: : Q700983 ~1
NON- PLASMA HALOGENATED GAS FLOW TO PREVENT METAL RESI DUES
BACKGROUND OF THE | NVENTI ON The present invention réfgigégz{fo
netal deposition on seni conductor substrates in sem conductor processing
systens, and in particular to the elim natlon of residue remaining after
the etching of the netal. I One of the steps in the formation
of a sem conductor chip is the creation of netal interconnections between
devi ces on a sem conductor wafer. Typically, this is done by first
deposi t i Ngok-JFAReMa0 HANBGENA TSIC GAZS FLOWJTOCPREVENTSBETAR RESEPUESN one
process, tungsten is deposited in a chem cal vapor deposition (CVD) chanber
by reacting WE6 cont ai ni ng the tungsten and Herr] or Silane at el evated
tenperatures over a wafer %ﬁG@&?ﬂD%FT@@NVEN*ﬁ@Wr (alternately,
ot her nmethods may be used to heat the wafer such as |anps). The process
tenperature is typi CHid yresensg lﬁenwbmmntmeyal dpmmqnmrgmepnﬂsctert ched away
except for ta ter C may be
done in thSéJ%gter;rés uhscy\r}ﬁe?nlaug% yrchg m&ggy?tﬁﬂg a&x??ﬁiﬁﬁ{cﬁlag%z l{gfeg 1naTEh?Tth)
It has beefesiius covigining dffeathdiadiihg ®F theahdialpr ocessi ng condltlons when the

wafer is |later eteched, tungsten resi [ I ns on the whi ch can
formshorts in thegpﬁf’gﬁ%ﬁ?@&smc &Ff“ﬁ@ﬂi‘ﬁ at%?@“‘f:ﬂ“t%%tg'\éﬂqfl% 1588 “EdHpt etel y
under st 00dof iferdl snte%hﬁaéeénst bileen LRQS bR A sERMomIRIcR vaiThi, alypicafly OWid 13
certain spots on the wafer (These spots nay be areas wher'e resSi due has

formed as dorebyfirsteiepeniting alayep o msindi sueh a5 upgsjen, Ap@sp therveatem  ingney
t t t al
Pungst on - DRGGeRE HBelts uBpdhilh b 81 VARE A (QTDPARARE by [ABURE O

may then etwWh, aswayinap the tungstkh and rH2 or $ilene dt elrvited) tddqzermmxéesverahbmfet ungst en

residue in areas wher.e.t ere S, oul d erconnect, after, the, etch
st ep. sitting on 2 resistivg %{Bﬁ*’—%NSF 'ﬁ?‘i’%{sé“ﬂw ngl 1 heatithe wafer) can

the chambergybR aunggd).t e process temperature is typically 475° C. Subsequently, the

tungsten is etched away except for areas in which metal interconnections are desired.
This may be done in the same chamber or by moving the wafer to a separate chamber.

It has been discovered that under certain processing conditions, when the
wafer is later etched, tungsten residue remains on the wafer, which can form shorts in
the interconnects. Although the process is not completely understood, it is believed that
tungsten may preferentially grow in certain spots on the wafer (These spots may be areas
where residue has formed as a result of previous processing steps). The preferentially
growing tungsten may be in a different phase than other areas of the metal tungsten
layer. Because the tungsten is in a different phase, these areas may then etch away at a
different rate, leaving the undesirable tungsten residue in areas where there should be no

_interconnect after the etch step.

_ One approach to eliminate the residue is to clean the chamber in which the
metal layer is deposited after every wafer is processed. This is typically done by
removing the wafer, and then igniting a plasma composed of NF,, followed by a
hydrogen plasma, with a subsequent argon gas purge. After. this cleaning step, the next
wafer can be inserted into the chamber for depositing of the tungsten layer without
significant residue being present after etchback. A drawback of this plasma clean
approach is that it requires a significant amount of time between each wafer being

processed. One approach would be o do the plasma less often. But it has been
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netal layer is deposited after every wafer is processed. This is typically
done- by renmovi ng the wafer, and then igniting a plasma conposed of NF3,
foll owed by a hydrogen plasna, with a subsequent argon gas purge. After
this cleaning step, the next waf er can be inserted into the chamber for
depositing of the tungsten | ayer w thout significant residue being
present after etchback. A drawback of thIS pl asma cl ean approach is that
it requires a S|gn|f|cant anount of tlne bet ween each wafer being

E;g(r:]essed dISOC’IOGVC?C%p [ ())ragxdm lpatbaeplgsomad a‘?’tep lc\‘f/’lesrymis lv?a%érsqg h&ls uf@%nt singe r e d

for exanpl gsidubdbromatiphatilfocebgan after every 25 wafers is not suff|C| ent

since residue forrratlon occC Accordingly,. it would
be desirable to have®&fPH Wﬁiyo\)bHO}léF‘Z’Eéj§§mp¥9rt°éﬁaYWHPPW§e$B€°%ﬁ%é %% or mat i on
after t UngéﬁxﬁmaﬂﬁQ?&dde%nﬁﬂ%neéfﬁzP hﬁ%&eﬂ"ﬂéﬁéﬁu@ﬁﬁﬁd BRhbakomiéH eeRinby i Mpact

waf er throughput SUWARY COF THE | NVENTI ON
The presenlslghﬁtﬁéh@)f bnpast wafeddbroygbmibpar at us and process for |imiting

residue remaining after the etching of nmetal in a sem conductor
manuf acturi ng process by injecting a hal ogen-containing gas w thout a
pl asma into a processing charﬂliMV[&Rﬁé@EffHEMVEN@iﬁOBb(posed to the remants

of the hal ogen-containin as, in the chanber before t{he net |s dep05|ted
on the wafer. The exf}g@&?@%@a‘r‘i“’%‘&@&@r‘i’%&sﬁé 2DPRTRIVE A sfa OF Hmiting;

deposi ti 0N reQducirettaldifg Gftér GBRAMAGg: of TR b AEmEBRdUCEIPhinufit it p}b&@pw

be noved to anot her chanber for et Chl ng after exposure and deposition.
injecting a halogen-containing gas without a plasma into'a processing chamber. The
wafer is then exposed to the remnants of the halogen-containing gas in the chamber
before the metal is'deposited on the wafer. The cxposuré can occur in the same chamber
as the metal deposition, or a different chamber. The wafer can remain in the chamber or
be moved to another chamber for etching after exposure and deposition.
| In one preferred embodiment, the halogen-containing gas is NF;, although
other gases, such as C,Fs, CF,, CIF;, or Cl, may be used. Preferably, the halogen gas is
injected for less than 30 seconds and at a rate of between 10-2000 sccm (more preferably
between 10-150 sccm) with a pressure between 50 milliTorr (mT) and 90 Torr (T) (more
preferably, between 50 mT and 10 T). In one preferred embodiment, either a fluorine-
containing gas or a chlorine-containing gas is used.

The present invention eliminates the need for igniting a plasma, and also
eliminates the need for high flows of gases, and optionally the need to remove the wafer
before injecting the halogen-containing gas. |

For a further understanding of the nature and advantages of the invention,
reference should be made to the ensuing description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

_ Fig. 1 is a diagram of a semiconductor wafer processing system used in
one embodiment of the present invention;

Fig. 2 is a flowchart of a process according to-an embodiment of the

present invention; and

FFig. 3 is a more detailed version of the flowchart of Fig. 1.



In one preferred enbodi nent, the hal ogen-containing gas is NF3, although

ot her gases, such as C2F[err], CF4, AF3, or d, may be used. Preferably,
the halogen gas is injected for less than 30 seconds and at a rate of

bet ween 10- 2000 seem (nore preferably between 10-150 scenm) with a pressure
between 50 mIliTorr (nml) and 90 Torr (T) (nore preferably, between 50 mrl
and 10 T). In one preferred enbodinent, either a fluorine- containing gas
or a chlorine-containing gas is used. 3 The present invention

el imnates the need < A0 a.pla - I AP es the need
for high flows of géislgi?‘l‘gnio‘t%g?‘bﬁﬁlr?@ﬁ@%ﬁ“‘??&%ﬂe e wafer -
before injecting theohahngbRrR-syRBmaon cit@yiffidut the present invention is shown & Fig t her
under st andi ng. of .the, nature and_  advant ages of tﬁ
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ed version
of the fl obepat iof afvabingn processing system having a plurality of processing chambers
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16 is in a first position opposite the slit valve. The substrate 14 is supported initially by

a set of pins 20 that pass through the heater mount 16. When the heater mount 16 is

raised to a processing position, the wafer is lifted off of the pins. A gas distribution

plate 22 provides process gases into chamber 12. Gases are provided from a gas supply

and mixing system 24. An exhaust system 26 evacuates the reaction byproducts and’
unreacted gases.

Wafer 14 is heated during the process by a resistive coil 28 embedded in
the heater mount 16. Coil 28 exits the heater mount 16 at the bottom of Fig. 1 and is
connected to an external power supply (not shown). The bottom of Fig. 1 also shows a
thermocouple connection 30 for measuring the temperature of the heater mount 16. Also

shown is a vacuum line 32 which connects to recesses (not shown) on the top of heater
mount 16 for holding wafer 14 in place.

A pair of purge lines, 34 and 36 are shown for providing purgé gases.
Purge gas line 34 provides a purge gas which comes up around the edges of heater
mount 16 and past purge guide 38, which will form a small gap between it and wafer 14
in the processing position. This purge gas prevents any tungsten from depositing on the
backside or edges of wafer 14. Additional purge line 36 is used to keep any residue
from collecting around stainless steel bellows 40 which provide a barrier between the |
mechanical mechanisms and the chamber interior.

The process performed in chamber 12 can either be a CVD process, or a
plasma enhanced CVD (PECVD) process. In a PECVD process, RF power is applied
between gas distribution plate 22 and heater mount 16 by an RF power supply 42.
Typically, heater mount 16 is grounded, with the positive voltage being applied by a

strap to a support plate for gas distribution plate 22. RF power supply 42 can supply



cross-sectional view, partially schematic, of a CVD chanmber 12. A substrate
14 is shown sitting on a heater nount 16. The substrate is brought into
chanber 12 by a robot blade through a slit valve in the sidewall of the
chanber (not shown). Chanber 12 may be part of a vacuum processing system
having a plurality of processing chanbers connected to a central transfer
chanber. The heater nount 16 is novable vertically using a notor 18. The
substrate 14 is brought into the chanber 4when the heater mount 16 is in a

first position opposite the slit valve. e substrate 14 is supported
initially 9{ea siggle It MPeh S0 vt ﬁ?ﬁ%‘é"et‘&? RgRPPHLOHRLTA Vot =16, When

t he heat erj,i@dided $fiol chamBeSeg. to a processing position, the wafer is lifted
off of the pins. A gas distribution plate 22 provides process_ gases into

chamber 12. Gases ar8 Ppesssarett condiplsathg peraiignoefythe GhRMBSE; ngaé%'!aér%hezaf*‘ An
Varer 14" BOSE FEATARIAC B W SRENbN: HHRECOKTnhe BRUGoHBE GRS Hiherd

CEsS resistivercol | r\
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Fig. 1 and nected | o an external wer su shown '
o't om of Rt B BEpeEianEah Comtal e U COTECIPUE 5 OPEREH Png ( ne
t enper at ur ehefprédasoh aibbni¥Bldthe plirgeAins) a FHEONA pumponrezted T ltheNacd@mwhi ch
connects to-recesses (not shown) on the top of heater  nount 16 for hol di ng

waf er 14 i hingy foEdolding the wafer, and the xaquumexjaushsystran.| THe Processon e meelies
shown for preddafiBm &PtHrtﬂé”m%&g:;le ggQﬁ@%x&aﬁdﬂa&gf&%oR&&Vdﬂﬁép&u&%ﬁﬁ ygas

whi ch conmes up around the edg ater nount 16 and past purge guide
38, which metccfedrtmcall's’ﬁeﬂbr povidibg ttheedssired tempdrafwre drough reslntlYerwapn&)c essi ng
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resi due frdesieadglak emllggghaﬁ—mmq;ﬁt(amem) steel bellows 40 which provide a
barri er between the _nechanical nmechani sns and the chanber interior.
The process perf or medi®n? & Higwcharp illustrating e present nvegiion hssd da the chamber

pl asma ‘enhagiagg. CVB RERME) uRdL§85S tha{ chér BE%PISFHI‘ ?ﬁéﬁs colid BOVEY tbS
applied between gas distribution plate 22 and nount 16 by an RF

power suppliynpigment thpypreseat inventient Enrswglwget&@m‘t@mgg gamigdtowedite Hhet ¢hamber
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system 24 (step A). Subsequently, a wafer is inserted into the chamber by a robot arm
under control of the processor (step B). Next, a layer of metal, preferably tungsten, is
deposited on the wafer (step C). Next, the wafer is etched, either in the same chamber
or in a different chamber or different system (step D). '

Fig. 3 is a more detailed flowchart of a preferred embodiment of the
present invention. After depositing the metal on the previous wafer in the chamt;er (step
E), the previous wafer is removed (step F). NF; is then flowed at a flow rate of
approximately 30 sccm by control of a valve in the gas supply and mixing system by the
processor (step g). Alternately, flow rates between 10 and 2000 sccm or more
preferably between 10 and 150 sccm may be used, as controlled by an instruction in
memory 46 executed by processor 44. _

During this flow, the chamber pressure is controlled to a preferred value
of approximately 100 mT by using fee:dback control of a step motor controlling'a vacuum
valve to a pressure set by the processor (step H). Alternately, pressures between 50 mT
and 90 T or more preferably between 50 mT and 10 T rﬁay be used, as directed by an

instruction in the program memory. The feedback control is accomplished by controlling



4 either single or m xed RF power to enhance the deconposition of reactive
speci es introduced into chanber 12. A processor 44 control s
the operation of the chanber, in particular the RF power supply and the gas
supply and m xi ng system 24. The processor uses a nenory 46 which stores a
program containing instructions for operation of the system In addition,
the processor can control a gas injection source through gas m xi ng system
24. The processor also controls the purg% | i nes, a vacuum punp connected to
t he vacuum | ines_for | di ng _t he waf e the v qeE! tem The
or ocossor 1o vale@opdle Sl Bl B0 i Mng A HIR R Bk & £

f eedback frate whigh pebvidds thédegiredepresugepl y connected to coil 28 for providing
the desired tenperature throygh resistiv egtin ddi tional |y, processor
44 can control not or/gé%r *H’BFO’?‘:%GEC gfq W?ﬁgapﬁ%{%& 18 %%Ppﬁ%t%ea; as wel |
as the robgfie AL MRE NSHUMNE, may be maintained for Hhyivhede FOmA2-B0 QURAEY, tas
illustrating the present inventi'on used in the ‘chanmber of Fig. 1.1t

shoul d be direitedshan instiuetiont incthe pragRtse memory.s e aext wafer i§ thra intreduced

I mpl enent e.or ' ' i nal cogt.al ni i wed to
t he charrbellr"t]o b‘{% 03‘:2‘%@%?%%? %g?n%%tg 1%?1%%0(312@ o@gﬁk )t' oﬁﬁtﬁé&a&g%’gg? Ftﬁﬁ @y\’/(% Ves

I n gas supplperfondedi(steh). system 24 (step A). Subsequently, a wafer is
inserted into the ch er rabot. ar nder control of cessor
(oo B Newt o 1 nBlRReRY ot SRl b (SRRt S1e8 s G Ehfeg on ¢ he
waf er (st egr()cl,News!t may b8 vied.en badifés MRwatel MA@ beiefehbd®n BRTBME RASRSr  OF

in a different _chanber or different.system ( Fig. 3

step D).
is a nore @etdifferantchambersand te lﬁsz&aéfr@ryr‘@dnjéﬁ%gsit%@miﬂmhew@r iprtessent
i nvention. ;M hel depasihkl eﬂ&ﬁsiﬂ?%ﬂhecbga'%ﬁh‘?. previ ous wafer in the chanber

(step E), the previous wafer 1I's renpve step F). NF3 is then flowed at a
flow rate of approxitathe expdurs®f thehyafentu the N, fgas befate/theidapdsiimggashs uppl y

and m xi ng,system by th rocessor (.ste . Al ternatel flow.rates
bet ween 10"5&55‘333]@(%3‘@6‘% %rgv 563“{5’F é?°é? geg%‘l%ge?{’\%et € i@’séﬂﬁ"&%g“% &FPmay be
used, as coihoagh €@ dxgctanechasisinUi tnoDtormpletely understood, it is believed that the N,

may adsorb on the surface over certain sites where tungsten preferentially grows.

The NF, residues which have been absorbed on the wafer surface thus
apparently prevent out-of-phase growth of tungsten on that particular wafer being
processed. Thus, the NF; injection step of the present invention will prevent residue
from affecting a subsequently introduced wafer into the chamber.

Alternate embodiments of the invention are also possible. 'For instance,
instead of the halogen gas flow being injected before every wafer, the processor could
control the gas supply and xﬁixing system to inject the halogen gas before every second,
third, fourth, fifth or other number of wafers (or before such numbers of wafer). In
addition to-the NF, flow of the present invention, a plasma clean operation can still be
performed under control of the processor after a number of wafers have been processed,
for instance, 25.

| As will be understood by those with skill in the art, the present invention

. may be embodied in other specific forms without departing from the spirit or essential
characteristics thereof. For example, lamp-heated chambers could be used instead of
resistively-heated chambers for processing the wafers. Accordingly, the above
description is intended to be illustrative, but not limiting, of the scope of the invention

which is set forth in the following claims.



menory 46 executed by processor 44. During this flow, the
chanber pressure is controlled to a preferred val ue of approximately 100
ml' by usi ng feedback control of a step notor controlling a vacuum val ve
to a pressure set by the processor (step H). Alternately, pressures between
50 ni - and 90 T or nore preferably between 50 nT and 10 T nmay be used, as
directed by an instruction in the program nenory. The feedback control is
acconpl i shed by controll'i ng af%ervo val ve on the vacuum system
so t hat th& ggﬁ nglrkqwh%rlgduced is evacuated at a rate which provides the
desired pr s B After approximtely 10 seconds, the flow
of NF3 is stopped (step |I). Alternately, the flow of NF3 may be nui nt ai ned
for anywhere from 2-30 seconds, as directe{r‘jj by an .instruction in the
program nenmory. The heft PIREESSTOr BroveRiing Fas 83%‘&"&?“%? cx e&’?Q?’Fg‘e‘?f nlep J)
and metal .5 QQIH&?'J(ﬁIQGI‘ (ln@Pacliking PHOSRG USShking! tE s@p€ Bf:Pr ocess i s
performed (step L). . S Al ternately, other fluorinated or

chlori nated gases such asingictgg adapger cpntaiping gasivithost g plasmg i@ aused. I n
addition, the wafer e .in the same chanber or a different
chanber and the NF3 %géécs%gxg CIlg'g'tﬂls%j’ect ed either with the wafer in the
chanmber or with the waf erexpokingdeidofafeheo ednanth®raf said halogen containing gasj s t he
exposure of the wafer to %{IPS)NFS qas before the deposijti ng\@c,f .thg tungst en
| ayer which prevents resi Sing & TR AR of 2 SRR SRRIER Al et chi ng
step. Although the exactewBnpamidIsydroM@baconpl etely understood, it is
believed that the NF3 rmay adsorb on the surface over certain sites where
tungsten preferentially grows. The NF3 residues which have

been absorbed on the, h%rpl%Uésg%?%]aﬁrgws\\?g%ﬂﬁgeaﬁﬁéth&rﬁvo%@tof%Bﬁgé aRnase

growt h of tungsten on that” particular wa
chlorine.
3. The process of claim 1 wherein said halogen containing gas is NF,.
4. The process of claim 3 wherein said NF; is injected for 2-30 seconds.
\ .
5. The process of claim 3 wherein said NF, is injected at a rate of 10-
2000 sccm. |

\
6. The process of claim 3 wherein said NF, is injected at a pressure

between 50 millitorr and 90 torr.

7. The process of claim I wherein said halogen containing gas is injected

before said wafer is inserted into said processing chamber.
"8. The process of claim 1 wherein said NF, is injected into said
processing chamber, and subsequently metal is deposited on said wafer in said same

processing chamber.

9. The process of claim | wherein said metal is tungsten.

* [ L M § *



processed. Thus, the NF3 injection step of the present invention wll
prevent residue fromaffecting a subsequently introduced wafer into the
chanber . Al ternate enbodi ments of the invention are also
possi bl e. For instance, instead of the hal ogen gas flow being injected
before every wafer, the processor could control the gas supply and m xi ng
systemto inject the hal ogen gas before every second, third, fourth, fifth
or other nunmber of wafers (or before suth nunbers of wafer). In addition
to the NF3 flow ofsfhe present invention,..a plasm ¢ ration n
still be perfor rredlqunﬁe‘?m‘&‘iﬁﬂtf?fowc‘@l““%écsﬁgi’%g%rg%?" 5# %Be ggﬁbﬁg‘%g?mgfa?waf ers
have beenypf aafeeRfbcior fnfiinufa08iGAR GRacestd comprising the steps of: - As wil | be
understood by those with skill I'n the art, the present inventiqn y be
enbodi ed in other speci fecieg NE: &g WU A @SR MY %Pfaﬁﬁsflﬁ%g@ﬂ?%ﬁr’tsag‘rﬁ
essential  charact ged .St d : . For exanpl e, |anp-heated chanbers

coul d be used instegl&g?égépglﬁ(ﬁl el y-heat ed chanbers for processing the
waf ers. Accordingly, the abovigjectinesid Nbj gasratiasﬂcrvnwmédoﬂg&b@cm,
illustrative, but not limtin ieﬁg}“g gﬁgﬁggﬁefogfz_w&g)%’e%di on whichis

set forth in the follow ng cl

6 WHAT IS CLAIMED | S: injecting said NF, g8 qiraopressref hastwmneﬁbemtllinog' andsi due
formation after the etchback o?’ metal in a sem conductor manufacturing
process, conprising the steps?®fom i njecting a hal ogen

containing gas wi'thout aeglAmBaidWaefto remnants of said NFJg@§essi ng chanber ;
depositing a layer of tungsten on a semiconductor wafer; and
etching said layer of tungsten.
\
11. The process of claim 10 wherein said NF; gas is injected at a flow

rate of 10-150 sccm and a pressure between SO millitorr and 10 torr.

\12_. The process of claim 10 wherein said NF; gas is injected before said

wafer is inserted into said processing chamber.

13. An apparatus for preventing residue formation after the etchback of
metal in a semiconductor manufacturing process, comprising:

means for injecting a halogen containing gas without a plasma into
a processing chamber;

means for exposing said wafer to remnants of said halogen
containing gas; |
. means for depositing a layer of metal on a semiconductor wafer;
and

means for etching said layer of metal.

14. The apparatus of claim 13 wherein said halogen is one of fluorine and

chlorine. '

" 15. The apparatus of claim 13 wherein said halogen containing gas is
NI,

AR



exposi ng said wafer to remmants of said hal ogen contai ni ng gas;
depositing a | ayer of netal on a sem conductor wafer; and

etching said | ayer of netal. . 2. The process of claim1
wherein said halogen is one of fluorine and chlorine. : 3.
The process of claiml wherein said hal ogen containing gas is NF[err].

4. The process of claim3 wherein said NE[err] is injected for 2-30

seconds. 5. The processgof claim3 vvherei n said NF3 is
injected at a rate o

cess. .0
claim 3 wherein said fNFg-hF é‘pﬁ{%&togg}aﬁ? 13 fBWé‘érs“l?FE’”s'Bgt% H’gd'%ﬁ‘%“ﬁlsf”&r
and 90 tor INF, for 2-30 seconds. 7. The process of claim1 wherein said
hal ogen containing gas is injected before said wafer is inserted into said
processi ng chanber. 8. The process of claim1 wherein

said NF3 is injected)f, ntme%abgrat@ro@%ﬁﬂﬁ'Bgfuﬁhéﬂm;pns g%&ﬂpwwﬁamgysamet al
i s deposited on said wafer i'n said same processing c

9. The prod¥&satafrae|ofi -300@semi n sai d netal. is tungsten.

18. The apparatus of claim 15 further comprising means for injecting said
NF; at a pressure between 50 militorr and 90 torr.

19. A semiconductor wafer manufacturing apparatus comprising:

a processing chamber; |

a heater for supporting a wafer in said chamber;

a gas discharge head mounted in said chainber;

a gas distribution system coupled to said gas discharge head for
selectively introducing gases into said chamber;

a controller for con&olﬁng said gas distribution system; and

a memory coupled to said controller and storing a program for
directing the operation of said chamber and gas distribution system, said
program including a set of instructions for injecting a halogen containing
gas’ into said chamber so that said wafer is exposed to remnants of said

halogen containing gas after a metal layer is deposited on said wafer and
before said metal is etched.

20. The apparatus of claim 19 wherein said halogen is one of fluorine and
chlorine.

21. The apparatus of claim 19 wherein said halogen containing gas is
NF,.

22. The apparatus'of claim 21 wherein said program further includes an
instruction for causing said NF; to be injected for 2-30 seconds.

i



7 10. A process for preventing residue formation after the

et chback of netal in a sen conduct or manuf acturing process, conprising the
steps of: injecting NF3 gas without a plasma into a
processi ng chanber, said injecting step including

injecting said NF3 gas at '‘a flowrate of 10-2000 sccm
injecting said NF3 gas for 2-30 seconds,, and
injecting said NF3 gas at a pressure between 50 nmillitorr and

90 torr; : 23. The apparatusSo@aHA wikkdn ‘QQ{‘ Sogr&in e McRudel agal d NF3
gas; . _ ) ~“depositing a layer of "tungsten on a

sem condudesructien é9r; cagsidg said NF; to be injected at a rate ofg geemi d | ayer of

t ungst en. 11.  The process of claim 10 wherein said -

NF[err] gas is injected at a flow rate of 10-150 sccm and a pressure
bet ween 50 mi | | it or r24anTheléppacutis of claim 21 wherein said progk@m fliiier (inchades an of
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preventi ngofresi due formation after the etchback of

25. The apparatus of claim 19 wherein said instruction for injecting said
halogen containing gas is executed before said wafer is inserted into said processing

chamber.

26. The apparatus of claim 19 wherein said metal is tungsten.

w o ¢ L moSs x



metal .in a sem conductor manufacturing process, conprising:
means for injecting a hal ogen containing gas without a plasma into

a processi ng chanber; means for exposing said wafer
to remmants of said halogen - cont ai ni ng gas;

means for depositing a |layer of netal on a sem conductor wafer;

and nmeans for etching said | ayer of netal.

14. The apparatus of claim13 wherein sdld hal ogen is one of fluorine and
chl ori ne. 15. The apparatus of claim 13 wherein said
hal ogen containing gas is =~ NF

8 ABSTHACT The apparatus of claim 15 further conprising neans for
injecting said NF[err] for 2-30 seconds. 17. The apparat us

of claim 15 further conprising nmeans for injecting said NF[err] at a rate
of 10-2000 sc¥ON-PLASMA HALOGENATED GAS FLOW TO PREVENT METAL RESIDUES

An apparatus and process for limiting residue remaining after the etching
of metal in a semiconductor manufacturing process by injecting a halogen-containing gas
without 2 plasma into a processing chamber. The wafer is then exposed to the remnants
of the halogen-containing gas in the chamber before the metal i is deposxted on the wafer.
The exposurc can occur in the same chambe: as the metal deposition, or a different

chamber. The wafer can remain in the chamber or be moved to another chamber for
etching after exposure and deposition.

(.Fig. 1)
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18. The apparatus of claim 15 further conprising neans for injecting said

-NF3 at a pressure between 50 mlitorr and 90 torr. 19. A
sem conduct or waf er manufacturing apparatus conprising:

a processi ng chanber; a heater for supporting a wafer
I n said chanber; : a gas discharge head nounted in said
chanber; - a gas distribution systemcoupled to said
gas di scharge head for iﬂiectively i nt roduci ng gases into
sai d chanber; ' a controller for controlling said gas
di stribution system a 924 a nenory coupled to said
control | er and storing|a GAScRURPIYf i directing the operation
of said chanmber and gap JINDt HIXDNG i system said program

i ncluding a set of instruc8¥SPEM forl i njecting a hal ogen centai ni ng

gas into said chanber SO tha—~sard-wafer is exposed to remaggq of sai@h

hal ogen contaiqgng gas after}a netal |ayer is deposiged—et—s d
before said net i s etched. _ 20. The ﬂﬂfaratus f claimh19 e
wher ei n sai i i ori ne. PROGESSOR MEMORY

21. The a aratus‘of claim 1p wherein said hal oggn clont ai ni ng IS

NF[err]. 2P. The apparatus of aim 21 Bhereln sard

program f §frt her includes2@n i nstruction for cayping said NF3 to be
i nj ect ed -or_gﬁSG secongs:
| 1 T A %
~ —_— 0 I - I 33 1= .._/ .
— (14 : 1
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9 23. The apparatus of claim?21 wherein said programfurther
I nel udes an instruction for causing said NF3 to be injected at a rate of

10- 2000 sccm 24. The apparatus of claim?21 wherein said
program further includes an instruction for causing said NF3 to be injected
at a pressure between 50 millitorr and 90 torr. 25. The

apparatus of claim 19 wherein said instruction for injecti ng sai d hal ogen
containing gas is executed before sa|2(21l wafer is inserted into said _

processi ng chamber. & The apparatus of claim19 wherein
said netal is tungsten.

START j ( smar )

& )
FLOW DEPOSIT METAL ON
HALOGEN PREVIOUS WAFER
GAS |
< F
B RENOVE
NSERT WAFER PREVIOUS VAFER
r /6
2 - FLOW NF3
DEPOSIT METAL AT 3066
. : M
D SERVO TO
ETCH WAFER 100 mTORR
/|
STOP NF3 FLOW
(om0 |  AFTER 10 SEC.
| -
Fle. 2. INSERT
NEXT WAFER -
<K
DEPOSIT METAL ON
NEXT WAFER
L
BEGIN ETCH |
PROGESS

( E‘ND ) -

FIG 3.




