DESCRI PTI ON METHODS OF FORM NG TRENCH | SOLATI ON REG ONS 5 TECHNI CAL.FI ELD
This invention relates to nethods of formng trench isolation regions.
BACKGROUND ART 10 In typical sem conductor 1devi ce applications, nunerous
devices are packed into a small area of a sem conductor substrate to create
an integrated circuit. Many of the individual devices are electrically

I'sol ated fromone another. Accordingly, electrical isolation is an integral
part of sem conductor device design for preventing unwanted el ectrical

coupl i ng between adjacent conponents DESCRIPT#BMI ces. Conventional nethods
of isolating circuit conponents typically use trench isolation regions.
Such are formed by depdETHODSOF BORMIMGSERENCHISOLATI®N HEGIONSayer over a
sem condugtor substrate. Trenches are etched through the masking |layer into
t he sem cdnductor substrate, with the trenches being subsequently 20 filled
wi th insul at i HRICAL BIELDEXenpl ary masking materials for trench isolation
include silicon nitride and polysilicon with or wthout an underlying pad
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with silicon nitride which ultimately fornms part of the trench isolation
material. Sidewalls of the trenches are typically oxidized as well to form
silicon di oxiBRCKGROIIND&RTef ore 25 or after the nitride liner deposi tion.
Thetrenhlsolatlon natqe] ormed in the isolation trench
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Conventional methods of isolating circuit components typically use trench
isolation regions. Such are formed by depositing or otherwise forming a masking
layer over a semiconductor substrate. Trenches are stched through the masking
layer into the semiconductor substrate, with the trenches being subsequently

20 filled with insulative material. Exemplary masking materials for trench isolation
include silicon nitride and polysilicon with or without an underlying pad oxide
layer. Further after forming the trenches, they are typically lined with silicon
nitride which ultimately forms part of the trench isolation material. Sidewalls of
the trenches are typically oxidized as well to form silicon dioxide and either before

25 or after the nitride liner deposition.

The trench isolation material which is formed in the isolation trenches
typically includes deposition of insulative material over the masking material and
to within the trenches, typically over-filling them. The isolation material is typically
then polished back, for example by chemical-mechanical polishing, at least to the

30 outer surface of the masking material. The masking material is then typicaily
selectively etched away from the substrate leaving, at least at this point in the
process, insulative isolation material filling and extending outwardly of the trench
isolation regions. Unfortunately where the masking material comprises silicon
nitride and where silicon nitride is also utilized to line the trenches, the nitride liner



nitride and where silicon nitride is also utilized to line the trenches,
nitride liner 2 maght get etched as well. This can cause nitride |iner
recessing within the trenches relative t@ the outer surface of the

sem conductive material of the substrate. This can result in gate oxide
wr ap-around that can degrade the transistors which are ultimtely
fabricated. 5 Wiile the invention was notivated in addressing the above
identified mRpyegot bichb8 &% WGl WayhisOcan rddued. nilfie ilineenttossing withist the
limted by the acconpanying clains as literally worded, w thout
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The masking material conprises at 1east one of tungsten, titaniumnitride
and anosphous cadtbde. thanirveationgwas motivelkdt i @dginesdieg thek abgverdtientifmd
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15 the semiconductor substrate effective to form an isolation french within

semiconductive material of the semiconductor substrate. A trench isolation
material is formed within the isolation trench and over the masking material
outside of the trench effective to overfill the isolation trench. The french isolation
material is polished at least to an outermost surface of the at least one of
20  tungsten, titanium nitride and amorphous carbon of the masking material. The at
least one of tungsten, titanium nitride and amorphous carbon is/are etched from

the substrate.
In one implementation, a method of forming a trench isolation region
comprises forming masking material over a semiconductor substrate, where at
25 least some of the masking material is oxidizable. An opening is formed through
the masking material and into the semiconductor substrate effective to form an
isolation trench within semiconductive material of the semiconductor substrate.
The opening and the isolation trench have respective sidewalls. The substrate is
exposed to oxidizing conditions effective to oxidize the masking material
30 sidewalls at a greater rate than which the sidewalls of the semiconductive
material are oxidized. Trench isolation material is formed within the isolation

trench.



30 sidewalls at a greater rate than which the sidewalls of the

sem conductive material are oxidized. Trench isolation material is forned

within the isolation trench. 3 1In one i#plenmentation, a nethod of formng
a trench isolation region conprises formng a masking nmaterial over a

sem conductor substrate. An opening is fornmed through the masking materi al
and into the sem conductor substrate effective to forman isolation trench
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semiconductive material of the semiconductor substrate.

15 Other implementations and aspects are contemplated.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the

following accompanying drawings.
20 Fig. 1 is a diagrammatic section view of a semiconductor wafer fragment in
process in accordance with an aspect of the invention.
Fig. 2 is a view of the Fig. 1 wafer fragment at a processing subsequent to
that depicted by Fig. 1. ‘
Fig. 3 is a view of the Fig. 2 wafer fragment at a processing subsequent to
25 that depicted by Fig. 2.
Fig. 4 is a view of the Fig. 3 wafer fragment at a processing subsequent to
that depicted by Fig. 3.
Fig. 5 is a view of the Fig. 4 wafer fragment at a processing subsequent to
that depicted by Fig. 4.
30 Fig. 6 is a diagrammatic section view of another semiconductor wafer
fragment in process in accordance with an aspect of the invention.
Fig. 7 is a diagrammatic section view of another semiconductor wafer

fragment in process in accordance with an aspect of the invention.



Fig. 5is aviewof the Fig. 4 wafer fragnment at a processing subsequent to
that depicted by Fig. 4. 30 Fig. 6 is a diagrammati c section view of another
sem conductor wafer fragnment in process i accordance with an aspect of the
invention. Fig. 7 is a diagrammtic section view of another sem conductor

wafer fragnent in process in accordance with an aspect of the invention. 4
Fig. 8is aviewof the Fig. 7 wafer fragnent at a processing subsequent to
t hat depicted by Figg8 ig.a viey.ofghediag % rdragmentratca peogssing subspaeent it a

processi ng sub uent to_.that depicted by Fig. 8. 5 Fig. 10 is a
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Fig. 10. Fi gthatdepieted by &g.&. the Fig. 11 wafer fragnent at a processing

subsequent 10 to_that depigted by Fig. 11. Fig. 13 is a view of the Fig. 12
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depi cted by Fit%.a 14, Felrcg 16 i s a diagrammati c section view of another
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PREFERRER EM3GRbMERMiStetnbe Fepliary enbodi ment net hod of forming a trench
isolation region is initially described with reference to Figs. 1-5. Fitg. 1
depi cts a seni conbi@etlgris @ view of the Fig. 12 wafer fragment at a processing subsequen
to that depicted by Fig. 12.
Fig. 14 is a diagrammatic section view of another semiconductor wafer
fragment in process in accordance with an aspect of the invention.
15 Fig. 15 is a view of the Fig. 14 wafer fragment at a processing subsequent
to that depicted by Fig. 14.
Fig. 16 is a diagrammatic section view of another semiconductor wafer
fragment in process in accordance with an aspect of the invention.
Fig. 17 is a view of the Fig. 16 wafer fragment at a processing subsequent

20 to that depicted by Fig. 16.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
An exemplary embodiment method of forming a trench isolation region is

initially described with reference to Figs. 1-5. Fig. 1 depicts a semiconductor
25 substrate 10 comprising bulk semiconductive material 12, for example
monocrystalline silicon. Although the invention is described throughout in the
preferred context of bulk semiconductor processing, semiconductor-on-insulator
fabrication methods as well as any other methods of fabricating trench isolation
regions are contemplated in accordance with the invention. In the context of this
30 document, the term "semiconductor substrate" or “semiconductive substrate” is
defined to mean any construction comprising semiconductive material, including,

but not limited to, bulk semiconductive materials such as a semiconductive wafer



25 substrate 10 conprising bul k sem conductive material 12, for exanple
nonocrystalline silicon. Although the invention is described throughout in
the preferred context of bul k semi condugtor processing,

sem conductor-on-insul ator fabrication nmethods as well as any other nethods
of fabricating trench isolation regions are contenplated in accordance with
t he invention In the context of this 30 docunent, the term "sem conduct or

substrate” @ithepembaenducird V@ssemrersatc@mmsmg'ei)tmd n&eABBN thé¥éon), and
construction conprising sem conductive material, including, but not |imted
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enconpasses both the singular and the plural. A masking material 14 is
formed overPHHH conprises semiconductor substrate 10. In the depi ct ed
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one of boron and nitrog“5 Further in one exenplary enbodi nent with respect
to anor phoud fEMRAP Ang ‘W“ﬁﬂ@h‘t 5QQ Apgstams, N‘&We‘?oq MQSV@%%@MWI to
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of boron and nitrogen.

Further in one exemplary embodiment with respect to amorphous carbon,
such might comprise a layer that is transparent to visible light. in the context of
this document, an amorphous carbon comprising layer that is transparent to

20 visible light means that the amorphous carbon comprising layer has a
substantially low absorption coefficient (k) in which k has a range between
about 0.15 and about 0.001 (or lower) at wavelength 633 nm. The amorphous
carbon comprising layer transparent to visible light range radiation, by way of
example only, might be formed at a temperature from about 200°C to

25 about 450°C, with an exemplary preferred pressure range being from about 3
Torr to about 7 Torr. A specific preferred example is 375°C and § Torr. Such
deposition preferably occurs by plasma generation, with an exemplary power
applied to the showerhead being from 500 watts to 1100 watts, with 800 watts
being a specific preferred example. An exemplary flow rate for the CsMg is

30 from 400 sccm to 2400 scem, with 1450 scem being a specitic preferred example.
An exempiary preferred flow rate for the helium is from 250 sccm to 650 scem,

with 450 sccm being a specific preferred example. An exemplary preferred



about 0.15 and about 0.001 (or lower) at wavel ength 633 nm The anorphous
carbon. conprising |ayer transparent to visible Iight range radiation, by way
of exanple only, might be forned at a teBmperature from about 200C to 25
about 450C, with an exenplary preferred pressure range being from about 3
Torr to about 7 Torr. A specific preferred exanple is 375C and 5 Torr. Such
deposition preferably occurs by plasma generation, with an exenplary power
appl i ed to speacisgakehasivvwerhegd/subsiraesuymorissuscepidy0s 2ttt sjlswi Exerfparyat t s
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m ght be utilized over npnasking material |ayer 18. In one preferred

embodi nent , AR Sgdemitest jan exemplary wenaeriyation ranae i the @yer for nitrogen is

15  from 0.1% atomic to 20% atomic.

Hard masking and/or antireflective coating layers might be utilized over
masking material layer 18. In one preferred embodiment, masking material 14 is
void of silicon nitride.

Referring to Fig. 2, an opening 20 has been formed through masking

20 material 14 into semiconductor substrate 10 effective to form an isolation
trench 22 within semiconductive material 12 of semiconductor substrate 10. An
exemplary preferred manner of doing so is by photolithographic patterning,
development and etching, whether using existing or yet-to-be developed
technologies.

25 Referring to Fig. 3, trench isolation material 24 has been formed within
isolation trench 22 and over masking material 14 outside of trench 22 effective to
overfill isolation trench 22. An exemplary preferred material is silicon dioxide, for
example high density plasma deposited silicon dioxide, and further, for example,
with or without thermal oxide and/or silicon nitride trench liner materials.

30 Referring to Fig. 4, trench isolation material 24 has been polished at least
to an outermost surface of the at least one of tungsten, tungsten nitride and

amorphous carbon material 18 of masking material 14. Exemplary preferred



Referring to Fig. 2, an opening 20 has been forned through masking 20
material 14 into sem conductor substrate 10 effective ,to forman isolation
trench 22 within sem conductive material 42 of sem comductor substrate 10.
An exenplary preferred manner of doing so is by photolithographic
patterning, developnent and etching, whether using existing or yet-to-be
devel oped technologies. 25 Referring to Fig. 3, trench isolation materi al
24 -has beentdahmgubsniinglude ¢hyhiaal-mechasicah @dishing, deerexeasgiengtitidngr any 14
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renovesig ongyfdreily af iscletipat@ich@zanot her at a ratio of at least 2:1. The
exenplary pad oxide |layer 16 m ght also be renoved, as well as some or all

of material 24 fBynmwayoohRxaaiie oy, iasopleinste texemeplan, enfodiggnbitoeitdtpl e
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appropriate, with differences being indicated with different nunerals or 15
W th the sufMiexe "aPRrORAANR; r\'ﬂtkhﬁ!f@rﬁaqﬁeqml%h‘fﬁ'%‘ég with |difgient \iyirperals or

tungstefy  with the suffix “a”. Masking material 14a comprises at least two of tungsten,

titanium nitride and amorphous carbon with, for example, an outer layer 19 of at

least one of such materials being received outwardly of masking material layer

18a which comprises another of at least one of tungsten, titanium nitride and

amorphous carbon. In one exemplary embodiment, material 19 preferably

20 comprises amorphous carbon and material 18a comprises at least one of
tungsten and tungsten nitride.

By way of example only, another exemplary embodiment method of
forming a trench isolation region is described with reference to Figs. 7-9 in
connection with a semiconductor substrate 10b. Like numerals from the first-

25 described embodiment are utilized where appropriate, with differences being
indicated with different numerals or with the suffix "b". Referring to Fig. 7, trench
isolation material 24b has been formed within isolation trench 22 and over
masking material 14 outside of trench 22 effective to overfill isolation trench 22,
Trench isolation material 24b inciudes a silicon nitride comprising layer 30 and at

30 least one material 32 other than silicon nitride formed thereover. An exemplary
thickness for layer 30 is 70 Angstroms, and an exemplary preferred material for

layer 32 is high density plasma deposited silicon dioxide. Of course, a thermal



titaniumnitride and anorphous carbon with, for exanple, an outer |ayer 19
of at least one of such materials being received outwardly of masking
material |layer 18a which conprises anotlBer of at |east one of tungsten,
titaniumnitride and anorphous carbon. In one exenplary enbodi nent,
material 19 preferably 20 conprises anorphous carbon and material 18a
conprises at |east one of tungsten and tungsten nitride. By way of exanple
only, anot Hlicask gigxide )}ﬁxéﬁrfbﬁdﬁhfeh@ feempd donvftrenaby sideyvallst P@niegfore siraaftermn
region is cgscrlbed f\g‘ %ﬁference to Figs. 7-9 in connection with a
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nitride conprises H2SO4 and H2 ratio b ht t 140C. , Furt her
by way of exarrpl\éebﬁln{}o’i‘eéne’é%@ ﬂérr?et %rné'ﬁgngs"tr?ﬂigf d?o atiemirggion is

el ementgy t40q%#HeR RANEbRRectioN MheFFg‘quloyKB‘?ﬁaédﬁf%crtan with a semiconductor

substrate 10c. Like numerals from the first-described embodiment are utilized
where appropriate, with differences being indicated with different numerals or
with the suffix “¢”. Referring initially to Fig. 10, a masking material 14c has been
formed over semiconductor substrate 12. Such is depicted as comprising a pad
20 oxide layer 16 and an overlying material 18c, at least some of which is
oxidizable. Thicknesses are preferably as described above in connection with
the first described embodiment. Exemplary materials include those as described
above, specifically tungsten, amorphous carbon, and/or tungsten nitride. An
additional aiternate exemplary material is polysilicon, whether updoped or doped
25  with another material or materials such as boron and/or phosphorus. Additional
oxidizable masking materials are contemplated, whether existing or yet-to-be
developed. Regardless, in one exemplary preferred embodiment, masking
material 14c is void of silicon nitride.
Referring to Fig. 10, an opening 20 is formed through masking
30 material 14¢ and into semiconductor substrate 10c effective to form an isolation
trench 22 within semiconductive material 12 of semiconductor substrate 10c.
Mask opening 20 has sidewalls 34, and isolation trench 22 has sidewalls 36.



silicon nitride conprises H2O, HCl, and H2ZO2 at a 20:4:1 ratio by wei ght at
70C. Yet another exenplary nethod of forming a trench isolation region is

15 described in connection.with Figs. 1013 in connection with a

sem conductor substrate 10c. Like nunerals fromthe first-described

enbodi nent are utilized where appropriate, wth differences being indicated
with different nunerals or _with the suffix "c". Referring initially to Fig.
10, a maski ng mabeferENg 11 Mgs THeetubsttataedOevRas ReRMTE HNRSEdr 1& UD¥HRINGe 12.
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preferably ﬂtfandmrame(&b@t@wmlsc@Bngctsemicwn@&ctoi haferiapt12des6 r bigided.
enbodi nent. Exenplary materials include those as descri bed above,
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trench {sol @ﬁllz‘é@l NRh&Yel Apprdfsaes swity Hﬁf@'ﬁénc@sh%élw@ear@%ﬁtéﬂuﬁzith different
numerals or with the suffix “d". Referring to Fig. 14, Semiconductor substrate 10d
is shown.as being formed to comprise trench isolation material 24d comprising a
silicon nitride comprising layer 42 received over (and “on”, as shown) the oxidized
masking material sidewalis and oxidized semiconductive material sidewalls (i.e.,

20 on material 39). An exemplary additional material 44 is formed thereover, for
example high density plasma deposited silicon dioxide.

Referring to Fig. 15, and by way of example only, subsequent processing
is depicted whereby all material has been removed outwardly from material 12 of
semiconductor substrate 10d.

25 Yet another preferred method of forming a trench isolation region in
accordance with aspects of the invention is described in connection with a
semiconductor substrate 10e in Figs. 16 and 17. Like numerals from the first-
described embodiments are utilized where appropriate, with differences being
indicated with different numerals or with the suffix “e”. Referring to Fig. 16, a

30 masking material 14 is formed over a semiconductor substrate 12. Any material
is contemplated, and including for exampie those described above, and

preferably with such masking material being void of silicon nitride. An opening 20



10 as descri bed above in connection with the first-described enbodi nents,

for exanple whereby materials 24c, 39 and 14c are remved outwardly from
sem conductive material 12, for exanple 8 shown in Fig. 13. An alternate
exenpl ary enbodi nent sem conductor substrate 10d is depicted in Figs. 14
and 15. Like nunerals fromthe Figs. 10-13 enbodinment are 15 utilized where
appropriate, with differences being indicated with different nunerals or

with the sutds xbeen . foRatedr rthrcglgi’b rAagking 4 maderidlc olduandr idabsemicendietbr i s
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dioxide. Referring to Fig. 15 and b of exanpl e onl subsequent
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material 12,0 stro?ﬁg.‘ WBﬁWEéMaMHJt@ﬁﬁ 20fas %%e?(ede ?%B%vems‘ﬁ c%ﬁrrﬂﬁgget hod
of formng a french isolation region in accordance aspects

i nvention icorfgssing Deget BOQOIW&CIGDIH‘IIOWI trbneh &erahdoodeucms}&m@sha@tnel @e in
Figs. 16 and 17. Like nunerals fromthe first- described enbodinents are

utilized vm@itérdapgfr pprhtR. JEmplant erefated maletinls angliasdesciach aBpyeer ent
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cont ermloat et@lenxﬂ:n@oiamhuﬁlamlaf 24 agvdastidad mhmeccdﬁpﬁsmgwatm/es haofg been
preferably with such masking materi al bel ng void of silicon nitride. An

openi ng 20 ﬁ@'Shﬁﬁsaflb%%ﬁﬂ‘Pmﬁﬁé‘wgm%gﬂ Wasking material 14 and into
sem conductor — ngLEL @é}é%c @ﬁhhg@%%%@‘hm i&' ré‘ﬁél’?l%otlétgﬂlcﬂwa@néf‘ﬁh' n

material 12 of 'Sem ¢ T CaRhi conpri sing

| ayer 50 hasaveebeen demsédedla\twehormhml mtrid@mdmpﬂ@rhgﬂ&y@r@bm oubvekidiyg
material 14 effective to line 5 trench 22. An _exenplary thickness for |ayer

50 is from ‘:’If(ﬁ%ﬂ@@f‘g'émt"et wateym 1Rn@f8$9‘m99ndtﬁ;té/ﬁcwt75§@t%t1 Perefipgtiveitaleae has
been deposited avey §f | 5ifi08h Nhitfidde comprising layer 50 projecting outwardly of

semiconductive material 12 of semiconductive substrate 10e. An exemplary
technigue for such processing, where for example material 24 is silicon dioxide
and material 18 is polysilicon includes dipping or spraying with a 25:1 by volume
solution of H2O:HF at room temperature and pressure conditions. Alternately

20  with polysilicon and silicon dioxide, such a solution could be utilized initially to
strip any native oxide overlying material 18 followed by etching polysilicon with
tetramethyl ammonium hydroxide (TMAH). An exemplary such solution is 2.25%
TMAH by weight in deionized water at 30°C.



conprising layer 50 wwthin isolation trench 22 and over nmasking material 14
outside of trench 22. Exenplary preferred materials are as described above,
nanely high density plasna deposited silicon dioxide. Fig. 16 depicts such
10 trench isolation material 24 and silicon nitride conprising |ayer 50 as
havi ng been polished at |east to masking material 14. Referring to Fig. 17,
masking material 14 and trench isolatiqp material 24 have been renoved
relative to silicon nitride conprising layer 50 fromoutwardly of

sem conduyc -%hﬁg material 12 of sem conductive substrate be effective to | eave
15 a por f silicon nitride conprising |layer 50 projecting outwardly of
sem conductive material 12 of sem conductive substrate 10e. An exenpl ary
techni que for such processing, where for exanple material 24 is silicon

di oxi de Whatds ¢teitrediisll 18 is pol ysilicon includes dipping or spraying with a
25:.1 by volume solution of H2O HF at roomtenperature and pressure
conditions. Alternately 20 with polysilicon and silicon dioxide, such a

sol uti on coulidABgethdd dfifé@kling Bitlehd lsVatiéh reglohicPmpA¥ingrat i ve oxi de overlying
material 18 foll owed by etc |n9 polysilicon wt tetramet hyl amoni um

hydr oxi de ( TKEENNE Amagkivgimeieripl i Ehswrc@nduswr pubsPaipbo, TMAH by wei ght in
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i sol ation trench and over the ing material effective to line the
trench; nsiiogimataity! effestive t lmﬂth@ tremihsrat erial over the silicon nitride
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our st do of A Blschinth iR A P A B R R b B B L R R
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polishing the trench isolation material and the silicon nitride comprising layer at least to
the masking material; and

removing the masking material and the trench isolation material relative to the silicon
nitride comprising layer from outwardly of semiconductive material of the semiconductor
substrate effective to leave a portion of the silicon nitride comprising layer projecting outwardly

from semiconductive material of the semiconductor substrate.
2. The method of claim | wherein the masking material is void of silicon nitride.

3. The method of claim | wherein the masking material comprises at least one of

polysilicon, tungsten, titanium nitride and amorphous carbon.
4. The method of claim 3 wherein the masking material comprises polysilicon.
5. The method of claim 3 wherein the masking material comprises tungsten.
6. The method of claim 3 wherein the masking material comprises titanium nitride.

7. The method of claim 3 wherein the masking material comprises amorphous carbon.



the masking material; and renoving the masking material and the trench
isolation material relative to the silicon nitride conprising |ayer from
outwardly of sem conductive material of the sem conductor substrate
effective to |l eave a portion of the silicon nitride conprising |ayer
projecting outwardly from sem conductive material of the sem conductor
substrate. 2. The nethod of claiml| wherein the masking material is void of
silicon nitride. 3. The nmethod of claim1l wherein the nmasking nmateri al
conprises at |east one of polysilicon, tungsten, titaniumnitride and

anor phous carbon. 4. The nethod of claim 3 wherein the masking materi al

conprises pal ¥&i ld . T f i ]%aﬁé&g- i
mat eri al co%b??%ggﬁgﬁﬁgg$%ﬁﬁh%h&$hgm§g?ﬁgﬁkg%a%ﬁ%lnl ﬁﬁg%gﬁﬁm?h rﬁ%%ﬁing
mat er i deascanprfibems andmhimigem nitride. 7. The nethod of claim 3 wherein the
maski ng material conprises anorphous carbon. 12 8. The nethod of claim?7
wher ei n t he anor phous carbon conprising |ayer conprises at |east one of
boron and nigt TRGARtho-of ThemMEkRGEinQhe Shaiphdus WRRIhRohpkiRgatRRE R @Mspgaftoon
conprising layer is transparent to VISI§|6 l'ight. 10. The nethod of claim3
wher ei ol ing material conprises at |least two of polysilicon,
tungsten, titaniumnitride and anorphous carbon. 11. The nethod of claim 10
wherein the masking material conprises anorphous carbon.

10. The method of claim 3 wherein the masking material comprises at least two of

polysilicon, tungsten, titanium nitride and amorphous carbon.

11. The method of claim 10 wherein the masking material comprises amorphous carbon.



