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The present invention relates to the

fabrication of integrated circuit devices, and more

particularly, to a method of improving the planarity and

uniformity of interlevel dielectrics in the fabrication of

integrated circuits.

(2) DESCRIPTION OF THE PRIOR ART

In the fabrication of integrated circuits

having multiple conducting levels, planarization of the

interlevel dielectric is most important.

Typically, the

interlevel dielectric is formed by depositing a silicon oxide

layer over the surfaces of a conducting layer, coating on a

spin-on-glass layer, and etching back the two layers to

provide a planarized dielectric surface.

Fig. 1 illustrates

a partially completed integrated circuit device of the prior

art.

Semiconductor device structures, such as gate

electrodes 14 and source and drain regions 16 have been

formed in and on the surface of a semiconductor substrate 10.

An insulating layer 18 is formed over the surface of the gate
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< An ?nsulating | ayer 18- is formed over the surface of the gate
- 2 - electrodes 14. A netal layer 20 is deposited over the insulating

| ayer and patterned to formmnetal lines, as shown in Fig. 1. Now the
interlevel dielectric layer is to be fornmed. A silicon oxide |layer 22 is
deposited conformally over the netal lines. Spin-on-glass |layer 24 is
coated over the silicon oxide surface. - 2 - Referring now to

Fig. 2, the pin-og%%4ass Iayeriﬁg i s etched back to, planarize the |ayer
and to expoSeeTHe det -on & et dlager d it dengsikied 9ve% ckbe when t he

il ' I . 22 d CHE / d
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results in degradation of the planariZzZation, as shown in Fig.

Spi n- on- gl agsrexUihac Gt IMUChd PVersgfiiod-f 46 deayran faceis déerd@potéyer
of the interlevel dielectric sandwich is typically a tetraethoxysilane

(TEOCS) | ayerh2bsiliedmdsiddie fumfdd.zati on of the spin-on-glass |ayer 24
can cause the formation of a keyhole 28 in the TECS | ayer for narrow netal
Referring now to Fig. 2, the spin-on—glass
layer 24 is etched back to planarize the layer and to expose
the oxide on the tops of the metal lines. However, when the
silicon oxide layer 22 is exposed to CHFs/CF4 plasma during
etchback, more oxygen atoms are released from their Si-O
bondings. These oxygen atoms consume more CFz atoms in the_
adjacent spin-on-glass material, thus enhancing the spin-on-
glass etch rate. This is called the microloading effect.
More spin-on-glass is conéumed than expected. This results
in degradation of the planarization, as shown in Fig. 2. The
spin-on-glass surface is much lower than the oxide surface.
The top layer of the interlevel dielectric sandwich is
typically a tetraethoxysilane (TEOS) layer 26. The lack of
.planarization of the spin-on-glass layer 24 can cause the
formation of a keyhole 28 in the TEOS layer for narrow metal

spacing.



‘spaci ng. - 3 - It i's
desirable to forma planarized interlevel dielectric |ayer w thout

m crol oadi ng effects and w thout keyhol e defects. U. S.
Patent 5,399,533 to Pramanik et al shows a nethod-of elimnating

m crol oadi ng by replacing the oxide |ayer under the spin-on-glass |ayer
wth anitride layer. U S. Patent 5,413,963 to Yen et al teaches

pl anari zing the spin-on-glass |ayer by heating followed by a N err]
treatment. U.S. Patent 5, Bteislidesbriablettal forBws Rlanamadedf forming a
spin-on-glass | ayer which is treated with (Qerr] plasma, then_ exposed to
t he atnDsph%ﬁ%??géYﬁkr%h%%e?ﬁﬁlﬁyﬁﬁﬁﬁénWéBh?%ﬁtmeroiﬁédFagePffeCtS and
SUMVARY OF T | NVENTI Accordingly, it is a primry
obj ect of tWigi?%QE%?Yéaa?odﬁf%GFﬁe a reliable and very manufacturabl e
process for formng an interlevel dielectric layer in the fabrication of
an integrated circuit. It is a further object of the

i nvention to U.S. Patent 5,399,533 to Pramanik et al shows
a method of eliminating microloading by replacing the oxide
layer under the spin-on-glass layer with a nitride layer.
U.S. Patent 5,413,963 to Yen et al teaches planarizing the
spin-on-glass layer by heating followed by a Nz treatment.

' U.S. Patent 5,366,910 to Ha et al shows a method of forming a
spin-on-glass layer which is treated with Oz plasma, then
exposed to the atmosphere to increase the hydrogen content of

the layer.

SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the
invention to provide a reliable and very manufacturable
process for forming an interlevel dielectric layer in the

_fabrication of an integrated circuit.

It is a further object of the invention to

provide a method for forming a planarized interlevel

“

dielectric layer in the fabrication of an integrated circuit.



provide a method for forming a planarized interlevel dielectric layer in
the fabrication of an integrated circuit.

- 4 - It is another object to provide a process for
formng a planarized interlevel dielectric |ayer without degradation due
to the mcroloading effect. Yet anot her object of the

I nvention is to provide a process for® formng a planarlzed |nterlevel

dielectric layer wthout degradation.due to. t |n
A ds anor‘l:her Objl tﬂ? 1{3 ov1 %#Jf%é %%J %fs

wi t hout keyhol e defects. n acco ance

of the inveptiQRg %h?ﬁgm%ijigaf fgé@g;ﬂ é%¥%¢2%%§éfwﬁi ndiel ectric

| ayer without degra eto t e mcro 'S ac |eved A

patterned fige &d&%ﬂ*&ﬂ'&ﬂb'ﬁﬁ“ﬂhe'ﬁ&d¥616éh%h \6¥féﬁk'n5U|at'n9 layer on a
sem conductor = substrate. An I nproved |nterlevel dielectric layer is

formed overlying the patterned first conducting Iayer’by the follow ng
steps. Afirst oxide layer is deposited overlying the patterned first

conducting layer and the ivetlaidtierd Biejectd GPithoNiwéetich 1ayes i S

coated overlying the first oxide |ayer and etched back using Jerr] gas

added to therouEder @ paidaggd fdwenfcining d ipldderfiedtinkerbevayer
dielectric layer without degradation due to the microloading

effect and without keyhole defects.

In accordance with the objects of the
invention, a method for forming a planarized interlevel
dielectric layer without degradation due to the microloading
effect is achieved. .A patterned first conducting layer
is provided over an insulating layer on a semiconductor
substrate. An improved interlevel dielectric layer
is formed overlying the patterned first conducting layer by
the following steps. A first oxide layer is deposited
overlying the patterned first conducting layer and the
insulating lajer. A spin-on material layer is coated
overlying the first oxide layer and etched back using 0= gas
added to the CHFs/CF. chemistry until the first oxide layer
is exposed and the spin-on material is removed from the top
of the patterned first conducting layer wherein microloadinq
effects from the etching back of the spin-on material layer

are lower than microloading effects in a conventional spin-on



s exposed and the spin-on material is renoved fromthe top of the
patterned first conducting | ayer wherein mcroloading effects fromthe
etching back of the spin-on material layer are |lower than m crol oadi ng
effects in a conventional spin-on -
5 - material etchback process using CHH e ]/ CF[err] w thout added (Jerr].
A second oxide |ayer is deposited to conplete the interlevel dielectric
| ayer. AMSGEHIRLAhthRasl PE9Eess sugingstiEe/CByevitheutnaddedvek. A

dielectric |ayer an tterned o conplete the fabrication of the

i nt egr at g(ﬁ’c&'{(flﬂ’i“gee&a@é‘?r £5 48posPlBa%ts CHRP Erterter PrrexlereHE
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part of ghedectrd ;&?%ﬁf-tng%eF%néhﬁaﬁaugklgg 1averis 8epg§ §ed1 and 2
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BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 and 2 schematically illustrate in
cross~-sectional representation an interlevel dielectric

process of the prior art.

Figs. 3 through 8 schematically illustrate in
cross-sectional representation a preferred embodiment of the

present invention.

Fig. 9 schematically illustrates in cross-
sectional representation a completed integrated circuit

device of the present invention.



Fig. 9 schematically illustrates in cross- sectional representation a
conpleted integrated circuit device of the present invention.

- 6 - _ DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

The process of the invention applies to an interlevel dielectric |ayer
over any level conducting layer. This can be a first |evel conducting

| ayer, such as gate electrodes, or it cafh be a first level or second |evel

nmetal lization. A first I L.iLzat,lLo ] | d in the
drawi ngs, but it is tonégxghagﬁbgobg ?ﬁ?t93£h5k3§§egpkbﬁigé§ﬁses to any
| evel conducting | ayer. Referring now nore particularly
to Fig. 3, there is shown a portion of a partially conpleted integrated

circuit. The sem conductor gHRspi-akasklolrs thechakablty onCappased @b an
nonocrystalline silicon. Field oxide regions 12 my be forned to separate

active areasinfepheeaduglaledeyiiee 1ageirliehéireany’ e chenTednidhcanhgon syies
sem conduct or substrate. For exanple, gate electrodes 14 and source and

drai n regi onghidbcanebboanEdrat leveancenduetdhg Nayke asuchndsagate
illustrated in Fig. 3.
electrodes, or it can be a first level or second level
metallization. A first level metallization will be

illustrated in the drawings, but it is to be understood that

the invention applies to any level conducting layer.

Referring now more particularly to Fig. 3,
there is shown a portion of a partially completed integrated
circuit. The semiconductor substrate 10 is preferably
composed of monocrystalline silicon. Field oxide regions iz
may be formed to separate active areas. Semiconductor device
structures are formed in and on the semiconductor substrate.
For example, gate electrodes 14 and source and drain regions
16 are formed as is conventional in the art and as

illustrated in Fig. 3.

Referring now to Fig. 4, a thick insulating
layer 18 is deposited over the semiconductor device
structures. This insulating layer may comprise silicon
oxide, borophosphosilicate glass (BPSG), phosphosilicate

glass (PSG) or the like, or multiple layers of these



-Referring nowto Fig. 4, a thick insulating layer 18 is deposited over the

sem conduct or device structures. This insulating |ayer may conprise

silicon oxide, borophosphosilicate glass (BPSG, phosphosilicate glass

(PSG or the like, or multiple layers of these

- 7 - materials. Anetal layer is deposited, typically by sputter

deposition, over the surface of the |nshrat|ng | ayer 18 and patterned to
as, shown. The to rface he. cop

o 1 rogul AUTEGIELS ok ana: TartyRs Whb86Teed, tUBLERVRICY e RYSE, *°

di el ect f
the S?eé;ﬁt‘f@é%*eﬁé‘%ﬁ‘y&iE%3?#%?%%’?9?2%?9 ofFe, FERLet g 25 F PO CERAS, e

usi ng pl asgaertaee de s Nesi & ahe VAPOL 1 HESOZO L | 88 sﬁBHWD) The eobhgﬁ&s?zséé of
bet ween about 500 and 5000 Angstrons, as shown in |g 5. The | ayer 22

al ternati vely tHeycdredrEEMy TEAfFePX20€is SitPeguDXL dEanﬁg hpehkdeanst y
pl asma oxi de. Referring nowto Fig. 6, a layer of

sil oxane ocfakidy€ate spin-on-glass 24 is coated over the surface of the
oxi de layer 22 to a thickness of between about 1000 and
The interlevel dielectric sandwich layer is

now to be formed according to the process of the present
invention. A conformal layer of silicon oxide 22 is
deposited using plasma enhanced chemical vapor deposition
(PECVD) to a thickness of between about 500 and 5000
Angstroms, as shown in Fig. §. The layer 22 alternatively
may be PECVD TEOS oxide, silane oxide, or high density plasma

oxide.

Referring now to Fig. 6, a layer of siloxane
or silicate spin-on-glass 24 is coated over the surface of
the oxide layer 22 to a thickness of between about 1000 and
8000 Angstroms. Alternatively, the layer 24 may be a coating
of a spin-on-polymer, such as methyl silsesquioxane or methyl
-siloxane. The spin-on-glass or spin-on-polymer is cured, as
is conventional in the art.

Referring now to Fig. 7, the spin-on-glass or“

spin-on-polymer layer 24 is etched back until the oxide layer



8000 Angstrons. Alternatively, the |ayer 24 may be a coating of a

spi n-on-pol yner, such as nethyl silsesquioxane or nethyl siloxane. The
spi n-an-gl ass or spin-on-polymer is cured, as is conventional in the art.
Referring nowto Fig. 7, the spin-on-glass or spin-on-polyner |ayer 24 is
etched back until the oxide |ayer _8 - -
8 - 22 overlying the netal lines 20 is exposed. The etchback of the

(O | L.qny t . I ' ffect aft
Gt chback 1 ecolt i R M Ra PR A4 T SOORE [ rnf | <SRhnBrk It i o
et chb . Rk o €1 2
compr i se GPCe PR A Gaanet e S FerBleds e SBER ot oglBR,

100 to 200 exreidt d¥ted itdhrgask fanertk flg 2 d @b 1 ROPM M adat EFREIGL Us £ Of
30 to 200 C, pressure of 100 to 400 mlorr, and power of 800 to 1200 watts.

The et chbathe Sntearlfevidled feliedtei@arnydout 30 to 90 €econds, dependi ng
upon the thickness of the spin-on material |layer. The addition of the 02
gas into the CHF[err]/CF[err] plasna increases the etch rate of the
spin-on material |layer so that when the first oxide |ayer 22 is exposed
during etchback, the addimheoretchisddasomiithomgeoivitie Nteddiet ease t he
et chback invention comprise CHFs/CF. gases in a ratio of 4:40, Argon
gas flowed at 100 to 200 sccm, and O= gas flowed at 2 to 30
sccm at a temperature of 30 to 200 ©C, pressure of 100 to 400
mTorr, and power of 800 to 1200 watts. The etchback is
performed for between about 30 to 90 seconds, depending
upon the thickness of the spin-on material layer. The
addition of the 02'gas into the CHF3/CF+ plasma increases the
etch rate of the spin-on material layer so that when the |
first oxide layer 22 is exposed during etchback, the
additional release of oxygen will not increase the etchback
of the spin-on material. Hence, the microloading effect is
eliminated. The addition of Oz gas into the CHFs/CFa4 plasma
increases the etch rate of the spin-on material up to as much

as 2.4 times the etch rate of the material without the

" addition of 0z.

Referring now to Fig. 8, the final layer of
thg interlevel dielectric sandwich structure is formed. A&

layer of TEOS oxide or silane oxide 26 is deposited by



-of the spin-on material. Hence, the mcroloading effect is elimnated. The
addition of Jerr] gas into the CHF[err]/CF[err] plasma increases the etch
rate of the spin-on material up to as nuch as 2.4 tines the etch rate of
the material without the addition of (Jerr]. Referring
nowto Fig. 8, the final layer of the |nterlevel dielectric sandw ch
structure is formed. A layer of TECS 6xide or silane oxide 26 is

deposi ted by - 9 - PECVD over the

pl anari zed BFGVR oonep atke oplapanipadpspyneon-ahassxPdespripepd~polymer

t hi ckness of between about 3000 and 20,000 Angstrons. Since the layers 24
and 22 are @& AHide | Jayerantei 2ebhinlmessref eﬁUeﬁasébQPtsEPﬁooﬁnﬂater|aI
bet ween the narrow netal |ines, no keyhole will be fo

Optional Iy, Q¢RPQTﬁES$E§%W326 ﬁﬁ?cﬁethﬁl%ﬂﬁ?Fiea4aﬁP€rzaeB6§|?FSE“&#allY

chem cal hanlcal ol

T ust rat P At g nEBOra: 58 hei 1956 (SBcaph-PREPREST 43 abEbHARR to
the brocess ol ALe:ograsent (EYEDt | g8 yBLhstotlg Lber kekRladi el ot ic

sandwi ch layer’i confact openrngs are Tornhe rough the

Optionally, the TEOS layer 26 may be
planarized after deposition by chemical mechanical polishing

(CMP), for example.

Fig. 9 illustrates a completed integrated
circuit device fabricated according to the process of the
present invention. After the interlevel dielectric sandwich
layer is completed, contact openings are formed through the
interlevel dielectric layer to the underlying metal lines 20.
A second conducting layer 30 is deposited and patterned to
complete electrical connections. A second interlevel
dielectric layer may now be formed according to the process
of the invention followed by a third level of metallization,

not shown.

The process of the invention results in
excellent planarization and uniformity of an interlevel
dielectric layer with significantly reduced microloading

effect at the spin-on-glass etchback step and elimination of



-interlevel dielectric layer to the underlying netal lines 20. A second
conducting layer 30 is deposited and patterned to conplete electrical
connections. A second interlevel dielectric |ayer may now be forned
according to the process of the invention followed by a third | evel of
metal | i zati on, not shown. - The process of the invention
results in excellent pl anari zati on and uﬁﬁfbrn1ty of an interlevel
dielectric lLayer with significantly reduced mcrol oading effect at the
spi n- on- gl a¥e€Ydodieh sefentep atheldddikionmrHfO= to the etchback plasma

- 10 - keyhole defects. The addition of Qerr] to the etchback plasma is
nuch nore t RS MU Sore, thareddhe cﬁx‘iﬁé/g’é?‘il%ﬁﬁ] Aheoxygan when d'ehGF ayb¥sts

exposed; therefor t he nlcroloadln t of the extra rel] ease_of oxygen
is greatly PEISCed NPT RS HRRA{-D Wﬁf TRreth %Nﬂlcr°1°adlng effect

VWiile the in ent| n _has .been p tlcularl sho and scri.bed w

ref erence ta: ’%rr@f FFEFS% rﬁ)i(r)cﬁ%?% %lsf'u wﬁ:ft ‘?/ﬁg‘fcfe‘%eb%n%fe? KoEEHT
t hose skill at various changes in formand details nay be
made mnthou? dé%arf?ﬁﬁﬁ?%éﬁythe spirit and scope of the invention.

While the invention has been particularly
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 departiﬁg from the spirit and scope of the

invention.



‘CLAI M5 - 11 - 1. A nethod of fabricating an integrated circui't
devi ce havi ng conpri si ng: providing a patﬁgsmmafsiséatkeﬁlaced

conducting | ayer over an insulating |ayer on a senicqQ ate;
forming an interlevel dielectric |ayer overlying sai dum st
conducting layer lgyat¥e steps of: deposi ti oxl1 de

| ayer overlying said patterned firsf‘é&nﬁucting | ayer and said insulating
| ayer ; 1. @oaieithgda osfiffabari cettiarg ain | ixyisrgiaiesd Ve gouit addv{ds St
oxi de | ayer; ¢ dega % .4cA.s | 4asm oad et chi ng
back said spi n- BaVARGe ginalinprpsred sintp il gitedls il ek ettt ic Winywdr Gietli] gas
has been added unti | said first oxide layer is exposed overlying said
patterned firstPestescplagarizatigrethan fhe gowpngionak finterieved sai d
et ching back of _said spin-qon nmateri al ‘| ayer_ are reduced and
depositing a seBdRdeSHEE 1a¥er ded (onyankipnal intefrated circuit

device comprising:
providing a patterned first conducting layer over
an insulating layer on a semiconductor substrate;
forming said improved interlevel dielectric layer

overlying said patterned first conducting layer by the
steps of:

depositing a first oxide layer overlying said
patterned first conducting layer and said insulating
layer;

coating a spin-on material layer overlying
said first oxide layer; .

etching back said spin-on material layer until
said first oxide layer is exposed overlying said
patterned first conducting layer wherein microloading
effects from said etching back of said spin-on material
layer of said improved interlevel dielectric layer are
lower than microloading effects in said conventional
interlevel dielectric layer; and

depositing a second oxide layer overlying said
spin-on material layer and said exposed first oxide "

layer;

LT



spin-on material |ayer and said exposed first oxide

- 12 - depositing a second conducting | ayer oOvgijsShédk Has Be

T

interl.evel dielectric |ayer; and patterning sa
| ayer to conplete the fabrication of said integrat

2. The nethod according to Claiml wherein said se

ayer ;
laced

substrate

conpri ses sem conductor device struct ur é§ Tncluding gate el ectrodes and

source and drain regh@@%shQi%@d

eobld I dﬂ&ﬁﬁf%&@er_oqgr'ggadmnhod

0
according to Caim1 wherein salg %irst oxi de | ayer conprises si

I con

oxide having a thmpkoeed igkeRalkyRaNaiRaWct?dANGyRR0 ¥ha 4. The nethod

according to Claiml wherein said first oxide |layer co

t et raet hoxysi |l ane (TEQaktexndfg @2[dSiseedndy condust i)
deposition (PSCVD) to a thickness of between about 50

npri ses

a@g@i QL M 1 P Or
nd 500 dﬁﬁ

a

the fabrication of said integrated cirduit

device.

2. The method according to Claim 1 wherein said

semiconductor substrate comprises semiconductor device

structures including gate electrodes and source and

drain regions in and on a silicon substrate.

3. The method according to Claim 1 wherein said first

oxide layer comprises silicon oxide having a thickness

of between about 500 and 5000 Angstroms.

4. The method according to Claim 1 wherein said first

oxide layer comprises tetraethoxysilane (TEOS) oxide

deposited by plasma enhanced chemical vapor deposition

(PECVD) to a thickness of between about 500 and 5000

Angstroms.

5. The method according to Claim 1 wherein said first

oxide layer comprises silane oxide deposited by plasma

enhanced chemical vapor deposition to a thickness of

between about 500 and 5000 Angstroms.

L



5. The nmethod according to Claim 1 wherein said first oxide |ayer

conpri ses si | amgs Sheds diss Bhe dd by plasma enhanced chemical vapor
deposition to a bet ween about 50 and 500 nM

- 13 - 6. The i to Caim1l wherein said first oxide |ayer
conprises high nsity p

asma oxi de having a thickness of between about 50
and 500 nM 7. The nethod accordi ng &% <€l ai m 1 wherein said spin-on
material |ayer gonppis lkN=Qn- a 012 lGkNnass 0% ween
o e oo Ehp SREcfBANA8RcBAY RA2LSLh1t N Eas e et
spin-on nateri @kihéygéyégnﬁbhﬁlﬁiséss Bi?hoaeﬁﬁﬁlgebl‘é%ﬁia?@xti@ea hakfingkRess
of between about 100 and 800 n 9. The nethod according to Caim38
wherei n sai d spthiGknesfob¥nbetweshnr apeatmeobybnd sesqangsatioms. 10. The
met hod according to Caim8 wherein said spin- on-polyner conprises nethyl
si | oxane. 11. The nmethod according to Caim21 whereh said etching

7. The method according to Claim 1 wherein said spin-on
material layer comprises spin-on-glass coated to a

thickness of between about 1000 and 8000 Angstronms.

8. The method according to Claim 1 wherein said spin-on
material layer comprises a spin-on-polymer coated to a

thickness of between about 1000 and 8000 Angstroms.

9. The method according to Claim 8 wherein said spin-on-

polymer comprises methyl silsesquioxane.

10. The method according to Claim 8 wherein said spin-

on-polymer comprises methyl siloxane.

11. The method according to Claim 1 wherein said etching
back of said spin-on material layer is done using a
CHFs/CF4 plasma etch to which Oz gas has been added in
the amount of 2 to 30 sccm at a temperature of 30 to 200

°C for a duration of 30 to 90 seconds.

e



back of said spin-on material |ayer is done using a CHF3/CF4 plasma etch
to which Qerr] gas has been added in the annunqgg gﬂﬁg jagedlard cubi c

centineter per mnute at a tenperature of 30 to 2 a duration
of 30 to 90 seconds. met hod
according to Caim1l1 wherein said second oxide Ia ECS oxi de

and is deposited by PECVD to a thickntss of between about 300 and 2000

M 13. Th h to G d d d
Compri ses si | ancis: HRSaREEPodqabBerRanaLyo PERB TorkerRit nasd’ SF BRtmen
about 300 and ZOQ:Qlde laglér éoHBEQQQSOfrEBé‘b&kEQE' Q8q20 ¢! %@%s?tstfe% Gy cui t

devi ce having providing a patterne conducti ng

| ayer over an lPE@Vﬁtt89a|%H§Ekﬁ€s§ 82"hefRdEA! Aboa¥b3boat @nd 20, glod M ng
an interlevel dielectric layer overlying said patterned first conductlng
>

| ayer by the Angstroms.

13. The method according to Claim 1 wherein said second
oxide layer comprises silane oxide and is deposited by
PECVD to a thickness of between about 3000 and 20,000

Angstroms.

14. A method of fabricating an integrated circuit device
having an improved interlevel dielectric layer with
better planarization than the conventional interlevel
dielectric layer in a conventional integrated circuit
device comprising:
providing a patterned first conducting layer over
an insulating layer on a semiconductor substrate;
formihg said improved interlevel dielectric layer
overlying said patterned first conducting layer by the
steps of:
depositing a first oxide layer overlying said
patterned first conducting layer and said insulating
layer;
coating a spin-on material layer overlying -

said first oxide layer;

IIIIIIII |||Ii| I|I|| IlIII I



‘steps of: e depositing a first oxide |ayer overlying said

patterned flrst ondu JBMer and said insulating |ayer;
coating a Spl yer overlying said first oxide layer;
- 15 - ck said spin-on material |ayer using .

CHF[err]/CF[er Jerr] gas until said first oxide layer 1is
exposed overlying sald patterned first %%nducting | ayer wherein after said
etching back of said spin-on material |ayer said spin-on-nmaterial |ayer
and said exposed flrsgﬁﬁ_lde I%§$r f.orma planarized surface; and

deposi ting a second ofi S FPiogeg mRterid lzeltfyé‘i}?f%@%f sai d

t d f t
depositing SPEa(sha’ Baalit AT SeBtsErs 'grf&a“@%‘?l&f% Phics (e

dielectric i@yg{goﬁgq overlfyﬁ?lgt %raq.' a‘ctq.' %%C%(Is%o%&didéﬁ lgyer to

conplete the fabrication o I nt rate circuit 915. The

met hod accorgiag hﬁe%‘ihma%e‘ih%ra@.'dn e%@hQngsw&O%@“\staqrd %btﬁ{—roq{ e

conpri ses sem conductor device
o material layer said spin-on-material layer and said

exposed first oxide layer form a planarized surface:;
depositing a second oxide layer overlying said
'planarized surface of said spin-on material layer and
said exposed first oxide layer;
depositing a second conducting layer over said
improved interlevel dielectric layer; and
patterning said second conducting layer to complete

the fabrication of said integrated circuit device.

15. The method according to Claim 14 wherein said
semiconductor substrate comprises semiconductor device
structures including gate electrodes and source and

drain regions in and on a silicon substrate.

16. The method according to Claim 14 wherein said
semiconductor substrate comprises a level of
metallization lower than said first patterned conducting

layer. "
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-structures including gate el ectrodes and source and drain regions in and

on a silicon substrate. 16. The met hod accordi ng tl@nls@h@ckﬁgs:b%
said sem conductor substrate conprises a |evel of ne

than said first patterned conducting |ayer. ,m ,'

- 16 - 17. The method according to Caim 14 wherein s

| ayer has a thickness of between about 536and 18. The net hod accordlng
to Claim 14 wherein sald spin- on material |ayer conprises spin-on-glass
coated to a thl% n E@?Qe%ﬁcﬁﬁgb?glﬁg ehaimobtnwherein szhd FATRSd
according to C a 4 mhereln said spin- on material |a rises a

spi n- on- pol yner %Hﬂ§¥ﬁréh?ﬁl%kﬁ%%gkﬁ?s%e?ﬁegﬂtﬁﬁﬁﬁta%BBtaﬁe 8689nM

20. The net hod %ﬁﬁ9 §¥Q? to Claim14 wherein said etching back of said
spin-on materi al @ nFILHRR- using said CHF[err]/CFLerr] pl asma etch to

which said Jerr] gas has been added in the amount of“2 to 30 standard
cubic centineter per mnute at a

18. The method according to Claim 14 wherein said spin-

on material layer comprises spin-on-glass coated to a

thickness of between about 1000 and 8000 Angstroms.

19. The method according to Claim 14 wherein said spin-
on material layer comprises a spin-on-polymer coated to

a thickness of between about 1000 and 8000 Angstroms.

20. The method aecording to Claim 14'wherein said
etching back of said spin-on material layer is done
using said CHFa/CFa plasma etch to which said O= gas has
been added in the amount of 2 to 30 scem at a
temperature of 30 to 200 °C for a duration of 30 to 90

seconds.

21. The method according to Claim 14 wherein said second
oxide layer comprises TEOS oxide and is deposited by
PECVD to a thickness of between about 3000 and 20,000

Angstroms.
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tenperature of 30 to 200 [err]C for a duration of SQﬁ

LQ 9 ecqnds. 21.
The nmet hod according to Caim 14 wherein said second o ﬁﬂprises
TECS oxide and is deposited by PECVD to a thickness ut 300
and 2000 - 17 - 22 ccordi ng
to Caim14 wherein said second oxide |ayeg7conprises silane oxide and is

deposited by PECVD to a thickness of between about 300 and 2000 23. A
met hod of fabricaRi.nehe Rledhd ZREATEAgTRIO\EGin M4 rwtaned inli d BT tEéEond

| ayer in an integrated circuit device conpri sing: provi ding a
patterned first osidectiay®d aymiprdsds shldmsWxidengddyies depasited by
sem conduct or substrate; depositing a first oxide |ayer overlying said
patterned first P&EC¥Ictiona Itdhistkreass sHfi detwadmtabaut 3064 ;and 20, Q@04t i ng
a spin-on material |layer overlying said first oxide |ayer; et chi ng
back sai d spi n- oAnggtaomsi- | ayer using a plasma etch fo which Jerr] gas
I s added until said first
23. A method of fabricating a planarized and improved
interlevel dielectfic layer in an integrated circuit
device comprising:
providing a patterned first conducting layer over
an insulating layer on a semiconductor substrate;
depositing a first oxide layer overlying said
patterned first conducting layer and said insulating
layer;
coating a spin-on material layer overlying said
first oxide layer;
etchiﬁg back said spin-on material layer using a
plasma etch to which 0z gas is added until said firsf
oxide layer is exposed overlying said patterned first
éonducting layer wherein after said etching back of said
1 . spin-on material layer said spin-on-material layer and
said exposed first oxide layer form a planarized
surface; and
depositing a second oxide layer overlying said

planarized surface of said spin-on material layer and

said exposed'first oxide layer to complete the formation

A



OX|de | ayer is exposed overlylng said patterned.first conducting l-ayer.

wherein after sal hmﬁf said spin-on material |ayersaid

spi n-on-mat eri al ﬂ exposed first oxide layer forma

planarized surfa epositing a second oxi de | ayer overlying
aid planarized surface o sald spi n- on naterlal | ayer and said exposed

flrst oxi de layer to conplete the f or mat it

- 18 - of sai doH aRald ZAt R 4P AU ik ﬁwé&vﬂt&fﬁé‘eﬁir&e}]&g&ﬂ in the

fabrication of said |ntegrated circuit evi ce e net accordi ng
to Caim23 whenayersdin tlid HabrpdAidaysf dord aidvégkaess eirbeiveen

about 50 and 500 nM 25. The nethod according to Claim 23 wherein said
spin- on materid@viay.er conprises spin-on-glass coated to a thickness of
bet ween about 100 and 800 nM 26. The nethod according to C aim 23

wherein said spin- on material |ayer conprises a spinon-polynmer coated to
a thickness of between about 100 and 800 nM
24. The method according to Claim 23 wherein said first
oxide layer has a thickness of between about 500 and

5000 Angstroms.

25. The method according to Claim 23 wherein said spin-
on material layer comprises spin—oanlass coated to a

thickness of between about 1000 and 8000 Angstroms.

26. The method according to Claim 23 wherein said spin-~
on material layer comprises a spin-on-polymer coated to'

a thickness of between about 1000 and 8000 Angstroms.

27. The method according to Claim 23 wherein said
etching back of said spin-on material layer is done
using CHFs3/CF. plasma in a ratio of 4:40 to which said
Oz gas has been added in the amount of 2 to 30 scem at a
temperature of 30 to 200 °C for a duration of 30 to 90

seconds.

28. The method according to Claim 23 wherein said second

oxide layer eomprises TEOS oxide and is deposited by
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27. The method according to Caim23 wherein said etching.hgck Of pagkiaced -
spin-on material layer is done wusing CHF[err]/CF[err] pIa

4:40 to which said (Jerr] gas has been added in the am)ung Hlﬂgﬂﬁﬂ
standard cubic centinmeter per mnute at a tenperature of a

duration of 30 to 90 seconds. 28. The- method according to C aim 23
wherein said second. oxide |ayer conprises TECS oxide and is d(POSIted by

- 19 - PECVD t oPECVR| &Rrnesihdcknesseof etieeno@bavt 2P and 080 The

met hod accordlngnto Claim 23 wherein said second oxide |ayer conprises
sil ane oxi de antPPEL¥EPSsited by PECVD to a thickness of between about 300
and 2000

29. The method according to Claim 23 wherein said second
oxide lafer comprises silane oxide and is deposited by
PECVD to a thickness of between about 3000 and 20,000

Angstroms.
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