24 JUN 2014 -1 METHOD AND APPARATUS FOR REDUCI NG FI XED CHARGES I N A

SEM CONDUCTOR DEVI CE BACKGROUND OF THE DI SCLOSURE 1. Field of the Invention
The invention relates to the fabrication of sem conductor devices and,
nmore particularly, the invention relates to a nethod and appayalis 2"
reduci ng the anount of charges that are trapped between | ayers of a

sem conductor device during its fabrication. 2. Description of the
Background Art Integrated circuits fabricated on sem conductor substrates
for Utra Large Scale Integration (ULS]) require nultiple |evels of

i nterconnections for electrically connecting the discrete sem conductor
devi ces that compibseans N iisaGys! for GRRANGOPRLEY  cfiRe@lkii £ e | evel s of
i nterconnections are separat eGghy¥cogfd®Obevies! ating material. These

i nterposed insulating |layers have etched via holes which are used to
connect one level of interconnections to another. Typically, the

i nsul at i ngBAGRGEROUNEX ©Fi @HEi BIsaidduraen oxi de (Si 02) having a dielectric
constant (relative to vacuum of about 4.1 to 4.5. As device dinensions
decrease and the device density increases, it is necessary to reduce the
spaci ng bet weent t Faeilft 8f cBRReEIYETiPBvel s to effectivel y connect the
integrated circthés. ibefearttimat ekpglatas t heo spabieng teer pagesont hefi ntra-
(on the Sag,Bdilucddhyald, A0 LM LEve! Loetuaen, ipl alyl eyl Slcson

capacitances. increase nsu ating | ayers therebetween have the sane
di el ect ri crebhstarito aﬂﬁ?ﬁﬂﬂ@a@ﬁ@aﬁ@@a{??%ﬁ|§R&H¥ﬁ9?fln§r6bﬁr???ﬁﬁﬁ %% the

spaci ng d beawveen thetl evel srhppédicbetween layers of a semiconductor
device during its fabrication.

2. Description of the Background Art

Integrated circuits fabricated on semiconductor
substrates for Ultra Large Scale Integration (ULSI) require
multiple levels of interconnections for electrically
connecting the discrete semiconductor devices that comprise
the circuits. Conventionally, the multiple levels of
interconnections are separated by layers of insulating
material. These interposed insulating layers have etched via
holes which are used to connect cne level of interconnections
to another.  Typically, the insulating layer material is
silicon oxide (S5i0,) having a dielectric constant (relative
to wvacuum) of about 4.1 to 4.5. As device dimensions
decrease and the device density increases, it is necessary to
reduce the spacing between the interconnection levels to
effectively connect the integrated circuits. Unfortunately,
as the spacing decreases, the intra- (on the same metal
level) and interlevel {between metal levels) capacitances
increase when insulating layers therebetween have the same
dielectric constant. The capacitance C 1is inversely
proportional to the spacing d between the levels by the
relationship C=keA/d where k is the dielectric coefficient, e
is the permittivity of the insulator, A is the area, and d is
the spacing between lines. Therefore, it is wery desirable

to minimize the dielectric constant %X in the insulating



rel ati onship C=keA/d where k is the dielectric coefficient, e is the
permttivity of the insulator, Ais the area, and d is the spaci ng between
lines. Therefore, it is very desirable to mnimze the dielectric constant
k in the insulating 24 JUN 2004 -2 |ayers between the intechﬂpqnnjgu"

| ayers to reduce the RC tinme constant and thereby increase the performance
of the circuit (frequency response). The signal propagation tinme in the
circuit is adversely affected by the RC delay tinme, where R is the
resistance of the netal line, and Cis,the inter- and/or the intralevel
capaci tance nentioned above. In greatei detail, FIG 1 depicts an

integrated.circuit device 100 that is presently known in the %rf})
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material as_the fi{_st dielectric, layer 1 One approach_to m.ni maze t he
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RC time del%‘é& 1F3t% FseuSlgobt @l BELPFEal cBfduchSr Tk t REVing

i nt erconnepluoallityelsf layers 103 of wvarious materials disposed
thereupon. The various layers have different electrical
properties so as to create conductive pathways, circuit
devices, and the like, For example, a first layer 104 is an
insulating layer disposed on top of the substrate 102 acting
as a primary insulator. Within the insulating layer 104 are
various circuit pathways or circuit devices 106 comprised of
conductive material such as titanium or aluminum. Disposed
above the insulating and conductive layers, 104 and 106
respectively, is a second insulative layer 108. Typically,
the second insulative layer 108 is a dielectric material but
not necessarily the same material as the first dielectric
layer 104.

One approach to minimize the RC time delays is to use a
good electrical conductor for the interconnection levels,
such as replacing the titanium or aluminum with copper to
reduce resistance R. A second approach is to use an
insulating material that has a lower dielectric constant k,
such as an organic, to reduce the capacitance C between the
interconnection levels. As such, it is highly favorable to
use low k dielectric materials for the second insulative
layer 108. One example of a typical low k dielectric
material that is currently in use for the fabrication of
integrated circuits is the compound trimethylsilane (3MS).

The dielectric constant of this material is approximately



such as replacing the titaniumor alum numw th copper to reduce

resi stance R A second approach is to use an insulating nmaterial that has
a lower dielectric constant k, such as an organic, to reduce the
capacitance C between the interconnection |evels. As such, it2isJin Qoosy
favorable to use low k dielectric materials for the second insul ative

| ayer 108. One exanple of a typical low k dielectric nmaterial that is
currently in use for the fabrication of integrated circuits is the
conpound trinethylsilane (3M5). The dielectric constant of this material
is approximately 2 4 JUN 2004 -3 2.7; therefore, is highly preferred for
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tenperature. Upon contact with a substrate 102 within the _chanper, the
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process create un eSI rabl e resu For exa e osi t one
{insulative layer 104, typically an ox1de or con u tive

material 106, i.e., copper. Such processes may also be
enhanced by the use of a plasma within the chamber which
provides for a more uniform deposition process, i.e., when
filling an opening in an oxide layer 104 with conductor
material 106.

The second insulative layer 108 is also formed by CVD or
plasma enhanced CVD; however, deficiencies in the process
create undesirable results. For example when depositing one
oxide material over ancther, i.e., second insulative layer
108 depositgd over first insulative layer 104, different
crystal planar structures and dimensions within these two
materials create microscopic gaps at an interface 110 of two
such layers. FIG. 2 shows an enlarged detail area of FIG. 1
depicting trapped electrical charges 202 at the interface 110
during the CVD process. These trapped charges 202 create a
substantial charge buildup condition within the interface 110
which detrimentally effects nearby devices. For example FIG.
3 depicts a graph of capacitance vs. gate voltage of a device
{(i.e., the gate structure of a MOSFET transistor device)
indicating a flat band voltage of approximately -55 V. Since
the charge trapping condition is difficult to avoid, a
typical and acceptable value for flat band wvoltage is
approximately -15 V. If there are many such trapped charges
202 at the interface 110, devices constructed on the



oxi de material over another, i.e., second insulative |ayer 108 deposited
over first insulative layer 104, different <crystal planar structures and
dinmensions within these two materials create m croscopic gapz*gt‘wﬁn
interface 110 of two such layers. FIG 2 shows an enlarged d il a#@% of
FIG 1 depicting trapped electrical charges 202 at the interface 110
during the CVD process. These trapped charges 202 create a substanti al
charge buildup condition within the interface 110 which detrinentally
effects nearby devices. For exanple FL@ 3 depicts a graph of capacitance
vs. gate voltage of a device (i_e., the gate structure of a MOSFET

t ransi st or I L ndi Lk t - APpPE QX ely -55 V.
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accept abl en¢tQRETASA ORRA CHRME WA C2gEVFR eSS mately -15 V. If there
are many such trappadrehangese 282 aatnedde imtiard aaa 1fd);, adewdtdesl of
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resulting rn poor or non-operatronal condition of such devices. Therefore,
there is alféell fFHelertE oeradheb Aot oY 2% MtBHEYVEr PFePRohstSuct i on
and resul tast appacdéasiimviig cHarwek tagl etiehbieffahestabnt dOntaciaase
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interface et ween such Tow k dielectric materjal an ot her insulative
mat eri al s WdkRF ¥ cHWSEr bt CorRF U tdéWrRe2 SIMIRY OF THE | NVENTI ON The

di sadvant ages associated with the prior art are overcone with the present

i nvention {nﬂﬁﬁgﬂ 0 educing trapped charges in a sem conductor
devi ce haV?ug a .f&gﬁﬂkig§g‘mgﬁd®a second | ayer, said nethod conprising the
st eps of

The disadvantages associated with the prior art are
overcome with the present invention of a method for reducing
trapped charges in a semiconductor device having a first
layer and a second layer, said method comprising the steps of
providing said first layer, flowing a deposition, a dilution
and a conversion gas upcon said first layer thereby forming a
transition layer, phasing out said flow of conversion gas and
forming said second layer upon said transition layer. The
deposition gas, dilution gas and conversion gasg are
preferably trimethylsilane, helium and N,0 respectively.
Aadditionally, the step of phasing out the conversion gas flow
alters the characteristics of the transition layer. The
method is formed wvia chemical vapor deposition or plasma
enhanced chemical wvapor deposition when depositihg the
transition layer, first and second layers.

Alternately, a method for reducing trapped charges in a
semiconductor device having a first layer and a second layer,
said method comprising the steps of providing the first
layer, flowing a deposition and dilution gas upon said first
layer to form a transition layer thereupon, applying a plasma
treatment to said transition layer, and forming said second
layer upon said transition layer. The deposition gas and
dilution gas are preferably trimethylsgilane and helium
respectively. Additionally, the plasma treatment further



providing said first layer, flowng a deposition, a dilution and a
conversion gas upon said first layer thereby formng a transition |ayer,
phasi ng out said flow of conversion gas and formng said secogﬁ I ppon
said transition |ayer. The deposition gas, dilution gas and c bé?éggn gas
are preferably trinethylsilane, heliumand N2O respectively.

Additionally, the step of phasing out the conversion gas flow alters the
characteristics of the transition |ayer. The nmethod is formed via chem cal
vapor deposition or plasma enhanced clhem cal vapor deposition when
depositing the transition layer, first and second | ayers. Alternately, a
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The second insulating layer is trimethylsilane oxide.

most pre

With the method and apparatus described in the subject
invention, a reduction in the amount of electrical charges
(i.e., ions, electrons or the like) trapped between layers of
deposited material is realized. As such, the integrity and

quality of devices formed from such layers is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The teqchings of the present invention can be readily
understood by considering the following detailed description
in conjunction with the accompanying drawings, in which:

FIG. 1 depicts a partial cross sectional view of a prior
art semiconductor substrate having an integrated circuit
constructed thereupon;

FIG. 2 depicts a detailed cross sectional view of the
indicated area of FIG. 1;

FIG. 3 depicts a graph of capacitance vs. gate voltage
measures at an interface of the integrated circuit of FIG. 1;

FIG. 4 depicts a partial cross sectional view of a
semiconductor substrate having an integrated <c¢ircuit
constructed thereupon in accordance with the subject

invention;



insulating layer and said transition layer is preferably a silicon carbide
based material and nost preferably SiC.H  The second insulating |ayer is

trimethyl silane oxide. Wth the nethod and apparatus descri be‘g' i‘lmﬁ Qﬁu
subject invention, a reduction in the amount of electrical c érges (i.e.,

ions, electrons or the like) trapped between | ayers of deposited materi al
is realized. As such, the integrity and quality of devices fornmed from
such layers is inproved. BRI EF DESCRI PTI ON OF THE DRAW NGS The t eachi ngs of
t he present invention can be readily _ginderstood by considering the

foll owi ng detailed description in conjunction with the acconpanying

draw ngs, in whpch: 5':%1%1&%99 SisoR PArLiGlc08% sact igral veiewgel a
prior art sem conducto Su

) strat e havi ng, an |%Efegr%eq§0| I q:ui t o ted
construct &f tther éBs6ATaEPS C2r bt citls A dBR I TrYs st et Gvar view of
the indi calrediar eafofrie G 41;wid:G ulidepi at ssesthgrdaphioftlempavbiadte vs.
gate volt%%%eng?ggures at an interface of the integrated circuit of FIG 1;
FIG 4 depicts a partial cross sectional view of a sem conductar._substrate

having an int e§EGt el ePPiGhs 2 G5ABEr Bt { RPAHALTFoN i n?a820F dAMcé Wi th t he
subj ect idivert i OftedhtHdN AWeui t6 offl BIGS depileis wsigrapin oflteapatet ance

vs. gate voltage of ' r.at i g LAt esface of the
i ntegrate mbc?%?‘léﬁ?? %# h%%%e}%ﬁeﬁ_gugﬂllélgagjﬁgthggvgﬁ thg s&;bj ect
a

i nvention; Fl GFI6-d@plepichsghapRt &S capabPtinftes Vs & S WITEEE of an
i nt egr at edirGidnglibh; of FIG 4 when using an alternate

FIG. 8 depicts a series of method steps of an alternate
embodiment of the present invention; and

FIG. 9 depicts a deposition system used in conjunction
with the the subject invention.

To facilitate understanding, identical reference
numerals have been used, where possible, to designate

identical elements that are common to the figures.

DETAILED DESCRIPTION

FIG. 4 depicts an integrated cirxcuit device 400 in
accordance with the present invention. The device 400 is
comprised of a substrate material 402 (i.é., a dielectric
material such as Si0,) having a plurality of layers 403 of
various materials disposed thereupon. The wvarious layers
have different electrical properties so as to create
conductive pathways (also known as lines), circuit devices,
and the like. These pathways and devices are linked to other
devices on the substrate wvia a variety of other lines,
interconnects and devices (not shown}.

The device 400 is created by any known method and
apparatus for fabricating integrated circuits and preferably
by chemical vapor deposition (CVD). CVD and an apparatus for
performing same is disclosed in US Patent No. 5,856,240 and

is herein incorportated by reference. FIG. 9 depicts an



enbodi mrent of the nmethod of the subject invention; FIG 7 depicts a series
of nmethod steps of the present invention; FIG 8 depicts a series of

nmet hod steps of an alternate enbodi ment of the present invention; and FIG
.9 depicts a deposition systemused in conjunction wth the 2heJBN@sct
invention. To facilitate understanding, identical reference nunerals have
been used, where possible, to designate identical elenents that are common
to the figures. DETAILED DESCRI PTION FIG 4 depicts an integrated circuit
device 400 in accordance with the pregent invention. The device 400 is
conprised of a substrate material 402 (i.e., a dielectric material such as
Si 02) havi ewpm gyt depoyibion apetemqf80 ofor \ranfowdingt €¥Pal s diispdsed

ther eupon. ,, JNe, \ac 9i | ayaLes ke ol bl 82604 Bl ACthihBby PEOPEORIdES SO as

to create "~ conductive pathways (also known as lines) , circuit devices,
and the |ikescutree palhviayy &SYETteavitds die |9nekelr t BOSEhdtr S Hi®es on

the substrate.yia acyanisely of i therly nes gpdditlganiect snand idgvicces (not
shown). The device 400 is created gg any known nethod and apparatus for
fabricati nef$aHEaATat BB cif cUpPSraped ppef ¥RRBEYZehy L Renfddrdy aPsP 2

deposi ti ong; £ Q) . g2 £VB2aNG 3 APRAF RS dPra BROLOFHEAG 980 ilnS whescl osed
in US Patent No. 5,856,240 and is herein incorportated, b%ﬁreference. FI G

9 depi cts BFPTHLLIOR Zherbey- 8% enpPRf VRIS OfoR §FECEATH8D T e f or ni ng
CVD. A |igghde PEECWSOhs8d8ikS adahéder edzk 0 chafBReS indrT itairedr 1802 from

a precursol SRlLVELY.YSIEM 908 VI 008, LPLS.PUECYi8inia.  mhe
deposition chamber 902 containsg a heated susceptor 916 for
retaining the substrate 402 (i.e., a semiconductor wafer)
onto whichlit is desirable to deposit the plurality of layers
403. Material is depoéited onto the substrate 402 by CVD
when the vaporized precursor contacts the heated substrate
402. Such processes may also be enhanced by the use of a
plasma within the chamber which provides for a more uniform
deposition process. The plasma is formed by driving one or
more of the chamber components (i.e., the susceptor 916 or
showerhead 922 with a high power enexrgy source. For example,
the energy source is an AC power source 928 connected to the
susceptor 916. The chamber 902 and precursor delivery system
908 are controlled by a process control system 904.

The process chamber 902 is defined by a set of walls 914
that are electrically and thermally isolated from the
susceptor 916 and showerhead 922 by isolators 910. Thermal
energy, from a heating element 926 such as a resistive coil,
heats a top surface of the susceptor 916. Pressure control
unit 930 (i.e., a vacuum pump} adjusts the chamber atmosphere
as necessary to facilitate depositicon processes.

Returning to FIG. 4, a first layer 404 is an insulating
layer disposed on top of the substrate 402 acting as a

primary insulator. Wwithin the insulating layexr 404 are



material transfer lines 920. Specifically, the liquid precursor 918 is
vapori zed at vaporizer 906, mxed wth a carrier gas 924 and delivered to
a showerhead 922 in the deposition chanber 902. One exanpl e

f

deposition chanber that can be used is a nodel DzX chamnber n&ﬁuﬁ‘é’&tmed by
Applied Materials, Inc. of Santa Clara, California. The deposition chanber
902 contains a heated susceptor 916 for retaining the substrate 402 (i.e.,
a sem conductor wafer) onto which it is desirable to deposit the plurality
of layers 403. Material is deposited®nto the substrate 402 by CVD when

t he vaporized precursor contacts the heated substrate 402. Such ocesses
may al so WeTérN&ncBdTBYithePBEBYBYSa Ol £GH KT hith & hEOE‘F?ﬁﬂrﬁgﬁ V\%ch

provi des fQhadcADre mUdGEM sdenoskt t DEarfineGessppdhe phsdln xf enaed by
driving one_or nore of the chanber c rrpone&is (i,e., th .susqeptor 916 or
shower head 482 wi't® §1HF§h185%?tbﬂ%rg§7y%’bu %.a%rcml&e fHe" ener gy
source i s @RpACePOWRELSQUACEoRRS ' sTamectdetine tae irntlescapeon1016. AThe

chanber 902 and precursor delivery system. 908 are controlled b process
control syI&ir§64n eﬁro’%‘i slﬁhfﬁﬁé’r‘)sﬁﬁ ulps?nde'%?%eﬁn%f?rgageet X‘% “wal | s

914 that rarspieert eboakl ytaad theiswdion | delyatred4BFom ide a sasceptior 916

and showerhead 922 by isol ators_910. Thermal enerqy. fr i.ng
el enent 926 S¥udh %8 a¥ee%i42q8i 'veTé’BilF?lﬂﬁ’ear&%e 5%‘386%3%? %gge%%{;ti%&kaguscept or
916. Pressinse icoOnd rdleladtidi O3ht(drial,, duracuwemrpuEssaadjysttdhet [semehanber

at nosphere __as.necessar Q facilitate d Siti processes. Returning to
FIG 4, aA%&te a@%r%ﬁﬁrsﬁa%lie%gﬁ At ﬁ%%efaﬁg?'di sposed on top of the

substrate 402 abki ngrassatipm nmheyeirnséPat ors Wadferalhkyi rsull®w n§ | ayer
404 are 24di‘]eliNec OJ:‘O:LAC': _rﬁéterial. Such material has properties that
enhance thé bonding of the second insulative layer 408 to the
first insulative 1ayef 404. One such material that can
accomplish this desired effect is BLOK™, a trademark of
Applied Materials, Inc. of Santa Clara, CA. BLOK™ stands for
Barrier LOw K dielectric material and preferably has a K =
4.5.
The subject invention also includes a method for forming
a second insulative laver upon a first insulative layer.
Specifically, a first embodiment of the siubject method is
depicted in FIG. 7 as a series of method steps 700. The
method begins at step 702 and proceeds to step 704 wherein a
first insulative layer (i.e., an oxide layer) is provided on
a substrate material. Said first insulative layer may be for
example layer 404 disposed upon a semiconductor substrate 402
for defining conductive pathways or circuit devices upon said
substrate. At step 706, a flow of deposition, dilution and
conversion gases are provided to the first insulative layer.
The deposition, dilution and conversion gases form a
transition layer upon the first insulative layer. Said
transition layer for example is layer 407 shown in FIG. 4.

At step 708, the flow of conversion gas is phased out (i.e.,



various circuit pathways or devices 406 conprised of conductive materi al
such as titanium copper, tantalumor the I|ike. The first insulating |ayer
404 and conductive layer, disposed within a common plane, def@ pgJUanzs
interface 410. A transition |ayer 407 is disposed upon the interface 410.
D sposed above the transition |ayer 407, is a second insulative |ayer 40B.
Typically, the second insulative layer 408 is a dielectric material, but
not necessarily the sane naterial as the first dielectric |ayer 404. The
transition Iayer 407 is preferably a lgw k dielectric material. Such

mat eri al has erties that enhance the bonding of the second insulative
| ayer 408 Qéag 1¥ i pwrnedhseof fit ¢y edi mipisigl o@re suwh -nat Bri dlagingt can

acconpl i shof i &Q%%ﬁv%‘is%fq%&(&s' St}%%a,ra@ttewg@{@é ko OfenARRLhED: Mt eri al s,
Inc. of Santa Cl ara stands for Barrier LOw K dielectric

material ahBYB¥ eteR abl 5euRG i 1@ gradusl fiRehdanj eet 2Fn¥entIBROYE s¥'9 ncl udes

a method foixipidy of SE&ANMLd NS BV & drakenh WRENtRahkisioh NBMl&L I Ve
| ayer. SpeC| fically, a first enbodi nent of the subject nethod is depicted

in FIG 7 88atderisacid nbifinte st eps1aper - Thel? net@dd 7BEgi s 2e<¥tep 702

and proceegdishPai®P V&deMhes eEbrAed fhpSh ERSULALAYE &Yl akdr €., Ti@d) OXi de
| ayer) is provided on a substrate material. Said first insulative |ayer

may be forSe‘é?%‘ﬁpPél‘ii%yéPY3€41&vsﬁ@éfe(f’ii’ﬁt?ﬁrea demecort@fctst & rdt e 402
for defini pggcanductive pathways or circuit devices upon said substrate.
At step 706, a flow of depositio [ conyer si.on gases are

provided to the'tiT§t FRYE 3%?9%5?%‘%1%"?‘3%% ggp'b}é‘? (1S IE P PBR Hhd
conver si Onagasescd0Bas2d hbadsidl cind ayer @&Qlﬁei’h@dférﬂﬁidﬂrr@ﬁllﬂl afi wie= | ayer.
Said tr ansl t I%Qlér?yfé ]::gg.mgi):(l’?;r]t_)élel;ﬁe ! ?BVT.\?S") ,401:7hes hé)v{'utlon gas 415 an
inert gas and in a preferred embodiment is helium. The
conversion gas 1s an oxygen containing gas and in a preferred
embodiment of the invention is N,0. Additionally, the second
insulative layer ig a gilicon based insulating layer and in a
preferred embodiment of the invention is a trimethylsilane
oxide layer.

The above discussed first insulative, transition, and
gecond insulative layers are created via methods to those
skilled in' the art of semiconductor ‘circuit device
fabrication and include but are not limited tc physical vapor
deposition (PVD), chemical vapor deposition (CVD) and the
like and in a preferred embodiment of the invention the
subject layers are formed via CVD, and more preferably by
plasma enhanced CVD (PECVD). The subject method can be
practiced in a semiconductor fabrication chamber such as a
DxZ chamber a manufactured and sold by Applied Materials,

Inc. of Santa Clara, CA. The conditions under which such

method takes place are as follows:

T = 350°C - 400°C, preferably 350C
Pressure 2 - 20 Torr, preferably 8.7 Torr
Power 50 - 500 Watts, preferably 250 Watts



At step 708, the flow of conversion gas is phased out (i.e., 2 4 JUN 2004
-9- gradually turned off or dimnished over tine) In phasing out the
conversion gas, the characteristics of the transition layer are altered in
a gradual fashion so as to inprove the |Iikelihood of adequate?bbddﬂn@ﬂ&
between the transition layer and the second insulative layer. In step 710,
a second insulative layer is fornmed upon the transition |layer. The second
oxi de layer is, for exanple, layer 408 as shown in FIG 4. In the above

di scussed net hod 700, the deposition gag-is a silicon based material and
in a preferred enbodi ment of the invention is trinmethylsilane (3M5), the

dilution gas i Sp@fcttdid tspBR3naNes5h s mquserf,fgf@fm dj reRt m3§she' lum The
conver si on gas | S _an ox?/rgen CO t al ni ng as and in a fr eferre enmbodi nent

of the inventioh®F¥e i%hal Pyz PResceRomFeisraniat ilve0 §G6F is a
silicon baded insulating Iayer and in a preferred enbodi nent of the
invention is a gﬁgngigwdgyJS@@escgmlde | ayer. The above di scussed first

i nsul ati ve, tran3|£L ]égp %econd insulative layers are created via

met hods to thosB® §k37| OOt RE®rt of seniconductor circuit device
fabricati on andInnghudktéotatar eendatdilmenit efl te physértalonv ajgrictedposi tion

(PVD), chemiggal gvapoge0eROSiH 'rr%%hé;g\/@eﬁé‘%otoggs LBES 89ded i1y 8, RILLART ed

enbodi ment .of he |nvent|on t he subj ect, are formed via CVD, _and

more pref er&5Fy2hyve pf ke Witark dd *OYDIRPEED) Ve THY Subj etch@eiBadcan be
practi ced istepssédd coeglucteor sftzpbr Boat and frardedr tsushepss@ wWhetedhaaber a

manuf actur%qréedlﬁehﬁiavaé\ppéy@Ld Mtgrddlda e Rbs$3aka O aragc&h The
condi tions %%der ?Tow Q dep051tlon and dilution gases is provided upon
a first insulative layer to form a transition layer
thereupon. In step 808, the flow of deposition and dilution
gases is halted and a plasma treatment is applied to the
transition laver. The plasma treatment alters the
characteristics of the transition layer so as to improve the
adhesion of the second insulative laver. At step 810, the
second insulative layer is disposed upon the transition layer
and the method 800 concludes at step 812.
The benefits of the above-discussed apparatus are seen
by comparing FIGS. 5 and 6 to FIG. 3. FIG. 5 depicts a graph
of gate volﬁége (V) vs. capacitance (pF) for a semiconductor

device formed in accordance with either of the methods

discloeosed. Specifically, the flatband wvoltage has been
reduced to approximately -25V as compared to -55V of the
untreated {(i.e., no tramnsition layer} device of FIG. 3. FIG.

6 depicts a graph of the same characteristic for a device
that has been treated under more optimized conditions
{including the use of Silane). In this device, the flatband
voltage has been reduced to the typically acceptable value of
-15vVv. & flatband voltage closer zero indicates that there
are fewer charges trapped in the interface 410 of the subject
invention than previously realized. As such, the device 400
is less susceptible to breakdown caused by generally poor or
out-cf-spec design.



met hod takes place are as follows: T = 350C - 400C, preferably 350C
Pressure 2 - 20 Torr, preferably 8.7 Torr Power 50 - 500 Watts, preferably
250 Watts 24 JUN 2W _ 10 El ectrode spaci ng 350-600 m | s, prefezg éyq%gﬁ
mls Conversion gas flow 500-2500 sccm, preferably 1500 sccm 3

fl ow 25-500 sccm He flow 100-2000 sccm In an alternate enbodlnent of
the invention depicted in FIG 8, a series of nethod steps 800 is used to
forma second insulative Ilayer upon a first insulative |ayer- Such

met hod steps 800 begin at step 802 anghproceed to step 804 wherein a

first insulative layer is provided on a substrate. At step 806, a flow of

deposi tion and i {4t 4R88Dds> BROYEIREnEBONN A | 5kokBBYLALI Vipd aver to
formatran5|t|on Ia er ereupon. 1N ste | ow of ep05|t|on and

di l ution §8§8§1P§shé1ft eHhEncP‘éespﬁ%FsrrhnY?’égf%nthalV? ApPET e FCHHt Hd
transiti ondeayeibedhénpldesre It rleatetent ehees sskhbledhanacher istt csarof the
transiti onrgamgi{scaeaasteo hiRy OVRriche vatlies! GinBh: hBR:SCGHRG | Dot ve

| ayer. At step second | nsul ative |ayer I sposed upon the
tranS|t|oanQVE?Or%ﬁﬁiqﬁﬁﬁenéﬁﬂﬁﬂugﬁb concl udes” at step 812. The benefits of
t he above-di scussed apparatus are seen by conparing FIGS. 5 and 6 to FIG
3. FIG 5 depicts a graph of gate voltage (V) vs. capacitance (pF) for a
sem conductor device forned in accordance with ei ther of the methods

di scl osed. Specifically, the flatband voltage has been reduced to
approximately -25V as conpared to -55V of the



untreated (i.e., no transition layer) device of FIG 3. FIG 6 depicts a
graph of the sane characteristic for a device that has been treated under
nore optim zed conditions (including the use of Silane). in_this device,
the flatband voltage has been reduced to the typically accep ab\Ud 208} ue
of _15V. A flatband voltage closer zero indicates that there are fewer
charges trapped in the interface 410 of the subject invention than
previously realized. As such, the device 400 is |ess susceptible to

br eakdown caused by generally poor or out-of-spec design. 24 JUN 2004 -1
1 Al though various enbodi ments whic{pincorporate the teachings of the
present invention have been shown and described in detail herein, those
skilled in the art can readily devise many ot her varied enbodi nents that
still | Wbetposateaiheseiteachings. 2 4 JUN 2004 -12 What is clained is: 1.
Met hod for reducing trapped charges in a sem conductor device having a
first insulating |ayer and a second insulating |ayer, said nethod
conpri si g t Wéechepsfof : reduvind ngreapddf chstrakasuhaki sgriapeductbowi ng a
deposi ti @Bvidedhd¥iion 30dsa FAONELELRN YAS LRAR 2SaAld{d rigltsuu@%%gt' ng

| ayer thgreb fornln% a transition |ayer;” phasing out said flow o
conver si 0AY§4s: 5and ToFRPAGCLBPHL $ERONE T nStARE i | ayer upon sai d
transition layer. 2. The nethod of claim1 wherein said deposition gas is

providing said first insulating layer;

flowing a deposition, a dilution and a conversion gas upon

said first insulating layer thereby forming a transition

layer:;
phasing out said flow of conversion gas; and

forming said second insulating layer upon said transition

layer.

2. The method of claim 1 wherein said deposition gas 1is

trimethylsilane.

3. The method of claim 1 wherein said dilution gas is said
helium.

4, The method of claim 1 wherein said conversion gas is
N,O.

5. The method of claim 1 wherein the step of phasing out the

conversion gas flow alters +the characteristics of the

transition layer.

6. The method of claim 1 wherein said transition layer is

formed wia chemical vapor deposition.



trinethylsilane. 3. The nethod of claim1 wherein said dilution gas is said
helium 4. The nethod of claim 1 wherein said conversion gas is N20. 5.
The met hod of claim 1l wherein the step of phasing out the co%grwﬂ gas
flow alters the characteristics of the transition |ayer. 6. %’ of
claiml1 wherein said transition layer is forned via chem cal vapor
deposition. 24 JUN 2004 -13- 7. The nethod of claim®6 wherein the
transition layer is formed via plasma enhanced chem cal vapor deposition.
8. The method of claiml wherein the first and second | ayers are forned
via chem cal vapor deposition. 9. Method for reducing trapped charges in a
sem conduct or device having a first layer and a second | ayer, said nethod
conprising the steps of: depositing the first insulating |layer; flowng a
deposi ti on anf@hdinaithaghogasl aigoh whaire ifnl tBé tdansiltabnny yey es foxrrfear m a
transitiond afefs ) nGuRly 2RRKY LAY 3.BLasgBoLLeal RNt to said transition
| ayer; and form ng said second i1nsulating | ayer upon said transition

| ayer. 10. The nethod of claim9 wherein said deposition gas is
trimethylsil ange AdthdBe mehhac of veb 2k ih S nbierigidt Saadsdibsl iy gas is
helium 12. Hemrredt had of cl.ai 2{1 9 wherein said plasma treatnent further
conpri ses 'a N2 "Si%ashe. “IS™TRE MBPRGAISPOEHAERP 12 wherein said pl asma
treatnment is

9. Method for reducing trapped charges in a semiconductor
device having a first layer and a second layer, said method
comprising the steps of:

depositing the first insulating layer;

flowing a deposition and dilution gas upon said first

insulating layer to form a transition layer thereupon;
applying a plasma treatment to said transition layer; and

forming said second insulating layer upon said transition

layer.

10. The method of claim 9 wherein said deposition gas is

trimethylsilane.
11. The method of claim 9 wherein said dilution gas is helium.
12, The method of claim 8 wherein saild plasma treatment

further comprises a N;0 plasma.

13. The method of claim 12 wherein said plasma treatment is

conducted in a range of approximately 50 to 500 watts.



conducted in a range of approximately 50 to 500 watts. 12 4 JUN 2004 -14
14. The nmethod of claim 13 wherein the plasma treatnent is conducted at
250 watts. 15. The nmethod of claim9 wherein said second |ayer is a
trimethyl silane oxide |layer. 16. An apparatus for reducing tra@dedl)2004ges
in a semconductor device conprising: a first insulating |ayer; a
transition | ayer disposed upon said first layer; and a second insulating
| ayer di sposed upon said transition |ayer, wherein said transition |ayer
further conprises a silicon carbide based material. 17. The apparatus of
claim16 wherein said transition laygr. material is SICH 16. The
apparatus of claim 16 wherein said second insulating |layer is

trimethyl silane oxi de.

14. The method of claim 13 wherein the plasma treatment is

conducted at 250 watts.

15. The method of claim 9 wherein said second layer is a

trimethylsilane oxide layer.

l6. An apparatus for reducing trapped <charges in a

semiconductor device comprising:
a first insulating layer:;
a transition layer disposed upon said first layer; and
a second insulating layer disposed upon said transition
layer, wherein said transition layer further comprises

a silicon carbide based material.

17. The apparatus of claim 16 wherein said transition layer

material is SiC:H.

18. The apparatus of c¢laim 16 wherein said second insulating

layer is trimethylsilane oxide.



