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 (WhrTeBARIRFRTET o s aoresishipEsmoved), for

example. After these processes, the photoresist is removed from the
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INCRSShufacturing foundries, strippers are designed fo have very short process
time, i.e. high throughput, to reduce the overall wafer manufaciuring cost.
While different ways exist o increase a stripper’s throughput, they fall into two
categories: overhead reduction and strip rate improvement. Overhead
includes wafer handiing time, pump down time of the chamber into which the
wafer is loaded, stabifization 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 strip 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 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 temperature,
higher process gas flow or changing the gas chemistry.
[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 hoie and the wafer is a few inches.



2 This distance is minimized so that the chamber is compact and
economical to manufacture. To obtain a uniform strip pattern, a uniform
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. [0005]As shown in
Fig. 1, a known stripper 100 contains a downstream chamber 102 in which
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number and size of holes are such that they create a back pressure. Back
predShedde MHuEtErbRBE YP€ater are produced by such a design. The
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above the showerhead and reduces the effect of flow dég%mics.
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baffie 310 so gas molecuies that pass through the holes on the first baffie 310
have to make twa 90° turns before leaving the holes at the second baffie 316.
The gas 306, after acling on the wafer 320, exits from an exit port 308.
[0007] Although not shown, in another design to disperse gas, a
showerhead is used. A showerhead is similar to a baffle, however, the

number and size of holes are such that they create a back pressure. Back



[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 actually produce the

stripping of the photoresist. Without g baffle, the stripping rate is two to
three times as much as that with a bathe. This means that the baffle
neutralizes more than half of the radicals generated by the gas source.
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increase the strip rate without using expensive single or multiple baffles.
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and/or means for adjusting a temperature of the injection means.
hali of the radicals generated by the gas source.

BRIEF SUMMARY

(0014 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 muftiple bafﬁes.\By way of intraduction
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 cavity is removed, a chuck disposed in the
cavity and an injector containing channels extending therethrough. Each
channel is bent enough to substantially biock light rays entering the channel
from dérectiy exiting the channel, i.e. from exiting the channel without
undergoing at ieast one reflection within the channel.

[0011] in another embodiment, the apparatus contains a single fixture

between the gas source and the cavity through which the gas passes to enter



[0013]In another embodiment, a method includes injecting a gas into a
cavity, towards a wafer, through channels in an injector that bend enough
to prevent light from passing straight through the channels, the cavity
formed by upper and lower chamber podies, shaping the flow of the gas
using at least angles of the channels through which the gas flows, angles
of ends of the channels from which the gas is ejected, and angles of
internal surfaces of the upper and lower chamber bodies, and removing
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downward toward the chuck. [0016]In another embodiment, the injector -

hasiRPSpe ARTBRRT 5o 20 BaS a HEGE firdReid sBIRAS rdgiorasinating a
tapesrapeitiaianbratesinfagidnenaabgurface of the upper chamber body
P ER T Bk G
thecavity, towards a wafer, through channels in an injector that bend enough to
prevent fight from passing straight through the channels, the cavity formed by
upper and lower chamber bodies, shaping the flow of the gas using at least
angles of the channels through which the gas flows, angles of ends of the
channels from which the gas is ejected, 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 angie 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.
j0015] in another embodiment, a nozzle at an end of at least one of the
channeis has a diameter greater than a diameter of the remainder of the

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



gas source and the cavity. The injector may be attached to and contact
the gas source. 0-rings may be disposed between the injector and the gas
source and between the injector and the upper chamber body and the
injector contain a slot that is substangially parallel to a central axis of the
injector inside at least one of the 0-rings. Alternatively, the injector may
contain a gap inside the 0-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
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asp@hich 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.
[0617] in another embodiment, the injector is disposed between the
gas source and the cavity. The injector may be aftached to and contact the
gas source. O-rings may be disposed between the injector and the gas
source and between the injector and the upper chamber body and the injector
contain a slot that is substantially parallel to a central axis of the injector inside
at least one of the O-rings. Alternatively, the injector may contain a gap inside
the G-ring between af 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 ancther embodiment, the injector contains a temperature
adjustment ‘system that permits manual or automatic adjustment of a
temperature of the injector. The temperaiure adjustment system may
comprise a cooling channel with a cooling liquid in the injector, and 2
temperature sensor that senses the temperature of the injector and an
electrical heater that alters the temperature of the injector. _
[0019] The iollowing figures and detailed description of the preferred
embodiments will more clearly demonstrate these and other aspects of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS
j00201 Fig. 1 illustrates a known single-baffie stripper chamber.



[0024]Fig. 5 illustrates a perspective view of a dispersing component
according to one aspect. [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 g 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 to a fifth aspect.
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EM ENTS [0029]A gas chamber is described for improving flow of a
gas{gq;,gz ig. 31 lu rates a known mulii-bafile stripper chamber.
f0023] 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.

{0025] Fig. 6 illustrates a cross-sectional view of a dispersing
component according {0 a second aspect.

[0G26] Fig. 7 illustrates a cross-sectional view of a dispersing
component according 1o a third aspect.

10027} Fig. 8 ilustrates a cross-sectional view of a dispersing
component according to a fourth aspect.

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

component according to a fifth aspect.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

[G029] 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 surféce area

to which the gas is exposed. In addition, the gas injector is smalier than

_known baffies or showerheads, as well as being more economical to

manufacture due to its smaller size and relaiively 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
b standard liters per minute {sim) at 1 Torr. For a gas, the mean free path at
this pressure can be obtained with the foliowing equation:

KT
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[0031] where L is the mean free path of the gas, k is the Bolizmann



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 gasis exposed. In addition, the gas
injector is smaller than known baffles or showerheads, as well as being
more economical to manufacture due to its smaller size and relatively
simple and short machining process. The term gas, as used herein,
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process gas entering the source and creates a plasma. Typical gases inciude

oxygen, nitrogen, chiorine, 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 using screws or bolis. 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 fypical



[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 transportedgdownstream 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 8 gas transport tube 442 of the gas source 440. The gas
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vacuum pump 458. These vacuum components include, for example, a
vaciiicRbeus2, an isolation valve 454, and a throttle valve 456. [0037]In
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pressure in the source can result in poor gas ionization and high radical

recfmbinatispaiusEatG 4%hanber thretiavelye 98 and a flow rate of
5 simp g In Fig. 4, the injector 410 is located right below the gas source

440 and above the upper chamber body 402. There are muitiple flow
channels 412 inside the injector 41C. The flow channels 412 are angled away
from the center fine 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 creats a
farge amount of back pressure in the gas source 44C. 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 flow rate of b 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,



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 cm2, which
includes the top surface, 9 the walls of the flow channels and the bottom
surface of the injector 410. As a comparison, the single baffle structure of
Fig. 1 has a surface area of over 2000 cm2. [0039]While radicals can still
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additiong| or fewer channels us sired
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arge olECUIRS jenara e gas E5Grce
Whéhecnl@hg'as @wmﬁedﬁaﬁ&ﬂé@bstantlany passing directly from the
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ray substantially pas e entrance ext without being

refldorats: gnolsiny hobrudchisensals B4 dnadhtivyeanaonat (ies 2an
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injector 600 has an upper paortion 610 and a lower portion 612. The up

porﬁ%@?@”@‘éﬂﬁﬁ%t@ﬂw&%‘aﬂé@f‘aﬁﬁﬁIEQI@&EJ%%%‘WWM be used

600a@d@§:f@ﬂnqtﬁgg®&s%mambmemw shamlkenhaeyiniietussed.ins can
more detallg w. The Iower‘[gort(i%n 612 ha flr and second re {%I,OI‘IS 614

anobgl%ﬁ{h YO S AWANLN & nne he injector contain one or

more bends. Each channel is bent at a sufficient angle to minimize or
sliminate ultraviolet (UV) rays and charged molecules generated in the gas
 source where the gas is ionized from substantially passing directiy from the
“entrance of the channel fo the exit of the channel. In other words, the UV rays
do not substantially pass from the enfrance to the ext without being reflected.
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 to coupie 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. The 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, althpugh 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 substantially a
single conical or spherical structure) or have no taper (e.g., be

subgiantialy cylingdricaivwith mraronmergeyindars. of REGNINPHRtion 612 has 2
diameters). [0042]In addition, each channel 602 has an upé)er Sﬁlﬂo 604
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the nqozzle 608, remains substantially constant. The nozzle 6 as
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inclination angle A'from alaxi the injector atis

substeustiats) peippmitautapss (Bdarkpesabstantatwerissiiosh witthene or more
Ch&@ﬂﬂdggeo?ﬂﬂ@&fﬁ%@méﬁé%%n 606 determines the angle of the

gas éxiting the flow channel 602 and is used to adjust the flow pattern at

the INBFEH Gas fbwaRdiei fRHsebanNAR0hE2RAHRRET SeEiRE 604 and a

angieweABE SN OIS Preadv vt irigsuergesikittereat loBoarTtbm which
pressure conditions and gas types m% use ig&ectg%ﬁ:ith diff?r n
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ranges from about 10 to 60 from the ce | axis of the dnjectar 600, .
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sectibova4rendB@t; 8Qfirecslinstaf djktittmoslgdhthedhannel 602 can be
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1ze the design e injector for strip uniformity. Moreover, to reduce
iongrasadhingemiealvaxly ahtinjeiseioroRee R ifo Slrbarpsadigiiar o
shafiplyabia'B s fRcliaie wrthclisionand dherefargRpindame wimdize
ions. This'permits a controlled reduction in the number of ions Ieavm% the
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(i.e. more than two sections). Alternatively, the channels may be cyrved to
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forcarilegapifraiesuieatamd s wit tundlidaceatbggdigpesrveay use
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For example, angie A ranges from about 0° to 60° from the central axis of the
injector 600 while angle B ranges from about 10° to 60° from the central axis
of the injector 600.

[0044] By using perpendicular planes of angles for the upper and lower
section 604 and 606, a direct line of sight through the channet 602 can be
avoided. Thus, UV rays can be biocked while the B angle can be varied fo
optimize the design of the injector for strip uniformity. Moreover, to reduce
ions reaching the wafer, the injector forces the ionized gas stream to tum
sharply. Sharp turns facilitate wall collision and therefore help to neutraiize

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



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 0.3 cm to 1 cm and
extend in length from about 1 cm to£ cm. [0046]Strip uniformity is
affected by different features in the chamber. The angle of the lower
channel 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

theigaeef therwaiat afthedigiogiexihaftatsnoizle sialjis moytdegaswo
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that the gas“tlowing out of the injector is confined in the upper cha

bo@@@ﬁeiﬂmﬁeﬂl@mépeﬁd@%@ﬁ§mm brtsEryas after the gas has
leftfisiyector. Thedunalsh @f%ﬁéﬁ%%ﬁ%%@&éﬁﬁ@%@@ from

lower chamber body (or the eg e of the wafer), which further contines and
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3. Thintleducesthriamonrtod tme it takes to pump down the chamber
fro spherig pressure tq the pressure used during the pracess a
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Sofecstigichaintie iswseghampih githe irdatity fontedrfheafeection of the gas
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chdhtheesiotiickharedtssiiibe wathistéharbamneosexlmide nozzle helps fan out
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higher than the process pressure to improve the heat transfer between the
chiredrHarRn i eRifPFBIBhamber is then pumped down to the process

pregmyeafter the, walsfidieatagiscoraplaieddsglicanrplafibey, shown in

injector's temperature helps to achieve consistent process results, For

exditbI&; AiEPCHEEIR BT PRI SfeldnE SoFRES A Edikagiector. The
recipmbiingave hetise tiapeofiaeninie dodyagiesntitbdbe sertipgrdisigeffiowing
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iessens recirculation of the gas after the gas has left the injecior. 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 to the atmosphere.
Some strip chambers use pumping and veniing for every wafer procassed,

resulting in a large decrease in throughput, L.e. a iarge increase in time {0



be proportional to the temperature or can be inversely proportional to the
temperature. However, it can difficult to regulate the typical baffle's
temperature due to the size of the typical baffle shown in Figs. 1 and 3.
When the temperature of the baffle yaries, the process results may differ
from wafer to wafer. It is also difficult to keep a baffle's temperature

uniform. For the chambers shown in Figs. 1 and 3, the temperature of the
baffle is higher at the center of the baffle since this area is directly under
thepplasmg, Souchaitid oueifiars. nBtlech shtpozith thberothdricrens dbsigned to
oA RO RIPRIARIG BHale £ PRAIE bRl e jaihare
non-uniform radical recombination efficiency, which further complicates
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illustrates a close up cross-sectional view of one embodiment of the gas
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contact area is the area of the injector 710 outside the vacuum 0-rings
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components in the gas chamber may cause other 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 14 body). Thermal expangion mismatch between the injector
and the mating parts in the injector area produces mechanical stress. This
mechanical stress can deform or damage the injector or the mating parts.
To alleviate this, one or more slots 716 are formed in the injector 710. The

slotgjétepane oifsWasivadical slgis ansachisigeaf dbatiyeaten MRiccht
act as thermal exFansion rﬁ;gf Fglots. EOOS In additi,oqigthermal ng]smatc
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barrier. However, when using fluorine based chemistry and under certain
protBpeGHdissi tREUEMIMEFeRliRe EMikv 688 ThePRiBYIdRA AL RS e
profgeticyiie avaigdarmation of aluminum fluoride, which causes
contamination on wafers. To prevent metallic fluorides from forming on .
b@p@t}ﬁ&ﬁ‘g’,h&aﬁng

metaFSats, coathgelirafemne el TEideARe R nadHIR
cangpg applied adhesudace pidorlichnatsefothossitivasianaglizatan be

ov%g‘leurtnég\ ll'ln G%Qg gttt?e%ltlgy Soad‘ ge&aSrately from the cooling channels 820. The
electrical heaters may be, for instance, resistors. A temperature controlier
550 can be used to controi the current {o the elecirical heaters 960 to adjust
the temperature of the injector 910, The heaters 960 may be controlied
individually or in one or more groups. Additionally, one or more temperature
sensors 870 may be inserted into the injector 900. The temperature sensor
970 may be, for example, a thermocouple or Resistance Temperature
Detector (RTD). Alternatively, thermoelectiic elements can be used fo control
the temperature of the injector, replacing the heaters and cooling channels.
0054] Besides process variation, temperature changes of the various
components in the gas chamber may cause other problems. For example,
even with relatively good heat transfer, the injector's temperéture is still higher

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



plasma sprayed aluminum oxide, nickel plating, quartz, yttrium oxide

and/or other ceramic materials may be used for protection from various
chemistries. [0058]Turning back to Fig. 4, the wafer 420 lies on a wafer
heating chuck 430 in the chamber. Before strip 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 temperature uniformity at the wafer. The wafer is
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photoresist and the plasma emits a particular signature spectrum. Once
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chamber has been described that contains a single injector havi _
chawiiglslgamagiesisient £epipasJaLMEEEBI U AlEREHBEMahEe used as its
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manaeivg eaatallic fluorides from forming on metal parts, coatings that have
superior resistance to fluorine chemistry can be applied to the surface of

metal parts. Coatings such as anodization over aluminum and its alloys and



[0062]While specific embodiments have been described, the descriptions
herein are illustrative only and not to be construed as limiting the
invention. Various modifications, such as differences in materials and/or
dimensions, and applications may ogcur to those skilled in the art without
departing from the true spirit and scope of the invention as defined in the
appended claims. 17 CLAIMS 1. An apparatus for delivering gas to a
substrate, the apparatus comprising: upper and lower chamber bodies

forming AL sy GRsHRRReIadl! idisamnprinigatipm with e fYitdeadnd/or
exhaust unit adapted tq remove gas in the cavégg;if cc?uck diﬁs{posed in the

cavitielfepramic maigipls By S5 HSRi g LEFSIRN JFUnfRiRiCchemistries.
chagyug 8éextendmrﬂnegaihtﬁlugmiga@m@wet HpColemonigatisiemitating
cavity an . source, wherein each channel is | dent f

P A IDR L Hater BRI SHIR P SR BT e LGy TR 2re
directiateo ftithe firsieestion biymectedtdasemac setitoniteawiog eaction.
longitudinal axis al irecti '
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andilerspéfiefone whifabsibhabitebisiRrayBehse@nteripatasassitieiafiing
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the 'second section without reflecting from a surface in the channel. 2.
TheMdippHeinplestaaiatia cimdiemait Readsemé citinpenanniiteiippsathrst are
inclinglionpedadibe Atttnertibrf thrinieeioLsLbIBartiglYic chuck has an
- oad LIS Torcs T pulls e et tioser 10 fle Shuc for
mjeg{%?jtrtca ¥ ping fo at pulis the wa
good heat transfer, which a non-electrostatic chuck may not have. CGne way
to mitigate such a problem is to control the flatness of the chuck to within a
particular amount. In one exampie, to provide a fast heat transfer and uniform
" wafer temperature when using a non-electrostatic chuck, the non-electrostatic
heater chuck has a global flatness of better than about 27 pm.
[0059] in addition, pumping of the chamber affects the strip rate of the
photoresist on the wafer. Strip processes are usually high-fiow (e.g., several
sim) and high-pressure (e.g., 750 mTorr or higher). Accordingly, strip
processes are not entirely in either a viscous flow regime or a molecular flow
regime. To provide uniform pumping, a singte pump port 408 is located at the
center of the lower chamber body 404.
[0060] Other systems can be incorporated in the chamber to improve
the process resulis. 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 o a view port at the side of the chamber looking directly
at the bulk plasma above the wafer plane. The chemical reaction at the wafer
surface between the photoresist and the plasma emits a particular signature
spactrum. Once the photoresist is depleted, this spectrum changés
immediately. This opfical signal change determines the end of the sirip
process. End point detection has become sophisticated enough fo determine

the transition of mulfi-layer strip process such as high dose i‘mpianted resist



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 iggector while the second inclination
angle ranges from about 100 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. 6. The apparatus of

claiparacwherBifsanp glecsishaendl m:wemezai@aadjmmmm pimtea.
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tapered Tower portlo rst an secon regions that taper at different
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first and second regions. 11. The apparatus of claim 1, wherein the
in Je%tﬁiﬁ E%ﬁﬁéé%ﬁﬁ%aﬁ@ﬁﬁﬂ@é systems such as the optical spectrum end-

point detector described above add cost, weight and size.

10061] A gas chamber has been described that contains a single

injector having channels through which a gas passes into & vacuum chamber.
The channels have portions that are substantially perpendicular to each other.
The portions are disposed at angles of up fo about 60° from a central axis of
the injector. The channels have funnei-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 manufaciure.

[0062] While specific embodiments have been described, the
descriptions herein are illustrative only and not to be construed as limiting the
invention. Various modifications, such as differences in materials and/or
dimensions, and applications may occur to those skilled inj the art without
departing from the frue spirit and scope of the invention as defined in the

appended claims.



12. The apparatus of claim 11, further comprising 0-rings between the
injector and the gas source and between the injector and the upper
chamber body, wherein the injector contains a slot inside at least one of
the O-rings, the slot substantially parallel to a central axis of the injector. |
- CLE@M$he apparatus of claim 11, further comprising 0-rings between the

injector and,:\th%gﬁ&&ﬂ&%ﬁ%ﬂﬁ%@%@%ﬁﬂ&?@?&%ﬁ@éa&v&e@

chamber body, wherein the injector contains a gap inside the 0-ring
COgENTEEN at least one of: a surface of the injector and a surface of the gas
source; and a spistacenofidhe injenttreanddcssuidaamebtbavitpper chamber

body. 14, The aRperaiin of Sm Jy AGIEIN NG Iniselor furner
comprises a teniperature adjustment systém that permits .mé{hual or
automatic adiuSantiomd AanpierhinreBr YRR deide cavity;15. The

apparatus of(lpink spubesertHetempearaiure adjustment system
comprises a caoling channel in the igfﬁ tor, the cooling chanqel containing
1]

a cooling qua?d[.mec or E%r.n?ﬁ'éngpap%ty &%WT%‘;'W&W the
exemperdhaethdjustmenth THasysieim Jomhensmiprisds theernpbratuféne
gRetseEihaisenaesthetemreiatne s theinierirhamsleplical heater

that alters the temperature of the injector. 17. An apparatus
o BhSing:
a first section having a longitudinal axis along the direction of the first section
connected to a second section having a longitudinal axis along the direction of
the second section, where an intersection between the first section and the
second section is at an angle sufficient to substantially block rays that enter the
first section along the direction of the longitudinal axis of the first section from
directly exiting the second section without refiecting from a surface in the
channel.

2 The apparatus of claim 1, wherein at least one of the channeis has a
first inclination angle in the first section of the injector substantialiy perpendicuiar to a
second inciinaﬁon angle of the second section of the injecior.

3. The apparatus of ciaim 2, wherein at ieast 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 6C° from the central axis of the injector while the second ingiination
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 channeis is substantialiy funnei shaped.

8. The apparatus of claim 5, wherein an angie at the end of the nozzle
adjacent to an internal surface of the upper chamber body matches an angie of the
internal surface.

7. The apparatus of claim 6, wherein the internal surface is funnel
shaped.



upper and lower chamber bodies forming a cavity; a gas source in fluid
communication with the cavity; an exgaust 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
chan®el in déveemnsicate ol widhrttewiasigindng ithecgasisoatepamdmbiaie:
pofth channel is independent from one another and bent sufficiently to
prevent any ray which enters the channel from exiting the channel without

refle€ting frdfFLRBRALE ©f ARITERaMderein th@fé??rﬁgg FARRTIOBNER ISt

17, véheretoaniungelrsiiapetpmozaeliitcispased at an end of at least one
of the channels. I laim 17, wherein ngle at
o erior e SoPRy I SLEAE AR SRR M ERE

chppagThathesiaheargle s e iaRsme alusridene of thefirhanthpraatds of

reditig) 19, wherein the internal surface is funnel shaped. 21. The

apparatus of claim 17, further comprising 0-rings between the fixture and
e 055 soul s EHRARNN GRS LT SR e BE e D Abaes o
wheré&n the Tt arpaaitaipicisiot indidbeitdeastiong GHihestheivgsritiee

inj S¢S SaRstaR allsBarallehip e GRS Lt the A M upper FAmd% body,

apparatus of claim 17, further comprising 0-rings between the fixture an
W AReB T R TB R 17 U FR G JSARHHRE O BB BRI
subderoathhefaitine eamtanasaxigap insicgetha 0-ring between at least one

of: a pyrface,of Hb%JPéKHE,eoﬁHQn% Wf%%@r@&%@%ﬁwﬁ%ﬁ%@%@tween 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 a
cooling liguid.
16, The apparatus of claim 15, wherein the temperature adjustment



20 a surface of the fixture and a surface of the upper chamber body.

23. The apparatus of claim 17, wherejn the fixture further comprises a
temperature adjustment system that permits manual or automatic
adjustment of a temperature of the fixture. 24. The apparatus of claim

sg&emrfereiermwme@m@dkusém@mcﬁl&ampﬁg@@nﬁé@éﬁpeﬁ@ﬂ%

2| | fixture, the cqoli cqptajning a cooling, liquid.
o e e P R T iR e
system - furthéi 8BRARISESeMBRssrature sensor that senses the

temperature of hefixiareRBd-ARBIRSHEAEReatR hat aligs the

he fixture. . . . _— , X
temperature O]:atggs 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 commurication with the cavity and the gas source
wherein each channel is independent from one another and bent sufficientiy to
prevent any ray which enters the channel from exiting the channei without reflecting
from a surface in the channel.

18. The apparatus of claim 17, wherein a funnei-shaped nozzle is disposed
at an end of at least one of the channels.

18. The apparatus of claim 17, wherein an angie at an end of the nozzie
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 slot inside at least one of the G-rings, the siot
substantially parallel to a central axis of the fixiure.

22, The apparatus of claim 17, further comprising O-rings between the
fixiure 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
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a surface of the fixture and a surface of the upper chamber body.

23. The apparatus of claim 17, wherein the fixture further comprises a
temperature adjustment system that permits manuai or automatic adjustment of a
iemperature of the fixture.

24, The apparatus of claim 23, wherein the temperature adjustment system
comprises a cooling channet in the fixture, the cooling channel containing a cooling
itguid.

25, The apparaius 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.



