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Method for Planarizing Local Interconnects

Backgroﬁnd of Invention

D Field of the Invention

This invention relates generally to fabrication of 4. sermconductor dewce and more

_ partxcularly toa method for plananzmg metal contacts for local mterconnects "

2) Description of the Prior Art |

--As the physical geometry of sem:conductor dewees continues to shnnk, metal

damaseene processes play an lmportant role in forming contacts for local inferconnects. In

a typ:cal metal damascene process,- a dielectric lay_e:_' (eg ILD) is formed over a
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semiconductor structure and 'on'e more devices. The dielectric layer is pattem'ed to form.
contact openings. a barrier layer is deposited over the semiconductor structure, end a
contact layer, composed ofa metal such as tungsten, 1s deposlted on the barrier layer. The
contact layer and. the bamer layer are plananzed using a chemlcal mechamcal pohshmg

process (CMP)

However, the typncal metal damsscene process has'severa'l' problems. Because the

metal CMP is highly selective to the contact layer, more metal is removed in the middle of

‘the contact than at the edges near the dielectric layer. This condition, which'is known as

drshmg, can cause poor plananty and leed to higher contact res1stance - Insufficient
chetmcal mechanical polishing can leave metal reﬂdue causlng shortmg between
mterconnect llnes Excess chetmcal mechamcal pohshmg can cause erosion of the

dielectric layer, reducm_g the step helght of the d1eleclnc layer. -

The importance of overcoming the various deficiencies noted above is evidenced-"

by the extensive technological developr_nent directed to the subject, as documented by the

relevant patent and techmcal literature. The closest and apparently more relevant technical

developments in the patent literature can be gleaned by consndenng the following patents.

U.S. 5,837,612 (Ajuria et al.) shows a method for forming a shallow trench
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isolation (STI) with reduced erosion by fortmng polysihcon oxide layers on the srdewalls :
and top corners of an STI structure Since the polysrhcon oxide layers have a slower etch

rate than TEOS oxide, whrch forms the bulk of the ST1 structure STI erosion is reduced _

U.S. 5,910,022 (Weling) and U.S. 5,726,099 (Jasco) show chemical mechamcal
polishing proc'esses which remove metal overa rlielecuic layer and simultaneously '
planarize the dielectric layer by using a slurry Whlch provides apprommately equal

selectrvrty of metal and dlelectnc

ULS. 5,916,855 (Avanzino et al) showsatungstenand titanium nitride cheical i

mechamcal pollshmg process.:

-U.S. 5,578,523 (Frodahce et al) shows a dual damascene chenucal mechamcal '

: pohshmg process

" U.S. 5,858, 813 (Scherber etal ) teaches a chermcal mechanical pohshmg slurry

~ with hrgh selcct!vrty of metal to siicon dioxide. o

Us. 5, 804,084 (Nasby et al ) shows a chermcal mechanical pohshmg process for

plananzmg sacnﬁclal oxide layers ina. mrcromachmmg process
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Summary of the Invention

~Itisan object of the present mventron to provrde a method for plananzmg contact |

* plugs for device 1nterconnect10ns elumnates metal resldue

1t is another object of the present invention to_ r)rovide a method for plananzmg

‘'metal contact plugs for device intercenne_etions which redu_ces dishing.

It is another object of the present invention to provide a method for planarizing | :

contact plugs for device interconnections which reduces oxide erosion.

tis yet anoth'er' ebjeet'Ofthe present invention to preyide a method for plananzmg '

metal contact plugs for devme interconnects with reduced contact resistance.

‘To accomphsh the above objectrves, the present invention prowdes a method for

- planarizing metal contacts for device mterconnecnons The process begins by provrdmg a
* semiconductor structure thh at least one.devrce _thereon.- A dlelectne layer is formed

~ over the device and the semiconductor structure A first barrier metal'layer is formed On

the dlelectnc layer, anda sacnﬁcwl oxrde layer is formed on the ﬁrst barner metal layer

The sacrificial oxlde layer the ﬁrst bamer metal layer, and the d1electnc layer are
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: patterned to form contact openings. A second barrier metal layer is formed over the

senﬁconductor structure, and a metal contact'.layer is formed on the second barrier metal

layer. The metal contact layer and the second barrier _metal layer are planarized using a

first chemical mechanical polishing process and the sacrificial oxide layer is removed. The -

mechanical polishing process.

The present invention provides considerable irnprovement over the prior art.
Because the second CMP process has a very short duratlon witha small down pressure
and a slow speed, dlslung is reduced significantly compared to pnor art CMP processes.

Also, the nummal duration of the second CMP process and the high selectrvny of the

'_ second CMP process to oxlde reduce ox:de erosxon The selectlvrty of the second CMP '

~ process also helps to ehmmate metal comanunatlon.

The present invention ach1eves these beneﬁts in the context of known process

mventron may be realized by reference to the latter porl:lons of the spemﬁcauon and

'f attached drawings.

~ metal coritact layer and the first barrier metal layer are planarized using a second chemical |

| 'technology However, a ﬁrrther understandmg of the nature and advantages of the’ present a
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" Brief Description of the Drawings

The features and advantages of a semlconductor dewce according to the present

invention and further details of a process of fabncatmg such a sermconductor device i in

accordance with the present mventron will be more clearly understood ﬁ'om the followmg

description taken in conjunctron with the accompanymg dr_awmgs in Wh“’h hk?" reference

- numerals designate snmlar or eorresponding elements, .regions and portions and in which:

Figures 1 and 2 ﬂlustrate sequential sectlonal views. ofa process for fonmng

contacts for i mterconnectlons known by the inventors to have problems

' Frgure 3 tln‘ough 8 1llustrate sequentlal seetlonal views of a process for fornnng

contacts for i mterconnectrons accordmg to the present mventlon
Detailed i)escription of the Invention o

" The present mventlon wrll be descnbed in detail with reference tothe

accompanymg drawmgs The present mventuon prov1des a method for plananzmg contact

plugs for device mterconnectlons
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‘Problem Identified by the Inventors - Figs. 1 & 2

Referring to Fig. 1, a problem process known to the inventors begins by providing

a semiconductor structure (1 l)? havmg one or more devices (20) thereon. As illustrated in B

Fig. 1, the device can be a gate (20)' comprising a gate dielectric (21) a gate electrode

(22), lightly doped source and dram reglons (23) srdewall spacers (24) source and dram

regions (25), and a hard mask (26) asis lmown in the art.

 Still referring to Fig. 1, a dielectric layer (30) is formed over the semiconductor -

structure (11) and the devioe (20). The dielectric layer (30) (eg interlovel dielectric ayer, |

_ ILD) can be composed of a variety of drelectncs mcludmg silicon dlox1de, an oxrde/mtnde

staclg or’ most preferably boron and phosporous doped sprn on glass (BPSG). The

: drelectnc layer (30) is preferably formed to a thickness of between about 4000 Angstroms o

and 6000 Angstroms

Stlll refemng to Frg 1, a bamer layer (40) is formed over the semlconductor

_ structure (1 1) and a metal contact layer (70) is formed on the barrier layer (40) The

- ',barner layer (40)is typtcally composed of tltamum mtnde having a thtckness of between

about 500 Angstroms and 1500 Angstroms The metal contact layer (70) can be

composed ofa vanety of low resrstance metals mcludmg tungsten, alummum, and copper .
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and preferably has a thickness of between about 4000 Angstroms and 6000 Angstroms.

Referrmg to Flg 2, the metal contact layer (70) and the barrier layer (40)are

" planarized usmg a chenncal mechamcal polishing (CMP) process to form contact plugs

The inventors have 1dent1ﬁed several problems with thrs process Because the metal CMP
is highly selectwe to the metal contact layer (70), more. metal is removed in the mlddle of

the contact plug than at the edges near the dielectric layer (3 0). This. condition, whrch is.

 known as dishing, can cause poor plananty and lead to higher contact resrsta_n_ce._ Also,

insufficient chemical mechanical polisking can -leave metal residue causing shorting
between interconnect hnes Whereas, excess chemical mechamcal pohshmg can cause '

erosion of the dielectric layer (30), reducmg the step helght of the d1electnc layer '

Preferred Embodiment of the Present Invention - Figs. 3 through 8

' Referring to Fig 3, the preferred embodlment of the present .invention beglns by
providing a sermconductor sl:ructure a l) Sermconductor structure (11) should be ..
understood to possrbly mclude a wafer of semiconducting matenal such as silicon, or a |
substrate compnsmg a polys:hcon structure or a sﬂlcon-on-msulator (SOI) structure as is
known in the art. Semrconductor structure (11) should be understood to possrbly ﬁrrther -

mclu_de one or more msulatmg and/or conductive layers overlyn_lg the substrate or the
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- like, and one or more active and/or passive devices formed in or over the subshfate or the -

like.

~ As shown in Fig. 3, one or more devces (20) are formed on the semiconductor

-structure (1 1. Typically, some or all of these device,é woilld be tra_nsistors comprising a

gate dielectric (21), a gate electrode (22), lightly doped source and drain regions (23),

sidewall spacers (24), source and drain regions (25), and  hard mask (26) as is known in-

theart.

Still referring to Fig, 3, a dielectric layer (30) is formed over the semiconductor
structure (1 1). The dielectric layer (30) is prefe;ably composed of boron and phosphorous

doi:ed spin on glass, having a thickness of between ebout 4000 Angstroms and 6000

: Ang'stroms.

 Still referring to Fig. é, a first barrier metal layer (40) is formed on the dielectric

layer (30). The barrier metal laer (40) preferably comprises titanium nitride having a -

thickness of between about 500 Angstroms and 1'5_06 Angstroms.

I_ Still referring to Fig_. 3,a saeﬁﬁcial oxide layer (50) is formed on the first barrier " ]
metal layer (40). 'I_‘he sacrificial oxide léyeij (50) is preferably composed of TEOS oxide
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having a thickness of between about 1000 Angstroms and 2000 Angstroms.

Referring to Fig. 4, the sacﬁﬂeiai oxide layer (50), the first ba_rrier mefal layer (40), .

nnd the dielectric layer (30) are'pattemed'to form contact openings (3'_5). The contact

- ope_tﬁngs-can be formed using photolithography (eg deposit p'hotoresist',-- expose

~ photoresist, develop photoresist, etch underlying layere through photoﬁsist ‘mask, and

remove photoresist mask).

Refemng to Fig. 5','- a séeond barrier metal layer (60) is formed over the
semiconduotor strueture.('l 1, and a metal contact layer (70) is formed on the second
bamer metal layer (60) The second bamer metal layer (60) preferably compnses ntamum _
mtnde havmg a thickness of between about 200 Angstroms and 500 Angstroms The

metal contact layer (70) can compnse copper alummum, or most preferably tungsten.

' The metal contact layer (70) preferably hasa tluckness of between about 4000 Angstroms

and 6000 Angstroms

' Refemng to Fig. '6,'t11_e metal contact iaye_r_ (70) and the second barrier metal layer

 (60) are planarized usmg a first chemical mechameal oolisbing_ (CMP) pro_e'ess:. The first

CM_P process preferably u_ses endpoint deteetio'n to stop on the sacrificial oxide layer (50).
As shown in Fig. 6, the first CMP process causing dishing in the metal contact layer (70).

10
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Referring to Fig. 7, the sacrificial oxide layer (50) is removed. The sacrificial
oxide layer (50) is prefe_rablj removed using an isotropic etch which is selective to |

titanium nitride and tungsten (eg has a slower etch rate for titanium nitride and tungsten

than for TEOS oxide), having a selectivity of about 30:1.

Refemng to Fig. 8, the metal contact layer (70) and the first barrier metal layer

- (40) are planarized using a highly selectxve second chermcal mechamcal pohshmg process o

to forma contact plug. The second CMP process can be performed wrth a slurry :

. comprising: fernc mtnde, deo:omzed water and s1hca abrasive (such as Rodel's

MSW1500 or MSWZOOO) for tungsten pohshmg Alternatlvely, a slurry compnsmg

- H,0,, deionized water, and silica abraswe can be used for tungsten CMP. For copper

CMP a slun'y compnsmghydrogen peroxrde, deromzed water, and s1hca abraswe can be
used. A small down force of between about 10,000 Pa, and 20, 000 Pa, and a slow speed o

of between about 10 revolutlons/mmute and 20 revolutlons/mmute for a time of between

_ about 5 seconds and 20 seconds are preferably used for the second CMP process. The

second CMP process hasa selectrvrty to oxlde such that the etch rate of tungstenis .

between about 21 and 27 ttmes the etch rate of oxlde the etch rate of trtamum nitride is
between about 36 and 44 times the etch rate of ox1de, and the etch rate of tltamum 1s

between about 8 and 12 times the etch rate of oxlde

1



The key advantages of the present invention are that because ofthe short dﬁr_at_ioﬁ
and high selectivity of the second CMP prpceés, dishing of the contact plﬁg is reduced or
eliﬁﬁnatéd. Also, 6xide erosi'on. is reduced or eliminated, and metal é_onﬁm_ination ‘is.
completely removed Réducing :or ehmmaungdwhmg and oxidé erosipn.providgs l'ower

contact resistance and increased step height, further enhancing device performance.

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 bé rﬁade without departing from the spiﬁt- and

scope of the invention.
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CLAIMS

1. - Amethod for planarizing metal contact plugs, comprising the steps of
~a. providing a ser_nieondueror structure with at least one device thereon;

b. fonmng a dielectric layer over sald devxee and said sennconductor structure,

v formmg a first barner metal layer on said dxeleetnc layer and forrmng a sacrificial ox1de

" layer on said first barrier metal layer;

c. pattermng said saenﬁcral oxrde layer, saxd ﬁrst barrier metal layer and said B

_ dlelectnc layer to form contact opemngs

d.- forming a second barrier metal layer over said semiconductor structure, and

forming a metal contact layer on said second barrier metal layer;

e. plananzmg said metal contact layer and sard seeond barner metal layer usmg a

ﬁrst chermeal mechanical pohshmg proeess, and removmg sa1d sacrificial oxide layer and

fplananzmgsardmetalcontactlayerandsardﬁrstbamermetallayerusmga L

second chemical mechanical polishing process

13
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' 2 Themethod of claim 1 wherein ssid sacrificial oxide layer comprises TEOS oxide |

having a thickness of between about 1000 Angstroms and 2000 Angstroms.

3. The method of claim 1 wherein satd d:electnc layer compnses boron and '
phosphorous doped spm on glass sa1d first barrier metal layer and satd second bamer )

metal layer compnse titanium mtnde, and sald metal contact layer compnses tungsten.

4, The method of clalm 2 wherem sa1d dlelectnc layer compnses boron and
~ . phosphorous doped spm on glass, sa1d ﬁrst barrier metal layer and said second bamer

metal layer compns_e tltan_lum nitride, and said metal contact layer comprises tungsten.

5. The method of clmm 4 wherem satd second chemtcal mechanical pohshmg process o
~ hasa selectmty of tungsten to boron and phosporous doped spin on glass of between |

| -about 21 and 27 a selectnv:ty of tltamum mtmde to boron and phosporous doped spin on
glass of between about 36 and 44 and a selectmty of titanium to boron and phosporous

| ,doped spin on glass of between about 8 and 12

6. The method of clatm 2 wherem the second chemical mechamcal pohshmg process

_ is performed for a time of less than 20 seconds

14
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A The niethod of claim 5 wherein fhe é'ecend chemical mechanical polishing process

is perfermed for a time of less than 20 seconds.

8.  Amethod for planarizing metal contact plugs for device interconnections,

| corﬁprising the steps of:

a. providing a semiconductor structure with at least one device theréon; '.
. b. forming a dielectric layer over said device and said senﬁeonductor structure;

C. fonmng a ﬁrst barrier metal layer on said dlelectnc layer, sa1d ﬁrst barrier metal

layer eompnsmg tltamum mtnde
4 fonnihg a sacrificial oxide layer on said first barrier metal layer;

e patternmg said saenﬁc:a] o:nde layer, smd ﬁrst barrier metal layer, and said

dlelectnc layer to form contact opemngs,

f. forming a second barrier metal layer over said semiconductor structure, said - |

| secend barrier metal layer comprising tltamum nitride; .

15
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g fonning a metal contact l_ayet on said second barrier metal layer; said metal

" contact layer comprising tungsten;

'h. plananzmg said metal contact layer and said second barner metal layer usmg a

ﬁrst chemical mechamcal pohshmg process;
" i. removing said sacrificial oxide layer; and

j- plananzmg sa:d metal contact layer and said first barner metal layer usmg a’

" second chemical mechanical pohshmg process

9. ' The method of cIa1m 8 wherem sa:d sacnﬁclal oxide layer compnses TEOS ox1de

havmg a thlckness of between about 1000 Angstroms and 2000 Angstroms _
10.  The method of claim 8 wherein said dielectric layer comprises boron and
- phosphorous doped spin on glass, said first barrier metal layer and said second barrier

- metal layer comprise tltamum nitride, and said metal contact layer comprlses tungsten.

11.  The method of clalm 10 wherem said dielectric layer comprises boron and |

phosphorous doped spm on glass, sald ﬁrst barrier metal layer and said second barrier

. _16
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metal layer comprise titanium nitride, and said metal contact layer comprises tungsten.

12. - The method of claim 11 wherein said second chemical mechanical polishing
process has a selectivity of tungsten to boron and phosporous doped spin on glass of " :

| between about 21 and 27. a selectivity of tltamum nitiride to boron and phosporous doped
spinon glass of between about 36 and 44, and a selectivity of Utamum to boron and

_ phosporous doped spin on glass of between about 8 and 12.

13. The method of claim 9 whereln the second chenncal mechamcal pohshlng process

is performed for a time of less than 20 seconds

14.  The method of clalm 12 wherem the second chemlcal mechamcal polxshmg process

1s performed for a time of less than 20 seconds _
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