Title METHOD OF FORM NG | NTERLAYER DI ELECTRI CS Background of the Invention
1. Field of the Invention The present invention generally relates to a
met hod of forming interlayer dielectrics. Mre particularly, the present

i nvention relates to a nethod of formng interlayer dielectrics with
stacked doped | ayers and undoped | ayers. 2. Description of the Prior Art
Interl ayertldi el ectrics (ILD), nore specifically, pre-netal dielectric

(D), BiBkiceH, SPRphie FEBRiagin Yagppinand vol) | con oate orc 1 he
pl anari zation and cost-effectiveness at the designated technol ogy node.
Background cof the Invention
1. Field of the Invention
The present invention generally relates to a method of forming
interlayer dielectrics. More particularly, the present invention
relates to a method of forming interlayer dielectrics with stacked

doped layers and undoped lavyers.

2. Description of the Prior Art

Interlayer dielectrics (ILD), more specifically, pre-metal
dielectric (PMD), are the dielectric stacks between the polysilicon
gate and the first-level metal layer. The film stack of ILDs should
provide optimal planarization and cost-effectiveness at the
designated technology node.

Over the years, ILDs have evolved from phosphor silicate glass
(PSG) and/cor borophosphosilicate glass (BPSG) for technologies of
several microns, to TEOS CMP for 0.13um technologies and beyond.
The phosphorus in the PSG layers can getter sodium ions and other
device-degrading impurities as well as reduce the glass transition
temperature of the as-deposited film in the following reflow process.
The boron in the BPSG layers can further reduces the glass transition
temperature without excessive phosphorus.

In actual process condition, the deposited interlayer dielectric
structure would not have an even surface. The surface of the deposited
interlayer dielectric structure would spread up-and-down with the
topography of underlying device areas. Therefore, a chenmical
mechanical polishing (CMP) process is always necessary to planarize
the interlayer dielectric structure in order to form the overlying
multilevel metal layer. The present of CMP process in the process

flow of interlayer dielectric structure may influence the overall



Over the years, |ILDs have evol ved from phosphor silicate glass (PSG and/or
bor ophosphosilicate glass (BPSG for technol ogi es of several mcrons, to
TECS CWP for 0.13pmtechnol ogi es and beyond. The phosphorus in the PSG

| ayers can getter sodiumions and ot her device-degrading inpurities as well
as reduce the glass transition tenperature of the as-deposited filmin the

follomﬁqgn&S%%§1tfgﬁpg§§§é%2$xgggqﬁ¥#g the BPSG | ayers can further reduces

the glasst tenp ure w ut excessive pho or us. I.n

act ual proc%%%oﬁ %Rﬁ}Ybﬁy:Pﬁ%nﬁgﬁggﬁﬁgd%?ﬁt% T ayet Qﬁi& T ErdsiEure
woul d neirdRave an eyed sHhbagep riReaswidface ofot heodepesi tad iinterliayer
dielectric structure would spread up-and-down with the topography of
under | yiHgldslides drteas tuliferdftidr ®etd eghéhireaiohwedhadi cAIE poIACSKicn§CEEWP)
process is always necessary to planarize the interlayer dielectric
structure in order to formthe overlying nultilevel netal |ayer. The
present SafinG@WMR prioaess Tinvetdte process flow of interlayer dielectric
structure may influence the overall throughput or the process cost.

Accor di ngl yro iitng:® We€88SabYvE OhebBeosel Canductior imdusttiytitod prioyirdera
novel and inproved nmethod for formng the interlayer dielectric structure
with bettdr thievgipoetdod v frosdéss sssckedufmary 16l theirdeettilas 15 To
i nprove t . ver i_one Lo .the h prjor t e
met hod 5¥Q$3Tng%gl£?g% e&Dfﬁ%%r a§§§§8F§PéctP?§i ﬁgtg§8vfﬁgdt$% Pﬁ%S%$§Sent

i nvent i amvehia oretheduestite: present £ iimventjoanieadqueas: idel s bepesdft ing
in-situ and sequentially depositing the doped |ayer and the undoped | ayer
in the $afedgpecedsyesopneothaproderefel aver alt i GLAFMDERE OIS HEHoIe,

e
under | yipngndevizees dmpeocess petrenhéalnter beyshambgelkctrics is performed
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The obiect of the present invention is to provide a method of
forming interlayer dielectric comprising the steps of depositing
a first undoped layer on a substrate, in-situ depositing a doped
layer and a second undoped layer on first undoped layer, and
planarizing the second undoped layer.
These and other cbhbiectives of the present invention will no doubt
become obviocus to those of ordinary skill in the art after reading

the following detailed description of the preferred embodiment that

is illustrated in the various figures and drawings.

Brief Description of the Drawings

The accompanying drawings are included to provide a further
understanding of the embodiments, and are incorporated in and
constitute a part of this specification. The drawings illustrate
some of the embodiments and, together with the description, serve
to explain their principies.

In the drawings:



The object of the present invention is to provide a nethod of formng

I nterlayer dielectric conprising the steps of depositing a first undoped

| ayer on a substrate, in-situ depositing a doped |ayer and a second undoped
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Detailed Description

In the following detailed description of the invention, reference
is made to the accompanying drawings which form a part hereof, and
in which is shown, by way of illustration, specific embodiments in
which the invention may be practiced. These embodiments are
described in sufficient details to enable those skilled in the art
to practice the invention. Other embodiments may be utilized and
structural, logical, and electrical changes may be made without
departing from the scope of the present invention.

The embodiments will now be explained with reference to the
accompanying drawings to provide a better understanding of the
process of the present invention, wherein FIGs.1-6 are cross-
sectional views 1llustrating the process £flow of forming a
interlayer dielectric (ILD) structure in accordance with one
embodiment of the present invention.

First, please refer to FIG.1, a semiconductor substrate 100 is
provided to serve as a base for forming semiconductor devices or
layer structures thereon. In the present embodiment, the
semiconductor substrate 100 comprises, but not limited to, a silicon
substrate. In another embodiment, the substrate 100 may be, but not
limited to, an epitaxial silicon substrate, a silicon germanium
($iGe) substrate, a silicon carbide (SiC) substrate, or a silicon-

on-insulator (SCI) substrate, etc. The semiconductor substrate 100



It should be noted that all the figures are diagranmatic. Relative

di nensi ons and proportions of parts of the draw ngs have been shown
exaggerated or reduced in size, for the sake of clarity and conveni ence in
the drawi ngs. The sane reference signs are generally used to refer to
corresponding or simlar features in nodified and different embodi nents.
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and preferably below 3.0. To protect the above-mentioned

semiconductor devices from being degraded, usually, an undoped
silicon film (ex. undoped silicate glass, USG) 1s deposited
underneath the PSG layer of the interlayer dielectric structure.
Furthermcre, an additional overlying undoped silicate glass film
is deposited on the P3G layer to serve as a cap layer. Therefore,
the film stack of USG/PSG/USG layers is often used for the interlayer
dielectrics in nowadays semiconductor technologies, especially for
the pre-metal dielectric. Accordingly, the following preferred
embodiment will take the stacked interlayer dielectric structure
of USG/PSG/USG as an example to describe the process flow of the
present invention. The use of USG/PSG/USG (or doped/undoped/ doped

layer construction) stacked structured in interlayer dielectrics



In the present invention, the interlayer dielectric structure, especially
in the pre-netal dielectrics, is a multilayer structure constituted of
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doped layer 113 may be formed by ozone tetraethoxysilane chemical
vapor deposition (03-TEOS CVD) or high-density plasma chemical vapor
deposition (HDPCVD).
After forming the doped layer 113, please refer to FIG.4, a second
undoped layer 115 (also referred to as a cap layer) is then deposited

on the doped layer 113. The second undoped layer 115 may be formed



conformal |y by plasma-enhanced tetraethoxysilane chem cal vapor deposition
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Clainms What is clainmed is: 1. A nethod of formng an interlayer dielectric,
conprising: depositing a first undoped | ayer on a device area of a

substrat e; depositing in-situ and sequentially a doped |ayer and a
second undoped | ayer on said first undoped | ayer; and performng a
chem cal mechani cal polishing process to planarize said second undoped

| ayer, wiferei nhsaifdrhiatstrnundopbd bageng saidrddpédykayéd Sandagaldyseeond
undoped stitute said interla dielectric. 2, The n%%Qod
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deposi tion ( SACVD). .
undoped layer {about 4700A, much larger than the thickness of the
doped layer 113, which is about 2550A), the CMP process may have
less potential to damage the underlying semiconductor devices or
components.

Alternatively, in another embodiment of present invention,
please refer to FIG.6, the CMP process of the interlayer dielectrics
may be performed between the deposition of the doped layer 113 and
the second undoped layer 115 rather than be performed after the
deposition of the second undoped layer 115. That is, for example,
the first undoped layer 113 and the doped layer 113 are first in-situ
deposited by the same process tool, such as a LT-SACVD tool, and
the CMP process is then performed to planarize the deposited doped
layer 113. The second undoped layer 115 is finally deposited on the
planarized doped layer 113. In this embodiment, preferably, the
thickness of the deposited doped layer 113 should be increased, for
example, about 5500A, much larger than the thickness of the doped
layer 113 in first embodiment, which is about 2550A, in order to
providing sufficient window for the following CMP process.

After forming the second undoped layer 115, finally, please refer
to FIG.7, a hard mask layer 117 is deposited on the planarized second
undoped layer 115 for subseguent metal etching processes. The hard
mask layer 117 may be a SION layer formed by & chemical vapor
deposition process with a thickness of about 3004.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may be made
while retaining the teachings of the invention. Accordingly, the
above disclosure should be construed as limited only by the metes

and bounds of the appended claims.



3. The method of formng an interlayer dielectric according to claiml1,
wherein said first undoped | ayer is deposited by plasma-enhanced

t et raet hoxysil ane chem cal vapor deposition (PE-TECS CVD), ozone

t etraet hoxysil ane chemi cal vapor deposition (03-CECS CVD), or high-density
pl asma chem cal vapor deposition (HDPCVD). 4. The nethod of form ng an
interlayer dielectric according to claim1, wherein said doped | ayer and
sai d second undoped | ayer are deposited by plasna-enhanced

tetraet §i9 ane cheni cal vapor deposition (PE-TEOSCVD), ozone

t etraet hoxysil ane chem cal vapor deposition (03-TECS CVD), or high-density
pl asma chem cal vapor deposition (HDPCVD). 5. The nethod of formng an

i nt erl ay®ratdiid éderii€acdéording to claim 1, further conprising depositing a

hard mask |.a i d 586 qﬂ]%QIa%géq:r.- et . §1914¥ ng an
interl afiLe'r Ad%%lrté%{&r ?%I gfccor I ngawtqg)!L C allm 1, ﬂ%“%lgprﬁsl?d%%&%g{(ﬂ ayer
conpri ses a Slddtpdsyeimg 7a e stethodbpdd f Orgeng can & nteviagera izl e€t @i ¢
according to claim1, wherein said first undoped | ayer conprises an undoped
silicate gIP¥98 (B8 . 8. The nethod of forming an interlayer dielectric

according to cd&idnil;iwhenekn tsaikh depadnkayen yCoaphicsesa phpSplios seicbneat e
gl ass (PSG or borophosphosilicate glass (BPSG .
undoped layer on said first undoped layer; and
performing a chemical mechanical polishing process to
planarize said second undoped layer, wherein said first undoped
layer, said doped layer and said second undoped layer constitute

said interlayer dielectric.

2. The method of forming an interlayer dielectric according to claim
1, wherein said first undoped layer 1is deposited by a

sub-atmospheric pressure chemical vapor deposition (SACVD).

3. The method of forming an interlayer dielectric according to claim
1, wherein said first undoped layer 1is deposited by
plasma-enhanced tetraethoxysilane chemical vapor deposition
(PE-TEOS CVD), ozone tetraethoxysilane chemical vapor deposition
(03-TECS CVD), or high-density plasma chemical vapor deposition
{EDPCVD) .

4. The method of forming an interlayer dielectric according to claim
1, wherein said doped layer and said second undoped layer are
deposited by plasma-enhanced tetraethoxysilane chemical vapor
deposition (PE-TECS CVD), ozone tetraethoxysilane chemical vapor
deposition (O3-TEOS CVD), or high-density plasma chemical vapor
depcsition (HDPCVD).



9. The nethod of formng an interlayer dielectric according to claima1,
wherei n said second undoped | ayer conprises undoped silicate glass (USG).
10. The method of formng an interlayer dielectric according to claiml,
wherein said device area conprises transistors, diodes, MOSFET, resistors,
I nductors, capacitors, nenory cells, or netal I|ines.

5. The method of forming an interlayer dielectric according to claim

1, further comprising depositing a hard mask layer on said second

undoped layer.

6. The method of forming an interlayer dielectric according to claim

1, wherein said hard mask layer comprises a SION layer.

7. The method of forming an interlayer dielectric according to claim
1, wherein said first undoped layer comprises an undoped silicate

glass {USG).

8. The method of forming an interlayer dielectric according to claim
1, wherein said doped layer comprises phosphor silicate glass (PSG)

or borophosphosilicate glass (BPSG).

9. The method of forming an interlayer dielectric according to claim
1, wherein said second undoped layer comprises undoped silicate

glass {USG).

10. The method of forming an interlayer dielectric according to claim
1, wherein said device area comprises transistors, diodes,
MOSFET, resistors, inductors, capacitors, memory cells, or

metal lines.



