HIGH STRIP RATE DOWNSTREAM CHAMBER FIELD OF THE INVENTION [0001]The present
application relates to the field of wafer processing. More particularly, the application relates to an
etching chamber used in wafer processing. BACKGROUND [0002]Photoresist removal(stripping) is a
frequently used process in semiconductor integrated circuit (IC) fabrication. Photoresist is used to
define particular patterns on wafers. It is used during lithography, ion implantation and plasma etching
(where material other than the photoresist is removed), for example. After these processes, the
photoresist is removed from the wafers before continuing to the next process. [0003]Since photoresist

stripping is used frequently in SENBEPRTEEP RNFRURPNGT FoOAiries|sirppers are designed to have
very short process time, i.e. high throughput, to reduce the overall wafer manufacturing cost. While

different ways exi ?;Ee? Sty 's,.throughput, they fall into two categories: overhead
reduction and stﬁﬂ%ﬁé p g&m{#}@\@ ead includes wafer handling time, pump down time of the
chamber into whid@lotg waferihopceshritappization ofiptessurhinialle thevafzamherssalger heating,
and backfill of th amber wit esired. all of which prepare a wafer for the particular process.
The strip rate is §A r%pga@%récwﬁv s ?I%gpaﬁg o%?sal'é Sls{:{jre%c?\?éa'%é% q&inéd’ fc’r%?r{ Ne Wafer surface.
The strip rate alsprdegeatigies how long a wafer is exposed to plasma. A wafer's exposure time to
plasma in a strip chamber is generally minimized to reduce the possibility of electrical damage to
various circuits on the wafer. The strip rate can be increased by using a higher plasma source power,
higher wafer temB&faiirEMigRer process gas flow or changing the gas chemistry.

0002} Photoresist removal (stripping) ts a frequently used process in
semiccmductor:integrated circuit (IC) fabrication. Photoresist is used to define
particuiar patierns on wafers. it is used durihg lithography, ion implantation
and plasma etching (where material other than the photoresist is removed),
for example. Afterthese prbcesses, the photoresist is removed from the
wafers before continuing to the next process.

' [0063] Since photoresist stripping is used frequently in semiconductor
manufacturing foundries, strippers are designed to have very short process

- time, L.e. high throughput, fo reduce the overall wafer manufacturing cost.
While different ways existrté increase a stripper’s throughput, they fall info two
-categories: overhead reduction and sirip rate improvement. Overhead
includes wafer handiing time, pump down time of the chamber into which the
wafer is loaded, stabilization of pressure inside the chamber, wafer heating,
and backfill of the chamber with a desired gas, all of which prepare a wafer for
-the particular process. The sirip rate is a measure of how fast the photoresist
is removed and cleaned from the wafer surface. The strip rate also
determines how long a wafer is exposed fo plasma. A wafer's exposure time
to plasma in a strip chamber is generally minimized to reduce the possibility of

- electrical damage to various circuits on the wafer. The strip rate can be
increased by using a higher plasma source power, higher wafer temperature,
higher process gas flow or changing the gas chemistry.
[0004] Most strippers have an entrance hole through which a gas is
infected into a chamber containing a wafer fo be processed. The typical

vertical distance between the_ asnfrance hoie and the wafer is a few incheas.



[0004]Most strippers have an entrance hole through which a gas is injected into-a chamber containing
a wafer to be processed. The typical vertical distance between the entrance hale and the wafer is a
few inches. This distance is minimized so that the chamber is compact and economical to
manufacture. To obtain a uniform strip pattern, a giniform vertical flow for the gas at the wafer surface
is maintained. At typical flow rates that are used, however, the gas will not fan out in a few inches.
Thus, to achieve a uniform flow in such short distance, a gas dispersion system is used to disperse the
gas stream to the wafer. [00051As shown in Fig. 1, a known stripper 100 contains a downstream

chamber 102 in WHENIDE NI A LRPesakinbe AampEh s alRbddRd el A ok 120. The

gas 106 enters the downstream chamber 102 through an entrance hole 104. As the gas 106 enters the

chamber, a gas dRpERESEAPSRIA adaivamsTipratiyerse s tifergayartsaldardmsite the gas 106
evenly onto the waferil#{: JhfsHiRHBd ¢ RibranAdae ﬁv@g@i@ AERv Bl wlepgrdastypon this gas

dispersing system. As shown in Figs. 1 and 2, the baffle 110, 20Q contains a |arge number of holes

112,202 of differdit&yes. praspElinehign fi BARES e Rsted WerdaRE WRHSRLHUGRY distance

from the center ofitheifafith keertiarticseatgapiifiehabitedpneivas e wasidimwsthéndoes the
edge. The gas 106, af%ar actjng on the wafer 120, exits from an exit port 108. [0006]Other strippers
300 contain a doWnstt gﬂﬁnc{?a%?l%gf‘gf% in which the wafer 330 is exposed to the gas as shown in Fig.
3. The wafer 330[x0B6ld by a elaustkodaOinTtig. gas JG6wentsiripiher dowrsmésing chaowret@@through an

entrance hole 304, As the ‘&?2“.30 enters the.ch er, a multinle baffle sy ff{e isperses the
gas 306 to distrib%!fg%bee r<:gas BGW%\}%%I%&%H%‘C%E wa ere §98§ﬁilfgof|{rﬁs? Baitie 1%“2%% aflrgsﬁ oles
312,314 of two diffgrebhy sizésiclim By t0 beagatettivatcabtve dbhvasiseandchaffled182ontains holes of

only one size, whighagg fsebarHE Rolss e, st batle 31 saaesmMAlBerIss et pass through

the holes on the first baf to make t ttirns before leaving the holes at the second
baffle 316. The géispPEGineYHeThaush sreahadestd diskstremtha BRR HoR BodsiibeE Kitough not

shown, in anotheg legigh J0:RiSRSHES HaSwareh P reabIRy shfofhH)ONYRrBeadif Simdagito a baffle,

however, the number and size of holes are such that they create a back pressure. Back
highly dependent upon this gas dispersing system. As shown in Figs. 1 and
2, the baffle 110, 200 contains a large number of holes 112, 202 of different
sizes. More specifically, the sizes of the holes increase with increasing
distance from the center of the baffle because the center of the baffie receives
more gas flow than does the edge. The gas 106, afier acting on the wafer
120, exits from an exit port 108.
{0006} Other strippers 300 contain a downsiream chamber 302 in
which the wafer 330 is exposed to the gas as shown in Fig. 3. The wafer 330
is held by a chuck 320. The gas 3006 enters the downstream chamber 302
through an entrance hole 304. As the gas 306 enters the chamber, a muitiple
baffie system baffie disperses the gas 306 to distribute the gas 306 evenly
onto the wafer 320. The first baffie 310 contains holes 312, 314 of two -
different sizes similar fo that described above. The second baffle 316
contains holes of only one size, which are offset from the holes in the first
baffie 310 so gas molecules that pass through the holes on the first bafile 310
have to make two 90° turns before leaving the holes at the second baffle 316.
The gas 306, after acting on the wafer 320, exits from an exit port 308.
10007] Although not shown, in another design o disperse gas, a
showerhead is used. A showerhead is similar to a baffle, however, the
number and size of hoies are such that they create a back pressure. Back



3 pressures of about 10 Torr or greater are produced by such a design. The creation of these back
pressures effectively slows down the gas flow above the showerhead and reduces the effect of flow
dynamics. [0008]However, it is complicated to optimize the hole sizes and pattern for the single baffle
design. Baffles used in single baffle designs are also expensive to manufacture due to the various
sizes and the large number of holes. Similarly, while multiple baffle designs may simplify the hole
pattern, the use of multiple baffles increases the size and weight of the chamber, as well as increasing

the cost of matefipdsifutekiabepatier 0ITshoyeaiheadrdesignsdinetighesugh strdesignrédsaire not only
lowers the ionization effici? cy of i:t)he as source bl# also ilncr[e%vse% tr\}\?nrﬁ]deicaééefFoer} g)%atéon, and
consequently Im%%tlﬂ@ g r&b B\ ]ﬁﬁﬂﬁg? oree(,: the Yasrgoe SUTRALE S8 dereated y the baffles or
showerhead andtibeshuamrdlesithpadbfebe ceptivechtiath ef fomnityapidieutralization of the radicals in

the gas, which ZﬁHag produ;&@&aﬁrim?g | H!%Hé‘at%e@bﬁm\(%%%ﬁo@gﬁeé@nﬁmpping rate is

two to three times as much as that with a e. This means that the baffle neutralizes more than half

of the radicals geaiemeibbingsigals ferfftledertnr Baffliamuased jooaoaiabedigifg sioaTireaspect of
the present invenfioneheresisPigvided Al-anRAR S s QlivRiiRdsuasstarisHesErse. the apparatus

comprising: upper and lower chamber bodies fprmini_a ca%ig; aggas source in fluid communication
with the cavity; dMEXPRILRE ipleadariany ainir OWEPRIR BRI FRF A SHRAY SEPBYYARS the cavity;

and an injector gesRlRRE: & PiHEAlIBea foontislieusathan trleaxtantagsiberatar ouglireach channel in
communication with t erﬁavity and the gas source \%ﬁherein each ihan e} is 'knfd%?en ent Irom one

another and contpf st VRIS HISHREL PR ey

el%%gﬁun Tar axia af())rﬁg% direction
of the first sectioshooverbetad e sigesdhe sdéglion astnepanspesrsdidiameter phoknersrtbigudinal axis

along a direction of 16, SEaRE SRE L GER U N SRR 98 RYEERJBR U Shagiion and the second

section is at an ang _
recombination, and consequently lowers the strip rate.

[0009] Furthermore, the large surface area created by the baffles or
showerhead and the internal shape of the upper chamber permit rapid
neutralization of the radicals in the gas, which actuaﬂy produce the
stripping of the photoresist. Without a baffle, the stripping rate is two to
three times as much as that with a baffle. This means that the baffle
neutralizes more than half of the radicals generated by the gas source.

BRIEF SUMMARY

[0009a] According to a first aspect of the present invention, there is
provided an apparatus for delivering gas to a substrate, the apparatus
comprising: upper and lower chamber bodies forming a cavity; a gas
source in fluid communication with the cavity; an exhaust unit adapted to
remove gas in the cavity; a chuck disposed in the cavity; and an injector
containing a plurality of continuous channels extending therethrough, each:
channel in communication with the cavity and the gas source, wherein
each channel is independent from one another and comprises: a first
section having a first diameter and a longitudinal axis along a direction of
the first section connected to a second section having a second diameter
and a longitudinal axis along a direction of the second section, where an

intersection between the first section and the second section is at an angle



sufficient to prevent light rays that enter the first section along the direction of the longitudinal axis of
the first section from exiting the second section without reflecting from a surface in the channel and
where the first diameter is substantially equal to the second diameter at the intersection.
[0009b]According to a second aspect of the present invention, there is provided an apparatus
comprising: upper and lower chamber bodies forminggg cavity; a gas source in fluid communication
with the cavity; an exhaust unit adapted to remove gas in the cavity; a chuck disposed in the cavity;
and an injector containing a plurality of continuous channels extending therethrough, each channel in

communication witHighertayipr@nshthRigpgeures ower ez gashselptipnedlisnigdrpetideioiiom one
another and bent sufficiently to prevent light ray which enters.the channel from exiting the channel
~ without reflectiné’?r%ﬁ(ig %‘ﬁﬁﬁé}% e %ﬁ%ﬁ%‘@%ﬁ&?ﬂ?&%ﬁ% ﬁﬂ&%ga% rﬁ%&pﬂgf‘%ﬁfﬁ’@ present
invention, there igipfovtdeticniag fanatusdorfdedviarthg gharinad sobisitades ttre djpplaratus comprising:
upper and lower hamper.bodigsté%rtggi[}p a ca}/{%/' A.9as S0 rée In fIEJid ﬁumupé%gg&rilowith the cavity;

. m LIS S equa 1Nne~secon iameler 2 e in .
an exhaust unit &p% tor ?nove gas-in ﬁ1e cavity,; a CﬁUC ISpOSGd In the cavity; and1an Injector

comprising a unj@ogiijucture Aratediniitsaagevoalityaepebhnhitls exéseding teeteihrdibgte each

h i icati ith th it d the. , ' hch | h
secion and a loffcl SAATH TSLARGIA e FMEHF R 0P AR SRR OT bEReen the upper

section and lowéssaripa aeitpreageiessuifiniantfloigrevent amydigin aithvthisvavitgraaithe upper
section of the channel from exitin& the lower section of the channel without reflecting from a surface in
hFRARes b

the channel. [0SR RLHIhGIRIRLIISMNLRE2SJadA SMBR: R BROGS Mber design

and gas dispersigg/gompRnantsiesigned ieaimpp veptas gV eashineioasecHmailp rate without using
expensive single or multiple baffles. By way of introduction only, in one embodiment, an apcfaratus

contains upper 4B heraHuPrHERRAI AR RN R TR GElRR WM IBM G3AY Rdhe cavity,
an exhaust unit {aoygh whiskutherasin doenAnaavily is rrBerad gk shepasstht the cavity and

an injector containing channels extending therethrough. Each channel is bent enough to substantially

block light rays atermptiseicianbl roriayradiRneiehs e Whighentees tharBarme fithannel
without UndergoingaidaRe! Ak SatiRsu HHBRR HBRNS! s(HRddInanetbrgRrzpodiment, the

apparatus contains a single
[0009c] According to a third aspect of the present invention, there is

provided an apparatus for delivering gas to a substrate, the apparatus
comprising: upper and lower chamber bodies forming a cavity; a gas
source in fluid communication with the cavity; an exhaust unit adapted to
remove gas in the cavity; a chuck disposed in the cavity; and an injector
comprising a unitary structure that contains a plurality of channels
extending therethrough, each channel in communication with the cavity and
the gas source, wherein each channel has an upper section and a lower
section located in the unitary structure, where the intersection between the
upper section and lower section is at an angle sufficient to prevent any light
ray which enters the upper section of the channel from exiting the lower
section of the channel without refiecting from a surface in the channel.
[0010] According to an embodiment, a gas chamber is provided with
a chamber design and gas dispersing component designed to improve gas
flow and increase the strip rate without using expensive single or multiple
baffies. By way of introduction only, in one embodiment, an apparatus
contains upper and lower chamber bodies forming a cavity, a gas source

providing gas for the cavity, an exhaust unit through which the gas in the



fixture between the gas source and the cavity through which the gas passes to enter 4 the cavity. The
fixture has channels with portions that bend at a substantially perpendicular angle from each other.
[0012]In another embodiment, the apparatus contains an injection means for introducing the gas from
the gas source into the cavity through channels while blocking radiation from the gas source from
passing through the channels. In various further embggiments, ends of the channels may comprise
ejection means for angling gas ejected from the channels into the chamber at angles different from
angles of the channels; the upper chamber body may comprise guiding means for guiding the gas in

the cavity ejected hyihg IR MEARSCRYBE IR INIREOLNISARSI Y RRIBRIISD MERASHOr

absorbing thermal expansion of the injection means, means for eliminating rubbing of mating surfaces

of the injection nfE@RnalseX{e4NS trerr i uaPeFaRARBRABRIYS RRATRROSINEE, and/or means for
adjusting a tempQiakiEm BE DD IBIRCHgRt Wi@ﬁﬂéﬁﬁ@ﬂﬁﬁﬁﬁf@W@My&amﬁkﬂ@q@@dw%
afer, t

injecting a gas into a cavity, towards a w j

_ a hrough channels in an injector that bend enough to
prevent light frorfT ¥y S oM BERgARERAY %LY%'F%F?@tc‘é@%?‘ﬁ)?fﬁ@@ﬁ&?ﬁﬁbgp%md lower

chamber bodies rghagiing theHlauwhef dhargas.using at least angles of the channels through which the

gas flows, angles af ends of the channels from whic%ﬂ‘ie as is ejected, . and angles, of internal
surfaces of the Ji?%éﬁind low8rA e?'BBH%Q?%’ﬁ ern%?ﬁﬁéaﬁ#g é"ggft%'gtghaagf?@p?nged on the
wafer through arfiexirausitwernin [Pl din soluntbearehibediméiyt tiatdegstvametotitbegelannels has a first
inclination angle in an URRer §ection of the injector substantially perpendicular to a second inclination
angle of a lower 882H6 of the ihjector. At least f the first and d inclinati | b

g jector. At least one of the first and second inclination angles may be
oblique from a central axis of the injector. The first inclination angle may range from about 0 to 60 from
the central axis of the injector while the second inclination angle ranges from about 10 to 60 from the
central axis of the injector. [0015]In another embodiment, a nozzle at an end of at least one of the



channels has a diameter greater than a diameter of the remainder of the channel. The diameter of the
nozzle may increase with decreasing distance 5 to the end of the channel and be funnel-shaped. An
angle at the end of the no771e adjacent to an internal surface of the upper chamber body may match
an angle of the internal surface. The internal surface may be funnel shaped and the internal surface of
the upper chamber body adjacent to an internal surface of the lower chamber body curve downward.
The internal surface of the upper chamber body may be funnel shaped and curve downward toward
the chuck. [0016]in another embodiment, the injector has a tapered lower portion, which may have first

and second regians BRAPTha iR RlemAIS WIRDEHIEARE AN PR EhaARgHpody may

match an angle of taper of at least one of the first and second regions. [0017]In another embodiment,

the injector is disPEEXNHEHRLANWIE Ha&RFLOERI the cavity. The injector may be attached to and

contact the gas sp@te] O-ringsnmaniesdispasedinaiveendhadpietos apshiehgagsauissisnd

between the injector and_the L{Pﬁ) r chamber body and the injector contain a slot that is substantially
[

parallel to a centfAPARE SHRTRHNABER I HHOAT 18RS Jhe SEhSRHFR LRI KRG, Ti@vdector may
contain a gap insitiarthe!8-rihiidobluskiy atddiativonfraf theugiecealihie injaciosasunshaistaiaee of the

embociment, e ode) Baliart A L TE ae L NAE SR R p i AR P utomatic

adjustment of a tempammanﬁm ﬂm@mrﬁpﬂmgﬁ@mm@a&d%mnﬂwﬂwnm@imme a

fomperatire of the e e e e e e PR
body.may comprise guiding means for guiding the gas in the cavity ejected by
the injection means; and/or the injection means may comprise means for
absorbing thermal expansion of the injection means, means for eliminating
_rubbing of mating surfaces of the injection means and at least one of the
‘upper chamber body and gas source, andfor means for adjusﬁng a
temperature of the injection means.
[0013] in another embodiment, a method inciudes jinjectim_:j agasinto a
cavity, towards a wafer, thrdugh channeis in an injector that bend enough to
prevent light from passing straight through the channels, {he cavity formed by
upper and tow_er chamber bodies, shaping the flow of the gas using at least
angles of the channels through which the gas fiows, angles of ends of the
channels from which the gas is ejecied, and angles of internal surfaces of the
upper and lower chamber bodies, and removing the gas that has impinged on
the wafer through an exhaust vent.
{0014] in a further embodiment, at least one of the channels has a first
inclination angle in an upper section of the injector substantially perpendicular
to a second inclination angle of a lower section of the injector. At least one of
the first and second inclination angles may be oblique from a central axis of
the injector. The first inclination angle may range from about 0° to 6Q° from
the central axis of the injector while the second inclination angle ranges from
about 107 to 60° from the central axis of the injector.
{0015] In another embodiment, a nozzle at an end of at least one of the
channels has a diameter greater than a diameter of the remaiﬁder of the

channel. The diameter of the nozzle may increase with decreasing distance



[0019]The following figures and detailed description of the preferred embodiments will more clearly

_- demonstrate these and other aspects of the invention. BRIEF DESCRIPTION OF THE DRAWINGS

- [0020]Fig. 1 illustrates a known single-baffle stripper chamber. 6 [0021]Fig. 2 illustrates the baffle of .
Fig. 1. [0022]Fig. 3 illustrates a known multi-bafflesstripper chamber. [0023]Fig. 4 illustrates a gas
chamber according to one aspect. [0024]Fig. 5 illustrates a perspective view of a dispersing
component according to one aspect.

fo the end of the channel and be funnel-shaped. An angle at the end of the
nozzie adjacent to an internal surface of the upper chamber body may match
an angle of the internal surface. The internai surface may be.funnel shaped
and the intemal suiface of the upper chamber body adjacent 1o an internal
surface of the lower chamber body curve downward. The internal surface of
the upper chamber body may be funnel shapéd and curve downward toward
the chuck,
10016} In another embodiment, the injector has a tapered lower portion,
which may have first and second regions that taper at different rates. The
internal surface of the upper chamber body may match an angle of taper of at
least one of the first and second regions.
[00171 In another embodiment, the injector is disposed befween the
gas source and the cavity. The injector may be attached to and contact the
gas source. O-rings may be disposed between the injector and the gas
source and between the injecfof and the upper chamber body and the injector
contain a slot that is substantially paralief to a central axis of the injector inside
at least one of the O-rings. Altémativeiy, the injector may contain a gap inside
- the O-ring between at least one of: a surface of the injector and a surface of
the gas source; and a surface of the injector and a surface of the upper
chamber body.
[0018] in another embodiment, the injector contains a temperature
adjustment 'system that permits manual or automatic adjustment of a
temperature of the injector. The temperature adjustment system may
comprise a cooling channel with a cooling fiquid in the injector, and a
temperature sensor that senses the temperature of the injector and an
electrical heater that alters the temperature of the injector. .
{00191 The following Tigures and detailed description of the preferred
embodiments will more clearly demonstrate these and other aspects of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS
100207 Fig. 1 illustrates a known singie-baffle stripper chamber.



[0025]Fig. 6 illustrates a cross-sectional view of a dispersing component according to a second aspect.
[0026]Fig, 7 illustrates a cross-sectional view of a dispersing component according to a third aspect. .
[0027]Fig. 8 illustrates a cross-sectional view of a dispersing component according to a fourth aspect.
[0028]Fig. 9 illustrates a cross-sectional view of asdispersing component according to a fifth aspect.
DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS [0029]A gas
chamber is described for improving flow of a gas and increasing a strip rate of photoresist on a wafer
disposed within the chamber. The gas chamber has a tailored upper chamber body and a gas injector
that disperses thggasjaroundrige T hustheewttie haiegfaigry small surface area to which the gas is

more economicak P factle AUl B RLE AT Al e B Short machiming
ple’and short machining

process. The terfo@Ra], as us&pghdritinstiathste gasgemountanoogndidic i ne aagaasma.

[0024] Fig. 5 illustrates a perspective view of a dispersing component

according to one aspect.

[0025] Fig. 6 illustraies a cross-sectional view of a dispersing

component accarding 1o a second aspect.

[0026] -Fig. 7 illustrates a cross-sectional view of a dispersing

component according to a third aspect.

[0027] Fig. 8 illustrates a cross-sectional view of a dispersing

component according to a fourth aspect.

[0028] Fig. 9 illustrates a cross-sectional view of a dispersing

component according fo a fifth aspect.

DETAIL’ED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS
[0029} A gas chamber is described for improving flow of a gas and
increasing a strip rate of photoresist on a wafer disposed within the chamber.
The gas chamber has a tailored upper chamber body and a gas injector that
disperses the gas around the chamber while having a very small surface area
to which the gas is exposed. in addition, the gas injector is smaller than
_known bafiies or showerheads, as well as being more economical {o
manufacture due to its smaller size and relatively simple and short machining
process. The term gas, as used herein, includes a gas containing radicals,
i.e. a plasma.
{0030] in a stripping process using a gas, typically the gas has a high
flow rate and high pressure. As one example, the flow rate of the gas can be
5 standard liters per minute (sim) at 1 Torr. For a gas, the mean free path at
this pressure can be obtained with the following equation:

I _kf:“

N2mPd?

{0031} where L is the mean free path of the gas, kis the Boltzmann




[0030Q]in a stripping process using a gas, typically the gas has a high flow rate and high pressure. As
one example, the flow rate of the gas can be 5 standard liters per minute (s1m) at 1 Torr. For a gas,
the mean free path at this pressure can be obtained with the following equation: L = KT -i2g.Pc12
[0031]where L is the mean free path of the gas, kiis the Boltzmann 7 constant, T is the absolute
temperature of gas, P is pressure and d is the diameter of the gas molecule, As one example, the
mean free path of an oxygen molecule is around 0.06 rum at room temperature. When a gas is ignited,
however, the gas temperature rises dramatically. If the gas temperature rises to 1000 K, the mean free
path of oxygen ineiRasas Wigteesbedulnterfiesstivaloégaschhis ciessaiteatidah iatiyegeometric

feature of a wafer-processipg chamber, The gas.flow tr i flow i
which Newtoniaf ST na L oS00 Qo e S A R et of g
gas-flow processes/gartypitacideisedioust plfgphabresrstteametaiusarfaast a gamonductor
water calls for a w4315, ,5,5im ZUN2 Ao LR NAStaesm dauumdriigspare conditions, the gas

velogity Ieaying the gas source wit exit diameter of 2.5 cm, for example, is around 177 m/sec. To
obtain a uniform temipgrattemrisasiifot A0S cligmensires iR oxLarRECISRRRYIAL 177 m/sec,

(he gas will not DNGRY %’gggﬁggﬁé@émm%% IhGorskAsRer AR WalegetiRshardinnrysal unit is

present in the gas own in Fig. 4, the gas chamber 400 contains upper and

of a wafer-processing chamber. The gas flow may be ireated as, therefore, a
viscous flow in which Newtonian gas dynamics dominates. |
[0032] A high gas stream velocity is the direct result of high gas-flow
processes. A typical recipe for stripping photoresist from the surface of a
semiconductor wafer calls for a flow rate of 5 sim Oo/N, at 1 Torr. Under
these flow and pressure condifions, the gas velocity leaving 'thé gas source
with an exit dia'meter of 2.5 cm, for example, is around 177 misec. To obtain
a uniform sirip patterh, a uniform vertical gas flow at the wafer surface is
used. At 177 misec, the gas will not typically disperse uniformly across the
surface of the wafer unless a dispersal unit is present in the gas flow,
10033} As shown in Fig. 4, the gas chamber 400 contains upper and
lower chamber bodies 402 and 404, a remote gas source 440, and an
exhaust unit 450. The upper and lower chamber bodies 402 and 404 form a
cavity 416 in which a vacuum is generated. An O-ring 406 disposed between
~ the upper and lower chamber bodies 402 and 404 permits the vacuum o be
maintained. The gas source 440 is microwave or RF-powered and excites a
process gas entering the source and creates a plasma. Typical gases include
oxygen, nitrogen, chiorine, argon, xenon depending on the desired process.
The gas source 440 typically contains a gas transport fube 442 that contains
sapphire.
[0034] The gas source 440 is attached to the upper chamber body 402
of the gas chamber 400 using screws or bolts. The gas source 440
communicates with the upper chamber body 402 through an injection port 414
such that the gas is transported downstream to the upper chamber body 402
through channels 412 in an injector 410. In one embodiment, the injection

port 414 has a diameter of about 2.5 cm, which is the same size as a typical



lower chamber bodies 402 and 404, a remote gas source 440, and an exhaust unit 450. The upper
and lower chamber bodies 402 and 404 form a cavity 416 in which a vacuum is generated. An 0-ring
406 disposed between the upper and lower chamber bodies 402 and 404 permits the vacuum to be
maintained. The gas source 440 is microwave orsRF-powered and excites a process gas entering the
source and creates a plasma. Typical gases include oxygen, nitrogen, chlorine, argon, xenon
depending on the desired process. The gas source 440 typically contains a gas transport tube 442 that
contains sapphire. [0034]The gas source 440 is attached to the upper chamber body 402 of the gas

chamber 400 usipgeSEERWSHY BUsAErqRE §aYSaID LammHBigatesouitbetatipper chamber body
402 through an injection port 414 such thatég‘]sgj??gs is, transported downstream to the upper chamber

body 402 througR GRS SASin WAL RiSne embodiment, the injection port 414 has a
diameter of aboytgdsgm, whighis the spipe:sizeeas ditypicalddasthanspotbtubidit2sof the gas source

440. The gas source_ 440 is preferably cqoled er for example. [003510nce has been

dispersed by the(‘iﬂfg@[%gwgf’ﬁ'\’g 8&%& Bé\{%%l@ (%%W‘épggvi@é‘i%)?n O&%ggg}%&zmber body

402 and impingegrpiemndy ensniyaie nARefeivisdibprsaden peianperabamecteiciedkciBok The injector

4101 wafer 420 gn cipick 430 are fisRosed Jn s A AL IoImed byl iRRgS aadpwer chamber
% ; & %o%mén , Eﬁ%

bodies 402 and in One B e cavity as a diameter of about 33 cm to 41 cm and a

height of about 14Yénfiotr@d binihethepesham inuesrchaobribegies 482 ABMERS, dipRAfly 6 inch, 8
inch or 12 inch walars arssefdn-semycordbetos tabreatps: [R3eHEHMHa85 47 ereAmRodiment,

ashes a photoresist layer remaining from an earlier process. The earlier process may be any

semiconductor fArighatiehabEcta crarte,athame, ARaHBRHE e feriHE ) PRYEPEE position. The
gas is then drawg;fippa:dherlprvan s Banerahinel 404viackvasiérait« 08 bsmighnairedes of

vacuum components by a vacuum pump 458. These vacuum components include, for example, a
vacuum line 45272B{i@igfon valve 454, and a throttle valve 456. [0037]In Fig. 4, the injector 410 is

located right belquyg$ie] 9as SOWFREgas, in one embodiment, ashes a photoresist fayer
remaining from an eariier process. The eariier process may be any
semiconductor fabrication process, for example, ion implantation, efching, or
metal deposition. The gas is then drawn from the lower chamber body 404
via an exit port 408 and through a series of vacuum components by a vacuum
pump 458. These vacuum components include, for example, a vacuum line
452 an isolation valve 454, and a throttle valve 406.
[0037] in Fig. 4, the injector 410 is located right below the gas source
440 and above the upper chamber body 402. There are multiple flow
channels 412 inside the injector 410. The flow channels 412 are angled away
from the center line of the upper chamber body 402. The angled fiow
channels divide and direct the gas stream from the source evenly toward the
wafer 420. The diameter and number of the flow channels are selected so
that they provide uniform gas disfribution over the wafer but do not create a
farge amount of back pressure in the gas source 440. A high back pressure
in the source can result in poor gas ionization and high radical recombination.
[0038] For a chamber pressure of 1 Torr and a fiow rate of 5 sim, the
injector 410 creates a back pressure of about 4 Torr in the gas source 440,
well below the 10 Torr back-pressure which severely decreases the number of
radicals produced in the gas source 440. In this example, the injector 410 has

a gas-exposed surface area of about 46 cm?, which includes the top surface,



440 and above the upper chamber body402. There are multiple flow channels 412 inside the injector -
410. The flow channels 412 are angled away from the center line of the upper chamber body 402. The
- angled flow channels divide and direct the gas stream from the source evenly toward the wafer 420.
The diameter and number of the flow channels are selected so that they provide uniform gas
distribution over the wafer but do not create a large amount of back pressure in the gas source 440. A
high back pressure in the source can result in poor gas ionization and high radical recombination.
[0038]For a chamber pressure of 1 Tor and a flow rate of 5 sim, the injector 410 creates a back

pressire of abougd FolidA 9% AONRRdQraah OB S RO ARG LRSS A ahighiseverely
mper o

decreases the nu f radicals produced in the gas source 440. In this example, the injector 410
has a gas-expos€8B0AHE"ataa Fnglsobells sisctiie @t FebBet i YHassRIEE % Y& walls of the
flow channels andghg hattom surface of the injector 410. As a comparison, the single bathe structure

of Fig. 1 has a surface area of over 2000 cm2. [0039]While radicals can still recombine inside the flow
channels 412 of 19G88r 410 SIS GG G E BTSSR 6o BRI FIEHRC A 12

recombination is shipigbeld eteiieasaslisibanhehwaibissintes witd the dhighrgdwedindite inside the
flow channels 412. Theﬁci:%{ggggfsm%i%{%%%w%g%%E{#ghggggp‘gglPsng?rjéfo%r%nsé[llghrgLﬁ?hhlarger than

the mean free pa‘i‘ﬁcé’f'i ough € pressure and temperature USed. The
average velocity ghtheigaiflinsidg thediogh cherfteschithngseddiaranteimdbingédivwisomditions stated

previouslyis aroud, 260 sec. s ok 5. A iken AOECH'E-abRUI3RRdo el through

the flow channel ore, ohly a small amount of radicals are neutralized whenpassing
through the flow Shaingetberethqooh el thenereseurpiRndsosnpaiaiieHespers PEBIRENRSR of Fig. 5, the

njector 500 contgigs i e AAREIAGnFsRE 1AM EARRAB AR dEIRITr GAuITRg cm and i

about 2.7 cm long. Although Fig. 5 shows a six channel injector, an ir&‘?e_ctor with additional or fewer

channels may bec@adiianssairebiPrayiasty, i ABHA AEOIRGFS 2 Ab eI B R dcf¥¥%600. As can be
seen by the cut-awrys\vieweiechannels of ih e nactotioRuigiN B BEW rieiarkendg 2Each channel is

bent at a sufficient angle to minimize qr eliminate_ultraviolet (UV) r and charged molecules
generated in the 88 SRIROWKE TR @&qg'%ﬂfzr@&a% @&)@éﬁ%ﬁﬁ?g ﬁ@&?@&% from the
entrance of the Chﬁanght@;mmﬂhei@hqanel. In other words, the UV rays .do not substantially
T e v B B LR B
injector 600 has awjemmesfboimiedisix flow channels 502. Each flow channel has a
diameter of about 0.4 cm and is about 2.7 cm jong. Although Fig. 5 shows a
six channel injector, an injector with additional or fewer channels may be used
“as desired. Figure &, for exémpie, shows a four channel injector 600. As can
be seen by the cut-away view, the channels of the injector contain one or
more bends. Each channel is bent at a sufficient angle fo minimize or
eliminate ultraviolet (UV) rays and charged molecutes generated in the gas
| source where the gas is ionized from substantially passing directly from the
entrance of the channel to the exit of the channel. In other words, the UV rays
do not substantially pass from the entrance to the ext without being refliected.
if not properly blocked, the UV rays and charged molecules can travel o the
wafer and damage the circuit.
[0041] As shown in Fig. 6, the injector 600 has an upper portion 610
and a lower portion 612. The upper portion 610 is substantially cylindrical and
is used fo couple the injector 600 to the remote gas source and the upper
chamber body, discussed in more detaill below. The lower portion 612 has
first and second regions 614 and 616 that taper at different rates with



and a lower portion 612. The upper portion 610 is substantially cylindrical and is used to couple the .
injector.600 to the remote gas source and the upper chamber body, discussed in more detail below.
The lower portion 612 has first and second regions 614 and 616 that taper at different rates with 10
increasing distance from the remote gas source.ithe lower portion 612 has a smaller diameter than
the diameter of the upper portion 610. The first and second regions 614 and 616 may have other
shapes, e.g., spherical or cylindrical. Similarly, although the first and second regions 614 and 616 are
shown as tapering at different rates, the first and second regions 614 and 616 may have the same

taper (e.g., be syRsfaptimlyAssingie roricabaesRiterna sBuriEreTis wver potipes (@ habe
substantially cylindrical with one or more cylinders of one or morf%ﬁcgam\ﬁieprs)].‘[}(éofggnn%pdition, each
channel 602 has%ﬁb@@@%?ﬁﬁ@fﬁﬁ%&%%? g@%}%}f%. 3R B Contains a

section 8

nozzle 608 from ydyehdhediensis tjestris Thendiaete rthénevhzes) al. 60 Zpiveried thre nozzle 608,
remains substantially constant. The ngzzle 608 has a.diameter ' ' reasing distance
to the end of the %ﬁﬁ%’?ﬁ’&?@%ﬁﬂ?ﬁ&e&}ﬁ s 983}1] sﬁ%%r?@r‘%’ %%@@%%%@%?‘s%t\%ﬁgn%t; Iyg 4
funnel-shaped. [048tiTietappang et iiificbon chiase thidinst bhdssandnd|egiiu Sl @Rdiford the
central axis of thgn'

%ﬁégga&ﬁg §Qﬁ4e§§b‘£ﬁé§}2ﬂ3§e %ﬁ%ﬁ?&ﬂi%ﬂ%%‘}%ﬁe%&é of pdpwgr section of

the channel. The a e lower sectio termines the ancgj of the gas exiting the flow
channel 602 anddugietelenbpis iwetapar faterbasthisiRaiahcadnbices wdresise®Bward the

center with small@lﬁ@g@smp&%igm%?es&%gtg@with larger angles. Different flow and pressure

conditions and gas types may use injectors with different angles to be optimized for best overall

performance. Fof ple, arlgladdifigiyeandshanpat B33 BasahBRS teRGHILRIY AR MPinjector 600

while angle B rangge feupieRaie. 0tASRHEAHE6RBUS axitnidherioienosRolAaddiRy using

dicular pl f angles for th , dl ti d 60 di li f sight
Iouigh the charie 802 E BRI AEARTIRSLAY 5 Ba B WA EBG WL S8 can be

varied to optimizedieidesigbstittialinjestetdat sTipuritortmBp\hates vitametredhetimnsaseching the
e e e e AR TR S PR colson e

shown, the nozzie 608 is substantially funnel-shaped.

{0043} The upper section 604'o‘f one channel has an inclination angie A

from the central axis of the injector 600 that is substantially perpendicular to

the angle B of the lower section of thé channel. The angle of the lower

section 606 determines the angle of the gas exiting the flow channel 602 and

is used to adjust the flow patiern at the wafer. Gas flow is more focused

foward the center with smaller angles, and is more spread-out with larger

angles. Different flow and pressure conditions and gas types may use

injectors .with diffarent angles to be optimized for best overall performance.

For example, angle A ranges from about 0° fo 60° from the central axis of the

injector 600 while angle B ranges from about 10° to 60° from the ceniral axis

of the injector 600.

[0044] By using perpendicular planes of angles for the upper and lower

section 604 and 606, a direct iine of sight through the channe! 602 can be

avoided. Thus, UV rays can be blocked whiie the B angle can be varied {0

optimize the design of the injector for strip uniformity. Moreover, to reduce

ions reaching the wafer, the injector forces the ionized gas siream {o turn

sharply. Sharp turns facilitate wall collision and therefore help to neuiraiize

ions. This permits a controlled reduction in the number of ions leaving the



11 injector. Note that although only channels with a single bend (i.e. only two sections) are.shown, the
channels may have multiple sharp bends (Le. more than two sections). Alternatively, the channels may
be curved to eliminate line-of-sight from the entrance to the exit of the channel and force the gas
molecules to collide with the surface along the cunve. [0045]In other examples, the diameter of the
injector may range from about 5 cm to 13 cm, while the thickness ranges from about 1 cm to 13 cm.
From 3 to 24 flow channels are present in the injector. These flow channels have a diameter that may
range from about 02 cm to 1 cm and extend in length from about 1 cm to 5 cm. [0046]Strip uniformity

is affected by diffgestbfeatisestiathiichamkety Braangle withe sowes bbadifiet obthetingector controls
the direction of the gas streams coming out of the nozzles, and ih ip unj ity from the
center to the edggeeg??lﬁgv%?e?%?wg'f arlncg‘ %?(Reol? e %hz%lg%%fgé\%a%ﬁgﬁ 21 §g§ Ség're'lﬁ%rrw'%loming out
of the nozzle, anthémuisviongectiassihe’tiecuatiesbntinbustifomsity Nieg 47 leLadetitiors tméniatenel-shaped
upper chamber 5 inFig. 4 f r its fram the injector.
The inner surfac:l?e;%(()a"f\Z %ﬁeg %&@Eﬁ]ﬁﬁgﬁ %‘(})9 %E’%{@?{?ﬁ%%ﬁ%%t t SIe é@g ﬁﬁﬁ%ét of the injector is

confined in the umsée@tamicesalisis, withdifarmsiatrplong§ensu@Eirculation of the gas after the gas
has left the injecippfdje funnel, YHACE SRRSO MERLIN SR feae)adh@iivvangBarher body (or

the edge of the wafer), which further confines and guides the gas to control the strip rate at the wafer
edge. [0048]ThedhaHEPSH e b3 418 1opilrthe tipeicasranesbbay ks 87 ol S8 of the space

formed by the upReRARAddOMEr ARk diesHraamRRcivdtiroo TR s FRAVBhEimeldindrical
upper chamber body shown in Fii%s. 1 and 3. This reduces the amount of time itét(%ﬁgv.to pump down

the chamber fromeBHEREsBat MatsaRESHFUB ARG thEPILS Bl as reducing
the amount of timshigttakesiavent 1ctnecimpesphere. Some strip chambers use pumping and venting

for every waler B0 gaed oD S Ghoatty S SRS £ RISk P SRS (giepse In time to
The angle of the lower chahnel of the injector controls the direction of the gas
streams coming out of the nozzles, and thus alters the strip uniformity from
the center to the edge of the wafer. The flaring exit of the nozzle helps fan out
the gas stream coming out of the nozzle, and thus improves the
circumferential uniformity.
f0047} in addition, the funnel-shaped upper chamber body, shown in
Fig. 4, affects the gas flow pattern after the gas exits from the injector. The
inner surface of the upper chamber body is continuous so that the gas fiowing
out of the injector is confined in the upper chamber body. The funnel shape
lessens recirculation of the gas after the gas has left the injector. The funnel

. surface curves downward when reaching the lower chamber body (or the

edge of the wafer), which further confines and guides the gas to control the
strip rate at the wafer edge.
[0048] The funnel shape of the top of the upper chamber body reduces
the volume of the space formed by the upper and lower chamber bodies
compared with the volume used by the cylindrical upper chamber body shown
in Figs. 1 and 3. This reduces the amount of time it takes to pump down the
chamber from atmospheric pressure to the pressure used during the process
as well as reducing the amount of time it takes to vent fo the aimosphere.
Some strip chambers use pumping and venting for every wafer processed,

resulting in a large decrease in throughput, i.e. a large ingrease in time to



12 process, for a batch of wafers. Other strip chambers, which are designed to cluster around a central
wafer-transferring vacuum chamber, use partial venting to a pressure higher than the process
pressure to improve the heat transfer between the chuck and the wafer. The chamber is then pumped
down to the process pressure after the wafer hedfing is complete. [0049]Control of the injector's
temperature helps to achieve consistent process results. For example, the surface recombination
efficiency of the gas radicals recombining on the surface of the injector varies with the temperature of
the surface. Depending on the gas chemistry, the recombination rate can be proportional to the

temperature or ¢aodEshversehaltiopdmiaies oQteetcrtiforbambarWaleh e Sedanetifio regulate
the typical baffle g fompgratie Ausie-ipszerahiiedyRicp hatfe shonskin kg pdraad 3. When the

temperature of the bathe varies, the process results may differ from wafer to wafer. It is also difficult to

keep a baffle's t¥RipEtatRE BriesHie BighRRERLIIRRQSSRRTFEEIS 1 ARVl diBbrature of the

baffle is higher atihareepeiihebalfiadineritie araris Thecharmndeidhrsplasmasdurce and
receives more heat load than other areas of th%]bai le. Apo%-unti,form tenﬁpgr%ure profile causes the
baffle surface to4RVR Fole RIETRT P RIS SIHiInAT S Kt Ciete WrieH RiRRer complicates the

- process. [0050]Higmrver, as tipimjertdriis sijedficesiyraprmabanthhaitizadypibi wattesisisasier to
control the injector's temperature _Figure 7 illustrates a close up.crogs-sect vi

embodiment of t%oﬁ?ésc%% tr 56#%@%%‘5@%8%%%?87 %o'%n %smﬁ:e ﬁ%%ﬁkghgaﬁﬁélg ggdy 702, an
injector 710 andradjaalsoeccenbiond oe Hzs suiace Fbthsiniespedadahaviippes tempireiiody 702 by

screws 730. Simipil WRIIECHERIAIR SUPIRE IDR SATRLIGR FO0INRRRIPEOcThe 02s

source 750 generates plasma 752, whiclT'is supp n the channels 712 in the injector 710 to -
the upper chamiber prpromat fretyadempriateBo@omaine inyetealy MopatioRsl thEs vacuum 0-ring

7201s disposed't&*ﬁg;%mﬁd-&pﬁ&ﬁ}é%a}?ﬁrd%wfﬁeamwﬁa@erm@%mamgﬁwovver vacuum 0-ring
722 is disposed. The injector 710 also includes slots 716 and gaps 718, as discussed below. [0051]As

shown in Fig. 7, iemeerpiHEERpE faraithabincohriatbafissiiguadr 7a5id @bghel t8have a

large thermal cogiaqkaigarauliisivisal BEmesRiiesic Biegvdtest hesiiermalcdifadtanevisdhe area of
the injector 710 outside the vacuum gg%rﬁgs 72 72%% e screwsﬁ?ifo and, 740 p{pvi%ﬂe tight contact

between the injelVF e dhEPRIEYE E%Kf%(?/@p AR H?ﬁ&f?é‘ﬂma‘ﬂfc §

a good heat
transfer path betweensbesthiesmalicFidactiaiad anththepasstureei5e. Haficehightemérgy received

e ol SRR SR AR R s e s 1 oo

below a desired teogpesatorere heat foad than other areas of the baffle. A non-uniform
temperature profile causes the baffle surface to have non-uniform radical
recombination efficiency, which further complicates the process.
[0050] However, as the injector is significantly smalier than the typical
baffle, it is easier to control the injector’s temperature. Figure 7 illustrates a
close up cross-sectional view of one embodiment of the gas chamber 700.
The gas chamber 700 contains an upper chamber body 702, an injector 710
and a gés source 750. The gas source 750 is coupled to the upper chamber
body 702 by screws 730. Similariy, the injector 710 is coupled to the gas
source 750 by screws 740. The gas source 750 generates plasma 752, which
is supplied through the channels 712 in the injector 710 to the upper chamber
body 702. The gas source 750 contains a recess in which an upper vacuum
O-ring 720 is disposed, while the upper chamber body 702 contains a recess
in which a lower vacuum O-ring 722 is disposed. The injector 710 also
inciudes slots 716 and gaps 718, as discussed below.

[0051] As shown in Fig. 7, to keep the temperaiure undsr control, the



' [0052]As shown in Fig. 8, the injector 800 can also be formed with one or more cooling channels 820
that contain a cooling liquid 822, which permits a larger.amount of heat to be removed. To maintain the
injector 800 at a constant temperature, the cooling fluid 820 can be circulated through a temperature
control unit (not shown). The injector's temperatuse can then be controlled by setting the temperature
of the cooling liquid 822 at the temperature control unit. The cooling liquid in each cooling channel can
be the same or different. [0053]if active temperature control is desired, a combination of heating and
cooling may be used. Electrical heaters 960, as shown in Fig. 9, can be inserted into the injector 900

separately from {hpeRplindcharreis PO Aae:eldatiethbeaissonayheciorimitanisetresistors. A
temperature controller 950 can be usedgtl% c?’g%rol he cyrr§nt to thg electricall #‘eaters %615_0 to adjust the

temperature of tFETIERIT GRS Fre g’ S LHEIRINRAUAIR RIS

or In one or more
groups. AdditionzHy) cmeide theredenpe BitingsEa8072 97 O maydrevin sEitedrid icdthernjedtor 900. The

temperature sensor 970 may,be, for exampl t I ' etector
(RTD). Alternativ%qy, &%r}%%%é?eec rﬁﬁ@%&ﬁ%&%ﬂ?ﬁ%ﬁ% %c%t%ﬁﬁ?eémgﬁfgﬁ %T%H[ eFi)njector,
replacing the hedtery 0@ toplingrchengefs! fess ABesfeiasatdeeueearthedhctanberatasé changes of
the various Cm%‘?@%’&ﬁd%@%&é%&uﬁ%@%b%%_ Qﬂé‘?{epé%*?!,?d@ﬁreﬁ%&mﬁéoﬂﬁa%” with

relatively good heat transfer, the injector's temperature is still higher than that of the mating parts (e.qg.

the gas source andirtipssrendifde gaseelcer haprpaltethanspRnAiamhehisciveRf the injector

and the mating PRKS HRSINRGIREIEAREPEHEES TREANANEE StERS chBigynedidiaal stress can
deform or damage the injector or the mating parts. To alleviate this ?ne or more slots 716 are formed

in the injector 716N9H@BEA NI NGRS IACA PSR B estRIAEBPAR Riector 710, which act
as thermal expangigspielief slots. JA6REIA FdGomathgeriol BiTTaIchINENCRmEarttone

contamination. As the Injectqr heats up and coopls down, it expands and racts relative.to the mating
parts. As a resulﬁ?ﬂﬂﬂfﬁ&@&?ﬂé:aﬁ%ﬁgmﬁﬁ SN S’B HFQ%’][JIQE{ rgé?r%d %ﬁéc%gﬁrqg !E)sarts.
Rubbing creates paitipie arndiiahdf intendotadransotettinfentabintaimfitys imebochéngien. To avoid
rubbing of the mating.surfaces, a small.gap 718 of.0. m_or less.is.| . een the mating
surfaces inside the r\‘%‘@ﬂéﬁ%%ﬂ?ﬁ%@%éﬁaen%mﬂa% im%o%g %%pé%gﬁggemé%\%%%%%:eas outside the
0-rings 720 and T@Zap&@aee:nntrshumih(mt:izjlm.F@&Miqﬁmaﬁwmm?@?@lude
particles outside fe,0-1ings, 720:ARAH 2 20N SRIRTIDEHTRESRARPRIAGB22 at the

temperature control unit. The cooling liquid in each cooling channel can be
the same or different. o
[0053] if active temperature controt is desired, a combination of heating
and cooling may be used. Electrical heaters 960, as shown in Fig. 8, can be

' inserted into the injector 900 separately from the cooiing channels 920. The
electrical heaters ma'y be, for instance, resistors. A iemperature controlier
950 can be used to control the current to the electrical heaters 960 to adjust
the temperature of the injector 910. The heaters 960 may be controlled
individually or in one or more groups. Additionally, one or more temperature
sensors 8§70 may be inserted into the injector 900. The temperature sensor
970 may be, for example, a thermocoupie or Resistance Temperature
Detector (RTD). Alternatively, thermoelectric elements can be used to controf
the femperature of the injector, replacing the heaters and cooling channels.
{00547 Besides process variation, temperature changes of the various
components in the gas chamber may cause cther problems. For example,
even with relatively good heat transfer, the injector’s temperature is still higher

than that of the mating parts {e.g. the gas source and the upper chamber



[0056]The injector and the upperand lower chamber bodies as well as the injector can be
manufactured using all plasma-resistant material. The plasma-resistant material can be formed from
metallic or non-metallic material. If one or more metals are used to form the injector, the injector can
include, for example, aluminum and aluminum alleys, stainless steel and high nickel alloys, quartz,
aluminum oxide ceramic, aluminum nitride ceramic, and/or yttrium oxide ceramic. [0057]Parts
fabricated using metals can be protected against corrosion with plasma resistant coatings. in one
example, aluminum may be used as its natural surface oxide provides an excellent corrosion barrier.

However, when yging) flueringbpssskelrinisinnandiupeareaittin plecesssedriiionstithe aluminum
native oxide does not provide sufficient protection to a\ﬁoid.foimﬁation oI}talumin%m tluque \é/hich
cat strgs

causes contaminB@En BrieIRRSI Afra RIREHESRMERBRIREL 57 tor MRS

ing o FACLaT parf5 , coatings
that have superiaaiegisiamne @ telfineibrsichinjsstoy oathbaragiplgepadsthd suifadatef thistalnsarts.

Coatings such as ancdizajion oyer aluminue a5, alioxs 0 35.plasma spiaseg alupinum oxide,

nickel plating, qu%?t?, fiﬁr?u oxide and/or other ceramic materials may be used for protection from
various chemistriesrtfa058iEuoning daskicoof ijedninetovatép 4r0itk ores erer calageRick 430 in
the chamber, Be;ga%ﬁgﬁg)[?process can be conduced, wafers are heated to a temperature high enough
to accelerate the chemical reaction. Wafer heating is non-trivial as the strip uniformity is directly related
to the temperatul@Cffformity 4t MWQ@&WH@%W%HM&@QWW&W%@‘%V@Buce the

time the wafer is jiy i, Ghamben R inansRIsleliven AltBopahdelaracsiatis ausksinay be used in

stripper applications, they are expensive and mayénot be reliable. However, an electro% tic chuck has

an electrically-ind0e SBeERGRRATE foP &l ras Htily REW 2RSUH BEMB IR SO I YT ERE transfer,

which a non-eleciipsiniicapusls MaymMPphaYe FARBIWG Y Ieamel gateciushwhiptolilrmdsgesbntrol the
flatness of the chuck to within a rFarnoglar_amour‘% In one ?amgﬁﬁtg?ﬁrowdéa fast heat transfer and

uniform wafer terAfeRGTRSHRIHULREE HoHE S Fobgtic Lha Nt % BiaH S eater chuck
has a global flatnasgaekletamtatimabpuE2F pr3 [A0h Yineaddiimopucgairzebitee thmber affects the

strip rate of the phaotoresist.on the wafer, Strip processes are.usually. highsf gvcggﬁl slm) and
high-pressure (e@.?%sﬁ%?ﬁ%# E‘itgﬂrc?e{rf}.e é‘%c“??%g yr,In rslp%pﬁo%@;?e% aé@(‘%@%&% in either a
viscous flow regitve mowided évaleiowisigintee Tongsiddliaridrid puhpimicaeiiilevwuifp port 408

is located at the ﬁQF?ré)g {Hé J@Wxﬁb‘é% %ﬁﬁb@ye%%tiveiy exclude particies outside the O-
rings 720 and 722 from entering the chamber 700.
[0056] The injector and the upper-and lower chamber bodies as well as
the injector can be manufactured using alt plasma-resistant material. The
plasma-resistant material can be formed from metallic or non-metaliic
material. If one or more metals are used fo form the injector, the injector can
include, for example, aluminum and aluminum alioys, stainless steel and high
nickel alloys, quartz, aluminum oxide ceramic, aluminum nitride ceramic,
and/or vifrium oxide ceramic.
100571  Parts fabricated using metals can be protected against corrosion
with plasma resistant coatings. In one example, aluminum may be used as its
natural surface oxide provides an excellent corrosion barrier. However, when
using fluorine based chemistry and under certain process conditions, the
aluminum native oxide does not provide sufficient protection fo avoid
formation of aluminum fluoride, which causes contamination on wafers. To
prevent metallic fluorides from forming on metal parts, coatings that have
superior resistance to fluorine chemistry can be applied to the surface of

metal parts. Coatings stich as-anodization over aluminum and its alloys and



- [0060]Other systems can be incorporated in the chamber to improve the process results. An optical
spectrum end-point detector, for example, is one such system. Either a narrow band or a broad band
optical wavelength detector is attached to a view port at the side of the chamber looking directly at the
bulk plasma above the wafer plane. The chemicakreaction at the wafer surface between the
photoresist and the plasma emits a particular signature spectrum. Once the photoresist is depleted,
this spectrum changes immediately. This optical signal change determines the end of the strip
process. End point detection has become sophisticated enough to determine the transition of

multi-layer strip pyacess sselyas diahigesrompianiekklesiting Soiemey gliriis dyjoe elndsist has a hard
crust due to the implant process. Che%ﬂstg/ es‘i!%neqfto br aktthrofu h the.crustEj!s difé%rignt from that
designed to stripARETEEr BFRENRGEREHGEY B ﬁgt.c\f\m‘i%}r%boé} LRI AR GphieEH_tE R or is able to
determine this trgmsggin as thg @piieabspret Wiy chahgasafdietPthicer ost hamtdchedtthgough. This
change of signal allows,the.sqftware tq cha the chemistry in t a SWi different
recipe for the buﬁ?‘%cﬁsdfggeﬁ?c%'gl .gﬁ%r\?voté%r,gs%f{s) gn%s”glﬁzrﬁ%%} %gfp%aﬁ@?g:ét‘%m e%%é(%r% detector
described abovetasdearbist aneighesaidrsinigtiGaeLighdaschaleiisée His desnicRigeapanhat contains a

single injector hayg,ARORGISLNBHIAIISD 95 RAFTRS-ND R RN ShambRy e channels

have portions That are substantially perpendicular to each other. The portions are disposed at angles
of up to about 6(0¢roneeaBEattElRBHIbBf #Ehmjwaler. Tihe svriehidratrdraRBIYHYFEd end portions.

The chamber hag gtaperesupRes RUARLIRR RAnatehedkie i amalenbinedengsbatanes end

portions of the injector and disperses the gas ejected from the injector. The injector is small and

relatively simple fStReatsi¥EleGFOTEHE SVATE TVARRUSSO SRS ARRIGRINI LR the

descriptions herqipigsildsiimtive-oniytandraphteebe-eansisicdrosidontisgthecinvaotion avarious
modifications, such as, differences in material and/ﬁr dim]zn ions, f?ﬁnd aggli%%%ﬁns n&?:yi cl_cur to those
skilled in the art SBREANFARHES A SRR JeTeRitet Y s By e tReSeh LHEfRed in the

appended claimsyodd heat transfer, which a non-efectrostatic chuck may not have. One way
to mitigate such a problem is to confrol the flatness of the chuck to within a
parficular amount. In one example, to provide a fast heat transfer and uniform

" wafer temperature when using a non-electrostatic chuck, the non-electrostatic

heater chuck has a global fiatness of better than about 27 um.
[0059] in addition, pumping of the ch'amber affects the strip rate of the
photoresist on the wafer. Strip processes are usually high-flow (e.g., several
sim) and high-pressure {e.g., 750 mTorr or highar). Accordingly, strip
processes are not entirely in elther a viscous flow regime or a molecular flow
regime. To provide uniform pumping, a single pump port 408 is iocated at the
center of the lower chamber body 404.
[0060] Other systems can be incorporated in the chamber fo improve
the process resuits.‘ An optical spectrum end-point detector, for example, is
one such system, Either a narrow band or a broad band opticat wavelength
detector is attached to a view pori at the side of the chamber looking directly
at the bulk plasma above the wafer piane. The chemical reaction at the wafer
surface between the photoresist and the piasma emits a particular signature
spectrum. Once the photoresist is depleted, this specirum changés-
immediately. This optical signal change determines the end of the strip
process. End paint detection has become sophisticated enough to determine

the fransition of multi-iayer strip process such as high dose i'mplanted resist



Claims An apparatus for delivering gas to a substrate, the apparatus comprising: upper and lower
chamber bodies forming a cavity; a gas source in fluid communication with the cavity; an exhaust unit
adapted to remove gas in the cavity; a chuck disposed in the cavity; and an injector containing
a plurality of continuous channels extending thersthrough, each channel in communication with.the
cavity and the gas source, wherein each channel is independent from one another and comprises:

a first section having a first diameter and a longitudinal axis along a direction of the first section
connected to a second section having a second diameter and a longitudinal axis along a direction of
the second sectiosgnotere Thisihtpesaictanich bassehatik dirsstshoitn hedmmasé opeeséction is at an

angle sufficient to.provert il s 103 eale e fFstaegiinn Alops s disaipaidbglenitudinal

axis of the first sec%on%r ex%ng tée secong section without reflecting from a surface in the channel

and where the fiftst siidpriberastaffsearanish unsigathe i secith mEpReteelimmanRBis&tion, 2.
The apparatus ofsclaing1isiqih AldsARhansiothsRRANAS b apAdMsifeetinAi GRangHe in the first

section of the injector substantially perpendicular to a second inclination angle of the second section of

dicul d
the injector.  @eAdNEHR RS Brogiveiinit £RRhe N RIPYWR IS 8BRYF tlination

angles is obliqueyf eRnAgEMiEalRTisRTe fRisstosma arti ShRcAnpasatifeeintlaini®; faherein the first
inclination angle ranges from about %60 from the centraéaxi% of tkﬁ.irﬁfctor %/‘\_/hile eth&second
inclination angle PAGESELFRTER R AEHSHT IRRTEHFRESIE D PRI ARSI U S8 he apparatus

of claim 1, whereiniatifstatenidas atitbofaideastionesf, theighaandlsiesubstantially funnel shaped.
. [0061] A gas chamber has been described that contains a single

injector having channels through which a gas passes info a vacuum chamber.
The channels have portions that are substantially perpendicular to each other.
The portions are disposed at angles of up to about 60° from a central axis of
the injector. The channels have funnel-shaped end portions. The chamber
has a tapered upper portion that is matched to the angle of the funnel-shaped
end portions of the injector and disperses the gas ejected from the injector.
The injector is small and relatively simple to manufacture.
[0062] While specific embodiments have been described, the
descriptions herein are illustrative only and not 1o be construed as limiting the
invention. Various modifications, such as differences in materials and/or
dimensions, and applications may occur to those skilled m the art without
departing from the true spirit and scope of the invention as defined in the

appended claims.



18 6. The apparatus of claim 5, wherein an angle at the end of the nozzle adjacent to an internal
surface of the upper chamber body matches an qggle of the internal surface. 7. The apparatus of
claim 6, wherein the internal surface is funnel shaped. 8. The apparatus of claim 1, wherein the
injector has a tapered lower portion. 9. The apparatus of claim 8, wherein the tapered lower
portioggadirst and second regions that taper at different rates. 10. The apparatus of claim 9,
wherein an internal surface of the upper chamber body matches an angle of taper of at least one of the

first and secand regjons. 11. r]ée apparatys of claim 1,,wherein the injector contacts the gas
source. 2. Th‘é%%ﬁjﬁfg%gshl&‘% Yr?}g)ﬁ,gﬁ?:{?]am%%&e e ! GERR

er comprising G-rings Betweenthe injector and the
gas source and betwgen ihé isjestohanbei i dippdochambentiody, wherein the injector contains a slot
inside at least one of the O-ringsﬁe slot substantiallzﬂg rallel.to a central axis of the injector. 13.

The apparatus of clA#AS T eSO RBHRIRECE HhE d&Pthe injector and the gas source and

between the injectospacthing uippeighambembedygwhetiedeibigyinjector contains a gap inside the 0-ring
between at least one of a syrface of the injector and a surface of the gas source; and a surface of the
injector and a surfaf&BIhERopet RHARMBRH ; 14. The apparatus of claim 1, wherein the

injector further compgiggsceiRMNAIRHIE RANSIMELEHEIRN: thahRes Bl MRpUBLeIAgR)atic
adjustment of a temperature of the injector.
each channel in communication with the cavity and the gas source, wherein each channel is
independent from one another and comprises:
a first section having a first diameter and a longitudinal axis along a direction of the
first section conﬁected to a second section having a second diameter and a longitudinal axis along a
direction of the second section, where an intersection between the first section and the second section
is at an angle sufficient to prevent light rays that enter the first section along the direction of the
longitudinal axis of the first section from exiting the second section without reflecting from a surface

in the channel and where the first diameter is substantially equal to the second diameter at the

intersection.

2 The apparatus of claim 1, wherein at least one of the channels has a first inclination
angle in the first section of the injector substantially perpendicular to a second inclination angle of

the second section of the injector.

3. The apparatus of claim 2, wherein at least one of the first and second

inclination angles is oblique from a central axis of the injector.

4, The apparatus of claim 3, wherein the first inclination angle ranges from about 0° to
60° from the central axis of the injector while the second inclination angle ranges from about 10° to

60° from the central axis of the injector.

5. The apparatus of claim 1, wherein a nozzle at an end of at least one of the

channels is substantially funnel shaped.



15. The apparatus of claim 14, wherein the temperature adjustment system comprises a cooling
channel in the injector, the cooling channel containgg a cooling liquid. 19 16. The apparatus of
claim 15, wherein the temperature adjustment system further comprises a temperature sensor that
senses the temperature of the injector and an electrical heater that alters the temperature of the

njector. 17 An aghajaliscomeining pae andiowel shaber edies foumng g cagty: a as

on wi e cavity; an exhaust unit adapted to remove gas in the cavity; a
chuck dispndedifatbefhvitypanchamber begly mpedios enataieiof)ile phtralfisaffaentinuous channels

extending therethrough, each channel in communication with the cavity and the gas source, wherein

each channel s inde fromone aRo an fi%iggé 19:pre light ray which
enters the cha?hnel fr}gﬁ?gﬁt%lg t{:&ezfoc anné%f%ou%’?e ecting romglalgsur aé(‘:{g%%ag channel. 18.

The apparatus of claim 17, wherein a funnel-shaped nozzle is disposed at an end of a least one of the
channels. & The apparatus of claim 1, wherein the injector has a tapered lower portion.

9. The apparatus of claim 8, wherein the tapered lower portion has first and second

regions that taper at different rates.

10. The apparatus of claim 9, wherein an internal surface of the upper chamber body

matches an angle of taper of at least one of the first and second regions.
11 The apparatus of claim 1, wherein the injector contacts the gas source.

12. The apparatus of claim 11, further comprising O-rings between the injector and the
gas source and between the injector and the upper chamber body, wherem the injector contains a slot

. inside at least one of the O-rings, the slot substantially parallel to a central axis of the injector.

13. The apparatus of claim 11, further comprising O-rings between the injector and the
gas source and between the injector and the upper chamber body, wherein the injector contains a gap
inside the O-ring between at least one of: a surface of the injector and a surface of the gas source; and

a surface of the injector and a surface of the upper chamber body.

14, The apparatus of claim 1, wherein the injector further comprises a temperature

adjustment system that permits manual or automatic adjustment of a temperature of the injector.

15. The apparatus of claim 14, wherein the temperature adjustment system comprises a

cooling channel in the injector, the cooling channel containing & cooling liquid.



19. The apparatus of claim 17, wherein an angle at an end of the nozzle adjacent to an internal
surface of the upper chamber body matches an at@le of the internal surface. 20. The apparatus of
claim 19, wherein the internal surface is funnel shaped. 21. The apparatus of claim 17, further
comprising 0-rings between the fixture and the gas source and between the fixture and the upper

chamber body@.wheﬁ%ieMA&H@&M@%@}@H@@Q&%&&%%&M AagSutiersiot

substantially parallel to a central axis of the fixture. . The apparatus of claim 17, further
comprisingriseingshptrbne tisdithateayesthe apsuireedd e beitwoe aherfistas cahbiegier upper

Cham?ﬁrtba?%}/é g%reln th flxt%%g?nnte%t% a gap inside the 0-ring between at least one of: a surface

of the TEUTEAhd & ‘SUFACS O the gasjsourée; and a surface of the fixture and a surface of the upper

chamber body. 20 23. The apparatus of claim 17, wherein the fixture further comprises a
temperature ddjustnfentrsystemcthappamnits manual or automatic adjustment of a temperature of the

fixture. 24. The %‘))fe%%%ﬁs ogr c(I;%im 1:?3:% vc\}/glgg%rhgle tgrg eérature adjustment system comprises a
cooling channel in th |xture,cf € cooling channe corlﬁginlng tooling liquid. 25. The apparatus of

claim 24, wherein the ¢enpetatin é@djostment syste mifutteracomprises a temperature sensor that

senses the temperature of the fixture arcldeE an electrical heater that alters the temperature of the fixture.
26. An apparatus foﬁﬂgﬁgﬂﬁ' hEF Y48 sﬁﬁg??gf’é"ﬁﬁseu&gﬁa%‘?ﬁg’comprising: upper and lower
chamber bodies forrgiﬂgl@(@@ggj&é@jgwgq #dluid communication with the cavity;

an Ijector containing a plurality of continuous channels extending therethrough,
each channel in communication with the cavity and the gas source, wherein each channel is
independent from one another and bent sufficiently to prevent any light ray which enters the channel

from exiting the channel without reflecting from a surface in the channel.

18. The apparatus of claim 17, wherein a funnel-shaped nozzle is disposed at an end of at

1east. one of the channels.

19. The apparatus of claim 17, wherein an angle at an end of the nozzle adjacent to an

internal surface of the upper chamber body matches an angle of the internal surface.

20.  The apparatus of claim 19, wherein the internal surface is funnel shaped.

21. The apparatus of claim 17, further comprising O-rings between the fixture and the gas
source and between the fixture and the upper chamber body, wherein the fixture contains a siot

inside at least one of the O-rings, the slot substantially paralle] to a central axis of the fixture.

22. The apparatus of claim 17, further comprising O-rings between the fixture and the gas
source and between the fixture and the upper chamber body, wherein the fixture contains a gap inside
the O-ring between at least one of: a surface of the fixture and a surface of the gas source; and a
surface of the fixture and a surface of the upper chamber body.



an exhaust unit adapted to remove gas in the cavity; a chuck disposed in the cavity; and an
injector comprising a unitary structure that contaigs a plurality of channels extending therethrough,
each channel in communication with the cavity and the gas source, wherein each channel has an
upper section and a lower section located in the unitary structure, where the intersection between the

upper section.and Igyer section is gt an angle sufficiept to prevent any light ray which enters the upper
section of th Chanr?lgef?gﬁ?rg%ﬁﬁZ?ﬁ@&@e%‘Eeéﬁlﬁcfﬁe )iﬁgg HeY at ?éf%‘/éigﬁ%uﬁ%m a surface in

the chapighent sydtbml it FopAIRHISATAC R BN AVD RIRIHAEIE 35 h eaepRf dhecdTannels has a first
inclination angle in the upper section of the injector substantially perpendicular to a second inclination

angle e lower section of the injector. 28. The apparatus of claim 27, wherein at least one of
the first and second inclination angles is oblique from a central axis of the injector.
24, The apparatus of claim 23, wherein the temperature adjustment system comprises a

cooling channel in the fixture, the cooIing channel containing a cooling liquid.

25. The apparatus of claim 24, wherein the temperature adjustment system further
comprises a temperature sensor that senses the temperature of the fixture and an electrical heater

that alters the temperature of the fixture.

26. An apparatus for delivering gas to a substrate, the apparatus comprising:

upper and lower chamber bodies forming a cavity;

a gas source in fluid communication with the cavity;

an exhaust unit adapted to remove gas in the cavity;

a chuck disposed m the cavity; and

an injector comprising a unitary structure that contains a plurality of channels
extending therethrough, each channel in communication with the cavity and the gas source, wherein
each chanmel has an upper section and a lower section located in the unitary structure, where the
intersection between the upper section and lower section is at an angle sufficient to prevent any light
ray which enters the upper section of the channel from exiting the lower section of the channel

without reflecting from a surface 1 the channel.

27. The apparatus of claim 26, wherein at least one of the channels has a first inclination
angle in the upper section of the injector substantially perpendicular to a second inclination angle of

the lower section of the injector.

28. The apparatus of claim 27, wherein at least one of the first and second

inclination angles is oblique from a central axis of the injector.



