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(57) Abstract: A transistor device (200) is disclosed, having an insulating material disposed between the gate electrode (204) and the
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Flgure la shows a schematic cross-sectional view of a field effect transistor device at a specific

35 . manufacturing stage. In a semiconductor substrate 1, shallow trans-isolations 2 define a transistor region. A
" gate electrode 4 is formed over a substrate 1 and isolated therefrom by a gate insulation layer 3. Adjacent to the

gate insulation layer 3, lightly doped regions 5 are formed. As the skilled pers'on will readily appreciate, the gate

electrode 4 may be formed by DUV (deep ultraviolet) mask technology and, thereafter, the lightly doped regions

S are formed by ion implantation.
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regions and the gate electrode also increases with a decreasing distance. As a consequence, in ultra-high density

rom

semiconductor circuits, the advantages gained by steadily decreasing the transistor length, i.e., the gate length,
35 are, at least partially, nullified by the decreasing distance between source and drain lines and the gate electrode,
thereby resulting in an increased parasitic capacitance and cross talk noise therebetween.

In view of the above, there exists a need for an improved field effect transistor device having a lower
capacitance between its drain and source region and the gate electrode so as to improve device performance of '
ultra-high density semiconductor circuits.
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i nsul at ed ¢$uortesrgielectric constant “k” of the sidewall spacer material and is inversely proportional to the spacing of the

drain line or the source line and the gate elecirode, the increase of the capacitance by reducing said distance in
ultra-high density integrated circuits can effectively be compensated by forming the sidewall spacers on the basis
of a low k material. Contrary to prior art devices containing sidewall spacers made of silicon oxide, silicon
35 nitride or silicon oxynitride, having a dielectric constant k ranging from 3.9-6, the present invention provides
field effect transistors having sidewall spacers formed of a material with a dielectric constant in the range of 3.5
1o less than 1.3. Accordingly, the present invention allows a further down-scaling of the transistor devices,
thereby avoiding a deteriorated device performance caused by increased gate-to-source and/or gate-to-drain

capacitance and cross talk noise.
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stage mm accordance with the present invention. In Figure 2a, shallow trench isolations 202 are formed in a
substrate 201, which may be an appropriate semiconductor substrate, such as silicon or an insulating substrate,
such as glass, and define an active region of the transistor 200. In the active region of the transistor 200, a drain
and a source region 206 with corresponding lightly doped regions 205 are formed. A gate electrode 204 is
located over the active region of the transistor 200 and spaced apart therefrom by a gate insulation layer 203.

35 Sidewall spacers 207 are formed along the respective sidewalls of the gate electrode 204 and extend along the
width direction of the transistor 200.

The process flow for forming the features of the field effect transistor 200 as depicted in Figure 2a may

include the following steps. After standard gate formation, as described, for example, with reference to Figures

la-1d, the lightly doped regions 205 are formed by ion implantation. Thereafter, the sidewall spacers 207 are

40 formed by depositing a material having a dielectric constant of 3.5 or less. Suitable materials for a sidewall
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15 advanced manufacturing stage. Wile the present invention is described
with reference to the enbodinent as illustrated in the follow ng pf%ﬁﬁbﬁﬁ
description as well as in the drawings, it should be understood tha
followi ng detailed description as well as the drawings are not intended to
limt the present invention to the particul ar enbodi rent disclosed, but
rat her the Wee¥#4ed enbodi nent nerely exenplifies thePGHPYEYMaspect s of
the present invention, 20 the scope of which is defined by the appended
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deposi ted
Si ncé® usuafl ‘§)“' lﬁﬁémft?’ﬁ‘é“% pe Seleféeﬁ Baiivst Bhkprebed & sidefleseaces J0p sich thet th‘:/laﬁowé of the
| ayer depothe keehlue andvta distaos ‘@htodfe sdulte@lide,oud thee ratia lofide ‘B vahie P &€ Hiftn€e “d” to the

_ drain line, are both 0.35 nm™ or less, or about 3.099 x 102 As/Vm? or less, when absolute values are used. This
means, the present invention suggests, for example, a dielectric material with a “k” equal to 3.5 or less for a
minimal distance “d” of 10 nm, or a “k™ of 2.8 for a “d” of 8 nm, etc. Hence, according to the present invention,
35 the “k” value qf the sidewall spacer material may be selected such that for 2 minimum distance “d,” depending
on design rule and proéess accuracy, the capacitance between gate electrode and drain and source line 210 is
equal to or less than a constant times 3.099 x 10 As/Vm? for specified voltages applied to the gate, drain and
source of the field effect transistor.
Furthermore, although the present invention has been described with tungsten as the metal used for the

40 drain and source lines 210, it should be noted, however, that any appropriate material, such as copper, aluminum,
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materi al can be obtained by using a different deposition process di I8¢ 2003
changi ng paraneter values of the deposition process, as is known from
processi ng of previous spacer materials such as silicon oxide. 10 Figure 2b
schematically shows the field effect transistor 200 of Figure 2a in an
advanced manufacturing stage. Over the gate el ectrode 204 and the sidewall
spacers 20MWO8#%sul ating | ayer 208 is formed, adjaceRETPYPBPUM ch drain
and source lines 210 are I ocated. The drain and source |ines 210 may be
formed as ad.ady beleinpl@sd. MdFeovel) Bt fresénnineDiaidis pueticilin pseflieieRthiondvienhael g ggyn

req uirene nfe@th 0P§2 IRI &Y 1eQ L&ﬁll:e){he&%ratggor dtwm:% ggr[elq Avé!:x%ests) k!«ll{eceﬁctllo&e%%cg 179250 may al so
be referred t | ocal i nterconnects. previously described with
reference ?% ures la-1d, the |nsulat|on | ayer 208 forned over the

structure.is t “@I thenBEPSPrY dentin s Eprabeil Wi refowe & Gk Segrwansifipt Breepartial ly
expose t hesetlicaiintoomigir@0uEhoe siiceg it 6 Msbe n@4Q that tHehpeseadiverntion mag bd dapliad th auy fitlér | ayer

(not shomaffectayﬁéaor &8ned omp'ayp;roprﬁae Ll!b&ﬂatgQ?o%m@ietthetfﬁﬁ'eMu%ﬁsistb&ﬁag@e dmamg, may be

ggggls Iﬂ;gd 2%1 o) SlllCO? onI orn\ée dev1c? P'r ma%il ge f%rmT on an msha in OSBI?SP enog ot{ler semncondud&(ni shbestralgees ultin g

structure WQ”%F%%%PﬂE?&“BV“%NP A dlstance 211, also referred to as

di stance "d," 208eititueearncditrets digload dbeeat ﬂw@\'@@m za fhelintehtion dayde modged fohe sour ce
i nei1@10, pleprdaSimRnttieqlRe Sl afphred: Rohdd ikglsmﬁmte art Ghiink @ bbdd@ of @€ Mat i on

of the Ope@écﬂ% h;fgr? ;‘oQ xa;nglg dlgrp%c e%éﬁgsé B}M Qogve nl1a9§§ gc;fllgxed §I ncﬁf%re;tt oﬁfglsl stor

I ength dingnsions “are ng, dem

i nt egr at ed" ERFER Plimietiopy A ‘Et?ﬂd%/dxp P def"l’lse"f F‘é‘ﬁi‘j‘é‘mb?r dystsn ST ﬁ?ﬁn ‘ﬁlﬁﬂtha“r?éy even
be smal | er deygeed inghecslains A¢lavy. dripthetforodvident that thi pprtisay embodimeptsglisclopiaboyamaidt t ance
bet ween t hetegBbremaifier indl Qd @uck Odriadtidlart bsiddicd iviihi el stoftCant GpifitCe teipiventidil 0 | s
propesti Onﬂécoralﬁkly, la%r(lgc&ns&ﬁ"g']l@l{e@m sset'fo?thgnrﬁﬁ Cﬁl’ﬂ?‘l@ggt ric constant of the

mat eri al positioned between the source and drain line 210 and the gate

el ectrode 204. It should be noted that for obtaining absolute val ues the
ratio k/d has to be nultiplied by the electric field constant so (8.8542 x
10-12 As/Vm). Thus, a decreased distance "d" is conpensated by a | ower

val ue of "k" according to the present invention, thereby allow ng smaller
di stances "d" as in the prior art without deteriorating the perfornmance of
the transistor device. The type of material and/or the type of deposition
process 30 for the lowk material may be selected to adjust the "k" val ue
of the sidewall spacers 207 such that the ratio of the "k" value and the
di stance "d" to the source line, and the ratio of the "k" value and the

di stance "d" to the drain line, are both 0.35 rim-1 or |ess, or about
3.099 x 10 As/VnR2 or |ess, when absolute values are used. This neans, the
present invention suggests, for exanple, a dielectric material with a "k"
equal to 3.5 or less for a mnimal distance "d" of 10 nm or a "k" of 2.8
for a "d" of 8 nm etc. Hence, according to the present invention, 35 the
"k" value of the sidewall spacer material may be selected such that for a
m ni mum di stance "d," depending on design rule and process accuracy, the
capaci tance between gate el ectrode and drain and source line 210 is equal
to or less than a constant tinmes 3.099 x 10-3 As/VnR2 for specified voltages
applied to the gate, drain and source of the field effect transistor.

Furt hernore, although the present invention has been described with
tungsten as the nmetal used for the 40. drain and source lines 210, it
shoul d be noted, however, that any appropriate nmaterial, such as copper,
alum num -5 16 DEC 2003
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WO 02/ 41405 PCT/ USOL/ 31199 etc., may be enpl oyed. Moreover, the pregért 200
invention is particularly useful in transistor devices havi ng

ate
|l ength of 0.2 mand | ess, since these transistor devices gene?@{(ﬁgeﬁﬁ FE5i t
line to gate el ectrode distances of 250 nm and |ess. Although sent
invention is described with reference to field effect transistors fornmed on
a b5 sem conductor substrate, such as silicon, it is to be noted that the
present invention nay be applied to any field effect transistor formed on
any appropriate substrate. For exanple, the field effect transi stor may be
formed as aANEWICLAIM{Son on oxi de) device, or may be forned on an
i nsul ati ng substrate or other sem conductor substrates such as IlI1-V or
1=Vl sem conductors. The particul ar enbodi nents discl osed above are
iIIustrativa only, a]s the invention may be nodified and 10 practiced in
different bl eqdtfié eafiiansistemerien (200) mmf@bréitbﬁq%i{]d&if he art _

havi ng the benef ijaffrat t i herein, .For exanple, e process step
set forth above mayrﬂ{)e ggfgo%?l{b%ﬁ@t i $9BPESINGsr der . Furthernore, no
limtations are intended to the details of construction or design herein

shown, other tha crib in the clainmns below. It is therefore

evi dent t hat thegiﬁi? ie%&é?d%zggﬂnhﬁWﬂg aRPasing sitleatalisee xtepnding a,@hger ed or

modi fi ed and al | a wigth diretHd j d,wthin the scope and spirit

of the invention. . 15 Accor d’?%gmél&t @%‘?ﬁ%@r%@a{f’gﬁ{e@m@i 04 as set’

forth.in the cl A%BIKRIMAA oves Db Sioat (295@@@@5@14@9&99,8%%& §903 NEW
e

CLAIMS 1. A fi eléjggiéﬁﬁh'gtfemﬁ%%ﬁ?ggﬁ\g/! ce (200) in an integra circuit

manuf act ured on a” substrat ~a gate electrode (204) having-
opposi ng sidewal | s extending along a width direction of the transistor

- (200), the gate_g .0de (,204 eing fornmed over a substrate (201) and
separated there r%‘%}%{)ﬂgaatdﬁ?ﬁ P?l’g{ﬂ"é(t%ﬁned&y@r a deth) regiod; therdrajpe at

| east parti al | ylihertectrically contieatiAg t6 9@ Qrai i line electrically

connecting to the drain region; andga sou?gael}'p%ﬁg&gté}f%ast partially formed

over a source region, the source line electrically connecting to the

source region, aadodred fihs atllbast i [ being electrically- -
i nsul at ed and spaced ,apart fromﬁﬁ'gﬁggélgﬁpé+g§?r&se° $847918n. dhei dewal |

spacer (207 o feedife electricalbieponneatiagitoghe stiustesbyioh, sanhfth that is
e e e Lo Wb e
’ _ spacer (207) comprised
of a material having a dielectric constant that is 3.5 or less selected
from the group consisting of silicon oxyﬂuoride, hydrogen
silsesquioxane, fluorinated polyimide, parylene, polynaphtalene,
polytetrafiuoroethylene, methylsilsesquioxane, perfluorcyclobutene,
nano porous silica, and hybrid silsesquioxane.

2. The field effect transistor device of claim 1, wherein a length of the
gate electrode is less than 0.2 pm.

3. The field effect transistor device of claim 1, wherein the drain line

and the source line comprise one of tungsten, aluminum and
copper.

4, The field effect transistor of claim 1, whérein the substrate (201) is a
semiconductor substrate.
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pol ytetrafl uoroet hyl ene, nethylsilsesqui oxane, perfl uorcycl obutene€l§ DFRAIE3

porous silica, and hybrid sil sesqui oxane. 2. The field effecﬁe tlécansi or
device of claim1, wherein a length of the gate electrode is qff%,e 0.2
m 3. The field effect transistor device of claim1, wherein the l'ine

and the source line conprise one of tungsten, alum numand copper. 4. The
-field effect grangigt ima1l erein _the substrate (201) is a

semni conduct or 'subihr%ai?%qca,&@kl%@ﬂsﬁiﬁmgewcﬁ%cm PoeBerefe thapekt oPage 9
DEC 2003 5. The ftred eleaiifiefield cansihat ' f im 1, ,wherein the
product of the elf tric, field constaﬁ{aﬂgma%%t&%ﬂpgt?@%ﬁ“q fentiaet ectric
constant of the $ ﬁb‘?/\é'ldlew?ﬁa??@rceéﬁ@dttﬁé dstenaa detbesnees qtdlA 1Akady | | ne

and the gate el egie 9dre éi8 l; ..099 0'3 Vn?2 and
t he pr odugt of the e? l’ ‘:ﬁ‘aélélli5 EQuQHo' &S‘%Sarﬁﬂbgtc&% ’ngijsd“"iff/ﬁiszlwd

ectric field constant C

di el ectric const aiffe BioduREoEingealectricheideronatshity @ ndi $ledass d}gﬁ%\een t he
. 099 x 10--1

source line and tdg - | s. equal to or |ess than

As/Vn2. 6. A net hod?%‘%ﬁh%@g &f?’héggge&@ﬁ?@ﬁféﬂﬂ the ghefastebetwespr i si ng
the steps of: prtbﬁliﬁuﬁgeanetﬁmtM@tézg)éat;szrgé&,wrd}q?% t é%r mng an
active region '”ﬁ?égiﬁﬂﬁri}\?mézm), formng a gate eleciro (204) over
the substrate (201), the gé\e el ectrode (204) being electrically insul ated
fromthe substrate (201) by a gate insulation |ayer (203); form ng

dielectric ¢ dewag| s (2Q7) adjacent the gate electrode (204) and
ext endi ng aﬁdng%é‘%’i‘?‘g%@p@%\‘gﬁeﬁr Ny aaf'wﬁcﬂffﬁcttmalnetsubnrmmiprtslwg tHeansi st or,
said sidewal | spatsprsof207) conprised of a material having a dielectric

constant that is equal or less than 3.5 selected fromthe group consisting
of silicon oxyfluoride, hydrogen silsesquioxane, fluorinated polyimn de,

paryl ene, providing a substrate (201) having a surface-
forming an active region in the substrate (201);

forming a gate electrode (204) over the substrate (201), the gate

electrode (204) being electrically insulated from the substrate (201)
by a gate insuiation layer (203);

forming dielectric sidewal) Spacers (207) adjacent the gate
electrode (204) and extending atong the gate electrode in a width
direction of the transistor, said sidewall spacers (207) comprised
of a material having a dielectric constant that is equal or less thanp
3.4 selected from the group consisting of silicon oxyfiuoride,
hydrogen silsesquioxane, fluorinated polyimiae, parylene,
palynaphtalene, polytetrafluoraethylene, methylsilsesquioxane,
perfluorcyciobutene, nano poraus silica, and hybrid
silsesquioxana.

forming a drain and a source region n the active region adjacent the
gate electrade;

depositing an insulating layer (208) over the substrate (201)
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pol ynapht al ene, pol ytetrafl uoroethyl ene, nethyl sil sesqui oxane, 16 DEC 2003
per fluorcyctobutene, nano porous silica, and hybrid silsesquioxane.

formng a drain and a source region in the active region adj&@ﬁmmnthquate
. el ectrode; depositing an |nsulat|ng | ayer (208) over the substr&ﬂﬁcdmﬁl)

AMVENDED SHEET - 8 }CHQPEE 2003 | acenent Page 9 DEC 2003 form ng
openi ngs at | east ' éﬂﬂeﬁ"fb%ﬁt 87t frgialy.peprdbardain agd saurce region,

respectively; andrdspddting|yt B@dopeni ngs with an electrically conductive
material so as to forma drain line and a source line, wherein the

sidewal | spacers (207) assist in electrically isolating and spatially
separating the gafiing@he e‘?ﬂ'?g I t he so rce line. 7
The method of cl aj m% V\h(ag ein ga(ﬁil?lrg] éf?ﬁ ec}:?ﬁc%zﬂig édzlﬁ@%gggd??%'@ gogp)to i s
less than 0.2 m /PH@ ﬁrﬂf&fadlﬂﬁaeﬁa $m6’ce\m)er wmreshahérsau@wh"@paa@@ t he
source |line conpk mand 0 The met hod
of claim 6. vvhe?gglr[]ﬁ ﬁggfsgltj 184 rat gé‘%%&t’)oﬁ@raag %éﬂ?&%‘ﬁ\ﬁgg?%f@t'ﬁgﬂﬁﬁﬁéﬁ% 10_
The nethod of cl &leFEodeeneime dnaindinesanaties ssu@e fimsul ating substrate -9
AMENDED SHEET

7. The method of claim 6, wherein a length of the gate electrode (204)
is less than 0.2 um.

8. The method of claim 6, wherein the drain ine and the source line
comprise one of tungsten, aluminum and copper.

9. The method of ciaim 6. wherein the substrate (201)is a
semiconductor substrate.

10.  The method of claim 6, wherem the substrate is an insulating
substrate.
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