CONTACT PATTERNI NG METHOD W TH TRANSI TI ON ETCH FEEDBACK BACKGROUND OF THE

| NVENTI ON The present disclosure generally relates to netal contact
etch patterning in sem conductor integrated circuits. Mre particularly,
the present disclosure relates to netal contact etch patterning with a
transition step using closed-roop feedback. In metal contact (CA)
etch patterning, the process window is quite narrow i n sub45nm devi ces, for
exanple. A typical goal is to achieve a final critical dinmension (FCD) that
is as small as possible without incurring an open-failure, such that an

overlay margi n can be extEONTACTERANTTERNING NEIMODL O the etch process
generally had to shrink the critical dinension (CD) over a 20nrn bias.

Thus, pol ynerizing gas .‘?Rﬁ\)ﬂlﬂﬁﬁ?l@mﬁ?ﬁ'é &R the etch process.
Prior approaches attenpted to pre-select a gas flowrate to achieve such a
CD. Unfortunately, the snmaller the CD using this approach, the higher the
ri sk of open-failures. SUMVARY OF THE | NVENTI ON These and ot her

i ssues arWMom act patterning with transition etch
f eedback. i rovi ded. An exenpl ary

enbodi nent net hr?d for fg_rm' nlg a contact hole in a sem conductor device

i ncl udes measutipresepkriseippdigoneradingtates ip meta coptashetRanber, and
controlli ng{ the percentage of oxygen in the etching chanber to enlarge a

t enpor ar yPatieIBINgdn geBrieandnstar infegretedeireuits. dbeneaarticidary, the presentx her
exenpl ary enbodi ments further include nethods wherein the enl arged

t enpor ar ydiscinsuredielates tr metscontaet ¢ioh pattetrieg avithtaairanditidresteparseases a f | ow
of etchant to a bottom of the contact hole; nmethods wherein the enlarged

t enpor ar yclosewloopifesdbask. near the top of the contact hole is less than a
devel oped critical dinmension (DCD); nethods wherein the enlarged tenporary

In metal contact (CA) etch patterning, the process window is quite

10 narrow in sub-45nm devices, for example. A typical goal is to achieve a final
critical dimension (FCD) that is as small as possible without incurring an open-
failure, such that an overlay margin can be extended. Earlier approaches to the
etch process generally had to shrink the critical dimension (CD) over a 20nm
bias. Thus, polymerizing gas chemistry has been applied to the etch process.

15  Prior approaches attempted to pre-select a gas flow rate to achieve such a
CD. Unfortunately, the smaller the CD using this approach, the higher the risk

of open-failures.

SUMMARY OF THE INVENTION

20 These and other issues are addressed by methods for contact patterning

with transition etch feedback. Exemplary embodiments are provided.



10i nner di aneter near the top of the contact hole is |l ess than a final
critical dinension (FCD); nethods further conprising determ ning an optim
fl ow of etchant to a bottom of the contact hole, wherein the percentage of
oxygen is controlled to optimze the flow of etchant to the bottom of the
contact hole; methods further conprising conparing the tenporary inner

di aneter near the 15top of the contact hole with a devel oped critical

di rension (DCD), wherein the percentage of oxygen is controlled to increase
t he di nension near the top of the contact hole w thout reaching the DCD,

met hods  wher eiRnbﬁsm?%gi%ﬁ{bohﬂhéntirﬁe%ﬁlfefjfotﬁgm 4 Bbhtb o HP8L o) hol es,

and the percentage o gen 1s controlle fst antia I equal i zef t he
' . . . ¢ .

contact LeriRBhdduBece oRMes HEA AR o bR iR s AL B 41 biY e
ol e ChambeiaHRg Saep ey B PSR aaB St it oY U GHINY ACPUBE" et hods

wher ei n enl ar gi the top of the contact hol e reduces a pol yner or

pol yner - | K@r STReABHINABGAIaMeter RRAr Gt toprd they peRiaEt MIee; net hods furt her
conprising conparing a polyner-restricted di mension near the top of the
contact hol e viPther @xaepiry gatbogimentsdurtiiemaeivie metnaty) wheresn tien t he

per cent age of oxygen is controlled to reduce without elimnating the

pol yner reyargectteowwonary hionks didreeter meahthectoptadiche bartect Iwleimeredses gl ural ity
of contact holes, and the percentage of oxygen is controlled to

subst ant i fidw wf eghahi toea bottom®If thieesdntact Hadsmethod8 Whepéintthe ehlauga] i ty of

contact hol es, respectively; methods wherein 10controlling the percentage
of oxygeneheraryRhR&edibMmeterticaP id {opbfih€Rortabehold if ids8than a
developed critical dimension (DCD); methods wherein the enlarged temporary
10 inner diameter near the top of the contact hole is less than a final critical
dimension (FCD); methods further comprising determining an optimal flow of
etchant to a bottom of the contact hole, wherein the percentage of oxygen is
controlled to optimize the flow of etchant to the bottom of the contact hole;
methods further comprising comparing the temporary inner diameter near the
15 top of the contact hole with a developed critical dimension (DCD), wherein the
percentage of oxygen is controlled to increase the dimension near the top of the
contact hole without reaching the DCD; methods wherein the contact hole is
one of a plurality of contact holes, and the percentage of oxygen is controlled to
substantially equalize the temporary inner diameters near the tops of each of

20 the plurality of contact holes, respectively; methods wherein enlarging the top of

the contact hole reduces a residue restriction near the top of the contact hole.



oxi de etch and before a second oxide etch; nethods wherein controlling the
percent age of oxygen conprises controlling the ratio of carbon-fluoride
(CAF6) gas to oxygen (02) gas; nethods further conprising controlling a
process time for each of a plurality of flow rates through the enlarging
tenporary inner 15di aneter near the top of the contact hole. Stil

ot her exenpl ary enbodi nents further include nethods wherein the oxygen
percentage and process tine are control variables optimzed to obtain a
desired final critical dinension (FCD) at the bottom of the contact hole;

met hods  wher ei iy tiéiRg kb pfarg bhitotiftheists TEAReARCcIAte Mihd®PwhErdidie cont act

hole is no greater 20 than a devel oped critical dinension (DCD) at the top

of the co : ; ' ' ' het ween a

resul ti ng&@g@@g{eetapr@é%@%@\mﬁ@ﬁ{oﬁ%@@gﬂgg écﬂg&%gﬁ% @@%EBF@; and a final
critical di sion at. .t he hottomof .the_contact hole is no |l ess than
58 degredesTronSaat Rdbets e Fordet ibneto S AR AR 2t "o bortom o
the contact hole is |arge enough . .to substantially prevent open cjrcuit

i1 ur os. COPAING oM PSSR SRS BRI Hniad a1ine FemaehBP BN et hods
wherei n the sem conductor device is a 45nm device and the final critical

di mensi or? geehpped cetigrd dirsension (leDi ovieretn thelper¢entage pe@egesdsi rn; net hods
further conprising controlling a process tine for each of a plurality of

f1 ow r at esontiotied ¢ reduseanthaud etyinating dnea pglymeneestdctiore meathodsar t he top of
the contact hole, wherein the oxygen percentage and process tinme are

control wahérabl e cpitactihotistaneldfebplaratitypolesitactcholespanddhe t i cal di mensi on
(FCD) at the bottom of the contact hole, and wherein the oxygen percentage

and procesércéntaBe ©@PBky§en saton&BliEs toasstatitidng eqOaliidhapfet roshititidng a
desired resulting critical dinmension at the top of the contact hole;
met hods WHeIRh b hd BRIFAIRY BECSHthét Hifds, FeSFRTVEN; RletiddR witsteRf the
10  controlling the percentage of oxygen takes place in a transition step after a first
oxide etch and before a second oxide etch; methods wherein controlliing the
percentage of oxygen comprises controlling the ratio of carbon-fluoride (C4F6)
gas to oxygen (O2) gas; methods further comprising controlling a process time
for each of a plurality of flow rates through the enlarging temporary inner
15 diameter near the top of the contact hole.
Still other exemplary embodiments further include methods wherein the
oxygen percentage and process time are control variables optimized to obtain a
desired final critical dimension (FCD) at the bottom of the contact hole; methods
wherein a resulting critical dimension at the top of the contact hole is no greater
20 than a developed critical dimension (DCD) at the top of the contact hole;

methods wherein a declination angle between a resulting critical dimension at

the top of the contact hole and a final critical dimension (FCD) at the bottom of



contact hole is small enough to prevent short circuit failures; and nethods
15wherein the sem conductor device is a 45nrn device and a resulting
critical dinmension at the top of the contact hole is |l ess than 65nrn.

Exenpl ary conput er -readabl e storage nedi um enbodi nents i ncl ude program
steps conprising neasuring a percentage of oxygen in an etching 20 chanber.
and controlling the percentage of oxygen in the etching chanber to enlarge
a tenporary inner dianeter near a top of the contact hole. The
present disclosure will be further understood fromthe foll ow ng

descripti@g @htfXABR 8% Ié@%hmeare%' thBtrofls WherEinCfehl bRti&gnnect i on
with the acconpanyi ng draw ngs EF 'DESCRI PTI ON OF THE DRAW NGS The

A et S S B A
figures, ;'w%ve\é\ﬁti ope‘n circuit failures.
Still additional exemplary embodiments further include methods wherein

5 the semiconductor device is a 45nm device and the final critical dimension
(FCD) at a bottom of the contact hole is at least 50nm; methods further
comprising controlling a process time for each of a plurality of flow rates through
the enlarging temporary inner diameter near the top of the contact hole, wherein
the oxygen percentage and process time are control variables optimized to

10  obtain a desired final critical dimension (FCD) at the bottom of the contact hole,
and wherein the oxygen percentage and process time control variables are
further optimized to obtain a desired resulting critical dimension at the top of the
contact hole; methods wherein a resulting critical dimension at the top of the
contact hole is small enough to prevent short circuit failures; and methods

15  wherein the semiconductor device is a 45nm device and a resulting critical

dimension at the top of the contact hole is less than 65nm.

Exemplary computer-readable storage medium embodiments include
program steps comprising measuring a percentage of oxygen in an etching
20 chamber, and controlling the percentage of oxygen in the etching chamber to

enlarge a temporary inner diameter near a top of the contact hole.



Figure 1 shows a schematic side view of a sub-45nm sem conduct or
10integrated circuit; Figure 2 shows a schenmatic bottom view of the
sub-45nm device of Figure 1, taken froma reference |line at about the

m dsections of the netal contacts; Figure 3 shows a plot of
yield versus critical dinmension (CD) for sub 1545nm devi ces w t hout
transition etch feedback; Figure 4 shows a schenmatic top view of a
sub-45nm devi ce, including contact holes with polynmer bridging, Figure 5
shows a schematic side view of the sub-45nm device of Figure 20Figure 6

shows a schemetiL,sisdft Hitsg}ﬁ(s&’rfe V@il BRTLARS (MlefstBbd Eﬁoﬁ?ff%lzﬁégoﬁnggr e 7 shows a

process flowhart for ne contact patterning; ure shows a
process f [ : i i th. Q2) flash;
Figure 9 J'js O\I\Ilgﬂélﬁ Bf §>éeer§§It3 %@cﬁgﬁé'}tgﬁ@gﬁ ga%lgoee\/\ﬁeaapi'@%? gé%%@@kvg' ontrol in
accor danct% with a Er.efe red enbodi nent of the present disclosure;

Figure 10 §FGRRMEAVAE FEEVE9Si de view of a contact hole duri ng the
transition feedback step of Figure 9 in accordance with a preferred

enbodi ment of the present disclosure;

5 BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure provides methods and apparatus for contact
patterning with transition etch feedback in accordance with the following
exemplary figures, in which:

Figure 1 shows a schematic side view of a sub-45nm semiconductor

10  integrated circuit;

Figure 2 shows a schematic bottom view of the sub-45nm device of
Figure 1, taken from a reference line at about the midsections of the metal
contacts;

Figure 3 shows a plot of yield versus critical dimension (CD) for sub-

15 45nm devices without transition etch feedback;

Figure 4 shows a schematic top view of a sub-45nm device, including

contact holes with polymer bridging;

Figure 5 shows a schematic side view of the sub-45nm device of Figure

20 Figure 6 shows a schematic side view of a contact hole of Figure 5;

Figure 7 shows a process flowchart for metal contact patterning;



Figure 11 shows schematic top views of a sub-45nrn device in accordance
with a preferred enbodi nent of the present disclosure; OFigure 12 shows a
plot of critical dinmension versus a reciprocal ratio of oxygen percentages
for sub-45nrn devices in accordance with a preferred enbodi nent of the
present disclosure; and Figure 13 shows a conparative plot for old
versus new conditions on the rate of ion etch (RIE) or etch rate in
accordance with a preferred enbodi nent of -the present disclosure.

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS A nethod is provided
for formng se n(CA) etch
patterning. Expgbrrg%ﬁ?ﬁg%o Egﬁ%sgﬁ&g?cowrfdﬂ‘hjie?al"&qnlfb t%g%[[ ﬁy&vﬁﬁtgatter ni ng
met hod wi nt on etch step for sub-45 nm |l ogi c devices. A polyner
bui | d-up #@aﬂ% (w}?lg%hof a contact hole affects flow during subsequent

et ching and de Q [ocesses ffect fin cont act;
but the pol ymepr9 Hm?aﬂa\&satggp?ss{%o%ﬂ]%thfgé Pégtﬂ patl %ﬁgg?%mrgr%f”the
present discl osure control the oxy ratloto i ncrease a critical
10 di rrens??ﬁ?”? '{twgrpéel?ffﬁpcﬁﬂ“?ﬂ "F‘ﬁ@?‘éfotﬁﬁélf?sem%:wr%pens the top of
the contact hole so that nore etchant reaches the bottomto increase the CD
and prievent opeureal( ahews aisehamtie sisierdew o ercantan) holndwingribee sone
polymer is renoved and sonme renmains, |less 02 yields a snaller bottom CD,
whi | e norigamsition eedback Sf&pgﬁrFigmethma@E‘brdﬁmbe with decsfersed ealbloderhe® bei ng
equal , nore 02
of the present disclosure;
Figure 11 shows schematic top views of a sub-45nm device in
accordance with a preferred embodiment of the present disclosure;
10 Figure 12 shows a plot of critical dimension versus a reciprocal ratio of
oxygen percentages for sub-45nm devices in accordance with a preferred
embodiment of the present disclosure; and
Figure 13 shows a comparative plot for old versus new conditions on the

rate of ion etch (RIE) or etch rate in accordance with a preferred embodiment of

15 the present disclosure.



15 eats away nore of the polyner at the top of the contact hole. An
exenpl ary process controls the percentage of C4F6 to 02 to maxim ze the
bottom CD and prevent open failures wi thout causing short failures. This
process controls the bottom CD nore precisely than was possi bl e w thout
controlling the percentage of oxygen. 2.0As shown in Figure 1, a sub-45nm
devi ce, shown here in a side view, is indicated generally by the reference
nunmeral 100. The device 100 includes first, second and third netal contacts
1101 112 and 114, respectively. The first nmetal contact 110 has a top
critical gEMRISPBESERIFYIOROPPRAPERREPEMEDGRIOUTES. 6nrn. A second

, T OF M= , v

nmet al conta 3 CD 0O 4.6 ana pottom CD of zero. That is,

h d . ¢ Failure . ird. .

he 2Crond oy o mefidh AbrogifiBa Mo Ai BRI A IS infack bt in Ot 2t 114
t al t . _but ble b CD 6.3 . T i

T ar o 9 Bl ety R el ol ait-r ke BPiary eRbaAMERE Provide 3 statam voew

t hrough about the mdsections of the netal contacts, is indicated generally
by the req%}t%q@écma%eralngznethoﬁwwtfu%%aeé'tlze@tqm%tpai%suﬁq-ﬂéfmIﬁewugh fifth
nmetal contacts, 110, 112, 114, 116 and 118, respectively. Here, the
10contiactdevigey; 114, 116 and 118 are robust, but the second contact 112 is
al ready too restricted. Turning nowto Figure 3, a plot of yield
versus CD wi t hdpolymresrsild-iupmestr ¢ie fapeaftmcdntast holdiatfactediogetigirad | y by t he
reference nuneral 300. Here, a region 310 has a relatively small CD, but a
hi gh i ncigighzequerft epieing @ntdaléposttian lpps@ssed) drid thegétonafBdcs tesfirel medi um CD,
and a |l ower nunber of failures within its approxinate margin. A region 314
has a rel@rity&! butlthe @olyahkar BuiH- s bR/ aTeral ERBsdimehtsefithef ai | ures.

Random open faillures typically occur in the netal contact pattern
present disclosure may control the oxygen (O2) ratio to increase a critical

10  dimension (CD) at the bottom of the contact. More O2 opens the top of the
contact hole so that more etchant reaches the bottom to increase the CD and
prevent open failures. In a preferred operating range where some polymer is
removed and some remains, less O2 yields a smaller bottom CD, while more
02 yields a larger bottom CD. This is because, all else being equal, more O2

15 eats away more of the polymer at the top of the contact hole. An exemplary
process controls the percentage of C4F6 to O2 to maximize the bottom CD and
prevent open failures without causing short failures. This process controls the
bottom CD more precisely than was possible without controlling the percentage
of oxygen.

20 As shown in Figure 1, a sub-45nm device, shown here in a side view, is
indicated generally by the reference numeral 100. The device 100 includes

first, second and third metal contacts 110, 112 and 114, respectively. The first



because the process window is so narrow in sub-45nrn devices. It is
desirable 20to achieve a final critical dinension (FCD) that is as small as
possi bl e without incurring open failures, particularly so that an overl ay
mar gi n can be extended. General etch processes have had to shrink the CD
over about a 20nm bias. Thus, polynerizing gas chem stry is generally
applied to etch processes. Alot of tine and effort is typically devoted to
pre-selecting the nost desirable gas flowrate to reduce failures for a
given integrated circuit design. Unfortunately, the smaller the CD, the

hi gher t hgetdi ebnikt '1%‘HQ%QBG'&rifi@él'd‘i’rh@@srigﬁﬁCE)ZoPGf.ﬁﬂﬁfaM5@6&8&- cD As

shown in Figure 4, a sub-45nm devi ce, reinatop view, I

i ndi cat ed,gengsal Wsé’ébnﬁhﬁ?faﬁéﬁﬁtgl?ﬁfb?HQ?E%U%%M gi]?%@féftdgfgé&grf ncludes a

plurality of ‘etched contac e i ncl con 2 t hrough
420 that, ~shqQw si g af pol ynmer bridgi ng. rning to FLgure, 5. t he

sub- 45ri mcée‘ﬁiz@zéﬁgﬁatd?’ %F&é?gn%m%ﬁ&%&ﬁﬁgzﬂﬁis rg?%%’ {;i'lgﬁﬁ; %&'#}di cated
generally by the ref nce nu a 0. re,.the partially brjidged contact
oo 810 metatentiagt 414 G55 BdPb LIbal 52.0nie WtHLisEIRR Lty e 168 £D B i o o1
polymer-1like material 520 partially restricts the toE openi ng of the

cont act hibesesend mefalgomtary, Pldbass wpg@bée BottarnCR eh28S8hMhol e 512 of Figure

5, shown her in a side view, is indicated generally by the reference
numer al 600. Hewreingtthd-iguretZadie hiob-45600daside bf Figuee balhpmer hdyaiih d- up 620,
whi ch significantly reduces the internal dianeter near the top of the hole.
Duri ng t hisottoan Niewr theauglealsdutihe enigisacfions obthepmktaleontactse isdiyidipatzduct
generally by the reference numeral 200. The device 200 includes first through
fifth metal contacts, 110, 112, 114, 116 and 118, respectively. Here, the
10 contacts 110, 114, 116 and 118 are robust, but the second contact 112 is
already too restricted.
Turning now to Figure 3, a plot of yield versus CD without transition etch
feedback is indicated generally by the reference numeral 300. Here, a region
310 has a relatively small CD, but a high incidence of open-circuit failures. A
15 region 312 has a medium CD, and a lower number of failures within its
approximate margin. A region 314 has a relatively large CD, but a high
incidence of short-circuit failures.
Random open failures typically occur in the metal contact pattern
because the process window is so narrow in sub-45nm devices. It is desirable
20  to achieve a final critical dimension (FCD) that is as small as possible without

incurring open failures, particularly so that an overlay margin can be extended.

General etch processes have had to shrink the CD over about a 20nm bias.



O generally builds up on a top edge area of the contact holes. Thus, there
is typically a bridging in the top corner area by a polyner-like materi al
that builds up during the main etch. Such bridging significantly
contributes to the open- «circuit failures of the resulting netal contact
patterns, although such failures are generally known as "random open
failures". In particular, whenever an attenpt is nade to shrink the
mask | ayer CD, such random open failures may occur. The root cause can
originate froma TLR etch, but generally gets worse during the main etch

The over h@ﬁ@s,'ddfﬁnwiﬁgg?a@cﬁém%wgg@na%ﬂy TaPSIiéH RARBIRIRsbEIAR 1bt

restricts the flow of chant fromthe top to the bottom of the contact

hol e. Thugs+i, SHTEHCHERL : t t, 0 and this
results iﬁf%ﬂaggg%ﬁgf?ﬁ}r@é%&dﬁéw J?%%%éghhgﬁn{gg%?éﬁﬁ% ﬁ%nhe pr esent
di scl osur i d-up. roi. | in 10 ransition step to
achi eve Sﬁ?vlv h%%ég%%ﬁﬁ“%ﬂgeg 3&5%gﬁ’@i"dﬁ‘i‘*@@é{%?tﬁé@g%s'%i ﬁ&ﬁo@n%heéy,t o]

bri dgi ng. S in.Fi e .7 rocess flowhart for netal contact
pat t er ni nt€i @?'ﬁﬁ%%&@%@ﬁ@'ﬁﬂbe Bk Pﬁ@é)Wde'b?%%ta"H[ﬁ?eé%ﬂ oA Meere, a
function block 710 perfornms a Si-ARC etch, and passes control to a function
bl ock 5712bridgiBaf unction bl ock 712 performs an ODL etch, and passes contr ol
to a function block 714. The function block 714, in turn, performs a Si-ARC
renmoval , and pAsskewrdntigure #oasubwidom devies,cklewniizre e topniew, ém bl ock 716
perfornms a main or oxide etch, and passes control to a function block 718.

The f unct indicabddgdneraidy petHeorefereane ashmeng 400e plheadelipad8e chalesranl to a
function block 720. The 20 function block 720, in turn, perfornms a Si N

et ch. pluralingobétenes sortaet hélks @30 oinclubdihgt dontadyelesed thihr@agH 42al ar |y
bl ocks 710 and 712, as the key to controlling CD. While this is a
reasonabl ga2BR6W affhs FHPblymhélDridging.

10 Turning to Figure 5, the sub-45nm device 400 of Figure 4, shown here in
a side view, is indicated generally by the reference numeral 500. Here, the
partially bridged contact hole 412 of Figure 4 is indicated by the reference
numeral 512. A ring of polymer-like material 520 partially restricts the top
opening of the contact hole 512.

15 Turning now to Figure 6, the contact hole 512 of Figure 5, shown her in a
side view, is indicated generally by the reference numeral 600. Here, the
contact hole 600 exhibits a polymer build-up 620, which significantly reduces
the internal diameter near the top of the hole.

During the main or oxide etch, a polymer or polymer-like by-product

20  generally builds up on a top edge area of the contact holes. Thus, there is

typically a bridging in the top corner area by a polymer-like material that builds

up during the main etch. Such bridging significantly contributes to the open-



a smaller bottom CD for the tri-layer hardly avoids the risk of open
failures during the main etch 716. Turning to Figure 8, a process
flowchart for metal contact patterning with an oxygen (02) flash, which
entirely renoves the polyner build-up, is indicated generally by the
reference nuneral 800. Here, a function block 810 perforns a Si-ARC etch,
and passes control to a function block 812. The function bl ock 812 perforns
an ODL etch, and passes control to a function block 814. The function bl ock
814, in turn, performs a Si-ARC renoval, and passes control to a function

bl ock 816¢irdlierafluras of ek Msgﬁilﬁgaﬂétapééﬁtgétrﬁat@_?ﬁé,ra‘f’thog?r:n BuéH fmutddeargt ch, 10

and passes control to a function block 818. The fun on bock 818 perforns

an 02-onl &eﬁérﬁﬁhknﬁﬁﬂagar%ﬁﬁﬁﬁ%ﬁr{fé\'i ufed« a function block 820. The function

Nock 820, 1n turn, perfornms a second nmain or oxide etch, and passes control
to a function pl unction bl ock 822 perforns ashing step,
and passes con r%ﬁ?@%%ﬂ%ﬁro% %{tg@ﬁpﬁﬁ?d%ﬁ’eﬁﬁlﬂ%‘éﬁﬁ&aﬁﬁqawr%@n perforns
a Si N 15etch. Turning to Figure 9, a process flowhart for variable
Patt o 1 ocHiLIendom oA IS Ta BET ddied o H A A G M er of Dy 1 <

i ndi cat ed E{éner ally by the reference nuneral' 900. Here, a function bl ock
910 per f of K eichsibupgeneraly getsnworsasiEingdbamain etch. al hapvarhangtkeck 912. The
function bl ock 912 20 performs an ODL etch, and passes control to a

functi on buistkp 9f polymies has tha disadyardage Y1 it restrictsrthe flowr dfoatalsard Si - ARC
renmoval , and passes control to a function block 916. The function block 916

per f or s frori thettoprtd thedrotiori diethetaoimtact &okk. pHese sufficiznt etchaot mafyuvatt i on
bl ock 918. The function bock 918 perforns a transition step, and passes

control tgetahfdugbito e bbleerk, 838 thid Resuitdns bh @pehlfaillfe 980theirBs itifigh, per f or ms
a second nmain or oxide etch, and passes control to a function block 922.

et o Gk SPIIGI TR AR 9 Pty AURRESE eI 0 2

10 atransition step to achieve shrinkage gain and substantially avoid open failures

due to bridging.
As shown in Figure 7, a process flowchart for metal contact patterning is

indicated generally by the reference numeral 700. Here, a function block 710
performs a Si-ARC etch, and passes control to a function block 712. The

15  function block 712 performs an ODL etch, and passes control to a function
block 714. The function block 714, in turn, performs a Si-ARC removal, and
passes control to a function block 716. The function block 716 performs a main
or oxide etch, and passes control to a function block 718. The function block
718 performs an ashing step, and passes control to a function block 720. The

20  function block 720, in turn, performs a SiN etch.

The process 700 relies on the tri-layer etch, particularly blocks 710 and

712, as the key to controlling CD. While this is a reasonable approach, defining

10



Here, the transition step 918 uses cl osed-|oop feedback to control a
variable ratio of 02 to C4F6 or simlar gas, and further controls process
time. Thus, the transition step inplenents a feedback | oop for autonmatic
process 10 control (APC) of CD. As shown in Figure 10, a contact hole
during the transition feedback step 918 of Figure 9 is indicated generally
by the reference nuneral 1000. The contact hole has a top FCD target of b,
a reduced actual top dianmeter of b-2Y, where Y is the width of the
remai ni ng polyner, an ILD height of h, a bottomisFCD target of a, and a

sl ope of é%ﬁ&ﬁllehbéttom@'lﬁ fd?‘tﬁé ri Té'y%r%Qﬂihf%lﬁ@ﬂ%eﬁslpof@ﬁérﬁaﬁ&’rege expressed

as b = 241h / tari( where a is the requested profile angle In an
exenpl ary gﬁ)@ par anet er val ues m ght be a = 50nni, = 88,
h=420nr n, d Mam%’(c@m‘ato CD b = 80. Om m Turni ng to Figure 11, a

su S o) G SO Aok B PSSR
O 98 R LA AR AR Sl F e bk ot gy oP 918 o
5 generally by the reference numeral 800. Here, a function block 810 performs a
Si-ARC etch, and passes control to a function block 812. The function block
812 performs an ODL etch, and passes control to a function block 814. The
function block 814, in turn, performs a Si-ARC removal, and passes control to a
function block 816. The function block 816 performs a first main or oxide etch,
10 and passes control to a function block 818. The function bock 818 performs an
02-only flash, and passes control to a function block 820. The function block
820, in turn, performs a second main or oxide etch, and passes control to a
function block 822. The function block 822 performs an ashing step, and
passes control to a function block 824. The function block 824 performs a SiN
15 etch.
Turning to Figure 9, a process flowchart for variable ratio feedback
control, which uses closed-loop feedback to control CD, is indicated generally
by the reference numeral 900. Here, a function block 910 performs a Si-ARC
etch, and passes control to a function block 912. The function block 912
20  performs an ODL etch, and passes control to a function block 914. The
function block 914, in turn, performs a Si-ARC removal, and passes control to a

function block 916. The function block 916 performs a first main or oxide etch,
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step, the device 1110 includes a plurality of contact holes, including
contact holes 1112 and 1114 that show signs of polyner bridging. After the
transition step, the device 1120 includes a plurality of optim zed contact
hol es, including optim zed contact holes 1122 and 1124 that have had some
of the polyner residue renoved. Here, the remaining polyner |ayer

\e ,--f(x,t) at one edge is a function of x and t, where x is the ratio of
CAF6 to 02 gases, and t is the process tinme. Here, when the renaining

pol ymer for both edges, 2Y=2f(x,t), is between about 60nm and about 80nin,

open- ci r cHhd phasddERfrahiea FaRtiBhaysdests. Yherurdion bdEK 818 betdrmd abet ween
about Onm and about 30nm short-circuit failures are too preval ent. Wen

2Y=2f (x, t rahﬁti@ﬁ%@ean&lﬁg%es?moﬁ”&?gi fon@%%ﬁ? PRd FUACREA bR d may be

realized by significantly reducing ures 1n s noderate region.

Tur ni t.0 Fi f [ [ I [ f

per cent agatrBiiee HoAeh o SebrRluRin o it Bth AR EOUP Bha esr of o ence
| 1200,. Th I ] trol iable f ti th

nor | zont aftralipe Blogk 22, R ofiqrEMoER pe2 PeroRDS an Hshieiarei ¢kl “axi o, The

plot includes an illustrative top view a device resulting froma 40%

_ of ) .
rati o bf PATESIONERHD pfunstion blqckdiZdat e yactier blosk 824 regofiiferSiN 1240. The
device 1240 exhibits a top CD of 53.4nm The plot includes an illustrative

top view 8fcha 20 device resulting froma 26% ratio of CAF6 to CAF6 plus 02,
i ndi cated by the reference nuneral 1226. The device 1226 exhibits a top CD
of 63.5nrn. | nHehs, sheekengtien yteppld vsds dosedzlovpdatdtanit tgasntralta o of about
33% was found to
variable ratio of O2 to C4F6 or similar gas, and further controls process time.
Thus, the transition step implements a feedback loop for automatic process
10 control (APC) of CD.
As shown in Figure 10, a contact hole during the transition feedback step
918 of Figure 9 is indicated generally by the reference numeral 1000. The
contact hole has a top FCD target of b, a reduced actual top diameter of b-2Y,
where Y is the width of the remaining polymer, an ILD height of h, a bottom
15 FCD target of a, and a slope of about h/c = 2h/(b-a). The top FCD target b may
also be expressed as b = 2*{h / tan(a )} + a, where a is the requested profile
angle. In an exemplary application, the parameter values might be a = 50nm, a
= 88°, h=420nm, c = 15.04nm, and top CD b = 80.01nm.
Turning to Figure 11, a sub-45nm device, shown here in top views, is
20  indicated generally by the reference numeral 1100. The device is shown before

the transition step 918 of Figure 9 as reference numeral 1110, and after the

transition step 918 of Figure 9 as reference numeral 1120. Before the transition
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optim ze the process yield or POR by reducing open-circuit failures w thout
i ncreasing short-circuit faflures. As shown in Figure 13, a
conparative plot for old versus new conditions on the rate of ion etch
(RIE) or etch rate is indicated generally by the reference nuneral 1300.
Results were anal yzed using an ES32 inspection tool. The new RIF.
conditions are achievable by the transition step 918 of Figure 9. Using the
old conditions, a process batch having a final critical dinension (FCD) of
70nm had an open yield of 67% That is, only 67% | acked open failures. One

bat ch havitag, edtRUROPED iﬁ@uﬁ@?@)pl%n@l&r&dn%theleénin'é@am%i cofladt4nm and an
open yield of 81% while another batch having a DOD of 8Inmled to an FCD

of 74nm apgean 1?@%&%1@'43@ shbWBigns of pglgﬁﬁ%ﬁggﬁﬁgi‘gﬂt% g@ﬁ%&ﬁ ons with

cl osed-loop transition step, a process nmled to an
FOD of 62 j 0 viel f 949 rocess bat havi.n DOD of
83nrn | edgl %Wgtﬁ%eof@dﬁpﬁd% gﬁ'@'ﬁﬁi}’p‘ﬁﬁ’%ﬁ 'fﬁd(sa?%%a&}%%’ '%‘ﬂ@ﬁg process
bat ch havi a f nm,| toQ FCD of 63nm wi th_an open yield of 99%
In additi %‘ﬂﬁméfa% QPH%%%'&BJ&%@HPS@M%W@% sge oﬁgye BY¥MST e, an SRAM
process enbodi nent of the present disclosure has produced SRAM wi th
si gni 3 caeIdPe TePIYPEd yi el ds. Al t hough FOD was decreased by nore than 13%
20 which would normal Iy reduce yield by a significant anount, open yield
was actual |y ilnpicothairapyaiaiog medimersageoy =f(Rbred onemdge is arfuadtonfafid ures can
result from aggressive pol yner
and t, where x is the ratio of C4F6 to O2 gases, and t is the process time. Here,
when the remaining polymer for both edges, 2Y=2f(x,t), is between about 60nm
and about 80nm, open-circuit failures are too prevalent. When 2Y=2f(x,t) is
10 between about Onm and about 30nm, short-circuit failures are too prevalent.
When 2Y=2f(x,t) is between about 30nm and about 60nm, an optimized yield
may be realized by significantly reducing failures in this moderate region.
Turning now to Figure 12, a plot of CD versus a reciprocal ratio of
oxygen percentages for sub-45nm devices is indicated generally by the
15  reference numeral 1200. The plot shows a control variable for gas ratio on the
horizontal axis, and an output variable for CD on the vertical axis. The plot
includes an illustrative top view of a device resulting from a 40% ratio of C4F6
to C4F6 plus O2, indicated by the reference numeral 1240. The device 1240
exhibits a top CD of 53.4nm. The plot includes an illustrative top view of a
20  device resulting from a 26% ratio of C4F6 to C4F6 plus O2, indicated by the
reference numeral 1226. The device 1226 exhibits a top CD of 63.5nm. In this

exemplary application, a regulated gas ratio of about 33% was found to
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generation during an |ILD oxide etch with carbon-fluoride gas chem stry, for
exanpl e. The present disclosure teaches that such polyners and/or |ike
materials may be noderately reduced at sonme etch tine frane so that
sufficient etchant will be able to pass through the top of the contact hole
to reach the bottom of the contact hole and avoid open failures. The new
transition step, which can control or regulate the C4F6:02 ratio and
process tinme using closed-1oop feedback, can significantly reduce open
failures and increase yield. By adjusting the C4F6: 02 gas ratio, for

exanpl e, bhamicl the proceas yRed BPPOR b fddlickiy G&H-E%L%iﬁﬁilufégivﬁtﬁ%f’cess may be

applied to any applicabl e automatic” process control (APC) feedback | oop,

and shal |; eing limted to 45nrn devices, for exanple.
lnIEf%:\shf'g %EFééﬁl‘gfgﬁ@reQ

Al t hough 1| Strative e I ments have been described herein with reference
to the acconpa | i ngs, 1L | nder st ood t hat t.he present
15di scl osure |§¥;§8{)\HPW[®¥ ?g ‘? ﬁ8@‘83[§”}t§( ipi(it fgﬁg@d’leﬁ'ﬁf’ﬁ %?Wgﬂﬂé'pﬂ% vari ous
ot her changes and ppdificatiqQns e . effected therein t hose of

ot nary SEfTa i of R Gk TRIESAE ol rels isibESiedagnaraly W B elSSpe. o
spirit_of the present disclosure. Al such changes and nodifications are

i ntended BYMBEl 1300 ufasuUlls wWereanalyzed Bpag @ EH32 Hispselian WokcTe 0P as set

forth in the appended clains. 20 CLAIM
RIE conditions are achievable by the transition step 918 of Figure 9.

Using the old conditions, a process batch having a final critical dimension
(FCD) of 70nm had an open yield of 67%. That is, only 67% lacked open
failures. One batch having a developed CD (DCD) of 81nm led to an FCD of
10 74nm and an open yield of 81%, while another batch having a DCD of 81nm led
to an FCD of 74nm and an open yield of 77%.
Using the new RIE conditions with closed-loop transition step, a process
batch having a DCD of 79nm led to an FCD of 62nm with an open yield of 94%.
A process batch having a DCD of 83nm led to an FCD of 64nm with an open
15 vyield of 98%; and a process batch having a DCD of 81nm led to an FCD of
63nm with an open yield of 99%.
In addition, alternate embodiments are contemplated. For example, an
SRAM process embodiment of the present disclosure has produced SRAM with
significantly improved yields. Although FCD was decreased by more than 13%,
20  which would normally reduce yield by a significant amount, open yield was

actually improved by as much as 30%.
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What is claimed is: 1. A nethod for formng a contact hole in a

sem conduct or devi ce, conpri sing; measuring a percentage of oxygen in an
et ching chanber; and controlling the percentage of oxygen in the etching
chanber to enlarge a tenporary inner dianmeter near a top of the contact
hol e. 102. A nethod as defined in Claim1l wherein the enlarged tenporary

i nner dianmeter near the top of the contact hole increases a fl ow of etchant
to a bottom of the contact hole. 3. A nethod as defined in Claim
1 wherein the enlarged tenporary 15inner dianeter near the top of the

contact hol e i Rah@sf dpBAtoRtHe YRLAREE TFdsUlt§@Im Q%;g%%iiverbo( ).
4. A nethod as defined in CGaiml wherein the enfarged terporary inner

g: ?re”ﬁgiegné%éﬁﬁk_ﬂ?dﬁﬁrﬁ’g g 1L Bx AT Wit UaPodraliGiiRe LahéitrPab, critical 20
example. The present disclosure teaches that such polymers and/or like
materials may be moderately reduced at some etch time frame so that sufficient

5 etchant will be able to pass through the top of the contact hole to reach the
bottom of the contact hole and avoid open failures. The new transition step,
which can control or regulate the C4F6:02 ratio and process time using closed-
loop feedback, can significantly reduce open failures and increase yield. By
adjusting the C4F6:02 gas ratio, for example, the CD bias can be more finely

10 controlled. This process may be applied to any applicable automatic process
control (APC) feedback loop, and shall not be construed as being limited to
45nm devices, for example.

Although illustrative embodiments have been described herein with

reference to the accompanying drawings, it is to be understood that the present

15  disclosure is not limited to those precise embodiments, and that various other
changes and modifications may be effected therein by those of ordinary skill in
the pertinent art without departing from the scope or spirit of the present
disclosure. All such changes and modifications are intended to be included

within the scope of the present disclosure as set forth in the appended claims.

20
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5. A nmethod as defined in Aaim1l, further conprising: determ ning an
optimal flow of etchant to a bottom of the contact hole, wherein the

per cent age of oxygen is controlled to optim ze the flow of etchant to the
bottom of the contact hole. 5 6. A nethod as defined in Caim1l, further
conpri si ng: conparing the tenporary inner dianmeter near the top of
the contact hole with a devel oped critical dinmension (DCD),

wherein the percentage of oxygen is controlled to increase the dinension 10
near the top of the contact hole w thout reaching the DOD. 7. A nethod as
defined igLAIM&EM 1 wherein: the contact hole is one of a plurality of
contact holes; and the percentage of oxygen is controlled to substantially
equal i ze the A@%gpggﬂﬁ digner diameters near the tops of each of the
plurality of contact holes, respectively.

1. A method for forming a contact hole in a semiconductor device,

5 comprising:
measuring a percentage of oxygen in an etching chamber; and
controlling the percentage of oxygen in the etching chamber to enlarge a

temporary inner diameter near a top of the contact hole.

10 2. A method as defined in Claim 1 wherein the enlarged temporary
inner diameter near the top of the contact hole increases a flow of etchant to a

bottom of the contact hole.

3. A method as defined in Claim 1 wherein the enlarged temporary
15 inner diameter near the top of the contact hole is less than a developed critical

dimension (DCD).

4. A method as defined in Claim 1 wherein the enlarged temporary
inner diameter near the top of the contact hole is less than a final critical

20  dimension (FCD).
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8. A nethod as defined in Caim1l wherein enlarging the top of the contact
hol e reduces a residue restriction near the top of the contact hole. 20
9. A nethod as defined in Claim1 where hi enlarging the top of the contact
hol e reduces a polymer or polyner-1 ke restriction near the top of the
contact hole. 510. A nethod as defined in Cdaim1, further conprising:
conparing a polyner-restricted di mension near the top of the contact hole
with a devel oped critical dinension (DCD), wherein the percentage of
oxygen is controlled to reduce without elimnating the polynmer restriction.

11 'A method as. def et o6lciied iS4 1 1uihé: SApAGHgNol e 15 one of a

plurality of contact holes;
determining an optimal flow of etchant to a bottom of the contact hole,

wherein the percentage of oxygen is controlied to optimize the flow of

etchant to the bottom of the contact hole.

6. A method as defined in Claim 1, further comprising:
comparing the temporary inner diameter near the top of the contact hole

with a developed critical dimension (DCD),

wherein the percentage of oxygen is controlled to increase the dimension

10 near the top of the contact hole without reaching the DCD.

7. A method as defined in Claim 1 wherein:
the contact hole is one of a plurality of contact holes; and
the percentage of oxygen is controlled to substantially equalize the

15  temporary inner diameters near the tops of each of the plurality of contact

holes, respectively.

8. A method as defined in Claim 1 wherein enlarging the top of the

contact hole reduces a residue restriction near the top of the contact hole.

20
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t he percentage of oxygen is controlled to substantially equalize polyner
restrictions in each of the plurality of contact holes, respectively. 15
12. A method as defined in aim1l wherein controlling the percentage of
oxygen takes place in a transition step after a first oxide etch and before
a second oxide etch. 2013. A nethod as defined in Claim1l wherein
controlling the percentage of oxygen conprises controlling the ratio of
carbon-fluoride (C4F6) gas to oxygen (02) gas. 14. A nmethod as
defined in Caim1l, further conprising: controlling a process tine

for each of a gl ur g nietned ab kehed eIVl MENSRIAS Hiengp'dFmRor ary i nner

di aneter near the top of the contact hole, oxygen

Gasi roa (TR PRl e o Boyfeciift A APrARAL M ED ddhfact nore.

15. A rret&gﬂ &s'}?gfined in Caim1l wherein a resulting critical dinension
at the top OF & contact hole is no greater than a devel oped critical 10
di rension (DCD) at the top of the contact hole. 16. A nmethod as
defined in Caim1l wherein a declination angle between a devel oped critical

di mensjon (DCD) at the top of the contact hole and a final critical
di mensi on (FCD)0-at A Rethed asAetifed ineClaintlafurthesicempsising: | ess

comparing a polymer-restricted dimension near the top of the contact
hole with a developed critical dimension (DCD),
wherein the percentage of oxygen is controlled to redﬁce without
eliminating the polymer restriction.
10
11. A method as defined in Claim 1 wherein:
the contact hole is one of a plurality of contact holes; and
the percentage of oxygen is controlled to substantially equalize polymer
restrictions in each of the plurality of contact holes, respectively.
15
12. A method as defined in Claim 1 wherein controlling the
percentage of oxygen takes place in a transition step after a first oxide etch and

before a second oxide etch.

20 13. A method as defined in Claim 1 wherein controlling the
percentage of oxygen comprises controlling the ratio of carbon-fluoride (C4F6)

gas to oxygen (0O2) gas.
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15t han 88 degr ees. 17. A method as defined in Claim1l wherein a
final critical dinension (FCD) at a bottomof the contact hole is |arge
enough to substantially prevent open circuit failures. 18. A

met hod as defined in Claim1l wherein the sem conductor device is a 45nm
device and the final critical dinension (FCD) at a bottom of the contact
hole is at |east 50nm 19. A method as defined in daim1l, further
conpri si ng: controlling a process tinme for each of a plurality of
flow rates through the enlarging tenporary inner dianeter near the top of

the contact hong, A methblasQiefinbdt BIHACH BHGURIRIANT Process time are

control variables optimzed to obtain a desire itical dinension

(FCD) at the be&ﬁthnrng P%e%QQ%Q?%aBRb? oM ity of of flo r}(’\%gerseth&L{gﬁﬁngygen

percentage and proce I me con varla es a dto

obtain a | si on of th ont act hol e.
1520. A me%lﬁlaoé é?%g%r'ﬁbeﬁ% r%\ r:Ln 3&'8& é"lﬁ’lnﬁ%g’ itical dimension
at the top of tne com act hole is snall enou%h to prevent short circuit
failures. erein the oxygen percentage and process time are control variables

5 optimized to obtain a desired final critical dimension (FCD) at the bottom of the

contact hole.

15. A method as defined in Claim 1 wherein a resulting critical
dimension at the top of the contact hole is no greater than a developed critical

10  dimension (DCD) at the top of the contact hole.

16. A method as defined in Claim 1 wherein a declination angle
between a developed critical dimension (DCD) at the top of the contact hole
and a final critical dimension (FCD) at the bottom of the contact hole is no less

15 than 88 degrees.

17. A method as defined in Claim 1 wherein a final critical dimension
(FCD) at a bottom of the contact hole is large enough to substantially prevent
open circuit failures.

20
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21. A method as defined in Caim21 wherein the sem conductor device is a
45nm device and a resulting critical dinmension at the top of the contact
hole is | ess than 65nm 22. A conputer-readabl e storage nedium readabl e by
a machine to inplenment program steps for formng a contact hole in a
sem conduct or device, the program steps conpri sing; nmeasuring a
percent age of oxygen in an etching chanber; and controlling the percentage
of oxygen in the etching chanber to enlarge a tenporary inner dianeter near
a top of the contact hole.

18. A method as defined in Claim 1 wherein the semiconductor device

is a 45nm device and the final critical dimension (FCD) at a bottom of the

contact hole is at least 50nm.

5 19. A method as defined in Claim 1, further comprising:

controlling a process time for each of a plurality of flow rates through the
enlarging temporary inner diameter near the top of the contact hole,

wherein the oxygen percentage and process time are control variables
optimized to obtain a desired final critical dimension (FCD) at the bottom of the

10  contact hole, and

wherein the oxygen percentage and process time control variables are

further optimized to obtain a resulting critical dimension at the top of the contact

hole.

15 20. A method as defined in Claim 1 wherein a resulting critical
dimension at the top of the contact hole is small enough to prevent short circuit

failures.

21. A method as defined in Claim 1 wherein the semiconductor device

20 is a45nm device and a resulting critical dimension at the top of the contact hole

is less than 65nm.
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22. A computer-readable storage medium, readable by a machine to
implement program steps for forming a contact hole in a semiconductor device,
the program steps comprising:

measuring a percentage of oxygen in an etching chamber; and

controlling the percentage of oxygen in the etching chamber to enlarge a

temporary inner diameter near a top of the contact hole.
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