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METHODS FOR ELIMINATING METAL CORROSION BY FSG
FIELD OF THE INVENTION
The present invention relates generally to methods of forming metal

plugs within vias used in the formation of semiconduthr devices and specifically

toa method of eliminating metal corrosion by FSG (fluorinated 'silica glass).
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BACKGROUND OF THE INVENTION

Semiconductor devices constantly decrease in size with more and

more devices, of a smaller and smaller design rule, per fabricated wafer.

" Interconnect laYefS, 'usuall_y formed of FSG, are formed over the devices. Via

openings are formed within the interconnect layers and are filled with metal plugs |

to form electrical connections with the underlying layers.

| - us. Patent No. 5,937,323 to Orczyk et al. deséribes a method "of
forming a fluorinated silicon glass (FSG) layer on a substrate. An und_o_péd silicdn

glass (USG) liner under the FSG layér protects the substrate from corrosive attack.

U.S. Patent No. 5,908,672 to Ryu et al. describes a planarized
passivation layer that includes an FSG layer and a silicon nitride layer. The FSG

layer is pr_eferably' deposited using triethoxyfluorosilane (TEFS) and

tetraethoxyorthosilicate (TEOS).

U.S. Patent No. 5,858,869 to Chen et al. describes a method for making

" multilevel electrical interconnections having a planar intermetal dielectric (IMD)

with low dielectric constant k and good thermal conductivity. Metal lines are
formed and an anisotropic plasma oxide (APO) is deposited thereover, lining the

sidewalls and upper surface of the metal lines. A low k polymer is deposited over




the APO and the polymer and the APO are CMP’ed back to the top of the metal
~ lines. An FSG layer is deposited and via holes are etched in the FSG laYer. TheAPO

provides wider openings between metal lines filled with the low k polymer.

U.S. Patent No. 5,759,906 to Lou .describ.es a metho.d of fbrm_ing a
planar intermetal dielectric layer (IMD) for multilevéi electrical interconnect'iohs on
| ULSI circuits. After via holés Ia.re etchéd in the IMD, arii FSG insu.lating layer is
deposited and etched back to form side_w'aﬁ s_pa.cers'in ﬂieﬁa holes to. pre\}ént'

outgassing from the SOG or low - k pblymer.
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SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to provide a
method of forming metal plugs within via openings that eliminates metal corrosion

by FSG film.
Other objects will appear her_eiﬁaffe:.

It has now b'een..discc.)ver'e'd that the abo{ré .- and other objects of t'he.
present.in'ventio_n may be _accoiﬁPlisﬁed in the faliowing manner. Specifically, a
semiconductor sﬁbstrate having lan overlying metaﬂ 1ayer and oxide hard masks

- overlying fhe metal layer is provided. The oxide hard masks are used to etch the
metal layer to form metal lines separated by metal line openings. An oxide liner is
formed over the etched structure. A lay_er of FSG is deposited over tﬂe oxide-liner.
The FSG layer is then planarized to remove: the excess of the FSG layer from the
etched structure; aﬁd the portions of the oxide liner over the oxide hard masks to
form FSG blocks within the metal line openings. A cap layet ig formed over the
planarized structure. The cap layer and hard ﬁasks are then planarized to form via

" openings exposing the metal lines. Planarized metal plugs are then within the via

openings.



- BRIEF DES_CEIPTIQN OF THE DRAWINGS

The features and advantages of the method of forming rhétal plugs
within via openings which eliniinates metal corrosion by the use pf an FSG film
according to the present invention will be mlore. clearl.y undefstbod from the
following déscripﬁon ta.ken in corijunction" with the accompanyihg drawings in
which like reference numerals designate similar or corresponding elements, regions :

and portions and in which: o

Figs; 1 through 8 schemétically illustrate in cross-sectional

representation a preferred embodiment of the present invention.

Figs. 9 and 10 schematically fllustrate in cross-sectional representation

an alternate, borderless via embodiment of the present invention.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

 Process Known to the Inventors

The current low - K (low dielectric constant) process for forming' an
interconnect léyer includes an about 5004 liner layer, fortned of either SiN or Si0,,
on paﬂerﬁed metal. This is followed by aBouf 16,000A of a HDP-FSG (high d_ensity- | o
plasma ﬂuorinated film). Next, the FSG film ié chemically—mechénicz_ﬂly poliéhed '
(CMP) to about e_,botJA and cappéd with about 4,000A of a PECVD .(pi'asfﬁa-

enhanced chemical vapor deposition) oxide layer.

Via openings are then formed within the FSG film exposing portions
of the patterned metal. The side and bottom surfaces of the via openings are coated
with a barrier metal sandwich layer comprised of a TiN layer over a Ti layer.

Tungsten, or aluminum, metal 'pl\igs are then formed within the barrier metal

coated via openings.

However, the problem with this current process is that the thin barrier
" metal layer within the via openings permits outgassing of fluorine from the FSG
film which attacks the tungsten or aluminum creating a void during filling of the

via openings to form the metal plugs.



Preferred Embodiment of the Present IriVentign

Unless .otherwise specified, all structures, layers, etc. may be formed

or accomplished by conventional methods known in the prior art.

| 'A key feature of the ?resent'mveﬁtidﬁ. is thé double oxide layefs (eg
S04, 30A’. ) which fuﬁhér assist m ?réventing outgassing of fluorine from the FSG
blocks GOA-D into metal plugé QOA;D..More specificaily, the novel oxide. portions _
30A; -D’ (the second of the cioﬁbiebiidé lafétsj, not previously .s.hown in the_:prior '

art, provide additional shielding of the meétal plugs 90A-D.

- Accordingly as showﬁ_in Fig. 1, starting semiconductor structure 10
has overlying upper M1 (for example) metal layer 20 formed theréover. Metal layer
20 may be comprised of Al, AlCu, or AlSiCu, and is preferably comprised of AlCu,

and has a thickness of from about 3000 to 8000A.

Semiconductor structure 10 is understdod_ to’ possibly include a
semicond'u;tor wafer or substrate, active and passive devices formed within the
" wafer, conductive layers and dielectric layers (e.g., inter-poly oxide (IPO),
intermetél dielectric (IMD), gtc.) formed over the wafer sﬁrface. The term

“semiconductor structure” is meant to include devices formed within a



- semiconductor wafer and the layers overlying the wafer. Preferably, the top surface

~ of semiconductor structure 10 is comprised of a dielectric layer. K

Oxide layer (SiO,) 30 is then formed over metal layer 20 to a thickness

of from about 2000 to 4000A.

As shown in Fig. 2 ox1de layer 30 is patterned to form oxide hard

masks 304, 30B 30C 30D, for example, over metal layer 20.

Usmg ox1de hard masks 304, 308, 30C, 30D, metal layer 20 is etched

to form M1 metal lines ZOA ZOB 20C, ZOD respectwely, w1th metal line opemngs |

" 404, 40B, 40C, 40D there between. Metal 11ne opemngs 40A, 40B, 40C, 40D may

have widths from about 2000 to 6000A.

Although metal lines 20A, 20B, 20C, 20D are illustrated for purposes

of example, metal layer 20 may be etched to achieve any number of desired metal

lines or patterns.

As shown in Fig. 3, oxide liner 50 is formed over oxide hard masks
304, 30B, 30C, 30D, the exposed portions of metal lines 20A, 20B, 20C, 20D and the
exposed portions of semiconductor structure 10. Oxide liner 50 is preferably is

- comprised of SiO, and has a thickness of from about 100 to 1000A.



As shown in Fig. 4, a film of fluorinated silica glass (FSG)*6(x.is
deposited over the structure, filling metal line openings 40A, 40B, 40C, 40D, and -

blanket filling patterned oxide IaYer 30, i.e. oxide hard masks 304, 30B, 30C, 30D..

| FSG layer 60 is preferably deposited by a high density plasma (HDP) method to

form HDP-FSG'léyer 60 having a thickness _of from about 5000 to 10,000A.

As shown in F1g 5, HDP-FSG layer 60 is then plananzed to the level

" of patterned oxide layer 30, preferably by chermcal-mechamcallv pohshmg (CMP)

* which also removes the portion of oxide liner 50 overlying oxide hard masks 304,

308, 30C, 30D. Th'is'forms.HDP-FSG blocks (or'plugs) 60A, 60B, 60C, 60D within

' openingé 40A, 40B, 40C, 40D, respectively, lined by remaining portions 50A, 508B,
50C, 50D, respectively, of oxide liner 50. Oxide lined plugs 60A, 60B, 60C, 60D serve

to isolate metal lines 204, 20B, 20C, 20D.

. As shown in Fig. 6, cap oxide layer 70 is formed over the planarized
structure to a thickness of from about 2000 to 4000A. Cap layer 70 is preferably

"comprised of silicon-rich silicon oxide (Si-rich oxide).

As shown in Fig. 7, Si-rich cap oxide layer 70 is patterned to form cap
oxide masks 704, 70B, 70C, 70D and 70E, 70F, 70G exposing a portion of underlying
oxide hard masks 304, 308, 30C, 30D.



In a key step of the first embodiment, the exposed portio'hs'-._of
underlying oxide hard masks 30A, 30B, 30C, 30D are etched, preferably by a dry
etch, to forfn via openings 80A, 80B, 80C, SOD; and 80E, 80F éxposing portions of

metal lines 20A, 20B; and 20C, respectively.

" That is, during the cap lé.y.er 70 and hard masks 304, 303, 30C, 30D
patterning step, only a central portioh of said hard masks éOA,HSOB,' 3.0C,. 30D are
etched, leavihg a ?ortion of sz;lid hard masks 30A', 30B, 30C', 30D' lining ai le‘g's't |
bﬁe-_sidé Wall‘ of the via openings 80A; 808,-80C, 80D-adjacent the re’épective oxide

liners 50A, 50B, 50C, 50D in said via openings.

A portion 30A’, 30B’, 30C’ of oxide hard masks 30A, 30B, 30C,
respectively, remain adjacent oxide liner 50 within via openings 80A, 80B, 80C, 80D,
respectively. Oxide hard mask portions 30A’, 30B’, 30C’, 30D’ are frorﬁ about 500 to
1000A thick. Oxide layers 50A/30A’; 50B/30B’; 50C/30C°, and 50D/ 3OD’, |
respectively, prevent outgassing of fluorine from FSG blocks 60A-D into metal
plugs 90A-D. Oxide hard mask portions BOA', 30B’, 30C’, 30D’ prévide an
" additional measure of protection in assisting oxide liner portions S04, 50B, 50C,

50D in preventing outgassing of fluorine from FSG blocks 60A-D into metal plugs

90A-D.
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A barrier metal layer (not shown) may be formed W1th1n via operungs
80A, 80B 80C, 80D, 80E, 80F, lining the bottom and side walls of via open1ng§ 8R4,
80B, 80C, 80D, 80E, 80F The barrier hner may be comprised of a smgle layer of. T1N

or Ti, or a dual layer compnsed of a 1ayer of TiN over a layer of Ti.

.' As shown in Fig. 8, a layer of me;cal (not shown), is'-then-depbs_itéc_l'
over the structure, filling vid openings 80A, SOB, SOC, 80D, SOE, 80F and blanket
filling patterned Si-rich cap Qxidé lay'er.70. The_rﬁetal léyef is then planériz_ed,
preferably by CMP, to remove thé excess metal from the su_fface of patterned S’i’-ri"ch B
- cap oxdde layer 70 and forming planarized mefal‘plungOA, 908, 90C, 90D, _90E, éOF

within via openings 80A, 80B, 80C, 80D, 80E; SOF, respectively.. |

Metal plugs 90A, 90B, 90C, 90D, 9QE, 90F méy be comprised of W, Al,

or Cu, and are preferably comprised of tungsten (W).

_OXide hérd mask .portions 30A’, 30B’, 30C’ assist in preventing
outgassing of fluorine from HDP-FSG blocks 604, 60B, 60C, 60D into metal plugs
904, 90B, 90C, 90D, corroding metal plugs 90A, 90B, 90C, 90D. Cap oxide masks
" 704, 70B, 70C, 70D over FSG blocks 60A, 60B, 60C, 60D, respectively, prevent

outgassing of fluorine from FSG into any overlying layers.
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Double oxide layers (e.g. 50A, 30A) provide an extra level of

protection in pre{renting outgassing of fluorine from the FSG blocks 60A-D- into

metal plugs 90A-D. More specifically, the novel oxide portions 30A’-D’ (the second

of the double oxide layers), not previously shown in the prior art, provide

additional shielding of the metal plugs 90A-D in the first embodiment.
Alternate Erﬁb.gdiment of the Present Invention — Borderless Via Process

An alternate embodimeni: of the present invention is shown in F_igs‘._9
and 10. The previous steps shown in Figs. 1 - 6 are the same, and all elem'erit

“numbers are the same.

The alternate embodiment of Figs. 9 and 10 permits the formation of
borderless plugs within via ol.aenin-gs. via openings 80A, 80B, 80C, 80D, 80E, 80F.
~ The only difference in the formation of borderless plugs of Figs. 9 and 10 versus the
plugs of Figs. 7 and §, is that there is not any oxide hard mask portions 30A’, 30B’,

30C’ within via openings 80A, 80B, 80C, 80D, respectively.

As shown in Fig. 9, Si-rich cap oxide layer 70 is patterned to form cap
oxide masks 70A”, 70B”, 70C", 70D” and 70E”, 70F”, 70G” exposing a portion of

underlying oxide hard masks 30A, 30B, 30C, 30D.
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The exposed portions of underlying oxide hard masks 30A, 30B, 30C,
30D are etched, preferably by a dry etch, to form \_}'ia openings 80A”, SOB;‘; and

80C”, 80D”, 80E”, 80F” exposing metal lines 20A, 20B; and 20C, respectively.

A barrier metal '1ayer. (not shbwnj may be formed within via 'dpenings.
80A”, 80B”, 80C”, 80D", 80E”, 80", lining the bottom and side walls of via '_
 openings 80A”, 80B”, 80C”, 80D, 80E”, 80F”. The barrier liner may be comprised of
a singlé léyér-of TiN or Tj, or a dual layer c.o-n'q:.Jrise.d of é'lailer of TiN overa layer |

Of Ti.

As shown in Flg 10, a léyér of metal _(nét shown), is thén deposited
- over the structure, filling via openings 801-\..”,. 80B”, 80C” , 80D”, 80E”, 8QF” énd
blanket filling Si-rich cap oxide masks 70A”, 70B”, 70C”, 70D” and 70E”, 70F”,
70G”. The metal layer is then planarized, preferably by.CMP, to remove the excess
metal from the surface of Si-rich cap oxide masks 70A", 70 »,70C", 70D” and 70E”,
70F”, 70G” and forming planarized metal plugs 90A”, 90B”, 90C”, 90D", 90E”, 90F”

within via openings 80A”, 80B”, 80C", 80D", 80E", 80F”, respectively.

Metal plugs 90A”, 90B”, 90C”, 90D”, 90E”, 90F” may be comprised of

W, Al, or Cu, and are preferably comprised of tungsten (W).

13



Oxide layers 50A, 50B, 50C, 50D limit outgassing of fluorine from the FSG blocks
60A, B, C, D, respectively, into metal plugs 90A”, 90B", 90C", D", respectivé‘ly,'-_in

the second em_bodiment.

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

14
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CLAIMS B
We claim:
1. A method of fabricating metal plugs within via openings, comprising the
- steps of:

providing a semicondﬁctér substrate having an-overlyin:g._m.etal lajrer and
loxi'de ha.ra masks oVerlyihg said metal laYéf; |

using said oxide hérd masks to etch said metal layer forming métal.lines
separated by metal line openinés,;

forming an oxide liner over said etched structure;

depositing a layer of FSG over said oxide liner;

planarizing said FSG layer to remove the excess of said FSG layer from said .

etched structure and to remove the portions of said oxide liner over said oxide hard
masks, forming FSG blocks within said metal line openings;
depositing a cap layer over said planarized structure;

patterning said cap layer and hard masks to form via openings through said

* cap layer and said hard mask layer, exposing said metal lines; and

fofming planarized metal plugs within said via openings.
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2. The method of claim 1, wherein in said cap layer and hard masks patterning
stép, a central portion of sa_id hard masks are etched, leaving a portion of sai&-hé_rd_
‘masks lining at least one side wall of said via openmgs adjacent the respective oxide

liners in said via openings.

3. The method of claim 1, wherein said FSG 1ayer is formed by a high density -

-plasma process.

4. The method of claim 1, wherein said Vi'a'o"penings have a width from about
3000 to 5000A.
- 5. The method of claim 1, wherein said oxide hard masks have a thickness from

about' 2000 to 4000A; said oxide liner has a thickness from about 100 to 1000A; said

FSG layer has a thickness from about 5000 to 10,0004; said cap layer has a thickness
from about 2000 to 4000A.

6. The method of claim 1, wherein said oxide hard masks Have a thickness from
about 2500 to‘ 35004; said oxide liner has a thickhess fro:h about 300to 7004; said
* FSG layer has a thickness from about 6000to 80004; said cap layer has a thickness
from about 2500 to 3500A. |

16
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7. The method of claim 1, wherein said metal layer is comprised of a material
- selected from the group aluminum, - AlCu, and AlSiCu; FSG layer is comprised
of HDP-FSG; said oxide liner is cdmprised of \iﬁdoped silicate glass (USG); and said

cap layer is comprised of silicon-rich silicon oxide.-

8.  The method of claim 1, wherein said via ‘Q'p'enin_gs formed within said FSG
‘blocks have a portion of said hard masks lining at least one side wall said via

- openings; said hard mask liners havihg a thick'ﬁes_s of from about 500 to 1000A.

'9. - The method of claim 1, wherein said via openings formed Withih said FSG
‘blocks have a portion of said hard masks lining at least one side wall said via

" openings 80 A - D; said oxide hard mask portions having a thickness of from about

600 to 700A.

10.  The method of claim 1, wherein said metal plugs are comprised of tungsten.

11.  The method of claim 1, further including the step of formihg a metal barrier

layer within said via openings; said metal barrier layer being comprised of a layer

" of TiN over a layer of Ti.

12. A method of fabricating metal plugs within via openings, comprising the

steps of:

17
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- oxide hard masks overlying said metal layer; ' | ' %

-

| A O A

providing a semiconductor substrate having an overlying metal layer and
using said oxide hard masks to etch said metal layer forming metal lines
separated by metal line openings;
~forming an oxide liner over said etched structure;
' depositing a layer of HDP - FSG over said oxide liner;

planarizing said HDP - FSG layer: to remove the excess of said FSG layer

from said etched structure and to remove the ] portlons of said oxide Imer over said

| 'ox1de hard masks, formmg HDP - FSG blocks w1th1n sa1d metal line openmgs, -

15

depositing a cap layer over sa1d plananzed structure,

- patterning said cap layer and hard masks to form via openings through said

* cap layer and said hard masks, exposing said metal lines; said via openings-having

a width from about 3000 to 5000A; and

forming planarized metal plugs within said via openingé.

13.  The method of claim 12, wherein in said cap layer and hard masks patterning
step, a central portion of said hard masks are etched, forming vid openings formed

within said HDP ~ FSG blocks that have a portion of said hard masks lining at least |

" one side wall said via openings adjacent the respective oxide liners in said via

openings.

18
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14.  The method of claim 12, wherein said ox1de hard masks have a tthkHESS
from about 2000 to 40004; said oxide liner has a thickness from about 100 to 1EJOO-A :
said HDP - FSG layer has a thickness from about 5000 to 10,0004; said cap layer'_has-
2 thickness from about 2000 to .4000./3.. |

- 15. | The methdd of claim 12, wherein éaid .oxide hard masks have a thickne’ss_
from about 2500 to 35004; said. oxide liner has a thickness from a‘bout 300 fo 7002%-

said HDP - FSG layer has a th1ckness from about 6000 to SOOOA said cap layer has a
thickness from about 2500 to BSOOA |

16.  The method of claim 12, wherein said metal layef is éomprised of a material
" selected from the group aluminum, AlCu, and AlS_iCu';.said oxide liner is comprised
of undoped silicate glass (USG); and said cap layer is comprised of silicon-rich

silicon oxide.

17.  The method of claim 12, wherein said via openings formed within said HSP -
FSG blocks have a portion of said hard masks lining at least ohe side wall said via

openings; said hard mask liners 30A’-D’ having a thickness of from about 500 to

" 1000A.

18.  The method of claim 12, wherein said via openings formed within said HDP

~ FSG blocks have a portion of said hard masks lining at least one side wall said via

19
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openings; said oxide hard mask portions having a thickness of from about 600 to

799A. ] B | |

~ 19.  The method of claim 12, wherein said metal plugs are compﬁsed of tungsten.. |

20.  The method of claim 12, further including the step of forming a metal barrier

“layer within said via openings; said metal barrier layer being .comprise'd of a layer

" of TiN over a IéLYer of Ti.

21. A method of fébricating metal plugs within Via“o'penings, comprising the
steps of: | | |
providing a semiconductor substrate having an overlying metal layer and |
oxide hard masks overlying said metal layer; '
using said oxide hard masks.to etch said metal.layer forming métal lines
separated by metal line openings;
forming an oxide liner over said etched structure;
* depositing a layer of HDP — FSG over said oxide liner;
planarizing said HDP - FSG layer to rémbve the excess of said FSG layer
from said etched structure and to remove the portions of said oxide liner over said
oxide hard masks, forming HDP ~ FSG blocks within said metal line openings;

depositing a silicon-rich oxide cap layer over said planarized structure;

20
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patterning said cap layer and hard masks to form via openings through said
cap layer and said hard masks, exposing said metal lines; said via openings l'i‘av%xg
15 a width from about 3000 to 50004; and |

forming planarized tuhgsten metal plugs within said via openings.
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