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PRIORI TY CLAIM This application clains the benefit of
the filing date of United States Patent Application
Serial No. 11/599,914, filed Novenber 15, 2006, for
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Specifically, enbodinments of the present invention
relate to formng staggered heights in a pattern |ayer
of the internedi ate senPROMIOGtOrAIN devi ce structure
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subs ¢ continual reduction n feature sizes places ever-greater demands on

techmiques used to form the features, such as photolithography. These features are
typically defined by openings in, and spaced from each other by, a material, such as an
insulator or conductor. The distance between identical points in neighboring features is
referred to in the industry as “pitch.” For instance, the pitch is typically measured as
the center-to-center distance between the features. As a result, pitch is approximately
equal to the sum of the width of a feature and of the width of the space separating that
feature from a neighboring feature. The width of the feature is also referred to as the
critical dimension or minimum feature size (“F") of the line. Because the width of the
space adjacent to the feature is typically equal to the width of the feature, the pitch of

the feature 1s typically two times the feature size (2F).
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usi ng spacers or mandrels to formevenly spaced

trenches in a sem conductor substrate. The trenches
have equal depths. An expendable layer is formed on
the sem conductor 5 substrate and patterned, form ng

strips_having .a width of F. The strips are etched,
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et.ch gaps between the first trenches and cond, se
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TR N e U
aleme trenches. To form the first and second sets of trenches, two photolithography
acts (deposit, pattern, etch, and fill acts) are used, which adds cost and complexity to
the fabrication process. A third set of trenches is subsequently formed in the
semiconductor substrate. The third set of trenches is orthogonal to the first and second
sets of trenches.
The first, second, and third sets of trenches 100, 102. 104 as described above

form U-shaped transistors, as shown in FIGs. 1 and 2 of the drawings. FIG. 1



form U-shaped transistors, as shown in FHGs. 1 and 2
of the drawings. FIG 1 WO 2008/061031
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106 and FIG 2 is a perspective view of pillars 108 of
devi ce 106. The device 106 includes an array of

pillars 108, the first set of.strenches 100, the second
set of trenches 102, and the third (or wordline) set

of: ih i
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Because the back-to-back transistor flow paths in
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transistor flow paths in each U shaped plllar pair
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is then selectively renoved fromwder trenc
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having a first depth, but different widths, are first formed in a semiconductor substrate.
The trenches are filled with a dielectric material, which is then selectively removed
from wider trenches. The wider trenches are then deepened by etching the
semiconductor substrate,

U.S. Patent Application No. 20060166437 discloses forming trenches in a

memory array portion of a memory device and in a periphery of the memory device.
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peri phery of the menory device. W 2008/ 061031

PCT/ US2007/ 084323 -4- The trenches initially have the
same depth. A hard mask |ayer,is forned over the
trenches in the menory array portion, protecting these
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regarded as the present invention, the advantages of

t he enbodi nents of the invention may be nore readily
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i nternmedi at e sem conductor device struyucture accordi ng
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pattern " layer of an internediate sem conductor device
st r uct di€s.dced2dhing U-gaptibrpseeniformédacerdingrio thipDie( 8);

FOR CAl | THE | ENTI Embodi .qf .
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| ayef ofn igRrmédite Ll Bl QoS @A RRUH Gl QL cHEM: &Pthe present
structure are disclosed. The staggered, or nultiple,

héﬂ@ﬁﬁ@ﬁéﬁ@ formed using a single photolithography act
d i y . ima em
and a $R3¢8anASLGhLRE QR %ﬁa%odlyégtl c]lfst&%gggtggﬁhﬁgﬁ%ﬁt papatt

produce trenches or lines o feren

padsteeotan iayencdiatégativongsctonddvidistrggtuteutcanding ka thi peedent
to, isolation regions, gates, or three-dinensional 25
t P81t ors may be formed in the trenches.

I nt er nedi at e sem conductor device structures forned
by these nethods are al so disclosed. As described in

det ai | her ei HOMES BSOR IJAIRY BI@ QUMW TREGSVERION E. a
first @ﬁﬁﬁ -l ayer-is far g . | r d
i § S 5
N R N
t hecspates sceliahdphackRsRe btuncirt ot dsiaas Kbhedittgbrgd, or multiple,
sybsequent etching so that
etghts are formed using a single photolithography act and a spacer etch process. The
staggered heights produce trenches or lines of different depths in the pattern layer.
Features including, but not imited to, isolation regions, gates, or three-dimensionat
transistors may be formed in the trenches. Intermediate semiconductor device
structures formed by these methods are also disclosed.
As described in detail herein and as illustrated in FIGs. 3A-11E, a first mask
layer is formed on the pattern layer and patterned. The first mask layer and spacers
formed by the spacer etch process function as masks during subsequent etching so that

the staggered heights are formed in the pattern layer. A first etch may be used to form

openings in the pattern layer, which form a portion of a first set of trenches. A second
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layer. A first etch may be used to form openings in

wo b@spetoBErn | ayer, which forma portion of a PCT/BEE208B084323

10

15

20

30

of trenches. A second WD 2008/ 061031 PCT/ US2007/ 084323
-5 etch is used to increase the depth of the openings
in the pattern layer, formngsthe first set of
trenches and to forma second set of trenches As

15% é % Se ?)Frdeg%e he ﬁ%’g}k&: tgf, gprcglmg? iy l:h%) %Le&n lﬁ)émmﬁcéﬁe first
paéttoe“ltrenéray ehd andrpatst@mng e& of tBechgask | ayers and 5
spacers fornmed by the spacer etch process function as

masks dirdegibed ﬁ*smleweﬂéﬁwqﬁ@u%@@é thBiGs heAJtthgyeliialg

NEhARLT RS ALARS bR phey BRLLENBAGHEL -Tif Lk HveR Ll

ma use orn1 penings 1n-'t tern layer,

V\,hjmﬁm qftommd&)ypbﬁf $paosr eath prodeauivhdlionet ;mf;kstd‘u%mg keisequeht etching

secqnd etch is used to |ncrea e the de th f the

opBHIth S SiarerrEDAas aF ﬁomé? e PN FIET. Ch Ty ik ey bsed

ofio fcfn%nﬁ)@ﬁﬁgs ARk SefnQh B Auifibif Ftﬂn%%orﬁgn I GhGERs ofitpenches
The fol 'owi ng description provides specific detai

suctecard ¢relt srupal totiygesse mgtd@jsth otﬁ@ﬁpgtmgﬁes thegratfern Iayer forming

GoREER PR B BB s ESBF eisl B BEnt Tovent s on.

Howev erfhe & 1RV SONsOf ptrmades spddifid detdils! dneh ad thatemhlltdpes, etch
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pr esent I nv nt| on may %e pr acticed In conj uncti on
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devi ce. The internedi ate sem conductor device
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s P BBHEUCEBFONG eIl VI o P BHBOSE MY HetiPa fad structures necessary to
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conventional fabrication techniques. The nmateria
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deposition (“CVD™), atomic layer deposition (“ALD™), plasma enhanced ALD, or
physical vapor deposition (“PVD”). Depending on the specific material to be used, the
deposition technique may be selected by a person of ordinary skill in the art.
The methods described herein may be used to form intermediate semiconductor
device structures of memory devices, such as dynamic random access memory DRAM,

RAD., FinFET, saddie FETs, nanowires, three-dimensional transistors, or other

three-dimensional structures. For the sake of example only, the methods herein



The net hods descri bed herein may be used to form
i ntermedi ate sem conductor 30 device structures of
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DRAM  RAD, FinFET, saddl e FETs, nanow res,

t hree- di nensi onal transistors, or other

t hree-di nensi onal structures. For the sake of exanple
only, the nethods herein WO 2008/ 061031

PCT/ US2007/ 084323 i be fabricating intermedi ate
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rraieeercnadzi y eocpaitse dvited thdﬁ@at&ﬁﬂ&xﬁt‘bﬁharﬁh&fﬂaﬁ &\t least approximately
two times greater than that of another material exposed to the same etch chemistry.
Ideally, such a material has an etch rate of at least approximately ten times greater than
that of another material exposed to the same etch chemistry. The material of the first
mask layer may include, but is not limited to, a photoresist, amorphous carbon (or

transparent carbon), tetraethylorthosilicate (“TEOS”), polycrystalline silicon

{(“polysilicon™), silicon nitride (“S13N,7), silicon oxynitride (“Si0:N4™), silicon carbide



I deally, such a material has an etch rate of at |east
approximately ten tines greater than that of another

woniosnsmB1 exposed to the same etch chemistry. HA¢EUS2007/084323
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material of the first 30 mask | ayer may include, but
is not limted to, a photoresist, anorphous carbon (or
transparent carbon), tetraethylorthosilicate (" TECS"),
pol ycrystalline silicon ("polysilicon"), silicon
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sufficient 1o achieve the desired depth in the silicon. This depth may correspond to a
desired height of spacers to be formed on sidewalls of the etched portions of the pattern
layer 204",

The first mask layer 202 remaining over the etched portions of the pattern

fayer 204" may be removed by conventional techniques. For instance, the first mask
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time sufficient to achieve the desired depth in the
silicon. This depth may correspond to a desired
hei ght of spacers to be fornmegd on sidewalls of the
et ched portions of the pattern 30 | ayer 204'. The
mask .| aver 2 over, the etc
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GHERAT R S b Sou s By and

eFIh Seaya b@q@geﬁﬁ@n@f thainfasdiartstalcbyduess dbaad structure 200C
along the dashed line labeled A. The spacers 208 extend longitudinally along both
sides of the etched portions of the pattern fayer 204", The two spacers 208 positioned
along the sidewalls of each etched portion of the pattern layer 204 form a pair of
spacers 208. The spacers 208 may reduce the size of the first openings 206 between
the etched portions of the pattern layer 204", The height of the spacers 208 may

correspond to a portion of the depth of the first set of trenches ultimately to be formed
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structure 200C and FIG 5B is a cross-section of the

i ntermedi ate sem conductor device structure 200C

al ong the dashed |ine | abel ed-A. The spacers 208
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The intermediate semiconductor device structure 200D may include pairs of
piliars 214 formed from the pattern layer 204. Each trench of the first (deeper) set of
trenches 210 may separate one pair of pillars 214 from the next pair of pillars 214.
Each trench of the second (shallower) set of trenches 212 may separate a first
pillar 214" in each pair of piliars 214 from a second pillar 214" in each pair of

pillars 214. As described below, the first and second sets of trenches 210, 212 may be



trenches 210 ranges from approxi mately 2200A to
approxi mately 2300A. The trenches in the second set
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from approxi mately 300A to approximately 4500A, such

as from approxi mately 500A to 25 approxi mately 15001.

I n one enbodi nent, the depth of the trenches of the
second set of trenches 212 fihges from approxi mately
750A to approximately 850A. The internediate
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As shown in FIGs. 8A-8C, a second mask layer 218 may be formed over the

intermediate semiconductor device structure 200E shown in FIGs. 7A and 7B.

F1G. 8A 1s a top view of the intermediate semiconductor device structure 200F,

FIG. 8B is a cross-section of the intermediate semiconductor device structure 200F

along the dashed line labeled A, and FIG. 8C is a cross-section of the intermediate



20 may be a silicon dioxide-based material, such as a
spin-on-dielectric ("SOD'), silicon dioxide, TEGCS, or

w@2dmgbiodensity plasma ("HDP') oxide. The firsect/iub1007/084323

10

15

20

25

30

material 216 my be planarized, such as by chem cal
mechani cal polishing ("CW"), to renove portions of

the first fill material 216 ﬁlijtendl ng above the

spacers 208. As such, top surfaces of the spacers 208
may be exposed, as shown in FIG 7 nd 7B, FI TA is
n SEBovBCT BT ters Mgt b dtRAlRS T Thisrend
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FIG 9
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s 820 L DS 88 P IRTPI T ROl R e
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range of from approximately 500A to approximately 30004, such as from
approximately 1400A to approximately 1800A. Third pillars 222, formed from the
pattern layer 204 may be formed between the trenches of the third set of trenches 220,
The third pillars 222 may be separated from one another by the first fill material 216 in
the trenches of the third set of trenches 220.

The second mask layer 218 may be removed by conventional techniques. A

dielectric material 226 and a gate layer 228 may be deposited in the trenches of the
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set of trenches 220 may be 20 shallower than the
trenches in the first set of trenches 210 to enable a
transistor gate electrode to ge fornmed al ong sidewalls
of the trenches of the third Set of trenches 220.
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FIGs. 11A-11E) may be subjected to further processing, as known in the art, to produce
the structures shown in FIGs. 1 and 2. /fnter alia, the spacers 208 may be removed
using a wet etch or a dry etch that is selective for the material of the spacers 208
relative to the first and second fill materials 216, 224 and the unetched portions of the
pattern laver 204”. For instance. the spacers 208 may be removed with a hot

phosphoric acid etch. The first and second fill materials 216, 224 may be removed
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11Bis a cross-section of the internmediate

sem conduct or devi ce structure 2001 al ong the dashed
line labeled A, FIG | | Cisg3a cross-section of the
i nt er redi at e senm conductor device 20 structure 2001
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source/drain regions forma 5 plurality of transistors
| ﬁ" 1mdmmabawdsas;dhe thié nyekitaver Weand thedgitghaag layer 304 may be
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W|th the ﬁ?ttern | ay

Fl
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patternlaver 2 Als a top. view of the
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FILG [ . - f _
Y e AP RSB0 P S0 BT o
| ichgvehabel @dhAquethe third mask |ayer 302 and the

fourth mask | aver 304 may be fornmed fromdifferent
mat eri # Rhodyesiy gver 306 may be formed over the third mask iayer 302 and

patterned, as known in the art. While FIGs. 12A-24F illustrate forming a 1F pattern on
a 6F pitch, other lavouts may be formed. The photoresist layer 306 may be formed
from a suitable photoresist material, such as previously described. The pattern may be
transferred to the third mask layer 302 and the fourth mask layer 304, as shown in
FIGs. 13A and 13B, exposing a portion of the top surface of the pattern layer 204.

FIG. 13A is a top view of the intermediate semiconductor device structure 300B and



at least portions of the third mask | ayer 302 and the
fourth mask | ayer 304 may be 15 selectively etchable
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materials. The materials of the third mask [ aver 302

and the fourth nmask | aver 304 may include, but are

not limted to, anorphous carbon, silicon oxide,

pol ysilicon, or silicon oxyn|}t4ri de. The materials

used as the third mask |ayer 302 and the fourth mask
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t hat rerfoves i ons of th mask | ayer 302 and
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seyUTERMEDIATLE MssTRUdTT ReISent 10 etch chem stries. The
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the fouktNCCiESKkMPRIER s@ztﬂwaw%%wpé?ﬁé\ﬁéﬁﬁwéo ¢ pattern

PRALP5&E iRt @E Lk A8 308 h8HRALLNS Ysk & 304. As previously

described, the spacer layer may be conformally deposited by conventional techniques.
The spacer laver may be formed to a thickness that is approximately equal to the
desired thickness of spacers to be formed therefrom. The spacer layer may be formed
from a material that is selectively etchable relative to the materials used in the pattern
laver 204, the third mask laver 302, and the fourth mask layer 304. For the sake of

example only, the spacer layer may be formed from SiN or Si0,. Selection of the



phot oresi st |ayer 306 nmay be renoved using a separate
etch. The third mask | ayer 302 naybe further etched or

wotoosoem®dl ' as shown in Fl Gs. 14A and 14B. FlegT/iig2807/684323
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a top view of the internedi ate sem conductor device

15 structure 300C and FIG 14B is a cross-section of

the internmedi ate sem conduct grs_devi ce structure 300C

al ong the dashed line | abeled A The third mask | ayer
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surfaces. After the etch, spacers 208 forned fromthe
sprede [Fayer may remain on

A sixth mask layer 310 may be formed over the exposed surfaces of the
spacers 208, 208", the third mask layer 302. and the fourth mask layer 304. The sixth
mask laver 310 may be formed from a photoresist material or amorphous carbon.
Portions of the sixth mask layer 310 extending above the spacers 208, 208" and the
third mask laver 302 may be removed, such as by CMP, forming a substantially planar
surface. As shown in FIGs. 16A and 16B, top surfaces of the spacers 208, 208", the
third mask layer 302, and the sixth mask layer 310 may be exposed. FIG. 16A isatop

view of the intermediate semiconductor deviece structure 300F and FIG. 6B isa



10 substantially vertical surfaces of the third mask
| ayer 302 and spacers 208 nay remain on
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| ayer 304. Substantially horizontal surfaces of the
third mask | aver 302 may be exposed, as are a portion
of substantially horizontal surfaces of the fourth

mask | ayer 304, as shown in Gs. 15A and 15B. FIG

15A is a top.view of the internedjate sem c ctor
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302, t haefioptnd b tABSkd and fourth openings 316, 318 may be increased by
further etching the pattern layer 204, as shown in FIGs. 19A and 19B, forming the
fourth set of trenches 312 and the fifth set of trenches 314. FIG. 19A 1s a top view of
the intermediate semiconductor device structure 300H and FIG. 19B is a cross-section
of the intermediate semiconductor device structure 300H along the dashed line
labeled A. The exposed portions of the pattern layer 204 may be selectively etched

relative to the spacers 208, 208", maintaining the relative depths of the trenches in the



| ayer 304, and the spacers 208, 208 nmmy function as
masks to formthe fourth set of trenches 312 and the
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different 10 depths. As shown in FIGs. 17A and 17B,

t he exposed third mask |ayer 302 and the underlying

fourth mask | ayer 304 and the pattern | ayer 204 maybe

etched to formthird openi ng% 316, which will be

further etched, as described below, to formthe fou
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300H and FIG 19B is a cross-section
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2;%2653;6@89 yn&tfﬁug%g aeg_ﬁrgg ﬁng%i Eegl(gflﬁg '?\s eE gross section of the
intermediate semiconductor device structure 300) along the dashed line labeled B,
FIG. 21D is a cross-section of the intermediate semiconductor device structure 300J
along the dashed line labeled C, FIG. 21E is a cross-section of the intermediate
semiconductor device structure 300J along the dashed line fabeled D, and FiG. 21F is a
cross-section of the intermediate semiconductor device structure 300J along the dashed
line labeled E. Using the sixth mask layer 322, a sixth set of trenches 324 may be

formed in the pattern layer 204. The sixth set of trenches 324 may extend substantially



the fifth set of trenches 314 nmay have a depth within
a range of fromapproximtely 300A to approxinmately

we0@dMs103uch as from approxi mately 950A to PCT/US2007/084323
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approxi mately 1050A. A liner (not shown) may,
optionally, be fornmed in the trenches of the fourth
and 10 fifth sets of trenchgg 312, 314, before
fiIIing the fourth and fifth sets of trenches 312
iner na rned as,.descr.
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i nternedi ate sem conductor device structure 300J. As

siréd, 23 he agrossheasien Obﬁeﬂm@ﬁ@ﬁ@@ sgpukoRdyde derice rusire 300L

i L S A T
semiconductor device stmnturc, BOOL along the dashed line labeled D, and FIG. 23F is
a cross-section of the intermediate semiconductor device structure 300L along the
dashed line labeled E. The fourth fill material 326 may be one of the materials
previously described and may be deposited, densified, and planarized, as previously
described. The fourth fill material 326 may be planarized such that top surfaces of the

spacers 208 are exposed.



set of trenches 324 maybe formed as descri bed above
for the third set of trenches 220. 5 The sixth nmask

wo ayen6®22 and, optionally, the third fill mateeT/ab2082084323
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inthe fourth and fifth sets of trenches 312, 314 may
be renoved, as shown in FIGs. 22A-22F. FIG 22A is a
top VIeM/Of the i nternedi at e.gem conductor device
structure 300K, FIG 22B is a cross-section of the

i nter 8 : 2tur -9ng
the  dachairad: FASEF Sy p Ry B AR R R

Cc hasStab &t uotil aabp tiréace of e fredihabek $aei Heind axiosed, 40shown n

d ' t 300K al t dashed | | abel B,
ks 33 44 S 00n iR PO Bfie AR e B Rbgor donce
S L GHe %GMRFI@ 3‘4139?3 %E&&%M@oﬁﬁ@%ﬁ%@&&e%ﬁ:c@ﬁ&i&@ﬁ device

line | abel ed C, isS a cross-section of the
i nmmdD@ﬂ@}m@MUubhmlaM A6t ?.%tswr@fasw@%on of the

al.on | abel

oo IR BROG R AFhe Ao b B P B,
devd; CRiTsis huedsuikectidh Okl abehdine: Qﬁﬁ&ﬁﬁudﬂ)ﬁ&vic@ belede EooM
Alternatively, at 15 |l east portions of the third fil

n@tc@mﬂsﬂ dagipgl neyabelsdi. §16 R4 2 Fosr-sastiamel the piomedia
of arB& ) %D)??! fi%@%‘{fﬂ%{ﬂer n@{;@)g{l al%ng m)dagh%d e [a%@%@ gé and FI(J 24F 1s

ate~sem conduct or
S tarwtssts{slecexoa 00#e ittbrmiddentd dehridnflidtdbr demice iradturd ZOOMralddgehe
fourth and fifth sets of trenches 312, 314 is
sd%gFQHP?S@F$d%onpletely renmoved, the fourth and fifth

sets Ofppeli&RENESR: ScondddorTRYich @tr&c@ﬁr& Bb(b‘@‘ﬂsﬂ%&tnhn
fourth fill material 326, as shown in

2 FAG2IRA-FFGmag dAsilyeded o pfuxvheewtmqsmgeaa kmtt)wr} meﬁilﬁ attelo produce

SO PR B b B Gt o
StnE)U@dsbkﬁ&d?mQ@étalah@Bl@ e dashederhiinger bab}elf@dﬂﬁm fbkiCrial 326
23C is a cross-section of the intermed

s YA BT Sr Cgevng iesprqset AP eanddbi forth ﬁ&slf frgerpRd pag
! 'eggos r@gﬁé Po%rtﬁ and F hﬁ;aetggiqré h& 34h OR3; FRELL R 968 taH@ the fourth

I'ate sem conduct or eV|ce structure 30
alzmg lavhel (dias etk <Ielenevdl;ab1e§hesldv:@;out:sh@stamsf|eshalg ihe eXpmed

cross-section of.th nt d ate sem ¢ ctor.

R L A S e kS T
andmibfucdr beliSe stk O©SSy SREIL @Pa® bt pillers 308 efriRd ifdirahe
sem conduct or device structure 300L al ong the dashed

| ipatsern iyer 204 2md amtadiagantirtripiet ofipilarat WripamedIpen Hgypagen
rfgvepﬁ?éi hﬁeﬁ%?ﬁ} tfilnjz gﬁh Dl gY ?r%ﬁéy 3 1‘3%? 5e§§$e%§& Jgfsfz%? f@g’dn the

deposi Ifire anari ze previ
dq:&ﬁrolf bﬂ?ldrs 2'EB amﬁ edchtpbilaf BRYY 1rﬂﬁte efplalof 8216rsr%9 bec palr of

planarlzed such that .top. surfaces, of acer
arhelagsqrdsag b A0S FOBES T CHSOGT) BEARIFAher g B dourth

SRACHNEnARE 3 MY TRArdEMRYSthe fAlANGdWihRROF iRAS Bf, theand
fourth fill material 326, until a top surface of the

f dbg pilanvd3K. 138y eny 804nd sxbetwp@ﬁmmaasdlsﬁbvm therhorizontal direction

of the intermediate semiconductor device structure 300M. The fourth and fifth sets of

treniches 312, 314 are shown filled with fourth fill material 326 in FIGs. 24A-24F.
Isolation regions may be formed in the trenches of the fourth set of

trenches 312 and gates in the trenches of the fifth set of trenches 314. The sixth set of

trenches 324 may be wordline trenches. The isolation regions and the gates may be

formed by conventional techniques, which are not described in detail herein. Each of



FIGS. 24A-24F. FIG 24Ais a top view of the

i nternmedi ate sem conductor device structure 300M
wob@Bs/02dBL i S a cross-section of the internedi aP@r/US2007/084323

sem conductor device 5 structure 300M al ong the dashed

l[ine labeled A, FIG 24C is a cross-section of the

i ntermedi at e sem conduct or dgplce structure 300M al ong

t he dashed |ine Iabeled B, G 24D |s a

Cr 0sSs-sectjon t he | er t conductor devi ce
PGS HOOMU 3l DR ET SR GO AeI ABar G s Coedr
26514 fhe %E&’i&s&n%?ﬁm'af)%@ﬁm{ B@u‘yd%&édr%cﬂ @LiBline or bit line.

sem conduct or device structure 300M al ong the dashed

| i ne | el de iDyensind mAY G s@4Eptibes to Yarausenpkiscagertdnd ralt@matwe

he nterge @ﬁﬁ ser coggucgpr eV|ce (Strug turﬁ ? 4
06‘??& PRI FRGHEGET HE BT EY MRS PR S Rltg e ines an
5 sm"ae%@ad&@t:ﬂfeédwweh@hhu elowieSer 310 Mu(Ehowmaeisthof kifabthe
24A-24F) may be subjected to further processin

as

kmw’fimﬁs pantarded tq be pieliedhe parrabr BRAWdISTigsed: Rather, the

e , . .

’gral’et%?%“’p%?é ) ihg o?‘\% u?%if%]?s:/\ﬁnd d£e1 ehﬂnl%\ ﬁsr fta}hﬁg q’lthln the

| fiierandlst@pe of e 1ﬂﬁif(&ii}{ﬂﬁi&ai’efméd e fid Lot ppehdadatams.al
326 may be renoved, exposing the spacers 208 and the
fourth mask | ayer 304 and exposing the fourth and
fifth sets of trenches 312, 314. The spacers 208" and
the fourth mask |ayer 304 may he sel ectively etched
wi t hout substantially etching the exposed portions of
the pattern | aver 204. After further processing, the
i nternmedi ate 20 sem conduct or devi ce structure my
include a pair of pillars 328 formed fromthe pattern
| ayer 204 and an adjacent, triplet of pillars 330
formed fromthe pattern | aver 204. Trenches in the
fifth set of trenches 314 may separate each pillar 328
inthe pair of pillars 328 and each pillar 330" in
the triplet of pillars 330. The pair of pillars 328
may be separated fromthe triplet of pillars 330 by
the trenches in the fourth 25 set of trenches 312.
The trenches in the fourth and fifth sets of trenches
312, 314 and the pillars 328, 330 mars extend
substantially longitudinally in the horizontal
direction of the internedi ate semnm conductor device
structure 300M The fourth and fifth sets of trenches
312. 314 are shown filled with fourth fill materia
326 in FIGs. 24A-24F. Isol ation regions nay be forned
in the trenches of the fourth set of 30 trenches 312
and gates in the trenches of the fifth set of trenches
314. The sixth set of trenches 324 may be wordline
trenches. The isolation regions and the gates may be
formed by conventional techniques. which are not
described in detail herein. Each of W) 2008/ 061031
PCT/ US2007/ 084323 - 20



the exterior pillars 330" in the triplet of pillars
330 may be connected to a capacitor while the

w0 o868l center pillar 330 may be connected POT/ES2007/084323
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digit line or bit line. Wile the invention may be
susceptible to various nodifications and alternative
fornms, specific enbodi nents Rave been shown by way of
exanple in the drawings and 5 have been described in
detail herein. However, it homksl be understood that

the invention is not intended to be [imted to the
particular fornms disclosed. Rather, the invention is

t e .al l,.podi fications, equivalents, and
aﬁ?@%ﬁ%}wggéi¥glling within the spirit and scope of

the invention as defined by the foll ow ng appended
clainms. WO 2008/ 061031 PCT/ US2007/ 084323 -21 CLAINS
Wat i 9 cl aithi@gthpg of Braungtaggerrd Beights for PRSE: laysagyBmeing:
hej. gk ' natter . conprising: etching first
o%gﬂpﬁgg&?ﬁggﬂ 5%?&@%&?§§§?; form ng spacers adjacent

t doetich goicge pdjromstoafichict popiatt efithe payerlayw to mduce width of the
width of the. first openings; etching the pattern

| ayer ?%“PH?P@ﬁse a depth of the first openings; and
1Q@bhhopaarRd 19 RRAAGSadph dhBe PRt sRAMehaMEr . 2.

The method of claim 1, wherein etching first openings

i retdipatee@dmperipeyin theampeindaerf or ming the first

openi ngs i n exposed portions of the pattern layer. 15

3. The nethod of claim1l1l, wherein etching the pattern

l aver t20 i nciheasghal ofdphh, ohertinetdhingsirstapemnh@gys a pattern layer
conprhseswforning_the first openings to gﬁye a qepth
grieapEres IPHERE I OPEHNSTIN FRROSCERBHASSS S5 g e lyerThe
met hod of claim11, wherein etching the pattern |ayer

to increase a 20 depth of the first openings

conpri ses etldkinmghquoriclaond . whertiheetqhatetthe patiemyleyer to mcrease a

posi ti gne bet ween adj acent pairs.of spacers. 5. The
R S e e L S H SR SRR R
t hBarpat tgitMof havebn&ope@iigses form ng the second

openi ngs while the first openings remain 25

substantially unfilled. 6. The method of claim 1,

wher ei ny et chipg, g 18R§MN H&@inie&hﬁrg'ethé)ﬁ‘}t{eﬁ{ I.derltéfi‘% fease a

conprises form ng the secohd openings I n portions o
t hiepthatttlerfivsd appengpasifrisonedcindptrussnt thegaiternddyer positioned

sSpacers. .. ; -
etween adjacent pairs of spacers.

5. The method of claim I, wherein etching second openings in the pattern
layer comprises forming the second openings while the first openings remain

substantially unfilled.

6. The method of claim 1, wherein etching second openings in the pattern
laver comprises forming the second openings in portions of the pattern layer positioned

between a pair of spacers.



30 WD 2008/ 061031 PCT/ US2007/084323 -22 7. The net hod
of claim1, wherein etching first openings in a

w@adosesm3l ayer and etching second openi ngs i nP¢ES2007/084323
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pattern |l ayer conprises formng the first openings

and the second openings using a single

phot ol i t hography act. 5 8. T nmet hod of claim1,

wherein form ng spacers adjacent to etched portions

of  the pattern layer to reduce a width of the first

openi nds conpeinsdpd of éﬁa{aéwmjaflmh@é g opcpgidap Pafen layer
PT.0§ ERFG Stc%n%g{k% r[gg tnﬁ%)g/ pgtftenq? Mo nlséér ﬁw%gﬁlfg t}re first Opemngq

conpri si g Su SI mu aneo

thedﬂkmsmxﬁp@anmgSmmgdsﬁ@ﬁn§aaﬁmd@a@hyaags with a
diel'ectric material. 10. A nethod of form ng staggered

heights in a pattern |aver, conprising: processing a

pattern | ayqhe bRl i n&%@iﬁ%rﬁ{l& %B@rgwg&ﬁt@@mﬁea
devi ce structure conprising the pattern. |ayer,

fmnsmnﬂaﬁhepay@nMyaﬁdrgh@@@emﬂhnﬁ@khhayﬂﬂmﬁﬁhemQSMS

er over| ortions of the second nask
|éV%%“ﬁﬁwhvh%XE%E8%8@*%353'$§§%r overlying portions of
the pattern layer; etching at |east one first openlng

in the first mask | ayer and the second mask Iay
mherelﬁ t he TaE medstor slesm fij fushergpamrings hehsteatigbeanaiancously

| ay é:'hg 8&? S?Jnllr{ﬁg taf]gm% Eedoﬁéf 8 enn{ ngﬂth' eﬂh{:l Qc?ng' ﬁlt%%ﬁgl mask

I st spac r's ad) acen
portlons of the first mask | ayer to decrease the

wi dth of the at |east one first ning in the first |
mask | dfer ; “f%‘F?‘FPE @86’1%&%&{8%}?@&’38 TAERATEM By Bt CHBESInE

p%&de@m PhateRBane @&Mn'ﬁﬁ%‘ﬁcﬁlﬁﬁ%ﬁe deicondRas At icekiYerare

fi'll the at | east one first opening in the second mask
| ayer; cogpnhnm@Mamﬂwﬂés@r@ﬁeﬁgédohmmo@éha%xpndﬂwﬂ<byﬂ1ﬁe

portio attern | derl the fi
Rt DRSS D8 B AR

secondnagenwagnmﬂymggo@@hiemnebﬁ¥ﬁfmyand etChIng at
| east one third opening |nu§ort|ons of the patter

| SYBIngek Fosiaue hey frarng ipdhe pragskdpige é‘ids‘haﬁ?ﬂ?o%@%k layer.
second SRAGEHS ay ;3% gﬂ:l't[ firbGhelTRk Rad, n’?‘r cat®! @M Hihe m%%mgiyer

processing a pattern layer to ter I nternedi ate
sem cotiduch dr sdewil caskstayact ure conpri sing the pattern

5Bl 55 RS L SR B e e
2008/ 06408 br Rle bt 152004 1843ty in the first mask layer;
forming second spacers adjacent to etched portions of the second mask layer to
substantially fill the at least one first opening in the second mask layer;
etching at least one second opening in portions of the pattern layer underlying the first
mask layer;
increasing the depth of the at least one second opening in the pattern layer; and
etching at least one third opening in portions of the pattern layer exposed between the

first spacers and the second spacers.

1. The method of claim 10, wherein processing a pattern layer to form an
intermediate semiconductor device structure comprising the pattern layer, a first mask

fayer, and a second mask layer comprises providing a pattern layer formed from



w@odogesioBcon or silicon oxynitride.
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-23 silicon, a first mask |layer formed from anor phous

carbon, and a second nmask |layer fornmed from

12. The nepdmUSmNT/084323

clai m 10, wherein processing a pattern layer to form

an 5 internedi ate sem conductor device structure

conprising the pattern layer,2a first mask |ayer, and

a second mask | ayer conprises providing a pattern

I §

L e P o KB Bt PR Bl

frﬁnmmkﬂwspwbsbnxuisﬁmaaoﬁhsndethod of claim 10

wherein formng first spacers adjacent to etched

portions of the first nmask |ayer to decrease the width

of the jat | @agin@nRl dficlash 100PRRENPrdcBsstddg dattbiditlay B &Kform an

| ayer conprises formng the first spacers adjacent to

etinﬁ@@bd%mmimugﬂr ddvecefsirpgurepagikrisiag g paitein dayer, a first mask
)5 | Oa?lé %E)cotngﬁla%ke% ertggl%%%% psegcrélﬁa d gatgeci:‘% laggrefajgg%dj 1% m

t @mcﬁh @fﬁ@t pakilienforekd e ko @@dem@ alsaa6@ malk layer formed

substantlally fill the at | east one first opening in

t HEg BelyHECWask | ayer conprises forning the second

spacers adjacent to etched portions of the second

mask | ayer and over portions of the pattern layer. 20

15. The3net Hde nodfiheel cichirk 00, wheeieifnmiimcfisapaongs sdaent to

dept h,of the east . .one second nd etchin

o Rl BtrbneoThs PRSP T e ar PERM e fR gt AT Pl
| Qﬁb@ﬁmgﬁﬂ% ﬁ!it hetveen cbﬂa%nids%&mﬁ e i sﬁﬁgrstaﬂﬁce‘i@ﬁﬁéigled
spacers conprises formng a first set of trenches and

a wegwadl dedirvmask xetrad over oeonpat theserohdyesk lagg. 16.
The nmet hod of claim 15, wherein formng a first set of
trenches and a second set of trenches in the pattern
| ayer daunpridesndiarigifrimhe, &harah featingofecbidepadeesadjangt to
t he second set. of trenches havi di fferent pt hs.
176“'%3. by b e Bk wa brvbrogely S By %‘tg??tslﬁné first

ﬁ1h§ ige Sc%gn@mﬁﬁt lﬁ%r'&nln?M%% SR 8 ké&n@%pa'c&@%&;d&%to

|rst rench having a first depth and at |east one
s etdbwad portienod thiasmmgi maskdayen @mdj@tprt hortiwdrerfehapatthe layer.
| east one first trench and WO 2008/ 061031
PCT/ US2007/ 084323 -24 the at | east one second trench

are suhst antiihalhethddniticlaired o aneeréih enchdatist tideRbih AR at least
the second depth are different. 18. The internedi ate

s €W swad epwnw@éueac@@ﬁf Irastgpe il oppRngimppriusef depatign
t h?ye?&glo@@t?ﬁd\g&gl ﬁf}é f 1%{ ﬂ)ti&gg] 8&1 thé %éégx?(p&racérpaﬂnérﬂ@s ﬁ)‘i‘mmg a

| east ne second trenc
first set of trenches and a second set of trenches in the pattern layer.

16. The method of claim 15, wherein forming a first set of trenches and a
second set of trenches in the pattern layer comprises forming the first set of trenches

and the second set of trenches having different depths.

17. An intermediate semiconductor device structure comprising:
a pattern layer comprising at least one first trench having a first depth and at least one

second trench having a second depth, wherein the at least one first trench and



19. The internedi ate sem conductor device structure of
claim17, wherein the first depth ranges from

wapmsoxiogat el y 2000A to approxi matel y 3500A aneiCt/i82007/084323
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second depth ranges from approxi mately 500,E to
approxi mately 1500A. 10 20. The internediate

sem conduct or device structurg, of claim17, further
conpri si ng spacers overlying pillars defined by the at

| east ne |rst tren or the at eas e second

T oneh s o e R Bt emialS SR AL B RE O Edpth and
struct@&gﬁggﬂpkbﬁkgg¢ﬂ§m9@ttern | aver conpri sing

et ched portions and unetched portions, wherein

sidewal Is of the etched portions of the pattern |ayer

are in E%ybs%@tﬁlﬁglme 13 et s%gatacondttkcl?ors e@f(::g st?ucture of claim 17, wherein

the at least one first trench 1s deeper than the at least one second trench.

19, The intermediate semiconductor device structure of claim 17, wherein
the first depth ranges from approximately 2000A to approximately 35004 and the.
second depth ranges from approximately 500A to approximately 1500A.

20, The intermediate semiconductor device structure of claim 17, further
comprising spacers overlying pillars defined by the at least one first trench or the at

least one second trench.

21. An intermediate semiconductor device structure comprising:
a pattern layer comprising etched portions and unetched portions, wherein sidewalls of

the etched portions of the pattern layer are in substantial contact with spacers.



