., uve3eB?4T$62T2: 8 1 ADJUSTMENT OF N AND K VALUES IN A DARC FI LM FI ELD OF

THE I NVENTION The invention relates to the general field of '
l'i t hogr aW\“\MﬂM| cular reference to anti-reflection coat mmm‘n’@l\,“ﬂmmm“l
BACKGROU ENTION As the feature size of sem conduct i
decreases, crjbosal di mension (CD) conirol becones an inportant td¥k* The
"swing effect” (line width variation due to wafer surface topography and

resi st thickness variation) needs to be mninm zed during |ithographic
processes. There ARJUSTMENT QRN ANDKMALBESIN ARDARGHISM r ed swi ng

effect. 1. A bottomanti-reflective coating (BARC), applied at the

I nterface between the photoresist and the highly reflective substrate, has
been very effective in reducing line width variations. A popular BARC
method is to spin coat a relatively thick organic filmto absorb |ight
reflected fromthe substrat gglh SFiTHE INVENT in FIG 1 where organic
BARC 15 has been inserted between the upper surface of substrate 11 and
phot oresi st layer 61. Incomng light ray 62 is partially reflected as 63

while the re continues jnto BARC 15 as_.ray 17 whj I s rapidl bsor bed
by 15 so ¢ hat TRRaNERNERTelsres 1o eco i Bl aRl areoptitabfifomtardtivih badiciidr ! s
greatly reduced. 2 Also, as fringe benefit, organic ARCs have a

pl anari Zietgyease de antizefledtiancestindse non- conf or mal coverage of step 21

(typically a metallic Iine). 2. Use of chem cal vapor deposition (CVD)
deposited dielectric anti-reflective

BACKGROUND OF THE INVENTION

As the feature size of semiconductor devices decreases, critical dimension
(CD) control becomes an important task. The "swing effect" (line width variation due
to wafer surface topography and resist thickness variation) needs to be minimized
during lithographic processes. There are at least two ways fo reduce this undesired

swing effect.

1. A bottom anti-reflective coating (BARC), applied at the interface between
the photoresist and the highly reflective substrate, has been very effective in
reducing line width variations. A popular BARC method is to spin coat a relatively
thick organic film to absorb light reflected from the substrate. This is illustrated in
FIG. 1 where organic BARC 15 has been inserted between the upper surface of
substrate 11 and photoresist layer 61. Incoming light ray 62 is partially reflected as
63 while the rest continues into BARC 15 as ray 17 which is rapidly absorbed by 15

so that the amount of reflected light 18, from the surface of 11, is greatly reduced.



coating (DARC) |ayers. At present, DARC | ayer deposition by CVD is one of
the maj or approaches for deep ultraviolet (DUV) lithography. The primary
advant age of a CVD-deposited dielectric filmis that its optical properties
are directly related to its film stochionmetry conposition (such as Si, O
N) C) which can be precisely tuned by &djusting the CVD process paraneters:
gas ratio, pressure, power, spacing ...etc. This is illustrated in FIG 2

where incomng . light ray 62, after traversi hot oresi st | ayer 61, |s

refl ect @cclsq,r%fwﬁ%tb@ﬁeﬁdﬁgawe ABCeo\a A Rlaadrigng rstfast 125 OW@yéyé‘!&eand
65, respectively. Through control of the refractive index and thickness of
DARC 12 nonaganférmalebvebaganf bieps2t (typicakly a goetallic liok).phase so t hat
destructive interference occurs and no light gets reflected fromthe bottom

surface of the photoresist. The present invention offer a key advantage ---
i mproved control of RI and K for the same DARC thickness. A routine search

of e, Br1 of AUsBPOSHEAL P Adhyhleh (VbPILBSIR! LR el rificREs!
et oo R et AR BB BB BB o B e T 22
ST X DARrr?ajL)?%%E)r arc %%ngr deep ultraviolet (DUV) lithography. The primary advantage of
a CVD-deposited dielectric film is that its optical properties are directly related to its
film stochiometry composition (such as Si, O, N, C) which can be precisely tuned by
adjusting the CVD process parameters: gas ratio, pressure, power, spacing ...etc.
This is illustrated in FIG. 2 where incoming light ray 62, after traversing photoresist
layer 61, is reflected from both the top and bottom surfaces of DARC 12 as rays 64
and 65, respectively. Through control of the refractive index and thickness of
DARC 12, rays 64 and 65 can be set to be 180 out of phase so that destructive

interference occurs and no light gets reflected from the bottom surface of the

photoresist.

The present invention offer a key advantage --- improved control of Rl and K

for the same DARC thickness.

A routine search of the prior art was performed with the following references

of interest being found:



Wwhil-e in US 6,063,704 Demrliogiu discloses a silicon oxynitride dielectric
anti-reflective coating |ayer process wherein a DARC is given added silicon
so that it can be used in a SALICIDE process. In US 6,060, 132, Lee

di scl oses a chem cal vapor deposition dielectric anti-reflective coating

| ayer process and uses a plasma treatmd8nt to renove contam nation by a
resist. SUVMARY OF THE INVENTION It has been an object of at |east one
enbodi ment of the present invention to provide a dielectric anti-reflection
coating having predeterm ned optical properties. Another object of at |east
one enbodi ment of the present invention has been that said optical
properties inal USe629 3683 iBE Yimdek ahnshextameammonizodbbed i tegdtmdsiti dfl a

anot her object of at |east one enbodi nent of the present invention has been

to providigledtry ‘éﬁﬁfréflé&rve”%éﬁﬁ%t(wlm) $@yet P Hhihiize fo‘}m‘ét“biﬂlr thfef@é%eCt
of at |east one enbodi nent of e present’ invention has been to provid

means fqpefgat i3 b'é;z%é?]é’% ggp{é_\‘%g dét al') h%(ngse% SIONBE §'|c§ AR@J@EFQH&%

These obj éct's have’ ep03| ing sal ectr
reflection coatin S s of sub Aft er eachsbc ting has
been deptiile ot 19 B Gk, Bprilyiodll; dRElaspEa et rogidsp e o
gaseous plasma. Generall the finished filmw.ll conprise 3-5 of these
sub- coatamigreflective coating layer process wherein a DARC is given added silicon so that

it can be used in a SALICIDE process. In US 6,060,132, Lee discloses a chemical

vapor deposition dielectric anti-reflective coating layer process and uses a plasma

treatment to remove contamination by a resist.

SUMMARY OF THE INVENTION

It has been an object of at least one embodiment of the present invention to

provide a dielectric anti-reflection coating having predetermined optical properties.

Another object of at least one embodiment of the present invention has been

that said optical properties include refractive index and extinction coefficient.

Still another object of at least one embodiment of the present invention has

been to provide a process for manufacturing said coating.



 Software sinmulation is used to determ ne the precise conposition of each
sub-layer as well as its optical properties. In-situ or off line

measur enents of each sub-layer can al so be used as a tool to guide
conditions for deposition of the next sub-layer. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 shows a bottomanti-refl ection coating (BARC) based on
absorption of reflected light. FIG 2 shows an anti-reflection coating
based on destructive interference between reflected |light rays. FIG 3
shows the st ahtfugepebiact iairat: leash opece@mbedinaent of tie Presentdnvestion bas, 4
shows a dielectric |ayer being exposed to a gaseous plasna. 5 FIG 5
shows a hmen italgryvide nmieans dfoy esomitrollingf saidepmoessnin ordezntioi obtaid-laptindBurmhows
the end product of the process of the present invention wherein reflected
i ght isegamgel ed by destructive interference. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS W have sunmarized in TABLE | below the effect of plasnma
treatment on Rl and K after the full desired DARC thickness has been
deposited. It is to be noted that, once the full thickness has been laid

done, SUBsea it 1 350R6" hEgh "Bhbo "ol By OBAATHRT o eiflarne dh
reflection coating as a series of sub-coatings. After each sub-coating has been
deposited it is subjected to surface treatment through exposure to a gaseous
plasma. Generally the finished film will comprise 3-5 of these sub-coatings.
Software simulation is used to determine the precise composition of each sub-layer
as well as its optical properties. In-situ or off-line measurements of each sub-layer

can also be used as a tool to guide conditions for deposition of the next sub-layer.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a bottom anti-reflection coating (BARC) based on absorption of

reflected light.

FIG. 2 shows an anti-reflection coating based on destructive interference

between reflected light rays.
FIG. 3 shows the starting point for the process of the present invention.

FIG. 4 shows a dielectric layer being exposed to a gaseous plasma.



. TREATMENTT( )/ NU DRI/ NU %K /NJ as

deposi ted11771 0. 91. 9891 0. 2260. 4431 2. 205N20

pl asmal1701 0. 911. 971/ 0. 5050. 4461 5. 07He pl asmall711 0. 891. 9871 0. 2450. 4481 3. 86
TABLE | where T=t hi ckness, NU=non-uniformty, RI=refractive index,
K=extinction coefficient 6 ConfirmatPon that pl asma treatnent of
interface | ayers can change a DARC film s optical properties is presented
in TABLE If below. As can be seen, for the DARC filmwith N20 pl asna
treatnment, not only has R been reduced but (unlike the thick filmexanple
of TABLE I) K has al so been reduced (possibly due to surface oxidation).
TABLE |1 sho/dC: Rethowrsas partially comretegs varaignaf doepresgnd irvertian. make up a
DARC filmcan alter its optical properties. TREATMENTT( )/ NU( R/ NU % K
I NU( % as deposited307/1.091. 8531 2.040. 6757/ 3. 12N20

pl asma3021 1. 101. 7721 1. 860. 64871 3. 21 TABLE Il where T=t hi ckness,

NU=non-uni f orfpTE Y6  dRlowR@Cénd Hrbadex of KREXprodeks aof aRefdrbsemninveRtibR! s

i nvention, therefore, we describe a nethod to adjust R and K val ues

t hr ough i i facl i i : j osed anti-reflection

| ayer i SYWE:%%{O%%E%%&Wt'sﬁg%"g%/eé?@gg@%g{srp@ae @&g&%ﬁ%l -stage PE (pl asma
enhanced) CVD process. Each stage deposits part of the final desired

t hi ckness. By proper plasnma surface treatnent to alter the DARC film
interface concentration, the DARC film s

DESCRIPTION OF THE PREFERRED EMBODIMENTS

We have summarized in TABLE | below the effect of plasma treatment on RI
and K after the full desired DARC thickness has been deposited. It is to be noted
that, once the full thickness has been laid down, subsequent plasma treatment has

littte influence on T, RI, and K values. For this example, the DARC was about

1,200 thick.
TREATMENT T( )/ NU(%) RI/ NU(%) K /NU(%)
as deposited 1177/0.9 1.989/0.226 0.443/2.205
N20 plasma 1170/0.91 1.971/0.505 0.446/5.07
He plasma 1171/0.89 1.987/0.245 0.448/3.86
TABLE |

where T=thickness, NU=non-uniformity, Rl=refractive index, K=extinction

coefficient



.opti-cal properties can be fine tuned not only through control of
conposition but also by the plasma treated interface. This new DARC film
process provides a nuch wider margin for the refractive index and
extinction coefficient making it well suited to neet different process
application requirenents. Al though we Kave focused on silicon oxynitride
films prepared by PECVD, followed by exposure to a nitrous oxide plasm,
the nethod is_nore general and could be applied tpo other dielectrics (such
as SiOC or Si QR')‘{"H?Q{W@I ‘ihaw?ﬁ%“%ttﬂ?@mﬁl‘b@ 'gﬁqeag?é’eﬁ sanRenge Al%év
provi de a detail ed description of the process of the present invention. In
t he courfile'sbpticalduiopgttiashie presantedr i GABLRell fradowentAs wasrhe saen fdr theso
beconme apparent. W refer nowto FIG 3 where we show a substrate 11 on
whi ch haDAREEfiintefth N CEgladied Beithhent| AyEsn!) BasNRisearorsduaky bt (unlike thet
necessarily, said substrate will be a silicon wafer containing a nunber of

unfinis i " 1 } ; I
Tkery” e AEELANBR 6f TABLED KNAE0ASE MR (RuccttSsibh WOUIE sthfice,

Y e e
at oot HEARG RimicRraalse R ranlishl pRPSHASs. s shows in FIG 4, | ayer 1215

now exposed to gas plasma 44, typically for between about 5 and 20

TREATMENT T( ) NU(%) R/ NU(%) K /NU(%)
as deposited 307/1.09 1.8563/2.04 0.6757/3.12
N2O plasma 302/1.10 1.772/1.86 0.6487/3.21

TABLE I

where T=thickness, NU=non-uniformity, Ri=refractive index, K=extinction

coefficient

In this invention, therefore, we describe a method to adjust Rl and K values
through multilayer interfacial engineering. The disclosed anti-reflection layer is
composed of multi-layers deposited by a multi-stage PE (plasma enhanced) CVD
process. Each stage deposits part of the final desired thickness. By proper plasma

surface treatment to alter the DARC film interface concentration, the DARC film's



. seconds, with about 15 seconds being preferred, resulting in the formation
of 8 nodified surface | ayer 42. Depending on the thickness of |ayer 12,
the process is then repeated multiple times until the intended fi nal

t hi ckness of the DARC has been arrived at The nunber of |ayers may vary
but is typically between about 2 and 57 with 4 being preferred. The final

t hi ckness is between about 500 and 2,000 Angstrons wi th about 1,000 being
preferred. FIG., 5 we w the structure after t eposition cycles

whi | e FIQgE 'CGPPWQP@Q%‘E%BFE'@WW%& ”9? Er@r@gmm Ogcpm%osét kealso
contai ned four layers, as well as photoresist Iayer 61. CQur preferred

pl asma thyetherplasmadeeated intedacert r oduce a ni xture of nitrous oxide and
oxygen, with the former being present at about 85 volune % and to then use
RF at a power |evel between about 500 and 1,500 watts to excite a plasna.

QG her possible plasma gas conponents include nitrogen, argon and helium In

order to be apjig nbw BARC fif§ pF@é@é%"dPoQi%@ts "Pueh Wiblér RidrbinFor Pr'ié’Ré?Fédti%é of

t he final Iayer the process of the present iInvention a?so I ncl udes two
additio [ .t 0 e r.mne,
Lhr ough”fé‘%?% FR engtfohy borficRing @sﬁﬂm e Bep Ry Ml 9 e
surface trea nt for eac{%el %& to _be de osrtF thereb (—‘fnsurr ng
t hat th@H‘H' fbA%J'ﬁ%eP aug WSt % for Phesilicon oxynitride films
prepared by PECVD, followed by exposure to a nitrous oxide plasma, the method is

more general and could be applied to other dielectrics (such as SiOC or SiOy) as

well as to other plasma surface treatments.

We now provide a detailed description of the process of the present
invention. In the course of so doing, the structure of the present invention will also
become apparent. We refer now to FIG. 3 where we show a substrate 11 on which
has been deposited dielectric layer 12. Most commonly, though not necessarily,
said substrate will be a silicon wafer containing a number of unfinished integrated
circuits. As noted earlier, layer 12 would most likely be silicon oxynitride deposited
by PECVD but the process could be applied to any film and method in which

refractive index and composition are a function of the deposition conditions.

A key feature of the process is that layer 12 is not as thick as the final DARC
is required to be, being at most half the intended final thickness. As shown in FIG.
4, layer 12 is now exposed to gas plasma 44, typically for between about 5 and 20

seconds, with about 15 seconds being preferred, resulting in the formation of



9 (2) As a stack of layers is built up, after each individual |ayer has
been fornmed and been given a surface treatnent, the refractive i ndex and
extinction coefficient values for the stack is determ ned (by in-situ or
of f-1ine measurement). The val ues so obtained are then used for adjusting
condi tions during subsequent steps so Bhat achi everrent of the desired
properties in the final stack is assured. Note that the above two features
are not Qé? exclusive., Thus a m x of neasurenents and simnul ati on may
igd &

be used,M efﬁ%d@sé@ﬁ“r%t Depandingendhe thickresaveirianer kestherpracessAsLE

[1l bel ow we sunmari ze the optical properties of two DARCs nade according
to the pherespeated: maltiplediones iuntikthe intended fimad thickpess ohdhg DAREr baand
one conprising 4 layers. TREATMENTno. of layersT ( )/ NU% R/ NU % K/

NU( %9 nonaB6airiled e, T9RI AuhBer 41 GhylersANE) vary but is typically between about 2
pl asma38721 0. 761. 9241 0. 220. 3721 2. 30none411461 0. 871. 9831 0. 300. 43141 3. 235N20

pl asmadLho2s Qpifi$ b @éﬁé }) %@99%7 1Ph¢ flﬁéﬁ’thlck%%sg@@bgtv{/één %?#IFSJOEHH%GGQS

NU=non-uni formty, active in K=extinction coefficient TABLE II|

confi r e Afbonkd @/ﬁﬂeabtoru?a]t,mbef?\b prafea SR FIGYE e SREW the W5LERIre after

two deposition cycles while FIG. 6 illustrates the final structure, which in this

example contained four layers, as well as photoresist layer 61.

Our preferred plasma treatment has been to introduce a mixture of nitrous
oxide and oxygen, with the former being present at about 85 volume %, and to then
use RF at a power level between about 500 and 1,500 watts to excite a plasma.

Other possible plasma gas components include nitrogen, argon and helium.

In order to be able to exercise maximum control of the optical properties of
the final layer, the process of the present invention also includes two additional

features:

(1) Prior to deposition of any layers, we determine, through software
simulation, the optimum composition, thickness, and surface treatment for each
layer that is to be deposited, thereby ensuring that the final DARC has the desired

optical properties.



make up a DARC filmreally does alter said DARC film s optical properties.
11 CLAIMS 1. A process for formng a dielectric anti-reflection coating.
having a final thickness, conprising the steps of: (a) depositing a
dielectric |ayer having a thickness that is at nost half said final

t hi ckness; (b) exposing said dielectrié layer to a gaseous plasma for a
period of time; and repeatlng steps (a) and (b), with no intervening

| ayers, until ot al yer thickn ss equal,to said hIC nes has
boon achi oved2) AS htaskoGhayae s Bl b raftar oo gidgeh st diem

plasma is nitrous oxide gas. 3. The process described in cIa|n11 mhereln
sai d gaslepmedpang heensgiveneatuufaceotreatmeenyr the refrastiva iindexandeextingtioar gon,
anmoni a, oxygen, and nitrogen. 4. The process described in claim1l wherein
sai d di edaxtficient Valyes fostleebtackdd deteminbd (bydossitaomsoffdinegmebsardnharitih
oxynitride and silicon oxycarbide. 5. The process described in claiml

wher ei N FhERAIUR) s BBtdiRed &€ theR eRkE FoP dldjRSingZcoHifitichd HUBRg subsequent

steps so that achievement of the desired properties in the final stack is assured.

Note that the above two features are not mutually exclusive. Thus a mix of

measurements and simulation may be used, with each potentiating the other.
CONFIRMATORY RESULTS
In TABLE [l below we summarize the optical properties of two DARCs made

according to the process of the present invention ---- one comprising 3 layers and

one comprising 4 layers.

TREATMENT no. of layers T () NU(%) RI/ NU(%) K/ NU(%)

none 3 867/0.86 1.990/0.18 0.410/1.30

N2O plasma 3 872/0.76 1.924/0.22 0.372/2.30
none 4 1146/0.87 1.983/0.30 0.4314/3.235
N20 plasma 4 1152/0.78 1.936/1.85 0.3713/4.638




12 6. The process described in claim1 wherein said final thickness is

bet ween about 500 and 2,000 Angstrons. 7. The process described in claiml
wherein said period of tinme is between about 5 and 20 seconds. 8. A process
for formng a dielectric anti-reflection coating, having a predeterm ned
refractive index, extinction coefficief and final thickness, conprising:

t hrough sinmul ation, determ ning conposition, thickness, and surface
treatnen# éo ﬁach of a nunber of layers of said dielectric whereby said
number ofA Eﬁé s have a total thickness equal to said final thickness and a
structure fornmed of said nunber of |layers has said predeterm ned refractive
i ndex and extinction coefficient; then (a) depositing a |layer of dielectric
mat eri al having the thickness and conposition determ ned through said

simul ation; (Wwherexdcthiokness, dNUzren-wufifahiritlye RI=refractiver irmlex; okEdxtirmtiohace
treatnment determ ned through said sinulation; and repeating steps (a) and
(b), wi tdpdtficiept ervening layers, until said nunber of |ayers has been
deposited. 9. The process described in claim8 wherein said dielectric

| ayer is selected fromthe group consisting of silicon oxynitride and
silicon oxycar bi de.

TABLE 1l confirms that plasma treatment of individual layers that together

make up a DARC film really does alter said DARC film's optical properties.



.13 10. The process described in claim8 wherein said surface treatnent
further conprises exposing said dielectric layer to a gaseous plasma for a
period of tinme. 11. The process described in claim1l0 wherein said gaseous
plasma i s selected fromthe group consisting of nitrous oxide, helium
argon, oxygen) and nitrogen. 12. The ptbcess described in claim10 wherein
said period of tine is between about 5 and 20 seconds. 13. The process
described in ¢claim8 wherein said nunber of layers is between 2 and 5. 14.
The process deb8WBed in claim8 wherein said final thickness is between
about 500 and 2,000 Angstrons. 15. The process described in claim8 wherein
step (b)1.furtAeprocessrios eformings @ idigjecttitr anti-refedtiodegoating.ehavingt aofinal
coefficient and then using said neasurenents to nodify said thickness,
conpositﬁmﬂmeaﬁdxﬁﬁgﬁﬁﬁgtﬁé@ﬁk@&ﬁt condi tions during subsequent repetitions
d :

of steps (a) and (b). 14 16. A process for fornmng a dielectric
anti-reflecti ASiting a é&ﬂf%ﬁérﬁ%ﬁ%%‘ MeRkAESS BEtiY &t InME&half said
extinction coefficCient “an I nal thi ckness,

final thickness;

(b) exposing said dielectric layer to a gaseous plasma for a period of time;
and

repeating steps (a) and (b), with no intervening layers, until a total layer

thickness equal to said final thickness has been achieved.

2. The process described in claim 1 wherein said gaseous plasma is nitrous
oxide gas.
3. The process described in claim 1 wherein said gaseous plasma is selected

from the group consisting of helium, argon, ammonia, oxygen, and nitrogen.

4. The process described in claim 1 wherein said dielectric layer is selected

from the group consisting of silicon oxynitride and silicon oxycarbide.

5. The process described in claim 1 wherein steps (a) and (b) are repeated

between 2 and 5 times.



conprising the steps of: (a) depositing a dielectric |ayer having a
thickness that is at nost half said final thickness; (b) exposing said
dielectric layer to a gaseous plasna for a period of time; repeating steps
(a) and (b), with no intervening |ayers, thereby form ng a stack of |ayers,
until a total layer thickness equal tol%kaid final thickness has been

achi eved; after each stack has been forned, determning refractive index
and extinctiqn coefficient values for that stack; and based on said

det er m fed valhfeprocagsudesaibedoifariainant whareingsaidofieg|bipknese ds katweeny
after said final thickness has been achieved, a final stack having said

pr e- det eahoiuh &Q0rartd 2,000ANgstidesxs.and exti nction coefficient is fornmed. 17.
The process described in claim16 wherein said dielectric |ayer is selected
fromthe group consisting of silicon oxynitride and silicon oxycarbide. 18.
The process described in claim16 wherein said gaseous plasma is nitrous

oxi de gas. 19FheTZb§o<¥€s%C§§ rRRCIH BRS! ' vith&relR %Q%&é"?éfi@& DfStithé i aRREEN

plasma i's sel ect rom the group consisting o fum argon, anmmoni a,

gi()éggn,(a%ab%gﬁgi {%Cfggggc?gégafga The process described in claim 16 wherein

8. A process for forming a dielectric anti-reflection coating, having a
predetermined refractive index, extinction coefficient and final thickness,
comprising:

through simulation, determining composition, thickness, and surface
treatment for each of a number of layers of said dielectric whereby said number of
layers have a total thickness equal to said final thickness and a structure formed of
said number of layers has said predetermined refractive index and extinction
coefficient; then

(a) depositing a layer of dielectric material having the thickness and
composition determined through said simulation;

(b) exposing said layer of dielectric material to the surface treatment
determined through said simulation; and

repeating steps (a) and (b), with no intervening layers, until said number of

layers has been deposited.

9. The process described in claim 8 wherein said dielectric layer is selected

from the group consisting of silicon oxynitride and silicon oxycarbide.



between 2 and 5 tines. 21. The process described in claim16 wherein said
final thickness is between about 500 and 2,000 Angstrons. 22. The process
described in claim 16 wherein said period of tine is between about 5 and 20
seconds. 23. The process described in claim 16 further conprising, prior to
depositing any |ayer, determning, thrBugh sinulation, conposition,

t hi ckness, and surface treatnent for each |ayer of said final stack. 24. A
dielectric anti-reflection coating, conprising: a nunber of contiguous

| ayers, each of said |layers further conprising a dielectric |ayer whose
upper surface has been exposed to a gaseous plasma. 25. The anti-reflection
coat i ng 1fescriiheeprocess| déscribedmreckim 8awHergirs ik spifasestreatsmerd| fecthed from
the group consisting of nitrous oxide, helium argon, amonia, oxygen, and
ni t r ogerompris@sHxposing uid idigledthe tdyermo dedlisRashh eda pBrieH df finvet
wherein said dielectric layer is selected fromthe group consisting of
silicon oxynitride and silicon oxycarbide. 27. The anti-reflection coating
described in claim?24 wherein the nunber of contiguous |layers is between 2
and 5. %q Thﬁ}?ag}dcérsg fdleg&tif)é)c? incgl%h'n ) \%3%15 %g% g';ansecolu%' ﬁaszéav}@esre acted? d

anti-refl éct

from the group consisting of nitrous oxide, helium, argon, oxygen, and nitrogen.

12.  The process described in claim 10 wherein said period of time is between

about 5 and 20 seconds.

13.  The process described in claim 8 wherein said number of layers is between

2 and 5.

14. The process described in claim 8 wherein said final thickness is between

about 500 and 2,000 Angstroms.

15. The process described in claim 8 wherein step (b) further comprises
measuring refractive index and extinction coefficient and then using said
measurements to modify said thickness, composition, and surface treatment

conditions during subsequent repetitions of steps (a) and (b).



.coating has a thickness is between about 500 and 2,000 Angstrons.

. Al aFe. AFAY. Al A . AA. AA. AA A . AU A AU, . A ,. A .Ah2. A . AA . Ah)1H ) 2] LM

G>[{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]cRa] caU] caU ca] cRa] ca]ca![ ]

K7&xMB&| ?P} xsni d_Z] ] ca] ca] ca] ca] ca] ca] éh] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal PHI>+y9A5*X. : ' z} xsni d_Z] ] ca] ca]
ca] ca] ca]ca] ca]ca]ca] ca ca¥ca]'ca] ca] qal] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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after each stack has been formed, determining refractive index and
extinction coefficient values for that stack; and
based on said determined values, adjusting conditions during subsequent

steps whereby, after said final thickness has been achieved, a final stack having

said pre-determined refractive index and extinction coefficient is formed.

17. The process described in claim 16 wherein said dielectric layer is selected

from the group consisting of silicon oxynitride and silicon oxycarbide.

18. The process described in claim 16 wherein said gaseous plasma is nitrous

oxide gas.

19. The process described in claim 16 wherein said gaseous plasma is selected

from the group consisting of helium, argon, ammonia, oxygen, and nitrogen.
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24. A dielectric anti-reflection coating, comprising:
a number of contiguous layers, each of said layers further comprising a

dielectric layer whose upper surface has been exposed to a gaseous plasma.

25. The anti-reflection coating described in claim 24 wherein said gaseous
plasma was selected from the group consisting of nitrous oxide, helium, argon,

ammonia, oxygen, and nitrogen.
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