120 in three-dinensional vertical flash nenory cel

st r uct giresire may be wlapiep feinorepe thegraeditwreublperewsn thedlpliphgathflsyat e 118 and
the body 112 renmins approxi mately the same as in conventional vertical

gat e nevdhycontrplgate}sin thrpedingna pivd detkeah flash ey sell stapdrenfor| imited in
this context. [0020] Floating gates and control gates in conventional

pl anar exalnateh The vanagitance belivgerede Jpdingigeici 123 andithe pody sl¥oemainand ext end al ong
direction 155. In planar nenory structures, a desired GCR approaching the
gol denapporiieatelydle ameas i eneehtioyaloxtisaldialegnenhey soyapeaplieng porti ons of the
floating gate and the control gate horizontally into an isolation 15 area.
Th&0 ovenbalppiny bpeeter,ansnafingigd m thisaneextst r uct ures may be ext ended or
adjusted until the desired GCR between the gates is achieved. In vertical
menor y[0020]| Fledting ghtas @sl coatralpates in conventional planar flash memory structures are

horizontally disposed and extend along direction 155. In planar memory structures, a
desired GCR approaching the golden number may be achieved by extending the
overlapping portions of the floating gate and the controi gate horizontally into an isolation

15  area. The overlapping portions of such planar structures may be extended or adjusted until
the desired GCR between the gates is achieved. In vertical memory cell structures, such
as, the memory device 100 structure, for example, thére is no equivalent horizontal
isolation area along direction 155 into which the gates 118, 120 may be extended due to
their vertical orientation. Rather, the floating gate 118 and the control gate 120 extend

20  vertically along direction 150. To increase the capacitive coupling between the floating
gate 118 and the control gate 120, and accordingly, to increase and tune the CGR to a
predetermined or desired value (e.g., ~0.6), the floating gate 118 and the control gate 120
are formed to include horizontal members 118B, 120B that extend along direction 155 and

define a gate overlapping region 130 therebetween.




as, the nenory device 100 structure, for exanple, there is no equival ent
hori zontal isolation area along direction 155 into which the gates 118,
120 may be extended due to their vertical orientation. Rather, the

fl oating g8 and the control gate 120 extend 20 vertically along
directioﬁaﬁggg%#%ﬂincrease t he capacitive coupling bé?ﬁ@%ﬁm?hgxploating
gate 118 and the control gate 120, and accordingly, to increase and tune

t he redet er.m ned.or desi,red val ue ( -0. %% floating
gate 10828 AnREF EBREREHNEE 86 1S58 bRtol 1oty Bo xS iaestP e o nber s
11 8B, _120B that..extend al ong directjqn 5 and . defi a gate overl appi ng
regi o PRGN P R T @‘%ﬁ“@\éﬁ%@%ﬁ% e Rl L b [0021]
Al t hough enbodi nents of the vertical ry devi 10 . require
ot eaBacUSpHELLE Evee0 0 G BEL AR SR EePEYs | Khoight Betre§ha t he
control. gates 120, th o citive coupling, between the f|loating gates 118
and t hlelgil?&rﬂ&eéuﬁ%teolrl%tsh%‘%g I%‘E) E’t“?lﬁ'gzeé'af ee 8‘%8}?8t= HWéaE?PHEVFr ate 110 shoul d
be minimzed. In one_ enbodi nent, the capacitive 5 cpupling fetmeen t he
f 1 oat i FRYPHRE katwaenghefepting gaisy LSamd thesoiee { Hporthe Hosting 2gist A8 g and  t he
substrate 110 may be m nim zed or reduced by form ng a suitable oxide |ayer
t her eblbewdhsialg it gay Be Mirigized oF tgnerd &y dvrmrng? siableonidslaesses. As the
menory cells 102, 104 are scaled to snaller dinensions, however, it may be
di f fi ciietebetyesropsingarasons igpndygiordrbrisaiqnisprestes| Ay dic ragmerieelldi el ectric 122B
usi ng conventional tunneling dielectric 10 materi al processi;g. A
rel at i V& y04 #rp edelaslip goelipr dimenpiops hpweveadt may brdifficgBpafrmamEsied oxi dation
process to help reduce the capacitive coupling between the horizontal
menber thickhpgBngdl lavieeofithedielepigic d a2R using @naerdionddunysling diele¢icand/ or t he
substrate 110. [0022] Accordingly, in one enbodinent a |layer of the first
di &) eciefegaljR®essing Heraiaivelyythickisnicoee mapbavympduding réebansinhepcad dopant
enhanced oxi dation process to enhance the

oxidation process to help reduce the capacitive coupling between the horizontal members

118B of the floating gates 118 and the source 114 and/or the substrate 110.

[0822] Accordingly, in one embodiment a layer of the first dielectric 122 of the memory

device 100 may be formed using a dopant enhanced oxidation process to enhance the

15  thickness of the horizontal dielectric 122B portion of the first dielectric 122 in the

horizontal region between the floating gates 1188 and the source 114 and the substrate

110 to reduce the gate 118 to source 114 and the gate 118 to substrate 110 coupling, for

example. For example, in one embodiment, the dielectric 122 may be formed by a dopant

enhanced oxidation process to reduce the capacitive coupling between the floating gates

20 118 and the source 114 or the floating gates 118 and the substrate 110. The dopant

enhanced oxidation process forms a horizontal dielectric 122B having a thick layer around

portions of the source 114 and the substrate 110 proximate the L-shaped floating gate 118.

In one embodiment, if the drain 116 is formed, the dopant enhanced oxidation process

may also forms a thick horizontal dieleciric layer (not shown) above the drain 116,

25  depending on the doping concentration. In one embodiment, the dopant enhanced
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15 thickness of the horizontal dielectric 122E portion of the first
dielectric 122 in the horizontal region between the floating gates 11 8B
and the source 114 and the substrate 110 to reduce the gate 118 to source
114 and 18 to substrate 110 coupling, for | e, For exanple,
in one eh%@&@ﬁé?%ﬁé the dielectric 122 may be forned 3’5&2&2‘5’8’3 # enhanced
oxi dati on process to reduce the capacitive coupling between the floating
gates 20.118 and the .source 114 or .the floatin ates 118 . t he substrate
20°° e ARt s B pscetl PR SRt Bl B erectri ¢
122B havj Er .thick |ayer around ortions of tg? sour ce tl1311:4 .‘%nd t he
subst r AP imTmSenaa PRI ISk MEFORE P S HYRALY 98P PR enbodi ment
if the drain 116 is faorned, the dopant ephanced. oxidation process my al so
forms ASHRPEICHSr TomRbodnengs By et aTed’s?EBWt i 18 G V‘g’ﬂ’tﬁﬁe drain 116,
25 dependi ng on_the dopi ng concentration. |n one enbodinent, the dopant
enhanc@abodgnegt heGER1d trsempery deion ) mavhepdiusisd b 4618 4 MPofess may be used
in the integration process to formthe nenory device 100 and

t hree- delentrisimstrial tpeprird die epzripngedsirepn defloating wde 119 gdfs Qntol or  exanpl e,
that yield a suitable CGR The enbodi ments, however, are not limted in
this centt 830 forlenaraplot Fey embadisoutittripwever. g rothmied inHbis sems¥ly devi ce 100 rmay
be adjusted by using a high "K' 5 dielectric material to control the

capaci 8AieFIss 2vibestrateh e dfamat 209pfgas emboimen ¢f thhacawny dotice 194t e 120, for
exanpl e. The enbodi nents, however, are not limted in this context. [00231
FI G 2cdniirissizraatidectae 2li0aigrmae 20Q acfopam entembuldixidation pfocesie Thenory devi ce 100
conprising a dielectric 210 formed using a dopant enhanced oxi dation

pr oc esdopaiihmhadted axitatenipacnesingxicdatd mrorpridcesstablajhifmcsssddhe o provi de a
suitabl e thickness of the 10 dielectric 210B between the gates 118 and the
subst rditlectlid Q1@ detretnibe patehEl Sgat és: shiBratealid atdhbetwen tbe gdtéstl I8egi ons to
reduce the coupling between the gates 118 and the source 114 and the gates
118 anshdithessudesiiih atgionk 1@ rediideahdtagtanb@®enghsgates 118 shd deesurae t r ansi ti on

114 and the gates 118 and the substrate 110. The diagram 200 also illustrates a transition
region 216 in a detailed and magnified view. The dielectric 210 Jayer has vertical portions
210A with a thickness 212 and horizontal portions 210B, C with a thickness 214, The

15  thickness 214 of the horizontal portions 210B between the horizontal members 118B (FIG.
1) of each floating gate 118 (FIG, 1) and the substrate 110 may be adjusted to reduce the
capacitive coupling between the floating gates 118 and the source 114 and between the

- floating gates 118 and the substrate 110. The drain 116 may be formed at different stages

of processing, for example. In one embodiment, if the drain 116 is formed prior to the

20  dopant enhanced oxidation process, the horizontal portion 210C of the dielectric layer 210
above the drain 116 also may be formed with thickness 214. In one embodiment, the
thickness 214 of the horizontal portions 210B and 210C may be slightly different. In one
embodiment, the thickness 214 of the horizontal portion 210B of the dielectric 210 may be
three to six thicker than the thickness 212 of the vertical portion 210A of the dielectric 210

25  between the floating gates 118 and the body 112. In one embodiment, when the dopant
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region 216 in a detailed and nmagnified view. The dielectric 210 | ayer has
vertical portions 210A with a thickness 212 and horizontal portions 210B,
Cwith a thickness 214. The 15 thickness 214 of the horizontal portions

210B bet ‘W?‘mﬁﬂ&“ orizontal nenbers 118B (FIG 1) OfPFEﬁ%Q“ E/I{)ﬁzisi ng gate

118 (FI G he substrate 110 maybe adjusted to capacitive
coupling between the floating gates 118 and the source 114 and between the

floatin ates. 118 d . the substrate ,110.. The.dragi.n 116 be forned at
di ffer%‘ﬂ’?“%?@%‘@?m ‘ﬁaﬁ‘il%%@soslfﬁ’ e, e TPINSE é‘?g“’lnrﬁ%%ayé’%g%?é%ent, if the
drain 116 is formed pri o the, 20 do I enhanc xi datjon process, the
hor i zofPEPad ?F%‘ﬁcezl%c%[i? é‘iﬂ‘"‘l‘ét e&}}l@c@‘g?’ggggmf‘%g?ﬁg’f%gOq%f){}leth? hepdr ain 116
al so may be formed with thickness 214, . ne, enbodi nent, th t hi ckness
214 ofﬁ%ynﬁ@%%mewleﬁw Bt S?f%%%fafh@(gig@ddav fﬁg“%afi}jﬁm}l?%‘i fferent. In
one enbodinent, the thickness 214 of the horizontal aﬁgiti on 210B of the

di el ectpPretiveqoupkinahetwach thedloatnggates B SR 1} 9diig s s 212 of the
vertical portion 210A of the dielectric 210 25 between the floating gates

118 arAioyehpsapeerlild.  Iopng swbedimed trssrdimgpsianal fash smony cellg wo 2006/ 105461
PCT/ US2006/ 012143 enhanced oxi dation dielectric 210 is fornmed, the
t r ansi fuekresaeyde foredising pe efhgperd @xidalien@raese t he source 114. The dopant
enhanced oxi dation dielectric 210 layer in the transitional region 216 is
gener al0P3AISHN6s Bakistrates ¢ dinkiamid 09 pSorarinkpdimens gl aibepryrapataitled capaci ti ve
coupling between the floating gates 118 (FIG 1) and the substrate 110 and
5 ar ounenptyalesioe 1 ¢®(FIGAL) flontingreates bd CHlFe hr with flage-adidiptassico@l 1 ash nmenory
cell structures may be formed using an enhanced oxidation process. [0024]
FI G 3foithédassimgat disschiorl depositiviB00ces$. ovae embodlingeinthisohayacosmiysonponent of t he
menory device 100 (FIG 1) floating gates 118 (FIG 1) with a | ayer of
di "l ecdsitige Bhoconfoomaetireisinaideposdiione Cihie divddctrasiidsnaidrmhispiepesgedin | n one
enbodi ment, this may conprise 10 using a non-conformal directional
deposi the ditectibh éndiiacidégtdepasitdh diramioa 3RA which Weplsictepatd itnas the
vertical direction. A directional deposition process forms a thinner layer of material on
vertical surfaces exiending parallel to the deposition direction 320 and it forms a much
thicker layer of material on surfaces that are substantially orthogonal, horizontal, io the
15  deposition direction 320. Accordingly, a relatively thin layer of tunneling dielectric 310A
of thickness 312 is formed on vertical surfaces parallel to the deposition direction 320 and
relatively thick layers of dieleciric 310B, C of thickness 3 14 are fornted on horizontal
surfaces substantially orthogonal to the deposition direction 320. Thus, thickness 314 of
_the horizontal layers of the dielectric 310B, C are thicker than the thickness 312 of the
20 vertical layers of the dielectric 310. In one embodiment, the thickness 314 of the
horizontal layers of the dielectric 310B and 310C may be slightly different. In one
embodiment, the thickness 314 of the horizontal layers of the dielectric 3108 helps to
isolate the floating gates 118 (FIG. 1) from the source 114 and the substrate 110. One
example of a directional dielectric deposition process to form a layer of the dielectric 310

25  isajet vapor deposition process comprising SisNy. The directionality of the jet vapor

10




the direction indicated by deposition direction 320, which may be referred
to as the wvertical direction. A directional deposition process forns a
thinner |ayer of material on vertical surfaces extending parallel to the

deposi ti ' ion 320 and it forns a nuch thicker material on
surfacesq?ﬂg%%gﬁé%%ubstantiaIIy or t hogonal , horizontéﬁhﬁ¥§&?ﬁgn%§

deposition direction 320. Accordingly, a relatively thin layer of tunneling
di el ectric..3 t hj - Q t s parall el
o t ne et Do arbiet fBREo8 ek Ay SRR AR MBI BB MRl P8l St
310B, of .t.hickn 314 are fornmed ori-z0n S, 8 ubstantially
o t hooBdiof P EHE B 38 e Rb < RO EEYs DS HhagRhRh netkiodiChoR 0s At B
horizontal |ayers of .the dielecftric 3108, C ar hi cker than ,the thickness
50 of hineedsireyioepeibvy ayiiiis T e et 3P e ol Dot ment |t he
t hi ckness 314 of the orizontal |layers of the dielectric 310B and 310C may
be sl igktths eﬂflﬁlsgﬁféﬁﬂl?bﬂfﬁ G0l TRRETOPH R HOPSESS TS TE of t he
horizontal |ayers of the dielectrjc 310B helps to isolate tﬂe floating
gat®s fmed intds cqntexty The dipretiansy| diglectls AepasHion RECCSHESTIUIY HPH® tne  exanpl e
of a directional dielectric deposition_ process to f%rnta | ayer of the

di el ecthicker Igyay ofdielegtrig 31 laygria thepeprss it 14 o prorts Y Ocerprsiieisfgcsi 3Ng. The
directionality of the jet vapor 10 { WO 2006/ 105461 PCT/ US2006/ 012143
deposi flpasins srigdesd & Joreeildd sndorsubsiteieid ) goymlingudor gipawlenfIhgi el ectri ¢ 310B and

arelatively thin layer of dielectric 310A in which the dielectric 310B is
t hi ckefmipdiimenthdoyperaie kngedin@ins comfeits reduces the capacitive coupling
between the floating gates 118 and the source 114 and the floating gates
118 ant02FeFkudstivamates 2 1eeramddOcrfpeiereasimentiobiheloptinggage Hét 5 linmted in
this context. The directional dielectric deposition processes also may
pr o%i dermed edigkecrificiglarxidsfspatieed e tln pee GuigBihenidhe smcerddl svtibee 114 and
substrate 110 regions to reduce floating gate 118 to source 114 and/or
subst r frmwed dOngpegmhd suhanckd cheaxeatpirer dafvsition RISV PEistiqusaiever, are |inited
in this context.

example. The source 114 may be formed such that its profile top 412 is even or level with

the bottom 414 portion of the horizontal members 1188 of the floating gates 118. In

subsequent processing steps, the sacrificial oxide spacer 410 is removed to form the

15 second dielectric 124 layer (FIG. 1).

[0026] FIGS. 5A-5J illusirates various embodiments of processes and integration
techniques to realize the L-shaped floating gates 118 of the memory device 100 (FIG. 1).
Those skilled in the art will appreciate that the figures are not drawn to scale and some
details may have been omitted for simplicity while some details may not have been

20  specifically described.
[0027] FYG. 5A illustrates a schematic cross-sectional view of one embodiment of a
starting structure 500 comprising a substrate 110, a body 112, a source 114, and a drain
116. Those skilled in the art will appreciate that the drain 116 may be implanted at later

stages of the semiconductor process and the initial starting structure 500 may contain the

11




[0025] FIG 4 illustrates a diagram 400 of one enbodi nent of the floating
gate 118 10 fornmed using a sacrificial oxide spacer 410. In one enbodi nent,
t he spacer 410 may be fornmed using plasma enhanced chem cal vapor

deposi ti D). techni ques, for exanple. The sour be forned
such t haB’U? %@E%C%i le top 412 is even or level with Pt%ﬁ'é[}%@fg%ry‘ﬁlﬁm portion
of the horizontal nenbers 118B of the floating gates 118. In subsequent
processi ng steps,.t sacrificial, oxid acer 410.is..r v o formthe
15 sec%‘llﬁiﬁf%éﬁ g%eﬁcfdryi ]ggﬁm ﬂl‘%‘?@?a“?qélsﬁm‘iﬁf ﬁﬁ@%%?m d&%?nt’sﬁgg%@ﬁl}zust rat es
various enbodi nents of_process%® and inteqgration teqhnkggeﬁ to realize the
L- shapidormed &t pind hg steanesuretae S0RL WG BplE ST Those
skilled in the art wll aﬁyreciate t hat the figures are not qr wn to scale
and soffercedét and the papptraiad &0-pBRerPogil 14 Bdends perip iy freoe iy sbpis Bre details
may not have been 20 specifically described. [0027] FIG_5A illustrates a
schenatlprg dregien B8enil gieaubsiiatan 18Fxignds horperiallveancliber side oftheiodig structure
500 conprising a substrate 110, a body 112, a source 114, and a drain 116.
Those bRidldngdieptionld5aihe siurde 1A i foanet by inmlantstand ideeated 2 26°3ay be
inmplanted at |ater stages of the sem conductor process and the initial

st ar t i ¢1g S92 mibereuheb&H0 1igncibaswisinate hED. The d{faimblg o067 sgEformed

PCT/ 11S2006/ 012143 substrate 110, body 112, and the inplanted source 114.
| N onebeimpboitseming stisequsoidyodessing stepsf iodavedd of 2 Eptal sS04t arti ng structure
500 is fornmed with heavy inplant regions for the source 114 and the

subst r @W028] TG, 5Bhkushody cdnt2illset Eifdme vmbodinaht of the startieherustbsi®at e 110

al ong direction 150 and the substrate 110 extends horizontally on either

si de ofhotvhén BIE ¥ ASwith 2 dialeoinig lajier Gt foomedib&eonT Hregitaleatme 1atet 513 f or med by
inplants and is |ocated at a near end 502 where the body 112 joins the
subst r @dvers Hdsubsiaee tivaing tHeltody Wi, Chherdisledndée fiper$a el has vertical portions

512A of thickness 514 to form a tunnel dielectric layer, for example. In one embodiment,
the dielectric layer 512 may be an oxide layer and may form a tunnel dielectric oxide layer
between the floating gates 118 (FIG. 1) and the Si body 112. The dielectric layer 512 also
has horizontal portions 512B of thickness 516 to form an isolation layer, for example. The

15  thickness 516 of the horizontal portions 512B adjacent to the heavily doped substrate 110
and the source 114 is greater than the thickness 514 of the vertical portions 512A forming
the tunnel dielectric layer surrounding the body 112. In one embodiment, thickness 516
may be three to six greater than thickness 514. For example, thickness 516 may range
from 21 nm to 42 nm while thickness 514 may range from 5 nm to 9 nm. In one

20  embodiment, as described above with reference to FIG. 2, the dielectric layer 512 may be
formed using a dopant enhanced oxidation technique. In other embodiments, as described
above with reference to FIG. 3, the oxide layer may be formed using directional deposition
techniques. In one embodiment, the dielectric layer 512 may be formed of silicon dioxide
(8i0;) surrounding the body 112 and covering the substrate 110. Regardless of whether

25  the dielectric oxide is formed using a dopant enhanced oxidation or directional deposition
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by inplants during subsequent processing steps, is |located at a distal end
504. [00281 FIG 5B illustrates generally at 510 one enbodi nent of the
starting structure 500 shown in FIG 5A with a dielectric |layer 512 forned

t her eon. el ectric layer 512 10 covers the subst and the body
112. The %Z?Og)&%’ﬁc | ayer 512 has vertical portions %’éa}sg(f(]%]%l%kness 514
to forma tunnel dielectric |layer, for exanple. In one enbodi nent, the
dielectric | ayer 512 an oxide.l a a form | dielectric
oxi do ragFer COIBrans [Tk 3 babp Ry aiens s rrsoy oy ERery e B hoay 112
The diglectric Iagﬂer 512 al g ha hgriz néhalkltﬁoréfigo S .2LaB of thickness
516 t oip gielA L SRS Bieddis MRy Ui REees VR eREREES 516 of the
hori zontal portions 512B adjacent to the heavi doped .substrate 110 and
the sobpteeenthaflloadingeass b (Pi%r})ta%thf’ ﬁ?%%ﬂé?ng %WB?IP%F@O%}B’&%&%& portions
512A formng the tunnel dielectric layer surrounding the body 112. In one

enmbodi Wérfnd theiubstsesld 0516 may be three to six greater than thickness 514.
For exanple, thickness 516 may range from 21 nmto 42 5&51%@ | e thickness

514 melp02Hgs- SEHvsratsaeensrably#hy2Q gpesabodimeaiaishy horpre XM bed above
with reference to FIG 2, the dielectric layer 512 may be formed using a
dopant FlénBBrvatoh exfamel potysilisen Hygu?2 fPWeétDH@frth‘“e%lﬁﬁﬁiﬁiﬁ?ﬁrsfé 12adb8escri bed
above with reference to FIG 3, the oxide layer may be fornmed using
di r ect ¢apfiermabipyhedlicon tayer $28ahuy eufewned of polveryaipfise pitiaen (polyhilca-dPect ri c | ayer
512 may be formed of silicon dioxide (S Q) surrounding the body 112 and
cover i aiguiphe Bubpslysititen 14160 S2Regandiisibs diefecimisdavised L 25 bepelveilisdrect ri ¢ oxi de
is formed using a dopant enhanced oxidation or directional deposition 12
WO 2006#&084 6is RETALSROO6/5028 d3oundingdleseytidahportitnscdRAE t1B16 of t he
hori zontal portions 512B of the dielectric |layer 512 over the substrate
110 andickbgic 9w £i@ aididditis veaital isadyflil 2 pehibdshotikingl porioneTiBe t he coupl i ng
between the floating gates 118 (FIG 1) and the source 114 and between the
f | oat i agennt BEizoddBontivths SIEB sihs tiekiceicld@r 512 over the substrate 110. The

horizontal portions 522B of the polysilicon layer 522 extend laterally from the body 112

above the diclectric layer 512B covering the substrate 110. Another horizontal portion

522C bridges the two vertical portions 522A. In subsequent processing steps portions of

15 the polysilicon layer 522 may be eiched and polished to remove unwanted poly parts to

form the two L-shaped floating gates 118 in the memory cells 102, 104 of the memory

device 100 (FIG. 1), for example. Dielectric layer 512 (e.g:, SiO) elecirically isolates the

polysilicon layer 522 from the body 112. The thickness 516 of the horizontal portions

512B of the dielectric layer 512 is selected to electrically isolate the horizontal portions

20 522B of the polysilicon layer 522 from the subsirate 110 and the source 114, In region

524, the laterally extending horizontal portions 522B of the polysilicon layer 522

eventually form the L-shaped structure 524 of the floating gates 118 (FIG. ).

[0030] FIG. 5D illustrates generally at 530 one embodiment of the structure 520 shown in

FIG. 5C with a conformal spacer layer 532 formed over the polysilicon layer 522. The

25  conformal spacer layer 532 has vertical portions 532A adjacent to the vertical portions
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5 [00291 FIG 5C illustrates generally at 520 one enbodi nent of the
structure 510 shown in FIG 5B with a conformal polysilicon |ayer 522
formed over the dielectric layer 512. The conformal polysilicon | ayer 522

may be fQﬂH@ﬁm &Mgplycrystalline silicon (polysiIicoqﬁggkgkﬁgﬁ%%nple. The

pol ysilicon“layer 522 surrounds the dielectric |ayer ol ysilicon
| ayer 522 has vertical portions 522A surrounding the vertical portions 512A

f th jelectr.i 5 d.th ti d h

hor | v oI ot RSB SSE S 20 B PTG i por trans redafed o
dielectric | 51 t bst 10. hor i t al ti 522B
of 1 nP ST umnding By ouy PR CL IS PART L1 RH PROCTRUT 105  above the
dielectrlc Iaxer 512B cgover.ing .the subs rate 110 _Aﬁgﬁh r .hori zont al

por t | RPriigE IS pf thg ealypifiern T §27-t TheAonBelisBHET B3 R2 PO 4t quent

processi ng steps portions of 15 the polysilican |aye 22 be etched and
pol i shisizorfalnosiRie Sehwhiie Sitah gid S WHf the tody 1¥70r1ﬁlopﬁém{’%gm@1tgﬁgped f1 oating

gates 118 in the nmenory cells 102, 104 of the nmenory _ deyvice 100 (FIG 1),
fors exeambiraal sppeer byen 13 Hagg widtis 334, (1g oge ?mls-’rde@?ntéﬁ%eqr%f?ré@}( FR¥'sol ates t he
polysilicon layer 522 fromthe body 112. The thickness 516 of the
hor i zdayelS3pervésans dirsctippalsiidetspacgi. dneae ppodimgis thegontoranat g1aedt ed t o
electrically isolate the horizontal portions 20 522B of the polysilicon
| ayer 1822 5BE onybhéorsabusinge ehenlicp! sendT derosision (DY teghnique, f8gi on 524, the
| ateral |y extending horizontal portions 522B of the polysilicon |ayer 522
event usiainplef ditwugthather-tedhajpees mey bectrupleye82 In g eptvedimephthafgaggat es 118 (FI G
1). [00301 FIG 51) illustrates generally at 530 one enbodi ment of the
st r uct laye 532 hag e formicd usifit GST:HClapertinsteadobnfing smdxidpmeest, oayer 532 f or ned
over the polysilicon |ayer 522. The 25 conformal spacer |ayer 532 has
verd i cafampter ti ons 532A adjacent to the vertical portions 13 WO 2006/ 105461
PCT/ 1JS2006/ 012143 522A of the polysilicon | ayer 522. The conformal spacer
| ayer [@821)afIsh sRaBushaics Zonrtdly at HHrdoe enboEB2B «iesditog 338tskevad lny from t he
base of the body 112 above the horizontal

FIG. 5D after etching the conformal spacer layer 532 (e.g., the directional oxide spacer).

The etching process is a vertical process and thus it removes the horizontal portions 532B
(F1G. 5D) of the spacer layer 532. The eiching process also removes the horizontal

15  portion 532C (FIG. 5D} of the spacer layer 532 at the distal end 504 of the body 112. The
width 534 of the oxide spacer 532 determines the horizontal extension of the ‘L.’ portion of
the floating gates 118 (FIG. 1), for example. The width 534 of the oxide spacer 534 layer
provides for self-aligned, precise conirol of the horizontal extension of the ‘L’ portion of
the floating gates 118 (FIG. 1). The vertical portions 532A of the spacer layer 532

20  adjacent to the body 112 remain substantially intact during the etching process and are left
behind to act as a maslk for the process illustrated with reference to FIG. 5F below.
[0032] FIG. 5F illustrates generally at 550 one embodiment of the structure 540 shown in
FIG. 5D after etching the polysilicon spacer layer 532 mask. The etching process also
removes the horizontal portions 522B (FIGS. 5C-5E) of the polysilicon layer 522 that

25  extend laterally beyond the width 534 of the spacer layer 532 as shown at 552, for
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portions 522B of the polysilicon |ayer 522. The conformal spacer |ayer 532
al so has an horizontal portion 532C at the distal end 504 of the body 112.
I n one enbodi nent, the 5 conformal spacer |ayer 532 has a width 534. In one

enbodi ”e”&fozﬁdgﬁo:ﬁgﬁf ormal spacer |ayer 532 serves as}’@fé‘%g'ﬁéylgpal oxi de

spacer. In one enpodi nent, the conformal spacer |ayer e formed
using a chem cal vapor deposition (CVD) technique, for exanple, although

ot her E?zﬁﬁﬁié.qﬁ?eset@ %ﬁ%‘%@g Ol)éﬁl%\fesl e ﬁ%gzaﬁtg?&%xﬁpﬁc (H@S.%?i@rof | ayer 532

may be Tormed usi ayer ‘1 ns usi ng an” oxi acer, for 10

exanpl g, 031 | G.-8E, iLLlustra ner al | 540 one, er {ment of the
ot ruet e aTekn et 7R ™ o PR R H AR 1 BB nE i cer 1 ayer
532 (e.q.. t irecti I i de ace The etchin rocess is a

vorts canispbeREcbignd iR e BE S e i B Sane Y
SD) of .the s I r, 532. e et.chi cess al renmoves the

hor i zoh?%:fon?gg%ﬁ %titﬁ%fﬁ%fegéﬁ%%m%ﬁ)eqﬁ%w%ﬁa%éﬁe|7§§ré‘§“ 357%Y the distal
end _504 of the bo%ﬁqllz The w dth 534 of the oxide spacer 532 determ nes
t he> hoF¥ERSF B theRAI BB ,YEF >4%he L' portion of the floating gates 118
(FIG i@) for exanﬁl e. The width 534 of the oxide spacer 534 | ayer

provi d&W3BLFIGAG Iistraiesargnerphedli S8 oppFbosimest of the sietrs 538 shova@dB ensi on of
the "L' _portion of the floating gates 118 (FIG 1). The vertical portions
532A of 1ehd affspwelor|dsy dehingtp romovdhe saaer 16T $3e Jompyof facxdiplesies n
substantially intact during the etching process and are |left behind to act

as a nERr §igrbeivtren greqrobisBicpn gate pFaanddhepittedy &t etlenie semayeirghe5F bel ow,
[00321 FIG 5F illustrates generally at 550 one.enbodi nent of the structure

540 shavegessnIn greembsiimeht, dhe diglediiinlgyedé 2 puly s lthesonl asplecerayayer 532 nask.
The etching process also renoves the horizontal portions 522B (FIGS.
5CI8E) onifle.tihas cisbésyas i Iniuch plovaymate tBapthe bpacerddyce k3% ntcchulinglalihsy beyond t he
wi dth 534 of the spacer |ayer 532 as shown at 552, for 14 WD 20061105461
PCTI USdesirdiatd 312 does not completely wash away during the wet etching process.
Further, in one embodiment, the dielectric layers 512A between the polysilicon gate 522
and the body 112 are relatively thin and will not wash away because the wet etching
process is self-limiting due to the capillary effect. Although, some erosion or washing
15 away of the dieleciric layer 512 may occur at regions 562 and 564, the bulk of the material
remains substantially intact. After wet or dry etching, the polysilicon gates 118 on either
side of the body 112 are exposed and the structure 560 is ready for receiving a second
dielectric layer thereon. In one embodiment, if a SizNy layer is used as a spacer instead of
the oxide spacer to form spacer layer 532, the SiaN4 layer may be selectively etched by
20  HsPO4 over the dielectric layer 512, for example.
10034] FIG. SH illustrates generally at 570 one embodiment of the structure 560 shown in
FIG. 5G with a dielectric layer 572 formed thereon. In one embodimen.t, the dielectric
layer 572 may be an oxide-nitride-oxide (ONO} layer and may be formed using various

chemical vapor deposition techniques, for example. The dielectric layer 572 may be

25  formed around the floating gate 118 on either side of the body 112, for example. As
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exanpl e. The etching process al so renoves the horizontal portion 522C
(FIGS. 5C-5E) of the polysilicon |ayer 522 at the distal end 504 of the
body 112. Renoving the horizontal portions 522B that extend laterally

beyond t i 534 of the spacer |layer and the horj C at the

di st al e%o%(gh%cf?ﬁs the L-shaped floating gate 118, Mgd%&zﬁi%m 5 exposed

in the polysilicon |ayer 522. [0033] FIG 5Gillustrates generally at 560

one emnhodi f the structure 550.sho in I 5 fter wet or dr

et chi 231‘)?"’8@?8%&? c{‘ﬂ@t@%{%‘grﬂ# é%c}un%%‘g.e Wg&{; l?ﬁgmg?@?ngét ric | ayery512

bet ween t he pol ysilicagn te 522 and the Si body,. 112 also.s renoved in the

pr ocesonzppa %‘X@’ B Y?%gnémiﬁ %]FOé{?P?tﬁlcsu iggp Jagq! t(ﬁg&?s tgﬁgtet her mal

oxi de, .or any 10 oxide, that etches at_.a nuch sl ower t n the spacer

| ayer 52 Thasewiierendt i novieadsdpiihe drpaiion ofyas cogtel %@%r{g{é-ggnpl et e|5 wash

away during the wet etching_ process. Further.  in one enbadi nent, the

di el ecEOPﬁngTI%éI ylusiraios graerpbbff %H@nﬁwwi‘rp?rﬁBEthﬁé?”‘éCt‘gﬁé%%Pr?&mtlﬂe body 112

are relatively thin and will not_wash away because the wet etching process

i s Bel F1G. SHiwithysegored pabvsilicen baypy 152dpyneditheseqn. TAe sero0GROYEHE er osi on or

washing 15 away of the dielectric |ayer 512 may occur at regi ons 562 and

564, tlagerPP ks wed tnfermiheseniz! safee fafl (WEC sbdbantalapripe regioadt? oif ter wet or

dry etching, the polysilicon gates 118 on either side of the body 112 are

expos elle apdzonté petivucefiihell®60g Egey BByt die seewdipolypdicen bewrdfd  diel ectric

| ayer thereon. In one enbodinment, if a Si3N4 |layer is used as a spacer

i nst eadcwses tveapacitie coydivg ratiodefvmentispased pplyyidicorbigger ShandShgN4 | ayer may

be selectively etched by 20 H3P04 over the dielectric |ayer 512, for

exanpl Boatin@@34 layelr &2.5H i | | ustrates generally at 570 one enbodi ment of the

structure 560 shown in FIG 5Gwith a dielectric layer 572 formed thereon.

| n1®ne[06ndiddiGreAtillustrhes cheednthotiment oflaay@nors d2vipm§iP hwhah nmyibdenei t ri de- oxi de

(ONO) layer and nay be formed using various chem cal vapor deposition

t echni guieslimém ol theanpdtace ST shotkingh €0%.ril aftéraydemEZPmedynibd 25 f or med ar ound

the floating gate 118 on either side of the body 112, for exanple. As
planarization (CMP) polishing process to form the control gates 120 out of the second

polysilicon layer 582 (FIG. 5I). The memory device 590 is one embodiment of the
memory device 100 (FIG. 1) comprising first memory cell 102 and second memory cell

15 104 formed back-to-back with a common body 112. The overlapping regions 586 of the
horizontal members 118B of the polysilicon floating gates 118 and the control gates 120
provide a larger coupling region between the floating gates 118 and the control gates 120
in the overlapping regions 586. The greater coupling region between the {loating gates
118 and the control gates 120 in the overlapping regions 586 increases the capacitive

20  coupling ratio (CGR) therebetween. A memory array comprising muliiple memory
devices 590 comprising multiple first and second memory cells 102, 104 may be formed
on the substrate 110 using the process steps described with reference to FIGS. 5A-5],
[6037] FIG. 6 illustrates one embodiment of a memory array 600. The memory
comprises an array muliiple memory devices 100. The memory array 600 comprises

25  multiple gaie lines 610 and drain lines 620. The control gates 120 of the memory devices
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15 WO 2006/ 105461 PCT/ US2006/ 012143 shown at 574, the dielectric |ayer 572
surrounds the floating gate 118 and extends horizontally away fromthe
body 112 along a horizontal surface adjacent to the substrate 110. The
structur s, now ready for the formation of the Gy e 120 (FI G
1). [00§g§L@FE%M§1 illustrates generally at 580 one enh%%%ﬁgﬁﬁgof t he
structure 570 shown in 5 FIG 5H with a second polysilicon | ayer 582 forned

t her GOT%OOJ?E?%%&%"% t@ﬁ%&é ihds%90, wiledY LhecB82 aidgrfkggfﬁgy I%éﬁa AEMolide control

gat es overl apping region 5 hori zontal portions

Of .\ NewLhOBL L0 (98! 85 JATA0GI M PREMRKRE LSRR pyaL B2 [ noreases

the capacitive-coupling ra etween the second po rcon |layer 582 and

(e LGB0 S LB 310, LOBASR TSyt 1l yabrags, one ertoc o

of a nme eone [he’ structure 580
shown in.FIS@ 51 after {enical nmec nic%¥ | aparization (CMP) polishing
pr oces SHES FOY HRY ﬁ%c%ﬁ%(g 0 gatres gﬂ:ﬁggmrou S?I% © l%egg?’]@ Jn?)eol ysilicon |ayer
582 (FIG%ﬁ?Iéi Lhe nenorgtjev'ﬁe %%S i s_one enbodi ment of the nmenory
devT ce RS PRI 1OV VEHP T Wﬁ& 1 PS5 CoRERory cel | 102 and second menory cel
15 104 _formed back-tq-back with a cq n.hady %%. The over) appi ng regions
586 of [UOFY Mﬂ@#ﬁ%ﬁ@ﬁﬁﬁﬁ@%@?@ﬂ%§§ﬂg¥qp?régﬁa@ PRSP C‘.%ng gates 118
and the control gates 12&@| rovi de a {arger coupl.ing regi.on between the
f1oat i HgY B%f‘%%lefl‘%écréh?d il e 91thefatieging Sigurciand RFRTR Pappi ng regi ons
586. The greater_coupling region between the floating gat i 18 and the
cont r ofXagpiesslesepibingf RpRESONRY-| B avies i GR Bros g6 e ﬁ?ﬁ“"eﬁ@é’i‘ PHE capacitive
20 coupling ratio (CGR) therebetween. A nenon¥ array conprising multiple
menor yhedigyiegseseniop herswmprgysneladed nartiqylas processt it eancpeSEBSHATCHERDIS cel Is 102,
104 may be formed on the substrate 110 using the process steps described
wi if r pfoegseing dlowonerelpsrovides 59 exan{iboa ppe pubpdigent af e v agpagfasREN8 mhodi ment  of
a nmenory array 600. The nenory .
process for the memory devices and systems described herein may be implemented. The
embodiments are not limited in this context.
[0039] FIG. 7 illustrates one embodiment of a process flow diagram 700 to form the
memory devices 100, 590 and the meniory array 600 comprising memory cells 102 and
15 104 described herein, Accordingly, at block 710, a body may be formed on a substrate in
which the body extends vertically fromn the substrate. At block 720, a first gate comprising
a vertical member and a horizontal member may be formed in which the first gate is
disposed laterally from the body. At block 730, 2 second gate comprising a vertical
member and a horizontal member may be formed in which the second gate is disposed
20  laterally from the first gate and in which the horizontal member of the first gate overlaps
the horizontal member of the second gate, Other embodiments of the process described
with reference to process flow diagram 700 include a spacer layer having a width formed
around the first gate, wherein the width determines a horizontal extension of the horizontal
member of the first gate. Further, a first dielectric layer may be formed between the first
25  gate and the body. Further, the first dielectric may be formed with a vertical portion
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conprises an array nultiple nmenory devices 100. The nenory array 600
conprises 25 nmultiple gate lines 610 and drain |lines 620. The control gates
120 of the nenory devices 16 WO 2006/ 105461 PCT/1JS2006/ 012143 100 are

connecte ate lines 610, where a decoded addr applied to
Ay b acks 16548k 20 msgfoﬁ}gﬁi%g

the nenory array 600. The drain |lines 620 connec of the
menory cells together and nay represent a data bus, for exanple. The

*hor ouf e s M ER Wigen: QU GG of R RnBEpEAOTERAR Lo 0T Ol o
this Caﬁéﬁéés-adjggagg%the“’g‘gbg&%g%@gﬁiggg&n@ﬁﬁﬁﬁ%ﬁeﬂ Yl 655100, 590 and

the nmenory arr escri reference to the
foll ow,ng figure ang cqQmpanyi anpl es L bl F racess flow. The
figur egmgﬁgﬁsug’égxaﬁl?p %gglsalﬁ%lgm?’é%ﬁn%ﬂaaﬁe CAr W%%gﬁ?o%hcgﬁ*}%gaﬁ?@a%r esented herein
may incl.ude a ticular proces i cantge iat. g that the 10
pr oces SHREH 06‘5961 T BTOSH Pg’i?%%st%gﬂec%%g}gpal re(%?(g)dé[]@glee%g Ty I?Ii? "of how a
manyf act uri n rocess for the nmenory.devices and stens described herein
my S b DICHPIEHRIEGAET PGS En {36 AR < PP WO ¢ O RO T 5 cont ext
[ 0039]  FI 7 11l uystrates one_emodi ment. .of rocess .fl ow diagram 700 to
f or m t Heseripeh it refrecace &aproesss 2% Giagig: @éﬂﬂﬁ%&fwﬁﬁrﬂi@l@cg&oﬁ% rising
menory cells 102 and 15 104 descrjbed hereijn. Agcordinﬁééf at_block 710, a
body nEsiEeT G Hed aphibs secopd eaiey durtheryie ssrorddiclseidy may beAgR e &1 cal Iy from
the substrate, At block 720, a first gate conprising a vertical nenber and
a hor i P®AEgenivEdReHderdythgenbgdimsatsioh hgmreagss drecrioed 8ith gefegnsed® dj sposed
| aterally fromthe bodgz At bl ock 730, a second gate conprising a vertical
nember Pepsels dlowotigran 789 ingkidpa horirgptabeverlgpatagregionwh thefirgtdad Bécond gate is
di;gosed 20 laterally fromthe first gate and in which the horizontal
mefber swbnd gates formaad syeh Bavherdpapgive eomplineietio befivasn the AséandsEcade second
gate. Ot her enbodi nents of the process described :

gates is between 0.3 and 0.6, for example.

[0040] Numerous specific details have been set forth herein to provide a thorough

understanding of the embodiments. It will be understood by those skilled in the art,

however, that the embodiments may be practiced without these specific details. In other

15  instances, well-known operations, components and circuits have not been described in

detail so as not to obscure the embodiments. It can be appreciated that the specific

structural and fimctional details disclosed herein may be representative and do not

necessarily limit the scope of the embodiments.

[0041] 1t is also worthy to note that any reference to “one embodiment™ or “an

20  embodiment” means that a particular feature, structure, or characteristic described in

connection with the ernbodiment is included in at least one embodiment. The appearances

of the phrase “in one embodiment” in various places in the specification are not

necessarily all referring to the same embodiment.

[0042] Some embodiments may be described using the expression “connected” along with

25  its derivatives. Some embodiments may be described using the term “connected” to
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li wth reference to process flow diagram 700 i ncl ude a spacer | ayer
having a wwdth forned around the first gate, wherein the width detennines a
hori zontal extension of the horizontal nenber of the first gate. Further,
a first | ayer may be fornmed between the fi e and the
body. FuS?ﬁE&ﬁh§4%'flrst dielectric may be forned\Mt¢§%p¥§$??%iﬁ portion
17 WO 2006/ 105461 PCT/U82006/012143 having a first thickness adjacent to

i on,.hav dj acent to

t he bod hor i zont al a

the sutip@RtoR e i el ChSih épz%%ai‘gf FEARt I IIERON.) FET L

t hi ckness, or, exa ,n addjti.on st dlelectrlc be for med
st no Sb ot RGcled B PaAbHER havordete R iy FpE% %}F'Pr?e‘g*‘a ffthg
directional dielectric depositi ocess ot her processes, for
exanpl GIeEp Wésr‘caL‘i’ftf%‘“c‘fFriPé It %*a“p&’éﬂﬁg'@e%rénmﬁ@@ tgéli?%t & erence to
process flow ggﬁﬁﬁ]?OO i nclude a second dlelectrlﬁ %fned bet ween t he
first SPRRYHE T ¥et st Gpopwpte of iterad @l EhEctPf ¢ may be for med
with an_oxide- n|tr|de oxide. O her enbodi nents of the process descri bed
wi t A réF@?%ﬁ%@SF@ImbW@%@%@¢@F6%ﬁﬁ$agran1700 i ncl ude a horizonta

over | appi ? region of the first and the 10 second gates fornmed such that
the cap¥pl Whae etain feagras of ths cbpdiwnts finwe epn Hlushiated welkesii@ed gates i s
between 0.3 and 0.6, for exanple. [00401 Numerous specific details have
been sd&erehpmany Hedifpatiopy sphssipitiges, shangesand gavivalprie vat 2avaperyr ©rthashe

enbodi ments. It will be understood by those skilled in the art, however,

t hat t Helledhibdlf averdt i thaggiotsdo pe aederstend thit theoppendaeé sleingpee infandedtiet ai 1 s. I n
ot her 15 instances, well-known operations, conponents and circuits have not
been deser plbethinmdifihetiens|and ghagesestialt withh dutus sphis oétp suibedipients. 1t can be
appreci ated that the specific structural and functional details disclosed
herein may be representative and do not necessarily limt the scope of the
enbodi nment s.
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[00411 It is also worthy to note that any reference to "one enbodi nent" or
"an 20 enbodi nent" neans that a particular feature, structure, or
characteristic described in connection with the enbodinent is included in
at | east odi ment. The appearances of the phr enbodi nent "
in vari ou\ggg?ogg%ggi n the specification are not neceglgcgrf[i]*@%%ﬁq”r eferring
to the sane enbodi nent. [00421 Sone enbodi ments may be described using the
expression "connected" along w tELA%éISi ts derivatives. Sonme enbodi nents
maybe descri bed using the term"connected” to 18 WD 2006/ 105461
PCT/ US2006/ 012143 indicate that two or nore elenents are in direct
physi cal or electrical contact with each other. The term "connected" as
used herein may indicate that two or nore elenments are in direct physical
itri cAMTVRY &k SRR t hat two or more el ements are not in direct

or ele

contact with each other, but yet still co-operate or interact wth each
ot her. The &Y ments are not linited-in this context. [0043] Wile
certain features of the enbodi ments have been illustrated as descri bed

her®in, nanybefy@rendiae vefellydinyssaid oSS, changes and equival ents will now
occur to those skilled in the art. It is therefore to be understood that

t he appendedfist gitreonaprisingarvsrisabmenber apd & porgoptabpemberp HPTPRSMons and
changes as fall within the true spirit of the enbodinents. 19 WD

2006/ 1654 ete pdipusddoeriy frewaiddody:ed 1. A nenory cel |, conprising: a
substrate; 5 a body extending vertically fromsaid substrate; a first gate
conpri si ng @asepend datetompsiriba e varigalaneher ek barizepalmenberviieeepfaidai d

second gate is disposed laterally from said first gate;

10 wherein said horizontal member of said first gate overlaps said horizontal member

of said second gate.

2, The memory cell of claim 1, wherein said first and second gates comprise
polysilicon.

15
3. | The memory cell of claim 1, further comprising a first dielectric formed between

said first gate and said body.

4. The memory cell of claim 3, wherein said first dielectric comprises a vertical
20  portion having a first thickness adjacent to said body and a horizontal portion having a
second thickness adjacent to said substrate, wherein said second thickness is greater than

said first thickness.

5. The memory cell of claim 4, wherein said first dielectric comprises an oxide.
25

20




first gate is disposed laterally fromsaid body; and a second gate
conprising a vertical nenber and a horizontal nenber, wherein said second
gate is disposed laterally fromsaid first gate; 10 wherein said horizonta
menber of said first gate overlaps said horizontal nenber of said second
gate. 2. The nenory cell of claim1l, wherein said first and second gates
conpri ses. pol Visd het@iy cdlb oB clafhe3, fenidrycoasiisingfa sdcahdndisleditic bbigreegonpri si ng
a first dielectrjc formed between said first gate and said body. 4. The
menory c®19 figst apd ssepRBLatGherein said first dielectric conprises a verti cal
20 portion having a first thickness adjacent to said body and a horizontal
portion having a second thickness adjacent to said substrate, wherein said
second t i cknélss niesoyy eatlest tlham 6, sdiedeihisagt s¢dond kiv@ssric SconiPhisesremory cel |
of claim4, wherein.said first dielectric conprises an oxide. 25 20 6. The
menory d@?@&ﬁﬁné?%Pﬂ?S, further conprising a second dielectric between

said first and second gates. 7. The nenory cell of claim®6, wherein said
second dielectric conprises an oxide-nitride-oxide. 8. The nmenory cell of
cl ai m 1, 8wherBiamamenpei ¢fi dancbuphdrelg a aphotibetovpdng salicdbetveerssaidnd second

gates is.between 0.3 and,0.6. 9., A ry array, conprising: multiple
menory 8@F€§%ﬁﬁﬂ3%épﬁﬁéﬁéﬁ“3gjggﬁﬁdgﬁg?ipIe menory cells conprises

9. A memory array, comprising:

multiple memory cells, wherein each of said multiple memory cells comprises
a substrate; a body extending vertically from said substrate, a source, and a drain; a
first gate comprising a vertical member and a horizontal member, wherein said first
gate is disposed laterally from said body; and a second gate comprising a vertical
member and a horizontal member, wherein said second gate 1s disposed laterally from
said first gate;

wherein said horizontal member of said first gate overlaps said horizontal
member of said second gate;

multiple gate lines interconnecting said second gates of each of said multiple
memory cells;

multiple drain lines interconnecting said drains of cach of said multiple
memory cells; and

multiple source lines interconnecting said sources of each of said multiple

memory cells.

10.  The memory array of claim 9, wherein said first and second gates comprise

polysilicon.

11.  The memory array of claim 9, further comprising a first dielectric formed

between said first gate and said body.

12.  The memory array of claim 11, wherein said first dielectric comprises a
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a substrate; a body extending vertically fromsaid substrate, a source, and
a drain; a first gate conprising a vertical nmenber and a horizonta

menber, wherein said first gate is disposed laterally fromsaid body; and
a second gate conprising a vertical nenber and a horizontal nenber,
wherein said second gate is disposed laterally from said first gate;

wher ei n weeticdl patioz batiak anfestdickoéss adjaderitito said patie and e hbapsntslgiodtidior i zont al
menber of said second gate; nmultiple gate |lines interconnecting said second

gates ofhaemeh RborsPihttidbdstddplcent tIRARIYibGRI Svhetdth bhiRlsecdhidahRtkhdsHes
i ntercom ecting said drains of each of said nultiple menmory cells; and

mul tipl r I Lpterconnecting said sources of each of said nmultiple
menory ?é%?%{.tﬁ%b%aﬁllﬁgﬁkﬂg%r@% array of claim9, wherein said first and

second gates conprise polysilicon. 11. The nmenory array of claim9,
further conprising a first dielectric forned between said first gate and
said bodé. 12. The nmenory array of claim1l, wherein said first dielectric
conpri sds- a e memencaraypef clagn havhagna fanasiive wosRlings Btigdhdvesm to said
body and a horizontal portion having a second thickness adjacent to said
subst r atseid fubtemdisacadi ghtsecbridethdknd9H.is greater than said first
t hi ckness. 13. The nenory array of claim9, wherein a capacitive coupling
ratio between said first and second gates is between 0.3 and 0.6. 14. An
apparatus, conpri sing:
14. An apparatus, comprising:
a random access memory comprising multiple memory cells;
wherein each of said multiple memory cells comprises:
a substrate;
a body extending vertically from said substrate;
a first gate comprising a vertical member and a horizontal member, wherein
said first gate 1s disposed laterally from said body; and
a second gate comprising a vertical member and a horizontal member, wherein
said second gate 1s disposed laterally from said first gate;

wherein said horizontal member of said first gate overlaps said horizontal

member of said second gate,

15. The apparatus of claim 14, wherein the random access memory is a dynamic

random access memory.

16. The apparatus of claim 14, wherein the random access memory is a static
random access mermory.
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a random access nenory conprising nultiple nenory cells; wherein each of
said nultiple nenory cells conprises: a substrate; [ a body extending
vertically fromsaid substrate; a first gate conprising a vertical nenber
and a horizontal nenber, wherein said first gate is disposed |aterally
fromsaid body; and a second gate conprising a vertical nmenber and a

hori zontldl. neftee mppashtds eoth clSai d4seclonen gétee rirsloth spasedmember akly from
said first gate; wherein said horizontal nenber of said first gate overl aps
sai d horgya@ibadus riRivRehcRés mahmerysecond gate. 15. The apparatus of claim 14,
wherein the random access nenory is a dynam c random access nenory. 16.
The apparatus of claim 14, wherein the random access nenory is a static
random access nenory. 22 17. The apparatus of claim 14, wherein the random
access nmenory is a synchronous random access nenory. 23 p"tp
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