- 6 OCT 2005 1 Method of Form ng a Sem conductor Device with a
Substantially Uniform Density LowK Dielectric Layer TECHNI CAL FI ELD
[ 0001] The present invention relates generally to sem conduct_(gr qu%d5ces,
and nore particularly to a nethod of form ng a sem conduct or aﬂevi ce with a
. Substantially uniformdensity lowk dielectric |ayer. BACKGROUND [0002]
Modem advances i s sem conduct or teechnol pgy have led to smaller feature
sizes and higher density devices. One of the issues that arises as
di mensi ogg/lst%id%(ﬂ]ij‘s t he capacitance between adjacent conductors in a
devi ce. a4thoi armingduStarieo adRRtHE i gﬁ?ﬁ i L€, i tances,
the conductors tend to cgarge nore sl oe\,{?'y thgtrae y &@@?&ﬁﬁ?%@ﬁ&?ﬂ
speeds at which the chip Demsityelave-K Dicdéetiric PA elrt s possible that
adj acent conductors can interfere with one anothelf through cross talk.
[ 0003] One technique that has been used to speed up the peak frequency of
sem conggeNICAdEMisggs 1S to use conductive materials that have | ower

resistivity. For exanple, a copper conductor will have a | ower resistance
than a simlar geometry al um num conductor. The |ower resistance conductor
will lower the RC tinme constant for switching on the lines. [0004] A

t echni ?[ue to lower the parasitic capacitance is the use of |ower dielectric
const arPoqfl otwe Kysephiwentiingelatestgenenatiy w sdppicomRicioR G8vieR! Sid ﬁbr%paﬁ’léuﬂeﬁﬂn ‘
di oxi de has a di el ecgri c constant of about .

to a method of forml_ng a semiconductor device with a substantially uniform density low-k

dielectric layer.

BACKGROUND

[0002] Modern advances is semiconductor tecknolo gy have led to smaller feature sizes and
higher density devices. One of the issues that arises as dimensions shrink is the capacitance
between adjacent conductors in a device. As md1v1dua1 conductors experience higher parasitic -
capacitances, the conductors tend to charge more slowly thereby decreasing the peak speeds at

which the chip can operate. In addition, it is possible that adjacent conductors can interfere with

one another through cross talk.

[0003] One technique that has been used to speed up the peak frequency of semiconductor
devices is to use conductive materials that have lower resistivity. For cxample; a copper
conductor will have a lower resistance than a similar geometry aluminum conductor. The lower

 resistance conductor will lower the RC time constant for switching on the lines.

f0004] A technique to lower the parasitic capacitance is the use of lower dielectric constant (Jow-
k) mateﬁals as the insulator between materials. Silicon dioxide has a dielectric constant of about
4. Materials such as SILK™ available from Dow Chemical or FLARE™ available from
Honeywell have a lower cﬁelectric constant that silicon dioxide and have been used in these
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4. Materials such as SILK(tm available from Dow-Chem cal or FLARETM
avai l able from Honeywell have a |lower dielectric constant that silicon
- di oxi de and have been used in these TSMC-2002-0376 - 6 OCT 2005 2
applications. O her lowk materials include Black D anond (BD) from Applied
_Materials and LKD (low k dielectric) fromJSR Mcro, Inc. SUMBARY W8 THE

| NVENTI ON [ 0005] In several aspects, the present invention relates to a
process and device that includes a lowk dielectric insulator. In.the
preferred enbodinent, a lowk dielectric material is deposited. This
mat er i aAPPHgtioRenOger dav-kgnaterials plchstedlask Biﬁﬁcﬁﬂ;l(rl?ﬁ)@r&ﬁ' APpRECUGRTialsHATCS
the density of the top layer to be increased. e "hi gher density portion,
howev erLKBI(bw kdielatis)diven JSR aliesd, i constant. As a result, renoving this
hi gher density portion can reduce the dielectric constant of the |ayer.
This leads to a | ower dielectric constant of the bulk film [0006] In a
first enbodinent, a |layer of lowk dielectric material is formed. This
| ayer can be a SiCOH | ayer forned, for exanple, by chem cal vapor -
deposi tYOMMARIFYOE FTHE INVENPIGNt i on. A plasma cure is perforned on the
| ayer of lowk dielectric material. After performng the plasma cure, a
t op porfoaosh Inkevdnd ak f ' IG.material js renpved. [0007]
| na more specific en%odfg%rﬁr%&t iévgétgdggr%{aE%sﬁegﬁf?cgﬁs ?'Fﬁis‘?eéﬂfﬁﬁ%&fqhbci?sian a
CMOS p %ijtng ' c r_damgmascene interconnects. In this
exanpl g,gﬁg&ﬁﬁlg‘cotg? 0 '[E%Dgﬁ%gfe%{égre? ogiment, g lowgk dicletiempienalds depnsitedgi on

e.d., rate, .SO |ayer, or, other). An insulating |ayer,
(e g filif RatefthiTs ten cured using a plasma cur)e step. The cure proce%s calzlses the density of the

top layer to be increased.. The higher density portion, however, also has a higher dielectric
constant. As a result, removing this higher density portion can reduce the dielectric constant of

the layer. This leads to a lower dielectric constant of the bulk film.

[0006] In a first embodiment, a layer of low-k dielectric material is formed. This layer can be a
SiCOH layer formed, for example, by chemical vapor deposition or by spin on deposition. A
plasma cure is performed on the layer of low-k dielectric material. After performing the plasma

. cure, a top portion of the layer of low-k dielectric material is removed.

[0007] In a more specific embodixzxznﬂ the present invention has application in a CMOS process;
possibly using copper damascene interconnects. In this example, a number of CMOS transistors
are formed in a semiconductor region (e.g., substrate, SOI layer, or other). An insulating léyer,
such as silicon dioxide, is formed over the transistors. A low-ic dielectric material can then be-
formed over the insulating layer aﬁd plasma cured. A top portion of the low-k dielectric material
is then removed. To form' the @tercomect, a trench is formed within the low-k dielectric

~material and filled with a conductive material, e.g., copper.

[0008] A preferred embodiment semiconductor device includes a i)lurality of CMOS transistors.
An oxide layer overlies the plurality of transistors and a low-K dielectric layet, such as a SiCOH
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such as silicon dioxide, is formed over the transistors. A lowk dielectric
material can then be forned over the insulating |ayer and plasnma cured. A
- top portion of the low -k dielectric material is then renoved.g Mafmthe
interconnect, a trench is fornmed within the low -k dielectric materral and
~filled with a conductive material, e.g., copper. [0008] A preferred
~ enbodi ment semi conductor device includeg a plurality of CMOS transistors.
An oxide layer overlies the plurality of transistors and a |ow K di.electric
| ayer, such as a SiCOH TS M C-2002-0376 - 6 OCT 2005 3 |ayer, overlies the
oxi de | gy overlies the oxide layper Thelovak d4yes hayy fubkiattially &n?fb%%ﬁ}ﬁéyto\f B%ngt ween

about 0.5 and about 1.5 and a dielectric constant at or bel ow cop er

conductabout &5 dhd pbard.S sid dibledtric @RSt B Kclhayer and a. ural
of contacts extend through the S| CO—I Iayae#gﬁaé&he oxrget ’Vﬁﬁ”tqrb’%

sel ect egitkin@%redbh als t he co er conduct or . [0009] An
advant age of pref g{r]?ﬁgga\%faé’l rrent 3?%%%1 Dﬁ\ﬂérﬁflglbﬂw& OHdayarhe

ef fecti aﬂl]éj&ghggérrltc cons an int erI evel dielectric |ayer can be
reduce e pro olcé’n?%ﬁ 9“339 f tha EMOWtrarsistors wiithrtbejcopper @myluctor.
propri et ary process steps or any addi ti onal masking or other [|ithography.

TSMC- 2Q06bop Hibadvabitagh bf pRifered moﬁﬁ%gﬂhggrgynt mvérrllt_{gn is X}tytll\xlggffective

dielectric constant of an interlevel dielectric layer can be reduced. The process is relatively

simple and does not rgquire any proprietary process steps or any additional masking or other

lithography.
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[ 0010] For a nore conpl ete understandi ng of the present invention, and the
advant ages thereof, reference is now nade to the follow ng descriptions

- taken in conjunction with the acconpanying. drawing, in mh[gm' &ﬁgll]
Figures 1 and 2 provide sinplified cross-section views illus in a
_preferred enbodi nent process; [0012] Figure 3 shows a density profile of a
" lowk dielectric layer after plasm curg, [0013] Figure 4 shows a density
profile of the layer of Figure 3 after. atop portion of the layer is
renoved, and [0014] Figures 5-9 provide cross-sectional views of a nore
specific process that utilizes aspects of the present invention.

TSMC- 2002- 0376 - 6 OCT 2005 5 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE
ENBODLMﬁﬁE% i usi ng of the presently preferred

enbodi ment's %ﬁ%égﬁﬁﬁﬁﬁgQﬁKhﬁgaﬂﬁgynN' low. It should be appreciated,
however thg{ t he present invention provides many applicable inventive
concept BO10h °ré&ﬁ”ﬁEﬁﬂﬂﬂﬁﬂnﬁwﬁmndmgWﬁmep&mﬁﬁﬂmmﬁﬁ&ﬂ%ﬁﬂﬁ&E&@ﬁ@é&%hémo?he
specificf enbpdinent;mdiscussed are nmerely illustrative of specrfic ways to
nmake arigfonnee ismow madntol the follewitg descRitiohd ) L the invent i.on.
[0016] The present invention mﬁl% béﬂ%escr?%%éh&??ﬁﬁggg%gé?h?ﬁ”&&%ﬁgpwﬁa
enbodi ndrawmg]jin whiclgpeci fi ¢ context, namely a sem conductor device utilizing
a plasma cured dielectric layer. The

[0011] Figures 1 and 2 provide simplified cross-section views illustrating a preferred

embodiment process;

[0012] Figure 3 shows a density profile of a low-k dielectric layer after plasma cure;

[0013] Figure 4 shows a density profile of the layer of Figure 3 after a top portion of the layer is

removed; and

[0014] Figures 5-9 provide cross-sectional views of amore speéiﬁc process that utilizes aspects

of the present invention.
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I nvention may al so be applied, however, to other situations. For exanple,
the density issues discussed below (see e.g., Figures 3 and 4 and rel ated

- text) can al so occur from other processes such at thernal p[g@gﬁzwﬁg.
[0017] Figures 1 and 2 show "a sinplified exanple of a first nt .
Figures 5-8 are. provided for the purposes of illustration and show a nore
~ specific embodinent. [00181 Figure 1 ilkustrates a snall portion of a

sem conduct or device 100. An underlying layer 102' is provided. In the
preferred enbodi nent, the layer 102 is an etch stop |layer forned, for

exanpl ePETATDEDDBSCRINTAONSOB LAY STRATIVE BMBOSIRESTE- - S 3N4) or silicon
carbide. It is understood, however, that |ayer can be any | ayer or

e conduetor (oo i sl be feBrEEhil bl empodiment e isshiladin doel de).
t [ . les. [0019] L k dielectric | 104 i
ot ef or b o oS o f3iares BRE G e bisrembfeveatiar pravideg SGRpplosble
conpounds t hereof . her materials such as silicon-containing materials
such asVENBESABIRIHRHcan bR gmbedisdiin & sridg waristy éfspeSiiOubitextSi The i@ Si CH

and conpounds of these materials could alternatively be used. Layer 104
may al t @Rhedinews diseusnpt arsenarelydlinstrapiob yigecioMayd WRnRSZR ase Sletil>
(e.g., an organic polynmer such as a polyimde, parylene, p‘(])ﬁ yaryl et het,

or gano-aid docm &mit the baopa P tHrhe&RionP 0! Yqui nol i ne, or copol ymers thereof);
an SOG material (e.g., HSG or MSG; or porous materials such as xerogels
and others that include tenplated pores. In general, a lowk dielectric
can be BRI dfha Rresent iaveytion wailidbedescribedovitiorseanto propaed thdbdintats igh Si | i con
di oxi de. '

' specific context, namely a se@conductor device utilizing a plasma cured dielectric layer. The
invention may also be applied, however, to other situations. For exampie, the density issues

discussed below (see e.g., Figures 3 and 4 and related text) can also occur from other processes

such at thermal processing.

[0017] Figures 1 and 2 show a simplified example of a first embodiment. Figures 5-8 are

provided for the purposes of illustration and show a more specific embodiment.

[0018} Figure' 1 illustrates a small portion of a semiconductor device 100. An underlying layer
102'is provided. In the preferred embodiment, the layer 102 is an etch stop layer formed, for
example, from a material such as silicon nitride (e.g., Si3Ny) or silicon caxbidé. Itis uﬁderstood,
however, that 1ayér 102 can be any layer or material that supports low-k dielectric layer 104,
including a semiconductor (e.g., silicon); a conductor (e.g., a metal or a silicide), or another

insulator, as examples.

N [0018] Low-k dielectric layer 104 is preferably hydrogenated oxidized silicon c-arbon material
(SiCOH) or compounds thereof. Other materials such as silicon-containing materials such as
amorphous hydrogenated silicon (a-Si:H), SiO-N;, SiC, SiCO, SiCH and c'ompo{mds of these
materials could altemative_ly be used. Layer 104 may alternatively 'comprise a low-k polymer
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[0020] In typical enbodinents, the lowk dielectric |ayer can be forned by
chem cal vapor deposition (CVD) or by spin-on deposition (SOD). In the

- case of CVD, a precursor such as tetramethyl silane (4M5), trhj net hﬂ)ﬁl
silane (3M5), octanethyl cyclotetrasil bxane (OMCTS), -b OCT 2005

t et raoxynet hyl cycl otetrasi |l oxane (TOMCTS), can be used with H2, 02, N2,
~and/or He combination gas. The flow ratg could be between about 20 and
about 2000 sccm and the deposition tine between about 1 and about .100 sec.
depending on the thickness. The thickness will typically be between about

150 and (a.8pamenganin pblymrpudc&polyhﬁde, r@@éﬁegpjﬂmégﬂiég#ggﬁﬁog%%@ about 1

and about 20 torr and the tenperature between a 500C.

[00211 polybéphtiedar, pbl li®, Bf aet hyl oxysil.ane (TEOS),
met hyl tri et hoxysi | aﬁiy MTECS) ané%’/%@%ﬁ%&%&%ﬁﬁ%%&ﬁ%?fhébfr“lb LTAEPEN al
can be ys JR8teri e baked, at a tenperature between about 150C
and 4508 B¢ 8382'%] cripB¥fich SRR ?Otbefag@é inchids emplaicd deees o eorratl, & Bveds
t he densi of a.to ortion of the layer to be higher than the remaining
port i on.a‘e%ﬁgi%c %ﬂ&ﬁ&ﬁ%ﬁ@#cw WHBRri¢lactrit gomstant Idyertthen thetasfisilitohidieddepor t i on
106 and in the graph of Figure 3. Referring nowto Figure 3, the density of
t he | aygio2diOth dyBicgNQush f L on..Qf t.he depth from upper surface 108
down toﬁfm er Iﬂglﬁng 'Iay(ﬂ;[rﬁel?&ztﬂgxésv‘] g%aﬁcqiﬁ?ﬁyﬁ‘éga&r%ﬁ@?#&’ ehsnisdvepemn 106
has a hj . ' han the.renai nder of the layer 104. [0023] In the
preferr g%%ﬁ%’%@?@%%& BX SWMPGWD%QDMM%? pasg of Ve provnrkorcsuch et ri c
| ayer éL 4 a&;ty r, dezositiqn. In the preferred enbodi nent, the plasma cure
step is %@W ﬁ%&ﬂP (MIRY trimsiiay] sitroe (81889, octeindBZAc R0 Btrasiloxane (OMCTS),

tetraoxymethylcyclotetrasiloxane (TOMCTS), can be used with Hz, O,, N, and/or He

combination gas. The flow rate could be between about 20 and about 2000 sccm and the

deposition time between about 1 and about 100 sec. depending on the thickness. The thickness

- will typically be between about 150 and 180 nm. In this process, the pressure is typically

between about 1 and about 20 torr and the temperature between about 10°C and about 500°C.

[0021] In the case of SOD, a precursor such as tetraethyloxysilane (TEOS),
methyltriethoxysilane (MTEOS) and/or an organic-inorganic hybride material can be used. Thé

layer can be baked at a temperature between about 150°C and 450°C.

[0022] The low-k dielectric goes through processing that causes the density of a top portioﬁ of
the layer to be higher than the remaining portion. This phenomenon is shown in Figure 1 By the
dashed lined portion 106 and in the graph of Figure 3. Referring now to Figure; 3, the density of
the layer 104 is shown as a function of the depth from upper surface 108 down to underlying

layer 102. As shown in the graph, the top portion 106 has a higher density than the remainder of
- the layer 104.

[0023] In the preferred embodiment, a plasma cure was performed on the low-k dielectric layer

104 after deposition. In the preferred embodiment, the plasma cure step is performed in the
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presence of an N21H2 gas. The power could be set to a | evel between about

50 Wand about 3000 W (preferably about 2000 W, the pressure set to

- between about 1 torn and about 7 ton (preferably about 4 torr)ggﬁpggghe
tenperature set to between about 30C and about 450C. The time wll depend

upon the thickness of the layer 104 and is typically in the range of

bet ween about 10 sec. and about 600 see. A side effect of the cure is to

i ncrease the density at the top portion 106. [0024] Generally, the

dielectric constant of a material will increase as the density increases.

This fpesercanf beN II@Eb O AR ' Y S ielectric

constant so that agmﬁg%i air ?ﬁe ing?%ﬁﬁﬁﬂ?%ﬁ?ﬂémﬁ%%%gﬁawﬁ¥taé&%- Prg 3000

density ' the .effective dielectric constant of

t he natgfpgﬁgﬁ%gﬁﬁggtﬁ%%ﬁﬁﬁﬁngﬁg%FFégﬁP%ﬁgwﬁ%@V%“ﬂéﬁFéP@P@@ﬁﬂﬁ@Iconstant

I's desi s.dieJectrics for interconnects, one goal is to |ower

the eff @%ﬁglyﬁs“éﬁg‘é ?Wc & fopeTaiirg 39é to kahweanebbuly3)°C 4nd@PGHt 450801 Th

shows the pqtion of sem conductor device 100 after the top portion 106 has

been r e‘i‘r’ﬁ\?g‘ﬂﬁ dependiipan therthickgessefahe laper dmni isypibally the Yhrpk offb@RGE T i C

| ayer #gfungnOMI uniformand the effective dielectric constant is |ower

t han t heho sdveandabent 600 e8! (Aoside effbct D e @re 1L 85;

enbodi ment, the density of layer 104 is befaggﬁgg gﬁ%s%- ‘%ﬁ%ggggﬁﬁq&.s

(pref erpdatipn 8apUut 1.0). More inportantly, the dielectric constant is

preferably bel ow about 3.0, typically between about 1.5 and about 3.0

(e.g., about 2.0). [0026] The top portion 106 of dielectric layer 104 can

be remdd@f! | Genpmsliyotheati¢lestrje constiurt of afmatevy will Hefdasad ﬁlé’d@ﬁsitér']ﬁé@as@@yﬁﬁw N

~be described as exanpl es. For exanple, the top portion 106 an be et c¢hed

| auay u sipan bElunderstoed by BomidYrHg i IS 230wl fechRE Gkt SXATPLS ok hE ;1 OP
portion

included in the material (e.g., the density of the material goes down) the effective dielectric

cqnstant of the material will go down. In applications where low dielectric constant is desirable,

such as dielectrics for interconnects, one goal is to lower the effective dielectric constant of the

entire layer.

[9025] Figure 2 shows the portion of semiconductor device 100 after the top portion 106 has

| been removed. As shown in Figure 4, the density of the low-k dielectric layer 104 is now
uniform and the effective dielectric constant is lower than that of the layer illustrated in Figure
106. Inthe preferred embodiment, the density of layer 104 is between about 0.5 and about 1.5
(preferably about 1.0). More importantly, the dielectric constant is preferably beiow about 3.0,

typically between about 1.5 and about 3.0 (e.g., about 2.0).

[0026] The top portion 106 of dielectric layer 104 can be removed in any of a large number of
ways. Justa few of these ways will be described as exaxﬁples. For example, the top portion 106
can be etched away using a fluorine-containing gas. As a more specific example, the top portion

106 could be etched using a ﬂuorine—containimg gas at a temperature between roon'1 temperatdre :
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106 coul d be etched using a fluorine-containing gas at a tenperature
bet ween room t enperature TSMC-2002-0376 - 6 OCT 2005 8 (e.g., about 25QC

- and high tenperature (e.g., about 400C), a power of about 200 _Vﬁ{ @nﬂ]%\
pressure of about 4 ton. [0027] As another exanple, the top por 9 n Q 6
~could be renoved by a chem cal nechanical polish (CMP), e.g., using an
oxide slurry. In other exanples, the lager 106 is renoved by wet' chem cal
etch, with in situ BF vapor, or by physical nmethods such as argon .
sputte%g. h%qg% rreég;);s are al so possible. [0028] In the preferred
enbodi g,a ‘Bkakd Bighl temperature /L) a¥Ad 4000 4 N, 106) is
deposited to a thickness of 100 nmezﬁd 'abog'gwq%gbyg?ﬁ&(&g%g?g%%@’% out 500
nm . Therdshire khgtsmt 9torf.he portion to be renoved shoul d be enough to nake
the density profile substantially uniform (see Figure 4) and al so naintain
the structural and isolation objective of the layer. Typically, between

about 5%P3fdAsBBetheDeRRsply; tedop pbsticabiNgtcotRPPe RinobEEby A¥EEmithl thediani-gMOVved.

For exanple, in a preferred enbodi nent, the top portion 106 Is between

o b o gt s g 00 b o

Referring now to Figures 5-8, a nore specific exanp
utili zechenticule wath it Bi& BE | .on Wil 1. be_described. In
particul ar, asf)uélfs:t s of the g?gégég#f}yﬁﬁésc Fsthods suqheas asgan spuftering. (Riber

processpk Moaishd dual damascene copper netalization wth low -k
I nt er-met g@aﬁ nsua? gﬁiﬁgsrllﬁgThi s enbodi nent describes just one exanple. Mny

ot her' '
[0028] In the preferred embodiment, the low-k dielectric layer 104 (including top portion 106) is

deposited to a thickness of 100 nm and about 700 nm (preferably about 500 nm). The thickness
of the portion to be removed should be enough to make the density profile substantially uniform
(see Figure 4) and also maintain the structural and isolation objective of the layer. Typically,
between about 5% and about 25% (preferably about 15%) of the Jayer will be removed. For

example, in a preferred embodiment, the top portion 106 is between about 10 nm and about 150

nm (preferably about 80 nm) thick,

[0028] Referring now to Figures 5-8, a more specific example of a process that can utilize
concepts of the present invention will be described. In particuiar, aspects of the present
invention can be used with a CMOS process that utilizes dual damascene copper metaliéation
with low-k inter-metal insulation, This embodiment describes just one example. Many other

processes could also utilize the present invention,

[0030] Referp'ng first to Figure 5, a semiconductor region 200 is providéd. Semiconductor
;egion 200 typically comprises a lightly doped monocrystalline silicon layer. For example, the
semiconductor region 200 can comprises a silicon substrate ora layer upon (e.g., an epitaxial
layer or an SOI (silicon on insulator) layer) or within (a well such as in a triple well structure) a

silicon substrate.
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processes could also utilize the present invention. [0030] Referring first

to Figure 5, a sem conductor region 200 is provided. Sem conductor region

- 200 typically conprises a lightly doped nonocrystalline siliedr)CTagtr. For

exanpl e, the sem conductor region 200 can conprises a silicon substrate or

~r-a layer upon (e.g., an epitaxial layer or an SO (silicon on insulator)
| ayer) or within (a well such as in a tgi ple well structure) a silicon
substrate. TS M C-2002-037.6 - 6 OCT 2005 9 [0031] Since a CMOS pracess is

bei ng described, two transistors are illustrated. N-channel MOS transistor

210 i's P63 tedintnaMOSguoeass YeinideS o tnaibntiion P IRRARAE NRnnel
transistor 220 is forned in an n-well 202. This configuration assumnes that

the senMORGAGas: 2104s Mimédth hRSmhh! %o ARRBH Pl S0 2Rscr MO8 RNt Pe

region 200 is utilized then the n-channe

in the g@% 1t i ssible that both transistors 210 and 220 are
f or med 2]ﬁjnﬂsvt\‘/e drlétéllllglr%gai ?@Og‘%’s ﬁgvdf%f@ogfas%wwaé%ﬁmm@tpmmoo

especi al Iﬁv} Bgﬁyu% ia smal | sized technol ogies. For exanple, the integrated
circui t VEhA cYRGE ST BI9Rs HAngr-type regioma00 Etitiacd then flenmvelthnusli tngsidtot 300 OF

90 urn technol ogy or even snmaller. In these cases, the transistor channel

| engt hsWpd badermaqdtin theowelh202. ot ist diso posaidid ot trihsidiord ® 10 BA 2 (kb Idlpend
90 run or less, respectively. It is expected that the present iInvention

wi | | alisovdleregioaful at smaller dinensions, e.g., for a physical gate length
of 45 nmor |ess.

[0032] Aspects of tﬁe presenf invention are especially useful in small sized technologies. For
example, the integrated circuit that includes transistors 210 and 220 can be formed using 0.13pm
or 90 nm technology or even smaller. In these cases, the transistor channel lengths (of most if
not all of the transistors) will be about 0.13u and 90 nm or less, respectively. It is expected that

the present invention will also be useful at smaller dimensions, e.g., for a physical gate length of

45 nm or less.

[0033] N-channel transistor 210 is isolated from p—cMel transistor by a shallow trench
isolation (STY) region 204. The STI region 204 is formed from a trench about 2500 to about
4000 A deep in a 6000 A layer. The trench is filled with an insulator, such as silicon dioxide, as
an example. A more heavily doped semiconductor region 206 can optionally be formed to |

provide further isolation. Alternatively, other isolation, such as field isolation, can be utilized.

[0034] To form transistor 210 (220), a gate dielectric layer 212/222 and a gate layer 214/224 are
formed. In the preferred embodiment, a single the gate dielectric layer and a single gate layer are
used for both transistors 210 and 220. Either of these layers can be a compound layer. For

example, gate layer 214/224 might comprise a polysilicon layer and a’silicide layer. -

[0035] The gate layer 214/224 can then be etched to form gates 214 and 224. A 'lightly doped

implant is then formed f01t each transistor region. Resist can be used to protect the region that is
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[0033] N-channel transistor 210 is isolated fromp-channel transistor by a
shall ow trench isolation (STI) region 204. The STI region 204 is forned

- froma trench about 2500 to about 4000 A deep in a 6000 A‘%%izﬁﬂ The
trench is filled with an insulator, such as silicon dioxide, @n

. exanmpl-e. A nore heavily doped sem conductor region 206 can optionally be
formed to provide further isolation. AMgernatively, other isolation, such
as field isolation, can be utilized. [0034] To formtransistor 210.(220), a
gate dielectric layer 212/222 and a gate |ayer 214/224 are fornmed. In the

preferr &g%gﬁ Nt i.ngl e te dielectric layer and a single gate
| ayer arﬁgit us or ggite%aﬁ F%%gfssilg’f@%% aé?]ﬁ”?f@".m@i qvaeboth gateh Edlowledpar s can
be a 'co nd..l ayer.. For exanple, gate |ayer 214/224 m ght conprise a

pol ysi | Fg’g‘??ﬁ"‘faé{%%x ?f,‘fdmép?agq foE peph trapgistor. [TESSimpLines, padferablyeing2d¢bh 22 dtan

t hen be gcg‘;g tfo formbgatleg 214 and 224. A lightly doped inplant is then
for med PeAspheres fanthemichanme @itecemd Hegsn fir tE@p-cheneb &HideO s egi on
that is TS M C2002-0376 - 6 OCT 2005 10 not being doéea.&%ﬁﬁgg\&auﬁé@%gncers

216 andregis i & ahd228 dHtheednt . mor e .heavij | oped
i npl ants for each transistor. %e{lgtﬁhgp@?g’ﬁ%gé&%?%%ggg%a Aeiwy 8?%@?\%%5% P

and/ or to3hreeeitRE HsbidiPthat RS0t 5S8 |, device and boron for the p-channel

devi ce, oggrmthekigtl)urce/ldrﬁgﬁle g%’%gns 218 and 228 of the transistors 210

and 220, respectively. Once again, resist can be-used to protect the

region 00 Adiiclontrib biyncp 0cip éstmdQ80Thocdice! Aty ditteliB ByelSichfly LI
n |

over the device. This dielectric layer typically conprises ST

as si | i apoxids suchde siticod dRRBGr 4 RPSd BHEIRR R IRSPASSHLAS A8 BhESS, (PSO o

borophosphosilicate glass (BPSG). Vias are formed in the dielectric layer 230 and filled with
conductive material to form contacts (or plugs) 232. As an example, the conductive material
could be tungsten. Two contacts 232 are illustrated as being connected to two arbitfan'ly chosen
regions. It is understood that more (or fewer) contacts could bc;,. used and could contact

whichever regions the particular design requires.

[0037] Referring now to Figure 6, an étch-stop layer 234 is formed over the insulating layer 230
and contacts 232. Silicon nitride (e.g., Si3N4) or silicon carbide (SiC) may be used as this etch
stop layer 234 to improve adhesion with the overiying inter metal dielectric layer 236. In one-

example, the etch stop layer 234 is deposited to a thickness of between about 10 nm and about

60 nm, and preferably about 50 nm.

[0038] A low-k dielectric layer 236 can now be deposited over the etch stop layer-234 to a
thickness of l?etween about 200 nm and about 800 nm, preferably about 500 nm. This layer 234
corresponds to the layer 104 discussed above with respect to Figures 1-4. As discussed above,

this layer can be plasma cured resulting in a top portion 238, which has a higher dielectric

- constant than the remaining portion of the layer.
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bor ophosphosilicate glass (BPSG. Vias are fornmed in the dielectric |ayer
230 and filled with conductive material to formcontacts (or plugs) 232.

- As an exanple, the conductive material could be tungsten. Two cont acts 232
are illustrated as being connected to two arbitrarily chogiﬂ 2@gg| ons.

I s understood that nore (or fewer) contacts could be used B uld cont act
whi chever regions the particular desigmtequires. [0037] Referring nowto
Figure 6, an etch stop Iayer 234 is forned over the insulating |ayer 230
and con@%& %} con ride. (e, Si3N4) or silicon carbide (SiQC
may be 288 uﬂpgya?m?e,@%és Tomsved Somdthe simrining tieldchsc
overlying |nter netal dlelectrlc | ayer 236. In one exanple, the etch stop
| ayer 2W8¥er 2364 Iythsiprefgrred embedimekh duslopik elevtrincombiant cobtbrizes SINDRRMILas 60
nm and preferably about 50 nm [0038] A lowk dielectric |layer 236 can now

be depossubsaniatiyrunifoemetenkityss iR twesneibodfd 8 tadd abodthi A Pg@d% about
200 nm and about 800 nm preferably about 500 n?n Thi Seﬁgygémgg& ¢

cor r espiisie abeut 81T TraESublidn HoViAasBEv R e Lo, Fpures 1.
As di scussed above, this |ayér can ggvp as?eswgﬁg‘%ggyg%{ﬁt%drﬂgaﬂp esahe%ﬁs
portio | . N ctric _constant than the renaining
portlonnwofﬁldhg}ltgé;%a?@%{%ﬁ@l%%&m% r@’%ﬁ 2005 11 [0039] As shown in
Figure 7, this upper portion 238 is renoved fromthe renaining dielectric

| ayer 28640} IReferiagpoaf o Fgde @nb@@zil'ﬁﬂﬁascehgﬁtlf‘t@%ﬂ% {jétﬁicﬁﬁé fsfsﬁ%vg{x\,\z'éant

corrprl ses Si COH and has a substanti al | y unitorm densi fi about

ah@llﬂ&&ﬁ%n bt BiPfhoctrd lRIERL HVS o SRRS! 2 tines 23 8, although it is understood that
other configurations can be used. While a dual damascene process is illustrated, it should be

understood that other processes such as single damascene or contact via formation techniques (as

shown for contacts 232) could be used.

[0041] In the dual damascene process, trenches are formed within the dielectric layer 236 and
contact holes are formed with the trenches to contact selected portions beneath the dielectric
layer 236. The trenches and contact vias can then be filled with a metal, preferably. copper.
Further details on dual damascene processes that include low-k dielectric layers can be found in
the following patents, each of which is incorporated herein by reference — U.S. Patent No.
6,342,448 entitled "Method of fabricatiﬁg barrier adhesion to low-k dielectric layers in a copper
damascene process," U.S. Patent No. 6,319,809 entitled "Method to reduce via poison in low-k

Cu dual damascene by UV-treatment," and U.S. Patent No. 6,211,061 entitled "Dual damascene

process for carbon-based low-K materials."

[0042] Mcre than one layer of metalization can be included. Figure 9 is provided to illustrate
* this fact. In this dcvice three levels of metal 238, 238" and 238" are shown. While the illustrated
embodiment shows three layers, it is understood that a semiconductor device of the preferred

embodiment could include more (or fewer) than three layers of metalization. For example, 2
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bel ow about 3.0. The di scussion provided above with respect to Figures 2
and 4 applies here as well and, for the sake of sinplicity, wll not be

- repeated. [0040] Referring nowto Figure 8, a dual damascene interconnect
structure is showmn. The illustration of this structure rfcl(lidgs two
contacts and lines 238, although it is understood that other
configurations can be used. Wile a dugl, damascene process is illustrated,
it should be understood that other processes such as single damascene or
contact via formation techniques (as shown for contacts 232) could be

el et ayor 536 ana R R E3 ¥ RIEEROT uel BRI e St MRb e [0

dielectric layer 236 and confact holes are

cont actoo Rl IR LA sl dielectric layer 236. The trenches
and contact Vi as chn . ggﬁegt%ﬂ?eﬁﬁsfgﬁe‘%‘?ﬁ a netal, preferably copper.
Further details on dual damascene processes that include low -k dielectric

| ayer s [omia] bdtHongh thei presehbimvERdrOMdS RRLAS ha88 65 Oc{egc‘ﬁ\gﬂegzgidétﬁ& it shonld

|ncorporated herein by reference - U S. Pa nt No.

bard

" Met hog, qﬁldé@(l%ﬂ%ttg,&go vv-k di el ectr ayers in a
copper “damascene pr oceds%s %F’S&%g%?lh ra§’f§s g enp e’tl'llf'é8‘¥1 dto
reduce damascene by UV-treatnent,"” and U. S.
Pat ent %Bﬁngé) 5%%%% P Délﬁ i“ilff?%’ac og)g%?l inyeRten as Aefingdrbyctbe eppended eleisem- based
| ow- K nat eri al [0042] More than one | ayer of netalization can be
i ncl udeereRy ES@PPF§f sratiappicationismotintendeliits bé Halited torthie pastictbi ce
t hree IeveI s of netal 238 ~ 238" and 238" are shown. Wiile the. illustrated

embodi wethodistenigsofithe proctsaymaterialst andssteRdREIRAGN HRApeAfSAENC QYR QT devi ce
of the preferred enbodinent could include nore (or fewer) than three

| ayer s oodinargskill indld bwill eadBy appteSiatedromihe &996s 034 e present invention,

processes, matcrialé, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corrcsponding.
embodiments described herein may be utilized according tq ﬁe present invention. Accordingly,
tbe appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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- 6 OCT 2005 12 chip mght include five to eight layers or nore in 0.13 pm
technol ogy. Each of these |ayers could be processed using the steps
descri bed here. [0043] Although the present invention and its advantages
have been described in detail, it should be understood that various
changes, substitutions and alterations can be nade herein w thout
departing fromthe spirit and scope of the invention as ddéfi(ieggby the
appended cl ai ns. Mreover, the scope of the present application is not
intended to be limted to the particukgr enbodi nents of the process,
materials, and steps described in the Specification. As one of ordinary
skill inthe art will readily appreciate fromthe disclosure of the present
i nvent, .materials, or steps, presently existing or later to
be de&%ﬁ%ﬁgggﬁgﬁggé§3§forn1 substantially the same function or achieve
substantially the same result as the correspondi ng enbodi nents descri bed
herein may be utilized according to the present invention. Accordingly,

t he appendéduethad i fosming hscapeenfluelor dewipe dee mpthpd gompdsing'scope such

processes, eyl fa6t yr e, sitions of matter, nmeans, nethods,
or steps. Eﬁ@é %’8’25%%@&%?%1&@%@ 13 WHAT IS CLAIMED 1S: 1. A net hod
of form ngpafaaithg o pliseheuredeithe ayet bloWelk betbcaRM4tesalngid formi ng a | ayer

of lowk dielectric materjal; . .
after performing the plasma cure, removing an unpatterned top portion of the layer of

low-k dielectric material.

2. The method of claim 1 wherein the low-k dielectric material comprises SiCOH.

3. The method of claim 1 wherein the low-k dielectric material is formed by chemical vapof
deposition.

4. The method of claim 1 wherein the low-k dielectric material is formed by spin-on
deposition.

5. The method of claim 1 wherein forming a layer of low-k dielectric material comprises

forming a layer having a thickness between about 100 nm and about 800 nm.

6. The method of claim 5 wherein removing a top portion comprises removing between

about 10 nm and about 150 nm of the material.

7. The method of claim 1 wherein removing a top portion of the layer of low-k dielectric

material comprises removing between about 5% and about 25% of the layer.




performng a plasma cure on the layer of lowk dielectric material; and
after performng the plasma cure, renoving an unpatterned top portion of

- the layer of lowk dielectric material. 2. The nethod of claim1 wherein

the lowk dielectric material conprises SiCOH 3. The msthog\}liﬁg ﬁd aim1l
wherein the lowk dielectric material is forned by chem cal dhls
deposition. 4. The nethod of claim1l whgfein the lowk dielectric materi al
is formed by spin-on deposition. 5. The nmethod of claim 1 wherein.formng
a layer of lowk dielectric material conprises formng a |ayer having a

t hi ckness between about 100 nm and about 800 nm 6. The nethod of claim5
wherein renoving a top portion conprises renoving between about 10 nm and

about 180 nrTlefméthed 6B¢1&i alwhefein TERVBREROSh mrtr%galil gé:?gﬁ}semﬁﬁﬁ{gr}hé nggﬁ\%‘i)g o

top portion of the layer of |lowk dielecCtric conpriTses i ng
bet weenjoabpdfeleef@caidleiout 25% of the layer. - 6 OCT 2005 14 The nethod of
claim1 wherein renoving a top portion conprises etching the layer of |owKk
dielectric material. 9. The nethod of claim8 wherein etching conprises
etching using a gas containing fluorine. 10. The nmethod of claim 1l wherein

renoving a tQp portion conprises performng a chem cal -
& ’ﬁle met{xod of claunng wherein etching comprises etching using a gas containing

fluorine,

10.  The method of claim 1 wherein removing a top portion comprises performing a chemical-

mechanical polish on the layer of low-k dielectric material.

11.  The method of claim 1 wherein removing-a top portion comprises performing a wet

chemical etch on the layer of Iow-k dielectric material.

12. The method of claim 1 wherein removing a top portion comprises etching the layer of

low-k dielectric material using an in sita HF vapor etch.

13.  The method of claim 1 wherein removing a top portion comprises etching the layer of

low-k dielectric material using an ai‘gon sputter procedure.

14. The method of qlaim 1 wherein performing a plasma cure comprises setting a plasma
power to between about 50 W and about 3000 W, setting a pressure to between about 1 torr and

about 7 torr, and exposing the layer to an No/H, gas.
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mechani cal polish on the layer of low -k dielectric material. 11. The

met hod of claim1 wherein renoving-a top portion conprises performng a wet
- chemical etch on the layer of lowk dielectric material. 12. The nethod of
claim1 wherein renmoving a top portion conprises etching thé WCAY#H of

|l ow-k dielectric material using an in situ HF vapor etch. 13. The net hod of
claim1 wherein renoving a top portion 1@rrpri ses etching the [ayer of |ow
-k dielectric material using an argon sputter procedure. 14. The net hod of
claim-|_wherein rformng a plasma.cure conprises setting a plasma power
to bet wi@n aﬁdﬂ?thggo{@%@gﬁéﬁﬂc%@%@v@e@% thermethodeeymsing:t 0 bet ween about
1 torr and about 7 ton, and exposing the layer to an N2/ H2 gas.

' TSMC- 2002- 0Rm@ing aploetity?@lifantBtord fn a fenmesiindiopfegio AifRg 2RO (RO
device, the nethod conprising: formng a plurality of transistors in a

seni condfizdmsistoreginytisieg: ﬁicn@ﬁlegms)umsistt&@aﬂa%&gh& ougfof%ﬁeaé]lﬁxiaﬁ 3
ond g of 't

conpri sing n-channel MOS transistors and a sec ou e plfurality of

transi s{;fssid® "§g;,r,?]€_gh%¢]ﬁppgks %i&&%’nsi stors; formng an insulating
y Si

| ayer over -the plural stors;’ formng a lowk dielectric

material oveg _the insulati | ayer | gsma _curing the lowk dielectric

mat eri al ; remgfnﬁ M%QISﬁebtpePﬁﬁﬁP%\ﬁfW@r&tri c material;
forming a low-k dielectric material over the insulating layer;

d

plasma curing the low-k dielectric material;
removing a top portion of the low-k dielectric material;
etching a trench within the low-k dielectric material; and

filling the trench with a conductive material.

16.  The method of claim 15 and further comprising forming an etch stop layer over the

insulating layer, the low-k dielectric layer being formed over the etch stop layer.

17.  The method of claim 16 wherein the etch stop layer comprises a layer formed from a

material selected from the group consisting of silicon nitride and silicon carbide.
18.  The method of claim 15 wherein the low-k dielectric material comprises SiICOH.

19.  The method of claim 15 wherein the conductive material comprises copper.
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etching a trench within the lowk dielectric material; and filling the
trench wth a conductive material. 16. The nethod of claim 15 and further
conprising formng an etch stop |ayer over the insulating |ayer, the |ow
-k dielectric |ayer being formed over the etch stop Iayer._@@fT met hod
of claim 16 wherein the etch stop |ayer conprises a |ayer forne roma
materi al selected fromthe group consiglging of silicon nitride and silicon
carbide. 18. The nethod of claim 15 wherein the lowk dielectric materi al
conprises SiCOH 19. The nethod of claim 15 wherein the conductive nmateri al

conpri s2& co@pﬁfﬁeoﬂ’%@@@%&%&ﬁ 6. OCT 2005 16 20. A seniconductor device
conprising: a plurality of PP aRs| stors, each transistor having a

channel |en : r_|ess, an oxide |ayer overlying the plurality of
transi st or S%%@P%@?ﬁwﬁc’r i 36D trARsigen heaingaychanneliength GOH 0 @y oF

havi ng dielectric constant |ess than about 3; a copper conductor

di sposed Within a trench in the SiCOH | ayer; and a plurality of contacts
extendi ng through the SiCOH | ayer and the oxide |ayer to connect selected

ones of the a&l“&%@llﬁl’ey0®¢rlmm1etp1maﬁbséﬂfa§,sf§{0}g1 t he copper conductor. 21.
The device of claim20 wherein the SiCOH | ayer has a dielectric constant

be.‘t ween abowtSiCOH layer overlying the oxide layer, the SiCOH layer having a dielectric constant
Iess than about 3;
a copper conductor disposed within a trench in the SiCOH layer; and

a plurality of contacts extending through the SiCOH layer and the oxide layer to connect

_selected ones of the plurality of CMOS transistors with the copper conductor.,

21.  The device of claim 20 wherein the SiCOH layer has a dielectric constant between about

1.5 and about 3.0.

22.  The device of claim 21 wherein the SiCOH layer has a dielectric constant of about 2;0.

23.  The device of claim 20 wherein the SiCOH layer has a substantially uniform density.

24.  Thedevice of claim 20 and further comprising a second SiCOH layer overlying the

SiCOH layer, the second SiCOH layer having a dielectric constant less than about 3.

25, The device of claim 24 wherein the second SiCOH layer has a substantially uniform
density.
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1.5 and about 3.0. 22. The device of claim21 wherein the SiCOH | ayer has a

di el ectric constant of about 2.0. 23. The device of claim20 wherein the

. SiCOH layer has a substantially uniformdensity. 24. The deyjge f cl aim 20
and further conprising a second Si COH | ayer overlying the Si ayer, the

second Si COH | ayer having a dielectric constant |ess than about 3. 25, The

device of claim 24 wherein the second S | ayer has a substantially

uni form density. TSMC-2002-0376 - 6 2005 17 26. The device of claim

24 and fyrth onprising a copper conductor disposed within a trench in

t he sec 3Hd Si Y155 @k claipn24 qlﬁgg’&éﬂ eunprising acopp2tcoaddctbudisfasd ey Si ng:

athird SICOH | ayer overlying the SiCOH | ayer, wherein the third Si COH

| ayer h&sngh indbpsacand SiKION layei.f or m density and a diel ectric constant of

| ess than about 3; and a copper conductor disposed within a trench in the

third Si COH | ayer. TSMC-2002- 0376 -

27.  The device of claim 26 and further comprising:

a third SiCOH layer overlying the SiCOH layer, wherein the third SiCOH layer has a
substantially uniform density and a dielectric constant of less than about 3; and

a copper conductor disposed within a trench in the third SiCOH layer.
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