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accessing the charge state through ghexass@gs device to retrieve the
stored information. 30An individual nenory cell in the nmenory array
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Briefly, and in general terms, a DRAM includes a memory array having a
20  plurality of memory cells that are suitably arranged in rows and columns. A
plurality of conductive “word lines™ are positioned along the rows of the array to
couple cells in respective rows, while a plurality of conductive “bit lines” are
positioned along columns of the array and coupled to cells in the respective
columns. The memory cells in the array include an access device, such as a
25  transistor, and a storage device, such as a capacitor. The access device and the
storage device are operably coupled so that information is stored within a
memory cell by imposing a predetermined charge state (corresponding to a
selected logic state) on the storage device, and accessing the charge state through
the access device to retrieve the stored information.
30 An individual memory cell in the memory array is selected by activating
a specific one of the word lines, while activating a specific one of the bit lines.
Accordingly, to write to a memory cell, the selected bit line is driven to a high or
a low logic state with the access device turned on for a sufficient time to charge
the storage device to the high or low logic state. The access device is then turned
35  off, leaving the selected logic state on the storage device. Since current leakage
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Although the vertical access device generally increases packing density,

one significant drawback present in prior art vertical access devices is that comner
regions may generate relatively high electrostatic potentials that may lead to a
localized dielectric breakdown in the corner region. Although dielectric

30  breakdown in the corner region may be at least partially arrested by increases in
the thickness of dielectric insulating layers, several shortcomings stem from this
approach. For example, as the thickness of a selected dielectric layer is
increased, a gate capacitance in the device is reduced, which may adversely
affect switching time for the device.
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t he present nventlon are described in detail belowwth reference to
the foll ovﬂvﬂémﬂ' AW hgs. Figure 1 is a di agramfe{yC B8R
view of a nenory device according to 5 various enbodi nents of the
invention. Figure 2 is a paBRIEBDESCHEFEONQF THERRA¥INGEe nenory array

shown in Figure 1. The variold @Moquﬁemmahégﬁedﬁaim@nﬂm% 8dscAbdUBAREMi
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i sonetric vi g&?ngqu}i’athé?‘%ﬁe ecfg\ﬂ?ecirr?ﬁ%‘ﬁ’c‘}'ﬁnjd Solurality of vertical
access devices for rmghractamadlaggumtméﬂmkahembf b henenp deliiceeatesrdidg to he
i nvention. 4 054%}&; %x?edt?oﬂh@&l%ﬁt?)ln si de el evational view of an

I ng

access device Accor 0 severa t he enbodi nents of the
i nventi on. 15Fi gur &8¢ & ismpartid scliapatic yievseidee mpmontdnay shows awigdre an
access device @according to several of the enbodi nents of the
I nventi on. Figure_ 7 is stil]l anot rtlali Elde el evat i onal
vi ew of an access 2 d ‘518(,586 Al oY 8 9(5'? oryel] RE heTBERPRHANRY Obf
t he i nventi on.Figure 2.

10 Figure 4 is a partial isometric view of a memory device showing a

plurality of vertical access devices formed according to several of the
embodiments of the invention.
Figure 5 is a partial side elevational view of an access device according
to several of the embodiments of the invention.
15 Figure 6 is another partial side elevational view of an access device
according to several of the embodiments of the invention.
Figure 7 is still another partial side elevational view of an access device
according to several of the embodiments of the invention.
Figure 8 is still yet another partial side elevational view of an access
20  device according to several of the embodiments of the invention.
Figure 9 is a partial side elevational view of an access device according
to several of the embodiments of the invention.
Figure 10 is another partial side elevational view of an access device
according to several of the embodiments of the invention.
25 Figure 11 is still another partial side elevational view of an access device
according to several of the embodiments of the invention.
Figure 12 is a partial side elevational view of a memory device according,
to several of the embodiments of the invention.
Figure 13 is another partial side elevational view of a memory device
30 according to several of the embodiments of the invention.
Figure 14 is another partial side elevational view of a memory device
according to several of the embodiments of the invention.
Figure 15 is a partial top plan view of a memory device according to
several of the embodiments of the invention.
35 Figure 16 is a diagrammatic block view of a processing system according
to another embodiment of the invention.
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DESCRI PTI ON  to an embodiment of the invention. The memory device 10 is fabricated on a

semiconductor substrate 12 by various fabrication methods that include selective
masking, photolithography, etching, material deposition, selective doping,
planarization and other known fabrication methods. A memory array 14 having

15 a plurality of memory cells (not shown in Figure 1) is disposed on the
semiconductor substrate 12 through selective application of the foregoing
fabrication methods. The memory cells included in the memory array 14 each
include an access device that is structured in accordance with embodiments of
the present invention, which will be discussed in greater detail below, The

20 memory device 10 also includes one or more peripheral circuits 16 that are
operably coupled to the memory array 14 by a plurality of control lines 18. The
peripheral circuits 16 generally include circuits configured to address the
memory cells within the memory array 14, so that information may be stored and
accessed. Accordingly, the peripheral circuits 16 in the memory device 10 may

25 include sense amplifiers, suitable multiplexing and de-multiplexing circuits,
latching circuits, buffer circuits, as well as input and output circuits that are
configured to communicate with external devices. The peripheral circuits 16
may also include various circuits that are operable to supply and/or regulate
power to the memory device 10.

30 Figure 2 is a partial schematic view of the memory array 14 according to
the embodiment shown in Figure 1. The memory array 14 includes a plurality of
memory cells 18 that are coupled to generally perpendicular word lines 20 and
bit lines 22. The word lines 20 and the bit lines 22 cooperatively form a
plurality of address lines, which may be coupled to the peripheral circuits 16 of

35 TFigure 1. The memory cells 18 each include an access device and a storage
device (not shown in Figure 2) that are operably coupled to respective word lines
20 and bit lines 22, as will be discussed in greater detail below. In particular, the
access device is structured in accordance with embodiments of the present
invention, which will also be discussed in greater detail below. Although a single

4
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access device 30. Accordingly, the capacitive structure may include three-
dimensional capacitance structures, such as trench and stacked capacitor
structures. For example, the capacitive structure may include the three-
dimensional capacitive device as disclosed in U.S. Patent No. 6,635,540 to
30 DeBoer, et al. and entitled “DRAM Capacitor Formulation Using a Double-
Sided Electrode”, which patent is herein incorporated by reference.
Figure 4 'is a partial isometric view of a memory device 40 showing a
plurality of vertical access devices 42 positioned on the semiconductor substrate
12 of Figure 1, which will be used to describe the various embodiments. For
35 clarity of illustration, portions of the memory device 40 may be omitted, but
which may be disclosed in detail in U.S. Published Application No. US
2006/0046407 Al to Wemer Juengling, filed Sep-tember 1, 2004 and entitled
“DRAM Cells with Vertical Transistors”, which application is herein

incorporated by reference. Each of the vertical access structures 42 may be
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30 structure according to the embodiments will be discussed in further detail below,

The dielectric layer 60 may include any suitable dielectric material, which may

include a relatively thick silicon dioxide layer that is deposited on the surface

using chemical vapor deposition (CVD). Alternately, the dielectric layer 60 may

be a thermally grown layer formed by exposing the substrate 12 to an oxygen
35  atmosphere at an elevated temperature, ]

The vertical access structure 42 includes the second trench 52, which is
formed by suitably etching the substrate 12 to a depth d;. The trench 52 may be
etched using a wet etch process, or it may be etched using a dry etch process,
which may include plasma etching, ion milling and reaction ion etching (RIE).
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ccordingly, a lower edge 70 of the conductive

35  depth dj of the trench 52 (Figure 5), so that the lower edge 70 is positioned away
from an intersection of the side walls 46 and the floor 48. The conductive film
64 may also be etched to undercut the conductive film 64 so that an upper edge
72 extends into the trench 50 to a depth ds. The locations of the lower edge 70
and the upper edge 72 may be suitably positioned using wet and/or dry etching
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beyond the deptiga] portion 108, so that the conductive film 106 couples to the conductive
film 106 disposed on an opposing side of the terminal portion 109. Although the
35  conductive film 106 is shown extending around the terminal portion 108, it is
understood that the conductive film 106 on respective sides of the terminal
portion 108 may be electrically coupled by providing a contact structure that
extends between the film 106 on the respective sides, which will be described in
further detail below.
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configured to process the data according to the programmed instructions.

o=}

e

11



25Figure 15 is a partial top plan view of the nenory device 100. As
shown therein, the conductive film 106 and the conductive structure

112 cooper¥PHBIFEr m a network of approxi mately per pdifdiERU00TRY o

lines and bit lines, respectively, which are coupled to access
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detail to enable those skilled in the art to practice the teachings disclosed herein.
Other embodiments may be utilized and derived therefrom, such that structural
and logical substitutions and changes may be made without departing from the

35 scope of this disclosure. This Detailed Description, therefore, is not to be taken
in a limiting sense, and the scope of various embodiments is defined only by the
appended clatms, along with the full range of equivalents to which such claims
are entitled.
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The acconpanyi ng drawi ng$ that forma part hereof show by way of 30
illustration, and not of limtation, specific enbodinents in i
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t he subj echor?ﬁ‘fB("é’}”?ray be practiced. The enbodi nents i TP 78S o
described in sufficient detail to enable those skilled in the art to
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utilized and L: I . [ r i .
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enbodi nents_ is defined o .by. t he_appended . cl ai ns, on e
FUTT 1 ange Tot - STOVAGh o mAnS AT B BRVERPRATIS: B sifbodimens
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scope or ani

n f the clai . .In addi.tion, in the.fore n
Dot o1 o Doeoriets an fyecniin s Rt sropameBsoeninr e detiys fan
grouped t oget hee ekpresslysravged ire eimhdelaent Rather, tdsehp dolipyaeg ofaims reflect,

stream i ning t; L r h;; f di L:S 1A Ok e
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the Detailed Description, with each claimstanding on its own as a
separate 20 enbodinment. Clains Wat is clainmed is:
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1. Anenory array for a nenory device, conprising: a plurality of
menory cells formed on a sem conductor substrate and coupled to word
| ines and generally perpendicular bit lines formed on the substrate,
each nenory cell further conprising: a storage device; and an access
device forned in the substrate that is coupled to the storage device
and to a selected one of the word lines and a selected one of the bit
lines, the array further conprising:Chaim$urality of recesses each
formed in the sem conductor substrate that includes a pair of
opposing side walls and a fl oor extending there between, the side
wal | s i ncWhaiinglaadd iwe regi ons of the access device having a sel ected
conductivities, wherein the active regions are confined to the side

walI's; a p@nﬂluﬁlt)w/ﬁnty fol"h Sdeinéed HEBed Bathprifitd: WIRSa Qb G drP HAWSformed
portions faf tdaikbidudios E%%te%d%ﬁ %a RO wok ﬁnée%h SeRérafiyf e &ﬁﬁaﬁar

diel ectr 'lﬁte} ed'oHtﬂ%rﬂt‘B 5 lla}ﬁlttlll %ofh Hélﬁé‘ ce and
andUCt' Vén adcedl! cHEh i 1natH sfbs ﬁ t 1&36019 le to s o% eod%?ci g}-u
adj acent a%doctne s SESA s GALEUARA e drthe Bl an
perpendlcu ar. to t %ﬁb’ osin @3 (ﬁe $ qE5|I
recesses, e r@r e g? é B tAR Yl d n'B?OnfjH Sl

with a plifrEfssap c?epﬁ%? ?IQ Zhes Y e %%P%tﬁ’é?ﬂ thed e‘df'lls

t he reces‘§%‘§ ng tf‘BgYea’f‘Fﬁtoéi‘ ﬂi“?na iR qveeewtqa % ?F'éecff'éic‘é)s’él%‘"s“"“éﬁ%dwhg\ﬂlhg
a depth d¢P RATBE reHians a4e aupiRd & thepiderellssa eanductive Hiestvehee fabinelidesof
cl ai m 1, TWHesoBtigrouR eporeissRariatie dissosedt on oRposiighside avallst of dhe eesesss a
dept h, ardieledieic dayerltnderpesed hetwaen ttha aqtive eegisnseand sthe camiyctiess loe strwcgure;

si de wal | and gf pluhabityr efctemnshesdormelelpttiedrhatdjacest dres of tHeancdsées, exodsw in a
depth. 3lircEtien snbstentjallyreapenditulat @i the pairsdfepposing dide walls ofcehe plgtatinsof
ext end i neestdsearsli ldeingal deptt gredtef thas b delghbhiheaadsdekewitton gluedlity of fthémm
st r uct ur ereuliefdfnal bitgedresii@eht oes oF e repdskes, afbstahgnllyaa @afallbowah the
second depédidsdshald Hainga@RbEY grédi@nhddeddpkil stthéRptRes. 4. The memory
array of claim3, wherein the conductive filmstructure further

conpri ses) afe WRRARIry SHEEof MBI i Whdrbif tmeeéss BLGRds ifitol BE Bt Gshe b

the recesg aﬁ’d thla' gdtﬂﬁ% Rirh B8cthS t{%ﬁg ret,gaguté Ligl “ﬁﬁpmhg%tetshe
second dqgg th s?ﬁﬁp&¥n%£&ﬂ% erei n the conductive

il mstructur I ses a ge that extends away from an

e floor a
clarm 1, Wiy sy o 38 fﬁ% ﬁt%ahwﬁgms ?@‘*‘t%&@?t‘ﬁ% alls ™o o
di el ectri brStI g? apg) the qiﬁ%ﬁg By ELEn h% Seecliyey sidR &vals of ﬂt?f
opposi ng lg‘feﬁ% aierand depth Gpfds gregf aalﬂt 0tPdr ai m 1, wherein the
active rsglons are doped_to |npart at | east one of an n+ and a p-
conduct i Vi tpe pemase agey pleaimed wiesein tige conductive ddmystraetpes fughercqoniprisas,
wher ei n taﬁélpﬁ‘éfcﬁda%éﬂhﬁé@m@@ upien dee icispgspgdowithin thetreeass Wi atbind idepthlithat is
capaci t orlesstthapcthe fiest deptl) andhhgwenongd dgpthay for a nmenory devi ce,
conprising: a plurality of nmenory cells forned on a sem conduct or
subst r at 5. dhd neoupy edast of cimd], Ivilresn drdogdravalily spetperdinptiiarn 1owér

| i nes f oredgeltanedthials awhs tioat 4 inkarbtidiedfaliysiéewhlld dndttheflostonpri si ng: a
plurality of storage devices; and a plurality of access devices

i nt er sect of the Si d

formed ins tine &b of BRlm ar QheRET ARl dYel&PIaS6 fuPhiMN@n{IrRESH Gench
devi ce angeltQrid Qttsﬁgstémﬁu totdhemsat g éﬂdﬂﬁépé}mfcﬂa aﬁhg Ps%ﬂye of
the bit | nes, the array further CoerI’I Si ng. a ura recesses

el %ﬁgtj‘;igﬂgfj}g%géﬁ fiig j};ﬁ;;f@%n%%%tgﬁ B 5,

extendlngnfhere ere | s include active

regi ons he access dex h@}rel the active fegions are

conf i ned § nytaﬁ'é‘ys} & erein diioiags gevigs ST FURTFL  ChisE
i ncl udes @W“EHW Wﬁﬁﬁﬁ§sﬁﬁﬂwmons at least partially disposed on
opposi ng side walls of the recess; a dielectric |ayer interposed
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13. The nenory array of claim9, wherein the conductive film
structure conprises a | ower edge that extends away from an

I ntersection of the side walls and the floor. 14. The nenory array
of claim9, wherein the dielectric layer further conprises a trench
dielectric layer that substantially covers the floor and the pair of
opposing side walls. 15. The nenory array of claim9, wherein the
active regions are doped to inpart at |east one of an n+ and a p-
conductivity to the active regions. 16. The nenory array of claim9,
wher ei n the\ stmoggaTayeor ¢ eecnory Hevices oompprises agplirhlityef diemeny cdisabrmed
capaci t ororsi semitordactor dubstritfeeandeoplyd & wayd Diiescindigen&all§ perpledicular bit
conpri si righed fdriietiionahe dEtdtQRatiNAMembRCtdlicRafhé cofpfising:sd glerafifdofasforage
0pposi Ng &RRef sl §eluiier 6 Reckfieddviderl Bahed & tHeOfbawit0iths 49apefablyne
opposi ng c%hﬂl%d‘f@!h'e%tor Qie'vﬁe §ﬁ@§)taa§'éldc%'d|o)‘1e 3 iHgReAd Whishnli R&cle8e8 88e of
18. The tylnﬁ:@rﬁ‘bé I'Ym%r & Pubali®y bEIdXEAE! R Pdnﬁ@d is$ the
conpri se eﬂlflc Elrréitgt f{eh@ betw ' th Q@c g,élﬁé’es%ﬁ ﬂ;[hg es il f

17 wrea ESEQ 'ﬂS Lhy & %re e%sﬁf ool b 13e PSTS lﬁ%de

of the te&f "e ‘° SP a"%?? C‘EC%S %f%l Eh*© r%gé"‘fs %%"“éﬁ&
opposi ng Sé s’sel 8%“ u\ﬁﬂ%erilﬂ YH m ’i,\%{}j(%s 1P FhiEs Isofl at qeaSt
ext ends éP‘FF op %Hpaé‘ngtﬁi § B*8nd F‘H 66;3 590
second s. een aerw& TREIABY ?éi tl‘tﬁ T@mrﬁeﬁ H’eP“ Ph &en58e
contact serned betweenagd a@aﬂt%le% wé FeFGeses, @ tqding m a direction substantla ly

perpendicular to the pairs of opposing side walls of the plurality of recesses, and having a
depth greater than a depth of the recesses; with a plurality of other trenches formed
between adjacent ones of the recesses, substantially in parallel with the recesses, and
having a depth greater than a depth of the recesses.

10. The memory array of claim 9, wherein the recess extends into the substrate to a recess
depth, and the conductive film structure extends along respective side walls of the recess
to a depth that is less than the recess depth.

11. The memory array of claim 9, wherein the active regions extend into the side walls to
a first depth, and the conductive film structure extends along respective side walls of the
recess to a second depth that is greater than the first depth.

12. The memory array of claim 11, wherein the conductive film structure further
comprises an upper edge, wherein the upper edge is recessed within the recess to a third

depth that is less than the first depth and the second depth.

13. The memory array of claim 9, wherein the conductive film structure comprises a
lower edge that extends away from an intersection of the side walls and the floor.

14. The memory array of claim 9, wherein the dielectric layer further comprises a trench
dielectric layer that substantially covers the floor and the pair of opposing side walls.

15. The memory array of claim 9, wherein the active regions are doped to impart at least
one of an n+ and a p- conductivity to the active regions.

16. The memory array of claim 9, wherein the storage device further comprises a three-
dimensional capacitor structure.

17. The memory array of claim 9, further comprising a terminal portion that includes a
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first side and an opposing second side, wherein the terminal portion adjoins one of the
opposing side walls, and is substantially aligned with the recess.

18. The memory array of claim 17, wherein the terminal portion is comprised of a
dielectric material.

19. The memory array of claim 17, wherein the conductive film extends along the
terminal portion.

20. The memory array of claim 19, further comprising an end portion of the terminal
portion that extends between the first side and the opposing second side, wherein the
conductive film continuously extends along the first side, the end portion and onto the
opposing second side.

21. The memory array of claim 19, further comprising a contact structure coupled to the
conductive film.
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