TI TLE DEVICE WTH LOWK DI ELECTRIC I N CLOSE PROXIM TY THERETO AND I TS
METHOD OF FABRI CATI ON BACKGROUND OF THE I NVENTION 5 Field of the Invention
The invention relates to sem conductor nanufacturing, and nore
particularly to a sem conductor device with a lowk (low dielectric
constant) material in close proximty thereto and a nmethod of

manuf acturing the same. 10 Description of the Related Art Sem conduct or
devi ce geonetries have dramatically decreased in size since such devices
were first introduced several decades ago. Today's wafer fabrication
plants are routinely producing devices having 0.18 mand even 0.15 m 15
feature sizes, and tonorrow s pl ant SEMRIE soon be producing devices with
even smal | er geonetries. However, various problens are caused as a result
of the reduction in size of - he elenents For exa -Ie, the shortenlng of
the chann L ] L CLOSE EREAINLT '
resi stance on the one handIQgtuﬂfﬁbﬁrﬁg gﬁﬂgybATgbﬁes rise to the probl em
that a short-channel effect— 15 brought apbout. Further, as a result of the
reduction in size of the elenents, the ratios of the various parasitic
conponent s becone rel ati vBRZKBROUND FoF B3 IMNVENTIIONt he case 25 of a MOS
transistor, the junction capacitance of the source/drain is brought to

such a hl%h ratio that it affects the operating speed. 1
d of the Invention

The invention relates to semiconductor manufacturing,
and more particularly to a semiconductor device with a low-k
(low dielectric constant) material in c¢lose proximity
thereto and a method of manufacturing the same.

10 Description of the Related art

Semiconductor device geometries have dramatically
decreased in size since such devices were first introduced
seﬁeral decades ago. Today's wafer fabrication plants are
routinely producing devices having 0.18 pm and even 0.15 pm

15 feature sizes, and tomorrow's plants will soon be producing
devices with even smaller geometries.

However, wvarious problems are caused as a result of the
reduction in size of - the elements. For example, the
shortening of the channel length achieves the effect of

20 lowering the channel resistance on thé cne hand but, on the
other, gives rise to the problem that a short-channel effect
is brought about. Further, as a result of the reduction in
size of the elements, the ratios of the various parasitic
components become relatively high. For example, in the case

25 of a MOS transistor, the junction capacitance of the
source/drain is brought to such a high ratio that it affects

the operating speed.



An unrecogni zed problemis the increase of the parasitic capacitance
between the gate el ectrode and the adjacent conductive plug used to
connect the transistor, which however, wll become a bottleneck in ultra 5
m ni aturization of devices according to the present inventors
investigation. In addition, the parasitic capacitance between two adj acent
contact plugs also increases because of their close proximty.
Consi der abl e work has been done to reduce the junction 10 capacitance of

t he, source/%&@nhngggqgggﬁégn éﬁ?ﬂf% eq_ he hgro?ﬁggg?%gsogkatg ewith t he
et

parasitic capacitance ween e gate ‘el ectrode and e conductrve plug
or of t hatradietiveecapsfbcante pbegaeehorciexagpte, dleddrSdePaient thé, 383, 883,
a method js taught using, doubl e inplantation to 15 reduce the junction
capaci t S EY heCRJUFEEYRIr BEHY 1teed), 8o mamaRcts, 48, t4ansaskeral oxi de

sem conduit @  hLEpLssst or aihth i ol j yncty GARAG t e | scri bed.
Still another netﬂ%g ?br re&&d:%f%%ﬁ%tign é%%ggitance ?gg tgéag in US
Pat eBt 6GyimAGit20rd zatdonhi obf a daviitygsi s a2@optiavngdedd n the petesentof the
silicon substrate which lies _beneath the channel region of the MOS

transi stOVERHNE P eSEMESTAGEHOPs r ecdgni A0t Reed HhEr  POFASERYC the
parasitig achlance,betygen the gale Lloet r ods,and. t h§%u§%2t a¢Lopl ug and

t hat between two adj acent contact plugs to 25 accomoda
ul tr a- mimctansezabicorust dévibesr dhose peeoimstexceptionally inportant as
the RC (resistance X iapaci ance) del ay becones increasingly critical in

ultra deep STBSHCEEER1GeVOrEs HRist Perdaidame ItonGiaRdicsr thier I Ugrtdpn

10 capacitance of the source/drain,. but _has not addressed the
problems associated with the parasitic capacitance between
the gate electrode and the conductive plug or of that
between adjacent plugs. For example, in U.S8. Patent
6,383,883, a method is taught using double implantation to

15 reduce the junction capacitance of the source/drain. In
U.8. Patent 6,198,142, a metal oxide semiconductor
transistor with minimal junction capacitance is described.
Stiil another method for ieducing junction capacitance is
taught in U.S. Patent 6,570,217, in which a cavity is

20 provided in the portion of the silicon substrate which lies
beneath the channel region of the MOS transistor.

The present inventors recognize the need for reducing
the parasitic capacitance between the gate electrode and the
contact plug and that between two adjacent contact plugs to

25 accommodate the vultra-miniaturization of devices. This
becomes exceptionally important as the RC (resistance X
capacitance} delay becomes increasingly critical in ultra
deep sub-micron devices with feature lengths of 0.13 pm or
beyond. -
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beyond. 30 2 SUMVARY OF THE | NVENTI ON A broad object of the invention is to

provi de

|l ength and its nethod of fabrication.

a sem conductor device having an ultra deep sub-m cron feature
5 Anot her object of the invention is

to provide an ultra deep sub-micron device and its nethod of fabrication

wher eby

provi de
wher eby
cont act

scaling issues of the parasitic capacitance between the gate
the contact plug are addressed. A further object of the invention is to

and

an 10 ultra deep .sub-mcron device and its method of fabrication
-scal i ng i ssues of gshhRaper8fi g Hippaericnce between two adj acent

pl ugs are addressed. To achi eve the above and ot her objects,

low-k dielectric material is disposed in close proximty to the 15
semn conduct oA dbviced. Sheecti caf | \ghet hénventlodi eliect td c pmdeirdeal a s
di sposed. bet ween the gate elgpttode and. t he _conductive plug or between two

cl osely
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AYinE 021 eBtEe? tIRED FUR T T Th ERa ta e,
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Al t hough driy¥iK arfdl 8lt8CHelthioliS o8 OFHBPL ¥atis&d, between interconnects to reduce
RC delay, using it at the above positions is never suggested. At

20 the'

. the Present tAnggherhebijestl atfi rdpendtereindlichods ttve mivoniglep@si tuldns i s

silicon
(BPSG
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i nventi QfballiiRy G dshes of the parasitic capacitance between the gate
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and the contact plug are addressed.

A further object of the invention is to provide an
ultra deep sub~micr§n-éevice and its method of fabrication
whereby scaling issues of the parasitic capacitance between
two adjacent contact plugs are addressed.

To achieve the above and other objects, a low-k
dielectric material is disposed in close proximity to the
semiconductor device. Specifically, the low-k dielectric
material is disposed between the gate electrode and the
conductive plug or between two closely spaced conductive
plugs to reduce the parasitic capacitance. Although low-k
dielectric is commonly used between interconnects to reduce
the’ RC delay, using it at the above- positions is never
suggested. At the present time, the insulating material for
the above positions is silicon oxide or related silicate
glasses such as borophosphosilicate (BPSG) with k value
between 3.9-4.2.

According to an aspect of the invention, there is
provided a semiconductor device including: a substrate; a
device having a gate electrode overlying the substrate; an
electrically conductive plug immediately adjacent to the

gate electrode and making electrical contact to the device;

A PRETSHY t he
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provi ded a sem conductor device including: a substrate; a device having a
gate el ectrode overlying the substrate; an electrically conductive plug

i mredi ately adj acent to the gate electrode and maeking el ectrical contact
to the device; 3 and a lowk dielectric rmaterial disposed in the space
‘between the gate el ectrode and the electrically conductive plug. According
to anot her aspect of the invention, there is 5 provided a sem conductor
device including: a substrate; two closely spaced devices on the substrate,

i sol ated, yath agoa};_iol ag.‘jé?%%?lﬁggenlé%tteeh%\rﬁgbe%%sgf@ge&v\oigdjLaﬁ:en_ts el ect rically

conductive plug spose ween C y “Spaced eviees ~and

respect ivettwearnkthg gheet elleakreaant agl theeatlechi-idoMilge; cathict i@ k
dielectric material disposed in the space between the two adjacent contact
pl ugs. AEEﬁiding to a further aspect of the invention, there is provided a

met hod of ma i ) t Vi Ce, s ] i.hg st.eps of:
providing a Qg%?%%ﬂﬁgggﬁgEgﬁ%g&%gggﬁéQ%Efﬂ%d%“%&%?ﬁ%#ﬁgﬁﬁ é% 3%%5?%;

f or msng prowiddd ai edmtdésndudayerdevidd ASRIRIARAHGY tay dubdthetdgvitee form ng
a contact opening adjacent to the gate el ectrode through _the |owk

di el ect rftOTeher EPARBAf éﬁWﬁgSa@neH%& rﬁ’elaﬂlgfat%onaa@iﬁg@dpwghi R he

openi Ng {8 1AkE,P! eSLhEAR! GAMARIRn 20 f8° AguLes: ALLUAING g @ Still

further aspect o € rnvention, theré is pro
manuf actesndurtai wenptogductidposdeYi berwedie| iiengewdie cibeps yofspaueayi di ng
two cl Osgelx}/igepsaca?gd respectively making electrical contact to each
10 device; and a low-k dielectric material disposed, in the
space between the two adjacent contact plugs.

According toc a further aspect of the invention, there
is provided a wethod of manufacturing a semiconductor
device, including the steps of: providing a device having a

15 gate electrode overlying a substrate; férming a low-k
dielectric layer in close proximity to the device; forming a
contact opening adjacent to the gate electrode through the
low-k dielectric 1layer; and forming an electrically
conductive plug in the opening to make electrical contact to.

20 the device,

According to a still further aspect of the invention,
there is provided a method of manufacturing a semiconductor
device, including the steps of: providing two closely spaced
devices on a substrate, isolated with an isolation element

25 therebetween; forming a low-k dielectric layer overlying the
two closely spaced devices; and forming two adjacent
electrically conductive plugs through the low-k dielectric
layer between the two closely spaced devices to respectively
make electrical contact to each of the devices.
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devices on a substrate, isolated with an isolation elenment 25 therebetween;
formng a lowk dielectric |layer overlying the two closely spaced devices;
and formng two adjacent electrically conductive plugs through the |owk
dielectric |ayer between the two closely spaced devices to respectively
make el ectrical contact to each of the devices. 30 4 DESCRI PTI ON OF THE
DRAW NGS For a better understanding of the present invention, reference is
made to a detailed description to be read in conjunction with the
acconpanyi ng draw ngs, i Walal ; ss-sect.ion show ng a

sem conductor device aé@%r F%gifg §h§E¥%r2§H€ﬁ%%%inent of the invention,
in which a lowk dielectric insulator is disposed between the gate

el ectrode androrhea aBpacent up@atrachnfing b ratliCpretet Pahdentibn,
capacitance;, and 10 FIG 2 is a cross-section showi ng a sem conductor

devi ce FEFEWRE t16 tTrisckond detadirdntestrirtiraydst iom, Tead Waich a

| owk digl ?H@tﬁo-n%ﬁkﬂtgﬁ | Sl éﬁe %ﬁﬁg t he two .adj acent contact
plugs to F@ uce the para3|?iccg%§%%§ﬁﬁl é%. gﬁEFEﬁEﬁ%é IJVERALS | N THE
DRAVENGS 100 Faghst tat s 110 shalskoweteenah ssobiidon b2hicba@actdz0b MOS
transistor ~ 20 122 gate el ectrode,
device according to the first embodiment of the invention,
in which a low-k dielectric insulator is disposed between
the gate electrode and the adjacent contact plug to reduce
the parasitic capacitance; and
10 FIG. 2 1is a cross-section showing a semiconductor
device according to the second embodiment of the invention,

in which a low-k dielectric insulator is disposed between

the two adjacent contact plugs to reduce the parasitic

capacitance.
15
REFERENCE NUMERALS IN THE DRAWINGS
| 100 substrate
110 shallow trench isolation
120, 120a, 120b MOS transistor
20 122 gate electrode
124 source/drain fegion
126 gate dielectric
128 spacér
i30 buffer layer
25 140 low-k dielectric layer

150, 150a, 150b contact opening
160, 1l60a, 160b electrically conductive plug
dl spacing bctween gate 122 and plug 160



124 source/drain region 126 gate dielectric 128 spacer 25130 buffer |ayer
140l ow-k di el ectric layer 150, 150a, 150bcont act openi ng

160, 160a, 160bel ectrically conductive plug dl spacing between gate 122 and
plug 160 5 d2 spaci ng between plug 160a and plug 160b DETAI LED DESCRI PTI ON
OF THE INVENTION In this specification, expressions such as "overlying 5
the substrate”, "above the layer", or "on the film sinply denote a
relative positional relationship with respect to the surface of the base

| ayer, regar dé@s&égir@%e?ye%heggg? gﬁf,%’n%ﬁ%%%ﬁd@yer s. Accordingly,

t hese expressions nmay ~ i ndi cate no ct contact of |ayers, but
al so.,. a 10 non-contact state of one or nore |am nated | ayers. By use of
the term"”low dielectric constant” or "low k" herein, is neant a

di el ectric constant pgkayaEpeprsdnrririon loas THENaRvVERE®ION €l ectric constant
of a conventional silicon oxide. Preferably, the dielectric constant of

the low k is |ess .15 than about 3.3 and nore preferably I ess than about
2.8. First erbbdbhéat spepiéficatéonenbsdraeniond shehpresdmvaniydmgi on i s

o oA SO AL LT ELETBO0E 10 ELC ok 30 BBt 4k
denote a relative positional relationship with respect to
the surface of the base layer, regardless of the existence
of intermediate layers. Accordingly, these expressions may

. indicate not only the direct contact of layers, bﬁt also, a

10 non-contact state of one or more laminated layers. By use
of the term "low dielectric constant" or "low k" herein, is
meant a dielectric constant (k value) which is less than the
dielectric constant of a conventional silicon oxide.

Preferably, the dielectric constant of the low k is less

15 than about 3.3 and wmore preferably less than about 2.8.

First embodiment

A preferred embodiment of the present invention 1s now
described in detail with reference to FIG. 1.

20 FIG. 1 is - a schematic cross-section schowing a
semiconductor substrate 100 having a field effect MOS
transistor 120 with a low-k dielectric layer 140 in close
proximity thereto. The preferred substrate 100 is composed
of P type single-crystal silicon with a <100>

25 crystallographic orientation, and may contains defective
semiconductor lattice in the channel region of the MOS
transistor 120 to increase drive current. For example, a

SiGe epitaxial layer may be grown for mobility enhancement.



sem conductor substrate 100 having a field effect MOS transistor 120 with
a lowk dielectric layer 140 in close proximty thereto. The prefe

substrate 100 is conposed of P type single-crystal silicon with a <100> 25

crystal l ographic orientation, and nmay contains defective sen condu
| attice in the channel region of the MOS transistor 120 to increase drive
current. For exanple, a SiCGe epitaxial |ayer nay be grown for nobi
enhancenment. 6 The MOS transistor 120 is fornmed in an active device
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sidewall spacers 128 may be formed on.the.sidewalls of the
gate electrode 122. The process details for forming such a
field effect transistor are well known and will not be
described here; however, since the present invention is
particularly advantageous for devices having ultra deep sub-

micron feature lengths, preferred size features of the MOS

transistor 120 will now be described. The height of the

gate electrode 122 is preferably less than about 3,000 A and
more preferably less than about 2,500 A. The width of the
gate electrode 122 is preferably less than 0.1 pm. The
effective thickness of the gate dielectric 126 is preferably
equivalent to a conventional layer.of silicon oxide having a
thickness of about 258 or less. The gate dielectric 126 may
be comprised of conventional silicon oxide or high-k
dielectrics such as ¥.0;, Lay0;, Al,0;, 2Zn0,, Hf0O,, or
combinations of silicon oxide and high-k dielectrics. The
width the isolation element 110 is less than about 1500 A
Next, as a main feature and a key aspect of the present
invention, a low-k dielectric layer 140 is formed in close
proximity to the MOS transistor 120, Preferably, the low-k

dielectric layer is present within 200 nm, and more



20 effective thickness of the gate dielectric 126 is preferably equival ent
to a conventional |ayer.of silicon oxide having a thickness of about 25A
or less. The gate dielectric 126 may be conprised of conventional silicon
oxide or high-k dielectrics such as Y203, La203, Al 203, ZnQ2, H Q2 , or

25 conbi nations of silicon oxide and high-k dielectrics. The wdth the

I solation elenment 110 is |ess than about 1500 A Next, as a main feature and
a key aspect of the present invention, a |owk di eI ectric layer 140 is

formed iReGloa81yPr P86 Mty Qo ﬁhet]%gbsgtza&%nsb%g{: rmre %ff ehabl ¥ the | ow Kk

30 dieléctric Iayer IS present wt nm and pre era y 150 nm
fromt he:ogm:e/élramnr aoegidh® A .t heThsousee/odf diow-legdbabed@dic The use of
|l ow-k dielectric is not new in sem conductor nmanufacturing, but formng a

low k OH GEL 0 SFTTIGRENEEO] RBBUEPSREFLDg, PUCnEVERLEAGReltETE 5 This
| ow k mali@hicak 140 o8CEER e O G0NER chanBILEskl ie -egpacieneerhat neen the

gate el ectrode 122 and the adjacent conductive p reby reducing
t he RC dblizy aod- kreﬁaﬂetnmag. | m4an smen/edtoperédumndﬂie)f phlresibc
transi stor. ,Accordi |l ow-k material 140 should at |east 10

subst antPRASY tARCP %’ﬁgw%ﬁa& e gate elggfrpdevder fRE e 299PEERFode 122
Slngl tegt(:a rcﬁgl@?lg;%lrvge %iﬁgsj g'?g}nk-er%élﬂeféﬂé%o%cdﬂ%g\?feﬁ}%ﬂn%ct L{&edf Yv;aédsubst rate
sur f ace riesellgdingg int ke NBBrovads perdoridficas off pihe- MOSalt winelietcori.c ( PVD) ,
-and Accordingly, the low-k material 140 should at 1least
10 substantially fill the space_ (>70%) between the gate:
electrode 122 and the conductive plug 160. Typically and
preferably, the low-k dielectric layer 140 is blanketly
deposited overlying the entire substrate surface including
the MOS transistor 120 as a pre-metal dielectric (PMD), and
15 then a through plug is formed down to the source/drain
regions so as to be embedded in the low-k dielectric.
The low-k material 140 can be a carbon-containing
material or a carbon/oxygen-containing material. Suitable
low-k materials include but are not limited to inorganic CVD
20 (Chemical Vapor Deposition) materials such as fluorosilicate
glass (FSG), Black Diamond (trade name, carbon-doped silica
developed by Applied Materials); organic spin-on materials
such as polyimide organic polymer, polyarylene ether organic
polymer commonly known as PARE-2™ and FLARE™, parylene
25 organic polymer and fluorinated analogs thereof; spin-on-
glass (50G) materials such as hydrogen silsesquioxane (HSQ),
carbon bonded hydrocarbon silsesquioxane, and carbon bonded
fluorocarbon silsesquioxane. For example, the FSG can be

deposited by low pressure CVD using TEOS (tetraethyl-ortho-

30 egilicate} and by introducing a fluorine-containing dopant



15 then a through plug is forned down to the source/drain regions so as to
be enbedded in the lowk dielectric. The lowk material 140 .can be a
carbon-containing material or a carbon/oxygen-containing naterial.
Suitable lowk materials include but are not limted to inorganic CVD 20
(Chem cal Vapor Deposition) materials such as fluorosilicate glass (FSG,
Bl ack D anond (trade name, carbon-doped silica devel oped by Applied

Mat erial s); organic spin-on materials such as polyimde organic polyner,

pol yaryl ggg ether, organi |y : ¥eakn S PAE2(I M, AN
FLARE(tnj, parylene a%g o(%é-g%?lc ;%tﬁrqﬁg’%&?l Ugl’l ﬁgf ed aggﬁ(eogslt %r eof ;

spi n- on- dgkdsstt BOGlagateriddl sisudepasibydr agena sithdekaesex dretWdds)) ,

car bon bogded hydrocarbon siksesquioxane, and carbon bonded fl uorocarbon
si | sesquPBRYRe. s PO eéaPile, At RN SBrEERTBRLY dditsi PedPbynfbw PRSSSure CVD
usi ng TEQR€LeLraethyl-ortho 30 silicate) and by introducing a

fluori ne-contai ning dopant 8 gas such as carbon tetrafluoride (CF4). The

| ow- k5 di el ecini ;& | apee Ipefermebosmbedimenta, t i ckpasertel wdnnf feabout

3,000-12,000 A and.preferably,.has a planar upper surface. 5 In a nore
preferr eaiagﬁﬁoa'r?ﬂeﬁg, gﬁpﬁ)h’f’%‘? nﬁ:‘rn’dﬂ?_f fé?e § rajfm Sf‘érﬁfléi_f‘os‘ﬂ%oth‘? ni ng the
substrat gogut{ass: 800 Iy HMES A #03hSher 420186101 81 L PLM PL DG dOW K

dielectric layer 140. The buffer layer~is preferably a silicon/nitrogen-
cont ai ni A40di el Eoer bufifavi Agyert hisk peefebebigem abdlic@DOnIr&HHO- A. The

DUl o | BAE] 30 SoRLER SENEL L ML Ol il B0k B4 00

10 2000 A. The buffer layer 130 serves several functions: (1)

it provides a diffusion barrier against out-diffusion of the

dopants that may be present in the low-k dielectric layer;

(2) it improves adhesion between the underlying substrate

and the low-k dielectric layer; and (3) it serves as an etch

15 stop when etching the contact opening in the low-k

dielectric layer. When serving as a diffusion barrier, the

material is preferably chosen from SiQC, SiNC, or Si-rich

oxide. When serving as an adheéion.layer, the material is

preferably chosen from 8Si0C, SiNC, 8iC, or Si-rich oxide.

20 When serving as an etch stop layer, the material is
preferably chosen from SiON, SiN, or Si-rich oxide.

Following the formation of the low-k dielectric layer

140, contact openings 150 are defined down to the

source/drain regions 124 on the substrate using known

25 lithography technology and anisotropic etching methods.

When etching the contact openings 150, the buffer layer 130,

if any, can serve as an etch stop to avoid damage to the

underlying device. Although the aspect ratio of the contact

_ opening 130 can vary depending on thé design zrule, the

30 present invention is particularly suitable for those not



dopants that may be present in the lowk dielectric layer; (2) it inproves
adhesi on between the underlying substrate and the lowk dielectric |ayer;
and (3) it serves as an etch 15 stop when etching the contact opening in
the lowk dielectric layer. Wen serving as a diffusion barrier, the
material is preferably chosen from S OC, SiNC, or Si-rich oxide. Wen
serving as an adhesion layer, the material is preferably chosen fromSi OC
SINC, SiC, or Si-rich oxide. 20 When serving as an etch stop |layer, the

material 168s PhgHeEEAD] X‘yﬁf@%ﬁlﬁgy(féx?@é} rapl OocrheSidcfrthaQ:tO)Q 48:inghol I ow ng

the formation of the | owk ectric layer 140, contact ope |n§s 150 are
defi ned #%0nhan & helditgobradsvesimaiabonegilonsadd4l pgod e, substrat e usi ng known

25 Iithograph% t echnol and ani sotropi c etching methods. Wen etching the
contact openi AYRSABHERLRE pEPRALCHiNRerPiags 160 &t EeFmedri® &€an etch

stop Lo auptsodanBgentighhessyndepl vingcdeybaery A Ligughe theqashegt ratio

of the contact opéning 130 can vary dependi ng esign rule, the 30
presént sonvees/drain pegionsl dzky i thél Moborctshesetoat k20 ess Thean 5.
Typi cal | , the contact opening 150 has a w dth hetween

and preferabl )
about 10%0%%&“%6%0 RIUSEpsddlentddP dBrduéPredpl 8ds 1BEEEFdried in the

contact ee&dheESvdStat@reh@g! A FONReCt nbe tiifni P OULCHLAIAI N T egi ons
124 of the MOS transistor 120. The conductive plugs 160 can be forned of
el ectri cagtyl comaundyemgtbér iadlleyi, nclopeidn godiipts ildtedr, migald diclawet al |

et al COgPt “Qggh matc:?ilnlppi;-}_-lrl Oyé.m&i Op%%p glrySiall.fgyps’ pg.!r%Ci d];?a?fticularly

10 preferred.. .. It can be formed by overfilling the contact

opening and removing the conductive material outside of ‘the

contact opening by etch back or chemical mechanical
polishing {(CMP}.

For example, a conformal metal barrier layer (not

15 shown) such as tantalum, titanium, tungsten,. tantalum

nitride, titanium nitride, or tungsten nitride is deposited

overlying the substrate surface including the contact

openings 150, and then an electrically conductive material

- 160 is deposited on the barrier metal by chemical vapor

20 deposition (CVD), physical vapor deposition (PVD), or

electrochemical deposition (ECD) to substantially £ill the

contact openings 150. Thereafter, the metal barrier layer

and the conductive material 160 are etched back or polished

by use of the CMP until the low-k dielectric layer 140 is

25 exposed, thus forming the conductive plugs 160 embedded in

the contact openings 150. Alternatively, the above metal

barrier layer can be replaced by a dielectric barrier (not

shown) provided only on the sidewalls of the contact

cpenings  150. It can be formed by depositing a

30 substantially conformal dielectric layer over the entire

10



al t hough copper and copper alloys are particularly 10 preferred. It can be
formed by overfilling the contact opening and renoving the conductive

mat eri al outside of the contact opening by etch back or chem cal

mechani cal polishing (CW). For exanple, a conformal netal barrier |ayer
(not 15 shown) such as tantalum titanium tungsten, tantalum nitride,
titaniumnitride, or tungsten nitride is deposited overlying the substrate
surface including the contact openings 150, and then an electrically
conduct i yebget£te al sutBhcés depvswéed BY t heiBaEkbeh cMeledlcnby K cal

vapor 20_deposition (CVD), physical vapor deposition (PVD), or

el ect r ocRERF @B IR pILETdR IBECEPTt clubstigAecsiy fharridne iguntuwet

openi ngs h te metal. barrier. |ayer nd ;t.he _conducti ve
naterLaIs%ggc%%égéfg%édgﬁ%% g%rn%&ﬁ%éﬁanaERP%ﬁé?Qﬁéﬁﬁh}%ﬁﬂglﬁﬁ% €rthe | owk
di el ect rearbayedofd<d &51 250X POSEELdd NUSaFsunlimid i CRUplirtd Ma dnigs 160
enbedded in_the contact openings 150. Alternatively, the above netal
barrifer PEYE®. cahl iron gpidie hpra comblinatites bahereet (not  shown) provi ded

only on the sjde cqnt gGt. .openi.ngs. 150. 1t can he formed by
.depositing a %% %\ﬁ%@aﬁpi tglriﬁy gdn%%‘reneﬁ ie1e¢ rﬁ’abpafcafytearnc&/%efﬁ?eerénti re 10
substr atehsurfsiee kokkavedebyr2ni seid ophe adsdubhack-e Brekerabbe ymterials

for the dielectric barrier include silicon oxide, silicon nitride,
car bon- dBRREL R I RbH Bgdrced byt kb dopell dielechrhetlayer k4 bordmitri de

doped sithégfe Br8%h8Fs RVIAG mEAIRLACEeQlulOMBEREL' 82° o' 13 SR or
-+ --10 —-even smaller, the spacing dl between the gate electrode 122 .

and the conductive plug 160 will also dacrease to less than

about 2,000A. Since the parasitic capacitance {Cp) wvaries
inversely with spacing (d), when d decreases, the Cp
increases. With the present invention, by reducing the

15 dielectric constant (k) of the dielectric layer 140, the
spacing d1 can be further reduced without increasing the
parasitic capacitance. For example, 1if the dielectric
constant k is reduced by 50% (e.g. k is .reduced from 4 to

2), then the spacing dl can also be decreased by 50% without

20 increasing Cp.

Second embodiment

FIG. 2 shows another embodiment of the invention, in

which like numbers from the first described embodiment are

25 utilized where appropriate. Two closely spaced field effect
MOS transistors 120a, 120b are formed on a semiconductor
substrate using known processes, isolated by a STI 110
therebetween. After a conformal buffer layer 130 (optional)

and a blanket low-k dielectric layer 140 as in the first

30 embodiment are formed, two contact openings 150a, 150b are

11



As shown in FIG 1, the parasitic capacitance between the gate el ectrode
122 and the conductive plug 160 is substantially reduced by the | owk
dielectric layer 140. in future products having mninmum feature sizes of
0.13 mor 10. even smaller, the spacing dl between the gate el ectrode. 122
and the conductive plug 160 will al so decrease to | ess than about 2, 000A. -
Since the parasitic capacitance (Cp) varies inversely wth spacing (d),
when d decreases, the Cp increases. Wth the present invention, by

reduci nquditned b r&ﬁecﬁ?8§tﬁnhit¥%85t{“bg 952&?“1%‘3 Het¥bnl4fe the

spacing dl can be further reduced wthout Increasing the parasitic
capaci t ¥we. FEyengxahpre, itfot heespeteitele espetant dnd s oeducde by 50%

e.g. kis.-reduced from4 to , then the spacing dl can al so be
Eiec?ease%o‘i)’i/c %%I’t hbT?*°2% ilﬁgi%i?@%?rﬁgﬁbﬁag%nbocﬁ'nﬁé?ﬁafﬁe@ 2 shows

anot her erdadi e 0f ddifaddpien | Mhtdrl a1 eheel | KapAHdeT S shf omhe first
descri bed enbodi nent are 25 utilized where appropriate. Two cl osely spaced
fiel 8@ effaeiagiOSopeningst d59al 206012 0bharaby ofording &weemdierauntt or

substrat e using kno ro ses, _Ji.solated by a STI 110 therebetween. After
a conf or?‘?&?élb"ﬂ‘%f‘é% %@ﬁgsf ]i(’gqsf’( oquqtbn%q’)re%ﬁ%c%“fﬁ]é’nmkq o%?@"tﬁlé?aé'ct_ri c
layer l4ymsadt) ddheddd ¥t IheempediciBRLi8F8-£013%4, 44® £o8Y act openings
150a, 150b are 11 defined through the lowk dielectric |ayer 140 between

the two trarfs stlepwntonr BEgecki vehe dxpodke dird egit rtilte megwuried/ drédi n
regions Qéghégse%ﬁg Eé%Q%EEEgrcaEQSEEQEESrbetween the two adjacent
10 conductive plugs 160a, 160b. In future products having
minimum feature sizes of 0.13 pum or even smaller, the
spacing d2 between adjacent conductive plugs of closely
spaced transistors will also decrease to less than about
2,000A. By forming a low-k dielectric material between the
15 closely spaced conductive plugs, the spacing d2 can be

decreased without increasing the parasitic capacitance.

While the invention has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the
20 disclosed embodiments. To the contrary, it is intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore,
the scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such

25 modifications and similar arrangements.
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el ectrically conductive materials are enbedded in the 5 contact openi ngs
150a, 150b, thereby form ng two adjacent conductive plugs 160a, 160b to
respectively nake electrical contact to each of the MOS transistors 120a,
and 120b. As shown in FIG 2, the lowk dielectric material 140 reduces
the parasitic capacitance between the two adjacent 10 conductive plugs
160a, 160b. In future products having m ninumfeature sizes of 0.13 mor
even smaller, the spacing d2 between adjacent conductive plugs of closely
spaced transistors wll also decrease to | ess than about 2,000A. By

form ng i el r.ic material between the 15 closely spaced
conducti@%égﬁ%g§gkﬁﬁ§&éﬁgking d2 can be decreased w thout increasing the

parasitic capacitance. Wile the invention has been described by way of
exanpl e and in. t erarsanfi cohduptetredeeticenbosthipeidisngit is to be understood
that the invention is not limted to the 20 disclosed enbodinents. To the
contrary, it #SSYRRAERFE to cover various nodifications and sinilar

arrangenents fasgeypid d he,appargnt GLo.t h%ﬁ%c%?iohteed cj\ﬂ%rtllé'ﬁ;.rngre Ej )tt e

Therefore, the scope of the appendg cl aims shoul d be ac
broadest interpretatbstrastoeas to enconpass all such 25 nodifications and
simlar arrangene is.clajned 1. A seniconductor device,

ts, 12 at LS: \
conpri si ng: sGhEEFRIEal Ly eondechive nﬁaﬁggaﬁ%’aé:ieé’&'t rble t&FerddhiSg the ‘

substrate; electrode and making electrical contact to the
device; and

a low-k dielectric material disposed in the space

between the gate electrode and the electrically

conductive plug.

2. The semiconductor device as claimed in c¢laim 1,

wherein the device comprises a MOS transistor.

3. The semiconductor device as claimed in claim 1,
further comprising a gate dielectric having an effective
thickness less than 25 A interposed between the gate

electrode and the substrate.

4, The semiconductor device as claimed in claim 1,
wherein the substrate comprises defective semiconductor

lattice,

5. The semiconductor device as claimed in claim 1,

wherein the substrate comprises silicon.

6. The semiconductor device as claimed in claim 1,

wherein the substrate comprises silicon and germanium.

13



an electrically conductive plug adjacent to the gate electrode and naking
electrical contact to the device; and a lowk dielectric material disposed
in the space between the gate electrode and the electrically conductive
plug. 2. The sem conductor device as clainmed in claim1, wherein the
device conprises a MOS transistor. 3. The sem conductor device as cl ained
inclaiml, further conprising a gate dielectric having an effective

t hi ckness | ess than 25 A interposed between the gate electrode and the
substrate. 4. The sem conductor device as clained in claim1, wherein the
substrat e COMpI i SofdleL i Lot ilb: OMWELLT as! Bl Sin TBEagRMiCONdUCE OF
device as clained in claim1, erein the substrate conprises silicon. 6.
The sem €oexkeit orhaldve ohitasoft | theraghtien edleaitmalle iwhdremisn tiee sildosttr at e
conpri se 366icon and germanium 13 7. The sem conductor device as cl ai med
in clainti; vherein t he hei ght of the gate electrode is | ess than about
3,000 A. 8. The sem conductor device as clainmed in claim1, wherein the
width of the gate ®lecChéRiohdudi®ss §8cabaut c1hidRA. 19 cTheém 1,

sem conductor device as claimed in claiml, wherein the dielectric

const antwigreie the-Kidik| eEt the gate electrode is less than about

1,000A.

9. The semiconductor device as claimed in claim 1,
wherein the dielectric constant of the low-k dielectric

material is less than about 3.3.

10. The semiconductor device as claimed in claim 1,
wherein the dielectric constant of the low-k dielectric

material is less than about 2.8.

11. The semiconductor device as claimed in claim 1,
wherein  the low-k dielectric material comprises
fluorosilicate glass (FSG), Black Diamond, an organic spin-
on material, a spin-on-glass (SOG) material, an inorganic

CVD material, or combinations thereof.

12. The semiconductor device as claimed in c¢laim 1,
wherein the low-k dielectric material comprises a carbon-

containing material.

13. The d semiconductor device as c¢laimed in claim 1,
wherein the low-k dielectric material comprises a

carbon/oxygen-containing material.

14



material is less than about 3.3. 10. The sem conductor device as clained in
claiml1l, wherein the dielectric constant of the lowk dielectric nmateri al
is | ess than about 2.8. 11. The sem conductor device as clained in claima1,
wherein the lowk dielectric material conprises fluorosilicate glass
(FSG, Black D anobnd, an organic spin- on material, a spin-on-glass (SOG
material, an inorganic CVD material, or conbinations thereof. 12. The

sem conductor device as clainmed in claim1l, wherein the lowk dielectric
material conprises a carbon- containing naterial 13. The d sem conduct or

devi ce as cl al‘;r’redglr#océg“’gc}u é@&g edlé]v CET%‘% g_ﬁ:hl&me yial

conprises a ‘carb Xygen- Cont & i ng e er| al e 'sem cohduct or
devi ce aghetaimedhen epatind, betheea nchdie gteci alebeivden drte ghte
el ectrode and the electrically conductive plug is | ess thap about 2, 000A.

15. The 2¥F ORI CHAICESVESPEYEi hedl §9F cqlmnapoutf @rCREA-comprising a

buffer | ayer disposed between the substrate and the lowk dielectric

material . 16.qglhe §eM conductQl. Srdse Chal 1BdiRaclid l@im Wherein the
buffer |ayer Jl's a St/ N-contal ni ng fl?m 17. The séLm conlduct orlrglew ce as

cl ai ned fulrtdia mc{tﬁ;prl\shagel a tmmﬂfdaybayedlémmd or=tasean &heh stop
| ayer and ses eri of  SION, SIN, or Si-rich oxide. 18. The
seni condti® r%eﬁ/lad'éi §§‘ecl &My ddﬁﬁl‘é?ﬁﬁﬁ’ fepterial.

16. The semiconductor device as claimed in claim 15,

wherein the buffer layer is a Si/N-contaiﬁing film.

17. The semiconductor device as claimed in claim 15,
wherein the buffer layer functions as an etch stop layer and

comprises a material of SiON, SiN, or Si-rich oxide.

18. The semiconductor device as claimed in claim 15,
wherein the buffer layer functions as a diffusion barrier
and comprises a material of SiOC, SiNC, 8iC, or 8i-rich

oxide.

19. The semiconductor device ag claimed in claim 15,
wherein the buffer layer functions as an adhesion layer and

comprises a material of S8iQC, 8iNC, or Si-rich oxide.

20. The semiconductor device as c¢laimed in claim 1,
wherein the width of the electrically conductive plug is

between about 100 and 1000 A.

21. The semiconductor device as claimed in claim 1,
wherein the low-k dielectric material substantially filling
the space between the gate electrode and the electrically

conductive plug.

15



wherein the buffer layer functions as a diffusion barrier and conprises a
material of SIOC, SINC, SiC, or Si-rich oxide. 19. The sem conduct or
device as clained in claim1l5, wherein the buffer layer functions as an
adhesion layer and conprises a material of SiOC, SiNC, or Si-rich oxide.
20. The sem conductor device as clained in claiml1l, wherein the width of
the electrically conductive plug is between about 100 and 1000 A 21. The
sem conductor device as clainmed in claiml1l, wherein the lowk dielectric
material substantially filling the space between the gate el ectrode and

the electricaljy Acgaqﬁebhaacebygﬁeé?c@?;co%r@eirg'icr@lduct or device,
conprising: a substrate; device having a gate el éctrode overlying the

substrate; ad cawHstdiaglegctric |ayer disposed in close proximty to the
device, wherein the |lowk djelectric |ayer defiaes a cogtact op ni ng

adj acent to tthe YaY¥ € el BRI e; 2and25R eCEECFFEEF y C¥GRGYET Ve gFug
enbedded in the opgmhdigrai@nd nmeking el ectrical contact to the device. 23.
The sem conductor device as clainmed in claim?22, wherein the device
conpri ses a MOSdw-ansiisflectri4. liper sénsporedicimreldss qeradingltai ted in

claim 22, further comlSing 3808 e/ drain £egl ofiLlebhe; UsR ®
defines a contact opening adjacent to the gate
electrode; and
an electrically conductive plug embedded in the opening

and making electrical contact to the device.

23. The semiconductor device as claimed in c¢laim 22,

wherein the device comprises a MOS transistor.

24. The semiconductor device as claimed in claim 22,
further comprising a source/drain region in the substrate
adjacent to the gate electrode ﬁhereby the electrically
conductive plug is disposed thereupon to make electrical
contact to the device. -

25. The sewmiconductor device as claimed in claim 22,
wherein the low-k dielectric layer is present within 200 nm

from the gate electrode.

26. The semiconductor device as c¢laimed in claim 22,
wherein the low-k dielectric layer is present within 200 nm

from the source/drain vregion.

27. The semiconductor device as claimed in claim 22,

further comprising a gate dielectric having an effective

16



adj acent to the gate el ectrode whereby the electrically conductive plug is
di sposed thereupon to nake electrical contact to the device. 25.. The

sem conductor device as claimed in claim?22, wherein the lowk dielectric

| ayer is present within 200 nm fromthe gate el ectrode. 26. The

sem conductor device as clained in claim?22, wherein the lowk dielectric

| ayer is present wwthin 200 nm fromthe source/drain region. 27. The

sem conductor device as clainmed in claim?22, further conprising a gate

di el ect khd chavsBg 1aB8sefthagt iateutb dohil kiessrdassl thetwadouthé0gdee nt er posed
between the gate electrode and the substrate. 28. The sem conductor device
as cl ai sd@ckiyograpndiobhe sesEiatrehe substrate conprises defective

sem conductor lattice. 29. The sem conductor device as clained in claim

22, wherein be SkRS!LALe LANRLESES sl be0s Waillhy SE coaducssr devi ce

as clainmed in claim22, wherein the subsfrate conprises silicon and

- ger mani uwiterain Thaesesubstdaict orcahgwticee s ddfaatEde n selacom@gctonher ei n
the height of the gate electrode is | ess than about 3,000 A. 32. The

sem con df€device as clainmed in claim22, wherein the width of the gate
el ectrode is | ess than about 1000A. 33. The sem conductor device as

claimed in chaim28e gsemiconductor device as claimed in claim 22,

wherein the substrate comprises silicon.

30. The semiconductor device as claimed in claim 22,

wherein the substrate comprises silicon and germanium.

31. The semiconductor device as claimed in claim 22,
wherein the height of the gate electrode is less than about

3,000 A.

32. The semiconductor device as claimed in claim 22,
wherein the width of the gate electrode is less than about

1000A.

33. The semiconductor device as claimed in claim 22,
wherein the dielectric constant of the low-k dielectric

layer is less than about 3.3.

34, The semiconductor device as claimed in claim 22,
wherein the dielectric constant of the low-k dielectric

layer is less than about 2.8.

35. The semiconductor device as claimed in claim 22,
wherein the low-k dielectric layer comprises fluorosilicate

glass (FSG), Black Diamond, an organic spin-on material, a
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wherein the dielectric constant of the lowk dielectric layer is |less than
about 3.3. 34. The sem conductor device as clained in claim?22, wherein
the dielectric constant of the lowk dielectric layer is |less than about
2.8. 35. The sem conductor device as clainmed in claim?22., wherein the
| ow-k dielectric |ayer conprises fluorosilicate glass (FSG, Black
D anond, an organic spin-on material, a 17 spin-on-glass (SOG material, an
inorganic CVD material, or conbinations thereof; 36. The sem conduct or
devi ce afpiGl-RjiRd dsR ClsdoN ddterwhel ehfl thRerbawik evel satekalayse
conprises a carbon- containing material. 37. The sem conductor device as
cl ai ned dankgingithon®, thekep€in the lowk dielectric |ayer conprises a
car bon/ oxygen-containing naterial. 38. The sem conductor device as clained
in claim22, ergi_n ing_ b n the electr .and.t he
electrically 3céc,\)',rr}duc 5 véeem%%gl%ﬁgtggs?et\%ﬁ%ﬁ a sou((g%%bﬁ. E@Q@%ﬁg 32’
sem condimdridethee BswckaidBshddtrGlai Megdr EohphesesonPr icdirbgna buf fer
| ayer di sposed between the device and the lowk dielectric |ayer. 40. The
sem conifEHIdEaG detgyielained in claim 39, wherein the buffer layer is a
Si/N-containing film 41. The sem conductor device as clainmed in claim 39,
wherein the f elpAy. -f%ﬂﬁtlf' et y . . C rises a
mat eri al of %:J;C]\l TéleN,SeE(r)mrl |-r|c%%§o%% erae 4" St e dVEh Bin 2%

wherein the low-k dielectric layer comprises a

carbon/oxygen-containing material.

38. The semiconductor device as claimed in claim 22,
wherein the spacing between the gate electrode and the

electrically conductive plug is less than about 2000A.

39. The semiconductor device as claimed in claim 22,
further comprising a buffer layer disposed between the

device and the low-k dielectric layer.

40. The semiconductor device as claimed in claim 39,

wherein the buffer layer is a Si/N-containing film.

41. The semiconductor device as claimed in claim 39,
wherein the buffer layer functions as an etch stop layer and

comprises a material of SiON, SiN, or Si-rich oxide.

42. The semiconductor device as claimed in claim 39,
wherein the buffer layer functions as a diffusion barrier

and comprises a material of 8ioC, 8iNC, 8iC, or 8i-rich

oxide.
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42. The sem conductor device as clainmed in claim39, wherein the buffer

| ayer functions as a diffusion barrier and conprises a material of Si CC,
SINC, SiC, or Si-rich oxide. 18 43. The sem conductor device as clained in
claim39, wherein the buffer layer functions as an adhesion |ayer and
conprises a material of SIiOC, SINC, or Si-rich oxide. 44. The sem conduct or
device as clained in claim?22, wherein the width of the electrically
conductive plug is between about 100-1000 A. 45. A sem conductor devi ce,
conprising: a substrate; a device having a gate el ectrode overlying the

substrate andzm pahe Werfieheactbai Aekeabons JIYIRG iihtBEasmbsbrate
oppositely adjacent to the gate electrode, wherein the width of the gate
el ect r o gueireddhea du feyodeyesodanciipnanket anoadkegienetayet fager

overlyin he devic and_t he_substr wher ej.n _t.he | ow-.k dielectric

| ayer de(fq?r&rPergLsaescc?nﬁggteréﬁén?%géljt%ébﬁéeﬁ%cf’ tci’ll"ee‘slls,'c})“‘t}rcgle/oﬁrlgfaﬁ regi ons; and an
electrically conductive plug enbedded in the opening and naking electrical
contact to ome .of Thee sesdton@udtairn deegicenss Wikliidd the spatimngz2bhet ween
the electrically conductive plug and the gate electrode is |ess than about
2000A. 48ermi@ skhe coidhdt it debecelasternspity igprdugtives plug is

between about 100-1000 A.

45. A sgemiconductor device, comprising:

a substrate;

a device having a gate electrode overlying the
substrate and a pair of source/drain regions
formed in the substrate oppositely adjacent to
the gate electrocde, wherein the width of the gate
electrode is less than about 10004;

a blanket low-k dielectric layer overlying the device
and the substrate, wherein the low-k dielectric
layer defines a contact opening to one of the

~source/drain regions; and

an electrically conductive plug embedded in the opening
and making electrical contact to one of the
source/drain regions, wherein the spacing between
the electrically conductive plug and the gate
electrode is less than about 2000A.

46. The semiconductor device as claimed in claim 45,
wherein the low-k dielectric layer is present within 200 nm

from the gate electrode.
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wherein the lowk dielectric layer is present within 200 nm fromthe gate
el ectrode. 19 47. The sem conductor device as clained in claim45, wherein
the lowk dielectric layer is present within 200 nm fromthe source/drain
region. 48. The sem conductor device as clainmed in claim45, further
conprising a gate dielectric having an effective thickness |ess than about
25A interposed between the gate electrode and the substrate. 49. The

sem conductor device as clainmed in claim45, wherein the substrate

conpri ses defective sem conductor lattice. 50. The sem conductor device as

claimed in cha m4he WgheLAsLRE SURSLEALE GO 5% Sih i EPRim5ds, The
sem conductor device as clained in claim 4& erein the substrate

conpr i sedexieinc ahealdwgdr Eelentri2. 1aersénm popdantowidbyncatasnol ai ned in
cl ai m 45 .wherein the height of the gate electrode is | ess than about

3, 000 ALTOR thee soprrEdAYALPoFedEMce as claimed in claim 45, wherein the

dielectric constant of the lowk dielectric layer is |less than about 3.3.

54. The sem gendugher LdeuiceRd@etekaidiRdden £ dTBived INEEShin! BE,
dielectric constant of the lowk dielectric |layer is |less than about 2.8.
55. The 3eriheandoctprisv ce agatd addederhritaihmvi®ig waer @ftechia vEow k
dleleCtQﬂ%inégé (E glgﬁgnfg ghgsggﬁxﬁé%erposed between the gate

electrode and the substrate.

49, The semiconductor device as claimed in claim 45,
wherein the substrate comprises defective semiconductor

lattice.

50. The semiconductor device as claimed in claim 45,

wherein the substrate comprises silicon.

51. The senmiconductor device as claimed in claim 45,

wherein the substrate comprises silicon and germanium.

52. The semiconductor device as claimed in claim 45,
wherein the height of the gate electrode is less than about

3,000 A.

53. The semiconductor device as claimed in claim 45,
wherein the dielectric constant of the low-k dielectric

layer is less than about 3.3.

54. The semiconductor device as claimed in claim 45,
wherein the dielectric constant of the low-k dielectric

layer is less than about 2.8.

55. The semiconductor device as c¢laimed in claim 45,

wherein the low-k dielectric layer comprises fluorosilicate

20



20 gl ass (FSG, Black D anond, an organic spin-on nmaterial, a

spi n-on-glass (SOG material, an inorganic CVD material, or conbinations

t hereof. 56. The sem conductor device as clained in claim45, wherein the
|l ow-k dielectric |ayer conprises a carbon- containing material. 57. The
sem conductor device as clainmed in claim45, wherein the lowk dielectric
| ayer conprises a carbon/oxygen-containing material. 58. The sem conduct or
device as clained in claim45, wherein the spacing between the gate

el ectro electrically conductive plug is_|ess _than.about 2000A.
S0 “The LU ol or ik B o HE iRt 4 b 8% mhFRE 2 onfr i ng a
buf fer |&yai-dh-saesed (lw@oemtualﬁalde\éhcqm@gahma oy khadieghiactrbe | ayer.
60. The semi conductor device as clained in claim59, wherein the buffer

| ayer i sCommipaticms &heregttilm 61. The semiconductor device as clainmed in
claim59, wherein the buffer |layer functions as an etch stop | ayer and

conpri ses a gl et inglo Ofer Ve GeFd 160 0 fifoq 62y Thgsgenmeconduct or
device as clained in claim5b9, ersin the buffer ayer functions as a
di f f usi ovhdaazrin ettheanloeweRprdsekedt it eliagkrof cGnflis&s NG Sa@bomr- Si-rich
oxide. 21 63. The sem cqonductor device as clained in claim59, wherein the
buf fer |RREB¥YREE Mi€rd&tan adhesi on | ayer and :
57. The semiconductor device as c¢laimed in claim 45,
wherein the low-k dielectric layer comprises a

carbon/oxygen-containing material.

58. The semiconductor device as claimed in claim 45,
wherein the spacing between the gate electrode and the

electrically conductive plug is less than about 2000A.

59. The semiconductor device as claimed in clair 45,
further comprising a buffer layer disposed between the

device and the low-k dielectric layer.

60. The semiconducteor device as claimed in c¢laim 59,

wherein the buffer layer is a Si/N-containing film.

61. The semiconductor device as claimed in claim 59,
wherein the buffer layer functions as an etch stop layer and

comprises a material of SiON, SiN, or Si-rich oxide.

€2. The semiconductor device as claimed in claim 59,
@herein the buffer layer functions as a diffusion barrier
and comprises a material of 8iQC, SiNC, 8iC, or 8i-rich

oxide.
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conprises a material of SIiOC, SINC, or Si-rich oxide. 64. The sem conduct or
device as clained in claim45, wherein the width of the electrically
conductive plug is between about 100-1000 A. 65. A sem conductor devi ce,
conprising: a substrate; two closely spaced devices on the substrate,
isolated . with an isolation elenment therebetween; two adjacent

el ectrically conductive plugs disposed between the two closely spaced
devices and respectively making electrical contact to each of the
devices; and a lowk dielectric material disposed in the space between the

two adj acent ggQnt agk RledEEonbfictdhedeoiiteoRGUAI iRV i e 8Fabhabepd in
claim65, wherein the devices conprise two close%ééspaced MOS
transi sthereisy thehduééerc davest 6ungsipne as ahap SFﬁncFaYﬁ¥65ndmhere|n

t he |solat|on element .is.a.tren S on, el he sem conduct or
devi ce a8 Cldred % matc:legﬁ?n%%g g’\l';\ti?%rgél]ﬁ& ‘he Stﬁ;&st racgle%%orr%rl ses defective
sem conductor lattice. 69. The sem conductor device as clainmed in claim
65, wherein tdae subst r=d condpetses deivliceoms 221 ained hin seratond6ct or
device as clainmed in claim®65, wherein the_substrate conprises §I|ICOH and

ger mani (RSTEED THae sWAEBnRict BRe d&YEEEraSad LY MARIUCEVE nbBed

between about 100-1000 A.

65. A semiconductor device, comprising:

a substrate;

two closely spaced devices on the substrate, isolated
with an isolation element therebetween;

two adjacent electrically conductive plugs disposed
between the two closely spaced devices and
‘respectively making electrical contact to each of
the devices; and

a low-k dielectric material disposed in the space

between the two adjacent contact plugs.

66. The semiconductor device as claimed in claim 65,
wherein the devices comprise two closely spaced MOS

transistors.

67. The semiconductor device as claimed in claim 65,

wherein the isolation element is a trench isclation element.

68. The semiconductor device as claimed in claim 65,
wherein the substrate comprises defective semiconductor

lattice.

69. The semiconductor device as claimed in claim 65,

wherein the substrate comprises silicon.
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wherein the dielectric constant of the lowk dielectric material is |ess
t han about 3.3. 72. The sem conductor device as clained in claim65,
wherein the dielectric constant of the lowk dielectric nmaterial is |ess
than about 2.8. 73. The sem conductor device as clained in claim®65,
wherein the lowk dielectric material conprises fluorosilicate glass
(FSG, Black Dianond, an organic spin- on material, a spin-on-glass (SOG
material, an inorganic CVD material, or conbinations thereof. 74. The
sem conductor device as clainmed in claim65, wherein the lowk dielectric
mat eri al conpro sesri@ CoEMIbnditoal Rad oty idlaindd hecs&iimcepduct or
device as clainmed in claim65, wherein the lowk - dielectric material
conpri seéhereiy iduh/abEgesteofPBPHL PES nt EkGen aryh germanddi- conduct or
device as clained in claim®65, wherein the spacing between the two

adj acent el ecjy i caply &WJ %rpldfégﬁd S d£ss1 40 about120Q064. 77. The
sem conduct or devi ce 52 c alneé%in c ainfég% m%ereln t he m%gth of each of
t he el ecwhevsin y thenddteleectrid ugenssahet ween thboulod 0- HiRk0 ektr2d 78. The

sem conductor, device as clainmed in claim65, wherein the |lowk dielectric
mat er i al "Rt EhtI2YSES HEPh§oothe3space between the two el ectrical ly
conductive plugs. 79. The sem conductor device as clainmed in claim®6b,

wherein the wdlhdfe sl AdRERLBVideS 4858141186 aBRUk1aim 65,

wherein the dielectric constant of the low-k dielectric

material is less than about 2.8.

73. The semiconductor device as claimed in c¢laim 65,
wherein the low-k dielectric material comprises
fluorosilicate glass (FS@), Black Diamond, an organic spin-
on material, a spin-on-glass (SOG) material, an inorganic

CVD material, or combinations thereof.

74. The semiconductor device as claimed in claim 65,
wherein the low-k dielectric material comprises a carbon-

containing material.

75. The semiconductor device as claimed in claim &5,
wherein the low-k . dielectric material comprises a

carbon/oxygen-containing material.

76. The semiconductor device as claimed in claim 65,
wherein the spacing between the two adjacent electrically

conductive plugs is less than about 2000 A.

77. The semiconductor device as claimed in claim 65,
wherein the width of each of the electrically conductive

plugs is between about 100-1000 A.

23



1500A. 80. A nethod of manufacturing a sem conductor device, conprising
the steps of: providing a device having a gate el ectrode overlying a
substrate; formng a lowk dielectric layer in close proximty to the
device; formng a contact opening adjacent to the gate electrode through
the lowk dielectric layer; and formng an electrically conductive plug in
the opening to nmake electrical contact to the device. 81. The nethod as
claimed in claim80, wherein the device conprises a MOS transistor. 82.
The nethod as clainmed in claim8l, wherein the device further conprises a
sour ce/ drai n 7egi ahe rednficorstbratievddicacantclaindie yat eleiectEode
whereby the electrically conductive plug is disposed thereueﬁg'to make

el ect ri ¢HreRsdm ddte P te HRAETigs Naksdivdt faPPatentisid¥d Sl LdPgi m 80,

further vcomprial BRI Rea il LeL L AYEL Ry Stdndi 1A Agisce and  the
substraﬁ% p?ﬁ%# to forﬁ%%g Fhe POMFiCd?%ﬁéé@Xicrrayefl 25’18?IS The net hod as
claimed in claim83, wherein the buffer layer is a Si/N.containing film
85. The net hotb .as Teni s dondyickiom 8 viweeras nclatneduihecliapeShunct i ons

as a diffusion barrier_and comprises, a terial ,of _.SiOC,.SiNC, SiC or
Si-ri ch 'BISHRIN gahe THAER FBR AECLRLIPRACLRTERE] HPa3Sagn SR JoFRE

15004,

80. A method of manufacturing a semiconductor device,
comprising the steps of: |

providing a device having a gate electrode overlying a
substrate;

forming a low-k dielectric layer in close proximity to
the device;

forming a contact opening adjacent to the gate
electrode through the low-k dielectric layer; and

forming an electrically conductive plug in the opening

to make electrical contact to the device.

81. The method as c¢laimed in c¢laim 80, wherein the

device comprises a MOS transistor.

82. The method as claimed in c¢laim 81, wherein the
device further comprises a source/drain region in the
substrate adjacent to the gate electfode whereby the
electrically conductive plug is disposed thereupon to make

electrical contact to the device.

83. The mwmethod as c¢laimed in claim 80, further
comprising forming a buffer layer overlying the device and

the substrate prior to forming the low-k dielectric layer.
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buffer |ayer functions as an adhesion | ayer and conprises a material of

SIOC, SINC, or Si-rich oxide. 87. The nethod as cl ai ned
wherein the buffer |layer functions as an adhesion | ayer
material of SiOC, SINC, or Si-rich oxide. 88. The nethod
claim 80, wherein the lowk dielectric layer is present
the gate electrode. 89. The nethod as clained in claim
|l ow-k dielectric layer is present within 200 nmfromthe
region. r 90. The nethod as clained in claim80, wherein

in claim83,
and conprises a
as claimed in

within 200 nmfrom

82, wherein the
source/ drain
t he devi ce

further corrprBr43| nghg geatdad erecedpdmagdyiity ghaimg @é"ctl‘\’}éelfq'ﬁ%kﬁﬁgs | ess

t han ab erpose t t el ectrode a
91. Theeﬁg?% %I%?n%dg%2§ ¥§€n1§%ﬂ§ﬂheﬁg}n the subs

nd the substrate.
trate conprises

def ecti ve senlconductor |attice. 92. The nethod as clained in clai m80,
wherei n t he s8hst Take morhpd ses silbicmed. 26 8Baifhé3vet Woerabn ckhiened in

claim8Q, wherein the substrate cogfrlses S|I|con and

met hod 6]F§1fd:'|e§ Y S TURGEHORS, afhér sifEusien @Ir§ﬁle
s 'esséiQ%&e%Q%ﬂto% %ngA s9Re, Tﬁfcnﬁéf“ékiﬁiéﬂ iﬂﬁé' n

the w
as clained in claim80, wherein the

ermanium 94. The
EFETESEFect r ode

claim 80, wherein

h of the gate el'éctrodée is [ess than about 1000A. 96. The net hod

86. The method as claimed in c¢laim 83, wherein the

buffer layer functions as an adhesion layer and comprises a

material of SioC, SiNC, or Si-rich oxide.

87. The method as claimed in claim 83, wherein the

buffer layer functions as an adhesion layer and comprises a

material of 8iOC, SiNC, or Si-rich oxide.

88. The method as claimed in claim 80, w

herein the

low-k dielectric layer is present within 200 nm from the

gate electrode.

89. The method as claimed in claim 82, wherein the

low-k dielectric layer is bresent within 200 nm from the

source/drain region.

*

90. The method as c¢laimed in claim 80, wherein the

device further comprising a gate dielectric

having an

effective thickness less than about 25 A interposed between

the gate electrode and the substrate.

91. The method as claimed in claim 80, wherein the

subgstrate comprises defective semiconductor lattice.

92. The method as claimed in claim 80, wherein the

substrate comprises silicon.

25



dielectric constant of the lowk dielectric layer is less than about 3.3.
97. The nmethod as clainmed in claim80, wherein the dielectric constant of
the lowk dielectric layer is |less than about 2.8. 98. The nethod as
claimed in claim80, wherein the lowk dielectric |ayer conprises
fluorosilicate glass (FSG, Black D anond, an organic spin-on nmaterial, a
spin-on-glass (SO material, an inorganic CVD material, or conbinations
t hereof. 99. The nethod as clained in claim80, wherein the |owk
dielectric layer conprises a carbon-containing naterial. 100. The - net hod
as cl ai med i rexl] aiTheBOnevihed ebs tdieairde@/vmdicélaémt rée, | eperetonphieses a

car bon/ ox en contalnl ng%grlal 101. The nmethod as clained in claim
80, wher®Y qﬁ% e FidEROPhRPY IR BRI P ode and t he electrically
conductive plug is |l ess than about 2000A. 102. The method as clained in

cl ai m 80, whedg£l n fhe Meehda obst e LR rigaldiigongdict wherpliHg dne bet ween
about 100-1000 A. 103. The nmethod as clainmed in cIa|n180 wherein the

| ow- k dikeaht ief |theeigate iglgskopte i@rheﬁSoVb¢¢y¢b@P¢kﬁao%%ﬁgtrate and the
device. 104. A nethod of manufacturing a sem conductor device, conprising

the steps Of:95 The method as claimed in c¢laim 80, wherein the

width of the gate electrode is less than about 1000A.

26. The method as claimed in claim 80, wherein the
dielectric constant of the low-k dielectric layer is less

than about 3.3.

97. The method as claimed in c¢laim 80, wherein the
dielectric constant of the low-k dielectric layer is less

'than about 2.8.

98. The method as claimed in claim 80, wherein the
low-k dielectric layer comprises fluorcsilicate glass (FSG),
Black Diamond, an organic spin-on material, a spin-on-glass
(SOG)} material, an -inorganic CVD material, or combinations

thereof.

99, The wmethod as claimed in claim 80, wherein the
low-k dielectric 1layer comprises a carbon-containing

material.

100. The wmethod as claimed in claim 80, wherein the
low-k dielectric layer comprises a carbon/oxygen-containing

material.
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providing two cl osely spaced devices on a substrate, isolated with an

i solation elenent therebetween; formng a lowk dielectric |ayer overlying
the two closely spaced devices; and form ng two adj acent electrically
conductive plugs through the lowk dielectric |layer between the two

cl osely spaced devices to respectively make electrical contact to each of
t he devices. 105. The nethod as clainmed in claim 104, wherein the devices
conprise two closely spaced MOS transistors. 106. The nethod as clainmed in
claim 104, wherein the isolation elenment is a trench isolation elenent.
107. The net o ashe aheetbd nasl ail@iked, Wwheekaimt Be, swibeteni ethenprises
defective sem conductor lattice. 27 108. The nethod as clainmed in claim

104, V\heﬁ’%ff‘h“i?neb%ﬁﬁﬁlr dike coapri sPeaingdeonandodherheleetragaddyel ai med
I I d 110.
in claim %?&&lé he gggs&ggﬁ 5P xR Si | i con and ger mani um

The net hod as inc a| m er ein the dielectric constant of the
lowk dielectric material is less than about 3.3. 111. The nethod as
clained in cl¥an It wmeehed nashe::laiineldecini clabmsté&nt whetdn | olvek

dielectrigc is_less n aboyt 2, 8. 2. The._nethod as clained in
o oy et ePE | Bhengefbi et b SorMiating o1 L8nBrruesn: Phetbal || oat o

gl ass (FH¥9-1000 2.

103. The method as c¢laimed in claim 80, wherein the
low-k dielectric layer is blanketly formed overlying the

substrate and the device.

104. A method of manufacturing a semiconductor device,
comprising the steps of:

providing two closely spaced devices on a substrate,
igsolated with an isolation element therebetween;

forming a 1low-k dielectric layer overlying the two
closely spaced devices; and

forming two adjacent electrically conductive plugs
through the low-k dielectric layer between the
two closely spaced devices to respectively make

electrical contact to each of the devices.

105. The methed as claimed in c¢laim 104, wherein the

devices comprise two closely spaced MOS transistors.

106. The method as claimed in claim 104, wherein the

isclation element is a trench isolation element.

107. The method as claimed in claim 104, wherein the

substrate comprises defective semiconductor lattice.

27



Bl ack D anobnd, an organic spin-on material, a spin on-glass (SO nmaterial,
an inorganic CVD material, or conbinations thereof. 113. The nethod as
claimed in claim2104, wherein the lowk dielectric material conprises a
carbon-containing material. 114. The nmethod as clained in claim2104,
wherein the lowk dielectric material conprises a carbon/oxygen-
containing material. 115. The nethod as clained in claim104, wherein the
spaci ng between the two adjacent electrically conductive plugs is |ess

t han about 200 nm 28 116. The nethod as clained in claim 104, wherein the

width of eachgf. the ehe@idd cakl y1eenductinvecditgsios, habween gheut
100- 1000 A. 117. The nethod as clainmed in claim104, wherein the wdth the

i sol at | cynkstarain Janprises: Isdd ighvut 1500 A. 118. The nethod as clainmed in
claim 104, further conprising formng a buffer |ayer overlying the device

and the subsfrat erkperirﬁétltﬁ%gqggémﬁgimg Ii%l\év-g)b%jfri?g%fi Ghed¥eh: thk9. The

nmet hod as claimed i'n clai rernt ayer 1s a

Si / N- corguibsti e & | domprlidds Hid iwehhaddageehanimd. in claim 118, wherein the
buffer |ayer functions as a diffusion barrier and conprises a material of

SiCC, SINC, SIiC, or. Si-rich_oxide., 121.. The net hod clained in.claim118,
wherein the bt fethe aperhednasi (ﬁ;}é‘l&edarf‘rhdﬂ%?r%n1s§ye|“%§ﬁ&l@o%ﬁ'ﬁ ses a

dielectric constant of the low-k dielectric material is less

than about 3.3.

111. The method as claimed in claim 104, wherein the
dielectric constant of the low-k dielectric material is less

than about 2.8.

112. The method as claimed in claim 104, wherein the
low-k dielectric material comprises fluorosilicate glass
(FS@), Black Diamond, an organic spin-on material, a spin-
on-glass (SOG) material, an inorganic CVD material, or

combinaticons thereof.

113. The method as claimed in claim 104, wherein the
low-k dielectric material comprises a carbon-containing

material.

114. The method as c¢laimed in claim 104, wherein the
low-k dielectric material comprises a carbon/oxygen-

containing material.

115. The method as claimed in claim 104, wherein the
spacing between the two adjacent electrically conductive

plugs is less than about 200 nm.
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[ ' ' I -ri [ ' thod as clainmed in
of SIOC, SINC, or Si-rich oxide. 122. The ne
g?é?%:?ES wherein the buffer |ayer funcplopshas ag ad?g§|o$hgaﬁg{hggdas
[ ’ material of SiOC, SiNC, or Si-rich oxide. :
gFgFggze?naclain1lo4, wherein the lowk dielectric layer |s_blan|ketlyt -
fornmed overlying the devices, the substrate, and the isolation elenent.

116. The method as claimed in claim 104, wherein the
width of each of the electrically conductive plugs is

between about 100-1000 A.

117. The method as claimed in claim 104, wherein the

width the isolation element is less than about 1500 A.

118. The method as claimed in e¢laim 104, further
comprising forming a buffer layer overlying the device and

the substrate prior to forming the low-k dielectric layer.

118. The method ag claimed in claim 118, wherein the

buffer layer is a 8i/N-containing film.

120. The method as claimed in claim 118, wherein the
buffer layer functions as a diffusion barrier and comprises

a material of sioc, SiNC, 8iC, or Si-rich oxide.

121. The wmethod as claimed in claim 118, wherein the
buffer layer functions as an adhesion layer and comprises a

material of Sioc, SiNC, or 8i-rich oxide.

122. The method as claimed in claim 118, wherein the
buffer layer functions as an adhesion layer and comprises a

material of SiocQ, SiNC, or Si-rich oxide.

123. The method as claimed in claim 104, wherein the
low-k dielectric layer is blanketly formed overlying the

devices, the substrate, and the isolation element.
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