2 9 MAY 2006 METHOD FOR ORGANI C BARC AND PHOTORESI ST TRI MM NG PROCCESS 5 10
15 20 FIELD OF I NVENTI ON The present invention relates to the field of

senmi conductor fabrication. Mre specifically an enbodi men? bMAYhZ806
invention relates to renoval of Organic Bottom Antirefl ective Coating
(OBARC) and photoresist material. BACKGROUND OF THE | NVENTI ON An

i ntegrated cirmMETHOD PORDEBEANIN BAGHC sl PHADTOBESEHTI n a single piece
of sem conductor material . TRIMMVMIEEW PROSTESSr surface is subjected to
various processing steps in which inpurities and other materials are added
wi th specific geonetrical patterns. The fabrication steps are sequenced to

formthreg;di | lons that act as mniaturized electronic
devi ces, WW%FL@@ a nunber of passive and active circuit

el enents. These devices, whether active or ,ﬁ@gs?nisve,, are located on or
vii thin a conti AiBuNesRulin¥entien &'atas odhpdiae PheemEcTELdTon of a  conplete

circuit. The term"Integrated GCrcuit" is often used
fabrication. More specifically an embodiment of this invention relates to

removal of Organic Bottom Antireflective Coating (OBARC) and

photoresist material.

10 BACKGROUND OF THE INVENTION
An integrated circuit is an electronic circuit fabricated in a single

piece of semiconductor material. The semiconductor surface is subjected
to various processing steps in which impurities and other materials are
added with specific geometrical pattemns. The fabrication steps are

15 sequenced to form three-dimensional regions that act as miniaturized
electronic devices, which may include a number of passive and active
circuit elements. These devices, whether active or passive, are located
on or within a continuous body of material to perform the function of a
complete circuit. The term “Integrated Circuit” is often used

20 interchangeably with such terms as microchip, silicon chip,

semiconductor chip, microelectronic devices or simply an IC.

Market demands for smaller devices have led the industry to

reduce the size of these devices. The limiting factor in the further




I nt erchangeably with such terns as m crochip, silicon chip, sem conductor

. chip, mcroelectronic devices or sinply an I C. Market de f 'l er
devi ces have led the industry to reduce the size of thesg?ﬁwl%:\ggpﬂﬂme

limting factor in the further I 2 9 MAY 2006 5 10 15 20 reduction of the
size of integrated circuits is the means for electrically coupling these
devi ces t orastustipnalf dloe sizei ¢f ivtngretesitiscudis ia the Maass focielendiicaltyoar d, or the
i nherent electrical limtations on the critical dinmensions (CD) of these

devi ces. Teouyslimdgf thebardevides;, toaother icbscti@nid baGipdYentOat isngrintetichi ng, and
dopi ng steps are required. The manufacturing processes of an integrated

cireuit U&)aﬂﬁﬁ@é@' oY 1154 fiHeted él@cﬁfe%ﬂn‘n%tr?ﬁs %nﬁﬁé‘%rm@ﬁf' ning a circuit

net wor k |mage ap hot or esi st coat Ing, a deve opnent process, a critical

step of et an A conventional nethod of etching, when an
Organi c Bo '%"ﬁ ﬁ?@f&&% %\83‘?? ng (OBARC) and a photoresist materi al

are used in the nmasking process, uses a two step operation of a vertical
ard a | ateral

To manufacture ICs, a series of imaging, coating, etching, and
doping steps are required. The manufacturing processes of an integrated
circuit (IC) generally starts with creation of a mask, defining a circuit
network image, a photoresist coating, a development process, a critical

10 step of etching, and doping.

A conventional method of etching, when an Organié Bottom
Antireflective coating (OBARC) and a photoresist material are used in the
masking process, uses a two step operation of a vertical and a lateral
15 etching. The vertical etching, also referred to as an Organic BARC open
process, uses an anisotropic process and the lateral etching, also

referred to as resist trimming, uses an isotropic process.

The process control in both anisotropic and isotropic processes is
20 based on the length of the time of the etching process. In an OBARC
open process, where an anisotropic process is used, the process of

OBARC removal continues until a desired volume of OBARC is removed.

Once the desired volume of OBARC is removed, time of OBARC removal




etching. The vertical etching, also referred to as an Organi c BARC open

. process, uses an anisotropic process and the | ateral etcgin , al so

" referred to as resist trimmng, uses an isotropic proces 3 PHi6cess
control in both anisotropic and isotropic processes is based on the |ength
of the time of the etching process. In an OBARC open process, where an
ani sot r opiig meaweed ans hicnetihaisprddogesaye OBBARCI armmbsiequent i nues unti |
a desired volume of OBARC is renoved. Once the desired volunme of OBARC is
renoved, trnaes plodBARG batbheal 2 2 9 MAY 2006 5 10 15 20 is neasured and
this time is used to renove OBARC in a subsequent nmass production batches.
The resist trinmng process, used to renove photoresist material uses an
i sotropi c process, renoving photoresist material in a lateral direction
and with an objgctive qﬁ further refining the critbcgl di€9n§ioq of the
devi ces. Contr ol "of YHe BIURESE 0GR FTFAIR 1B YDRN R PHERIE s @l he  same

as in an anisotropic process. That is, the process is based on the |length
off the ti HSASAN EPHPEIGPIRSSEE LY inFhstomsit snalerisl imadaterall |

direction and with an objective of further refining the critical dimension of
the devices. Control of the process used in an isotropic process is the
same as in an anisotropic process. That is, the process is based on the
length of the time to remove a desired volume of photoresist material.
10
Conventional time based process control in etching uses some
environmental parameters as well as parameters relating to the etching
chamber’s conditions. Some of these parameters may include humidity,
temperature, etching chambers’ cleanliness, time of etching, ratio of
15 abrasive gases used for etching, residue left on the etching chamber’'s
wall and on the electrodes, etc.... These parameters often change from
day to day and, more importantly, they are not tightly controllable. Such
process control is not reliable and is subject to many uncontrollable
variables.
20
Process control is a major factor in the fabrication of the integrated
circuits. Overetching or underetching in mass production of integrated

circuits (ICs) is often very costly. A batch of ICs can be shipped and




Conventional time based process control in etching uses sone environnental
. paraneters as well as paraneters relating to the etching ggawﬁgr“@
conditions. Sone of these paraneters may include humdity, 'te e? Pure,
etching chanbers' cleanliness, time of etching, ratio of abrasive gases
used for etching, residue left on the etching chanber's wall and on the

el ect r odegrodtice revertisegelyphihare aee siooflaws irc hafajuicatiom Ogaietadhday and,
nore inportantly, they are not tightly controllable. Such process control

i s not relhiakl, ¢ tanek hse Shcatibntimwanypasteantiobliabl of tvaprehies. Process
control is a major factor in the fabrication of the integrated circuits.

Over et chi ' ' ' ' atB@ngCircuits
(/Csy' Ta e HartiHSEE0 1 SstapPodlanth RO IR, Bty Biainal! 105 My

2006 5 10 15 2 roduce revenue only if.there,are no flaws in,its
fabci cat | dnwateRiePEnnes VRIS te HirdPHhE PR MY 1lie ) mpact i ng
the quality of the product, the batch has to be scrapped wth no sal vage
val ue, t h@mwseﬁ%atmw@ak%m%meﬂwmﬁa%@. Ofl\T/B?é’(BQ%EP%S lynas ditter @% @nce
bet ween revenue and

few fractions of a second,

The conventional process control is subject to error due to
uncontrollable parameters in the etching process. Prior Ant Figures 1, 2,
10 and 3 exemplify lack of control in removing an exact volume of OBARC

and photoresist material under the conventional etching process.

Prior Art Figure 1 depicts the initial step in the conventional
process of OBARC open and resist trimming. Substrate 130 is covered
15 with a layer of OBARC 120, and photoresist material 110 is selectively
applied on top of OBARC material 120. The areas not covered with
photoresist material 110 are intended to be etched away during the
etching process. Prior Art Figure 1 illustrates OBARC material section
140, as an exempliary section, which is designed to be removed as a

20 result of OBARC open etching process.

Prior Art Figure 2 is an illustration of the first step in the

conventional etching process, OBARC open, wherein an anisotropic




" "toerror due to uncontrollable paraneters in the etching pr

expense is a mstake in estimating the tinme of the process by as little as

a fewfractions of a second. The conventional process cont rgl i smjﬁect
ge@)’ or

Art Figures 1, 2, and 3 exenplify lack of control in renoving an exact

vol ume of OBARC and photoresist material under the conventional etching

process. BroarssAstuseddor e linitebiarteval lvd & sedtioal of SPBARCh148e0penvent i onal

process of OBARC open and resist trinmmng. Substrate 130 is covered wth a

layer of OBRARGCI2ChirRshoRBSS arasksDBREr 1A inld Prinariseleaickvel y applied on
top of OBARC material 120. The areas not covered with photoresist material

110 are i t ' : | Prior Art
Figure 1 ?f?ﬁ@f'ﬁﬁ%@%@iﬁ%@éﬁ?ép%@c |g%m%f2§f]qggn§n@§%ce$}pﬁgpy section,
which is designed to be.renbved as a, result of . OBARC o et ching process.
Prior Art NeMgYRE GU1ing SPF‘?Wr%\PPaW‘b‘P Ftt’l}h‘élof‘?ﬁ'gtamgc‘:aéﬁ‘ﬁ)%ﬁot'ﬁe convent i onal
etching process, OBARC open, wherein an anisotropic 4 2 9 MAY 2006 5 10 15
20 deleteriously removed. The_ portion of photoresist material 210 removed

during this first step of the process is neither intended nor a controlled

- removal from photoresist material 110. The dimension of photoresist
material 110 has a direct impact on the critical dimension of an integrated

circuit device and any trimming or removal of photoresist rmaterial has to

10 be guantifiable and scientifically controfled.

Prior Art Figure 3 illustrates a conventional resist trimming
process, a stép subsequent to the OBARC open process of Prior Art
Figure 2. Prior Art Figure 3 illustrates an isotropic process of photoresist
15 trimming. Isotropic etching process attacks photoresist material 110 from
substantially all directions (shown by arrow 350) and trims photoresist in
a vertical as well as a lateral direction 320. The control of the process in
this step, resist trimming, is again a time-based process. Thus, the
conventional etching process removes photoresist material 110 in two
20 unquantifiable steps. In the first step, OBARC open, a vertical removal of
photoresist takes place without intent, and then in the second step of
resist trimming a vertical removal as wé]l as lateral removal based on

unreliable time based process control.




process is used for a limted renoval of a section of OBARC 140. Open
OBARC et ching process attacks OBARC 140 in a primarily vertical direction
(shown by arrow 250) and renpves section 140 of OBARC 120, J Grawsyr 2008uri ng
this process a portion of photoresist material 210 is deleteri ously
removed. The-portion of photoresist material 210 renoved during this first
step of the process is neither intended nor a controlled renoval from
photoresist material 110. The di mension of photoresist material 110 has a

direct inpact qhd&shiedlidiiGBARD renevQmref pladtotedisigeat@chl daringui t devi ce
and any trinm ng or renoval of photoresist material has to be quantifiable

and scien r [

convent i o:ki) F §e5| s?ggpé)%él@%perﬁo%ﬁrse% & tﬁn%hgu%sbe%%?eéﬁ%ﬁ ﬁ)@ﬁrﬁ% OBARC open
process of Prjor Art @ar ure iy S an isotropic
process of eQﬁBP@ﬁ%%PéqcesgP?nﬁ{‘ﬂbAﬁl s'SP‘Feo ”E"sgra(t,%‘ci’ t&poiérgg ttacks

phot oresi st material 110 from substantially all directi ons g]shown by arrow
350) and tnategabisoemassicsiseenarea 3200 leganamphaleresigsmaterialel’® direction
320. The control of the process in this step, resist trimmng, is again a
ti me- basedweresa.portiors of phetoresisy avdtedald 1 (e welsi rringyedcwiisovtenoves .

phot oresi st material 110 in two wunquantifiable steps. In the first step,

OBARC Openntefr ¥ehk! frdl rENﬁ d?&ce@%@%@ﬁiéﬁuﬁ@@@ﬁn?|ﬂﬁ’@§e@brﬁ@ou'€ i ntent,
and then in he second s ep o] resist trimmng a vertical renpval as well

as lateral (r)gerrsosv%vhal?artg%%mosnof 518 AR faldflE 39856 LuBfRE &S 8rbPH M 0! -

both processes, due to lack of control in both steps of the processes.

10
Thus, a need exists for an efficient method of controlling the
process of photoresist material removal which is quantifiable and is a
scientific way of controlling such a delicate process rather than solely
relying on time of the process which may change from day to day.
15




5 2.9 MAY 2006 5 10 15 The control of OBARC renpval and photoresist renoval
during both processes, OBARC open and resist trinmng, is bgs he
time length of the processes. Prior Art Figure 3 illustrates @ﬂg%ﬂé
photoresist material is renpved (see area 320), |eaving photoresi st
material 310. However, a portion of photoresist material 210 was renoved
W t hout iISUWKIMARY ORdHE tNYEBITEPNof the process and sone nore during the
second process, what remains of photoresist material 310 is subject to

error in both QresemFRE anteiciedt hagtko@fof coRtrbhgithehobbest eps of the
processes. Thus, a need exists for an efficient nethod of controlling the

process. ofoRRRHOLANICH-IBLRS hlichBRYAy S BlkcIcseianl fashe and [s 'a

scientific I'ng suc | cate process rather than solely

relying on tine of th '
260% 5910 ipgention provi espg%%%%%tamlecrgewgd Fo?anq aeerEnong{hdeaMeéiPe(g el 6 29 MY

5 of OBARC and photoresist is presented. The present invention provides a
quantifiable method, which remains stable and does not change

operation from day to day once all parameters are considered.

More specifically, in one embodiment, the preseent invention

10 provides a method for etching an organic bottom antireflective coating
(OBARC) and a photoresist material in a single etching process. The
method comprises the steps of etching the OBARC and trimming the
photoresist material at the same time in an etching environment using a
substantially isotropic etching operation. In this embodiment, the etching

i5 environment including an etching chamber with a top electrode and a
bottom electrode wherein a mixture of abrasive gases can flow. In one
embodiment, an endpoint detection test is used to determine when an
exposed portion of OBARC has been removed, the exposed portion of
OBARC being an area of OBARC without photoresist protection and

20 : exposed to the etching environment. Applying an over-etch step to trim
the photoresist to a desired dimension where the time of the over-etch
step being based on the percentage of an endpoint time and the process

condition of the over-etch step being same as that of the endpoint step.




20 SUMVARY OF THE | NVENTI ON Accordingly, an efficient nmethod of controlling
the process of OBARC and photoresist material renoval is d?%ﬁl sed. The
present invention provides a quantitative nethod for neasufi A'h&)0esi r ed
| evel of OBARC and photoresist is presented. The present invention
provides a quantifiable nethod, which remains stable and does not change
operation fromday to day once all paraneters are considered. More
specifically, in one enbodi nent, the preseent invention provides a nethod
for etching an Tereganire bividramjens ianef dadctritages obthiengreseOBARENIAAd a
photoresi st material in a single etching process. The nethod conprises the

steps of eLeRiRGmNEnBARG alshdt &1 Gvairmdy tSRBI inRh6Et0r eRésteatit@ttical at the

same time 1 n an etching environnment using a substantially isotropic

et chi ng operat.ion, .l i dj { t.chi e t including
an etchingo@ﬁﬂﬁgéFﬂaﬁ?%ng?%%ﬁﬁléﬂﬁﬂ%agggﬁagéﬁﬁ%%??gﬁ?gwggﬁ%@%e wherein a
m xture of abrasive gases can flow 1In one enbodinment, an endpoint

dét ect i on Husttated i §Eydravigactiifiehe when an exposed portion of OBARC has
been renoved, the exposed portion of OBARC being an area of OBARC wi t hout
phot oresi st protection and exposed to the etching environnent. Applying an
over-etch step to trim the photoresist to a desired di nension where the
time of the over-etch step being based on the percentage of an endpoint
time and the process '




condition of the over-etch step being sanme as that of the erzd@qimt Zﬁﬂbep' 7
2 9 MAY 2006 These and ot her objects and advantages of the present
invention wll becone obvious to those of ordinary skill in the art after
reading the follow ng detail ed description of the preferred enbodi nent

whi ch are i i A ~gures. 8 2 9 MAY 2066 5 BRI EF- OF
THE DRAW lHéé{:ﬂlgefrfd)ﬂ'éilgen_ﬁé%}"\_M\ﬂ’,”tlt;@ch are incorporated in and form
a part of this ecificatian Oillustrate enbodi nent of ;the i,nvention and,
Loget her wi th (IS BRePPRRIBH drewids. Wigh s aitr T e HEABFASTBr  he
invention: Prior Art Figure 1 depicts an application of photoresist and
OBARC on aap@nn@éthlats@ef:%pmtormrsflwtramtembg@merz af sheyinvientioatansti on of a
traditi onal OBARC open, a 10 vertical renoval of OBARC and photoresist.
Prior Art tdgetheewdhitheusdscaption asdrvado texpieih tiphotincipssof thenoval 15

5 invention:

Prior Art Figure 1 depicts an application of photoresist and OBARC

on a substrate film.

Prior Art Figure 2 is an illustration of a traditional OBARC open, a

10 vertical removal of OBARC and photoresist.

Prior Art Figure 3 lustrates a traditional photoresist removal

subsequent to the OBARC open of Figure 2.

15 Figure 4 illustrates resist patterning in an etching process
performed in accordance with one embodiment of the present claimed

invention.

Figure 5 is an illustration of a combined OBARC open and
20 photoresist removal performed in accordance with one embodiment of

the present claimed invention.




20 subsequent to the OBARC open of Figure 2. Figure 4 illuspratyesy lzmi st

- patterning in an etching process performed in accordance wth one

enbodi ment of the present clainmed invention. Figure 5is an illustration
of a conbi ned OBARC open and photoresist renoval perforned in accordance

wi th one enbodient I g%g ' nj i 2606
Figure 6 is a ﬁ?@%ectﬂlsr?tﬂg)ﬁl @ﬁ%’ggpéteeﬁfg 3?me @éyﬁnéigg%ﬂ%éﬁ%éwﬁﬁng
process wherein a conbined ani sotropic and an i.sotrapic process using an
endpoi nt  MERERSS WHOFRIR FbEPTE MASb eI AR EALABASIT oM dibesb s dent of ¢he
present invention. 5 Figure 7 is a flow chart of an enbodi nent of the
present i mneendmnint déteotipmgnethaiddeniseg infacgopicaseswitiion@ow, resulting in
further resist trinmng to achieve a narrower critical dinmension in

accor dancemhddimene of e peidepittinaintiohe present invention. 10 The draw ngs
referred to in this description should not be construed as being drawmn to
sgale except when specifically noted.

Figure 7 is a flow chart of an embodiment of the present invention
allowing a widening of a process window, resulting in further resist
trimming to achieve a narrower critical dimension in accordance with one
embodiment of the present invention.

10

The drawings referred to in this description should not be

construed as being drawn to scale except when specifically noted.

10




10 2 9 MAY 2006 5 10 15 20 DETAI LED DESCRI PTI ON OF THE PREFEZFM 8%“1#9
nt

- EMBODI MENTS Reference will now be made in detail to preferr

of the invention, a method for organic bottomantireflective coating
(OBARC) and phot or esi st trimm ng process, exanples of which are

L1 ustr at aev R Y PEARSRIPPARY of ﬁﬁﬁ%ﬁgﬁeﬁi‘%ﬁ)@\g%n EaTFEon will be

described in  conjunc the preferr ments, 1t will be

under stood that_ the not .i nt ended mt the  inyv lon.tQ these
enbod; ment s. oﬁ%fﬁee%@owﬁlr 0y b W@dedoeciﬁ(??iho PéefPH?QrF‘dBﬁo‘%‘H‘edB\P :
alternatives, nodifications, and equivalents, which be | ncI uded within
the spiri tthawm\feftil@ﬁeadﬂe’th%’ for puganic betias él@\"reﬁéﬂt"tﬁlct)ﬁ Ad¥e) cl ai ms.
Furthernore, in the follow ng detailed description of the present

i nvent i on,antuplestoussiststpaahinigestodets, éxaraplessdtwliiioh tahe iilfustraded in o provi de a
t horough understanding of the present invention. However, it wll be

oBvi ous tQhe%ceﬁap%gtr@ﬁabévﬁhgélwrﬂetthe igyéntidralvill be d@s@ﬁ@@a ihnvention may
be practiced wthou ese specific details. In other instances, well

known mhq?@)nct:%ﬂ%ﬁ% B bheteBY RrABSaiRfsHs ABRAT bBGdestdBhiahht as not to

unnecessarci

they are not intended to limit the invention to these embodiments. On the
contrary, the invention is intended to cover alternatives, modifications,
and equivalents, which may be included within the spirit and scope of the
10 invention as defined by the appended claims. Furthermore, in the
following detailed description of the present invention, numerous
specified details are set forth in order to provide a thorough
understanding of the present invention. However, it will be obvious to
one of ordinary skill in the art that the present invention may be practiced
15 without these specific details. In other instances, well known methods,
and circuits have not been described in detail as not to unnecessarily
obscure aspects of the present invention.
Figure 4 illustrates an application of photoresist 110 and OBARC
120 on a substrate film, in preparation for a combined OBARC open and
20 resist trimming. A combined OBARC open and photoresist trimming is
applied by using a substantially isotropic etching process to remove

OBARC 120 and photoresist 110 in substantially all directions. A one

11




obscure aspects of the present invention. Figure 4 iIIustraZ@styi 2006
~application of photoresist 110 and OBARC 120 on a substrate film in
preparation for a conbi ned OBARC open and resist trinmmng. A conbi ned
OBARC open and photoresist trimmng is applied by using a substantially

i sotropic i - 10 : [+ Pl gle} i 0 i
sugst anti Sﬁ{;é%g?iﬂoglﬁ?feéﬁcﬁgﬁgﬂ igﬂlr@ﬁ'%#% %h?&g)vggg% 5 t1?g’r %;d)%%d t;sb}epl "
endpoi nt tect] i.n .conj ti. it h, ar -etch , d
dot or mi ne GRATEVRTFIRANGaBr der ot i ArRlTenon. Figure 515 an

illustration of a conbi ned OBARC open and resist trinmmng processes
performed in accordance with one enbodi nent of the present invention.
According to this enbodiment of the present invention an isotropic process
is used to renovigu@BARCanslestrationl@0a cambinpdmd OBARCsiparatrd redistl10 in
substantially all directions. This one step isotropic renoval of OBARC

material L0 Ang RBeLsseshatfofbain akbcdhfiincs willpbheusab&yinht@ter - et ch step

wi'th the sane rgc! pe content to achieve renoving OBARC material 120 and
phot or esi Stkerﬁe}tegér'tt%v%rq@or{ %&oqgﬁ‘nbrtgqhis embodiment of the present

invention an isotropic process is used to remove OBARC material 120
and photoresist material 110 in substantially all directions. This one step
isotropic removal of OBARC material 120 and photoresist material 110 is
10 followed by an over-etch step with the same recipe content to achieve
removing OBARC material 120 and photoresist material 110 to a desired

level measured by a single endpoint detection test.

It is appreciated that Figure 5 is distinguished from Prior At Figure
15 3. In Prior Art Figure 3, portion of photoresist material 210 is removed
without intent to remove that portion and with time based process control.
The critical dimension is defined with time based process control as well.
in Figure 5, removal of photoresist material 110 and controf of critical
dimension are based on endpoint detection test, which give a reliable

20 scientific measure of controlling the process.

12




| evel measured by a single endpoint detection test. It is appreciated that
. Figure 5 is distinguished fromPrior Art Figure 3. In Priorg g\rMA\Fingge 3,
portion of photoresist material 210 is renoved w thout intent to renobve
that portion and with tinme based process control. The critical dinmension
is defined with tine based process control as well. In Figure 5, renoval
of phot oresi st Maues Bdp AoV ha0@onef 8N xempiapi RIcesy BRENENYEIAe based on
endpoi nt detection test, which give a reliable scientific nmeasure of

cont r ol | i ngprhbmepradssisopit2arkl anNEMr QOO @tching ptdce® Figgram 6 is a fl ow

di agram of an exenplary process 600 wherein a conbi ned anisotropic and an

i sotropi ¢ &l@lHiRgdPeen89 InethbRds dkedendpoi nt detection nethod is used. In
step 610, etching the OBARC and trimm ng the photoresist at the sane tine

in an etching environnment using a substantially isotropic etching
operation, the etching environnment includes an etching chanber wth a top

eliectrode and 3 boLt A CLRSHRG Ui WAL b flibHigtngpnalBleaRl uf vases T1ow
the same time in an etching environment using a substantially isotropic
etching operation, the etching environment includes an etching chamber |
with a top electrode and a bottom electrode wherein a mixture of

abrasive gases flow.

10

In step 620, Using an endpoint detection test to determine when
an exposed portion of OBARC has been removed said exposed portion
of OBARC being an area of OBARC without photoresist protection and
exposed to said etching environment.

15

In step 630, an over-etch step may be applied to trim the
photoresist to the desired dimension where the time of ovef—etch step is
based on the percentage of the endpoint time and the .process condition
of over-etch step is same as that of endpoint step

20
Figure 7 is a flow diagram of process 700, wherein an

embodiment of the present invention allows a widening of the process

13




In step 620, Using an endpoint detection test to determ ne when an exposed
portion of OBARC has been renoved said exposed portion of OBARC bei ng an
area of OBARC without photoresist protection and exposed ta §apgy @pgthi ng
environment. In step 630, an over-etch step may be applied to trimthe
photoresist to the desired dinension where the tine of over-etch step is
based on the percentage of the endpoint tinme and the process condition of
over-etch step is sane as that of endpoint step Figure 7 is a flow diagram
of process 700, whEER. EPUbSOdiTHERRT BFS HEMBIELEAC G Peh TPBAYST | ows. o

wi deni ng of the process 13 2 9 MAY 2006 wi ndow, resulting in further resist
trinmmng to aefticebdinaens@tt.oner critical dinension. In step 710, conbi ning

t he OBARC open and photoresist trinmmng 5 reducing a vertical |oss of the
photoresist material. In step 720, wi dening a process wi ndow to further
trimthe photo resist material. 10 In step 730, |eaving high resist margin
for applying the phostepd40stormibinmg the OBARChOsarearad phaloresistdrimringl

di mrension. In step 740, controlling the photoresist trimmng by applying an
endpoint  det egdd Rihd £%brtical loss of the photoresist material.

In step 720, widening a process window to further trim the photo

resist material.

10 In step 730, leaving high resist margin for applying the photoresist

trimming to achieve a smaller critical dimension.

In step 740, controlling the photoresist trimming by applying an

endpoint detection test.

15
According to one embodiment the bottom electrode applies a
power between 10-80W. The endpoint detection test detects a ratio of
the exposed portion of the OBARC and the photoresist matetial in the
etching chamber. In the present embodiment a mixture of abrasive gases
20 flows inside said etching chamber, the mixture of abrasive gases

including, O2 and CI2, CF4, HBr, HI, SO. The mixture of abrasive gases

flowing inside the etching chamber maintains a varying ratio of O2 to the

14




15 According to one enbodi nent the bottom el ectrode applies a power

bet ween 10-80W The endpoi nt detection test detects a rati o?cq] hg@xposed
portion of the OBARC and the photoresist material in the efc M-Fg nber .
In the present enbodiment a m xture of abrasive gases 20 flows inside said
etching chanber, the m xture of abrasive gases including, 02 and Cl2, CF4,
HBr, H, SO The m xture of abrasive gases flow ng inside the etching
chanmber maintajns a varying ratio of 02 the 14 2 MAY , 2006 her gases
“nel uded |t AR O2EES ebiRaR 8¢ DRy olkabrante gnSeel 1 QRS QI3 1 ¢ b
ratio varies between 20-80 percent. In the present enbodi ment, renoval of

t he OBARC andO&ie the)Fsioorasiss hetwas 2P0 parcarti eved by a change in the
ratio of the abrasive 5 gases in conjunction with a change in the bottom
el ectrode power coltthel esamereimifipent, rermoretofdhe QRA@nddhe et ched
material in the etching chanber. A ratio of the 02 to the rest of the
gases fl owi ngphtioresisimatesiabisathieyed thgrbehanger indke batomfehe 20r8dveper cent . I n
the present enbodinent, a transfer fromthe anisotropic process to the 10
i sotrepic progasss bedorgurrBiohaih £ehimycinangesttom éibersds powef 02 to the

ot her gases and changes in bias power applied to said bottom el ectrode.

The changes i goAiR8sT Fhb®riipolt deRicion ¥ dtAectd etdnedIRratdriatiRgre 9ases is by

etching chamber. A ratio of the O2 fo the rest of the gases flowing
through the etching chamber varies between 20-80 percent. in the
present embodiment, a transfer from the anisotropic process to the

10 isotropic process being controlled by changes in the ratio of O2 to the
other gases and changes in bias power applied to said bottom electrode.
The changes in the ratio of in said ratio of O2 to said other gases is by
increasing the 02 and changes in power applied to said bottom electrode

is by lowering the botiom electrode power.

I5
Thus, the present invention provides an efficient method of
controlling the process of OBARC and photoresist material. The present
invention further provides a guantitative method for measuring the desired
level of OBARC and photoresist removal. Furthermore, in the present
20 invention process remains stable and operation does not change from

one day to the next.

l4a




i ncreasing the 02 and changes in power applied to said bottomelectrode is
- by lowering the bottom el ectrode power. 15 Thus, the presentzgr%ntgp'@w
provi des an efficient nmethod of controlling the process of OBA

photoresi st material. The present invention further provides a
quantitative nmethod for neasuring the desired |evel of OBARC and

phot or esi st r endbalforaggithdesmirtionsohianechiceashpditents i ke erescess

remai ns stabl e and operation does not change from one day to the next. 1l4a
2 9 MNAY 2008ebtivo hake Heenegresagtatete thepiuopeseodf #ipetafidre aedbodi nents of the
present invention have been presented for the purpose of illustration and

descri pti ofleschipgivnarfefete nbt Bideded © be xbavmid ¥etdlimitahki mt the
invention to the precise formdisclosed, and obviously many nodifications

vy DERIONE l 0Bloly  ORIE LT, T

enbodi nent's were chose er to explain the
principles of the invention .and its practical, application, tp. thereby
Eabl e ot HEPIERTPNE AT RUORS r BEie it M9Ha RPN nd var i ous
enbodi ments with various nodifications and suited to the particul ar use

The embodiments were chosen and described in order to best explain

the principles of the invention and its practical application, to thereby

enable others skilled in the art to best utilize the invention and various

embodiments with various modifications and suited to the particular use

10 contemplated. It is intended that the scope of the invention be defined by

the Claims appended hereto and their equivalents.
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contenplated. It is intended that the scope of the invention be defined by
the d ai ns appended hereto and their equivalents. 15 2 9 | M5
VWhat is Clainmed is: 1. A method for etching an organic bo'ltv'?o\gm%mﬁzw
antireflective coating (OBARC) and a photoresist material in a single
etching process, said nethod conprising the steps of: a) applying in an
etching envirGhABdE an endpoint detection step conbining OBARC open
etching and photoresist material trinmng at the same tinme, said endpoint
det ecti on stepVhasisfgamesudst antially isotropic etching process to renove
sai d OBARC and said photoresist in substantially all directions, said

et chi ng envi ronment- i ncAukitiey fansishinaian gragmimassiomgntirefligctivgsoatingct r ode and a
bottom el ectrode wherein a m xture of abrasive gases can flow therethrough;
usi ng an endpéPBARGReREE Popiotesist malgriphie 2 SHIoE LU PIRCetetBE MHPd step to
det erm ne when an exposed portion of OBARC has been renoved, said exposed
portion of OBARCPEEIGESSEPEOEa of OBARC without photoresist protection and
exposed to said etching environment; and_b) applying an over-etch step to
trimsaid photoresPbt tePRYIEE;aeiching sRveIBRMANENEPPIRkIei¢taN sePsai d
over-etch step is based on the percent a%e of an eér%?{:),oi nt time fromsaid
endpoi nt  det eEPTMBRNGRBARRMAPemelchipg @ad PItoreRittinsHersy rimming at the same

time, said endpoeint detection step using a substantially isotropic etching process
to remove said OBARC and said photoresist in substantially all directions, said
etching environment including an etching chamber with a top electrode and a
hottom electrode wherein a mixture of abrasive gases can flow therethrough;
using an endpoint detection test during said endpoint detection

step to determine when an exposed portion of OBARC has been removed, said
exposed portion of OBARC being an area of OBARC without photoresist
protection and exposed to said etching environment; and

b) applying an over-etch step to trim said photoresist to a desired
dimension where the time of said over-etch step is based on the percentage of
an endpoint time from said endpoint detection step and the process condition of
said over-etch step is same as that of said endpoint detection step, wherein said
endpoint detection step in conjunction with said over-etch step is used to achieve

the desired dimension.

2) The method as recited in Claim 1 wherein said bottom electrode

applies a power between 10-80 W.
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said over-etch step is sane as that of said endpoint detection step,
wherein said endpoint detection step in conjunction with szagd g?/e@-ﬁetch
step is used to achieve the desired dinmension. 2) The mnethod M B ted in
Claim1 wherein said bottom el ectrode applies a power between 10-80 W |6 2
9 MAY 2006 3) The nethod as recited in Claim1l wherein said endpoint
detection test dntecttheansthbd as adcitsindCiginpoaaeiemasztd @nipoht detectioc@BARC and
said photoresist material in said etching chanber. 4) The nethod as
recited i n Geaidstcotavh eftieion saidrsxpbesdeotfonalb said IOBARQasesaid plootsrekinsi de sai d
etching chanber; said m xture of abrasive gases including, 02 and any one
of Cl2, CF4,m&lBrial idbaid @tchB@zZhabpedhe nmethod as recited in Caim4 wherein
said m xture of abrasive gases flow ng inside said etching chanber

mai ntains a varying ratio of 02 to said other gases included in said

m xture of abrasive gases. 6) The nethod as recited in Claimb5 wherein

vol ume of said 02)i n Skiednethvd os varitedin Peirwewhe20- BOiXy&e obalrasivy The net hod
as recited in Claim4 wherein renoval of said OBARC and said photoresist
materi al is gasks dvedinbifle saivighyes thamber;geidonipfure af abrafifeagsisee  gases in
conjunction with a change in power applied to said bottomel ectrode. 8) The
met hod as r eofltidiog,i QR @by anadidediGi4s &iBs HinelpePat det ection

5) The method as recited in Claim 4 wherein said mixture of abrasive
gases flowing inside said etching chamber maintains a varying ratio of O2 to said

other gases included in said mixture of abrasive gases.

6) The method as recited in Claim 5 wherein volume of said OZin

said ratio varies between 20-80 percent.
7 The method as recited in Claim 4 wherein removal of said OBARC
and said photoresist material is achieved by a change in a ratio of said abrasive

gases in conjunction with a change in power applied to said bottom electrode.

8) The method as recited in Claim 4 wherein said endpoint detection

test detects etched material in said etching chamber.
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test detects etched material in said etching chanber. 17 2 9 MAY 2006 9)
The nethod as recited in CQaim4 wherein a ratio of the 02 to the rest of
said gases flow ng through an etching chanber varies betwe 20- 80
percent. 10) The nethod as recited in Caim4 wherein trang£3rMﬂYdmﬂ&n

ani sotropi c process to an isotropic process being controlled by changes in
said ratio of 02 to said other gases and changes in bias power applied to
said bottom electrode. 11) The nethod as recited in Caim10 wherein said
changes in said ratio of 02 to said other gases is by increasing the 02

and changes in power applied to said bottomelectrode is by |owering the
bottom el ect rode p8er . Thgmethod as recited in Claim 4 wherein a ratio of the O2to the

rest of said gases flowing through an etching chamber varies between 20-80

percent.

10)  The method as recited in Claim 4 wherein transfer from an
anisotropic process to an isotropic process being controlled by changes in said
ratio of O2 to said other gases and changes in bias power applied to said bottom

electrode.
11}  The method as recited in Claim 10 wherein said changes in said

ratio of O2 to said other gases is by increasing the 02 and changes in power

applied to said bottom electrode is by lowering the bottom electrode power.
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