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Method for Planarizing Local Interconnects · 

Background of Invention 

1) Field of the Invention 

200 0 02 9 5·2-0 

3f ~~~o· 

This invention relates generally to fabrication of a."semicori.ductor device and more 

particularly to ·a method for planarizing met8J. co~s for local interconnects. · ·· 

2) Description of the Prior Art 

As the physical geometry of semiconductor devices continues to shiink, metal 

damascene processes play an important role in forming contacts for local interconnects. In 

· 10 a typical metal damascene process, a dielectric layer.(eg ILD) is formed over a 
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semiconductor structure and one more devices. The dielectric layer is pattenied to form 

contact openings. a barrier layer is deposited over the semiconductor stru~ and a 
. . 

contact layer, composed of a· metal such as tungsten, is deposited on the barrier layer. The 

contact layer and. the barrier layer are planarized using a chemical mechanical polishJng 

s process (CMP). 

However, the typical metal damascene process has· several 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 n~ the dielectric layer. This c<>ndition, which is Imown as 

10 dishing, can cause poor planarity and lead to higher contact resistance ... Insufficient 

chemical mechanical polishing cati leave metal residue causing shorting between . · 

interconnect lines. Excess chetnical mechanical polishing can cause erosion of the .. 

dielectric layer, reducing the.step height of the dielectric layer. 

IS 

20 

The importan~ of overcoming the various deficiencies .noted above is evidenced· 

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

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

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

U.S. 5,837;612 (Ajuria et at.) shows a method for forming a shallow trench 

2 



s 

10 

15 

isolation (STI) with reduced erosion by forming polysilicon oxide layers on the sidewalls · · · 

and top comets of ail STI .structure. Since the polysilicon oxide layers have a slower etch 

rate than TEOS oxide, which fonns the bulk of the STI structure, STI erosion is reduced. 

US. 5,910,022 (Weling) and U.S . . s, 726,099 (Jasco) show chemical mechanical 

polishing processes .which remove metal over a dielectric layer and simultaneously 

plananze the dielectric layer by using a sluriy which provides approxllmiiely equal · 

selectivity.of metal and dielectric. 

U.S. 5,916,855 (AvanZino et al.)·~ a tungsten and titanium nitride chemical 

mechanical polishing process . 

. U.S. 5,578,523 (Fiodalice et al.) sho\Vs a dual damBscene chemical mechanical 

polishing process. 

U .. s. 5,858,813 (Scherber et al.) teaches a Chemical mechanical polishing sluny 

with high sel~vity of metal to Silicon, dioxide. 

U.S. 5,804,084 (Nasby et al.) shows a chemical ~echanical polishing process for 

· 20 planarizing sacrificial oxide layers in a micromac~ process. 
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Summary of the Invention 

It is an object of the present invention to proVide a method for planarizing contact 
. . 

plugs for device interconnections eliminates metal residue. 

Itis another object of the present invention to provide a method for planarizing 

·metal contact plugs for device interconnections which reduces dishmg. 

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

10 contact plugs for device interconnections which reduces oXide erosion .. 

IS 

It is~ anoilier object of the Present invention to pr~vide a method for p~ 

metal contact plugs for device inteic<)nnects with reduced contact reS.istance. 

To accomplisI!- the above objectives, the present invention provides a method for 
planarizing metal contacts for device interconnections. The process begins by providing a 

semiconductor struCture. with at least one device thereon.·· A dielectric layer is formed 

over the device and the semiconductor structure. A first barrier metal. layer is formed on 

the dielectric layer, and a sacrificial oxide layer is formed on the first banier metal layer. 

20 The sacrificial oxide layer, the first barrier metal layer, and the dielectric layer are 
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patterned to form contact openings. A second barrier metal layer is formed over the 

semiconductor structUre, and a metal contact layer is formed on the second barrier m~ 

layer. The metal contact layet and the second barrier metal la~r are planarized using a 

first chemical mechanical polishing pro~ and the sacrificial oxide layer is removed. The · · 

s metal contact layer and the first barrier metal layer are planarized using a second chemical 

mechanical polishing process. 

The present invention provides considerable improvement over the prior art 

Because the second CMP process has a very short duration with a smBn down press\Jre 

10 and a slow speed, dishing is reduced significantly compared to prior art CMP J>rocesses. 

15 

20 

Also, the minimal duration of the seco'1d tMP process and the high selectivity of the. 

seeond CMP process to oxide reduce oxide erosio~. The selectivity of the seeond CMP 

process also helps to eliminate metal conti.mination. 

The present invention achieves these benefits in the context of known·process 
. . 

. technology. However, a further understanding of the nature and advantage~ of the present 

invention may be realized by reference to the latter portions of the specification and 

· attached ~wings, 
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Brief Description of the Drawings 

The features and advantages of a semiconductor device according to. the present 

invention and further detiiils of a process of fabricating such a semi~nductor device in 

s aCcordance with the pre1ent invention will be more clearly understood from the follo~g 

description taken in conjunction with the accompanyfug draWings:in~ch like reference 

· numerals designate similar or corresponding elements, regions arid portions and in which: 

Figures 1 and 2 illustrate ~~ential seCtional view8.of a process for fomiing 

IO contacts for interconnections known by tbe inventors to have problem~. 

15 

20 

. Figure 3 thi-ough 8 illu8trate sequential sectional vi~s of a process for fo~ 

contacts for interconnections accordiiig to the present invention .. 

Detailed Description of the Invention 

. . . . 

· The present invelition will be described in detail with reference to the 

accompanying drawings. The present invention provides a method for planarizing contact 

plugs for device interconnections. 
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Problem Identified by the lnventon - Figs.1 & 2 

Referring to Fig. 1, a problem process known to the inventol"S begins by providing 

a semiconductor structure (11 ), having one or more devices (20) thereon. As illustrated in· 

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

(22), lightly doped source and drain regionS (23), sidewatl spacers (24), source and drain 

regions (25), and a hard mask (26) as is known in the art. 

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

. . . 

10 structure (11) and the device (20). The dielectric layer (30) ( eg interleV'el dielectric layer, 

IS 

ILD) can be composed of a variety of dielectrics includirig silicon dioxide, an oxide/nitride 

stack, or ntost preferably.boron and ph~sporous d<?P~ spin on glass '(aPSG) .. The 

dielectric layer (30) is preferably formed to a thickness of between about 4000 Aiigstroms 

and 6000 Angstroms. 

·Still referring to Fig .. 1, a barrier layer ( 40) is formed over the semiconductor 

structur~ (U) and a metal contaei layer.(70) is formed on the banier layer (40). the 

. barrier layer (40) is typically composed of titanium Ditride haVing a thickness of between 

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

2.0 composed of a variety oflow resistance metals including tungsten, aluminum, and eopper, 
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and preferably has a thickness of"between about 4000 Angstroms and 6000 Angstroms. 

Refening to Fig. 2, the metal contact layer (70) and the barrier layer ( 40) are 

planarized using a chemical mechanical polishing (CMP) process to foi:m contact plugs. 

s The inventors have identified several problems with this process. B~use the· metal .C:MP 

is highly selective to the metal contact layer (70), more metal.is removed in the middle of 

the contact plug than at the edges near the dielectric layer (30). This condition, which is. 

known as dishing, can cause poor planarity and lead to higher oontact resistance. Also, 

inSumcient chemical meehanical polishing can leave metal _residue causing shorting 

IO between interconnect lines. Whereas, excess chemical mechanical polishing ~ cause 

erosion of the dielectric layer (30~-~cing the step height of the diet~c layer. 

Preferred Embodiment of the ~nt Invention •Figs. 3 through 8 

IS Referring to Fig. 3, the p~ embodiment of the present invention begins by 

20 

providing a semiconductor structure (Il). SemiconduCtor structure (11) should be 

understood to posSJ"bly iilclude a wafer of semiconducting Inaterial, such as silicon, or a 

substrate comprising a polysilicon structure or a silicon'."on-insulator (SOI) structure as is 

known in the art. Semiconductor structure (11) should be understood ·to possibly further 

include one or more irisulating and/or conductive layers overl~g the substrate or the 
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like, and one or more active and/or passive devices formed in or over the substJ:ate or the 

like. 

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

s -structure (11). Typically, some or all of these devices would be transistors comprising a 

JO 

15 

gate dielectric (21), a gate electrode (22); lightly doped source and drain reg"ions (23), 

sidewall spacers (24), source and drain regions (25), and a hard mask (26) as is kn<>Wn m 
the art. 

Still referring to Fig. 3, a dielectric layer (30) is formed over the semiconductor 

structure (11). The dielectric layer (30) is preferably composed ofboron and phosphorous 
--

doped spin on glass, having a thickness of between about 4000 Angstroms and 6000 

Angstroms. 

Still referring to Fig. 3, a first barrier metal layer (40) is formed on the dielectric 

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

thickness of between about 500 Angstroms and 1500 Angstroms. 

Still referring to Fis 3, a sacrificial oxide layer (SO) is formed on the first b&rrier 

20 metal layer (40). The sacrificial oxide layer (SO) is preferably composed ofTEOS oxide 
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having a thickness ofbetween about.1000 Angstroms and 2000 Angstroms. 

Referring to Fig'. 4, the sacrificial oxide layer (SO), the first barrier metal layer (40), · 

and the dielectric layer (30) are patterned to form contact openings (35). The contact 

s openings·can be formed ·using photolithography ( eg deposit photoresist; expose 

photoresi~ develop photoresist, etch underlying layers through photoresist ·mask, and 

remove photoresist mask): 

Referring to Fig. 5, a second barrier metal layer (60) is formed over the 

·10 semiconductor structure (11), and a metal contact layer (70) is formed on the _second 

barrier metal layer (60). The second barrier inetal layer (60) preferably comprises titanium 

nitride having a thickness of between about 200 Angstroms and 500 Angstroms; The 

metal contact layer (70) can comprise· copper, aluminum, or most preferably tungSten. · 

The metal contact layer (70) preferably has a thickness of between about 4000 Angstroms 

15 and 6000 Angstroms. 

Referring to Fig.· 6, the metal ~ntact iayer (70) and the second barrier metal layer 

(60) are planarized using a first chemical mechaniCal polishing (CMP) process. The first. 

CMP process· preferably uses endpoint detection to stop_ on the sacrificial oxide layer (SO). 

20 As shown ju. Fig. 6, the first CMP process causing dishing in the _metal contact layer (70). 
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Referring to Fig. 7, the sacrificial oxide layer (50) is removed. The sacrificial 

oxide layer (50) is preferably 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. 

Referring to Fig. 8, the metal coritact layer (70) and the first bamer metal layer 

( 40) are j>lanarized using a highly selective second chemical mechanical polishing process . 

to form a contact plug. The second CMP process can be performed with _a slurry 

comprising: ferric nitride, deoionizedwater, and silica abrasive (such as Rodel's 

10 . MSWISOO or MSW2000) for tungsten polishing. Alternatively, a s1urcy comprising: 

Hz~ deionized water, and silica abrasive can be used for.tungsten CMP. For copper 

CMP, a slurry comprisinghydr(>gen peroxide, deionized water, and silica abrasive can be 

used. A small down force of between about 10,000 Pa and 20,000 Pa, and a ~ow speed 
. . 

ofbetween about 10 revolutionstnlinute arid 20 revolutions/minute for a time of between 

IS aboUt 5 seconds and 20 seconds are preferably used for the second CMP process. The 

second CMP process has a selectivity to oxide such that the etch rate of tungstell is 

20 

. . . 

betWeen about _21 ·and 27 times the etch rate of oxide, the etch rate of titanium nitride is 

between about 36 and 44 times the etch rate of oxide, and the etch rate· of titanium is 

between about 8 and 12 times the etch rate of oxide; 
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The key advantages of the present invention are that because of the short duration 

and high selectivity of the. second CMP process, dishing of the contact plug is reduced or 

eliminated. Also, oxide erosion is reduced or eliminated, and metal contamination is 

completely removed. Reducing or eliminatiiig dishing and oxide erosi9n provides lower 

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 th0se skilled in the art that 

vario"!s changes in form and details may be made without departing from the spirit and 

lo scope of the invention. 
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CLAIMS 

1 A method for planarizing metal contact plugs, comprising the steps of 

2 a. providing a semiconductor structure with at least one device thereon; 

3 b. fonning a dielectric layer over said ~evice and said semiconductor structure, 

4 . ·.forming a first barrier metal layer on said dielectric iayer, and forining a sacrifici81 oxide 

s layer on said first barrier metal layer; 

6 c. patteriiing said sacrificial oxide hiyer, said first barrier metal layer, and ~d 

7 dielectric layer to form contact openings; · · 

8 . d .. forming a second barrier metal btyer over said semiconductor stnlcture; and 

9 forming a metal contact layer on said 8econd barrier metal layer; 

. . . 

10 · e. planarizing said metal contact layer and said second barrier metal layer using a. 

l I first .chemical mechanical polishing proce.ss, and removing said sacrificial oxide layer; and · 

12 . f. planarizing said metal contact layer ~d said first barrier metal layer using a 

13 second chemical mechanical polishing process.· 
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2. The method of claim 1 wherein said sacrificial oxide layer comprises TEOS oxide 

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

3. The method of claim l wherein said dielectric layer comprises boron and 

phosphorous doped spin on glass, said first barrier metal layer and said second barrier 
. . . . 

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

4. The method of claim 2 wherein said dielectric layer comprises boron aiilf 

phosphorous ·doped spin on glass, said first barrier metal layer and said second .barrier 

metal layer comprise titanium ni~de, and $aid metal contact layer compris,es tungsten. 

5. . . The method of clairii 4 wherein said Second chemical mechanical polishing pn;cess 

has a selectivity oftungsten to boron and phosporous doped spin on glass. of between. 

·about 21 and 27, a selectivity of titanium nitiride to boron and phosporous doped spin on 
. . . 

. . 
. . . . 

glass of between about 36 and 44, and a Selectivity of titanium to boron and phosporous 

doped spin on glass ofbetween about 8 and 12. 

6. The method of claim 2 wherein the second chemical mechanical polishing 'process 

is performed for a time ofless thari 20 seconds. 
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7. The method of claim 5 wherein the second chemical mechanical polishing process 

is performed for a time of less than 20 sec0nds. 

1 8. A method for planarizing m~ contact plugs for device interconnections, 

2 comprising the steps of 

3 a. providing a semiconductor structure With at least one device thereon; 

i 
I 

4 b. forming a dielectric layer over said device and said semiconductor structure; .. 

s . c. fanning a firs~ barrier metal lay~ on said dielectric· layer; smd first barrier metal 

6 layer comprising titanium nitride; 

7 d. forming a sacrificial oxide iayer on· Said first barrier metal layer; 

8 e. patterning said sacrificial oxide layer, said first barrier metal layer, and said 

. · 9 dielectric layer to form contact openings; .. 

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

11 · second barrier metal layer comprising ~um nitride;. 
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12 g. forming a metal contact layer on said second barrier metal layer; said metal 

13 contact layer comprising tungsten; 

14 · h. pl~g said metal contact layer and said second barrier metal layer using a 

1s first chemical mechanical polishing proeess; 

16 i. removing said sacrificial oxide layer; and 

17 j. planarizing said metal contact layer and. said first barrier metal layer using a · 
. . . 

18 second chemical mechanical ·polishing process. 

9. The method of claim 8 wherein S&id sacrificial oxide layer comprises 'l'EOS oxide 

having a thickness of between about iooo Angstroms and 2000 Angstrom$. 

10. The inethod 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 titanium mtride, and said metal contact layer comprises tungsten . 

. 11. The method of claim 10 wherein said dielectric layer comprises boron and 

phosphorous doped spin. on glas~ said first barrier metal layer and· said second bamer 
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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 ofti~iun nitiride to boron and phosporous doped 

. spin on glass of between about 36 and 44, and a seleCtlvity of titanium to boron ·and 

phosporous doped spin on glass ofbetween about·s and·12. 

13. The method of claim 9 wherein the second chemical mechanical polishing process 

is performed for a time of less than 20 seconds .. 

14. The method of claim 12 wherein the sec0nd chemical mechanical polishing process 

is performed for a time ofless than 20 seconds'.· 
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