CONTACT FORMATI ON Technical Field The present disclosure

rel ates generally to sem conductor devices and, 5 nore particularly,
to contact process technology for use in nenory, inage, |ogic, and

ot her sem conduct or devi ces. Background |[|nplenenting electronic
circuits involves connecting isolated devices or 10circuit conponents
t hrough specific electronic paths. In silicon integrated circuit (10C
fabrication, circuit conponents that are forned in a single substrate
are often isolated fromone another. The individual circuit
conponents can be subsequently interconnected to create a specific

circuit configuration. The integgahgfaeiEORMAPMGtry continues to
progress in electronic circuit 15densification and m niaturization.

This progress has resulted in increasingly conpact and efficient
sem conduct or devi ces, which in turn RoeliteFide Systens into which
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into which these devices are incorporated to be made smaller and less power
consumptive.

During the formation of semiconductor devices, such as dynamic random

20  access memories (DRAMS), static random access memories (SRAMS),
microprocessors, efc., insulating layers, such as silicon dioxide, phosphorous
doped silicon dioxide, or other materials, can be used to electrically separate
conductive layers, such as doped polycrystalline silicon, doped silicon,
aluminum, refractory metal silicides, and Iayers formed from other conductive

25  materials.

In fabricating electronic circuits, layers of material are applied over each
other to provide various features to the circuits. During this process portions or
entire layers can be removed in order for layer underneath to be accessed. In
some fabrication methods, additional materials can be used to fill in the removed

30  portions. Such layering and removing processes can include, deposition,
etching, planarizing, photolithography, among other processes.

In many devices, conductive layers can be interconnected through
openings in the insulating layer. Such openings are commonly referred to as

contact openings (e.g., when the opening extends through an insulating layer to



an active device area). Cenerally, such openings are also referred to
as holes or vias (i.e., when the opening extends through an

i nsul ating | ayer between two conductive layers). In addition to size,
the tinme it takes and material used in a manufacturing 5 process can
be inmportant factors in circuit design. For exanple, aspects that can
be changed that can benefit the manufacturing process include the
nunber of |ayering processes, the tine taken to performthe
processes, and/or the anmpbunt of materials used in these processes can
be reduced. 10Brief Description of the Draw ngs Feat ures and
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Figure | is a cross-sectional view of an exemplary portion of an

15 embodiment of an in-process contact structure in accordance with the present
disclosure.

Figure 2 is a cross-sectional view of an exemplary portion of the
embodiment of the contact structure in Figure 1 after depositing an insulator
material,

20 Figure 3 is a cross-sectional view of an exemplary portion of the
embodiment of the contact structure in Figure 2 after forming a number of
contact openings.

Figure 4 is a cross-sectional view of an exemplary portion of the
embodiment of the contact structure in Figure 3 after filling with a filler

25  material.

Figure 5A is a representation of the positioning of a number of digit and
cell contacts from an overhead perspective of the embodiment of the contact
structure in Figure 4 after forming a trench structure.

Figure 5B is-a cross-sectional view of an exemplary portion of the

30  embodiment of the contact structure in Figure 4 after forming a trench structure.

Figure 5C is a cross-sectional view of an exemplary portion of the
embodiment of the contact structure in Figure 4 after forming a trench structure

if a sacrificial materiat is used.



Figure 5C is a cross-sectional view of an exenplary portion of the
enbodi nent of the contact structure in Figure 4 after formng a
trench structure if a sacrificial material is used. Figure 6 is a
cross-sectional view of an exenplary portion of the enbodi ment of the
contact structure in Figure 5 after applying a spacer nmaterial .
Figure 7 is a cross-sectional view of an exenplary portion of the
enbodi nent of the contact structure in Figure 6 after applying a
liner material. S5Figure 8 is a cross-sectional view of an exenpl ary
portion of the enbodi ment of the contact structure in Figure 7 after
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10 material.

Figure 10 is a cross-sectional view of an exemplary portion of the
embodiment of the contact structure in Figure 9 after forming a recess and
applying a cap material.

Figure 11 is a cross-sectional view of an exemplary integrated circuit that

15  includes an embodiment of the contact structures of the present disclosure.

Figure 12 is an exemplary electronic system that ¢an include

embodiments of the contact structures of the present disclosure.

Detailed Description

20 The present disclosure includes various method, circuit, device, and
system embodiments. Various embodiments disclosed herein can be used to
reduce the number of layering processes, the time taken to perform the
processes, and/or the amount of materials used in these processes can be
reduced, among other benefits.

25 One such method embodiment includes creating a trench in an insulator
stack material having a portion of the trench positioned between two of a number
of gates and depaositing a spacer material to at least one side surface of the
trench. This method also includes depositing a conductive materizl into the
trench and depositing a cap material into the trench.

30 In some embodiments, the number of gates can each have a cap thathasa
height of 1500 angstroms or less. Embodiments can include creating a number
of gates, for example, each having a cap that has a height of approx1mately 700
angstroms. In various embodiments, the number of gates can each have a cap
that has a height of 700 angstroms or less.
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syst em enbodi nents. Various enbodi nents di scl osed herein can be used
to reduce the nunber of |ayering processes, the tine taken to perform
the processes, and/or the anmbunt of materials used in these processes
can be reduced, anong ot her benefits. 250ne such net hod enbodi nent
includes creating a trench in an insulator stack material having a
portion of the trench positioned between two of a nunber of gates and
depositing a spacer material to at |east one side surface of the
trench. This nmethod al so includes depositing a conductive nateri al
into the trench and depositing a cap material into the trench. 30In
sone enbodi ments, th&hatempe 'subsirayeitos Ssubsirateasdmbiayas I&eﬁhaeﬁlh&br thas a
hei ght of 1500 incl ude cr.eat.i
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Embodiments of the present disclosure will now be described in detail
25  with reference to the accompanying figures. It should be noted that although the
figures illustrate one conductor being formed, the various embodiments
contemplated herein can have any number of conductors formed therein.
Figure 1 is a cross-sectional view of an exemplary portion of an:
embodiment of an in-process contact structure in accordance with the present
30 disclosure. In this embodiment, a number of gate structures 112, 116, 118, and
120 have been formed on a substrate 110.
Each gate structure, in the embodiment illustrated in Figure 1, includes a
polysilicon structure 114 which can be used a contact or aj;ortion thersof,
Although a particular type of gate structure is illustrated, various types of gate
4



25 with reference to the acconpanying figures. It should be noted
that although the figures illustrate one conductor being formed, the
various enbodi nents contenpl ated herein can have any nunber of
conductors formed therein. Figure 1 is a cross-sectional view of an
exenpl ary portion of an enbodi mrent of an in-process contact structure
in accordance with the present 30 disclosure. In this enbodi nent, a
nunber of gate structures 112, 116, 118, and 120 have been fornmed on
a substrate 110. Each gate structure, in the enbodinent illustrated
in Figure 1, includes a polysilicon structure 114 which can be used a
contact or a postiicorestche beofed iAtHehatigis smhpdiniantsdfalie grygeet difclgatee
structure is il - . 1O Q a stguctures can be
used in the varJﬁgﬁgs%?rlgglgiv\régéléss&%l?otd{rﬁ%ﬁp?ge@ﬁ%&a %%nc eotéﬁlrl%&wghm%w
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the substrate !4Q,bel ow the | evel on which the gates 112, 116, 118,
and 120 are fornmed. 5In various enbodi nents of the present disclosure
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pl anari zati on p?ocessés. Accordi ngly, the cap thickness can be
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beneficial in: the ease of patterning a gate or contact structure, reducing the
15  vertical size of the components, reducing the time used for contact formation,
and reducing the amount of material utilized, among other benefits.
After the gates have been formed, an insulator material can be deposited.
For example, Figure 2 is a cross-sectional view of an exemplary portion of the
embodiment of the contact structure in Figure 1 after depositing an insulator
20  material. As shown in Figure 2, an insulator material 222 is deposited over gates
212,216, 218, and 220 to form an insulator stack layer. This can, for example,
be accomplished by depositing a barrier layer (e.g., a thin hitride layer, not
shown in Figure 2) and a spin on dielectric (SOD).
In various embodiments, a thick layer of insulator material may be
25  deposited. For example, the thickness 217 of layer 222 can be 1800 A over the
top surface of the gate, in some embodiments, When applied, the upper surface
of the insulator material can be planarized to provide a substantially uniform
thickness.
Figure 3 is a cross-sectional view of an exemplary portion of the
30  embodiment of the contact structure in Figure 2 afier forming a number of
contact openings. In the embodiment of Figure 3, contact openings 324 can be
formed in the insulator stack layer 322.
The forming of the c.cmtac:t openings can be ac-.complished, for example
by a masking process (e.g., 2 dual masking process) to pattern discrete contacts

)



After the gates have been forned, an insulator material can be
deposited. For exanple, Figure 2 is a cross-sectional view of an
exenpl ary portion of the enbodi nent of the contact structure in
Figure 1 after depositing an insulator 20 material. As shown in
Figure 2, an insulator material 222 is deposited over gates 212, 216,
218, and 220 to forman insulator stack |ayer. This can, for exanple,
be acconplished by depositing a barrier layer (e.g., a thin nitride

| ayer, not shown in Figure 2) and a spin on dielectric (SOD). In
various enbodi nents, a thick layer of insulator material may be 25
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embodiment of the contact structure in Figure 3 after filling with a fifler
material. As illustrated in Figure 4, the contact openings formed in the insulator
stack layer material 422 can be filled with a filler material 426.

20 Various filler materials can be used, such that at least a portion of the
filler material can be removed during other processes. For example, suitable
filler materials can include polysilicon or a sacrificial material, In some
embodiments, the material can be of a type that can be etched at about the same
rate as an SOD material. This filler material can be planarized to provide a layer

25  having a substantially uniform thicknsss.

Figure 5A is a representation of the positioning of a number of digit and
cell contacts from an overhead perspective of the embodiment of the contact
structure in Figure 4 after forming a trench structure. In this figure, the
representation illustrates cell confacts with hatch and digit contacts with no

30  hatching.

As depicted in the upper portion of Figure 54, digit and cell contacts can
be grouped into contact groups, for example, is the contacts share resources,

such as source, drain and/or active regions. Inthe embodiment shown in Figure



mai nt ai ni ng of insulation between a contact and a gate conductor, in

sone 15 enbodi nents. Figure 4 is a cross-sectional view of an
exenpl ary portion of the enbodi nent of the contact structure in
Figure 3 after filling with a filler nmaterial. As illustrated in

Figure 4, the contact openings formed in the insulator stack |ayer
material 422 can be filled with a filler material 426. 20Vari ous
filler materials can be used, such that at |east a portion of the
faller material can be renoved during other processes. For exanpl e,
suitable Eller materials can include polysilicon or a sacrificial
material. In soirs thertmogioient sroubhikinmgeduss 528 ofttaree BAth@hcigloMPRavidbddnecan
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However, enbodi ments can_have one or nore contact oget her
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manners. That is, as the reader will appreciate, the methods of the present
disclosure can utilize a number of different techniques for patterning the
different trenches, openings, layers, and other such formations described herein.

20  These can include various deposition, planarization, etching, and/or erosion
techniques, among others. For example, the trench can be etched into the filler
material. In some embodiments, a damascene trench can formed. When
forming the trench, in some embodiments, the filler material and the surrounding
SOD material can be etched to form the trench. The depth of the trench (e.g.,

25  depth 523 of Figure 5B) can be various depths. For example, a depth of 1500 A
can be suitable in some structures. In some embodiments, a spacer material can °
be applied to at least a portion of one of the side walls of the trench.

Figure 5C is a cross-sectional view of an exemplary portion of the
embodiment of the contact.structure in Figure 4 after forming a trench structure

30  ifa sacrificial material is used, In the embodiment of Figure 5C, the trench 527
can be formed as above in a filler material of a digit contact 528 between two
insulative material structures 522. Figure 5B also shows a number of cell
contacts 52.9. However, if a sacrificial material is used during the process, then a

protective layer 521 can be provided over the sacrificial (e.g., cell structures 529)
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Figure 5B is a cross-sectional view of an exenplary portion of the
enbodi nent of the contact structure in Figure 4 after formng a
trench structure. In the enbodi nent of Figure 5B, the trench 527 is
formed in a filler material of a digit contact 528 between two
insulative material structures 522. Figure 5B al so 15 shows a nunber
of cell contacts 529. The trench structure can be forned in the
filler material in a variety of manners. That is, as the reader wl|
appreci ate, the nethods of the present disclosure can utilize a
nunber of different techniques for patterning the different trenches,

oEeni ngs, | ayleresnd nes0thtios hgers SAT. hTﬁWrﬁﬁbﬁ@ﬂﬁydﬂeﬁ-@Eérlbﬁdrnﬁﬁ{]&ifﬁbnoaﬁcdl/
These can inclu ar i iti nari zatjon chin and/ or
erosi on techni qI'W(E]jen?;\f %r?@??é Og&‘ﬁ%l ‘éate ggpcg§§m%FgPh§ %‘?@%5!‘?5‘ eg’ﬁﬂ
etched into the fil |[Fegurgéatperiidds a chass- swﬁenaéwtm&obfmnmk@nplaxmmm

trench can fm%g%ﬁ%&&%%& Eﬁl@cnﬁg%%[‘ﬁ@uws% ?ﬁg‘gQQI s,

filler mat-erial surrounlng nlt er| edto
form the trénchratfigd. eielkmbbdinieat ilpsiratd if Eigyre 6 ZESPd@pmhfeﬁﬂiﬁﬁﬁs

Figure 53) can hgiyddi Qug sﬁ@%ﬁl%fﬂf%en&%@’fmﬁas a&?%@rﬁ cah ¥yt Can

be suitable in sone structures. In sone enbod nts, a spacer
material can * YERlpRACRIRAtEral Fprsampl. %G‘FFF*(’S‘FI neggteriphauglt astTstraghde
wal | sI of the tr@ﬂl@‘d@}llcﬁﬁgmsmégmﬁﬁda, cﬁ? %ﬁse&@@ﬁ kel mab@M, The Sacer
exenpl ary portion of t odi ment of, ¢ nt act . struct
ure 4 af ter PORALSE 25 PERGHOS Y CE e 9P e s B el thidkaess
mat eri al i silusext.250 i ¢ihreaenbadtiriaban be hpHied wizechBmjicat ot deppgitioh27 can
be formed as ab@i%) gnr‘rib(%thérede E&%&hq{ags a digit contact 528

S fve S

between two in erial ructures 522. Figure 5B also shows
a nunber of cell codfasnga sEoficibyeaiaet filler fnagerish dhip friaterig) cammhe eamayed,i s

used during t hefopéﬁﬁ?p‘?é aﬂé@c&f&ﬁﬁﬁ&?@e&%hér@%%ﬁta@@ %a&@é‘pé@t@m@& Qyd ded
over the sacr|f|C|aI (e el l structures nd, i nsul ati ve

layers 522. TheP bﬁso’c"é%f‘?l’\?’éé‘? RPERIDFRFpd tF"é‘Fheéfé?rB ’éﬂe%‘@lﬂﬁ SHEFEReed from
Tetraet hyl @t h@skdidlc &t SomStrhBdRhents )}k, AIBRPOThObREGY, ifteicb@RLS, openings,

mat eri al s. re 6 vid a cross-sectional view of an
exenpl ary portladlﬁt%géﬁeﬁéa%ﬁ%‘g r?'gﬁ?s%ﬁl *YHE contact structure in
Figure 5B after applliifgmg7éssp@ssemcm mpwwtfanbxammayemﬂmdloﬁ@nt
illustrated in %:1@3@

side wall of thé(;ﬂﬂ%lrafelﬁ%rﬁﬂfﬁm%g%ﬁs sp acer ter‘élﬂgtaéacaﬁlh g%gﬁi}mg%%?abl e
spacer mat eri al Thertger materip) @an by dap%ﬁ%wer@eﬁwé? ithg1 spacey aqtegial, and/or
Tetraet hyl 43t h@sidp seah&: SthSinkhl&eard fifeh ﬂﬂtﬁnﬁl@an@eﬂdﬁ'@ﬂ: @48 a spacer

t . Th t I I t f
'hi cknesses. - FobMGRuRAT el Flore ARHELS 26ouriony Shotbpr St aurinks or  a
can be applied i\nc]admgelm spater wapoial mnmnmn(t@\@mhamg inofi Tt
e L O he S RLEME 5. A link bnaltSiel\hnde 30H b AL @#bsa%g Sltod diabiBle,

material, this ma erla can be renove er spac
formation. Periisferat beawst Gyestocdhep @n?)]éﬁré? ﬁ’@ﬁhﬁ rﬂ@}gpmﬁg% as a glue or

i nterconnects, LReH)Isd/@Nd atlseRERescsarfe: bidl ed Wi th conductive
Figure 8 is a cross-sectional view of an exemplary portion of the
embodiment of the contact structure in Figure 7 after applying a conductor
material, In various embodiments, a conductor material can be deposited over
the liner material, including the portions positioned over the trench, the spacer
30  material, and/or the top surface of the insulator and filler materials. For
example, the embodiment of Figure 8 illustrates a deposition of the conductor
material 834 over a liner 832 covering all of these surfaces.
In some embodiments, a darmascene conductor material can be deposited.
Various embodiments utilize different thicknesses of such conductor materials.
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15material. In some enbodi nents, the filling of the plugs,

i nt erconnects, openings, and trenches can be done at the sane tine.
Figure 7 is a cross-sectional view of an exenplary portion of the
enbodi ment of the contact structure in Figure 6 after applying a
liner material. The liner material can be deposited over the trench,
the spacer material, and/or 20the top surface of the insulator and
filler materials. For exanple, the enbodinent of Figure 7 illustrates
a deposition over all of these surfaces including the spacer materi al
730 positioned in the trench formed in filler material 726. A liner

material can bchH%ﬁ‘éinbl@ BT HeARe] SR iBwiuhPRiteXE ARY/6r 3009 TREIDA (W)
barrier layer, to_adh one I er to anglgprpﬁtﬁlé%l ., to act as a gI ue
f

or 25adhesi ve) , “AHh8FBF i 53315 ‘?réjé‘f“?lt’&ﬁ & Fapefimepisgif o 8
is a cross-sectincndd ﬁumgwmﬁlbmiﬁkpemmws Wi EdrdOctbe shdi@ = Bhoglirmpnt

of the contact structure.in Fi after a i.Ng a conduct.or
material. In vat?ii3 Blrs2 r?gg?ﬁoﬁ%‘r?gghe %?né N e %gfnét‘légﬁoaﬂ’e %EWH iﬁe
deposi t ed over ddndudtivaeratevial ira radterial nelbasel fgm tieazrpar intlodBgPhigintungned
over the trenc r. mkﬁ 0 h sur t he
i nsul at or and Plnfﬂltnhﬁn?ﬁ&?g‘?lrra@g orélgéiang#% %‘rhdta 9o%b1§auon OEgtq?as%w ure
8 illustrates afdepdwive meterigls. Fheewomi itorivmafitideahd §8aniowditagivin ner

832 covering allingde &Q%@s@ﬁﬁsgﬁgﬁﬁnons Such thiteS QI AQEL 1B S tr@nch
damascene conducy or rial can be deposited. Various enbodi nent

utilize differefth 1'thﬁl"(‘f g guategyal §%ﬁ:h conductor materials. For
exanpl e, 7510A Ti t anifpyre $3s Acrbbd-sdationtl Nelviof e exe4r9 o oAthBungst en

Enod et s Cart RGOS of PRI RGo 3 AT Ot Com e e Bt

conductive mat enptediald Ite dorduniyr triaeeriph @o &g plaphrixtd s vidangolhamers. If

conductive mat &fhaliAah it Bhforde, 4 6B BERe 1B ALQAMCHA ¥EMRILELA! T

a material selected fromthe group ani um I tanfum
Ni tride, Tungst@amgiesurlythat thyggadusior mﬁa dreplinen matariabposfongdeast

two of the ﬂ)ov&tg@g@m@ﬁgﬂch%gﬁb@mg@ Titanium Nitride and
Titanium Titanium Nitrjde are two _such conbi nati ons. Such material s

can be used to fill P FRAEREROE Risite: BiHRrGeass FAARIP AT & frenhy

structure having a conductor material 934, mounted in a liner 932, and having
spacers 930 therein. The erosion can also remove a portion of the insulator and
filler materials as the process erodes substantially all of the liner material

20  positioned outside the trench. For example, in one embodiment, the insulator
layer (e.g., oxide material) is eroded about 200 A in this process.

Figure 10 is a cross-sectional view of an exemplary portion of the
embodiment of the contact structure in Figure 9 after applying a cap material, In
this process, the conductor material 1034 can be recessed, for example, to

25  provide room within the trench for a cap. For instance, the conductor can be
recessed to a depth of about 700 A, among other depths. During this process, the
liner material 1032 may also be eroded between the spacer material 1030 and the
conductor mafterial 1034.

In various embodiments, a cap material 1036 can be deposited in the

30  recess formed from the removal of the portion of the conductor material 1034
and, in some embodiments, the liner material 1032, For example, a dielectric
cap can be deposited over the trench conductor (e.g., Silicon Nitride or Silicon
Oxide), to fill the trench. For instance, the cap material can be deposited in a
thickness sufficient to cover the conductor material and, in some embodiments,

9



10Figure 9 is a cross-sectional view of an exenplary portion of the
enbodi nent of the contact structure in Figure 8 after recessing the
conductor material. The conductor material can be planarized in a
variety of manners. |f planarization is perforned, a top oxide |ayer
of the device can be eroded, for exanple such that the conductor
material and the liner material positioned 15 outside of the trench
can be renoved. In the enbodi nent of Figure 9, this process can
provide a trench structure having a conductor material 934, nounted
in a liner 932, and having spacers 930 therein. The erosion can also
renove a porti dimeoatelig. ilnsohaembodimentt,ithd @p carabeplia:airfze@.sDnﬂhg thisocess

erodes substant r@l’.lelsy elilSll?JtOYtIH&BIllél%g Olni%lé ?[1 r#atgmalg %6 nedd %Ut side

the trench. Fo anp enbo e insu Efra er
(e.g., oxjide mat erl &hiice e @ﬂ@d@@s@mmcna(mmanm *@itps@newu of the

Figure 10 is a GfOSss S6GHbQAovY veYoRico m@?‘i%Hngt?or %xnﬁ%{ettdiﬁyll g the

enbodi nent of the contact structure in EQ ure ng a cap
material . | tArecepiesexshe aopmplclﬁbﬁ@i@cﬂdérfumt esppeth theG8Uststen be

recessed, for exanplncd,¢n e@hpaag&@sufeq%wsfalahﬂlbremstaﬁ@aaﬁ ctcgr
cap. For instance, the conductqr can be recessed o _a de about

700 A, anpng ot Fm’&éﬁiwglmﬁﬁ‘lﬁ?@q‘wlgeb‘i‘%‘&?e%‘%h ehRiimeRe ematerl al

1033 may al so tsem&roﬁdmbrtz&hmrinﬂh@samﬁ@fstmhﬁfmingla@&es@ﬂésiabezau
conductor mate 1034. In vari ment s teria 1036
can be deposi tgjami’eﬁl PR ”3?5&%8&?‘“? &P@%ﬁpaf’?rdﬂﬁt?rhaé PP%H’S‘?FEB on e gt
portion of 1bhe anaranﬁﬁMaﬁr it e enalaryl §3sbdameht alstingbides € adbadetivemt:seriat he

liner materi al fﬁhﬁ?@e@n@h cﬂlrgln% (!akmgndag&%% S%nﬁa&%dg e%x‘?ﬁé t ed

over the trenc con uctor (e.g., I con I con 1 de),
to fill the treweductippmatesigh ance, the cap material can be deposited

in a thickness suff 'Iﬁ'vﬁ-iﬁus'feﬁlbﬁ@ﬁ‘:%tst ﬂﬁ@ﬁ@%@%&t@fe FRLE R HathaRBE trdnbh
some enbodi nents, i Df?uﬁ material. In enbodi ments, the cap_can

be pl anari zed. BHFFFy PRSI HrigRee “‘PH’é f‘i"ﬁ%eﬁlalé‘t“%ra PR BT %P“%‘?’Fﬂf’%r t he
filler matersi aldlgxaébmdcwﬁemedmdedumber of cell¥meactshih vasioha@hbdiatenzeen

formed i n accordance 't sone, of a of the processes desc

above, various SSRESEF lﬁe?cﬁfng?tﬁ’atp? %ﬁne ﬁg“%’ieﬁiﬂf%z%ﬁ“%ioéyﬁﬁ%jr&ges can
be acconpl i shed:ontaci_adﬂnfodimmts cas plec irgluih e liperhsdterddt] positioned viikkircie t he
present di Scl 05k LG SvaB WTRRE 2 8L BF B EORMNEL LSl uCt Ur @

enbodi nents. For exanple, 1n one suc e sem conduct or
structure includes ahecemsivemaieriahcan haposiipoad in aepstachprenisisdarned| |

I ﬁr me fl : n a,a_tm |1 (r)bw{ @h@ﬁtaéf%m{el d@éu ccﬁﬁe@tsafo? Q:I?eﬁxﬁﬂ n%%s@ié‘xb %bbtgéaﬁq}ehis oReehpon
| ngl 3 d e S egs con dﬂ%?’i?ﬁ} zgfhlg? é\c?s?té:‘ned in t%e gc))(n?m o;?ermngg for%v!zrrtc?lg nm%besr%f the

digit contacts. Various types of components can be formed in the active areas.

Such components include i :_rnagmg devices, memory devices or logic devices,

among cthers. Thus, the present disclosure alse includes a number of memory
25  device embodiments. For example, in one such embodiment, the memory device

includes a semiconductor substrate including a nurnber of contacls, a trench

structure positioned over a number of the contacts, the trench structure having at

least one side wall formed in an insulator material, a spacer material positioned

. on the at least one side wall, a conductive material positioned within the trench

30  structure, and a cap material positioned over the conductive material.

The present disclosure also includes a number of integrated circuit
embodiments. For example, in one such embodiment, the integrated circuit
includes a serniconductor substrate including a number of cell and digit contacts.
A trench structure can be positioned over the digit contacts with the trench
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positioned within the trench structure and a cap material positioned
over the conductive material. I n various enbodi nents, the trench
structure can be a damascene trench structure. The trench structure
can be forned along a path over a nunber of 15 digit contacts and not
over a nunber of cell contacts, in various enbodi nents. In sone
enbodi nents, the trench structure can be formed only over digit
contacts. Enbodi nents can also include a liner material positioned
within the trench structure and over at |east a portion of the spacer
material. The conductive material can be positioned in a contact
openi ng forned sﬁﬁcmmeravmgmumroneﬁidé well hrglell icANhANAtSy mbtefial € 0odpateR .

I'n sone embodi qﬁﬁ%r%all c%e C{%ﬁlong&c?r eatll(sg—gs? RS5iR ew?ﬁ B’gﬁf‘ggfrsmat?féﬁll ous

cont act openi ngs over & nub
types of conporresitignehviitife tegrameh Strmmrhmdzmter Méeea‘r ®petioiBufthe spacer

cormponents i ”C|xH§§1dlr§Hbe§19 eﬂ@éfdzﬁx@&ts ﬁ%@ﬂ&%tngl\ﬁ%ﬁ& ﬁ%gé ggéxt?ongﬁ‘éhtﬁﬁs

anong ot hers. Thus, the present disclosure also Inc a nunber
menory 25 dévi dbe EeRsHErRETEend FoRp BRisHEIPesitiprednver the conduptinednatenal.

the nmenory device i nCtdiAsted irSEAEOAMMA K insHRS bf ALS, deted il BIsFor &
nunber of cont %&Ma french structure 05|t| oned over a_nunber of
t

t he contacts, S RGP ZIEMPLY f5vacen 4% PRGT iestatedgiropit lagicleviggs for

formed in an i rgt saiags, niiadoprdcadsorspard @ GiRtital Gidrl hidbesPEs bdn RTOm&Int he
at | east one &Eeac%erédpa conductive material positioncd within the
trench 30 structiure & cap material positioned over the

conduct i ve fat eri al . Fighre Yries enoss-steiaiabeiawer ah sxenplal idesatad ciueviter  of

integrated cir GiitingaRedh Qﬁﬂ&ﬁmexllzt(yf tl@%%ﬂﬂl:tes’truhﬂreg 'a PAEeﬁ%Rgﬁls‘gEE ng a

the integrated circuit includes a sem conduct or su ate in
number of cel |l @KadPE %mé%?ﬁsaI@F?ateﬁc@?'@rféﬁn%ﬂSH@ﬂhﬁ@Cléawebéescrlbed
posi tioned overabb{;@agllo bihe@ntacts with the trench structure having

at Least one side I din | ator material. A spacer
material can be po\é\%#ﬁr?é‘a’ngﬁneﬁ’ﬁ%fa@guréi St?ﬁlf@d'g‘?lhgw 148 ipHucesei ner
materi al pasi tisemedniddidrisnbdidace: TH2RGH nailﬁplehwve rédichsoM @4 sephrateiast a
portion of the SERRSY en@%t gyﬁa!tl%{l e%orgsqug %e% ﬁglrr(e);?f_tsﬁ Ailggndugtl ve

material can bé posi t1one the ucture” ahd-a cap
mat eri al posi t iformesd, Grexample, wordiffesioninplateriradess with the reglomsdrtpt et ed

integrated cir csgfvgngcgr;tdr%ldéq& BPrRIbAYeeRE oPBRIPRANEl | s for a DRAM or

ot her nenory device I nt egr ated circuits, |ogic devices for
gate arrays, m croprit@ddet.d 1 EndidrandiliRq ar rrvifsdin feduezated siredtn be

formed in tie agthNsusieaBotitonts]Ofd Guide dftht §atds 6nA8Qn&BilideBAbM €W
of an exenpl ar y !clcrc!:E‘s I%E%tdgg or? éi{h%y isiEIe of the gates (not shown). Gates can include a
polysilicon layer 1114 and a cap provided by an insulating material, for example.
The insulating materials can include, for example, an oxide, a nitride, or a
composite such as oxide/nitride or oxide/nitride/oxide combinations, among
25 | others.

Gates can also include a barrier metal layer and a metal layer between the
polysilicon layer 1114 and the cap. Suitable barrier metal layers include
tungsten nitride, titanium nitride, and tantalum nitride, among others. The metal
layer can include tungsten, tungsten silicide, titanium silicide, or cobalt silicide,

30 among others. Polysilicon material components 1126 form the contacts to the
drain and source regions 1152.

In the illustrated mtegrated circuit of Figure 11, capacitor cells compnse

lower storage node clectrodes 1 162, a cell dielectric 1164, and an upper

electrode 1166. A metal contact 1168 provides the electrical connection
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that includes an enbodi nent of the contact structures of the present
di scl osure. The various structures illustrated can be forned using
the techni ques descri bed above, anobng others. In the enbodi nent of
Figure 11, a stacked-cell DRAM 1140 includes a 15sem conduct or
substrate 1142 with nultiple active regions 1144 separated by shall ow
trench isolation regions 1146. Doped regi ons 1152, 1153 can be
formed, for exanple, by a diffusion inplanted process with the
regions 1152 serving as storage nodes for nenory cells of the DRAM
Gates 1112, 1116, 1118, and 1120 are provided in the integrated
circuit. 20 | nbwaebnadigircbodetnininsd aoingrto anembodimktkef gladt @esenian
include nitride. or_ o - I QM i i f e,gates
(not shown) . GaF e B et PRGS.S R RMIRRR £ Brof iy Bl By 170040
provi ded by aniliusgaibdin thegembodiment of Figure Bl theplostactihaudes spdcat imatgrial
materials can '1§‘§d15’r9$ige Qkth LE forfABd 9%%981 in%ﬂ%lo&{ tial Hrucfures

e or e

conposite such as oxi nitride oxide/nitri oxi de _conbi nati ons,
anmong 25ot hér s 1122, a liner G3Rexcongdpctan wajerial d 1 3 anda pent alerigdtl 36- | ayer

and a netal layer bahugemhindeyeer]l V2ichh 6Oket Y fparktlfle BROMEABIEEM
Sui table barrier netal |ayers incl ﬂde tungstﬁn nitride, titanium

nitride, and t&¥eal{7himm ¢ serend Fadmiare HThe hrstemicondyrinr vealpr
i ncl ude tungst e bd &REREGR adisiation ldyed ATEUM si | i ci de, - or cobal t

icide, 30 t 20| ySi L terial ts 1126 f
Che contacts To. tho WPaI R0 SBFLyt Biee £ TAMh confat e ”
i1l ustrated0i nhegrdibeth tbe techmituesideserifert #ovd pardapacirparted 8itd snyoshar i se
| ower storage g%%%égle%% QRS G ceft ! s,giaéil ﬁg%ﬁﬁﬁ%ﬂéﬁea tﬁa'éﬂloﬂalf,‘

upper el ectrod [ A etal contact 11 rovi des 't ectrica
connection betlretsisaldy erpgble regemErEbleredpaly meme (RRGROYDeand the like.

enbodi ment of the ppesfbingH BelpRsUfiQiscitbiie Alss Mchass Atuhb& dBblectdnie
and a first netallizatign Iay%r 1170 illystrated in the

As
enbodi ment of EYYHP gmpgdimeps: BHEEEPle Qo %?P&éﬁ?enﬁé'i‘ee?y?tgin 1130
provi ded wiishi mndndes @ Bedtrdiier; nlda hehweedevicezoligitd mtheadineoliad the

structures 51122, a l.iner, 1132 a duct or ter 134 d a cap
material 1136. PomOY deﬂﬁcﬁ ]}1&5 hqgaa?liaﬁrgag ?g?g‘?"%“?ggc%%h%‘!‘e"“@%aa ntb(;aenasepar ate
the first netaldyhaaitironomeagesss bE@rY deymezr sthoongh merraiyt ¢oraanow. Tayer

1174. The sem I j ayer
1176, ALt hough Bgre g P e oL e o B b B e oY

formed 10 accor@ilifly coBrepts JEhAT tRedcrduery Blsiaihovhe hsggcan
i ncor por at ed i REDuRMNBIHREET dnpetsOE corRlEDithicaRE forametat RaGne 6f the DRAMS,

fllash merory, enbedded MEIRLYy ol ectibal LSl aRabl Sy SRl ©
insulator material and a spacér material positioned on the at least one side wall.
The structure can also include a liner material positioned within the contact
structure and over at least a portion of the spacer material, a conductive material
25  positioned within the contact structure, and a cap material positioned over the
conductive material.

Figure 12 is an exemplary electronic system that can include
embodiments of the contact structures of the present disclosure. Embodiments
of the present disclosure can also include an electronic system that incorporates

30 the contacts formed according to embodiments described herein. For example,
Figure 12 provides an embodiment of a processor based system 1280 that
includes a memory having contacts formed according to the present disclosure

for use in a memory device 1282 and controlled by controller 1292.
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Accordi ngly, the present disclosure also includes a nunber of

el ectroni ¢ system enbodi nents. For exanple, in one such enbodi nent,
the system 15i ncludes a controller; and a nenory device coupled to
the controller, the nenory device having an array of nmenory cells.
Such nenory can be a dynam c random access nenory devi ce or other
such nmenory conponent. In various enbodi nents, the controller can be
a processor. Menory cells can include conponents such as a

sem conduct or substrate. The substrate can 20 include a nunber of
contacts, a contact structure formng at |east one of the contacts.
The cont act structuvkeshcamh)aﬁiguraﬂzlthaatstennmasin@al@lzhclﬁ&ﬁmcberean

i nsul ator matetial .and cer, Sitl ned on the at | east
one s de arl - iec @Rt d2EL B e TIhEH RncR SRk, MRS, bt TRS
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the contact structure, and a cap naterial posit over
conducti ve faterial Ope 01'morq:‘?"éﬂﬂ*éle‘ﬂzesl138%?@7@2@?&)!0&1&?0@11@6@3@@? 286
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present disclosure. i ments of resent disclosure can_ al so
i ncl ude an el eéi‘ttacgﬁi’?fatﬁggi' B REPREESoF %9(9r k8 Og?)u“f“ﬁéieﬁlﬁ?ﬁ‘%bt‘%e f or med
accordi ng to epliadidedts ekl heditdsdaply uhiy, eeXxanpl e, Fi gure 12
provi des an enbodi 0y of a rTgocegs{pm I'Raﬁavebe cI udes

a menory havi ng confa@feeEF accord %/rhgﬁf)l?aegcgarﬂd &F‘g%’ Osur e
for use inlé nbmxwt@ewﬂﬁ@dmmkdhmthmﬂwﬂl apemcm}etbmaoﬂahmnem%.
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i nput devices 1 . %la touch screen, tranSceiver,
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t1ﬁ86 to alt | ow @aﬂ?ﬁfn%ggvdﬁg&HEmgé&x%emh 9%59&%&:138&0]0931:@128% 0 opera: ecI

e conputing uni e or 0 evj ces onnect e

to the conputing unit'® ?2@6“%?“’895%“@5 ‘E?‘%\ﬁea%a’“ag fJ%IPeF“BTaS?W@nsystem
1280 to di gpl aphotrapicREmbs andubiRlitstdatva ogenemabmdu&yoﬂmreaunmcessor
1290. Exanpl es of qut put dev Lges i cIu rin erm
nonitors, di SnggPog e?‘gsf a‘é‘f BIﬁlﬁlbﬁoug gsnﬁgé}e?lhcafr%sc Fremh%\i}g’ebeen
illustrated andppesgre bod Qi}kﬁbmhmartuﬂmsevmﬁnngrﬂ@h a’vamydgknﬂﬂom n the

art will appreciat e 4,03l 2 eI BHoafttntHr MeSedel AEbEMEndHIRS

sane results can be substltut ed for the specific ‘enbodi nents shown.

Thi s di scl osur @thes applicatiensdn tdichdlegborgapicrssand néﬁ‘h‘%ﬁlﬁlﬂ{ed{SF%ns of
various enbgdi reRfgorefthé E&p@ bE 6 1Yus Qxhﬁ&iuﬁ&ué @f the present disclokdre bipuldbebe

under st ood t hat, t he, a oV SCri on ha
illustrative f%%ﬁe ?5"1’1‘2‘ F%fenﬁeg’etbet ?ﬂpﬁ?cfegé]e fq‘ntg? fuilrfa?ﬁe ¥he
above equivalents to which such claims are entitled. -

In the foregoing Detailed Description, varicus features are grouped
together in a single embodiment for the purpose of streamlining the disclosure.
25  This method of disclosure is not to be interpreted as reflecting an intention that
the disclosed embodiments of the present disclosure have to use more features
than are expressly recited in each claim.
Rather, as the following claims reflect, inventive subject matter lies in
less than all features of a single disclosed embodiment. Thus, the following
30  claims are hereby incorporated into the Detailed Description, with each claim

standing on its own as a separate embodiment.
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enbodi nents, and ot her enbodi ments not specifically described herein
wi ||l be apparent to those of skill in the art upon review ng the
above description. The scope of the various enbodi nents of the
present disclosure includes other applications in which the above
structures and nethods are used. 20 Therefore, the scope of various
enbodi nents of the present disclosure should be determned with
reference to the appended clains, along with the full range of
equivalentgkﬁﬁﬁmhich such clains are entitled. In the foregoing
Det ai |l ed Description, varjous features are grouped together in a

si ngl e enbbd%ﬁ%ﬁ?dPgwnpﬁéb§W¥$6é€H@ﬂﬂ§$rean1ining the disclosure. 25
This nmethod of Qizffd PELHCE ik o MANatb IRE 1ﬂa%§fﬁfa%taﬁﬂul§§thfcﬁ%és§ d H9in@"n
intention that the disclosed enbodi nents of the present disclosur
have to usepgrbereofitegirack posittiand betweandpyp o s hymbesof gates; i n each clai m

Rat her, as the i i -1 af ol i i
lies in |less tﬁ%ﬂkgﬁ¥%Pg§f%?%§55 &g%gﬁ%b ggﬁﬁggpﬁgggygﬁggﬁfﬁgnéﬁﬁ
Thus, t he thelis lsed thap tBOparticiilarghidmessd tlelpsulatstapomategal, wherein theefiller

copar at e cube R e sl P B8 Gy B RUENE DRl 1

all ttﬁ same %‘ a

FACt T OF It on,
conpi si ng: depasitmghispapeamsteeal ¢hatilenstaone iskis sirficoof thé aaichnathedemh  of
a particuhﬁﬁht }ggngg,and having a portion of the trench positioned
bet ween two Of & NURDer of gat es; depositing a filler materi al
in the trench aasbspinghicogluttie thatériadintonhe @enchloveiahafilke pidreriahat 1s | ess
t han t he parti%ular t hi ckne of, the insul.ato ck material,

t
wherein the fi I?lg’rmgnaa’ie%ersfﬁlltﬁgﬁ’&d’t'%’é{e Pﬁ?ﬂ‘?ldf’??rtﬁ%t?eé‘ﬁ it erial are

etched at substdegsitial byag heeSdRer B @nductive ma@ERQS FilliliGreacts pacer
material to at | east one side surface of the trench to the depth of

the filler material; depositing a conductive material into the trench

over the fi, Themethed 6f dldhy 1, WERIBe Reth6€ MEHddsHep RIS ANGMGhAMS FRGEr i al

into the treqfh; n? , .
trench over the filler material and the spacer material.

230

3. The method of claim 1, wherein the method includes creating a number of gates each

having a cap that has a height of approximately 700 angstroms,

4. The method of claim 1, wherein the method includes creating a number of gates each

having a cap that has a height of 700 angstroms or less.

5. The method of claim 1, wherein the method includes creating a number of gates each

having a cap that has a height of 1500 angstroms or less.
6. The method of claim 1, wherein the method includes depositing a silicon nitride Iayer
over the number of gates prior to depositing an insulator stack material over the number

of gates in which the first trench is to be created.

7. The method of claim [, wherein prior to creating a trench in the insulator stack

material, creating an insulator stack layer formed from the insulator stack material and
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depositing a cap material over the conductive material to fill the
trench. 2. The nmethod of claim1, wherein the nethod includes
depositing a liner material to the trench over the filler material
and the spacer material. 3. The method of claim1l, wherein the

met hod i ncludes creating a nunber of gates each having a cap that has
a height of approximtely 700 angstrons. 4. The method of claim 1
wherei n the net hod |ncI udes creating a nunber of gates each having a
cap that h¥Beran s layer hgsra thigkpesnirtveedpdonturiagsef the Isyer%amtshré@eef
claiml, Wieds&idhe lghie o PI0RQHgdBRkUdes creating a nunber of gates each
havi ng a cap that has a hei ght of 1500 angstrons or less. 6. The
met hod of claim1, wherein the nethod includes depositing a silicon
nitride | ayahe Aeid bGaitHINHerch n0RcfBd Bchfits HIRnPRAS bAoA Bontgats

i nsul ator stac rraterla dver the nu er of gates In the?
trench is with ¢nedegtivatmaterial during the prasessod dmosmhaﬂmcgndumtmaﬂmn@thet o
creating a.french in the insulator stack material, creating an

i nsul at or stack | ayer fornmed fromthe insul ator stack material and
wherein the |l ayer has a thickness between a top surface of the |ayer
and a top I on te of 0 St 8.. The
mot hod of ity Aol b diim R Bp Rl Yorditate RRRI W R o
open cont astlsdesiefositiod umteriakbselentee fioal thelgroamipenliag:pr ocess of

deposi ting theTconductlve material into the trench. 9. The nethod of
claim1l, wherei %fgnﬁbm ting a conductive material into the trench

i ncl udes deposiTitamigmain@teri al sel ected fromthe group including:
Titanium Ti taty um Ni.t.ride; Tungsten Nitride; Tungsten; and a

conbi nation of [4P8fBAUMIE L, of the above materials. 10. The nethod
of claim1, wheugisknidid net hod includes filling a nunber of open
contacts vmth the %ﬂl | er terlal aﬁld wherein the filler material is
sel ected from &°gP o at F?fEP’[PcFéfé epbe¥EMAtEidi-al material and a
polysilicon material .

10. The method of claim 1, wherein the method includes filling 2 number of open
contacts with the filler material and wherein the filler material is selected from a group

that includes a sacrificial material and a polysilicon material.

11. A method, comprising:

applying an insulator material of a particular thickness over a number of gates
each having a gate cap to form an insulator stack;

creating a first contact opening between two of the number of gates;

filling the first contact opening with a filler material;

forming a trench having at least one side surface in the filler material, wherein the
filler material is etched to a depth that is less than the particular thickness of the insulator
material;

coating the at least one side surface with a spacer material to the depth of the filler
material;

filling the trench with a conductive material over the filler material;

forming a recess in the conductive material into the trench; and
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11. A nethod, conprising: applying an insulator material of a
particul ar thickness over a nunber of gates each having a gate cap to
forman insulator stack; creating a first contact opening between two
of the number of gates; filling the first contact opening with a
filler material; fonning a trench having at |east one side
surface in the filler material, wherein the filler material is etched
to a depth that is | ess than the particular thickness of the

i nsul at or nat er fillipg the recess wight ¢angnat¢rial.at | east one side surface with
a spacer material to the depth of the filler material; filling the
trench wwth a conductive material over the filler material; formng a
recess in thdbeowthedof vleinmhl, evhiemin themethbt schudeswpplyingradinef inhteiidl o thbe
recess wt [ .42 The nethod of claim1l, wherein the
met hod i ncl u g(sb%a}pp y]?‘{ﬁg?ageﬂfﬁgﬁlgrtheﬂ?ceelrfl?%”?lo the trench over the
filler material and the spacer material. 13. The nmethod of claim 12,

wherein th Lneludes, filli th rench wi.th the conductive
mat eri al og’je'ﬁ%% Eq%%oﬁ ﬁg?la%@eW?lgrf{nqgﬁmetgﬂ%mﬁ@g‘ﬁd&é\{“&th?ﬂr%ﬂ‘%“l@,m%er ein
t he met hodcdndaedtivel emtepial Jver fiik figeranétal. maski ng technique to pattern a

nunber of contacts in a contact array prior to filling the first
contact opening with the filler material. 15. The nethod of claim

14, wher ei h. (e frethod BEcl@intUalvhEes thd Weth QTR Ao O 4 @fanma%%éw moer
of contacts .i ncl udes %Satterm ng the nunber of contacts to a depth of

at |east 1806 WRLRAHSHE numpgt Of%%faﬁ-éiwwn@ﬁt astay priprts fillingaheokint
per f or m ngcodtaBittpeniAB shth A HIRERARHegMe to pattern the nunmber of contacts
i ncl udes performng a contact dry etch technique to pattern the

nunber of contacts. 17. The nmethod of claim 15, wherein formng the

trench i nclsutesSmehedbMNthihhe, Shdiif E)emé[ ag&uaﬁggsgén%q%%ﬂlﬁué %tl:;[?i{%%rﬁ tl-T5 00

material at substantially the sanme rate a ess

angst r oms.Wmpgr of prptagip inglydesgrtterning thermmbpheficontacts et depil) of heat 1900ast
one side saggg‘t@gg_ with the spacer material includes applying a spacer
dielectric to line the trench side wall.

16. The method of claim 15, wherein performing a dual masking technique to pattern the
number of contacts includes performing a contact dry etch technique to pattern the

number of contacts,

17. The method of claim 15, wherein forming the trench includes etching the filler

material and the insulator material at substantially the same rate to a depth of less than

1500 angstroms.

18. The method of claim 11, wherein coating the at least one side surface with the spacer

material includes applying a spacer dielectric to line the trench side wall.

19. The method of claim 11, wherein coating the at least one side surface with the spacer

material includes applying a material to a thickness of approximately 250 angstroms.
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19. The method of claimlIl, wherein coating the at |east one side
surface with the spacer material includes applying a material to a
t hi ckness of approxi mately 250 angstrons. 20. The nethod of claim

11, wherein the nmethod includes filling a nunber of periphery contact
openi ngs and interconnects with conductive material during the
process of filling the trench with conductive materi al .

20. The method of claim 11, wherein the method includes filling a number of periphery
contact openings and interconnects with conductive material during the process of filling

the trench with conductive material.
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