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 conductor devices, and
nore particularly to a nethod of form Hg a sem conductor device with
a substantially uniformdensity | owk ielectric [ayer. BACKGROUND
[0002] Mpdem advances is sem conductor technology have led to snall er

;sfi;g;eazwgﬁle(ﬁfslldgns shrlgnf is the caépacﬁ?%ﬁgg &ggt%\syhig%?éﬁbﬂ%morm
conductors in a device. As])aqlglyy @;lggmgrl ence hi gher

parasitic capacitances, the conduct or's ten e nore slowy

t hereby decreasing the peak speeds at which the chip can operate. In
addi ti O?ﬁwﬁﬁ | e that adjacent conductors can interfere with
one anot her roug foss tal k. [00031 One technique that has been
used to speed up the peak frequency of sem conductor devices is to
use conductive materials that have |lower resistivity. For exanple, a
copper conductor will have a |lower resistance than a simlar -

georret r PO@l ukhapreset inventian relaftrezdneml to ERSicoh ARGR dEQi'EQ%I %{5‘85{1 ‘Q‘g\barﬁcularly

| ower the RC time constant for swtching on the Iines
t echni gteea methbé e forinkgs spﬁzlbﬁééﬂduﬁt L oner
dielectric constant (low mat g?lagﬁ égv?ﬂ,%ﬁsgb?tﬂgtﬂﬁ tuf}& B’éfiﬁ%wlow'k
mat er i adiglectdicllhyepn di oxi de has a dielectric constant of about

BACKGROUND

[0002] Modern advances is semiconductor techinology 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 indiYiduai 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 example,' 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.

[0004] A technique to lower the parasitic capacitance is the use of lower dielectric constant (low-
k) mateﬁﬂs as the insulator between materials. Silicon dioxide has a dielectric constant of about
4. Materials such as SILK™ avajlable from Dow Chemical or FLARE™ available from
Honeywell have a lower dlelectnc constant that silicon dioxide and have been used in these
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4. Materials such as SILKTM avail abl e from Dow Chem cal or FLARETM
avai | abl e from Honeywel | have a |ower dielectric constant that
silicon dioxide and have been used in these TSMC-2002- 0376 2
applications. Qher lowk materials incbude Black D amond (BD) from
Applied Materials and LKD (low k dielectric) fromJSR Mcro, Inc. .
SUMVARY OZIP;‘HE IgvthEN{I ON [ 0005] In several aspects, the present

i nvent i Eplicdions e Othey lowik meatesals andudbeNiasle Difiadnd UESS

dielectric insulator. In the preferred enbodi manqtmj)a I ov%l?hg?gf ¢ alsand
mat er i aLKDslatekdisléctdc) ffdth ISRMRED he.i S then cured using a plasma
cure step. The cure process causes the density of the top layer to
be i ncreased. The hi gher density portion, however, also has a higher
dielectric constant. As a result, renoving this hi gher density
portion can reduce the dielectric constant of the |ayer. This |eads-
to a | oWEMMABEOF THE BOVIENTIONof the bulk film [0006] In a first
enbodi nent, a layer of low -k dielectric materi al |s formed. This

| ayer c[amnsbdnaevéﬁhl%édt@ﬂ% £ Q! Fﬁﬂenﬁ%[ re asrraaecplf c %g;r Calt};}%tggglﬁdesa

deposition or by spin on dep03|t|on
the | aygty-10diel it r After erform ng the plasm
cure, a top Sgreﬁcolﬁs‘ﬂ 8% %%érgfar@ q“%‘ﬁ-dp‘?ﬂte‘f love-kdicleptrie matgrial is deposited.

renove nore speci fic enbodi nent, the present invention
has apgﬁvh‘g 191?%8%1 ]iS?ih H)@“HE §ma°HG§§QPbI§hetmmoccqspeuseslﬁm&EQﬁ@eof the
|nterconn cts. .In this exanple, a number of CMOS transistors are

f or med PR ayertohednergsed o he bi elnde(nsﬁgportmnbhdwaieg ,als8@aslad¥@er dR¥Mectric
other). An insulating | ayer,
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 canbe a
SiCOH layer formed, for example, by chemical vapor deposition or by spin on deposition. A
plasma cure is performed on the Iayer 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 embodim‘anﬁ 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 interconnect, 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 plurality of CMOS transistors.
An oxide layer overlies the plurality of transistors and a low-K dielectric layer, such as a SICOH
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such as silicon dioxide, is formed over the transistors. A |lowKk
dielectric material can then be fornmed over the insulating |ayer and

pl asma cured. A top portion of the lowk dielectric material is then
removed. To formthe interconnect, a trench is formed within the |ow
-k dielectric material and filled with a conductive material, e.qg.,.
copper. [0008] A preferred enbodi ment sem conductor device includes a
pl ur al i {ayew pvakissiheraids Isyar The lAnkaxje Gial BYRBstAVBNY hﬁ?ogﬁ%ﬂ%}l"{)ﬁge't\;v en

of transistors and a lowK dielectric layer, such as a

TSMC- 208bu)8.56:nd dbawer.5 a8 & flel@&id ' The lowk layer has
a substantially uniformdensity ofé}%g%/{e%%rlbg%%%’%%ogﬂﬁ%é toryis gisposed

and a dighRd tdde tiant below.3. 0. A copper conductor is

di sposed Wi t hi nhg’??’r%el?{g’?}Ki 24 C?YEI%CPT‘ 85&-’%‘%}’%78?‘1‘%%@@&6&51 thraghithe BICOH layer
cont act hrough the SICOH | ayer and the oxide |layer to

connect Eqsdgqﬁ&e §?‘(§8 tl%}'r? e gog%‘?mf'ﬁéa@’fﬁ opesfdhe CHMQS wansistotsevitiothp eopper conductor.

conductor. [0009] An advantage of preferred enbodi nents of the

pr esent [0009] eAh ia@antSoet 1t 1 ielectric constant of an.
interlevel dielect rt?gg c{f%%rﬂgdaﬁﬁ%e rg%tgc?g *© FFREThiny oD 15 &4@1"&@’%‘@

si npl e st IL.Le any. proprietary process steps or any

addi ti o%g\@ °%§§E| ng t of ol fiebdfovef #%881%&%} catrbgreduged - DErsocespiv Elatively
DESCRI PT] OE THE DRAW . NGS [ 0010] For a nore conpl et e understandi ng
of the Pre CR dops RotTPHIe A Premctay prevesysepst dreny afditional masking or other

lithography.
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reference is now made to the follow ng descriptions taken in
conjunction wth the acconpanying. drawing, in which: [0011] Figures
1 and 2 provide sinplified cross-section views illustrating a
preferred enbodi nent process; [0012] Figure 3 shows a density profile
of alowk dielectric layer after plasma cure; [0013] Figure 4 shows
a density profile of the layer of Figure 3 after a top portion of the
| ayer is renpved, and [0014] Figures 5-9 provide cross-sectional
views of a nore specific process that utilizes aspects of the
pr esent pi ko -2002- 0376 _5_ DETAI LED DESCRI PTI ON OF
ILLUSTRR%BEFA%MLI JESI?&*‘?‘%@N@% ng and using of the presently
prefer r@ﬁg}gn{podi ments are discussed in -detail below It should be
appr eci HovBoErcompinte undrsstanding of thierpreseht imvettody hitbthe ABVBhtages thereof,
appl i ca%lfe ir)ventiv?1 concepts that can be enbodied in a wide variety ’
ior I 32??&?@2‘@??52% f?-(t:]&l\:ggs togcnifie and %gﬁ?%gdl nve%tﬁi%(%ﬁlrtﬁe gﬁd’gﬁlg\énymg_
not | i ndawidgginswhipk: of the invention. [0016] The present invention
will be described with respect to preferred enbodinents in a
specific cog%,ext, nanmely a sem conductor device utilizing a plasm
cured dP&Yikcltigves | 49e2 pravide simplidied icoss seotical viewbRIns@atgabreRRaugver ,
to other situations. For exanple, the density issues

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 a more speéiﬁc process that utilizes aspects

of the present invention.
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di scussed bel ow (see e.g., Figures 3 and 4 and related text) can al so
occur fromother processes such at thermal processing. [0017]
Figures 1 and 2 show 'a sinplified exanple of a first enbodi nent.
Figures 5-8 are. provided for the purpeses of illustration and show
a nore specific enbodinment. [00181 Figure 1 illustrates a smal
portion of a sem conductor device 100. An underlying |layer 102" is

Dr OVi de@EmrﬂneDﬁsmmNmbmwmmmmﬁk»mﬁbﬁx’lﬁ&fss an etch stop
| ayer forned, for exanple, -froma material such as silicon nitride

Lg., ®o3 irdgi | ' howeyer, that,
oy 1 e e R ey D e S P nen G S hseada e

| ayer 1 i i | duct or ., Silicon); a conductor
(&g, elow TEHAICNE RO A Hhhl presphidarenton prossdmmmt applicable

[0019] L k_dielectric | ayer 104 js preferably hydrogenated oxidized
sili con%%%%encor‘?ﬁ?pg‘? {bﬁfcan(% %irm@dm%ﬁ(mypﬁspwiﬁc.comdxa The specific
mat erial s sych as_silicon-containing materials such as -anorphous

hydr oge FRPGmERtsidissHssed asi megely Hushative oBisEoiffi €8s (Sinticand uSOHR A 8on,
of these materials could alternatively be used. Layer 104 may

al t er natnd/&d yotdiomiptheseor dftthe lavealionrer TSMC- 2002- 0376 (e.g., an

organi ¢ polyner such as a polyimde, parylene, polyarylether,

or gano- si.l i.cane, ol ynapht hal ene, pol yqui noline, or copol ymners

t her eof gjbj'éin?g@a‘e% dpveniion willbe dessibest wils@spect ¢o prfsredenitidahéml & a
such as xerogels and others that include tenplated pores. In general,
a | ow kspegifisiceptext, aamely drendoynddiiet deticd wilisiida flastheb@ed ;ﬁ%ec g&ntThe
| ower than that of silicon dioxide. [0020] In typical enbodi nents, ’

t he | ownkemtiop mayt alscbd @iﬂfed,cl@d‘ivéi@r,ft@btﬁ%fisi&\éﬁsﬁk?T&%ka&{ﬁg,oﬁle 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 carbidé. Itis uﬁderstood,
however, that layer 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 [0019] Low-k dielectric layer 104 is preferably hydrogenated oxidized silicon éarbon material
(SiCOH) or compounds thereof. Other materials such as silicon-containing materials such as
amorphous hydrogenated silicon (a-Si:H), SiO;Ny, SiC, SiCO, SiCH and compounds of these
materials could alternative_ly beused. Layer 104 may alternatively comprise a low-k polymer
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deposition (CVD) or by spin on deposition (SOD). In the case of CVD,
a precursor such as tetranethyl silane (4M5), trinethyl silane
(3M5), octanethyl cyclotetrasil oxane (OMCTS),

t etraoxynet hyl cycl ot etrasi |l oxane (TOMCT®),  can be used with H2, 02,
N2, and/or He conbination gas. The flow rate could be between about
20 and about 2000 sccm and the deposition tinme between about 1 and

about 10e-2s et orgiejsqrdymer suoh the pbg"h%lg)é?ﬁa?yleﬁa%o%&gﬁ%ﬂrﬂg% §§%awo'ts'h icone,

typically be between about 150 an nm In-t

pr essur eolmapythilesd, pylyqiRboBRe out taorn .and the

t enper at ure tt))e't weenbaggut {%ng%gﬁ %lglgéfsqg%S@’ aﬁ%@gﬂﬁmalt ﬁ&’t&%@%MSG);
SCD, a py t hyl oxysi ] ane .( TEQS)

et byl ¢ B oS e AR Eob BN BV P bt e erplageshparemy brgedoral a ove-k
mat eri al 4. . sed. [The  .layer can be baked at a tenperature

bet ween & %E"i‘g%é‘g’é aé‘ﬁadlag‘é@ “%{%@Z@FIW copstant lower thar that ofjsilisort dibgidgh

processi ng that causes the density of a top portion of the layer to

be hi ghego2tih @yl efmB8BHRLA0 I hi henoyrepon ii.s shown in

Figure 1 by thte}&)dasﬁed |ing§’ %’%?{"?’olg&ilﬁgmgﬁﬁ%{ﬁm{ %ﬂ%y(ﬁhmcghva@or
3. Ref ergpi ek hqure 3, .the.densi of the layer 104 is shown
as a fu rc11 gft) c?&éhndﬁg?‘ﬁ[??e&&% SPRCPR 8?8%151&8%9% e the Tas of { ® pracumsot stichgs
| ayer 10Q2. hown | he graph, the top portion 106 has a hi gher

densi t y%ﬁ!’r‘?ﬁﬁa{yﬁ @?%nérﬁé%@nwhyl tHend @)E), adamethiegdbtetrasildxans (Gl @ITSd
enbodi nent, a plasma cure was perforned on the lowk dielectric |ayer

104 af t &gegeethylcyslotetrasitoxenpfROMOTS), canibe diss®rith Hfﬁ_,hez FN@?@&HE €
step is performed in the TSMC2002-0376 presence o an gas.
The poweembinatich grs. St floov fatd il bOBSWESTAENRP IS 2B N2 9HofDQut a9
deposition time between about 1 and about 100 sec. depending on the thickness. The thickness
- will typically be between about 150 and 180 am. 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 tetracthyloxysilane (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 portidn of
the layer to be higher than the Temaining portion. This phenomenon is shown in Figure 1 ‘by the
dashed lined portion 106 and in the graph of Figure 3. Referring now to Figuré 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 tl‘le preferred embodiment, the plasma cure step is performed in the
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W (preferably about 2000 W, the pressure set to between about 1 torr

and about 7 torn (preferably about 4 torr), and the tenperature set

to between about 30C and about 450C. The tinme w |l depend upon the

t hi ckness of the layer 104 and is typically in the range of between

about 10 sec. and about 600 sec. A side effect of the cure is to i

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

di el ect presem@nslaaN,/18f g, Tk Polval ci k e_densj ,
g 9o QU1 be OG5 §ASRT Btk alf%ésby[an%é@uémoo

i ncreases. This fact can be understood by considering

| ow di elvgghefesatlPassARN0 t hat r ir is .included in the

nat eri al ((ﬁg. g.a,l ?he dens???’g%%r%%u{gsteg@labﬂ%w%%@@o odcabept 2tort ve
di el ect fyth terial wll go, down. In applications
where | Sévlgf(?l ei ﬂe?@?% t§r0r @gm%@m@&w é‘ﬁlt‘éget“@%ﬁb%% 3a7@ hmxtabaut 456°GY. The

i nter connec@, one 1goa_l is.to lower the effective dielectric constant
of the &G W JeRY UPqube Hyickmess pleihe layho il ardeis pypidaligtin te range of between
sem cond}l)qu'%(%[rit devi geblo%égfter the top portion 106 has been renoved.

As showAPU 1fisge:ead about1600 dem sA sideatfether thowms isto i

is now uniformand the effective dielectric cons%ﬁtegsiestﬁﬁ%%ﬁ&taﬁggmp

t hat of potien|i@¢er illustrated in Figure 106. In the preferred .
enbodi nent, the density of |ayer 104 is between about 0.5 and about

1.5 (preferapbly about 1.0). Mre inportantly, the dielectric

const ant®?4 eefralnihs disiereily copstant of abmatetislpvitlahdryash @k WRARNSBPHcrehs. This
and about 3.0 (e.g., about 2.0). [0026] The top portion 106 of |

di el ect FctcandyrarmdeBibodary doesiderimy et iPhaWlo¥ diflettBE I6ndMHIRE th:0ts more air i
ways. Just a few of these ways will be described as exanpl es. =3 S

2! ciachiet b vt 498 30 4 U BURN 5L ey e

fluorine-containing gas. As a noré€ speci
constant 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.

[q025] 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. In the 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 below 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. Just a few of these ways will be described as exaﬁaples. 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-containing gas at a temperature between rooﬁ temperatﬁl-e :
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106 could be etched using a fluorine-containing gas at a tenperature
bet ween room t enperature TSMC-2002-0376 8 (e.g., about 25C) and high
tenperature (e.g., about 400C), a power of about 200 W and a
pressure of about 4 torn. [0027] As anotder exanple, the top portion
106 coul d be renoved by a chem cal nechanical polish (CW), e.g., .
using an oxide slurry. In other exanples, the layer 106 is renoved by

wet'  chesi ebgut @620 andibigh fempsiature KE o\ P&t 4007C i

such as argon sputtering. O her nelffﬁ\o{ds are a|)2§pg%§§?‘§‘?‘}é’9p?%d3§g?“?ﬁ

t he pr efpessswd ofatmdidn®mt, the | owk dielectric layer 104 (i ncluding

top portion 106) is deposited to a thickness of 100 urn and about

700 nm (I(g)'r%g]f rably about 500 nm. The thickness of the portion to be
u

r enoved Bethenewgple, shatekgottinn Hinsiuld/boreaiovee by dehbalal AekNanical
uniform (see Figure 4) and also maintain the structural and isolation

ob ect | PeLSr(GMB) ayasing Typiitalshyry. BRYNRARAR! 128 f0S ROy wer

(preferably about 15% of the layer will be renoved exanpl €,
a pr ef echamicalréoedd itk sitd B JaBr, BP b LA rr?n et ween about 10 nm
and about 150 urn (prefer ablg ébog}'bggmélaq ﬁ?@ﬁ@?ﬁgﬁmﬁt@@&n@ﬁ

now to Eieﬂibﬂ@ﬁre%‘l&v&o@siﬁgfe specific exanple of a process that can .
utilize concepts the present invention will be described. In

particul ar, aspects of the present invention can be used with a CMOS

Tt et g a1 oo

Many ot l&Josited to a thickness of 100 nm and about 700 nm (preferably about 500 nm). The thickness
of the portion to be removed shduld 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 layer 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.

[0029] 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 particﬁlar, 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 provided. Semiconductor
region 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 asin a triple well structure) a

silicon substrate.
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processes could also utilize the present invention. [0080] Referring
first to Figure 5 a sem conductor region 200 is provided.

Sem conductor region 200 typically conprises a lightly doped
nonocrystalline silicon |ayer. For exanp 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) layer) or within (a

vel | suf3ts Sincea EMIQS movess Is betdpl ke, Bvo Shdsi sl AL -chann
TSMC- 2002- 0376 9 [0031] Since a CMOS pI%loLcesos IS Sg%?%lgqgesc?%uﬁ%,c Wo(31

transi sMOS transistbl P Lts adRd in Nehapnel l%(ﬁ,% LA Sker 210 i red,
in the sem conductor region 200 mﬁ?‘fl’g‘d‘ﬁ‘ftc a%oéﬂai@f%ngrpé ng?@Y{O%Z‘%mStOf

is forneshi =wel | Thi.s configurati on assunmes that the
seni cond%%%sor}?&?%&]gﬁn\ﬁ‘ 'Egg%\%'s S [P Yoirsynps: ®épmicendustar regipe 200

regi on %09 :Liis #éi I ie?Sg then _the n-channel transistor 210 would be

fornmed IM'A° fHBMReAPPSPregion. Ihanm-tvpegesion 308 it wiilized teh the mobimicbtranststa 210

and 220 are fornmed  in well regions. [0032] Aspects of the present

i nvent i BRukbe feapedindhe well 282.ult is alss padsible thaetoth eRhHSbRI 1820dPOD are formed

exanple, the integrated circuit that includes transistors 210 and 220

can be mowelbrtgicmisng 0. 13m or 90 mmtechnol ogy or even smaller. In

t hese cases, the transistor channel lengths (of nost if not all of

t he tra@ @tg&)s%c Wlfjdl be about O 13 and 90 nmor |ess, respectively.

It is e é t fiR % PSSP Eyemfion) 319 esneciatlywiséful il ssmlllsézedsedtmblogies. For

smal | er dinensions, e.g., for a physical gate Iength of 45 nm or

| ess. example, the integrated circuit that includes transistors 210 and 220 can be formed using 0.13pum
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 0.13y ahd 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—chanﬁel transistor by a shallow trench
isolation (STI) 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 héavﬂy 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 f01j each transistor region. Resist can be used to protect the region that is
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[ 0033] N-channel transistor 210 is isolated from p-channel transistor
by a shallow trench isolation (STlI) region 204. The STl region 204

is formed froma trench about 2500 to about 4000 A deep in a 6000 A

| ayer. The trench is filled with an insqgator, such as silicon

di oxi de, as an exanple. A nore heavily doped sem conductor region _
206 can optionally be forned to provide further isolation.

Al t er nat | . ot hers. i sol.ati on, ch as field isolation, can be

utili zeé‘by}%ﬁ%%gl P Sf‘%e lispagees %ffg?n%%ﬁ qro i, formed ever bethegatasifolldvascly
212/ 222 and, agate, | ayer 214/224 are forned. In the preferred

enbodi MBS heAvey sigped implangs fos eatletransistor Tiageimplasks pprefergPusdad Ssenic and/or
| ayer are wused for both transistors 210 and 220. Either of these

| ayers @®hespbervg fethpothdnichyerice bl b safey Be F%hﬁlél a¥fite arﬁ]géég gg)a}am

conprise a polysilicon layer and a silicide layer. [00358

| ayer 2tehi@R218and2heof e tehsbedk 3@ ivelA nd 224, A
lightly doped inplant is then forned dgjrﬁé%g’h&?‘rvé%s@‘FSPg?‘Bgﬁeﬁﬁ?mbe'used

Resi st eaprol8t the 9&bibPtHa ; egion that is TS M C 2002- 0376 10
not bei ng doped. |dewaHgtn§ggecﬁég§° and 226 are then forned over

both gates followed by nore heavily doped inplants for each

t ransi sf0986] Ardilectrinfdyan23() isPoehed S Yhd \Ghile . %§&%ﬁgﬁ%§£@%}?ﬁ’é‘f&ny comprises

phosphorus for the n-channel device and boron for t

devi ce, of oxidy bith SQUIGR i br A Mas? 13N 285 S Lo L @’Lﬁft ors

210 and 220, respectively. Once agal resis Fect

the regpQdohdidhod Q?E@ opgd. 036]. /A diglectric layer 230 is
formed over t Qeo%%/al?ég%l. i gGg'i Sﬁ@catrg @med i the digleetr [ayes 8phandsEled with
oxi de sg&qlaugg einnI i cg%)l i oxi de or a doped gl ass such as

phosphosiTi cate %‘Fﬂ 0 mowts (or plugs) 232, As an example, the conductive material

could be tungsten. Two contacts 232 are illustrated as being connected to two arbi&aﬁly chosen

regions. It is understood that more (or fewer) contacts could be used and could contact

whichever regions the particular design requires.

[0037] Referring now to Figure 6, an etch stop layer 234 is formed over the insulating layer 230
and contacts 232. Silicon nitride (e.g., Si3N,) 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 layer234 to a
thickness of betvveen 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
pl ugs) 232. As an exanple, the conductive material could be
tungsten. Two contacts 232 are illustrated as being connected to two
arbitrarily chosen regions. It is understood that nore (or fewer)

cont athb$ ul.d gﬁ used. and coul d contact whi chever regions the
parti culPqP9laess W?Eqﬁgrl@s 7, i Bpmer PRetiasy 238§ reroeveddidai therembinimndieleetic
stop layer 234 is forned over the insulating |ayer 230 and contacts
232. Si layeioddoniln thegrreferred gmbodingid ) the tove ki didestric %&iﬂ@c&@%{@es SRYOH and has
used as this etch stop layer 234 to i nprove adhesion with the
over | yi agubstingallyretifdrntdeekite bf beweay Sout 88 andhbeRe] 2 efe’c?%hc%ngttgﬁth

u nm and

stop layer 234 is deposited to a thickness of between abo

about  B&lowBout®! PEEHREABIY AAR \Win £90 Alow K diel ectric

| ayer 236 can now be depos|ted ov%%d%b%ggetc S eggéol%ﬁ?s\ﬂé?@ﬂ%‘@iméh“eas
t hi ckne L 2200 ru d about 800 nm preferably about
500 run%a}ﬁjlgds’ a%?51?3‘%%%%‘??‘%58%}8@{‘?&6?%34-ayer 104 di scussed above

with respect to Figures 1-4. As discussed above, this |ayer can be

pl asma 040 dRefesitlginiovgtd Figare!8)R dARN danPRcetra dntelddhf hi gher
dielectric constant thang?rhe remai ni ng porqﬁeon 0 t%ﬁ%hﬁgfﬁe oW The

TSMC- 20 ; : ' in Fi 7, - portion 238
(o remoua o e APt Ml ARE o L4 s 8 RRER o E Cpdeariond

enbodi pw-k di.el ectric. constant conprises SiCOH and has a
subst ﬁ%ﬁ ﬁ°§ﬁg‘#a§8’%srﬁa&é’ﬁéﬁs? Wil 2 dratirmassee rio@ssisdllaghoted, it skowdbe

a diel ectJi(f‘ co st ant .
understoo t 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 wﬂh 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] Mpre than one layer of metalization can be included. Figure 9 is provided to illustrate
~ this fact. In this dgvice 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 inclhide more (or fewer) than three layers of metalization. For example, a
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bel ow about 3.0. The discussion provi ded above with respect to
Figures 2 and 4 applies here as well and, for the sake of

sinplicity, will not be repeated. [0040] Referring nowto Figure 8, a
dual damascene interconnect structure is shown. The illustration of
this structure includes two contacts and |ines 238, although it is .
understood that other configurations can be used. Wile a dual

damasceglgp pigt esdudestivd 'ﬂolé(g%{t et orthore Y14 &Pﬁ tecﬂzq? g)rgi,; g%,néﬂﬁése%;be?sr

processes such as single mascene or contact via

t echni gQygsd § SHOWL; ntacts.,232) could be used. [00411 In the
dual damasce eogrocesé%ggFgﬁ%%ggxgpggﬁ%?ned within the dielectric

| ayer 236 and contact holes are forned with the trenches to contact

sel ect ejdo43prAitionghkneetdnt idiendbeheris £cFvaniag¥seﬁav%%@en g %riﬁécg%g&r}e?asﬂ, ?tns%ould

contact vias can then be filled with a netal’, preferably co

Fur t herpedgideistoodana e AL 0 e hat include low -k |

dielectric Izgyers églgﬁ%%g?{ég%%’ ?‘%b i gg‘%%?‘f%l%/ﬁrﬁ Dﬁgﬁ%jﬁ?gl,adggeqq%wlthout

which i g | . herein by reference - U_S. Patent No.

6. 342, LBEaE |Eﬁ?’?ﬁe§‘te%g}é{ FBA sepelLhq WxeR40q as defined by the@ppented slaimas k

di el ectyic I%yﬁ{s in copper damascene process," U S. Patent No..

6, 319, 8U8TEN thesqopagiithe Bresent application isnqs ditsnded tn be dimited tOthedpiticular

damascene by UV-treatnent,” and U S. Patent No. 6,211,061 entitled

"Dual cRaRhesienss ofthe pewsss, aratariaisyand ktagedtstabedinhd §fecacation. [ 89483 of

More than one | ayer of netalization can be included. Figure 9 is

pr ovi demtdineryiskillint thatue will bai 1afe £6d ' f.

metal 238, 238" and 238" ar?“?hgi&ﬁ? avxhi%ﬁ?ﬂ§1¥b§%ggﬁlgtﬂé%%ﬁiﬁ“'gn“‘m’

enbodi rgpéessed anbtetibg &4 st bt ok 845 t ood t.hat a.sem copductor
R R R R R S

device of the preferred ~el I ment co Inc
than t 6QadtBNG e ShneBhAdZGRllve £ Stantially e sattie rosult as the corresponding.

embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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TSMC- 2002- 0376 12 chip might include five to eight layers or nore in
0.13 mtechnol ogy. Each of these layers could be processed using the
steps described here. [0043] Although the present invention and its
advant ages have been described in detaiH, it should be understood

t hat various changes, substitutions and éﬁterations can be made .
herein wi thout departing fromthe spirit and scope of the invention
as defi npdiky 1$ e Aangeanged cl ains. Moreover, the scope of the present
application is not intended to be limted to the particul ar

enbodi nepts o materi al s nd steps described in the
speci fi cg{t i onj.\ nié{ﬁ%(ﬁgeﬂ%g% %&adﬁeﬁ’é?%?%gﬁqof eVl ,{t};gn od GRmprisiegidi | y
appreci ate frﬁ))mthe di scl gsure of the present invention, processes,

materials, orl°UPHse laysrafdavkdielectsicimaierial; |.ater to be devel oped, .

that perform substantially the sanme function or achi eve substantially
the same resuioagingwplesn: ewpondhnyerofiosikndiskesrid estsidaghdher ei n
maybe utilized according to the present invention. Accordingly, the

appended cl aiafier pedforning titbgtlasi: dud6, rBBviNG bbE pbBBh b IR SERRY-k dielectric
processes, machi nes, manufacture, conpositions of nmatter’, nmeans,

met hods, maxeriglt eps. TSMC-2002- 0376 13 WHAT IS CLAIMED IS: 1. A net hod

of formi ng a semniconductor device, the nethod conprising: fornming a

| ayer of lowk 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 vapor

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 compﬁses

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.
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performng a plasma cure on the layer of lowk dielectric material;

and after performng the plasma cure, renoving a top portion of the

| ayer of lowk dielectric material. 2. The nmethod of claim 1l wherein
the lowk dielectric material conprisesqg COH 3. The nethod of claim
1 wherein the low -k dielectric material is formed by chem cal vapor
deposition. 4. The nethod of claiml|l wherein the lowk dielectric
material is fornmed by spin-on deposition. 5. The nethod of claiml
wherein formng a layer of low -k dielectric material conprises

f or mi ng 8a ‘| agae neehodnd chidahi Ghae e%tvy%% 100 run and ahout
800 nm 6. The method of claim 5ﬁ§ﬁ1er el rgﬁ%&#{noélCQDIF%C%%&PP%?PA&Y“&

conpri s esykeRYhoagiMeen about 10 nm_ and about 150 inn of the
material. 7. The nethod of claim 1 wherein renovi ng a top portion of
the layer of lowk dielectric nmaterial conprises renoving between
about 5% and about 25% of the |ayer. TS MC-2002-0376 14 8. The net hod
of cl aiAFg\ 1 wg_ﬁrei renoving a top portion conprises etching the |ayer
of lowk di PerrHod ofslainiSawherein ertiEngreomikes btohing) using M Bhfining
et chi ngﬂcorypri ses etching using a gas containing fluorine.

uorine. '

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 low-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 afgon sputter procedure.

14. The method of 91aim 1 wherein pefforming 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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10. The method of claim 1l wherein renoving a top portion conprises
perform ng a chem cal - nechani cal polish on the |layer of |ow -k
dielectric material. 11. The nethod of claim 1l wherein renoving a top
portion conprises performng a wet chegpical etch on the |ayer of

|l ow-k dielectric material. 12. The nethod of claim 1 wherein renoving

a top pqrtion copprises etching the layer. of lowk dielectric
nat er i aﬁs usi %gmgﬁgii H@W&P%ﬁ%ﬁ@% Keviee, theamethed chogrisingt| ai m 1
wherein renoving a top portion conprises etching the layer of low -k

di el ectri c miEERGF PlisIlHY offansigjons is peemizonictaraciion a fidt grobs offEietidétality
of claim1 wherein performng a plasma cure conprises setting a

pl asma  oftamsisters chmprising nathaniic] MOI\LandstaRamE aig&ﬁd\ékoxﬁ%ﬁheghﬁaﬁ of
pressure to between about 1 torr and about 7 ton, and exposing ttﬁe

| ayer t qradsisthid/chlhpgisiag plobbndd Q98s @3Abstbe: 15 A nethod of forming a
sem conductor device, Fhe met hod conprising: formng a plurality of

transistors ifnfnsSen gﬁg&!jg hon, a.first group of the plurality
of transistors cohprising f_agﬁragnv%gfhew{yaq@a&%w@, and a second

group of the uraljt f transistors conprising p-channel MOS
transi stors; f&%%&%ﬁ%ﬂ%‘é%ﬁ& %Wﬁhﬁﬂﬁﬂa@ﬂgamr ality of

transistors; formng a lowk dielectric material over the insulating
| ayer, pl asRasEyEwRg thadowdditleetiic material,c mat eri al ;

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 SiCOH.

19.  The method of claim 15 wherein the conductive material comprises copper.
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removing a top portion of the lowk dielectric material; etching a
trench wwthin the low -k dielectric material; and filling the trench
with a conductive material. 16. The nethod of claim 15 and further
conprising formng an etch stop |ayer oygr the insulating layer, the
| ow-k dielectric |ayer being formed over the etch stop |ayer. 17. The
met hod of claim 16 wherein the etch stop | ayer conprises a |ayer

formed 200m A seffdt@idudior 88HE&CLE . the group consisting of silicon
nitride and silicon carbide. 1%&3%1%?@,[ hod of claim 15 wherein the

| ow- k di el echhhgal i onpr.ises SiCOH 19. The nethod of claim15
wherein the cg%llgﬁlg?itogg@fgﬁl?@’to@o tansistos haeing aThamel ROGH: GRIBO kb or
20. A segul.conductor device conprising: a plurality of CM3S

transi stor’s, each transistor having a channel length of 130 urn or

| ess; an oxide |, yiar overlying the plurality of transistors; a Si COH

| ayer over | yfhg<eh Y@?W@mcplmﬂﬁyﬁ%iétaﬁé?r having a dielectric
const ant Iesgg’; han about 3; a copper conductor disposed within a
trench in theSEQ@hYeayes]yianthe dxit i ts. extendin

t hrough the Si COH | ayer anyc]iﬁgt]he oxi%g%ré%éﬁg@%cﬁégmgﬁe‘ﬁgﬁ Copdant
of the Jebwuthad d6gnt@f CMOS transistors with the copper conductor.

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.

The device 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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21. The device of claim 20 wherein the SiCOH | ayer has a dielectric
constant between about 1.5 and about 3.0. 22. The device of claim21
wherein the SiCOH | ayer has a dielectric constant of about 2.0. 23.
The device of claim20 wherein the Si COyl,l ayer has a substantially
uniformdensity. 24. The device of claim 20 and further conprising a

second S¢COH - qver] vi t Si COH | ayer, the second Si COH | ayer
havi ng ? di elrié%%lc%&}:cgg 0 ﬁis#tggtg' aflgg‘érﬂf SATRPSRE 230Pps constatalisposedowithin a

claim 24 wherein the se d Si COH | ayer has a substantially uniform
densi tyﬁﬁf‘gﬁ/ﬁ}%ég‘zﬁg%ﬁggﬂa%: The device of claim 24 and further
conprising a copper conductor disposed within a trench in.the second
Si COH | ayer. 27. The device of claim26 and further conprising: a
third SiCOH | ayer overlying the SiCOH | ayer, wherein the third Si COH

| ayer hdd.a E@®Mabfdwzaahaﬁ&meﬁea§bﬁmngnd a dielectric constant
of | ess than about 3; and a copper conductor disposed within a trench

in the third3hicD8iCenesyer byindir 368 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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