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Field of the Invention

The present invention relates to U.V. laser surface treatment methods,
particularly to the removal of foreign materials from substrate surfaces. More
particularly, the invention relates to a process chamber for the aforesaid

purposes, which provides effective dry laser stripping and cleaning.

Background of the Invention

In the manufacturing of various products it is necessary to apply a layer of
protective material on a surface, which must be removed after a specified
manufacturing step has been concluded. An example of such process is the so-
called "masking", where a pattern is created on a surface using a layer of
protective material illuminated through a mask, and the surface is then
treated with a developer which removes material from the unmasked portions
of the surface, therefore leaving a predetermined pattern. The surface is then
treated by ion implantation or by etching agents, which introduce the
mmplanted species into the unmasked portions of the surface, or removes
material from unmasked portions. Once these processes are completed, the role
of the protecting mask ends and it must be removed. The process is
conventional and well known in the art, and is described, e.g., in U.S. Patent

No. 5,114,834.

Two main photoresist stripping methods exist in the modern VLSI/ULSI
(Very/Ultra Large Scale Integration) circuits industry:

1) Wet stripping which uses acids or organic solvents;



protective material illum nated through a mask, and the surface is then
.treated with a devel oper which renoves material fromthe unmasked portions
of the surface, therefore leaving a predeterm ned pattern. The surface is
then treated by ion inplantation or by etching agents, which introduce the
I mpl anted species into the unmasked portions of the surface, or renoves
material fweopurTeersked portions. Once these processes are POTMo&OmEL t he
role of the protecting mask ends and it st be renoved. The process is

conventional and well known in the art, and is descrl bed, e.g., in US
Patent No. 5, 114, 834.Dry EtEpping mnqi@glﬂtasﬂarl /Nggh&dq;vx, in the
nodern VLSI/ ULSI (Very/ Utra Large Scale Integrati on) cifcuits industry:

1) Wet stbaqsﬂlshgpning;h uses aci ds or organic solvents;

Both methods are problematic and far .ﬁ'om being complete, especially when
taking into consideration the future. miniaturization in the VLSI/ULSI
industry. The current technoloéy is capable of dealing with devices having
feature sizes of about 0.5 um, but before the end of the century the expectation
is that the workable size of the devices is expected to be reduced to 0.25 pm.
The expected size changes require considerable changes in the manufacturing
technology, particularly in the stripping stage. The prior art photoresist
stripping techniques described above will be unsuitable for future devices, as

explained hereinafter.

Utilizing only the wet stripping method is not a perfeci; solution, as it cannot
completely strip photoresist after tough processes that change the chemical
and physical properties of the photoresist in a way that it makes its removal
very difficult. Such processés include, e.g., High Dose Implantation (HDI),
reactive Ion Etching (RIE), deep U.V. curing and high temperatures post-bake.
After HDI or RIE the side walls of the implanted patterns or of the etched

walls are the most difficult to remove.

In addition, the wet method has some other problems: the strength of stripping
solution changes with time, the accumulated contamination in solution can be
a source of particles which adversely affect the performance of the wafer, the
corrosive and toxic content of stripping chemicals imposes high handling and
disposal costs, and liquid phase surface tension and mass transport tend to

make photoresist removal uneven and difficult.
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perfect solution, as 1t cannot -
temperature-induced damage, and, especially, incomplete removal. During
various fabrication stages, as discussed above, the photoresist suffers from
chemical and physical changes which harden it, and this makes the stripping
processes of the prior art extremely difficult to carry out. Usually a plurality of

sequential steps, involving wet and dry processes are needed to remove

completely the photoresist.

The art has addressed this problem in many ways, and commercial photoresist
dry removal apparatus is available, which uses different techmologies. For
instance, UV ashers are sold, e.g. by Hitachi, Japan (UA-3150A), dry chemical
ashers are also available, e.g.,, by Fusion Semiconductor Systems, U.S.A.,
which utilize nitrous oxide and ozone to remove the photoresist by chemical
ashing, microwave plasma ashing is also effected, e.g., as in the UNA-200
Asher (ULVAC Japan Ltd.). Also plasma photoresist removal is employed and
is commercially available, e.g., as in the Aspen apparatus (Mattson

Technology, U.S.A.), and in the AURA 200 (GASONICS IPC, U.S.A).

More recently, photoresist removal has been achieved by ablation, using laser
UV radiation, in an oxidizing environment, as described in U.S. Patent No.
5,114,834. The ablation process is caused by strong absorption of the laser
pulse energy by the photoresist. The process is a localized ejection of the
- photoresist layer to the ambient gas, associated with a blast wave due to
chemical bonds breaking in the photoresist and instant heating. The partly
gasified and partly fragmented photoresist is blown upwards away from the

surface, and instantly heats the ambient gas. Fast combustion of the ablation
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transport tend to nmake photoresi st renoval uneven and difficult. .
main essence of the process is laser ablation with combustion of the ablated
photoresist which occurs in a reactive gas flowing through an irradiation zone.
The combination of laser radiation and fast combustion provides instantaneous
lowering of the ablation threshold of hard parts of the photoresist (side walls). -
The combusted ablation products are then removed by vacuum suction, or by .

gas sweeping leaving a completely clean surface.

The aforementioned patent US 5,114,834 does not describe any particular
requirements for the ablation cell, which is referred to as a “container” or a
“process chamber”. However, it has been found that the structure of the process

chamber has a critical effect on the quélity of the stripping process.

. While reference will be made throughout this specification to the ablation of
photoresist from semiconductor wafers, this will be done for the sake of
simplicity, and because it represents a well known and widely approached
problem. It should be understood, however, that the invention déscribed
hereinafter is by no means limited to the stripping of photoresist from wafers,
but it applies, mutatis mutandis, to many other applications, such as stripping
and cleaning of photoresist from Flat Panel Displays (FPD) or removal of
residues from different objects, such as lenses, semiconductor wafers, or photo-

masks.

SUMMARY OF NTION
It has now been found, and this is an object of the invention, that not every
dimension and configuration of the process chamber provides goods results,

and that in order to obtain satisfactory results there are certain dimensional
-
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where the ablation takes place in a cassette cell configuration, which can be
used for the effective stripping or removal of coatings, such as photoresist, to

yield a cleaned product of high quality.

DETAILED DESCRIPTION OF THE INVENTION

The process chamber for carrying out ablation processes on the surface of an
object, according to the invention, comprises:

- a base provided with object support means;

- a cover provided with a window substantially transmissive of

laser light;

- gé.s inlet and gas outlet means;
the said cover and the said base, when connected, leaving a space between the
surface of the element and the inner surface of the window, in which gases
flowing through the said gas inlet may flow above the surface of the object

being treated and out of the cell through the said gas outlet.

In order to obtain optimal results, fast ignition and combustion of ablation
| products are needed. This is needed in order to achieve maximal and complete
burning, volatilization and removal of such products during the short interval
between laser pulses (about 10-2 s). According to a preferred embodiment of the
invention, this is achieved by providing a cell in which the product of the total
pressure in the cell, (P) and of the distance between the surface of the object to

be treated and the inner surface of the window (hereinafter referred to as “gap”
\ . ’
\
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Asher (ULVAC Japan Ltd.). Also plasma photoresist renoval is enployed and
s commercially available, e.g., as in the Aspen apparatus (Mattson

Technol ogy, U. S.A), and in the AURA 200 (GASONICS IPC, U S . A). Mor e
recently, photoresist renoval has been achieved by ablation, using |aser

WV radiation, in an oxidizing environment, as described in U S. Patent No.
5,114, 834. Waeowdhl@t i on process is caused by strong absor ptrereéedie | aser
pul se energy by the photoresist. The process is a |localized ejection of the
phot oresi st |layer to the anbient gas, assoCiated with a blast wave due to

cheni cal hgpdgs QE)F?AS&H&@I? Joaetaqnptm'i§a&hs%gg{tgﬁmgﬁggagggg&amo ggpartly

gasified and partly fragnented photoresist is away fromthe

surface, axidizest aieelyd hded s colmdustibhends gasquif@bt byonthist styickibmleltsy.
abl ati on 351 1/ WO 95 )
Mathematically, it can be expressed as P-h = K. K is constant for a given set

up of ablation parameters as laser fluence energy at a given wavelength. A

typical range of K is 40-60 Pa-m or N-m-! with an average value of 50 Pa-m.

For a typical working pressure of 250 mbar or 2-5 x 104 Pa, the gap h can be
calculated as h=k/P=50/25x10¢ =2 x 103m = 2 mm.

A variety of construction materials can be employed in the construction of the
process chamber of the invention. According to one preferred embodiment of
the inventibn, the window is made of fused silica, quartz, MgF2, CaFz and
sapphire, or the like material. Accbrding to another preferred embodiment of
the invention, the base and the cover of the cell are made of a material selected
from among quartz, stainless steel (e.g., 316L), and aluminum, preferably

“hard-anodized”, or from ceramic materials, e.g. alumina.

Pressurization of the cell can be obtained by any suitable means known in the

art, e.g., by means of sealing rings, such as O-rings.

The above and other characteristics and advantages of the invention will be
better understood through the following illustrative and non-limitative

description of preferred embodiments.

BRIEF DESCRIPTION OF THE DRAELNQS
In the drawings:



-4-. products occurs, due to the blast wave and may al so be due to the
phot ochem cal reaction of the UV | aser radiation and the process gases. The
mai n essence of the process is |aser ablation with conbustion of the

abl ated photoresist which occurs in a reactive gas flow ng through an
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provi des i nst aneous |owering of the ablation threshold parts of
t he photoresist (side walls). The conbustdd abl ati on products are then

renoved by vacuum sucti.on, .or b S, ,sweepi | eaving, a conpletely clean
surf ace. The aforér#a‘ﬁtFdﬁ@dg%ﬁfgﬁfldﬁé”%‘,gf’?% EEQFeER)SEa ST dseardiigtony
particul ar ofeSGidid 8% Bhiholifh | :atl ' |68 L. r to.as a
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structure dbeithpeutliredeinsbrokbriifies; has a critical effect on the quality of
the stripping process. Wiile reference will be made throughout this

specification to the ablation of photoresist from sem conductor wafers,
this will be done for éihe sake of sipplicity, and because it represents a

wel [ known and wi del y E8pf 38 @ ergss-pecsionalviaw of the chambey efdfigt dotiaken
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- Fig. 3 is an enlarged cross-section of the gas inlet assembly,

taken along the C-C plane of Fig. 2;
- Fig. 4 is a bottom view of the process chamber of Fig. 1; and

- Fig. 5 is a top view of the process chamber of Fig. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

Looking now at Fig. 1, numeral 1 'generally indicates a process chamber
consisting of a base 2, and a cover 3, which are connected by air-tight
oonneétions (not shown), so that the innef part of the process chamber defined
by the said base 2 and cover 3 can be kept under pressure or vacuum. The base
2 is provided with NxOy gas inlet 4, and O2/O3 inlet (shown in Fig. 3), which
will be further described below, and gas outlet 5, for exhausting gases which
have passed through the irradiated zone. The base 2 is further provided with a
chuck 6, on which the element to be stripped, e.g., a wafer, is supported.
Through the center of chuck 6 vacuum is applied, to hold the wafer in place

during the process.

Looking now at the parts shown in broken lines, the inlet gas and stagnation

cell 7 is seen, for the introduction and mixing of inflowing gases, as well as the



and cl eaning of photoresist fromFlat Panel Displays (FPD) or renoval of
residues fromdifferent objects, such as | enses, sem conductor wafers, or
phot o- rmasks. SUMVARY OF THE I NVENTION It has now been found, and this
is an object of the invention, that not every dinension and configuration
of the process chanber for carrying out pulsed
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U. V.-laser ablation/etching of foreign materials fromsubstrate surface in
anbi ent reactive gases, provides goods results, and that in order to obtain

satl sfact QkatbisHidehaBl) Y. A AR Rl indtv "8 120Aded ABSYE Bd'bRuldhe 1D
be stripped, e.g., a silicon wafer, to which reference will be made in the
following déscription for the sake of simplicity. This window permits the
passage of the laser beam which originates from a source positioned above the
chamber 1. A cover frame 10 keeps the silica windows in place, and assists in

keeping the chamber pressurized or under vacuum.

Fig. 2 shows in greater details and in cross-section, some of the eiements of the
process chamber of Fig. 1. Two seals, 11A and 11B are shown in this cross-
section, which may be, e.g., O-rings. These two seals define two vacuum zones
in the process chamber:

a) Zone 1, which defines the ablation environment in the
irradiation zone. The pressure is maintained by means of throttle valve
connected in a closed loop to a pressure controller. Typical pressure is in the

range of 50 - 2000 mbar. this pressure regime is defined by seal ilB.

b) Zone 2, which defines the pressure in the outside vacuum

channel 20 in between seals 11A and 11B.

The pressure in the channel is always much lower than in the process chamber
and usually is in the order of a few millibars or typical vacuum obtainable from
mechanical vacuum pumps.

The outer vacuum channel 20 has two main purposes:

1. To maintain firmly cover 3 through the aid of the atmospheric

pressure.



These constraints are inportant as they provide conditions of reactive gas
deconposition and excitation for stripping and fast enhanced conbustion of
t he abl ati on products. The invention provides a stripping apparatus

enpl oyi ng a process chanber where the | aser ablation/etching takes pl ace

I'n a cassett onfiguration in anbi ent reactive gase i an be
used for th ‘sgﬁﬁggﬁve stripping or renoval of coatings, EEEW"P
photoresist, to yield a cl eaned product of-8high quality. DETAI LED

DESCRI PTI O\I OF THE INV NTI%[ The process chamher for carrying out pul sed
U.V.-laser ablation ©Fs gtyo,yurpqqqg $oravaid '3!9 ﬁﬁs%blhéttoﬂ deaddng coft
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reactive gas inlet and reactive gas outlet nmeans; the said cover and the
sai d base, when connected, |eaving a space betmeen the surface of the
el ement and_t he inner surface of the wi ndow, in which gases flown

t hrough' t h&heawafeyas pasitignedngbeveoohuako6 aand belowr window 9, tascindijased %ybei ng
treated angugyetraf)fm.t Waafgr E& etanrl%ugom&onef oh%h%aﬁ 601“11t 1|;v$o ways, as shown in

Figs. 2A and 2B. In Fig. 2B the wafer is on top of chuck 6. In Fig. 2C the wafer
is immersed inside chuck 6. As stated, the wafer does not touch window 9, and
there is a distance between them which is preferably kept in the range of 0.2 -
10 mm. As explained, this distance can be varied as long as the product of the
values of P x h remains approximately constant, wherein P is the pressure
above the wafer and h is the gap, as hereinbefore defined. The pressure
referred to above is measured in the center of the process chamber in the

irradiation zone.

The space between the window and the wafer defines the ablation cassette cell,
through which the gases flow, and in which the ablation products are jetted
from the wafer, ignited and combusted. Looking at gas inlet stagnation cell 7,
it can be seen that the inflowing gases flow into the ablation cell through a

communication opening indicated by numeral 13.

The window above the wafer is made of fused silica, beéause it must fulfill
certain requirements such as optical quality, to permit maximum passage of
the incident laser beam (indicated in the figure by the LB arrow), durability,
resistance to process gases and temperature, mechanical strength, etc.
However, it is clear that alternative materials can be used, as long as they

‘meet the desired operational conditions.
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.order to obtain optimal results, fast ignition and conbustion of abl ation
products are needed. This is needed in order to achieve maxi nal and

conpl ete burning, volatilization and renoval of such products during the
short interval between | aser pul ses (about 10[err] s). According to a

preferred ewboghsignt of the invention, this is achieved byppir@vs@oiag a cell
in which the product of the total pressurg in the cell, (P) and of the
di stance (h) between the surface of the object to be treated and the inner

surface obighg WhoWeWKdeI Ralet CitagRhGbh CEell,C adford®dP to one preferred
embodiment of the invention. The stagnation cell is shown in e’nlarged partial
cross-section, taken along the C-C plane of Fig. 2. The stagnation cell
comprises gas inlet 4, consisting of three separate inlets, two inlets 14 and 14,
for NxOy gas, and one inlet 15, for O2/O3 gas. The gas generator, as well as the
Os or NxOy generator, if any, are located near the process chambei'. As it can be
seen from the figures, the gases enter separately into the process chamber and
are mixed only while the O2+O3 gas passes the outlet of the NxOy nozzle 17.
This is done in order to avoid any chemical reaction between the NxOy and the
Oj prior to their reaching the ablation zone. The N:Oy is introduced through
small holes 18. |

Fig. 4 shows the bottom of the process chamber of Fig. 1, from which the
bottom of the chuck 6 can be seen, as well as the exhaust 5 and inlets 14, 14’
and 15 of the gas inlet assembly. It should be noted that two inlets are
provided in this embodiment for NxOy, while only one inlet is provided for Og.
However, different gas inlets can of course be used, as long as the gases are

introduced separately, without exceeding the scope of the invention.

Fig. 5 shows a top view of the process chamber of Fig. 1, from which the wafer
12 can be seen below the window 9. According to the particular embodiment of
Fig. 5, the wafer and the cover frame are positioned asymmetrically with
respect to the cover. This is done in order to permit a laser cleaning while
scanning of the outlet channel 8 where .some ablation residues may

accumulate.

It should be understood that the process chamber of the invention is not

limited to be used in any particular apparatus, and it can be used in ablation

This Sheet Has Been Reﬁaced




WO 97/ 17167 PCT/ 1 L96/ 00141
-6- (h)), is approximately constant. This neans nai ntai ning the sane
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Mat hematically, it can be expressed as Ph = K Kis constant for a given
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fixed and the process chamber can move by means of a suitable X-Y system.

Additionally, the invention is not limited to any particular shape or size of
process chamber, and can be used to perform laser treatment processes on
much larger or much smaller surfaces, can be of different shapes, and can
employ different construction materials. Furthermore, the cell can be utilized
for processes employing a variety of gases, and is by no means limited to the
use with the gases exemplified in the above illustrative and non-limitative

description of preferred embodiments.

One version of the process chamber can be utilized for special purposes, where
the wafer 'or .object to be cleaned or- stripped is maintained at an elevated
temperature to assist and enhance the chemical process. Typical temperatures
can be between 75 - 350°C. The heat source can be outside the chamber, and
heat may be provided, e.g., by radiation, or it may be inside and heat may be
| provided by conduction. In some applications it is also possible to introduce the
gases at elevated temperature, to maintain the desired temperature in time. It
is also possible to heat the outlet channel 8 to temperatures between 150 -
350°C, to assist the combustion of the accumulating ablation products by

reactive process gases.



the i nvention, the base and t he—coever—of-the cell are made of a materi al
sel ected from anong quartz, s[,ﬂ'!’il ess steel (e.g., 316L), and al um num

pref erably "hard-anodi zed", or ﬂ ' uum) lJe“ al s, e.g. alumna. '
Pressurization of the cell can ny suitable neans known in

the art, e.g., by neans of sealing rings, *suéh as O-ri ngs. The above and
ot her char agy@¥3tg7cs and advant ages of the invention w || Haavssdoiar
understood through the following illustratjve and non-limtative

description of preferred enbodi nents. BRI'EF DESCRI PTI ON OF THE DRAW NGS
I'n the dr ayg ATMS:

1. A procesé chamber for carrying out laser treatments, on the surface of an

object, comprising:

- a base provided with object support means;

- a cover provided with a window substantially transmissive of

iaser light; |
- gas inlet and gas outlet means;

the said cover and the said base, when connected, leaving a space between the

surface of the element and the inner surface of the window, in which gases

flowing through the said gas inlet may flow above the surface of the object

being treated and out of the process chamber through the said gas outlet.

2. A chamber according to claim 1, wherein the laser treatments are selected

from among stripping, cleaning, and etching.

3. A chamber according to claim 1 or 2, wherein the product of the pressure

and of the distance between the surface of the object to be treated and the

inner surface of the window is in the rangeof 40-60 Pa-m.

4. A chamber according to any one of claims 1 to 3, wherein the distance
between the surface of the object to be treated and the inner surface of the

window is in the range 0.2 - 10 mm.

5. A chamber according to claim 4, wherein the distance between the surface of

the object to be treated and the inner surface of the window is about 2 mm.
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IF:’iC;IJ'/ | ngs/soglgéneral side view (H"@"i”ﬂ”wﬂﬂ Wer accor;ji7_;lg to one

preferred enbodi nent of the inventic ernal functional el emant's
bei ng outli oken lines; - Fig. 2is a Sos700 ti onal
vi ew of then'?ﬁ’nﬁglrg;of Fig. 1, taken aI ong the B-B pl ane; PETA fai

Fig. 3 is an enlarged cross-section of theldas inlet assembly, taken al ong

the C C pl f FLg. 2; .. . - Flg. .4 .1s a bottomview of the
process chmf?h%‘f’i’% gecording g claim 1 or 2, WLgremF‘}‘ w’S‘dPE’ is wagdenfdiset the

process ch | 1 T %‘ﬂ B THE DRAW NGS Looki ng
now at Fi g%ﬁg& %‘g;nrégalﬁgg Sglr;l‘earqgﬁgy I ndi cates Jhgr‘!og%%s chanber

7. A chamber according to claim 1 or 2, wherein the base and the cover of the

———

chamber are made of a material selected from among quartz, stainless steel,

aluminum or ceramic materials.

8. A chamber according to claim 1 or 2, wherein pressurization is obtained by

means of sealing rings.
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consisting of a base 2, and a cover 3, which are connected by air-tight
connections (not shown), so that the inner part of the process chanber
defined by the said base 2 and cover 3 can be kept under pressure or
vacuum The base 2 is provided with Nerr](err] gas inlet 4, and
Oferr]/gerrdn (shown in Fig. 3), which will be furth . bed
bel ow, and g‘]gggg)llﬁ 7et 5, for exhausting gases which have S‘Egg'g‘g&édr]}?lough
the irradi ated zone. The base 2 is further provided with a chuck 6, on

whi ch the el enent to be stripped, e.g. wafer, is supported. Through the
center of chuck 6 vacuumis applied, t |d the wafer in place during the
process. Looki ng now at the parts shown in broken lines, the inlet gas

and stagnation cell 7 is seen, for the introduction and m xi ng of inflow ng

gases, as well as the ~
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WD 97/ 17167 PCT/ 1 L96/ 00141
-~ 8- exhaust assenbly 8. A fused silica window 9 is provi ded above the
elenent to be stripped, e.g., a silicon wafer, to which reference will be
made in the follow ng description for the sake of sinplicity. This w ndow
permts theéﬂgassa e of the | aser beamwhich originates fr SdIG €

posi tioned van chanber 1. A cover frane 10 keeps the si f'l ca W ndows
in place, and assists in keeping the %ber pressurized or under vacuum
Fig. 2 shows in greater details and in ss-section, some of the elenents
of the process chanber of Fig. 1. Two seals, 11A and 11B are shown in this
cross- section, which may be, e.g., Orings. These two seals define two
vacuum zones in the process chanber: a) Zone 1, which defines
the abl ation environnent in the irradiation zone. The pressure is

mai-nt ai ned by neans of throttI® valve connected in a closed |loop to a
pressure control | €R. Typ|{ é-. essure is in the range of 50 - 2000 nbar.
this pressure regl S by seal 11B.
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b) ione 2, which defines the pressure in the outside vacuum channel 20 in

bet ween seals 11A and 11B. The pressure in the channel is always nuch
| ower than in the process chanber and usually is in the order of a few
mllibars or typical vacuum obtainable from nechanical vacuum punps. The
out er vacuum channel 20 has two main purposes: : 4t
mai nt ai n fiPﬂ??WEﬂﬁ%r 3 through the aid of the atnospheric P%?éggﬁﬂe.
WO 97/ 17167 PCT/ 1 L96/ 00141
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-9- 2. For safety purposes, to avoid the possibility of |eaking
of hazardous process gases through seal 11B. Here, in case of a |eak, the
gas will be sucked by the vacuum punp connected to channel 20. The waf er
is positioned above chuck 6 and bel ow wi ndow 9, as indicated by nuneral

12. Wafer 12 can be positioned on chuck 6 in tw ways, as shown in Figs. 2A
and 2B. In FVQ23HéThe wafer is on top of chuck 6. In Fig. PEHREUate, s
i mersed inside chuck 6. As stated, the wafer does not touch w ndow 9, and
there is a distance between themwhich is preferably kept in the range of
0.2 - 10 mm As explained, this distan can be varied as long as the
product of the values of P x h remains 5broxinate|y constant, wherein Pis
the pressure above the wafer and h is the gap, as herei nbefore defined.
The pressure referred to above is neasured in the center of the process
chanber in the irradiation zone. The space between the wi ndow and the

waf er defines the ablation cassette cell, through which the gases fl ow,
and in which the ablation products are jetted fromthe wafer, ignited and
conbusted. Looking at gas inlet stagnation cell 7,




it can be seen that the inflowing gases flowinto the ablation cell through
a communi cati on opening indicated by nuneral 13. The w ndow above the
wafer is made of fused silica, because it nust fulfill <certain

requi renents such as optical quality, to permt maxi num passage of the
incident |aser beam (indicated in the figure by the LB arrow), durability,
resi stance t&“ﬁpggggs gases and tenperature, mechanical str &cEHEI60RKE
However, it is clear that alternative materials can be used, as |ong as

they neet the desired operational cong%)'ons. . 3511/ WO 95
-10- EJ Fig. 3 shows the gas inlet éénation cell, according to one
enbodi ment of the invention. The stagnation cell is shown"in enlarged
partial cross-section, taken
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along.the G- C plane of Fig. 2. The stagnation cell conprises gas inlet 4,

consi sti ng -Qf e separate inlets, two inletg—%4 ;

N[err]C][e%raf11 ,fgé’nd one inlet 15, for Oferr] Rﬁwj m%ﬂﬁgenerator,
as well as the Qerr] or Nerr]Jerr] generatof,{1T any, are ljodated near

t he process chanber. As it can be seen fromthg igu(P%T 1997 dades enter
separately into the process chanber and _age m kefl only while tihgq 02+03 gas
passes the outlet of the Nerr]Jerr] nozzle 1Y. rrfl is

I ntroduced t hrough snmall hol es 18. Fig. 4 shpws the bottom of jthe process
chanmber of Fig. 1, fromwhich the bottom of the Chuck 6 can be seen, as
wel | as t peodudtausiccarsnduen|tet thed blast wade landf mhhg @dso i bé eHuas8Mirhy.
It should be noted that two inlets are provided in this enbodi nent for

N[ er r ] O ephptochienticabmegction dfnthe U€ lpser radihitionr ahid thevprecessdghéey. eThe
gas inlets can of course be used, as long as the gases are introduced

separ at el {nain; essence HfctralProcasseisslase a%ﬂatina withe coidustion=pfj the sblatsd a
top vi ewgi1 the process chanber of Fig. 1, fromwhich the wafer 12 can be
seen bel oRDPHRTEFISH IHNICH 0GES 18| Feaive,gap Sowing| throvghoan wxadiationizpnes,
t he wafer %nd t he. cover } ame are positioped asymetrically with respect to
the cover Theipombinatign.of |2S6F qaiation and fash comhustign-Brovideninstantanaonag

o iR B s o e bR S8 e

The combusted ablation products are then removed by vacuum suction, or by

gas sweeping leaving a completely clean surface.

The aforementioned patent US 5,114,834 does not describe any particular
requirements for the ablation cell, which is referred to as a “container” or a
“process chamber”. However, it has been found that the structure of the process

chamber has a critical effect on the quality of the stripping process.

While reference will be made throughout this specification to the ablation of
photoresist from semiconductor wafers, this will be done for the sake of
simplicity, and because it represents a well known and widely approached
problem. It should be understood, however, that the invehtion described
hereinafter is by no means limited to the stripping of photofesist from wafers,
but it applies, mutatis mutandis, to many other applications, such as stripping
and cleaning of photoresist from Flat Panel Displays (FPD) or removal of
residues from different objects, such as lenses, semiconductor wafers, or photo-

masks.

SUMMARY OF THE INVENTION
It has now been found, and this is an object' of the invention, that not every

dimension and configuration of the process chamber for carrying out pulsed

AMENDED SHEET
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Ilmted t o be used in any particul ar apparatus and it can be used in
abl ation WO 97/ 17167 _

PCT/ 1 L9GL , e ot ppi ng and

cl eanin ?8%’#@ ei nafter nentioned as Iaser RE&A ! ‘g‘ﬁr___,;__-j’n;{,LSSes in any
sui tabl e system For instance, the process ch er can be kepttstationary
while the | aser beam scans the wafer, or the llager3 0egQOT 4387 b fixed and
t he process chanber can nove by neans of suift abl e X-Y system '
Additionally, the invention is not linmféd tola [ ar shhpe or size
of process chanber, and can be used to perforym | aser_ treatnentlprocesses
on much larger or much smaller surfaces, can be of different shapes, and

can  emDl yydif sy GMafiBARENGY O MRbR Shiterills! BRIACEEbstile CGbitaba e

utilize

D

ambient reactive gases, provides goods results, and that in order to obtain
satisfactory results there are certain dimensional constraints to be observed.
These constraints are important as they provide conditions of reactive gas
decomposition and excitation for stripping and fast enhanced combustion of the

ablation products.

The invention provides a stripping apparatus employing a process chamber
where the laser ablation/etching takes place in a cassette cell configuration in
ambient reactive gases, which can be used for the effective stripping or removal

of coatings, such as photoresist, to yield a cleaned product of high quality.

DETAILED DESCRIPTION OF THE INVENTION

The process chamber for carrying out .pulsed U.V.-laser ablation processes on
the surface of an object in ambient reactive gases, according to the invention,
comprises:
| - a base provided with object support means;

- a cover provided with a window substantially transmissive of
laser light;

- reactive gas inlet and reactive gas outlet means;
the said cover and the said base, when connected, leaving a space between the
surface of the element and the inner surface of the window, in which gases
flowing through the said gas inlet may flow above the surface of the object

being treated and out of the cell through the said gas outlet.

AMENDED SHEET
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for processes enploying a variety of gases, ang.is by no eans limted to
the use w es exenplified in the abov S NIBENTVE '
non-limta WQZ@%H ption of preferred enbodrn’
process chamber can be utilized for sp€ci al ‘pufp
object to be cleaned or stripped is npslglgl ned|] a
to assi st and enhance the chem cal process. Typita
between 75 - 350[err]C. The heat source can bejoutside the chantjer, and

heat may be provided, e.g., by_radiation, or |8y wdd heat may
be provi dado n;ercmwdwtmmptlmnl seslts,faist ignitionsand comlmsswrp@%gblatm 0

plhe &é&%ﬂ?@ 7% fpeled TS SOBBRAIRL toconsh, & 1 tiele cRaxiEAhERS (o
tenper at urgsgy nlﬁg volirfifzatich and Admbi§l GPERMS ?r@ﬂu@l‘fs 88fing the

accumul ati ng a Iatlon products by reactive process gases
short interval between laser pulses (about 102 s). According to a preferred

i on of the

embodiment of the invention, this is achieved by providing a cell in which
the product of the total pressure in the cell, (P) and of the distance (h)
between the surface of the object to be treated and the inner surface of the

window (hereinafter referred to as “gap”

AMENDED SHEET
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-12 - . NEW CLAIMS._ 1. A process chanber (1)
carrying og’r. 3%&2@5 -laser treatnments-in anbi bt otin-e Sagedl oW, in
particul ar P VALEP abl at i on/ et chi ng as well ap=ZaEResTien Fldal acuat i on
of foreign materials fromsubstrate surfaces, '

- a base (2) provided with object support means er (3)
provided with a window (9) substantially -goans i ve of | aser |{ ijght; and
- reactive gas inlet (4) and reactive gas outlef (5) neans; 1nh Wy ch the

reactive gases flow ng through the said reacti vikwgas.lnolet nay flliow above

said surface and out of the process chanber through the said reactive gas

outl et, chiigc8 shorsithe gardnlathstagnationscalhaadvording for one denbedinheseaf the
(11A, 11B) defining two vacuum zones, the first zone defining the

abl at i on/ einvantdornThe staghation cellhis shaypman enlarged partial cross-section, taken

along the C-C plane of Fig. 2. The stagnation cell comprises gas inlet 4,

consisting of three separate inlets, two inlets 14 and 14', for NxO, gas, and one
inlet 15, for O2/O3 gas. The gas generator, as well as the O3 or NxOy generator,
if any, are located near the process chamber. As it can be seen from the figures,
the gases enter separately into the process chamber and are mixed only while
the O2+03 gas passes the outlet of the NxOy nozzle 17. The NyOy is introduced
through small holes 18.

Fig. 4 shows the bottom of fhe process chamber of Fig. 1, from which the
bottom of the chuck 6 can be seen, as well as the exhaust 5 and inlets 14, 14'
and 15 of the gas inlet assembly. It should be noted that two inlets are
provided in this embodiment for NxOy,, while only one inlet is provided for Og.
However, different gas inlets can of course be used, as long as the gé.ses are

introduced separately, without exceeding the scope of the invention.

Fig. 5 shows a top view of the process chambef of Fig. 1, from which the wafer
12 can be seen below the window 9. According to the particular embodiment of
Fig. 5, the wafer and the cover frame are positioned asymmetrically with
respect to the cover. This is done in order to permit a laser cleaning while

scanning of the outlet channel 8 where some ablation residues may

accumulate.

It should be understood that the process chamber of the invention is not

limited to be used in any particular apparatus, and it can be used in ablation

AMENDED SHEET
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zone defining outside vacuum channel (2). 2. A chanber according to claim

1, "associ atseﬂlm ans ‘for maintaining in.sai d second zone a pressure
| ower than irst zone. 3. "A- chanber aecordi ng to claim1,

associated with the sal d outside vacuum‘chaarel ;' for_axLOJ_d.ulg_I_he_dacrage of

| eaki ng the hazardous reactive process gases to the said outside working

invkrgﬂgengter accorgﬁé/ :A;)DI ?:I5a| m 1, havi n-g12st.ruct ural Hu;l"luulljulumlll “ l“][3

di rensions adapted for |aser ablation, etching, cleaning and ot hér [aser
surface treatments in ambient reactive gas including fast conmbustion and
fast gas flow NEW CLAIMS

1. A process chamber (1) carrying out pulsed UV-laser treatments in ambient
reactive gas flow, in particular the laser ablation/etching as well as
combustion and evacuation of foreign materials from substrate surfaces, which
comprises:

- a base (2) provided with object support means;

- a cover (3) provided with a window (9) substantially
transmissive of laser light; and

- reactive gas inlet (4) and reactive gas outlet (5) means;
in which the reactive gases flowing through the said reactive gas inlet may
flow above said surface and out of the process chamber through the said
reactive gas outlet, |
characterized in that N
the process chamber is provided with seals (11A, 11B) defining two vacuum
zones, the first zone defining the ablation/etching environment and the second

zone defining outside vacuum channel (2).

2. A chamber according to claim 1, associated with means for maintaining in

said second zone a pressure lower than in said first zone.

3. A chamber according to claim 1, associated with the said outside vacuum
channel, for avoiding the damage of leaking the hazardous reactive process

gases to the said outside working environment.
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5. A chanber according to claim1l , wherein the product of the pressure (P)
and of the,d,] =(h) between the surface of the objeet—to he treated and
t he inner %ﬂ*fjgggﬁg? the window is in the range of

= Pa. m 6. A

chanber according to any one of clains 1 to 3, V\hezﬁMﬁmMHﬂﬂw
bet ween the surface of the object to be treated an il gm:e of
the windowis in the range 0.2 - 10 nm- 137. A chanber accordihg *o claim
1, wherein the distance between the surface of the object to be treated
and the inner surface of the wi ndow is about 2 mm 8. A chanber according
toclaiml1l , wherein the windowis nmade of a material chosen from anong
silica quattd, chamberaccensing tppiaim 1, haying stractiveal featyres agd: dimensions
or 2, wherein the base and the cover of_the

adapted for laser ablation, etching, cleaning and other laser surface treatments

in ambient reactive gas including fast combustion and fast gas flow.

5. A chamber according to claim 1, wherein the product of the pressure (P)
and of the distance (h) between the surface of the object to be treated and the

inner surface of the window is in the range of 40-60 Pa-m.

6. A chamber according to any one of claims 1 to 3, wherein the distance
between the surface of the object to be treated and the inner surface of the

window is in the range 0.2 - 10 mm.

7. A chamber according to claim 1, wherein the distance between the surface of

the object to be treated and the inner surface of the window is about 2 mm.

8. A chamber according to claim 1, wherein the window is made of a material

chosen from among silica quartz, MgF, CaF and sapphire.

9. A chamber according to claim 1 or 2, wherein the base and the cover of the
chamber are made of a material selected from among quartz, stainless steel,

aluminum or ceramic materials.

10. A chamber according to claim 1, wherein pressurization is obtained by

means of sealing rings.
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char;ber are nade of a material selected fromanong quart z, sﬂ&'pﬁlﬂoéés*%teel,

al um num or ceramc nmaterials. 10. A‘chamber accordi ng to cl @rmils, ce%‘.

wherein pressurization is obtained by neans of sealing rings.
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