A METHOD TO | MPROVE, ETCHI NG OF ORGANI -C- BASED, LOW DI ELECTRI C CO\ISTANTU 7 NOV 2003
MATERI ALS BACKGROUND OF THE I NVENTION (1) Field of the Invention The )
invention relates to a nethod of fabriicating sem conductor structures, and
nore particularly, to the etching of organic-based, |low dielectric -
constant materials in the manufacture of integrated circuit devices. (2)
Description of the Prior Art Wth the continuing reduction in the feature
size in the art of sem .conductor nmanufacture, conductive traces and

active devices are ﬁoﬁ}%‘g%'? i Cat ¥GROEEyEEG NG Tt O§ERNEETBASEN s L§Heat er
proximty has led to the trenendous packing densities of nodern ultra

| ar ge-scal e i ntegration (UPSF}ECTRAG KONSEART gHaBERIAIfensi ties and cl oser

devi ce spacings has cone the problem of greater capacitive coupling

between adjacent circuit elenents. 1 0 7 NOV 2s "3 Traditionally, circuit

el ements have been electrically isolated primarily through the use of

silicon dioxide. Silicon di BXtHeRGWLWEIE THEOWMVENT M art as a fundament al

(1) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to the
etching of organic-based, low dielectric constant materials

in the manufacture of integrated circuit devices.
{2) Description of the Prior Art

With the continuing reduction in the feature size in
the art of sgmiconductor maﬁufacture, conductive traces and
active devices are now fabricated very closely together.
This greater proéimity ﬁas led tc the tremendous packing
densities of modern ultra'large—scale integration (ULSI).
With these greater densities and closer device spacings has

come the problem of greater capacitive coupling between

adjacent circuit elements.
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bui I ding plock in integrated circuit manufacture. It is easy to form 7 MO
t hrough thermal oxidation of silicon or by various deposition nmethods.
Silicon dioxide is also easy to reliably etch through both wet and dry
chemi stry. Unfortunately, the dielectric constant of silicon dioxide is
relatively high. This is an advantage when 'silicon dioxide is used, for
exanple, as a gate dielectric. It is a disadvantage, however, mhen silicon
dioxide is used to isolate, for exanple, adjacent netal conductors. In
this applicationrrhHettehatiweloirhiugh diehects imveonstantéledfritdag1silicon
di oxi de can cause significant capacitive coupling between the netal |ines.
Thi s probl emd atespeeciaktyl proneuatedhe usoder BilkShbnciisktidess, where netal
lines are forned with very small spaces between them Otten, these |ines
run rel ati vedililcongadbstiaaces wall-panahl eh {1as dat asor agelassmduses, for
exanple). The capacitive coupling can cause problens wth high-speed

oper ation anshiidihgdBlackr {orintdugatedceossuilderhehweene . t her genductors. 2

0O 7 NOV 203 To reduce the capacitive coupling between elenents in
easy to form through thermal oxidation of silicon or by

various deposition methods. Silicon dioxide is also easy

to reliably etch through both wet and dry chemistry.

Unfortunately, the dielectric constant of silicon
dioxide is relatively high. This is an advantage when
silicon dioxide is used, for example, as a gate dielectric.
It is a disadvantage, however, when silicon dioxide is used
to isalate, for-example, adjacent metal conductors. .In

" this application, the relatively high dielect:ic constant
of the silicon dioxide can cause significant capacitive
coupling between the metal lines. This problem is
especially proncunced in modern ULSI circuits, where:metal
lines are formed with very small spaces between them.
Often, these lines run relatively long distances in
parallel (as data or addreés buses, for example). The
capacitive ccupling can cause problems with high-speed

operaticon and with data errors due to cross talk between

the conductors.
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the circujt, while still achieving the essential electrical isolati onpf-fhéw el
dielectric materials have been devel oped and introduced into integrated -
circuit manufacturing. These new naterials typically are based on organic
conpounds that nmay al so contain inorganic elenents, such as silicon. For
exanpl e, spin-on-glass (SOG materials, such as silsesqui oxane have been
i ntroduced. Anorphous carbon dielectric materials and organic polyners
have al so been applied in place of silicon dioxide. These new naterials
reduce the diel ed®r rédB6Astahtcariacifd vensopt ing Heayern ebemad;s tius
improving circuit performance. There are many difficulties to overconme in
usi ng t hese thfewimséii aFBildoveiidr achhevproblemeskepatal celert ciardern = i's
etching. Traditional nmethods and chemistries used for etching these new.
mat eri al s enicsUrtéonpr BB edise krctigiild mbeersebh liave beepr dove hoped xanpl e.
Referring to Fig. 1, a cross-section of a partially conpleted prior art
i nt egr at ed dintagiducgdyiineoi snsdmared pirthis mxanplcéurandaneioene via i s
being fornmed. A semiconductor substrate 10 is shown. The semi conductor
substrate 10erowadelyéadonposetkidfly sirki benedromnforgpweraboBpounds that

may also contain inorganic elements, such as silicon. For
example, spin-on-glass (SOG) materials, such as
silsesguicxane have been introduced. Amorphous carbon
dielectric materials and organic polymers have élso been
applied in place of silicon dioxide. These new materials
reduce the dielectric constant of the insulating layer

formed, thus improving circuit performance.

There are many difficulties to overcome in using these
new materials, however. One problem of particular concern
is etching. Traditional methods and chemistries used for
etching these new materials encounter problems as will be

seen in the pricr art example.

Referring to Fig. 1, a cross-section of a partially
completed prior art integrated circuit device is sheown. In
this example, a damascene via is being formed. A

semiconductor substrate 10 is shown. The semiconductor

substrate 10 could be composed of silicon or of several
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m croel ectronics | ayers suc, h.as insulator |ayers and conductor Iaye&s -
Metal traces 18 are fornmed in a first insulating |ayer 14 overlying the
sem conduct or substrate 10. A second insulating |ayer 22, typically of
silicon nitride, overlies and isolates the netal traces 18. Al ow :
dielectric constant material .26 conprised of. an organic- based material is
applied overlying the second insulating layer 22. Finally, a polishing
stop layer 30, typically conprised of silicon nitride, overlies the |ow
di el ectric mdewsedactrantss dlay2@s PAchhés anplter Lheexsench to create a
damascene via to contact the netal traces 18 will be constructed. o
Ref erri ng newndocEpyg. 12yess phdtedrdsisaceéayket B2 foveedlies 4 heiysal i shing
stop layer 30. The photoresist layer 32 is patterned to form openings
wher e trenchinsudstiapgelayanndd. ovElméypoyi sie rprsttopdhayer SMbdtsrage nanmed
because it will stop the polishing operation used to define the
subsequent | yUdepéskEtedndetrmdulmtioni akyeo the tggrnthidg obfsthewamscene
trench. Here, the polishing stop layer 30 wll also act as a hard nask for
et chi ng thenidwideel evérlies constiant atas erhalme26l 4races 18. A low

dielectric constant material 26 comprised of an organic-
based material is applied overlying the second insulating
layer 22. Finally, a polishing stop layer 30, typically
comprised of silicon nitride, overiies the low dielectric
constant material 26. In this example, the trench to
create a damascene via to contact the metal traces 18 will

be constructed.

Referring now to Fig. 2, a photoresist layer 372
overlies the polishing stop layer 30. The photoresist
layer 32 1s patterned to form openings where trench ?ias
are planned. The polishing stop layer 30 is so named
because it will stop the pdlishing operation used to.define
the subsequently deposited?metal material to the confines
of the damascene trench. Here, the polishing stop layer 30
will also act as a hard mask for etching the low dielectric

constant material 26.




07 NI CV 2] 8 Referring nowto Fig. 3, the polishing stop layer 30 an@l7the 203
| ow dielectric constant naterial 26 are etched. The polishing stop |ayer -
is etched using fluorocarbon chenmistry. Typically, the etching of the
organic low dielectric constant material 26 is perfornmed using an oxygen
pl asma chemistry.- The typical reactian for such an etch is given by:
C HyNZ + 02 -) CO2 + H2O + NOR . Oxygen etching has the advantage of
generating and depositing little polymer onto the sidewalls of the etched
feature. Unf ortuﬁSE%W%“q Hé"”étt@hi’-’ﬁg-pg,ofthﬁé Hod ighfifipcetep Ytayegod®rol and
over etching 34, sonetines called bowing, is often seen. These results can
lead to | os€Pgf thevies diflactrigs capplant nadlarabill R6yape oic@ws. t hrough t he
creation of voids_and. device shorts. A second technique used to etch the
| ow di el ect FPE Peohshhid Shatreripakr26s useehed plsasgaftont@ianizum hydr ogen gas
and nitrogen gas. The use of hydrogen to reduce, rather than to oxidize
the materi aFleMipEbves T wtldhi-ngheonteming cFhéhpr of gdese prosduced by this
type of etch chem stry are 5 ' o ‘
dielectric constant material 26 is performed using an
oxygen plasma chemistry. The typical reaction for such an

etch is given by:
CxHyN, + 02 = CO, + H,0 + NO,.

Oxygen etching ‘has the advantage of generating and
depositing little polymer ontc the sidewalls of the etched .
fgature. rUnfortunately, the etching profile is difficult
to control and over etching 34, sometimes called bowing, is
often seen. These results can lead to loss of device
yield, as well as reliability problems, through the

creation of veoids and device shorts.

A second technique used to etch the low dielectric
constant material 26 uses a-plasma containing hydroggn gas
and nitrogen gas. The use bf hydrogen to reduce, rather
than to oxidize the material, improves the etching control.

The profiles produced by this type of etch chemistry are




0 7 NOV 2MLr, J"i better than those produced using an oxygen chenmi stryd 7 T¢ 2553
hydrogen reaction is typically show as: CKHYNZ + H2 - CH, + NH, + H2. The
main problemwi th the hydrogen and nitrogen chemstry is one of safety.
Hydrogen is highly flammble. Any inadvertent introduction of oxygen into
t he etching chanber can lead to an explosion. In addition, because both
hydrogen and nitrogen gas are separatiely ported to the reaction chanber,
separate utilities, including mass; flow controllers (MFC) nust be used.
Several pri dretartr appnodbbes misticeseurbhdods dxygenchhehdst cff el egier i C '
constant materials as well as uses of hydrazine conpounds in the

fabri cati on nfdrcteagratedioi rCcuipd calll . sikatrerds :5, 232, 872 t o Ohba teaches
a process to formconductive connections on a sem conductor substrate by
usi ng N2H4 (hydrazine) and rel ated conpounds to clean contact openings and
to catal yze deposition of netals from netal conplexes. U S. Patent
5,728,259 to Suzawsa egh@L-pdgsaiqggs+aNglqce§s to etch silicon thin filnms
using liquid hydrazine. U S. Patent 5,88.8,309 to Yu teaches a nethod to
etch various |ow dielectric constant materials where first

The main problem with the hydrogen and nitrogen chemistry
is one cof safety. Hydrogeﬁ is highly flammable. Any
inadvertent intreduction of oxygen into the etchihg chamber
can lead to an explosion. In addition, because both
hydrogen and nitrogeh gas are separately ported to the
reaction chamber, separatelutilities, including mass;flow

controllers (MFC) must be used.

Several pripr art approaches disclose methods to etch
low diele;tric constant materials as well as usés of |
hydrazine compounds in the fabrication of integrated
circuits. U.S. Pafent 5,232,872 to Ohba teaches a process
to form conductive connections on a semiconductor substrate
by using N,H; (hydrazine) and related compounds tc clean
contact openings and to catalyze deposition of metals from
metal complexes. U.S. Patent 5,728,259 to Suzawsa et al
discloses a process to etch silicon thin films using liguid

hydrazine. U.S. Patent 5,888,309 to Yu teaches a method to

etch various low dielectric constant materials where first




6 a fluorjne containing plasma; is used to etch an opening. Next, an 07 NOV 2333

oxygen plasma is used to renove the photoresist patterned |layer and to
partially etch the polynmer formed in +the opening by the fluorine. etch.
Finally, the polymer is renoved by a wet chemcal strip. U S. Patent
*5,759,906 to Lou shows a planarizati.on process for |low dielectric:
constant materials. U S. Patent 5,688B,905 to Taylor et al discloses a
pol ynmer formation and etchback nethod to forma |ow dielectric constant
mat eri al ondadluprege ateeairing P1lasSuvMARYSGR THEeL RVENT| @enAngr.i nci pal
obj ect of the present invention is to  provide an effective and very
manuf act ur ablegtrethodxvyden arldfingg 16r gasd ctbasedyvel dhedpebectesicstconst ant -
materials in the manufacture of integrated circuits. A further object of

t he present paftentednlévet gand fooprdeial hetdiod ttbeepohyveyafvmrdsased, |-ow

dielectric constant materials that inproves the etching control and
profile by ddiengpanphasin Wontidiusirageasyas. cdipraildiyngthe npd kywogen iand
hydr ogen contai ning nolecule. 7 LJ?;1
removed by a wet chemical strip. U.S. Patent 5,759,906 to
Lou shows a planarization process for low dielectric.
constant materials. U.S. Patent 5,888,905 to Taylor et al

discloses a polymer formation and etchback method to form a

low dielectric constant material on an integrated circuit.

SUMMARY OF THE INVENTION

A principal ohject of the present invention is to
provide an effective and very manufacturable method of
etching organic-based, low dielectric constant materials in

the manufacture of integrated circuits,

& further cbject of the present invention is to.
provide a method to etch crganic-based, low dielectric
constant materials that improves the etching control and

profile by using a plasma containing a gas comprising a

nitrogen and hydrogen containing molecule.




LU:i} D] NOV A yet further object of the present invention is to provi de
a method to etch organic-based, low dielectric constant materials that7 MoV Zg)
el i m nates potential safety problens'associated with the use of hydrogen
gas by using a plasnma containing a gas conprising a nitrogen and hydrogen -
cont ai ni ng nol ecul e. Anot her yet another further object of the present.
inventionis to provide a nethod to etch organi c-based, low dielectric
constant materials that requires only one etching gas by using a plasna
containing a gasAcaﬁprfgrt&pnaobaﬁbmogéntbﬂupﬁqammmgenvenmuanrmsu;onnlecule
Anot her yet further object of the present invention is to provide a nethod
to etch orgariosridasedmtowditel edtchi orgeohstimedinileri aisldédatical so contain
fluorine by using a plasnma containing a gas conprising a nitrogen and
hydr ogen contcmistiieng metecidles tAadat kétmfustdwerpaknedtl ofatdmey present
invention is to provide a nethod to etch organic-based, |ow dielectric
const ant nmataibdksst hasoal s orithi nhsi hs€ W Mydaddienggas by using a
fluorine-containing gas or a chlorine-containing gas to the

plasma containing a gas comprising a nitrogen and hydrogen

containing molecule.

Another vet ancother further cbject of the present
invention is to provide a method to etch organic-based, low
dielectric constant materials that requires only one:
etching gas by using a plasma containing a gas comprising a

nitrogen and hydrogen containing mclecule.

Another yet further object of the present invenﬁion is
to provide a method to etch organic-based low dielectric
constant materials that aléo contain fluorine by using a
plasma containing a gas comprising a nitrogen and hyarogen

containing molecule,

Another further object of the present invention is to
provide a methoed to etch organic-based, low dielectric
constant materials that also contain silicen by adding a

fluorine-containing gas cr .a chlorine-containing gas to the




8 plasnma containing a gas conprising a nitrogen and hydrogen contai ni ng

nmol ecul e. I n accordance with the obJects of this invention, a new nethod-
of etchi.ng an organi c-based, |ow dielectric constant material s in the
manuf act ure of an integrated circuit device has been achieved. A

sem conductor substrate is provided.” A low dielectric constant organic-
based material is deposited overlying the sem conductor substrate. The |ow
dielectric constant organjic-based material is etched to form desirable

f eat ures uspﬁﬁsga BP%@ :HHhPaHﬁFn§°%P55§“EbﬁbP#§Fﬁ@e%.¢n4rhxﬁa¢gand

hydrogen containin nDIecuIe and the integrated circuit device is

conpl et ed. BRMERIDE ONeGF THE DRAWNGS I n t he acconpanyi ng draw ngs
formng a nmaterial . part of this description, there is shown: Figs. 1
through 3 schematically illustrate in cross- section a partlally conpl et ed

prior art |ntegrated circuit device . 9
In accordance with ‘the objects of thlS invention, a

new method of etching an Qrganic—based, low dielectric
constant materials in the manufacture of an integrated
circuit dévice has been achieved. 2 semicondﬁctor |
substrate is provided. A low dielectric constant organic-
based material is deposited overlying the semiconductor
substrate. Tﬂe low dielectric constant organic—based
material is efched to form desirable features using é
plasma containing a gas comprising a nitrogen and hydrogen
containing molecule, and the integrated circuit device is

completed.

'BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Figs. 1 through 3 schematically illustrate in cross-

section a partially completed prior art integrated circuit

device. "~




Figs. 4 through 8 schematically illustrate in cross- sectional 07 HGY 20
representation a preferred enbodi nent. of the present invention. DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Thi s enbodi nent di scl oses the application of
the present invention to etching |ow dielectric constant organic-based
materials in the fabrication of an integrated circuit device.” A | ow
dielectric constant material is defiined as one having a dielectric ,
constant of less than 3.5. A nunber ‘of such materials are listed in the.
preferred enbodi nent of the present i'nvention. It should be clear to those
experienced in the art that the present invention can be applied and

ext ended, for exBhpte, d ttdiroeah 8bsthaigtical lycohposindst« Hat crase-devel oped
or applied to semiconductor manufacture. In addition, the preferred

enbodi nent desti¢ibek tdrgegppkiatatn on rofefidreepr esendimdmtverdt itbe to t he
formation of a single damascene via. It should be clear to those skilled
in the art phaserheinyamgsent. i nvention can easily be applied to various
damascene schemes, such asdual damascene. 'In dual 10 . 0 7 NOV 2 3

-DESCRIPTION OF THE PREFERRED EMBODIMENTS

Thié embodiment discloses the application of the
present invention to etching low dielectric constantj
organic-based materials in the fabrication of an intégrated
circuit device. A low dielectric constant material is
defiﬁed.as one having a dielectric constant of less Ehan
3.5. A‘nuﬁber of such materials are listed in the
preferred embodiment of the present invention. It shouldlbe
clear to those experienced in the art that the present
invention can be applied and extended, for example, to new,
but similar, compounds that are developed or applied;to
semiconductor manufacture. .In addition, thé preferred
embodiment describes the application of the present
invention to the formation of a single damascene via; It
should be clear to those skilled in the art that the

present invention can easily be applied to various

damascene schemes, such as dual damascene. 1In dual

10



damascene, schenes, the interconnect will typically conprise a passivayagy 2203
l'ayer, a first dielectric layer, an etching stop |layer, a second
dielectric layer, and a cap |layer (or polishing stop |layer). The present
invention could be applied to many applications where etching of |ow

di el ectric constant organic-based materials is necessary. Referring now
particularly to. Fig. 4, there is showmn a cross section of a partially
conpleted integrated circuit device of the preferred enbodi nent. A
damascene vidamaswehk beheses) tthhedémbasteomtect e lpr espntal y erinpariseA
sem conductor substrate 40 is provided. Although not specifically

i |l ustrat ed avplzRisiveheoscheymt,i @ dless Sbelédricoflalieg, 4an Setcihiag

sem conductor substrate 40 may conprise a substrate al one as enpl oyed
wi thin a m etegl eayeeni & séadid cakiientrAttefynat,i wekdya the B£pEcorguct or
substrate 40 nmay conprise that enployed within a. mcroelectronic

fabricati on paseiingt Beopubsidamt.e has poss@d tihereupon candd ae t her eover,
and thus; incorporated therein, any of the several additional '

i croel ect r A edayer fah HpEiamRliens HROBS NS0 akunbpum al [ oy nmetal
i nterconnects) as :rare conmmonly enployed within the mcroel ectronics

fabrication giwitlip i Whi6hst sneml@¥ed-bhgesuhstdrataes is necessary.

Referring now particularly te Fig. 4, thére is shown a
cross section of a partial;y completed integrated circuit
device of the preferfed embodiment. A damascene via: will
pe used to demonstrate the.present invention. A
semiconductor substrate 40 is provided. Although noﬁ
specifically illustrated within the schematic cross section
of Fig.4, such a semiconduqtdr substrate 40 may compfise a
stbstrate alone as employed within a microelectfonic
fabrication. Alternatively, the semiconductor substrate 40
may comprise that employed within a microelectronic -
fabrication wherein the substrate has formed thereupon
and/or thereover, and thus incorporated therein, any of the
several additicnal microeléctronics layers (for example,
damascene ©r aluminum alloy metal interconnects) as;are

commonly employed within the microelectronics fabricatiocn

within which is employed the substrate.




11 Metal fraces 48 are formed in a firrst insulating |ayer 44 overlying tie; ap
sem conduct or substrate 40. The netal: traces 48 are formed as conventi onal
in the art. For exanple, if a damascene techni que were used, the first
insulating | ayer 44 would first be deposited overlying the sem conductor
substrate 40.. Trenches would be etched into the first insulating |ayer-44
in the desired pattern of the planned traces. The barrier netal, which is
not shown, -and the netal |ayer 4B would then be deposited overlying; the
first insulatingMébyertdbeand8f alicki Agritdre ity endhest asnscomtvient ilewyalr in t he
art. Finally, the excess netal |layer 48 would be renoved, for exanple, by
chem cal neadhkabiveal yipoltitshisegicthduisstsubsdulaati AQ. | alier mkacoul d wel | ;
be a lowdielectric constant material, though that is not. 'necessary in
thi s enbodi reAtesAd8esondidrmesud aki agnvayerorm?, iar thassrwvat iosr | ayer, is
deposited overlying the first insulating |layer 44 and the netal traces 48.

I n the prefexagglenbodi srefinaddeaes econtl quansidrat uegd) ayes H2rtonpri ses
silicon nitride that is deposited typically by a chem cal vapor deposition
(CVD) processuldtnsg thef aausicafidt herpr asenfegoryestii &Rei Bying the

semiconductor substrate 40. Trenches would be etched into
the first insulating layer 44 in the.desired pattern of the
planned traces. The barrier metal, which is not shown, and
the metal layer 48 would then be depositedroverlying;the
first insulating layer 44 and filling the trenches é§
conventional in the art. Einally, the excess metal Qayer
48 would be removed, for example, by chemical mechanical
polishing. The first insulating layer 44 could well be a
low dielectric constant material, though that is not

necessary in this embodiment.

A second insulating ldyer 52, or passivation layer, is
deposited overlying the first insulating layer 44 and the
metal traces 48. In the pfeferredlembodiment, the second
insulating layer 52 comprises silicon nitride that is
deposited typically by a chemical wvapor deposition (CVD)

process. Since the focus of the present invention is

etching the low dielectric constant layer, the exact

12




etching the low dielectric constant [‘ayer, the exact 12 conposition of gtzhegy sy
second insulating layer 52 is not inportant. The |ow dielectric constant

| ayer 56, is deposited overlying the second insulating |ayer 52. The | ow
dielectric constant |ayer 5.6 conprises an organic-based fil'm Several
mai n types include anorphous carbon dielectric materials, organic polyners,
and organi c conpounds that contain inorganic elenents, such as silicon
and fluorine. The |low dielectric constant |ayer 56 nust be a type of
materi al th&Pme8Aibeckt ehedcusergnd praskatinacdavarnbagia rggs conprising a
ni trogen and hydrogen containing nolecule. If the low dielectric

const ant : | apBPOTrE8NEent ai ns silicon, as in the case of silsesquioxane, for
exanple, then a fluorine-containing or chlorine-containing gas will be .
added to the plasma. Typically, the llow dielectric constant |layer 56 wll
be deposited by a spin-on nethod or by chemical vapor deposition (CVD).
The | ow diel ect Fhe towsiimhedtayer censtint grakar 8Bl ys dégosiitted t 0 a

t hi ckness of between about 1,000 Angstrons and 10, 000 * Angstrons.
overlying the second insulating layer 52. The low

dielectric constant layer 56 comprises an organic—based
film. Several main types include amorphousrcarbon
dielectric materials, organic polymers, and ofganic
compounds that contain inorganic elements, such as silicon
and fluorine. The low dielectric constant layer 56 must be
a type of material that can be etched using a plasma:
containing a gas comprising a nitrogen and hydrogen
containing molecule. If the low dielectric constant:layer
:56 contains silicon, as in the éase.of silsesquioxané, for
example, then a fluorine-containing or chlorine—contéiniﬁg
gas will be added to the plasma. Typically, the low
dielectric constant layer 56 will be deposited by a spin-on
method or by chemical wvapcr deposition {(CVD). The low
dielectric constant layer 56 is preferably deposited to a
thickness of between about i,OOO Angstroms and 10,000

‘Ahgstroms.

In the preferred embodiment, the low dielectric

“Constant layer 56 comprises cne of thé& group containing:

13



In the preferred enbodi nent, the | ow di el ectric cone- aye r- conprised OH&Y 23
o the group con ta-1- nft g 13 O7NOViL: C3 poly(arylethers) - such as Flare
. (manufacture by Allied Signal), VELOX (manufactured by Schumacher Air
Products), and SILK (nmanufactured by Dow Chem cal);
buckm ni sterful |l erenes; pol.yimdes; benzocycl obutenes - such as BCB
(manuf actured by Dow Chem cal ); al kyl sil sesqui oxanes; anorphous
fl uorocarbons; fluorinated polyimdes; tetrafl uoroethane;
pol yt et r af | RELEdRRY L 8RR T PPTFERCHT pEOF] 318 dhapoitpchryd ethdrld)iedand por ous
organi c polsyrrers - including poly(aryl ethers), polyimdes, fluorinated
pol yi mi des, SBERZ&LycVBHUM afesufaaturaf Kt sidhsesgheoxkiesLrodlusslsiishi ng st op
| ayer: 60 (or cap layer) is deposited overlying the |ow dielectric constant
| ayer 56. TRed géFKshﬁlW%ﬁt%rﬁéyév Bovw i Giegg cpdied because it will stop
the polishing operation used to define the subsequently deposited netal
mat eri al t o PURENEBRFT REEL bfeneResdanrabrmiciesir brokocTokolpdidrstsi rg st op,
| ayer 60 is preferably conprised of silicon nitride deposited by CVD. -

such as BCB (manufactured by Dow Chemical);

alkylsilsesquioxangs; amorphous fluorocarbons; fluorinated

polyimides;rtgtrafluoroethane; polytetrafluorcethylene

(PTFE}; fluorinated poly(arylethers); and porous organic

polymers - including poly{arylethers), polyimides,

fluorinated polyimides, benzocyclobutanes, and

alkylsilsesquioxanes.

A polishing stop layer: 60 (or cap layer) is deposited
overlying the low dielectric constant layer 56. The |
polishing stop layer 60 is so named because it will stop
the polishing operation used to define the subsequently
deposited metal material to the confines of the damascene
trench. The polishing étop,layer 60 is preferably

comprised of silicon nitride deposited by CVD.

Referring now to Fig. 5, a photoresist layer 64 is
applied overlying the peclishing stop layer 60; The

photoresist layer 64 is patterned to form openings where




Referring.now to Fig. 5 a photoresist |ayer 64 is applied overlying bﬁ MGV o0
polishing stop |ayer 60. The photoresist layer 64 is patterned to for Vel
openi ngs, where 14 U 7 NOV 2Lt 3 trenches are planned for the single
damascene interconnects. Referring now to Fig..6., an inportant aspect
of .the present i nvention is described. The. pollshlng stop layer 60 is
etched using a plasma dry etch with a fluorocarbon chem stry. The etching
chem stry typically conprises one or nore gases fromthe group containing:
CHF3,, CF4, tCetEBesande §2§ﬁhedlﬁongthhestmgleﬂdamasséop | ayer 60 as ‘a hard
mask, the low dielectric constant layer 56 is then etched using the novel
chemi stry ofirttecpnesens. i nvention. A plasma containing a gas conprising a
nitrogen and hydrogen containing nolecule is used to etch the |ow
dielectric constant |ayer 56.. Two exanples of this type of ‘gas; nolecule
are hydrazine (NZH4) and amonia (NH3): . Other gases can be added as a
carrier gas in cesfiemathgnnovw ttho tFie. 6} t avgampandnhydepgen €O ni ng
nol ecul e gas. For exanple, nitrogen, argon, helium or xenon may be added
as present invention is described. The polishing stop layer

60 is etched using a plasmé dry etch with a fluorocarbon

chemistry. The etching chemistry typicall? comprises one

or more gases from the group containing: CHF3, CF4, CaFg, and

CsF¢. Using the polishing stop layer 60 as a hard mask, the

low dielectric constant layer 56 is then etched using the

novel chemistry of the present invention. A plasma

containing a gas comprising a nitrogen and hydrogen

containiﬁg molecule is used to etch the low dielectric

constant layer 56. Two examples of this type of gas

molecule are hydrazine (N;Hy} and ammcnia (NHs) . Other

gases can be added as a carrier gas in combination with the

nitrogen and hydrogen containing meclecule gas., For

example, nitrogen, argon, helium, ¢cY xenon may be added as

carrier gases. In addition, an optiocnal passivationfgas,

such as methane (CHy), can be added to provide a paséivation

during the etching of the Vﬁa.

The plasma is generated in a typical fashion in a

reaction chamber at a temperature of between about 0




carrier gases. In addition, an optional passivation gas, such as nethane
(CH4), can be added to provide a passivation during the etching of thezncy 2y
via. The. plasma is generated. in a typical fashion in a reaction chanber at
a tenperature of between about 0 15 0 7 NOV 2403 degrees C and 300 degrees
C, a wafer tenperature of between about -30 degrees C ,and 300 degrees C/
and a pressure of between about 1 milliTorr and 1 Torr. The etching gas
chemstry is optimzed to conpletely ‘etch away the photoresisst |ayer 64,
wher eupon t K€IFELRIEshi ARl st deayersel.. aovaitn fenpkoattioradedweand mask
during the etching. In the event that the photoresist |layer 64 is not :
conpl et el y rA&ediFed 38f fegredre Cetaeli AF0- dpgoseyén phdsaepogssyreefodr ably, a
form ng gas plasma can be used to strip the remaining photoresist. Using
hydr azi ne oeimesni abprbyv] deisl tiferadeadt hgeowf. ('he previmusias menti oned
pl asma t hat conbi ned nitrogen gas and hydrogen gas. Etching of the :
or gani c- basedemigikrdi &f eeringl 2sshsrantmp agterl v@&tick aveh Petter control | ed
when conpared to the prior art, oxygen etch. Lateral .

photoresist layer 64, whereupon the polishing stop layer 60

would then function as a hard mask during the etching. 1In

the event that the photoresist layer 64 is not completely

removed after the etching, an oxygen plasma or, preferably,

a forming gas plasma can be used to strip the remaining

photoresist.

Using hydrazine or ammonia provides the advantaée of
the previously mentioned piasma that cdmbinedlnitrogen gas
and hydrogen gas. Etéhing-of the organic-hased, low
dielectric constant layer 56 is much better controlled when
compared to the prior art, oxygen etch. Lateral
overetching and bowing 66 is eliminated. 1In additioh,
since the hydrogen is bonded to the nitrogen until tbe
hydrogen ions are releasedfinto the plasma, the risk of
explosive reactions with ogygen is eliminated. Finaily,
since only cne gas 1s needed, instead of two, the utility
and mass flow control capabilities of the etching précess

are reduced. This reduces the process cost.




overetching and bowing 66 is elimnatied. -In addition, since the hydr ogen
bonded to the nitrogen until the hydrogen ions are released into the TNCV 2633
pl asma, the risk of explosive reactions with oxygen is elimnated. Fi nal Iy,
since only one gas is needed, instead of two, the utility and mass flow
control capabilities of the etching process are reduced. This reducesthe
process cost. 16 If the low dielectriic constant layer 56 also contains
silicon, as in the conpound silsesqui'oxane, then a gas conpri sing
mol ecul es conta|ﬁfn§h¢llRﬂ|dﬂ@l§ﬁtéhpo@¢¢ﬁ£%ﬂhn%§yeﬁu§§ desadped aiost he
hydrazine ar anmonia gas to inprove the etching rate of the 'silicon
cont ai ni ng GdApeand. aAsin hafeocempphad et chigrguépxehe, | overdizlgst ri ¢ const ant
| ayer 56 is better controlled when conpared to oxygen etching. The
process i s &cgeriafieg, meluglesi coddesnieguilnertihe arithlimisie ardmsass fl ow
controls sufficient for two etching gases. Sone gases that could be used
i ncl ude CF4muG2Fee €ifded QHAIGr hyCHE3inSFy, aamgnCaF8as Red eimpiimyenow t o
Fig.:7, the second insulating layer 52 is etched through to the top ,
surface of tihe esthingreeies of4gheostbhpreterithé ning opepdwIgd - Be@@use the
second

before, the etching of the low dielectric constant layer 56

is better controlled when compared to cxygen etching. The
process is also safer, though it does require the utilities
and mass flow controls sufficient for two etching gases.

Some gases that could be used include CF4, C,Fg, ClngCHClh

CHF4, 5Fs, and C.;FB.

Referring now to Fig. :7, the second insulating layer
52 is etched threocugh to thé top surface of the metal;traces
48 to complete the via opening. Because the second f
insulating layer 52 comprises silicon nitride in thi$
exemplary embodiment, it is not etched through by the novel
etch chemistry used for etching the low dielectric constant
layer 56. The second insulating layer 52 could be etched,
for example, using a reactive ion etch {(RIE) or high
density plasma etch chemisgry comprising gases such as: CFy,

CHF3, CH,F,, CH;F, 0,, He, Ar, N,, and NH;.

17




insul ating layer 52 conprises silicon nitride in this exenpl ary 2 MY 200
enbodi nent, it is. not etched through by the novel etch chemstry useg FgtY 2008
etching the low dielectric constant ‘l'ayer 56. The second insulating |ayer
52 could be etched, for exanple, using a reactive ion etch (RIE) or high
density plasma etch chem stry conprising gases such as: CFg, : CHF3, CH2F2,
CH3F, 02, He, Ar, N2, and NH3. 17 O 7 NOV Lay3 Referring nowto Fig. 8, the
damascene via structure |s conpleted as typical in the art. ‘A barrier
|l ayer 68 of, for eX&RPIElnad nosr tactory $rettdle desadepusitied stverkyirag t he
polishing stop |ayer 60 and filling the damascene via trench. A netal
| ayer 72, typi ¢8I P RbphRe a8 Sy@dpesi tedihowertl.yi Agbtheidarkaver kayer, 68.
The netal layer 72 and the barrier |ayer 68 are then. polished down to
renove the exé@8§sehetalenat eEifaRcAREY tToetednf iime dehes hietdiloveayering2thad
the barrier layer 68 to the damascene via trench as shown. The polishing
stop |ayer 60 BPbpshine porn Jiiveg 6pernd ifon lifgohhe omdmatdeng thia | ow
dielectric constant material 56. The integrated circuit is then finished
as typical i n Erenchyt A metal layer 72, typically copper, is deposited.

overlying the barrier layer 68. The metal layer 72 and the

"barrier layer 68 are then:polished down to remove the

excess metal material and to confine the metal layer 72 énd

the barrier layer 68 to the damascene via trench as shown.

The polishing stop layer 60 stops the pclishing éperation

from contacting the low dielectric constant material 56.

The integrated circuit is then finished as typicai in the

art.

As shown in the preferred embodiment, the present
invention provides a very manufacturable process for
etching organic, low die;ectric constant materials by using
a plasma comprising a gas containing nitrogen andihydrogen
atoms and a carrilier gas in the manufacture of intggrated
circuit devices. This novel method improves the étching
control and eliminates the risk asscciated with the use of
hydrogen gas in the manufacturing environment. THrough the'

addition of fluorine or chleorine containing gases, low

18




As shown |n the preferred enbodi ment,. the present invention provides a

very manufacturabl e process for etching organic, |ow dielectric constdntN0V 2113

materials by using a plasma conprising a gas containing nitrogen and :
hydrogen atons and a carrier gas in the manufacture of integrated circuit
devi ces. This novel nethod inproves the etching control. and elimnates the
ri sk associated. with the use of hydrogen gas in the manufacturing
environnment. Through the addition of fluorine or chlorine containing
gases,' |ow l6diéktectiid consnshant rgaigianicongeipesngds: ¢ hatscaksargont ai n
silicon can be effectively and safely etched. Wile the invention. has been
particul arly shbwcandardesceitliedt id iy reefcecansey toxdhey.preferred

enbodi ments thereof, it will be understood by those skilled in the art

t hat various changes in formand details nmay be nmade w thout departing
fromthe spirit and scope of the. invention. 19 Q7 NOV ZJ3 Mains 1. A
met hod to etch an oftgard ahkasadent D .die) @ekhi farticularly shown and

described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made

without departing from the spirit and scope of the

invention.
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constant material in the manufacture .of an integrated circuit device 07 MOV 7333
conprising: providing a sem conductor. substrate; depositing a | ow
di el ectric constant materi al overlylng sai d seni conduct or substrate wherein
said low dielectric constant material conprises primarily organic
materials andgpherein said low dielectric constant material contains
silicon; and et I'ng said low dielectric constant material to form
desirabl e features i n the manufacture of said integrated circuit device
wher ei n sai d dt-chiTRhed tip £YShagracEgapirsPagedr gbaw chirlAatinig a nitrogen
and hydrogen containing nolecule and a carrier gas and a fluorine
cont ai ni ng ga§°ngtaﬁﬁemﬁr§€-hédl atwr okl mpnufaditaing ofwaer éhhegratied ow
dielectric constant material conprises one of the group containing:
pol y(aryl et herdyrcuigudevaseFbamper {simgif acture by Allied Signal),
VELOX. (manuf actured by Schumacher Air Products), and Si LK ( manuf actured by
Dow Cheni cal ) ; bupk'nswmmhgr&ubémi@o?tﬁmctrmd wulisteatebkenzocycl obut enes such
as BCB (manufactured by Dow Chem cal); :
depositing a low dlelectrlc constant materlal
overlying said semiconductor substrate wherein said low
dielectric constant mateiial‘compfises primarily organic
materials and wherein said low dielectric constant material
contains silicon; and
etching said low diélectric constant material to form
desirable features in the manufacture of said integrated
circuit device wherein said etching is by a plasma
comprising a gas containing a nitrogen and hydrogen
containing molecule and a carrier gas and a fluorine-

containing gas.

2. The.method according to Claim 1 wherein said low
dielectric constant mate;ial comprises one of the group
containing: poly(arylethers) - such as Flafe {manﬁfacture
by Ailied Signal), VELOX;(manufactufed by Schumacher Air
Products), and SiLK (manﬁfactured by Dow Chemical%;

buckministerfullerenes; polyimides; benzocyclobutbnes -

sgch as BCB (manufactured by Dow Chemical);




U 7 NOV H) 3 al kyl si | sesqui oxanes; anorphous fluorocarbons; fluorinate 2 NOY 70
pol yi mi des; tetrafl uoroethane; polytetrafluoroethylene (PTFE); fluori GLi'dyg 2B
pol y(aryl ethers); and porous organic polyners - including

pol y(aryl ethers), polyinmides, fluorinated polyinides, benzocycl obutanes,

and al kyl sil sesqui oxanes. 3. The net'hod according to Caim 1 wherein said
desirable features conprise one of tihe group containing: trenches for’

si ngl e damascene- structures, trenches for dual damascene. structures, vVias

for single darsldges lstesqutiokanes ; vVaasriiosus dialodUMEcRRe FULBeiHEESd
contact openings, and via openings. 4. The nethod according to Caiml
wherein said gaslyietriedi;nitegrarNibEogeRaded fyOiRaes [ARLRIPHId AR! ecul e
conpri ses hydrazine (N2H4:) 5. The nmethod according to CIaFnL? ﬁﬂgrein.said
gas contai ni ngErEK)t;r 3188 raREtBYOROTRNa SR AIANAG THILEH:E, COTRLLSES
anmonia (NH3) 21 0 7 v adding a pgss?Satlon gaéﬂto séf %g%gs 0?83 2 I ng
said | ow polymers - including poly(arylethers), polyimides, '
fluorinated polyimides, benzocyclobhtanes, and

alkylsilsesquioxanes.

3. The method according ‘to Claim 1 wherein séid desirable
features comprise one of the group containing: trenches for
single damascene structures, trencheé for dual damascene
structures, vias for single damascene structures, vias for .
dual damascene structures, contact openings, andgvia

openings.

4. The method according to Claim 1 wherein said gas
containing a nitregen and-hydrogen containing molécule

comprises hydrazine (N;Hg).

5. The method according to Claim 1 wherein said gas
containing a nitrogen and hydrogen containing molécule

comprises ammonia (NH3). :

6. ?Eg method according to Claim 1 further comprising
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dielectric constant material. 7. The method according to aim1 wherein

said carrier gas conprises one of the group containing: nitrogen, arg@ﬁﬂwv SNV

helium and xenon. 8. The nethod according to Claim6 wherein said _
passi vation gas conprises nmethane (CH4). 9. The method according ,to Caim
1 wherein said step of etching said low dielectric constant naterlal
conprises a plasma generated in a reacti on chamber at a t enper at ure of

bet ween about O degrees C and 300 degrees C, a wafer tenperature of

bet ween about addine @ quss=GvartdoB0gadegnessid S eprsk aemﬂs@rsequ 1bgt ween
about 1 mlliTorr and 1 Torr. 10. A nethod to etch an organic-based, |ow
dielectric combébatt et erdradtant Weerganuf acture of an integrated circuit
devi ce conprising: providing a sem conductor substrate; depQS|t|ng a [ow
dielectric constant material overlying said sem conductor substrate where;
said low dielectric constant material conprises primarily organic 22 Q7

7{110 3 mat erial st eI LR ud nhOVo k8L 81T | oh HANST A JaLgr)al. gas
comprises one of the grqup containing: nitrogen, argon,

helium, and xenon.

8. The method according to Claim 6 wherein said passivation

gas comprises methane (CHy).

9. The method according to Claim 1 wherein said etep of
etching said low dielectric constant material comprlses a
plasma generated in a reaction chamber at a temperature of
between about 0 degrees C and 300 degrees C, a wafer
temperature of between about -30 degrees C and 300 degrees,

C, and a pressure of between about 1 milliTorr and 1 Torr.

10. A method to etch an organic-based, low dielectric
constant material in the manufacture of an integrated
circuit device comprisiné:

providing a semiconductor substrate;

depositing a low dielectric constant material

overlying said semiconductor substrate wherein said.low .

dielectric constant material comprises primarily organic
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contains silicon;and etching said low dielectric constant material to fonmy g
desirable features in the nmanufacture of said integrated circuit device
wherein said etching is by a plasma conprising a gas containing a nitrogen
and hydrogen containing mol ecule and a carrier gas and a chlqune-

contai ning gas. 11. The nmethod according to Caim 10 wherein said | ow
dielectric constant material conpri-ses one of the group .containing:
poly(aryleth,ers) - such as Flare (manufacture “by Allied Signal), VELOX
(manuf act ur ed mytScinimenel whereifr sdudt $pw apell St d e RGURRE oY sPOW
Chenmical); buckm nisterful |l erenes; polyimdes; and porous organic ,
polymers - i nc¢omitainpad W i(cwnylagdhers), polyimdes, fluorinated

pol yi m des, benzocycl obut anes, and al kyl sil sesqui oxanes. 12.° The net hod

according to O ai méd-nihey ealasaiot desibablec £SRWEAS SAMY;ISE (QNg 9 t he

group containing: trenches for single damascene structures, trenches o¥
dual damasceneje$iF RS tuHedS 1 hOkrneShAR £: AIRS (C:Pep?s S Ye Wi s Tor
23 dual damascene structures, contact -openings, and via .

circuit device wherein said etching is by a plasma

comprising a gas containing a nitrogen and hydrogen

containing molecule and a carrier gas and a chlorine-

containing gas.

11. The method according to Claim 10 wherein said low
dielectric constant material comprises one of the group
containing: poly(arylethers} - such as Flare {manufacture
by Allied Signal), VELOX (manufactured by Schumacher Air
Products), and SiLK (manufactured by Dow Chemical);
buckministerfullerenes; polyimides; and porous organic
polymers - including polyi{arylethers), polyimides,
fluorinated polyimides, benzocycloebutanes, and

alkylsilsesgquioxanes.

12. The method according to Claim 10 wherein said desirable
features comprise one of. the group containing: tﬁenches for
single damascene structures, trenches for dual damascene

o structures, vias for single damascene structures,. vias.for_




openi ngs. 13. The nethod according to claim 10 wherein said gas cont aigm ngyv. 2003
a nitrogen and hydrogen contai ni ng nolecul e conpri ses hydrazine (N2H4) .
14. The nethod according to Claim 10 wherein said gas . containing a

ni trogen and hydrogen containing nolecule conprises ammonia (NH3) 15. The
met hod according to G aim10 further conprising adding a passivation gas
to said step of etching said |ow diel ectric constant material. 16. The

met hod according to Caim 10 wherein said carrier gas conprises one of t he
group contai m‘i’algal rianatfEne @ﬁg@@turheLl oontaod omeaimgsl,7.anfheiget hod
according, to Claim15 wherein said passivation gas conprises methane
(CH4). 18. Theemmnirogs according to Claim 10 wherein said step of etching
said low dielectric constant material conprises a 24 0 7 NOV 2U 3 pl asma
generated in a reaction chanber at a tenperature of between about 0
degrees; C and 300 degrees C, 'a wafer tenperature of between about -30

degrees C and BO0 Megmefhod according to Claim 10 wherein said gas

containing a nitrogen and hydrogen containing molecule

comprises hydrazine (NyH,).

14, The method according to Claim 10 wherein said gas
containing a nitrogen and hydrogen containing molecule

comprises ammonia (NHj).

15. The method accordinglto Claim 10 further comprising
adding a passivation gas to said step of etching said low

dielectric constant material.

16. The method according to Claim 10 wherein said carrier
gas comprises one of the group containing: nitrogen, argon,

helium, and xenocn.

17. The method according to Claim 15 wherein said

passivation gas comprises methane {CHy4) .

18. The method according to Claim 10 wherein said step of

etching said low dielectric constant material comprises a




C, and a pressure of between about 1:mlliTorr and 1 Torr. 19. A neth%%,hgv o
etch an organi c-based, low dielectric . constant material in the; : L44
manuf acture of an integrated circuit device conprising.: providing a

sem conductor substrate; depositing -a [ow dielectric constant materi al
overlying said sem conductor substrate wherein said [ow dielectric _
constant material conprises primarily organic materials and wherein said

| ow di el ectric constant material contains silicon;and etching said |ow

di el ectric cormtasma mereriadiedt onf er readeson afil entféaatatr @s tiempbltatapsubact ure

of said integrated circuit device wherein said etching is by. a pl asma

conpri sing hydretaies, apolltudr drgreestai MABURMe @A C,Car Wagkrgas. 20.

The net hod according to Caim 19 wherein said |low dielectric ‘constant -

mat eri al conpriagsenerel ofheegieln §B@&@JIBGEHéé%%E@PQy%h@b@boeﬂéaseésSUCh
as BCB (manufactured by Dow Chem cal); al kylsilsesqui oxanes; -and porous

organi ¢ 25 0 & ,N#Ad/ 22903 sBAKTBESpet T OMGIONEANGS 139 and 1 Torr.

al kyl si | sesqui oxanes.

19. A method to etch an brganic—based, loﬁ dieleétric
constant material in the:manufacture of‘an integfated
circuit device comprising:

providing a semiconductor substrate;

depositing a low dielectric constant material
overlying said semiconductor substrate wherein siid low
dielectric constant mate;ial comprises primarily.organic
materials and wherein said low dielectric constaﬁt material
‘contains silicon;and

etching said low dielectric constant materiél to form

desirable features in the manufacture of said ingegrated
circuit device wheréin sgid etching is by a plasma
comprising hydrazine, a fluorine—containing gas,and a

carrier gas.

20. The method according to Claim 19 wherein said low
dielectric constant mateﬁial comprises one of the group

__.containing: benZOCYClOQgﬁgnﬁﬁ,:_§gQh4§§4BQB44manufactured_ff

by Dow Chemical):; alkylsilsesquioxanes; and poroué organic




21. The method according to Claim 19 wherein said desirable features
conprise one of the group containing: trenches for single damascene
structures, trenches for dual danmascene structures, vias for: single
damascene structures, vias for dual damascene structures, contact _
openi ngs, and via openings. 22. The nmethod according to Caim19 further
conprising adding a passivation gas to said step of etching said |ow
dielectric constant material. 23. The nethod according to C aim 19 wherein
said carrier RfyRdpri Yeszesycdbbuhanygs oampd cokitydisiilsgsquixages,. ar gon,
hel ium and xenon. 24. The nethod according to Caim1l9 wherein said

passi vation gas conprises nethane (CH4). 25. A nethod to etch an '

organi c-based, low dielectric constant material in the manufacture.of -an
i ntegrated cidlcuithadmethedcanpbr8ing-to CPEavih RhereSOMsaeaddet9kaple
substrate; 26 depositing a |low dielectric constant material overlying said

seni conduct or famsired eonpersknosal ! oMe dhedgetddt [MSIAN rBREGE Ak or
conprises primarily organic materials and -

single damascene structures, trenches for dual damascene

07 NOV 2003

structures, vias for single damascene structures, vias for
dual damascene structures, contact openings, and .via

openings.

22. The method according:to Claim 19 further comprising
adding a passivation gas:to said step of etchingisaid low

dielectric constant material.

"23. The method according to Claim 19 wherein said carrier
gas comprises one of the group containing: nitrogen, argon,

helium, and xenon.

24. The method according to Claim 19 wherein said

passivation gas comprises methane (CHy).

25. A method to etch an organic-based, low dielectric
constant material in the manufacture of an integrated

circuit device comprising:

providing a semiconductor substrate;



wherein said | ow dielectric constant nmaterial contains silicon; and etchln -
said low dielectric constant material to form desirable features I n tﬂ@ Zi
manuf acture of said integrated circuit device wherein said etching is by a
plasma conprising hydrazine, a carrier gas, and a chlorine- containing gas.
26. The nmethod according to C aim25 ‘wherein said |ow dielectric constant

mat eri al conpri.ses one of the group ‘containing: anorphous fluorocarbons;

fl uori nat ed; ol yi m des; tetrafl uoroet hane; polytetrafluoroethylene :
(PTFE); fl uorl‘ﬁ SRR NG . A Y EHigdesFrigngonst ot  RIRE i 417 ovEd yieghod
according to Claim25 wherein said desirable features conprisse one of ‘the
group contaln|$@ﬁdt$QﬁkﬁﬂﬁﬁHQﬁor §uhgteadan3363®enssaldnhﬁwﬂﬁldneam&hes for

dual danmascene structures, vias for single damascene structures, vias for
dual danascenecemstﬂntnmﬁﬁenmadt@ompmmeesngslmaﬂﬂkwldtganxanmaleraglg8an@he

met hod according to Claim25 wherein 'said carrier gas conprises one of the
group contai niwigereiir raagen,low garklechel buBbnafghXeXErial Contalns

silicon; and

etching saidrlow dielectric constant material to form
desirable featuree in the manufacfure of said integrated
circuit device wherein said etching is by a plasma
comprising hydrazine,a.qarrier gas, and a chlorine—

containing gas.

26. The method according to Claim 25 wherein said low
dielectric constant material comprises one of the groﬁp
containing: amorphous flﬁorocarbons; fluorinated ;
polyimides; tetrafluoroeﬁhane: polytetrafiuoroethylene

(PTFE); fluorinated poly(arylethers); and porousgPTFE.

27. The method according:to Claim 25 wherein said desirabkle
features comprise one of the group containing: trenches for
single damascene structures, trenches for dual demascene
structures, vias for single damascene strueturesﬁ vias for
dual damascene structure;s.r contact openings, andivia

opening.

27




§ 7 NCV 2633

28. The method according to Claim 25 whereih‘Said carrier
gas comprises one of the group containing: nitrogen, argon,

helium, and xencn.
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