;e3eQ N4 Fr6T <G= METHOD FOR ORGANI C BARC AND PHOTORESI ST T
FIELD.OF INVENTION 5 The present invention relates to the gmmlm“""”m”"”m
sem conductor fabrication. Mre specifically an enbodi nent

invention relates to renoval of Organl c Bottom Antireflective Cospisng
(OBARC) and photoresi st mat e D OF THE | NVENTI ON An
integrated circui METHQR. %PBC@B%’\&'CCE’AE‘Q ANDa*BHDJQ%'éSIS]Ta singl e piece of
semi conductor material. The sEHMUMNGIHBOES$ace is subjected to various
processing steps in which inpurities and other materials are added with
specific geonetrical patterns. The fabrication steps are 15 sequenced to
formthree-dFEBOPMMNVERTIONS that act as mniaturized el ectronic devices,
whi ch may include a nunber of passive and active circuit el enments. These

deviges, whether gal| po\g At nﬂéﬁﬁﬁiqﬁﬁ%ge% tbC{p@tf%?’d BP?%uc‘MnhUHbra conti nuous

body of material to Porm 't e circurt. The term
"Integratedﬁ}rcwt | S often, us&ﬂ 20 i nt rch ng thschterm; as

m crochi p, hricatiopniMore serfFitiGAN ap Smix I'%‘@N@ﬁl relajgsittes or
simply an I C. Market demands for snaller deV| ces have led the industry to
reduce the srersowdl affarganieBptem Amirefleriive Caglina¢OBARG) amé f urt her
reduction of the size of integrated circuits is the neans for electrically
coupl i ng t hephottewsisematerialt her el ectroni c conponents on a printed

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 patterns. 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

| WA
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circuit board, or the inherent electrical Iimtations on the critical

di nensi ons (CD) of these devices. 5 To manufacture 1Cs, a series of

i mgi ng, coating, etching, and doping steps are required. The nmanufacturing
processes of an integrated circuit (I1C) generally starts with creation of a

mask, defining,a circuit network i ,..a .phot.oresi st coating,

devel oprent | FrUIEE Sidheqite Bhintagralg fraiuedRP ABeRm P as gAY, A
conventional nethod of etching, when an Organic Bottom Antireflective
coating ( OBARGYPHNG thessheeees it PthRltalestapniacompanents ope PAaId ng process,
uses a two step operation of a vertical and a lateral 15 etching. The
vertical et chkirogit bahst) greherinierentd etectacal Gngtations BARB eogriticabr ocess, uses an
ani sotropi c process and the lateral.etching, also referred to as resi st

trimmng, usmaﬁsibﬁet(t:@é)i&tﬁé@@%%sce‘ghe process control in both
ani sotropic and 1sotropic processes is 20 based on the length of the tinme

of the etching process. In an OBARC open process) where an ani sotropic
process is used, the process of OBARC renoval continues until a desired

vol une of OBARC is_renpved. Once the desired volunme of OBARC i s renoved)
time of OBARC rendhamapufagtyre iCess @ eariesef imaaing.iGaating, alebing @Ndenpve OBARC
in a subsequent nmass production batches. The resist trinmng process, used
to.renove phaopiresstepsrreaegaired. Tbe snamufastoringprocesseseskan irdagrated
photoresist material in a lateral direction and with an objective of

further refi gidit{ity garidramabiatisn®its chsntivh dfenirk| aefiningenéifalit of the
process used in an isot roprc process 1S the sane as in an ani sot ropi c

pracess.  Thahdor fiadi 9 BstorSsiOSaire ' dbucl bt Plockls, & fificdro T emove

a desired volune o SsI st materi

10 step of etching, and doping. N

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



10 Conventional tine based process control in etching uses sone

envi ronnental paraneters as well as paraneters relating to the etching
chanber's conditions. Sone of these paraneters nay include humdity,
tenperature, etching chanbers' cleanliness, tinme of etching, ratio of 15

abr asi ve gases _used for hing, .residuye |left et ching chanmber's wal |
2nd on' the. eroalrsHis? apdafid ik S rarfols DRARE R ST TR day "t o
day and, nore inportantly, they are not tightly controllable. Such process
control is nétasePiosycon hdtshessubj ect to many uncontrol | abl e variabl es. 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 1Cs can be shipped and 3

produce revenue orfhg idsist hﬁrﬁ\ﬁ\iﬁ? ®rocedd, AeBditd reindvEPNItERIsifMateflat he ot her
hand, if there are fabrication flaws, inpacting the quality of the product,

the patch hag,qbg Wﬁgﬁégwf&c{é%Wgﬂﬁ@ﬁ}?@gﬁgégkf‘ﬁratéﬁariﬁbaY lag&aRL! Ng

unwant ed expenses. ween revenue and 5 expense
is a mstake jn estinati the.time of, the process by as |little as a few
fract i ons of dieshianard Wit 2t S e, EBERG Bhe Fofcal ditiapiotioft o o r or
due to uncontroll able paraneters in the etching process. Prior Art Figures
1, 2, 10 and te gewieesi Epntraqufmfe poressused in andsotrepiamresess isvbe une of
OBARC and photoresist material under the conventional etching process.
Prior Art Fi giante as diephcdrisdtiopic prédesis. Thapisi thd process\isebased ah theocess of

OBARC open and resist trinmng. Substrate 130 is covered 15 wth a | ayer of
OBARC 120, angh@Rfah8ing tdRikoverh debireldSyoh@he JfipHtdresist material.
10 b
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



applied aon 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 naterial section 140, as an
exenpl ary section, which is designed to be renoved as a 20 result of OBARC
open etching process. Prior Art Figure 2 is an_illustratign of the first

step in the BEHHERITPYRRYC Onbhif ETBrayed flavpaRits dficatiphe (A thepther

ani sotropic 4 process is used for alimted renoval of a section of OBARC
140. Open OBhRelgf trdragrefakication flawksmpBaRa 1@ quality gfithemrodyctyerti cal
direction (shown by arrow 250) and renoves section 140 of OBARC 120, - vi
however, dur tHigbitzhhay tcies scappedt with nef sgvajeovgabstharebgredtingl0 is 5

del eteriously renoved. The portion of photoresist material 210 renoved

during thi s LhishiH Efodeds L08R b EIhBE bIbEAdEdefial apgoont rol | ed

removal from photoresist materia e di nmension of resi st

material 110 has a direct, jnpact..on.the critical dinensipn of. an integrated
Circit devi EEPSIP (5 MistpRIT SSHmatagdos ims SlieiRIPESSS bY &t aF Phas 1o
10 be quantifiable and scientifically, controlled. Prior Art Figure 3

il lustrates fewbactens ehalsecerdst trinming process, a step subsequent to

t he OBARC open process of Prior Art Figure 2. Prior Art Figure 3
illustrates an isotropic process of photoresist 15 trimring. |Isotropic
et’ching process attacks photoresist material 110 from substantially all

directions (shownTRY cnvEIiGHa)prabBésd EbAfolNE SLBJeRS kS brioP daesr tical as well
as_a lateral direction 320. The control of the process in this step, resist

f
or ocess  emoYBEToIRL BREARRIS M R SEp Miree S AR 2t epe. 11

the first step, OBARC n, a vertical renpval of
10 aRd 3 exempl?fﬁack of controlcinl remo%)wg 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 exemplary 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



phot oresi st takes place without intent, and then in the second step of
resist trimmng a vertical renoval as well as l|lateral renoval based on
unreliable time based process control. 5 The control of OBARC renoval and
phot oresi st renoval during both processes, OBARC open and resist trinm ng,

I's based on the tine length of the processes. Prior Art Figure 3
illustrates PW&PSBE‘R)P%‘?%%%% "'@'tﬁatr%moaﬁ‘??éa sertcRaf @@@@5”2‘9-%", | eavi ng
phot oresi st material 310. However, a portion of photoresist material 210
was renoved QBARGtetding mresess attadkes @BASIC d88pn efprimarilynveciécal and sone
nore during the second process, what remains of photoresist material 310 is

subj ect to edir@ctionm(sheivh Ipy aaeas250) s rémolas kedfiore 000 bdIOBARBO1 20, st eps  of
the processes. Thus, a need exists for an efficient methad of controlling

the 15 procegsy,gleP RRIHAGAR|SHoMBES R FdribRH \HHotdMas &R nidieAdieRdd [d abl e and is
I a delica

a scientific way of controlling suc te process rather than solely

relying on ti of the process—-which. may, change .from da day. 6
SUMMRY OF THEISHSNRHTH EMRLE: THRBPIIOTa BheRLrat MR 2 BreBieRbl 1 | ng

t he process of OBARC and photoresist material renoval is disclosed. The
present i nvefAuriog this divstadep #f faapreqassiis aeitbentiendsd nena ¢ontigllede desired
| evel 5 of OBARC and photoresist is presented. The present invention

provi des a quaEnbvalifedrhephutdriesist nuditecibl 1 €0ETine dirhahdion afphdtmesisdbt change

material 110 has a direct impact on the critical dimension of an integrated
circuit device and any trimming or removal of photoresist material has to

10 be quantifiable and scientifically. controlled.

Prior Art Figure 3 illustrates a conventional resist trimming
process, a step 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 well as lateral removal based on

unreliable time based process control.



operation fromday to day once all paraneters are considered. Mre
specifically) in one enbodi nent, the present invention 10 provides a nethod
for etching an organic bottomantireflective coating (OBARC) and a
photoresi st material in a single etching process. The nethod conprises the
steps of etching the OBARC and trinm ng the photoresist material at the
sane tinme in an etching environnment using a substantially isotropic etching
operation. In this enbodi nent, the etching 15 environnment including an

et chi ng chamber withe aontspl ofl @BARSd ceranvalzansbphotioresisictanooial whiengi n a

m xture of abrasive gases can flow |In one enbodi nent, an endpoi nt

det ecti on t esfoth procasbelsp OBARCOpEn e regist teinpaingdisiodddDon ahie (BARC has
been renoved, the exposed portion of OBARC being an area of OBARC wi t hout

phot or esi st REARAEL B OEeARCKRREAG: FRUHDS IRISAIBO 1SN IHABEI - APpLYi ng

an over-etch step to t toresist to a desire I nensi on where the

time.of the qver-etch step i hg_bas on_the recent.age of . dpoi nt

i meSand 1 ne TBASCELE IhaTT PR eeol e vife ARG B e that o
t he endpoint step. 7 These and ot her objects and advantages of the
present i nverldPWAVEy [@ Perdign Rl W’@ﬁ@mﬁt?%’s@(bwa&'@m@ﬁﬂg‘yﬁhwt in the art
after reading the followi ng detailed description of the preferred

enbodi ment wintent & thebfinsk stept ofbthedoronesshand samenmoire guring.th@ seca&idl EF

DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs, which are

i ncor por at ed hracass WiRatPethdids bf BhoidrésisEmasaridl 30! i@%ubiédt 4§ efdt th
enbodi ment of the invention and, together with the description, serve to
explain the %dtﬂ(ﬂr%&%e%f deG!‘o lack of control in both steps of the processes.
10 N
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 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
traditi onal OBARC open, a 10 vertical renoval of OBARC and photoresist. i
Prior Art Figure 3 illustrates a traditional photoresist renoval subsequent

to the OBARC Fi lgure 4 illustrates resist patterning in
an et ching prﬁ@@&@%@é%&&@d@ﬁggﬁﬁdance w th one enbodi nent of the

present clainmed invention. Figure 5 is an illustration of a conbi ned OBARC
open and 20 phot orAssiosdinglyirenaiffigient mether phcaricolinatioe piveassfe enbodi ment

of the present clained invention. 9 Figure 6 is a flow chart of steps

perforned i n GBARKeand phyterbsist ngtérigirenesal wheiselosed. Thelprasshtani sot ropi ¢
and an isotropic process using axe endpoint detection nethod is used in

accordance V"ii%borgﬁ‘)‘?u ﬁmgﬁsﬁéﬁhsﬂfitaﬁibé rﬁét‘?r%%%rin%’ﬁqdrin;@“the%é’éﬁeﬂ I§véls a flow

chart of an e I ment resent 1nvention 10 allFfowm ng a w dening of a

it peal o menQBRnC et Buplhurt Bt BRlst eurentt brelfieh poad e "
i nvention. The drawi ngs referred to in this description should not be

construed as ay@ntifjakieanathasl, yduck reais: siakiharg soesinalighangst ed. 10

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

15 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.



DETAI LED -DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Ref erence will now be
made i n detail to preferred enbodi nent of the invention, a nethod for
organi c bottomantireflective coating (OBARCG and photoresist trimmng

process, exanples of which are illustrated in 5 the acconpanyi ng draw ngs.
VWhile the invention will be described in conjunction with the preferred
enbodi nents, it wll be understood that they are not intended to limt the

invention to these enbodi pents. On the contrary, the invention is intended
to cover alternatih®ese anpshipthes Qhients anshadvapipges ehthe Piaseshinveptioe
included within the spirit and scope of the 10 invention as defined by the
appended cl aiwill beEontehelbvious fo thosehef émlinaryisky! idehaidredftelesading then of t he
present invention, nunmerous specified details are set forth in order to

provi de a thappewingudtansd assemstic of e Efeﬁéﬁ*aa driyEdiricPi wHitvayer . it will
be obvious to one of ordinary skill in the art that the present invention

ma e practi; i | cific details. In other instances,
merlgkngmn né@%%ﬁé?dg%yngﬁkgﬁﬁgiﬁﬁggg 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 conbi ned OBARC open and 20 resist trimmng. A
conbi ned OBARC open and photoresist trinmng is applied by using a
substantially isotropic etching process to renove OBARC 120 and phot or esi st
110 in substantially all directions. A one 11 step endpoint detection, in
conjunction with an over-etch step, is used to determ ne achieving the
desired critical dinmension. Figure 5 is an illustration of a conmbi ned OBARC
open and resi st



5 trinmm ng processes perforned in accordance with one enbodi nent of the
present invention. According to this enbodi nent of the present invention an
i sotropic process is used to renove OBARC naterial 120 and phot oresi st
material 110 in substantially all directions. This one step isotropic

removal of OBAREFWBESORIPTICAN @rAdHBoOFRWINGE material 110 is 10 fol | owed
by an over-etch step wth the sanme recipe content to achi eve renovi ng OBARC

material 120 and i J : J ed by a
Singl e endpoi nt Aot et annanfiRb rafingk, rih Bre ol R E) AR5
di stingui shed fr rior Art Figure 15 3. In . Prior Art.Figure 3,, portion of
phot or esi st ﬁa?%’?&rh'ﬁfBePg'CPE?r‘gf\/&Hs%‘Sl?tﬁfUPo‘i"meéﬁtOftt ° f@ﬁ%@nt portion
and with time based process control. The critical dinmension is defined with
ti me based pitogetber withttheldessription, seme ko gxpkains the pringiplesosf hrot or esi st
material 110 and control of critical dinmension are based on endpoi nt
detestion teshverttorech give a reliable 20 scientific nmeasure of controlling
the process. 12 Figure 6 is a flow diagram of an exenplary process 600

wherein a combi ned iy AP FiQRECH aesic@ah%gpi@am S SHB A SMIGRFOBAREY an
endpoi nt detection nethod Ts used. 5 In ep 610, ‘etching the OBARC and
trimmng the phot iSteat the sane tinme in an etching environnment using a
substanti al | ﬁﬁ%&ﬁb%ﬁ% fg'?'c:hi ng operation, the etching environnent includes
an etching chanmber with a top el ectrode and a bottom el ectrode wherein a

m xture of abrasive gases flow. 10 In step 620, Using an endpoi nt detection
test to determ ne when an exposed portion of OBARC has been renoved said
exposed portion ofPriBARCFiIgired snanailleiatrafioOBARGraditi dreak tOBABCoopan, st
protection and

10 vertical removal of OBARC and photoresist.

Prior Art Figure 3 illustrates 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.



exposed to said etching environnment. 15 In step 630, an over-etch step may
be applied to trimthe photoresist to the desired di nension where the tine
of over-etch step is based on the percentage of the endpoint tine and the
process condition of over-etch step is same as that of endpoint step 20
Figure 7 is a flowiglira® rna 6bwpsreeessstépe, paroeimednn ain erdragiafEatchadgt he
present invention allows a w dening of the process 13 w ndow, resulting

in further resd t b 87 i r LAt iArG i oR. I n
B . L R N A U R b i S S S AL

vertical |oss o he .ph - @Sl terial,.. | . deni ng a process
w ndow t o fuIaph%?éqq??tnq%’%gﬁ%iﬁ%hgagg‘?ghé? g??é'lldgﬂfé%ﬂw %gp 730, |eaving
high resist margin for applying the photoresist trimrng to achieve a

smal | er cri tiewod!ﬁ“#@hﬁﬁﬁ% Prasest Eyeplign- control I i ng the phot or esi st

trimm ng by applying an endpoint detection test. 15 Thus, the present

i nvefiti on provides an efficient nethod of controlling the process of OBARC
and photoresist material. The present invention further provides a

quantitative nethqggh@ry eafdW éart Bead eFhbesmetY 6f thef prdBARECInveAtion
phot oresi st renoval. Furthernore, in the 20 present invention process

remai ns. st ablyfoaih RAKEHG LI BRodkYs WRABHE rEAAME Prieri@sihe next. 14

trimming to achieve a narrower critical dimension in accordance with one
embodiment of the present invention.
10
\I

The drawings referred to in this description should not be

construed as being drawn to scale except when specifically noted.

10



The foregoing descriptions of specific enbodinents of the present invention
have been presented for the purpose of illustration and description. They
are not intended to be exhaustive or to limt the invention to the precise
form di scl osed, and obviously many 5 nodifications and variations are

possi bl e i n DEFARILED DESCHIPTEONERE NIHE PREFERREQIEMBOBIMENT SShosen and
described in order to best explain the principles of the invention and its

practical appli caﬁe@@renke v@;h‘?fo‘%\%eﬁ‘fﬁé‘@é % QEREIS ;%Irér'r&si chibdditBet bf t0 best

ut:jl ize tge i nvention and various enbodi nents with various nodifications

h
scope of 1 hfeﬂ?%l?n%ﬁﬁﬁéﬁ §hdhetlig, 37&7%?%%3%34”“"9%%&Mae%daﬁbﬁét?%é’ A hé. '
equi val ent s. CLAI M5 What, is Clainmed is: A et hod_for etching

1.
organi c bott éﬁfjaﬁhqtﬁ”@ﬁfséé'ﬂ"%”a&é‘?%?@ @Q‘BNE&SS QHWhé\C*bﬁEﬁ Hrugkated iRat er i aI in
a single etching process, 5 said nmethod conprising the steps of: a) etching
sai d5 OBARC athe accompagyisgi draplings rWbilg theninventian will kehdesenteed inme i n an
etching environnment using a substantially isotropic etching operation, said

et chi ng envi cenju@Btion Wi tengrefdrréd eMbudimear) e will b uadbaRoed gritr ode and a
bottom el ectrode wherein a m xture 10 of abrasive gases can flow

ther et hroughyy, ﬁ'&@%@’h"?ﬁq"‘% tﬁlﬂn%thH td g%set 8m‘ﬂ> ﬁﬁé’ht@eo g _an

exposed portl o een renove sal expose portion OBARC

bei ng an area of RC. wi t hout. phot i st ect on and sed to said
ot chng envi PORTFaRE thetrendonyis SREngRadb 2hvet ehektiies FBRuREaloten oo o
photoresist to a

and equivalents, which may be included within the spirit and scope of the

10 invention as defined by the appe‘nded claims. Furthermore, in the
following detailed description of tlhe 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



desired di nension where the tinme of said over-etch step is based on the
percentage of an endpoint tine and the process condition of said over etch
step'is sane as that of said endpoint step. 20 2) The nethod as recited in
Claim 1, wherein said endpoint detection test of step b) is used to
deternmi ne a itdppeh@pahhdérctisnl ih SHMMScti@MMKRlan der-etdh sTlE isREBAG as

recited in Caiml wherein said bottom el ectrode applies a power between

10-80 W 4) H%%Jﬁfﬁ@%@h?eﬁnirﬁ]ﬁg&%%@siradgri"f’il:&l‘31‘ e[ic%};].n sai d endpoi nt 5

detection test ects sai strate materia ed away in said etching
chanber. 5) The nmethod as recited in Caim21 wherein said endpoint
detection test detects a ratio of said exposed portion of said OBARC and 10
sai d photoresist material in_said etching chanber. 6) The nethod as recited
in daim1l wherei frigurgi Xisuar ilbistraipa 9f vecqabine dfPBAG apeaandaedistt chi ng
chanber; said m xture of abrasive gases including, O and Cl12, CF4, HBr,

H, §0 15 7Xrirhhsingprbcsbsas patornest imasdardance wittr snanesmiodiment off e of
abrasive gases flow ng inside said etching chanber naintains a varying

ratio of 2 fRe 3%&&@%%@%?%%2%@@% BRI AMENK bH R eefe_sghf asive gases;

20 8) The nethod as recited in wherein volume of said 02 in said

rati o varies . bet n, 20- e . T ecit in dam
6 wherein reﬁﬁVQ%ﬁfa%%QQ&A%%g%a '%élsﬁd 8%6?®§¥§§$Rﬁg®taiq%{ﬁli126achi eved
by a change in said ratio of said gbrasive gases |n conjupction with a
change in saiad‘d&ﬁqteﬁsﬁtéﬁ?ﬁ%@@ﬂgv@rs ém'gﬁ%?ﬁﬁ"fﬁ}'oﬁﬁeTWﬁtWtSB recited
in Caimé6 wherein said endpoint ,, ...,,. detection test detects etched
mat eri al in dsotibpic cdrnoyalodf@BARC matpriaht20rand gihoderesist matdriain! 10 i m 6
wherein a ratio of the 02 to 10 the rest of said gases flow ng through an
et chpng chaniglowed bgan 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 Art 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 control of critical
dimension are based on endpoint detection test, which give a reliable

20 scientific measure of controlling the process.
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bet ween 20-80 percent. 12) The nethod as recited in Claim6 wherein said
transfer fromsaid ani sotropic process to said isotropic process being
controlled by 15 changes in said ratio of OZ to said other gases and
changes in bias power applied to said bottomelectrode. 13) The nethod as
recited in Caim 12 wherein, sai chan% S in saidratio ofpgz to said other
gases is by incref QUG &R RV AROETA g@E SEMRayoRecesD FOLUNeBIR g ¢
bottom el ectrode is by |owering the bottomelectrode power. 18 ,, Y, 5
10 14) A net é@abinad anispirapicaandpgdaeitopetateingmrpeeds 60w coat i ng
(OBARC) and a phptoresist material in a single etching process, said nethod
conpri si ng t eedptinpdetziction)meibiod isiusgdan OBARC open and a phot or esi st
trimmng to reduce a vertical |oss of said photoresist material; b)

wi dening a process window to further trimsaid photoresist material; c)

| eavi ng high resist margin for applying said isotropic photoresist materi al

renmoyal process t chi ey sl er b C j on. ontrol ling
sai & phot or esi st Fr} g%ﬁg(ftﬁc'yﬂgltw 99§éﬂbeﬂgﬁrﬁﬁ@¢%&qogﬁp%si%tﬁ 15) The
method as recited in Caim1l4 wherein a controlled 15 transfer from said
ani sot ropi ¢ Heosaas tirge xap etsbingaVIronmRIEJsing g substaptially i$QERPIE oss of

sai d photoresist material. 16) The nethod as recited in Claim 14 wherein
sai d w deni ngtahing apédrajione dves etehiniy wnairboment indudes ar stching chambey t o
further refine said 20 critical dinmension. 19

L5125 Gprn e s ofhun g gt it T o1 ¢
ca] ca] ca] ca] gpl{Rad gaseshedl + U IR 9
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 over-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



2 \
X' nC% o} xsni d_Z] 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] ca] ca] ca] ca] ca] ca] cal NnW 1t "h8\ } xr mhc”Y] ca] ca] ca] ca] cal]
caj] 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] cal \ Y>Guf ayMNre i g in further resist trimmjng to achieye a narrower crijtic
}xsnid_Z]]ca]caJca]calca cz?] calca]calcaJca aﬁ cal calca]calca cafcz?]l ca] ca] ca
] ca] ca] ca] ca]aca calcalca]calcalcal H!!I"J"""#a###93} $$$5I %880

8YRe&E& ' C 'Y"%eg(slﬂ(}'wr nmhc/Y] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca]
cal calca] ca] ca]ca]ca] ca]ca]calca]calcalcalcalcalcaljcalv((((,)V))))*c*****+p
+u+++,1,n,,,,#-c---:.../|wnmhc”Y]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] ca]ca]ca]calca]ca]cal/ _///$0k001J1t 111
A22223P3334[ 444851h 586669 7¢ampinsmg theZ DIBRCajpen) ard phbtoadsia] rmproiigcal ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]cal 777" 8E8889V
9k9ng993: X: [ :redlieiNgld vertical loss of the photoresist materjal.

;5 (<3<r<<<<D=v===}xsni d_Z]] 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] ca] ca] ca] ca] ca] ca] ca! ==>V>>>' ?A?G???K@AASA0A
AB7B=BDBXBBBC=CCCD; Dt DDD

O e e ahradan 220 hidbia & Process Widow 1o futner i the phato - © o © ©
E _EEF] FFFFGGG HAHI 11 *JVI\ JJJ?KAKKLMLALLL2MZMVM N} xsni d_Z] ] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca]resist mjatafiala] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cal! ( NON?NBNDNFNHNKN OOP: Qv QQQJJ ?KAKKLM_ALLL2MZMMM N} xsni d_Z] ] ca] ca] ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
aU] ca] ca] ca] ca: MNeFy' 10% o0& ()-s@ 10% o0& () - @10% o& ()-y3

10%,p& () - @ 0% o& AP % 8 { L 1RO () < §10%% 0& [ ).=5f 10% 0&
' ()-1!951((33@0&' ()- 10'(%33%!9%)9%%)‘5'& Po@?gg%ﬁs@ﬁ%@%l %ﬁ?f"@%@ﬁ@?@@ﬁ& 0& () -
SF""10% o&' (),-. 0%.,0& ()-9u 00,.100 .

1000! 910‘Vmof&')tf'm'é'%édg/é%:g?\?e- ??%/'geg&”{'??#msb%( )-" & 10% 0& () - LdESE?
1000yg109%&' ()-s109%&' ()- 109%& ()- 10%&' ()-10%& ()-S10%& ()-=+ u dESE7 1000
109%& () - GLO%& ()-310%& ()- S&L0%& ()- &10%& ()-310% ()-u JAESE7 1000s@
"109&' ()-y-10%& ()-(10%&' ()-&10%&' ()- $z#10%& ()-3"f10%& ()-R xnmbC

1000f 10% & ()- 10 InGtep7409gontyolingdee phoBresigt {rimmingDbg applyingan XdEnbC
100010% &' ()-y10%& ()-10%& ()-f!10%& ()-y9s10% & ()- 10%& ()-' ndEmbC
1000" 10% &' ( )ersipdim&dtpetidrDtgat’ () - 10%& () -1 10%& ()- , S10%& () - C% dEmbC
1000,/ 10%& () -,

109%g& ()-*10%& ()-(910% & ()-f&&10% & ()-9%$"10%& () - (oNxmbC

Thus, the present invention provides an efficient method of
controlling the process of OBARC and photoresist material. The present
invention further provides a quantitative method for measuring the
desired level of OBARC and photoresist removal. Furthermore, in the

20 present invention process remains stable and operation does not change

from one day to the next.
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1000y10% ()- 10z 10z 10z9s10%& ()-5m0%& ()-s310%& ()-F1

10% & () - NndEnbC 1000S910%& ()-y 10%& ()-#10%& ()-L10%& ()- y3

S109%& ()-y10%& ()- W dEnbC 1000s5$" 10%& () - F" 10%& () - f

109& ()-109& ()- #109&' ()-f: 109&' ()- fltdErrbC

1000S3- 109&' () - 95/ 10%& () - & 109%& (3 y*gLl0%& () - (10%& ()- &GLO%& ()- !"hbC
1000y 109& () - 9f Tiw@olpregeing oegcyiy O%Oflﬁp%ﬂ C empugimeotssaiohe: Rr)essmtasbc
1000&410%& () y109%& ()-y109%& ()- @10%& ()-0y 10%& ()-9'y

10% i & () - 9\ YoErGohCuns IS4 p@seriad 1A’ ;Ql)rpoﬂié‘}z&'il(@strfaljﬁw&r(c) -sy109%& () -
S109%& () - >cdEbC 1000l 110%& () -

T @#109%& () - dER¥Bpiion. are)ndt ideH8et)to 08B AustiVe Gr 18 ditnit the

8&10%g& ()-10%g& ()- 10 10 10 :s10%& ()-5F10%& ()- 3S109%& () -/ r udEbC

1000810908 ()7 Jdh@ o) the 1288 (it Wakoddd, artPdBfoldly mMaR@s () -MN - dEDC
5 modifications and variations are possible in light of the above teaching.
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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1000 f10%&

()-S10%g& ()-" $10%& ()- GL0%g& ()-F 109%g& () - S10%& () -

e f . bC 1000 10%& ()-yl0%é& ()- 10%& ()- 10g 10g
10g9: s10%& ()-3"10%& ()- H 11" J""dEbC 1000"10% & () -
S10% & ()-10%& ()-s10%& ()-#10%& ()-L10%& ()-""#a###9SdEDLC

1000&10% & ( 092 & ()-3"10%& ()-
10%& () - 10@&% 109 & () - 9%} $$$! 998EELC

1000310% & ()-11109%& ()-, /- #10% & () -

&' &#8$&Yke &RIYE! 1@6&:@@3@0& ()- &10%0& ()-y1l0%0& ()- 10z 10z
10z9s10% & ()-510%& ()-& "' '!'C "' bC 1000z10%& ()-fl 10%&' ()- @O0%& ()- 100
100 1009s10%2& () 1f 109%@&nehod for etdHing BrGrganic bottom antireflective
t 109 () - 510%& () y3GLO%&' ()- 10%& ()-10%& ()- ((,)V))))aBbC

§dat hot t material, | tch es
10%: () - 10%! ()%290%0/& ()~ Da ik rogepist materialin,a Single SS0eWRESSEY ()- 10

1000z10%&' () -
10003( 10%& §

£93 109%&
100 0% & ()
E:/ 10z

10

15

20

é%zgo%d&oraeﬁéﬁé%é%mﬁ%§)YZSI/EE“U riente O-+1,

a) etching said OBARC and trimming said photoresist material
at the same time in an etching environment using a substantially isotropic
etching operation, said etching environment including an etching
chamber with a top electrode and a bottom electrode wherein a mixture
of abrasive gases can flow theratlhrough;

b) 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; and

c) 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 and the process condition of said over-

etch step is same as that of said endpoint step.
2) The method as recited in Claim 1, wherein said endpoint

detection test of step b) is used to determine a time length for said

OBARC removal.
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10zs910%& ()-S 10%& ()-y:10%& ()-10%& ()-

10%& ()- F10%& ()-,,#-c---:..xY:/ 10z 10%& ()-

110%& ()-10%& ()-410%& ()-fYl0%& ()-,410%& ()- 10z../ _///$0dE:/ 10z,
10%2& ()-10%& ()- 10%& ()-Z 10%& ()-10%& ()-L10%& ()- $0k001J1t11dE:/
10z9*t 10% & () - (f %80/@&'_'()-0/9/10%&' ()-#"10%& ()-!'10%& ()-1S10%& ()-11A222
2222dYNC 10z 107 7 he method as recited in Claim 1 wherein said bottom

10z1 s910% &' ()-3@0%& ()-010%& ()-."10%& ()-y, 10%& ()-23P3334[ 4dEYNC
10z electrode applies a power between 10-80 W.

s10% & ()-FF10%& ()-nm' 10%& ()-y' 10%& ()-110%& ()- @ 0% & ()-[44485~555dE
YNC 10z ! 10%& ()-S10%& ()-910%& ()-"10%& ()-10%& ()-

10% & () -5E666%$7] 77dEYNC 10z

L 10%8& ()-, 10%2& () * H09Z & ()~ 3CLAYZ L () - RLOY & () - #G 10%2 & () 777777" 8ES8
bC 1%zy'(')100/&' (G)z- (“?oo/&-]"?}%%ﬁ%@éﬁ?’@%ﬁ&ﬁ%&W@f@@%%&&
102910%& () - 889V9k9n99dEhC, . . o .

1071 105! () SETOBIBT PEEBE salfsubatrats ptatel oi5hod awAY iysaidsiehieg : : : denc
102" 109& ()-_f1&10%& ()- " $10%: ()- "10% ()- 109 ()-MLOY& ()-:9% X [;
s dE c .

5) The method as recited in Claim 1 wherein said endpoint
detection test detects a ratio of said exposed portion of said OBARC and

10 said photoresist material in saidsetching chamber.

6) The method as recited in Claim 1 wherein a mixture of
abrasive gases flows inside said etching chamber; said mixture of

abrasive gases including, O? and CI2, CF4, HBr, HI, SO.

15
7) The method as recited in Claim 6 wherein said mixture of
abrasive gases flowing inside said etching chamber maintains a varying
ratio of O to said other gases included in said mixture of abrasive gases;
20 8) The method as recited in Claim 7 wherein volume of said O?

in said ratio varies between 20-80 percent.
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10 101 910%&' () - 310%& () -f Y1109%& ()-s@ 10%& () - - 10%& () -*109%& () -
- (<3<r<<<<xY:/ 10&10%& ()-10%& ()- S10%& ()-10%& () -

10%2& ()-s10%& ()- 10<D=v====>dE:/

10@10%& () - &$10%& ()-!10%& ()-10%& ()-

Toved ()1 51096 ) TOoRE (S MR T AR B v

| /R - o/R' " o/R' - /R - o/R' - /R -
1oz z$k‘; 27 108 SAARL R Ehid AR ddisnliRiAfid demaVed bl s dhdi&in' daia
S 1098 () - 10%&' () - #10%& ()-fs109%&' () - &L0%& () - =BDBXBBBC=CAEYNC 10z! Lf S
10%. () - y GLOYRNG pf gaishaprpsive- gagesgisgeqnjurctippogith f-ghepgg in)saitbettom DDaBYNC
10z! Lf: 109%&' ()-f10%& ()-sl ml0%&' ()- @ 10%& ()-109%& ()-!L@ %d0% ()- DD
E_EEF] FAEYNCeléttdde péwep@biirels* 1098 () - y&L0%&' ()-' sL$! 109& () -
"T09%&' ()- 109&' ()-] FFFFFFFGUG = 10z!L!  #10%#& ()-9! 10% & ()-& 10

5

10) The r_ﬁe'thodg;as,{anl_tg 8 Claim 6 wherein said endpoint

detection test detects etchigd mateffal in said etching chamber.

11)  The method as recited in Claim 6 wherein a ratio of the O?to
10 the rest of said gases flowing through an etching chamber varies

between 20-80 percent.

12) The method as recited in Claim 6 wherein said transfer from
said anisotropic process to said isotropic process being controlled by
15 changes in said ratio of O? to said other gases and changes in bias

power applied to said bottom electrode.

13) The method as recited in Claim 12 wherein said changes in
said ratio of O2 to said other gases is by increasing the O? and changes
20 in power applied to said bottom electrode is by lowering the bottom

electrode power.
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10 10Y910% () - 3410%& () - YI10%& () - UGGG HdHI | ~?_=
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10z! ! f ymo%@agq mathod comprising the steps of:
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10! 1 & MB10%&' () - @)L10%Bn(bining ah KIBKRC op&t Bhdl HOBBOtOyeSst trimming to

f109%& ()-!f10%& ()-QQ QvQANWX6YNC 10! | & MPL1OY&' () - @LlO%&' O-'#

LI $309& () - Selilidd @%fertidalFoss bﬂ%‘&d(ﬁhdto%ls@&@néﬁenamrml " Headi ng 13]c”
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SIS TE B VB o R AR

YOSUR () *+, . $012[ 5789:

<>F?$A=B=CD] | Pekg Al ve NooaH JKLMNOPQRSTUWKYZ[ \ ] ~_" abcdef ghi j kI mopgr st uvwx

yz{|}~6Ti mes New RomanAri al Courier New'h Root EntryWrdDocunent

" #$9&' () *+, - ./ 019345d28%ing high resist margin for applying said isotropic

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
photoresist material removal process to achieve a smaller critical

10 dimension; and .

d) controlling said photoresist trimming by applying an

endpoint detection test.

15) The method as recited in Claim 14 wherein a controlled
15 transfer from said anisotropic process to said isotropic process reduces a

vertical loss of said photoresist material.

16) The method as recited in Claim 14 wherein said widening

of said process window allows further resist trimming to further refine said

20 critical dimension.
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