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“OF THE INVENTION 1. . Field of the Invention The present invention
relates to a surface processing nethod and apparatus for processing the
surface of a work piece such as a sem conductor device, a crystal
oscillator, a printed wiring board or a wire, for exanple to inprove the
sol der wettability of the work piece. Description of the Related Art
One conventional nmethod of cleaning a netal surface by using hydrogen atons
generated by a vacuum pl asma known from Japanese Unexam ned Pat ent
Publ i cati on No. 2-190489 and anot her conventional method for inproving the
wettability of a printed wiring board usﬂhg a vacuum pl asma cl eani ng
techni que is known from Japanese Unexam ned Patent Publication No.

3-174972. I n anot her conventional nethod, the inventor of the

present invention haSURFAGEPROECESSING METHOD AND APDPARATUS W94/ 22628, .
Japanese Patent Application No. 7-2950, in which a plasma forned at, and
retai ned at, atnospheric-pressure, instead

BACKGROUND OF THE INVENTION
1.  Field of the Invention :

The present invention relates to a surface processing method and apparatus for
processing the surface of a work picce such as a semiconductor device, a crystal
oscillator, a printed wiring board or a wire, for example to improve the solder wettability
of the work piece. '

Description of the Related Art

One conventional method of cleaning a metal surface by using hydrogen atoms
generated by a vacuum plasma known from Japanese Unexamined Patent Publication
No. 2-190489 and another conventional method for improving the wettability of a
printed wiring board using a vacuum-plasma cleaning technique is known from
Japanese Unexamined Patent Publication No. 3-174972.

In another conventional method, the inventor of the present invention has
demonstrated a technique, as known from W094/22628, Japanese Patent Application
No. 7-2950, in which a plasma formed at, and retained at, atmospheric-pressure, instead
of a plasma formed under a vacuum, is used to activate a gas. The wettability of a work
to be soldered is improved by the use of a resulting active species such as ions or excited
species (WQ94/22628, Japancse Patent Application No. 7-2950).

I .tl-lc_'*:a_ﬁbove processes of using the vacuum plasma and atmospheric-pressure
plasma, surface processing is performed by active species excited by the plasma.

When processing a workpiece, a direct discharge processing technique in which a
work piece to be processed is exposed to the plasma is not preferred, because the
physical characteristics of the workpiece may be damaged, which may be attributed to
the plasma. When the work piece to be processed has a metallic surface, a strong
concentration of plasma collects at aﬁy projecting porﬁ'on of the surface, and uniform
processing over the entire surface cannot be achieved.



_of ‘a plasma formed under a vacuum is used to activate a gas. The
wettability of a work to be soldered is inproved by the use of a resulting
active species such as ions or excited species (W®O4/22628, Japanese Patent

Application No. 7-2950). In the above processes of .using the vacuum
pl asma and at nospheric-pressure plasm, surface processing is performed by
active species excited by the plasna. When processing a workpi ece, a

di rect discharge processing technique in which a work piece to be processed
is exposed to the plasnma is not preferred, because the physical
characteristics of the workpi ece may be damaged, which may be attributed to
the plasma. Wen the work piece to be pr&cessed has a netallic surface, a
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reduces t gnders surface processing difficult or impossible and at least substantially reduces the

efficiency of processing. Thus, this indirect discharge processing technique places a
limitation on the location of the workpiece to be processed, and is thercfore not
practicable. '

SUMMARY OF THE INVENTION

According to the method of the present invention, processing gases including
halogen and hydrogen halide are brought into contact with the surface of a workpiece
being processed to process the work. A workpiece being processed is surface-processed
by a chemical reaction using a processing gas, including highly reactive halogen or
“hydrogen halide, rather than active species such as fluorine radicals, which have the
characteristic of a short life span. Since the work piece being processed is not directly
exposed to a plasma, the workpiece will be free from any defects arising from plasma
damage. In an exemplary embodiment the halogen and hydrogen halide are typically
fluorine gas F, and hydrogen fluoride HF.

_ In an exemplary method of the present invention, the processing gas is preferably
pro&uéé”%i bfiléoompoﬁng halogen compounds through the decomposition techniques of
thermal decomposition, photolysis, decomposition by discharge, and electrolysis, singly
or in combination. To this end, the surface processing apparatus of the present invention
comprises processing gas generator for producing a processing gas by decomposing 2
halogen compound by one of the above techniques, and processing gas supplying means
for guiding the processing gas to the surface of a workpiece being processed.

Halogen and hydrogen halide are themselves highly reactive and highly
corrosive. In the present invention, stable halogen compound is used as a raw material



efficiency of processing. Thus, this indirect discharge processing
technique places a limtation on the | ocation of the workpi.ece to be
processed, and is therefore not practicable. =~ SUMVARY OF THE | NVENTI ON
According to the nethod of the present invention, processing gases

i ncl udi ng hal ogen and hydrogen halide are brought into contact wth the
surface of a workpi ece being processed to process the work. A workpiece
bei ng processed is surface-processed by a chem cal reaction using a
processing gas, including highly reactive halogen or hydrogen halide,

rat her than active species such as quorlye radi cal s, which have the
characteristic of a short |ife span. Since the work piece being processed
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decomposition, photolysis, or decomposition by discherge are NF,, SF;, CF; or NH,F.
These halogen compounds are raw-material gasses, and are supplied to the processing
gas generator through 8 raw-material gas supply.

To decompose the halogen compound, the raw-material gas is preferably
decomposed at or at approximately atmospheric pressure by being excited by a pair of
clectrodes to which a-low-frequency AC voltage, of 50 kHz or lower, or 2 DC voltage is
applied. To this end, the processing gas generator of the present invention comprises a
power supply that outputs a low-frequency AC valtage source, of 50 KEHz or lower, ora
DC voltage source, and a plasma generator section having a pair of electrodes to which
the voltage is applied, for forming a plasma at or at approximately atmospheric pressure.

When the low-frequency AC voltage or DC voltage is applied between the pair of
electrodes, a relatively large peak-to-peak value discharge voltage results, and a reliable
discharge is generated without the need for the supply of a plasma generating gas such
as helium (He). Thus, using the present invention, generation of a reliable
auhospﬁetié-fbressure plasma, helium (He) is not necessarily required, and the running
cost of the apparatus is reduced.

Decomposition processing of a halogen compound through thermal
decomposition, photolysis and discharge is preferably carried out in an atmosphere
including water. The presence of moisture permits the halogen compound to be
decomposed into hydrogen halide in an eﬂiclent manner. Halogen compounds suitable
for electrolysis are aqueous solutions of halides that are easy 1o be electrolyzed.



,-3-" and is deconposed by one of the above techniques to produce the
"processing gas. Since the life of hal ogen or hydrogen halide is not as
short as that of active species, the tine limtation is not so critical as
in the case of active species. This offers a |large degree of freedomin the
positioning of the workiece being processed, and the workpi ece can be
positioned at a renote | ocation. The use of an organi ¢ hal ogen
conpound as a raw material hal ogen conpound facilitates handling and
reduces danger associated with the conpound because of its neutral pH.
Preferred hal ogen conpounds suitable for deconposition through thernmnal
deconposi tion, photolysis, or deconpositibn by dlscharge are NF[err],
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The surface processing method of the invention preferably further comprises the
steps of force-exhausting a process gas supplied to 2 workpiece being processed, and a
reaction product, and trapping the processing gas or the reaction product while force-
exhausting. To this end, the surface processing apparatus of the present invention
comprises a forced exhanst and & trap. The prooessing gas is highly corrosive., The
remainder of the unreacted highly corrosive processing gas and any reaction product
from the surface processing are trapped during forced exhaustion and recovered without
dispersing them into the atmosphere.

The surface processing method of the invention is preferably applied to a process
in which the oxide on the surface of & work is replaced with a halogen compound by
bﬁﬁgiﬁétheﬁ’ix’oecssing gas into contact with the surface of a work, thereby improving
the solder wettability of the surface of the work.

Workpieces being processed'suitable for this sort of process are typically
electronic components such as printed circuit boards, integrated circuits (ICs), wires to
be soldered, and crystal oscillators. : .

~ Accordingly, it is an object of the present invention to provxde an improved
surface processing method and apparatus which process the surface of a work being
processed in a plasma damage-free state, and offer a large degree of freedom in the



I ncluding water. The presence of noisture permts the hal ogen conpound to

" be deconposed into hydrogen halide in an efficient manner.. Hal ogen :
conpounds suitable for electrolysis are aqueous sol utions of halides that
are easy to be electrolyzed. .

-4- In any of thermal deconposition, photolysis, deconposition by

di scharge, and electrolysis, a processing gas is preferably force-fed by a
carrier gas to bring the processing gas into contact with a workpi ece bei ng
processed. In this case, the processing gas is nore preferably m xed with
the carrier gas after the deconposition process of the hal ogen conpound. By
m xi ng after deconposition, even if a gas&containing oxygen is used as a

carrier gas, the,ge ation .of ozone is not augnented during deconposition.
Thus, ingt B%ﬁéewfﬁ%@‘m%ﬁ?%?&a ca?i er gas gene?at or gans is
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carrier gag, into contact with hal ogén or hydrogen halide. In this way, a
processi ng ofﬁ?ﬂqgﬁ?g the liquid of either hal ogen or hydrogen halide is
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gas, and in which relatively costly helium He gas is not required during processing.

It is yet another object of the present invention to provide an improved surface
processing method and apparatus which process the surface of a workpiece being
processed for improvements while restricting the generation of ozone that oxidizes the
workpiece being processed. '

Still other objects and advantages of the invention will in part be obvious and will
in part be apparent from the specifications and drawings. _ .

The invention accordingly comprises the several steps and the relation of one or
more of such steps with respect to cach of the others, and the apparatus embodying
features of construction, combination(s) of elements and amrangement of parts which arc
adapted to effect such steps, all as exemplified in the following detailed disclosure, and
the scope of the invention will be indicated in the claims. :

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference is had to the following
dcébﬁﬁ?ioﬁ?'tikcn in connection with the accompanying drawings, in which:

FIG. 1 is a diagrammatic view depicting one embodiment of the processing gas
generating unit constructed in accordance with the invention that produoces a processing
gas through thermal decomposition;

FIG. 2 is a diagrammatic view of another embodiment of the processing gas
generating unit constructed in accordance with the invention that produces a processing
gas through photolysis; ‘



exhausting. To this end, the surface processing apparatus of the present
“invention conprises a forced exhaust and a trap. The processing gas is

hi ghly corrosive. The renai nder of the unreacted highly corrosive
processi ng gas and any reaction product fromthe surface processing are
trapped during forced exhaustion and recovered w thout dispersing theminto
t he at nosphere. The surface processing nethod of the invention is
preferably applied to a process in which the oxide on the surface of a work
is replaced with a hal ogen conpound by bringi'ng processing gas into contact
with the surface of a work, thereby inproving the solder wettability of the
surface of the work. Wor kpi eces beﬁhg processed suitable for this
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gas gencrating unit constructed in accordance with the invention that produces a
processing gas through contact with a liquid; '

FIG, 6 is a diagrammatic view of 8 surface processing apparatus constructed in
accordance with one embodiment of the invention.

FIG. 7 is a diagrammatic view depicting the internal construction of the surface

 processing unit of FIG. 6;

FIG. 8 is a block diagram depicting the plasma generator section of FIG. 7;

FIG. 9 is a block diagram of a surface processing unit constructed in accordance
with an additional embodiment of the invention;.

FIG. 10 is a diagrammatic view of an embodiment of the.invention in which a
processing gas is directly applied to a workpiece;

FIG. 11 is a diagrammatic view depicting the surface processing unit constructed
in accordance with yet another embodiment of the invention;

FIG. 12 is a diagrammatic view depicting an embodiment of the invention in
which a surface processing unit is incorporated in a line-type processing apparatus;

FIG. 13 is a cross-scctional view depictixig the feed and exhaust section of the
suf‘facefbm’ééssing unit of FIG. 12;

FIG. 14 is a diagrammatic view depicting an embodiment of the invention in
which a surface processing unit is incorporated in 2 stand-type processing apparatus;

FIG. 15 is a cross-scctional view depicting the feed and exhaust section of the -
surface processing unit of FIG. 14;

oo FIG. 16 is a diagrammatic view depicting an embodiment of the invention in

which a surface processing unit is incorporated in a cylinder-type processing apparatus;




.the’ processing gas. It is yet another object of the present

I nvention to provide an inproved surface processing nethod and apparat us
whi ch process the surface of a workpi ece being processed at a reduced
runni ng cost and at a reduced consunption rate of the processjng gas, and
in which relatively costly helium He gas is not required during processing.
It is yet another object of the present invention to provide an inproved
surface processing nethod and apparatus which process the surface of a

wor kpi ece bei ng processed for inprovenents while restricting the generation

of ozone that oxidizes the workpiece being processed. Still other
obj ects and advantages of the invention wrll in part be obvious and wll in
part be apparent fromthe specifications and draw ngs. The invention
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
_ Referring now to the drawings, the surface processing method and apparatus of
the invention will be described.

Producti thod of & .
According to the present invention, a processing gas containing a halogen such as
Cl,, Bry, F, 1 or hydrogen halide such as HF, HCI, HBr and HI, which is highly reactive
is brought into contact with a workpiece to be processed so that the highly reactive
processing gas pracesses the surface of the workpiece. To produce such a highly
. reactive processing gas, one of the techniques illustrated in FIGS. 1 through 5 is used.
FIGS. 1-5 illustrate different embodiments of a processmg gas generating unit.
Elcments which are common to each of FIGS. 1-5 are a processing gas generator
container 1'and a processing gas supplying tube 2 for guiding a generated processing gas
to the workpiece being processed and are numbered consistently. throughout.
Reference is made to FIG. 1 in which a processing gas generating unit 15
constructed in accordance with a first embodiment of the invention is shown.
Processing gas generating unit 15 includes a raw-material gas supplying tube 3 for
supplying a raw-material halogen compound gas, such as NF, to processing gas
generator container 1. A heater 4 disposed adjacent container 1 heats the interior of



FIG 3 is a diagrammatic view depicting anot her enbodi nent of the
"processing gas generating unit constructed in accordance with the invention
that produces a processing gas through electric discharge; FIG 4 is
a diagmmatic view depicting anot her enbodi nent ofthe processing gas
generating unit constructed in accordance with the invention that produces
a processing gas through photolysis; FIG 5 is a diagranmatic view
depi cting anot her enbodi nent of the processing gas generating unit
constructed in accordance with the invention that produces a processing gas
t hrough contact with a Iiquid; FIG 6 is a diagrammtic view of a
surface processing apparatus constructed -$n accordance wi.t h one enbodi nent
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the following chemical formule.
2NF; — N, + 3F,

A second embodiment of the processing gas generating unit, generally indicated
as 16, is depicted in FIG. 2. Unit 16 differs from unit 15 in the use of photolysis to
decompose the compounds. Like mumbers are utilized to indicate like structures. A
processing gas supplying tube 2 and a raw-material gas supplying tube 3 are connected
to processing gas generator container 1. For the photolysis process, processing gas
generator container 1 contains an ultraviolet lamp 5 for emitting ultraviolet light therein.
A halogen compound is used as the raw-material gas and is decomposed through
photolysis to produce a processing gas in processing ges generator container 1.

When ultraviolet lamp $ is set to output ultraviolet radiation of 100 mW/cm, and
at a wavelength of 400 nm with the raw-material gas being NF;, the photolysis
expressed by the same chemical formula as that expressed in FIG. 1 takes place,
resultmg in a processing gas containing approximately 100 ppm fluorine gas F,.

Rnother embodiment of the processing gas generating unit, generally indicated at
17 is depicted in FIG. 3. Unit 17 is similar to unit 15, like number are used to indicate
like structure, the primary difference being the use of a plasma generator in unit 17.
Again, processing gas supplying tube 2 and raw-material gas supplying tube 3 are
connected to a processing gas generator container 1. To this end, processing gas
generator container 1 contains a plasma generator section 6 having a pair of electrodes
(not shown). A halogen compound is used as the raw-material gas and is decomposed
through discharge under atmospheric pressure or approximately atmospheric pressure to



FIG 14 is a diagrammatic view depicting an enbodi nent of the invention in
" which a surface processing unit is incorporated in a stand-type processing
appar at us; FIG 15 is a cross-sectional view depicting the feed and
exhaust section of the surface processing unit of FIG 14; - - FIG 16 is
a diagrammatic view depicting an enbodi ment of the invention in which a
surface proceSS|ng unit is incoxporated in a cylinder-type processing

appar at us; -7-

FIG 17 is a cross-sectional view depicting the feed and exhaust section of
the surface processing unit of FIG 16; FIG 18 is a diagramatic
view depicting an enbodi ment of the |nve%t|on I n which a surface processing
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appar at us. frequency of approxmately 10 kHz xs supplied between the pair of electrodes of plasma
generator 6. Discharge takes place at a peak-to-peak discharge voltage of 10 kVpp AC.
Then, the raw-material gas is decomposed according to the following chemical formula,
producing a processing gas containing approximately 800 ppm fluorine F,.7
2CF, -~ CF +F
When a raw-material gas CF;+H,0 is supplied at a rate of 300 ce/minute in unit
17, with the rest of the conditions unchanged from those in the preceding example, the
raw-material gas is decomposed according to the following chemical formula, producing
a processing gas containing approximately 7200 ppm hydrogen fluoride HF. In this
way, hydrogen fluoride is efficiently produced with water added.
CF, + 2H,0 — CO, +4HF
The use of a voltage supply having a frequency es low as approximately 10 kHz
allows the discharge to take place reliably without the need for a supply of helium. This
reduces the running cost involved in decomposition. To maintain a reliable discharge -
without eypplying helium, the peak-to-peak vatue of the discharge voltage, with a
low-frequency supply voltage, needs to be groater than a predetcrmined level. When the
power supply voltage is a DC voltage or an AC voltage having a frequency of 10 kHz,
30 kHz, or 40 kHz, a successful discharge is observed. Thus, a low-frequency AC
voltage of 50 kHz or lower or a DC voltage ensures a large peak-to-peak discharge
voltage value, as is required by the invention.
thﬁ*bhwdm@znhﬂuk'mmmnmcnnmumnkdauqumedbyﬁmqnomwmngga;
generating units 15, 16,17, including perfluorocarbon such as CF,, C,F a2y, HFC such
as C,F,H,, fluorocarbon such as C,¥,Cl,, hydrochloric acid based solution such as
C,H,C1,, and organic halogen compounds such as halogen of C,F,Br, are advantagcous
from the standpoint of handling because of their neutral pH. In view of the
environment, perfluorocarbon and HFC are most preferably produced.
In the embodiment of processing gas generating unit, generally indicated at 18,




~ DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now to the
drawi ngs, the surface processing nethod and apparatus of the invention wll

be descri bed. Producti on met hod of the precessing gas According to
the present invention, a processing gas containing a. halogen such as
Cl[err], Br[err], F[err], I[err] or hydrogen halide such as HF, HCl, HBr

and H, which is highly reactive is brought into contact wth a workpiee to
be processed so that the highly reactive processing gas processes the
surface of the worpiece. To produce such a highly reactive processing gas,

one of the techniques illustrated in Fl Gio 1 through 5 is used. FI GS.
1-5 illustrate different enbodi nents of processi ng gas generati ng unit.
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A 24 VDC voltage is applied to electrodes 8, 8b, and a processing gas containifig
approximately 1000 ppm fluorine ges F, is produced.

Solution 3a of halogen compound is electrolyzed in processing gas generator
container I to produce a processing ges. Halides suitable for elcctrolysis, besides NaF,
are KF, LiF, CsF, NaCl, KCI, KBr, NaBr and Nal.

In another embodiment depicted in FIG. 3, a processing gas generator unit,
generally indicated as 19 is shown, like mumbers being utilized to indicate like parts.
Container 1 includes an aqueous sofution 3a. A carrier gas input port supplies camier
gas to container 1 and aqueous solution 3a through tube 9a. An exit tube 2a is disposed
in container 1, proximate solution 3a, and coupled to processing-gas supply tube 2. A
carrier gas is brought into contact with a solution of halogen or hydrogen halide through
tubes 9, 9a to produce a processing gas containing a liquid of halogen or hydrogen
halide. By bringing the carrier gas into contact with one of the solutions of HF, HCI,

HBr, HI and HCs, a processing gas containing a liquid containing one of these halogen
compounds is produced and output through tubes 2a, 2.

K’cfcrcncc is now made to FIG. 6 whichis a dxagrammauc view depicting a
surface processing apparatus, generally indicated at 180, for indirect discharge
constructed in accordance with one embodiment of the invention. A processing gas
generator 30 is provided with a carrier gas and a raw-material gas. Processing gas exits
processing gas generator 30 through a processing gas supply tube 20 which extends to a
supply section 22. In a preferred embodiment supply section 22 is substantially
umbrella shaped to diffuse the processing gas. An exhaust tube 24 is disposed adjacent
supply section 22 and is coupled to processing gas generator 30 so that waste gases are



processi ng gas generator container 1. Processing gas fornmed within

" processing gas generator container 1 exits through processing gas supply
tube 2. In FIG 1, processing gas generator container 1 thermally
deconposes the hal ogen conpound.input through raw material. gas supplying
tube 3 by thermal energy and produces a processing gas containing hal ogen
or hydrogen halide output at supply tube 2. The m ni num t enper at ure
required to thernmally deconpose the rawnmaterial gas NF[err] is 300C. Wen
the raw-material gas is heated to a tenperature of 500[err]Cin this
enbodi ment, a processing gas containing_?fproxinately 1000 ppm fluorine gas
F[err] obtained through thermal deconposition. The deconposition process is
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1 contains a, plasma gener at or sectlon @%; pai,r of ‘el ectrodes (nﬁt
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shown). A Rmbagliafas the prgeessing gasfo
deCO”posed.the lead frame 12 is exposed, and any reaction product produced as a result of

processing, to force-exhaust them.

Reference is made to FIG. 10 in which another embodiment of 2 surface
treatment apparatus, generally indicated as 190 is provided. Surface treatment apparatus
190 is similar to surface treatment apparatus 180, like elements being given like
reference numerals, the primary difference being that waste treatment unit 80 is not
located within the processing gas generator unit. This embodiment allows for the
processing gas to be provided from a first location, and sllows the unused processing
gas, andan_y feaction products to be treated to waste treatment unit 80 at a second
remote location. . ‘ .

Construction of the gas generator unit 30 will now be described. As shown in
FIG. 7, processing gas generator unit 30 comprises a housing 32. A raw-material gas
supplying tube 41 is connected to the upstream side of a plasma generator section 60
through a flowmeter 42. The open end of processing gas supplying tube 40 that is
connected to the downstream side of the plasma generator section 60 is connected to the
supplying connection tube 20. A supplying tube 90 is coupled to processing gas




_though di scharge under atnosphertic pressure or approximately atnospheric
pressure to produce a processing gas in processing gas
generator container 1. In a preferred enbodi nent utilizing the
processing gas generating unit 17, a rawmaterial gas CF[err] is supplied
at a rate of 100 cc/m nute, and a voltage having a frequency of

approxi mately 10kHz is supplied between the pair of electrodes of plasm
generator 6. Discharge takes place at a peak-to-peak discharge voltage of
10 kVpp AC. Then, the rawnmaterial gas is deconposed according to the
foll ow ng chem cal formula, producing a processing gas containing

approxi mately 800 ppmfluorine Flerr]. ~12- 2CF[err] [err] Cerr]Flerr]
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may be inscrted into a standard socket, and is connected to one electrode 62a. The other
electrode 62b is grounded. A relatively low frequency AC voltage, of 50 kXHz or lower,
or a DC voltage is applied between electrodes 623, 62b. A waste treatment unit 80
coupled to exhaust connection tube 24 through exhaust tube 70
Power supply 50 is designed to output a relatively low frequency AC voltage. In
conventional apparatuses, to generate an atmospheric-pressuré plasma, a large amount
of helium, which may be relatively easily ionized, is required. Thus, if the frequency of
the AC voltage applied between the pair of electrodes were a commercial, conventional
frequency of 13.56 MHz, the atmospheric-pressure plasma could not be generated at this
AC voltage (the commercial frequency of 13.56 MHz) under an atmosphere of air or N,
without a relatively expensive helium gas. However, in this embodiment of the
mvention, by applying a relatively low frequency AC voltage of up to 50 kHz, ora DC
voltage, between the pair of electrodes, the atmospheric-pressure plasma is reliably
produced without helium gas. A low-frequency AC voltage thus results in a large
peak-to-peak voltage, offering energy to be contributed to the generation of plasma.
In the invention, the quantity of the processing gas supplied for processing an
aréa of 1. cm? of a work is lowered to within a range of 0.01 cc to 50 cc, expensive
helium gas was not used as a carrier gas, and the frequenéy of the AC voltage applied to
the plasma generating electrodes is set to be 50 kEz or lower. As a result, the plasma
- was reliably produced.
Carrier gas supplying tube 90 is connected to processing gas supplying tube 40 at
a2 mid-portion thereof, which is in tum connected to the downstream side of plasma
generator section 60. A carrier gas introduced through carrier gas supplying tube 90
may be an inert gas such as N,. Alternatively, compressed air may be introduced




| ow- frequency supply voltage, needs to be greater than a predeterm ned

"l evel . When the power supply voltage is a DC voltage or an AC vol t age
- having a frequency of 10 kHM 30 kHz, or 40 kHz, a successful discharge is

observed. Thus, a lowfrequency AC voltage of 50 kHz or |ower or a DC

vol tage ensures a | arge peak-to-peak discharge voltage value, as is
required by the invention. Unl i ke hydrogen halide, hal ogen conpounds
deconposed by the processing gas generating units 15, 16,17, including
perfl uorocarbon such as CF[err], Cerr]F [err]. HFC such as
Cerr]Flerr]H err] fluorocarbon such as err]Cl[err], hydrochloric acid
based sol ution such as C[err]H[err]CI[erS?’ and organic halogen conpounds
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force-exhausting the processing gas that has been applied to the lead frame 12. Exhaust
tube 70 in surface processing unit 30 is connected to exhaust connection tube 24 of FIG.
6.
Exhaust tube 70 is connected to waste treatment unit 80, which is one example of
a trap means. When CF, is used as a raw-material gas, it is excited in plasma generator
section 60 and decomposes as follows.
2CE; = CF;+F,
The processing gas, containing fluorine gas (F,), caused by this decomposition
contributes to the surface processing of lead frame 12 of IC 10. A portion of the
fluorine gas (F,) is exhausted without contributing to the chemical reaction. However,
fluorine gas (F,) should not be released to the environment because it is a corrosive gas.
Waste treatment unit 80 is designed to remove the corrosive component out of the
processing gas introduced via the exhaust tube 70 by adsorbing the corrosive component
or dissolving the corrosive component into water.

5- ..-;p._;".:'_-. . |
The operation of processing gas generator unit 30 will now be described. In this
embodiment, compressed air is used as the carrier ges and a halogen compound such as
CF, is used as a raw-material gas. The carrier gas and raw-material gas are introduced
into carrier gas supplying tube 90 and raw-material gas supplying tube 41, respectively,
of surface processing unit 30 by means of an extemal source which may be a facility in
the plant. The flow rates of the raw-material gas and carrier gas are controlied by flow



_approxi mately 1000 ppm fluorine gas F[err] is produced. Sol ution 3a
of hal ogen conpound is electrolyzed in processing gas generator container -1
to produce a processing gas. Halides suitable for electrolysis, hesides

NaF, are KF, LiF, CsF, NaC, KCI, KBr, NaBr and Nal. | n anot her
enbodi nent depicted in FIG 5, a processing gas generator unit, generally

I ndi cated as 19 is shown, |ike nunbers being utilized to indicate |ike
parts. Container | includes an aqueous solution 3a. A carrer gas input port

supplies carrier gas to container 1 and aqueous sol ution 3a through tube
9a. An exit tube 2a is disposed in contalgér 1, proximate solution 3a, and
coupl ed to processing gas supply tube 2 \ carrier gas is brought into
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gases ar® pyenif only a small amount of CF; as the raw-material gas is used, a plasma is reliably
produced at atmospheric pressure or at approximately atmospheric pressure, without the
need of helium gas to facilitate plaéma generation, because the period of the AC voltage
is long.

When CF, is.used as the raw-material gas, it is excited and decomposed in
plasma generator section 60, and fluorine gas F, is produced, which is a highly reactive
halpgen. Carrier gas supplying tube 90 is connected to processing ges supplying tube
40, which is connected to the downstream side of plasma generator section 60, The
flow of the carrier gas at a relatively high flow rate of 20 liters/minute is mixed with the
;nommmd;mmx$mnggmnbcmmyﬂwjnommﬁnggzsﬁu1kmhngand¢nomwmngdnnng
the processing steps.

The mixture of processing gas and carrier gas is delivered through processing gas
supplymg tube 40 of processing gas generator unit 30 and is applied to the surface of IC
10: This application is made by supplying section 22 via supplying connection tube 20,
"which is connected to processing gas generator unit 30. Lead frame 12 of IC 10 is
surface processed according to the following chemical formula.

2Sn0 +2F, — 28nF, + 0, '

The surface of the frame 12 bears an oxide SnO. ‘Through contact with the
processing gas, SnQ is replaced with halogen compound (SnF;). Since the IC 10
workpiece is not exposed to plasma, it is free from any damage attributed thereto.




‘returned to processing gas generator unit 30 which is provided with an
exhaust . A conveyor belt 14 for carrying items to be processed is

di sposed bel ow supply section 22. A workpiece to be treated, such as an
integrated chip (1C 10 is noved along the conveyor belt into position
within supply section 22. The work to be soldered is depicted as IC
10. 1Cs 10 placed on a conveyor belt 14 are noved sequentially in the
direction fromthe direcition in the page to the direction out of the page
of the figure. Alead franme 12 of IC 10 is sol der-coated beforehand. The
surface of lead frane 12 is covered V\nth1 in (Sb), which is oxidized to
formtin oxide (SnO. In this enbodient, ‘during processing tin oxide (SnO
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problems such as corrosion are precluded since the corrosive aspects of the gas have
" been removed.

Construction of the processing gas generator unit in accordance with another
embodiment of the invention, generally indicated as 100, will now be discussed with
reference to FIG. 9, which depicts the processing gas generator unit that is capable of
surface processing without using a supply and exhaust facility installed in the plant.
Like numbers are utilized to indicate like structures.

Processing gas generator unit 100 depicted in FIG. 9 differs from that of the
prbeeséing. gis generator unit 30 in that surface processing unit 100 further comprises, in
addition to the components noted i in-pracessing gas generator unit 30, in housing 32, a
processing gas cylinder 44 coupled to plasma generator section 60 through flow meter
40. A feed fan 82 for feeding a carrier gas is disposed upstream of flow meter 92 and an
exhaust fan 94 disposed downstream of waste treatment unit 30 to exhaust treated gas
from housing 32. Fan driving sections 84, 96 are respectively provided for driving each
fan. Fan driving sections 84, 96 are connected to the power supply 50.



_supplying tube 41 is connected to the upstream side of a plasma generat or
section 60 through a flowreter 42. The open end of processing gas supplying
tube 40 that is connected to the downstream side of the plasma generator
section 60 is connected to the supplying connection tube 20. A supplying
tube 90 is coupled to processing gas

-12- supplying tube 40 downstream of plasma generator section 60. A
raw nmat eri al gas contai ni ng hal ogen conpound, in a-preferred enbodi nent,
CF[err] is introduced into rawnmaterial gas supplying tube 41 from an
external source, such as a facility in a plant A power supply 50
suppl i es power to plasma generator 60 tol@enerate a plasma at atnospheric

ressureor at approxi,tatel t D erli ¢ pressure. The plaspa. er aj or
Ee_ct ion 60 has & F’f‘“%ga%éﬂ%%{)g@@r %“’é"?‘?ﬁ“ﬁ‘igggﬁ“@gﬂaﬁﬁﬂ een
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may be introduced as compressed air and may be used as the carrier gas. By arranging
exhaust fan 82 at the downstream side of waste treatment unit 80, ambient gases around
IC 10 are force-exhausted through exhaust connection tube 24, exhaust tube 70 and
waste treatment unit 80 in gas generator processing unit 30.
Thus, without the need for a separate feed and exhanst facility in the plant, the
surface of lead frame 12 of IC 10 may be surface processed by connecting supplying

connection tube 20 and exhaust connection tube 24 to surface processing unit 100.

Usable processing gas

The raw-material gas introduced into plasma generator section 60 may be any
stable halogen compound, typically CF,, as already described. Halogen and hydrogen
halide are highly reactive themselves and corrosive. As already described, only after
being excited, halogen and hydrogen halide are decomposed into fluorine gas F, or the
like as a processing gas. Thus, it is more advantageous that a halogen compound such
as CF, is used as a raw-material gas since it is non-corrosive. '
. " “Sricable halogen compounds for use as a raw-material gas are any of
perfluorocarbons such as hexafluoroethane, perﬂ{xoropropane, and perfluoropentane,
and octafluorocyclobutane, tetrafluoroethane, triffuoromethane,
monobromotrifluoromethane, tetrachloromethane, trichloromonofluoromethane,
dichlorodifluoromethane, chlorotriftuoromethane, sulfur hexafluoride, nitrogen
trifluoride, and boron trichloride. | .

Instead of the above-mentioned halogen-based gases, reducing gas such as
hydrogen gas H, may also be uscd, hydrogen gas H, is excited in the plasma generator



.frequency of 13.56 MHz, the atnospheric-pressure plasma could not be
generated at this AC voltage (fhe commercial frequency of 13.56 MHz) under
an atnosphere of air or N2 without a relatively expensive helium gas.
However, in this enbodinent of the invention, by applying a relatively |ow
frequency AC voltage of up to 50 kHz, or a DC voltage, between the pair of
el ectrodes, the atnospheric-pressure plasma is reliably produced w thout

hel ium gas. A lowfrequency AC voltage thus results in a | arge peak-to-peak
vol tage, offering energy to be contributed to the generation of plasna.

In the invention, the quantity of the prggessing gas supplied for
processing an area of 1 cnferr] of a work is lowered to within a range of

0.01 cc to seEtac60 formtivation) ahd this GRtcdsing g8 is 4pphied 8Flead Gahied 1. TR, and

t he frequeng of %ﬁgv&’g aa%e.aﬁ%hed to the plasma generating el ectrodes
is set to (OCEReal it casa s QW¥#t, the plasma was reliably :
pr oduced. 8 @a.[.HzeL,gﬁq. wypl ying tube 90 is connected to processing
gas supplying tube 40"at a mid-portion thereof, which is in turn connected

to the downst r afhgireducing gasddyredycasdheoxide SuOwmresentm the surface of legd frame
I nt roduced hh i+ ' . ts h
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i nt roduced ¢ : I r section 60, oxygen in the.conpressed
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air would be excite d be produced. Lead fame 12 of I1C 10
woul d be exposed to ozone, which woul d
Gages for uge a3  carricr gas

In the above embodiments, compressed air is used as a carrier gas. Compressed
air is advantageous when processing gas generator unit 100 in FIG. 9 is utilized since
ambient air, which may be from inside the surrounding plant may be used. When
compressed air is used as a carrier ges, however, if it is introduced into plasma generator
section 60, ozone is generated in plasma generator section 60, and oxidization of lead
frame 12 becomes problematic. For this reason, when using compressed air, carrier gas
supplying tube 90 must be joined to processing gas supplying tube 40 on the
downstream side of plasma generator section 60.

When an inert gas that is inert to the surface of lead frame 12 is uscd as a carrier
gas, the carrier gas can be introduced into plasma generator section 60. Nitrogen gas N,
may be used as a relatively inexpensive inert gas.

Additionally, while the use of a carrier gas is preferred in that an active
processing gas is forcibly carried toward workpiece 10, the use of a carrier gas is not
nccessarily required. Without the carrier gas, the atmospheric-pressure plasma needed
to ctiviife, the surface of the work may be reliably produced by simply supplying,
without a carrier gas, a small amount of processing gas within a range of 0.01 cc to 50
cc for processing an area of 1 cm? of the workpiece.

s ddition of moi |
It has been determined that the addition of water as an additive into the plasma
generator section 60 increases processing speed. To add water, the raw-material gas is
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_oxidize lead frame 12. Therefore, in this enbodiment and in accordance with
the invention, carrier gas is mxed with the processing gas at the
downst ream si de of plasna generator Section 60 so that the carrier gas
forces the processing gas toward |lead frane 12, but is not present during
pl asma generation, and thus does not form ozone. Housing 32 in
surface processing unit 30 is provided with an exhaust tube 70 for
force-exhausting the processing gas tahat has been applied to the |ead
frame 12. Exhaust tube 70 in surface processing unit 30 is connected to
exhaust connection tube 24 of FIG 6. _ig. Exhaust tube 70 is connected
to waste treatnent unit 80, which is one exanple of a trap neans. \Wen CF4

i s used as passeduhsobihpufd waRs, WakeriiSadiediteeshse Wheh TF] s ma%m@mﬁectlon 60
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deconposi tion cg@rwq}: 4K the surface processing of |ead frarre 12 of IC
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unit 30 wi 0. now be described. In this enbodi nent, conpressed air is used

as the carrier &is #g_fl Qg?g'_eé conmpound such as CF4 is used as a
:F 2tart | [ [

raw- materi al gas. 2and raw-material gas are introduced into

carrier gas supﬁhy%ﬁbu“%r&ﬁe&uﬂmﬁhﬂnmmﬂiﬁﬂm}&dtﬁ&,
respectivelgip, of @urf e ﬁ{ocessiwnit 30 by neans of an external source
whi ch may g el Cce The flow rates of the raw materi al

gas and carri er THaaddifion f ate?'ab 86l aBditivé AYY only increases the processing speed, but
also restricts the generation of ozone in plasma generator section 60.
The relationship between the amount of ozone (%) generated and humidity is
listed in Table 1. In Table 1, the ozone amount generated is a percentage value relative
to the ozone amount generated in dry air.

Table 1
Ozone 99 93 2 73 3\ 40 10
generation (%)
Exposure 30 30 [ -10 | 0O 10 20 30
temperature 0
—Moxsture g/m, 0.060 04438 225 | 45 940 | 173 ] 303
~Temp | T0°C | Hmmidy 005 3 74 {350 | 100 | 100 | T00
%
20°C LB 3 I3 30 55 | 100 | 100
30°C 0 3| ¢ I3 31 35 100

Thus, the addition of water 2s an additive to plasma generator section during
formation of the processing gas controls the generation of ozone in plasma generator



-14- neters 42, 92 nounted on tubes 41, 90, respectively. In this preferred
enbodi nent, the flow rate of the conpressed air as-a carrier gas is 20
liters/mnute while the flowrate of CF4 as the rawmaterial gas is 50
cc/mnute. The concentration of the rawmaterial gas to the carrier gas is
preferably less than 0.5% by vol une, nanely, the corresonding flow rate of
the raw material is |less than 100 cc/mnute and.is nost preferably (50
cc/20 liters) x 100 = 0.25% by vol une. In this enbodi ment, the
raw-material gas CF[err] is introduced into plasma generator section 60
only after the flowrate is regul.ated and,fixed within the appropriate
range. A relatively |ow frequenoy AC voltage, its frequency ranging from 10

b astra gondPRGPe0 kS iEhion WO fufc 15,nkbRAGE TR D207 PPPSCC N
raw- nat eri al gasAsmdﬁ;@ﬂpoanpﬁﬁxmgh&swgﬂaﬂiewddmmduseqhdlyeﬁeWSQheﬂlec .
Per o gas e BREELIRAG s UHRRANAF ke S5 B Vplehiach b BTOST P fpd 2,

vol t age i s respegtively. When CF[err] is used as the rawmatarial gas, it is
excited and deconposed in plasma generator section 60, and fluorine gas
Flerr] is produced, which is a highly reactive halogen. Carrier gas

suppl yi ng tSurface frocessipgnnift ed t o processi ng gas supplying tube 40, which

{1 ow of the car T PrOGERAE EELEREID sl P BEics HORPREAERoB 6 FIG o8 WA

is mxed w ds§ withoRtthe e Bf 2 pRsMA &ﬁ@r&&h@ﬁ!%ﬁlﬁdwwﬂ%ﬁé‘s@ﬂﬂﬁﬂﬂas for
feedi ng an rocessb&& ijurl ng the proce55| ng steps. he m xture of
songRdo T

processing br gas is delivered through proceSS|ng gas

suppl yi ng tube $9G0i1 BiReS EéneRllydhé cABHAERIOSL HHE hppadhtusWhith comPliséa t O the
surface of I1C

processing gas generator unit, indicated generally at 110 to which supplying connection
tube 20 and exhaust connection tube 24 are connected, in 4 manner similar to that as
shown in surface processing apparatus 180. Processing gas generator 110 comprises, in
a housing 112, a carrier gas supply tube 120 coupied down stream to a carrier gas input
by a flow meter 122. A liquid container 130 for adding an aqueous solution 103 is
disposed within housing 112. Carrier gas supplying tube 120 comprises a first
carrier-gas supplying tube portion 120a positioned at the upstream side of liquid
container 130, a second carrier-gas supplying tube portion 120b positioned at the
downstream side of the liquid container 130, and a third carrier-gas supplying tube
portion 120c that connects first and second carrier-gas supplying tub portions. An
entrance tube 120d coupled to tube portion 120c carries carrier gas into container 130.

" An exit tube 120c coupled to tube portion 120c carries processing gas out of container
130. | |

* - Thiquid container 130 holds a solution of hydrogen halide such as HF, HCL A -

carrier gas such as N, introduced into liquid container 130 via first cammier-gas supplying
tube portion 120a and 120d is brought into contact with the liquid and becomes an
acidified processing gas. The processing gas is delivered out of liquid container 130 via
second carrier-gas supplying tube 120e and 120b, while being forced out through the
pressure of the carrier gas itself. The processing gas is thus delivered out of processing
gas generating unit 110.
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10." This application is nmade by supplying section 22 via supplying
“connection tube 20, which is connected to processing gas generator unit 30.
Lead frame 12 of IC 10 is surface processed according to the fol | ow ng

chem cal fornula. 2Sn0O + 2F[err] [err] 2SnF[err] + Jerr] The
surface of the franme 12 bears an oxide SnO Through contact with the
processing gas, SnOis replaced with hal ogen conpound (SnF[err]). Since the
| C 10 workpi ece is not exposed to plasma, it is free fromany damage
attributed thereto. The processing gas and carrier gas
m xture applied to lead frame 12 which dgogs not take part in any chem cal
reactions, and any reaction products are circul ated back into surface
processi ng unit 136 acidifiekprestsinggas dsthus appliedac bdd fame 12 HAKE 10ME essi ng

exhaust "t ubLPRRTHE cASETEh e 30 ald Puunilhing K008 2l ShavR M. \ENTHS cq as o
result of wm&leaéﬁnmedﬁssumﬁdaym@ssdhmﬂmlm&gmnﬁgombl ng or
di ssol vi ng Mﬁ“‘ﬂq{#&g@g‘%@iw E r% ﬁahl ghly corrosive conponents and

exhaust the resi dua ust gas treatnent device, such

as KANfDEN F- Tor Merehyé’bgemﬂudndedﬁrwﬁsﬁ?mpfmﬁw hwrmumdm i#OGYO
is preferr Qr . kenoyi ng the corrosive conponent
t hr ough ad?gr %&&@g‘:&;@{é\;gﬁ%g g‘F‘Pb?P onents in water for
renoval , the exsﬁ@s-t-zggsgssﬁ L8 Bopl y passed through water. +. . Thus,

even if the progessing gas dellvered out of waste treatnent uni t 80 in
‘When hydrochloric acid is HC is used as a processing gas, surface processing is

performed according to the following chemical formula.
SnQ + 2HC1 — SnCl+ H,0
Liquid container 130 may hold an acid liquid such as H,NO; or basic liquid such
as ammonia water. When nitric acid H,N0, is used, surface processmg is performed
according to the following chemical formula.

SnO +H,NO; —» SaNO, +H,0

Liquid container 130 may hold an acid liquid such as oxalic acid.

‘When liquid container 130 holds 2 basic liquid such as ammonia water, surface
processing is performed according to the following chemical formula.

SnO + NH, + 2H,0 - NH" [Sn(OH);]

The processing gas that has been applicd fo Iead frame 12 is cxrc%ﬂated to surface
processing gas generator unit 110 via exhaust connection tube 24. The acidified or basic
processing gas is a corroéive gas itself, and thus should not be released into the
environment. In sucface processing unit 110, the processing gas is introduced into waste
treatment unit 150, where the corrosive components of the processing gas are removed.

' tfke ’proccssmg gas generator unit 100, processing gas generator unit 110 may be
demgned without the need for the feed and exhaust facility in the plant, namely, may
contain a feed fan, an exhaust fan, and fan driving units contained within housing 112.

T f surf . .
Referring next to FIGS. 12 through 20, different embodiments for housing gas
generators units 30, 100, or surface processing apparatus 110 arranged in a diversity of
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~surface processing unit 30 is force-exhausted through a facility in the

pl ant, pollution problens such as corrosion are precluded since the
corrosive aspects of the gas have been renoved. Construction of
the processing gas generator unit in accordance w th another- embodi nent of
the invention, generaly indicated as 100, will now be discussed with
reference to FIG 9, which depicts the processing gas geneator unit that is
capabl e of surface processing wi thout using a supply and exhaust facility
installed in the plant. Like nunbers are utilized to indicate |like
structures. Processi ng gas gener at,pr unit 100 depicted in FIG 9
differs fromthat of the processing gas generator unit 30 in that surface

processi ng doRigutané Wiﬁ:fb%?p i ' o'?%@&?orllli tﬁ%{’}%{f%d %@mﬁ& cobfie tRARAHE 2k é]sQOt ed

I n processing gas, generato a processing ga
cyl i nder 44tEsged e diyepsityofwopiignraionsrare provided. 60 t hrough flow neter 40. -A
feed fan 82 for- feeding a carrier gas is disposed upstreamof flow neter 92
and an exhaust fia 94 di sposed downstream of waste treatnment unit 80 to

exhaust tr €4} ed Igwtype pionessitig unitan dri ving sections 84, 96 are

espect el 2 gl bfodl b Finokin 108, Fifh LAFD dingld °'°

-16- . above a conveyor belt 14 so that it faces a workpiece 500 from above., Surface
processing unit 160 is provided with a body 161 extending into supplying and exhaust
section 162. Body 161 houses a processing gas generator unit. Raw-material gas supply
tubes 168 and an exhaust tube 170 are coupled to body 160. Supplying and exhaust
section 162 is split into & supplying tube 164 and an exhaust tube 166. In this
embodiment, supplying tube 164 is arranged in the center of the section 162, and is
surrounded by exhaust tube 166. Exhaust tabe 166 is widely opened so that its end is
shaped in an umbrella-like fashion. _ -

While workpieces 500 are moved continuously or stepwise by the conveyor belt

14, each workpicce 500 faces supplying and exhaust section 162 of surface processing
apparatus 160 to process its surface. With the surface processing unit fixed, the entire
surface of each workpiece 500 is processed. A number of workpicces 500 are thus
continuously subjected to surface processing.

(2)  Stand-type surface processing unit

A surface processing apparatus 200, shown in FIG. 14, comprises a housing 201
having a bottom face to which unit 200 can be fixed. A processing gas generator unit is
honsed within housing 201. The raw-matcrial gas and/or carrier gas described above are
in&odﬁée_djiﬂto housing 201 by supply tube 212, and the exhaust gas is output through
the waste treatment unit and output by exhaust tube 214. Housing 201 is provided with
a supplying connection tube 210 and an exhaust connection tube 230. Supplying
connection tube 210 is bent and terminates at a éupplying section 220. Supplying section
220 is surrounded by an umbrella-shaped anti-diffusion cover 222 to avoid the diffusion
of the processing gas. Exhaust connection tube 230 is provided with an umbrella-shaped
exhaust suction section 240 having gradually widening opening toward its upward end
facing the anti-diffusion cover 222.



Processing gas cylinder 44 is filled with a rawmaterial gas such as
CFlerr], and feeds the rawnmaterial gas to plasma generator section 60 via
raw-materi al gas supplying tube 41 and flow neter 42. The concentration of
the rawmaterial gas introduced into plasna generator section 60 as.
conpared to the carrier gas is less than 0.5% by volunme, and is acceptably
as small as 0.25% by volune, for exanple. as noted in the prior enbodi nent
A single gas cylinder 44 therefore is sufficient to process lead frane 12
of a nunmber of ICs IO By arranging fan 94 at the front of carrier
gas supplying tube 90, air in the plant may be introduced as conpressed air
and may be used as the carrier gas. By ar22angi ng exhaust fan 82 at the
downst ream si de of waste treatnment unit 80, anbient gases around |IC 10 are

f or ce- exhaust ed Abshowh ieKigaubt andol,; het workpieed to Belprocassed ss awite25® Fhel
wast e treat ' [ r ' ' [ X Thuys,
W thout ¢ helRaRiptRisevE oo i ARFpAROTGF Y fte 2B0RERRPBA, IR shopive progess shafndl™;
surfiac_e of pmnquana;m,@fptt«@l&ﬁicmtpdmoh t' 5252 ofwirp 26?@6&(13}&324 : tdmlmf cting
suppl yi ng conn on. tu exhaus nnecthon tu 0_surd.ac

ot boess! g SR Ahg§len £207 o W pAR Sha POINIRDS SR Wikt picbeRitN e
gener at or sprocessingsgasprovided hy gupplying sedtiin226n Themppliediprocegsinggasyis CF[ err ],
as al ready | ' ' '

t hensel ves an %t%??%ghp\%ﬁ_s? %W%%%ﬁ%ggg i qgan%ag#t% g%d%{eﬁg%%f)t&g&
hal ogen andexthaistospanettidn tbe 28€. deconposed into fluorine gas Flerr] or the
| i ke as a processy T It Is.nore ant a us.that a halo
conmpound such a%%ﬁh@%%@%@%ﬂﬁgg& @&)"’prrh%e gf{iw
non- cor r osi pmcessing gas ifair, pinsittingl the surface o @ workpitcy suchas avdre $0t0-benéasiliyal
gas are any_of perfl uorocarbons such as hexafl uoroet hane, perfl uoropropane,

f
and perfl uo?r(?ﬁ%sffgfne, and oct afl uorocycl obut ane, tetrafl uoroehane,
trifluoronmethane, nonobronotrifl uoronethane, tetrachl oronet hane,

chl or ot r1 11 B or YRR A9 ee REREFRte, ni tro0en trifluoride, and

boron trichl ori da the embodimmﬁ?iﬂtedﬁn msm—ma@W&ng en

Gas T err] fentibReRt in fqldeting v Ohe cyBiitioat lssing 301, A Brocsssing gas suppty
unit is disposed in housing 301 and coupled to 8 supplying connection tube 310 and an
exhaust connection tube 320 which are coaxially structured. Raw material gas-in input
through a supply tube 312. The processing gas is applied to a workpiece 500 from inner
supplying connection tube 310, and then guided back into the housing 310 via outer
exhaust connection tube 320 after processing. After treatment, exhausted gas is
exhausted through exhaust connection tube 320 the end portion of exhaust connection
tube 320 is preferably widely opened in an umbrella-fashion so that the exhausting
power and area of tube 320 can be expanded, as shown in FIGS. 16 and 17.
.. The surface processing unit 300 thus configured in such a cylindrical shape can -
be rh%i’ifixéf{); operated and can be moved to process the surface of a diversity of works.

(4)  Toaster-like surface processing unit

A surface processing unit 400 is shown in FIGS. 18 and 19, -and has one surface
on its housing 401, for example the top surface of the housing 401, which is provided
with a slit-like socket 410, A processing gas generator unit is disposed within housing
401. Raw-material gas and carrier gas are input to fxousing 401 through tubes 435, 445
respectively. Through socket 410, a planar workpiece 500 may be inserted. An exhaust



section 60 for activation, and this processing gas is applied to |lead frane
12. The chemcal fornmula in this case is as follows: SnO + Herr]
[err] Sn + Herr]O The reducing gas Herr] reduces the oxide SnO
present on the surface of |lead fane 12, thereby enhancing the wettability
of lead frame 12. Wien a reducing gas is used, no corrosive conponents in
the reaction products are generated, and thus the waste treatnent unit 80

i s dispensed with. Gases for use as a carrier gas In the above
enbodi ments, conpresed air is used as a carrier gas. Conpressed air is
advantageous when processing gas generator unit 100 in FIG 9 is utilized
since anbient air, which nay be fron1|ns$8e the surroundlng plant may be

oo oS Rorar TS el ol gl b U Ehom o e o

gener at or 4t At GBI St M heq30aRe %&Nr%@tlo
For this rzggf)% Wne% using l(.:’eimre{é ed a?ﬁr‘g3 %ar mglﬁs sﬁpmg} tube 90
nust be | oSKERIVing tpbeddd areirgupled in fiuid mmemms ket 10 B it stde, el e

of plasma gegsdkatg10.section 60..

.In this arrangement, the planar workpiece 500 is inserted into slit-like socket 410
opened in the top surface of housing 401. The processing gas is applied to both sidesof
work 500 to surface process both sides of planar work 500. To surface process only one
side of work 500, processing gas supplying tube 430 is opened in only one side wall of
socket 410,

(5) Batch-process-type surface processing unit

FIG. 20 depicts a batch-process type surface processing apparatus that allows a
large number of workpieces to be processed in a batch. In this apparatus, supplying
connection tube 20 and exhaust connection tube 24 connected to processing gaé
generator unit 30 or 100 or 110 are connected to a batch-process box 450.
Batch-process box 450 accommodates a large number of workpieces 510. Work 510 to
be batch-processed may be IC 10, wire 250, planar work 500, a rolled TAB tape, or any
combination of any type of workpieces whose surfaces are to be processed.

The batch-process-type surface pfocessing unit surface processes a large number
of workpieces at a time. The warkpiece surfaces processed according to the surface
processing method of the present invention msintains an improved wettability of the
work for a relatively long period of time after surface processing. Thus, after
batch-prooessmg, excellent soldering characteristics are assured even if the works are
stored tiititactual soldering, rather than immediate soldering after, surface processing.

Example

Tests were conducted to assess the wettability of the workpiece surfaces
processed according to the method of the present invention. Referring to Tables 2 and
3, the test results are discussed.

Thirteen days after the deposition of silver on electrodes of a crystal oscillator,
the ends of wircs to be soldered to the electrodes of the crystal oscillator were surface



\Wen an inert gas that is inert to the surface of lead frame 12 is used as
a carrier gas, the carrier gas can be introduced into plasma genetator
section 60. Nitrogen gas Nerr] may be used as a rel atively inexpensive

i nert gas. Additionaly, while the use of a carrier gas is preferred
In that an active processing gas is forcibly carried toward workpi ece 10,
the use of a carrier gas is not necessarily required. Wthout the carrier
gas, the atnospheric-pressure plasna needed to active the surface of the
work rmay be reliably produced by sinply supplying, without a carrier gas, a
smal | anmount of processing gas within a range of 0.01 cc to 50 cc for
processing an area of 1 cnferr] of the workpiece. It has been
determ ned that the addition of water as an additive into the plasma
generator section 60 increases processing speed. To add water, the

raw-material gas is passed t hrough pure water. Water is added
because when CF[err] is used as the rawggmaterial gas, the follow ng
reaction takes place in the plasma generator section 60. 2CF[err] ->

Cerr]F[err] pmcse[seda_;qdcra divcrsit)Fdrﬁypndiﬁmsg'ahe \E{r@nve}'e soddezad (mounted) tggh_e in the
above formil gegdaRelbd 2 shi®ady TEbIE 2 shdvhithd dsSidsiddfl oAV RSl SFEGRSY. N9 Speed. .

Table 2

Plasta Condition | Mount condifion Solder flow rgeule = .

QGas “Time(s) il (V) Pre (V) Insutticient Excess
I [NoPlasma |- 313 AR 38748 L
2 ICF, TN, 90 5T5 a3 77 1A

TF, [N, [ 180 313 3 724 Z.ryL

TF, 0 ST.0 A3 A 5754
—CF, [N, 90 D0 1400 0T2% ' A
5 TN, 90 &T0 T80 3% 073%
7| CF. | Comp. | 150 313 T3 v rIyZ3 0%

air

8 [CF, [N; 10 313 Ly T 3724

Test data 1 shows test results without surface processing. In test data 2 through 6
and 8, the raw-materjal gas was CF, (50 co/minute), the carrier gas was N, (20
liters/minute), and water was added by passing CF, through pure water. In test data 7,
the raw-material gas remained unchanged from test date 2 (CF,, but the carrier gas was
compressed air (20 liters/minute). Plasma was generated at a relatively lower power of
50 to 90 W in test data 2, and at 250 W in test data 3 to 8.

. i Tabic 2, time indicates a total time required to scan a length of 9 cm during
prooessmg Mount conditions show full vo[tage and preliminary voltage of a soldering
iron durmg soldering.

As can be understood from Table 2, test data 2 through 8 resulted in an tmproved
flow factor of solder in comparison with test data 1 which did not use any surface
processing. In particular, test data 2 through 6 and 8, which used N, as 2 carrier gas
exhibited excellent results.

Surface-processed wires which were processed under the same condition as that
of test data 3 in Table 2 were compared with non-surface-processed wires, and were



.\Wen water is added as an additive into plasm generator section 60 during
processing gas formation, the follow ng reaction takes place in plasm

" generator section 60. CFlerr] + 2H err]O Jerr] 4HF + CJerr]

The addition of water increases the generation of an acid such as HF, and
this increases the surface processing speed. The addition of water
as an additive not only increases the processing speed, but also restricts
the generation of ozone in plasma generator section 60. The

rel ati onship between the amount of ozone (% generated and humdity is
listed in Table 1. In Table 1, the ozone,anpbunt generated is a percentage

-

val ue relative to the ozone anobunt gener%?ed in dry air.

Table 1 QRQ8€on an i - . 61
20’ 1 168 on an usesed pyber of ot assess solder fow ko and Epic

0 -10  cheracteristicgof the crystal oseilators. esOesults are listed iTablede g/ nerr]

0.060 0.448 2.25 4. 85 9. 40 17.3 30.3 Moi st ure
g/ nerr] 0.060 0.448 2.25 17.3
30.3 Tenp 10[er]C  Hunmidiity 0Table35 24 50 100
100 100 - 15 8 15
31 55 Os°‘1oo Wus’ t he addition- of %Pg? as an additive tp
pl asma gerler dtft8g.secti dn during flormati on of the processing gas controls
t he generit [ qrh\ﬁflz)ozone in plasng generator .
Present Failire rate Failure rate in electrical
in solder flow characteristic
1 1133333 "No 457685 6.57 15/463 3.24%
2 1133333 Yes 201594 337% 17461 132%
3 116.649 "No 837744 [1.16% 23/464 4.96%
16.649 Yes 367820 | 1.83% 9473 1.90%

In Table 3, a frequency f, is the oscillation frequency of a crystal oscillator. Test
data 1 and 3 show test results of non-surface-processed wires and test data 2 and 4 show
test results of surface-processed wires. In test data 1 and 2, fourteen days after the
deposition of silver on electrodes of orystal oscillators, the wircs were soldered
(mounted) to the electrodes. In test data 2, surface processing was performed two days
before mounting operation. In test data 3 and 4, seventeen days after the deposition of
silver on electrodes of crystal oscillators, the wires were soldered (mounted) to the
electrodes. In test data 4, surface processing was performed two days before mounting
operation.

o By Eé;ﬁparison of test data 1 with 2 and test data 3 with 4, the surface-processed
wires approximately halved solder flow failure rate and electrical characteristics failure
rate.

Cnmpamamnla.l
The method shown in FIG. 3 uses halogen or hydrogen halide as a processing
gas. Halogen compound is decomposed into this halogen or halogen halide by discharge
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~section 60 and the oxidization of lead frame 12 is precluded. As in
deconposi tion through discharge, the addition is equally effective in the
t hermal deconposition and photol ysis nethods shown with reference to FIGS.

1 and 2, respectively. ~ Gas processing generator 19 and the
surface processing nethod of FIG 5, which process without the use of a
pl asma generator section, will now be discussed with reference to FIG 11.

FIG 11 shows generally the construction of the apparatus, which conprises
a processing gas generator unit, indicated generally at 110 to which
suppl yi ng connection tube 20 and exhaust connection tube 24 are connect ed,
in a manner similar to hati as shown in €rface processing apparatus 180,
Processi ng gas generator 110 conprises, .in a housing 112, a_carrier gas

suppl y t ubePaPER BpBIrad elrstindes rumRroessHng ges isexpessd to Hsuvorkplecethionghaner
122. A |i quindiresrdischagge ﬁré?es%% whilhi the watk %Hfﬂif%e&% sst:;&m&@ ?)I??ésyteﬂ%’iw

wi thin housihg 112. Carr gas supplying tube 120 conprises ]
carrier- gasPl_QﬂBf}l Kipee hs&qmwsgmhwmed@mmmw amm si de of
|1 qui d_cont giopgised bladed e Bflo EREId md3F e # d\latiRy portion 120b

e lirqu

posi tioned ‘at tlgf ?ownstream side o 1d_contalnef 130, and a third
carrier-gas supphabled comparesdest resnlts ofsoldes wettebilificresulting feom 1) thedindivees
carri er - gasdigshuege/hrided ehibotin L di : DRYER t ube
portion 120c carri%s casﬁfit% as Lnﬁngr?gglrilgt al nerdl&'%g.alsm&ge w&&ﬁ
unprocessed samples. In the indirect discharge process of this embodimerit, the
raw-material gas CF; was supplied at a rate of 500 cc/minute, and the carrier gas N, was
supplied at a rate of 20 liters/minute. In the direct discharge process, the raw-material

gas CF, was supplied at a rate of 500 cc/minute, and the plasma gencration gas He was

supplied at a rate of 20 liters/minute.
Table 4
Sample count | Cause of failure " Farlure rate
and failure count b
- Lack of tlow Excess
flow |
Non-processed 43 33 0 | 79.0% |
Darect 231 138 0 60.0%
discharge
process o
Indirect 96 0 9 200% |
discharge
| probesi’

As seen from Table 4, failure rates are substantially improved in tho indirect
discharge process of this embodiment. The cause of the failures in the indirect
discharge process is attributed to excessive flow factor of solder, and solder wettability
in the failure cases is still as good or better than that of successful cases.

According to the above test results, the solder flow failure rate in the direct
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“An exit tube 120c coupled to tube portion 120c carries processing gas out

of container 130. Li quid contai ner 130 holds a solution of hydrogen
hal i de such as HF, HCI. A carrier gas such as N err] introduced into liquid
container 130 via first carrier-gas supplying tube portion 120a and 120d is
brought into contact with the liquid and becones an acidified processing
gas. The processing gas is delivered out of |liquid contner 130 via.second
carrier-gas supplying tube 120e and 120b, while being forced out through
the pressure of the carrier gas itself. The processing gas is thus
delivered out of processing gas generat[gﬂ unit 110.

- 20- The acidified processing gas is thus applied to lead frane 12 '
of 1C 10 vi Loy ' | i 2 S shown
"n FIG 10 SRRARE AR P b us oot BR vl WhBRheBREN calhe RS O
t he fol | owireagonhiorithialard ax fellows. First;a bighdntensitycdischargetakesplacesaroundithe .

Vhen hvd Y ; . .

s per | or it snadbirif of e orkgts. Bd o holipna Ry diddls Sgin 1

[err] SnF[ ¢he directidischirge process inwnkich theqgap betwesnithe electrbdes is-#8 narsowised as a
; \ ; 9 | .

Chen cal 1 3%y virtafofis RLAE TR At ot 56 ol iRy 2@%"%‘?"#{‘%“ LLE L o

cont ai ner tigoplasma.hWhenaworkpitceisgubiectaddh an sxedssivelyretong, dr, anmxcbssive:

1 quid SUChyune of plasma, the work is discolored and the flow of solder is degraded.” - -

Comparafive example 2

In the preceding examples, halogen or hydrogen halide is used as a processing
gas. In one known method, active species such as fluorine radicals generated in a
plasma generator section are guided to a workpiece being processed. The workpieces
are placed outside the plasma generator section for processing. In view of the limited
life of the active species, the direct discharge process does not permit 2 large distance
between the plasma generator section and the work being proce;ssed, compared with the
indirect discharge process of the invention. Thus, the indirect discharge process of the
invention allows for the placenient of the workpicces at a remote location.

The speed of the flow of processing gas was calculated based on the raw-material
gas supplying flow rate and tube cross-sectional area, when a standard commercially
available 1/4 size (outer diameter 6.35 mm, inner diameter 3.17 mm) pipe is used as a
processing gas supplying tube connected to the plasma gencrator section. With a raw-
material gas supplying flow rate of 100 cc/minute, the speed of the processing gas is
21.12 cr/s. Since the life of a fluorine radical is less than 1/1000 second, it would
decayooz {1 ¢ém away from the plasma generator section. With a raw-material gas

' supplying flow rate of 30 cc/minute; the speed of the processing gas is 6.335 cm/s.
Fluorine radical decays 0.063 cm away from the plasma generator section.

In contrast, each of the above embodiments of the invention uses, as a processing
ges, halogen or hydrogen halide, allowing a work to be sufficiently apart from 2
processing gas generator container. _

It will thus be seen that the objects set forth above, among those made apparent
from the preceding description, are efficiently attained and, since certain changes may
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as ‘ammoni a water. Wien nitric acid Herr]NJerr] is used, surface
"processing is perfornmed according to the follow ng chem cal formula.
SnO + Herr]NgJerr] [err] SnN(Jerr] + Herr]O Li qui d contai ner 130
may hold an acid liquid such as oxalic acid. When |iquid container
130 holds a basic liquid such as ammoni a water, surface processing is
performed according to the follow ng chem cal fornula. SnO + NH err]
+ 2H err]derr] NHerr] [Sn(OH)[err]] The processing gas that has
been applied to lead frame 12 is circulated to surface processing gas
generator unit 110 via exhaust connection tube 24. The acidified or basic
processing gas is a corrosive gas itselfzaand t hus shoul d not be rel eased

|t 1 oduced TPaSt B e S the B BABSE e Ketonfd Sl S CRUESRBRUC Do of

t he proces sdquﬂgmﬁ'qndhe spitivent] scope ofﬂaennmué’n dtisdntendedthat albrmattet or ug| ]E :

100,

the f bed. arcradnel F B scrtiidn, sl shEFR i fhe ARSorHPRad ddPined lUERE o1

aP gx??giéIﬂ?g%ﬁ&ddﬁﬁﬂumﬂ?wvmn@nuhnmimmmmgamnedxrnEglElhou5|ggtﬁ3§ thge

gl ffgr ent eﬁbodl E@#@%rﬂe %ﬁ@%&%&@@@gﬁ% t%dedllte 3ff ace

processi ng the gemeric andispecificifeatyres of thednvéntion hmte;n dﬁscn‘bed and all statements of

-21- the scope of the invention which, as a matter of language, might be said to fall -
therebetween.




e

R S S Eome—— -
configurations with supplying connection tube 20 and exhaust connection

* tube 24 also arranged in a diversity of configurations are provided. (D
Li ne-type surface processing unit A surface processing apparatus 160

provi ded extendi ng into supplying and exhaust section 162.
Body 161 holses a processing gas generator unit Raw material gas supply
tubes 168 and an exhaust tube 170 are coupled to body 160. Supplying and
exhaust section 162 is split into a supgsying tube 164 and an exhaust tube
166. In this enbodi nent, supplying tube 1764 is arranged in the center of

t he sectiorw%@ ; gaﬁg,ql_lﬁl@uig:ounded by exhaust tube 166. Exhaust tube 166 is
wi del y opene grolt at 1ts end is shaped in an unbrella-I|ike fashion.

Whi | e wor kpi eces 500 are noved continuously or stepw se by the conveyor

sur face. processing daoaracrRopEsedBRod bolfo s BRAMILETT | 7T T ace
processi gg Zni t nI)i x eproduting erprocessing gisrontaining halogew okl dragendtdides ;

U face pr ocessi ng. SuniE SHNFESSestis gl iflo b oith s riiprete e o' 0 1 ©
ﬁurface pgpfr?:sssefgommﬂpsuﬁ@mo@m/wmkpim.e 14, conprises a housing 201
aving a bottomfac %af “Qii- - Ap q

gener at or unitr?‘s hg}}ges WI?%I n %ﬁé&%@@&pﬁﬁgﬁﬁrﬁ’&fg&lﬁ%ﬁ%ﬁgh&%@%r
carrier gais fiwwore bed above are introduced into housing 201 by supply tube
out put by oxhautt  t ubtE Tifite Biabind BlsRidddoderfinl Lh 1 ORUREL id | o1
connect i onhydroger halideid hydrogeh flwetideonnect i on tube 230. Suppl yi ng
connection tube,210 4 ept _an erm nates at .a_ supplyi.n tion .220.
Suppl yi ng secti %‘n ZZ'B&T s@r&&; %&?%é‘aén@gégﬁ aﬁ%&?@ﬁ?‘é%ﬁédeﬂ‘%@@?ﬁ%’&% on
cover 222 the swetpofithehnalll ddcosiposing ithd ltogen@ompeund togpredudesaid piocessingect i on

tube 230 iaﬁgrovi ded with an unbrell a-shaped exhaust suction section 240
havi ng gra Iy wi dening opening toward its upward end :

5.  The surface processing method, according to claim 1, further comprising
the step of decomposing a halogen compound through photolysis to produce said

is shown in FIGS. 1 and is arranged above a conveyor belt 14 so
that it f\:ﬂ:ﬂ‘%\“ - H 00 from above. Surface processing unit 160 is

processing gas.

6.  The surface processing method according to claim 1, further comprising
the step of decomposing a halogen compound through discharge to produce said
processing gas.

7. The surface processing method according to claim 6, wherein said halogen
compound is excited and decomposed by 2 pair of electrodes to which an AC voltage
having a frequency of 50 kHz or Iov}er, or a DC voltage is applied.

8. The surface processing method according to claim 4, wherein said halogen
compound is an organic halogen compound.

9. The sutface processing method, according to claim 5, wherein said
halogen compound is an organic halogen compound.

10.  The surface processing method according to claim 6, wherein said halogen
compound is an organic halogen compound.

11.  The surface processing method according to claim 7, wherein said halogen
compound is an organic halogen compound.



facing the anti-diffision cover 222.

-22- As shown in Figs. 14 and 15, the worl kpiece to be processed is
a wire 250. The insulator sleeve on the end portion of wire 250 is renoved.
To surfce Pportion of wire 250, a pre-plated end portion 252
of wire 250, LoaGaRgls 1 imbel ow suppl yi ng section 220. In this manner, end
portion 252L m@ﬁaﬂﬂmlwrocessed by the processing gas provi ded by
supplying s . ¥he*applied processing gas is circulated to the

waste treatnent unit in housing 201 via exhaust suction section 240 and
exhaust connection tube 230. Thi seﬁtand-ty'pe surface processing unit

200 makes a localized at nosphere of the processing gas in air, pernmtting

O/l i nder -type. sdPr actin sieithlie pldfodutlofthell s 4 PRERIT R . oo
FIGS. 16 aralogen camponndiisconerselestedifrogn thei grofoaf NE,, SFg fCRyand NHF.a R
o i sposed n Mdusi Ane SirticeiBocR bl decoftify SR S BB EE L B0
and an halogen compound is one selected from the group of NF,, SF¢, CF, and NHLE.

14.  The surface processing method according to claim 6, wherein said halogen
compound is one selected from the group of NF,, SF,, CF, and NH.F.

15.  The surface processing method according to claim 7, wherein:said-halogen
compound is one selected from the group of NP, SFs, CF, and NH,F.

16.  The surface processing method according to claim 4, wherein the step of
decomposing said halogen compound is performed within an atmosphere containing
moisture.

17. The surface processing method, according to claim 5, wherein the step of
decomposing said halogen compound is performed within an atmosphere containing
moisture. '

18.  The surface processing method according to claim 6, wherein the step of
decomposing said halogen compound is performed within an atmosphere containing
moisture. .

19.  The surface processing method according to claim 7, wherein the step of
decomposing said halogen compound is performed within an atmosphere containing

moisture. :

20.  The surface processing method according to claim 1, further comprising
the step of: decomposing a halogen compound through electrolysis to produce said
processing gas.

-4, & The surface processing method according to claim 20, wherein said
halogen compound is a solution of halide.

-22.  The surface processing method according to claims 1, further comprising
the step of decomposing a halogen compound using a combination of decomposition
processes selected from thermal decomposition, photolysis, decomposition by discharge,
and electrolysis to producc said processing gas.

23.  The surface processing method according to claim I, wherein said

processing gas is forcibly fed by a2 carrier gas to bring said processing ges into contact



exhaust connection tube 320 which are coaxially structured. Raw materi al
‘gas-in input tbrough a supply tube 312. The processing gas is applied to a
wor kpi ece 500 frominner supplying connection tube 310, and then gui ded
back into the housing 310 via outer exhaust connection tube 320 after
processi ng. After treatnent, exhausted gas is exhausted through exhust
connecti on E ﬂ MELE portion of exhaust connection tube 320 is
preferably w“ nluﬂ m an unbrel |l a-fashion so that the exhausting
power and ar’ea °of *t ube 3203 can be expanded, as shown in FIGS. 16 and 17.
The surface processing unit 300 thus configured in such a cylindrical shape
can be manual ly operated and can be noved3t-o process the surface of a

di versity of works. (4) Toaster-|i ke surface processing unit A
surface pr od@ﬁbﬁ%%ﬂmlcmmspml n FIGS. 18 and 19, and has one

surface on its h ysin Qlfxifacfe h%ﬂ;da}f fRhim A Wk | 01,
whi ch is provi de ?hé (ﬁrl ke ggc et B&B ocess@hﬁgasﬂgﬁé@g‘%‘é
unit is di smﬁdnmedmﬂ:méprocgsmsmﬂmsm enid halogemas are
i nput to hoygiy &g 1 through tubes 435, 445 respectlvely Thr ough socket

410, a pl anar pi ece 500 may be inserted. An_exhaust
-23- tube 420 i s28onnEbe surface processing msthodaceordingao claimt lsfogther comprisiagst ed

from housi nahé&%gfg&guéﬁg%ﬂ’ﬂ}&ésﬁﬁggﬂi‘cédtﬁiﬁné%ﬁxquf& Bf BiGgn Sthydrogen

supplying tu arri‘er
halide by bringing a carrier gas mto contact with a solution of halogen or hydrogen

halide.

26.  The surface processing method according to claims 1, further comprising
the steps of exhausting said processing gas applied to said work being processed and a
reaction product, and trapping said processing gas and said reaction product during
exhausting. :

27.  The surface processing method according to claim 1, wherein said

processing gas is brought into contact with said workpiece being processed, and an
oxide on the surface of said workpiece is replaced with a halogen compound in order to
improve solder wettability of the surface of said workpiece being processed.

28,  The surface processing method according to claim 27, whercin said
workpiece being processed is a printed circuit board. ' |

29.  The surface processing method according to claim 27, wherein said
workpiece being processed is an electronic component.

30.  The surface processing method according to claim 29, wherein said
clectronic component is an integrated circuit, and the surface of said electronic
component being processed is a bonding surface of said integrated circuit.

31 .1 * The surface processing method according to claim 27, wherein satd
workpiece being processed is a wire to be soldered. ‘ .

32.  The surface processing method according to claim 27, wherein the surface
of said workpiece being processed is an ¢lectrode of a crystal oscillator.

33. A surface processing apparatus for processing the surface of a workpiece
comprising:

a processing gas generator for producing a processing gas containing
halogen or hydrogen halide; and
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~supplying tube 440 are coupled in fluid communication to socket 410 on both
side walls of socket 410. In this arrangenent, the planar workpi ece
500 is inserted into slit-1ike socket 410 opened in the top surface of
housi ng 401. The processing gas is applied to both sides of work 500 to
surface f planar work 500. To surface process only one
si de of ng gas supplying tube 430 is opened in only one
si de vvaII agm lﬂ” m (5) Bat ch- process-type surface processing unit
FIG 20 deplatstia ocess type surface processing apparatus that
allows a | arge nunber of workpieces to be processed in a batch. In this

appar at us, supplying connection tube 20 -3hd exhaust connection tube 24

connected to processi ;g%gas generator_unit_ 30 or,_100 or 110 are connected
to a batch- pr ocess b® S IMEEIS HPPY JoRSpPhang spid DEacessing gasfram saidar ge

nunber of §rm éf& &ésk%wop@l@a i&%% godtBeg. be 1 C 10, wire
250, planar wor |1 ed TAB tape, or a conbrati on of any type of

O,,ar

wor kpi eces vvhoss‘*surm% @r@@smsmmwordmstoo 3hdughenr ocess- t ype
surface pr%ﬂ‘%ﬁ aiRW-matiriaPes s TP Mﬁﬂl £€S at a
tinme. The ﬁoﬂip Fig%e surfaces grocg d %@?ﬁg&{o t g%?ﬁg% p oce55| ng
met hod of Z5R sQmpPuRdtA-s8d precessingiees genessfor nwhere byisald progessing ganf t he
work for agegdrabor %&c&@%dgﬁfcbﬁﬁxf%ﬂs ersallS g. Thus,

af ter batch-processing, excellent gig’fﬁnrgi cﬁgﬁgﬁ‘éﬁgﬁgﬁ%a érpassured
even if thEOWPPWRG.are stored wuntil actual sol dering, rather than i medi ate
sol dering afterzssurfgpsarpice gﬁ&gg %ﬁw $3 Wefterconducted to
assess the wettability of th vvorﬁﬂ% e suré&ces tr‘:’oc-(gessed according to the
met hod of CA@PHS@Eent i nventi on. Ref ering to Tables 2 and 3, the test

on ol eot ?Lgei' of ”Zsﬁé’ffs‘“{ mateciel Bhd S8R0 AT KSAAE D pVimalChANa EBalingh €7
the el ect r balegen compeund tpssaid progessing gas genemater, sherebysaid processing gas
generator produces said processing gas by decomposing said halogen compound through
photolysis.
36. A surface processing apparatus according to claim 33 further comprising:
a raw-material gas supply for supplying 2 raw-material gas containing a
halogen compound to said processing gas generator, whereby the processing gas

generator produces the pracessing gas by decomposing said halogen compound through
discharge.

37.  The surface processing apparatus according to claim 36, wherein said
processing gas generator includes a power supply for outputting either a AC voltage of
50 kHz or lower or a DC voltage; and a plasma generator having a pair of electrodes,
said power supply coupled to said pair of electrodes for applying said voltage thereto,
said electrodes inducing a plasma at approximately the atmospheric pressure.

" 38.."“The surface processing apparatus according to claims 33, wherein said
processing gas generator decomposes said halogen compound within an atmosphere
containing moisture. ' '

-39, The surface processing apparatus according to claim 33, wherein said
processing gas generator produces said processing gas by electrolyzing a solution

~containing a halogen compound.

40.  The surface processing apparatus according to claim 34, further
comprising a carrier gas supply connected to said raw-material gas supply, for supplying



.

- 24- processed under a diversity of conditions. The wires were
" sol dered (nmounted) to the el ectrodes on the sane-day. -Table 2 shows the
assessnent of flow factors of sol der.
Table 2 'tion Mount condition
Sol der flowr Gas Ti me('s) Full (V) Pre (V)
I nsuf fici entm\w‘“u‘m‘“““ Excess 1 No Plasma
2 90 51.5 41. 8
0/ 24 CF[err] N err] 180 51.5
41. 8 0/ 24 4/ 24 33- CFlerr] Nerr] 90
51.0 41. 3 0/ 24 6/ 24 5 “CF[err] N err]
90 : : y ; 8/ 24 CF[err]
N[ err] a%gn%gastobemme%smd&&é’f&thalgas.lzl o4 0/ 24
7 CF[ er r ] 41. CoFhe surfige processing appatatis according tbiclgim 35, further

2/1 2;31 com87i§i3g a carridt éw §upply conne%g Ezkd raw-mathidl fgkl suppl)l,q'or supp“i)]r‘mg
a carrier gas to be mixed with-said raw-material gas.

42. A surface processing apparatus-according to claim 36, further comprising
a carrier gas supply connected to said raw-material gas supply, for supplymg a carrier
gas to be mixed with said raw-material gas.

43.  The surface processing apparatus according to claims 38, further
comprising a carrier gas supply conncoted to said raw-material gas supply, for supplying
a carrier gas to be mixed with said raw-material gas.

44,  The surface processing apparatus according to claim 39, further
comprising a carrier gas supply connected to said raw-material gas supply, for supplying
a carrier gas to be mixed with said raw-material gas. ‘

45.  The surface processing apparatus according to claim 33, further
comprising a carrier gas supply, connected to said processing gas supply, for supplying
& carrier gas to be mixed with said raw-material gas. .

46.  The surface processing apparatus according to claim 33, wherein said
processing gas generator produces a processing gas containing halogen ar hydrogen
halide by bringing said carrier gas into contact with a solution of halogen or hydrogen
halide.

47.  The surface processing apparatus according to claim33, further comprising
a exhaust means for forcibly exhausting said processing gas applied to said workpiece
being processed and a rcaction product; and & trap for trapping said processing gas and
said reaction product before being exhausted.
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Test data 1 shows test results w thoutsurface processing. In test data—2—

" through 6 and 8, the rawmaterial gas was CF[err] (50 cc/mnute), the
carrier gas was Nerr] (20 liters/mnute), and water Mheadﬁcﬁcﬁe epla ced
passing CF[err] through pure water. In test data 7,
gas remai ned unchanged fromtest data 2 (CFerr], but the
conpressed air (20 liters/mnute). Plasma was generated at e atlvely

| ower power of 50 to 90 Win test data 2, and at 250 Win test data 3
to 8. In Table 2, tine indicafes a total time required to scan a
| ength of 9 cm during processi ngpdvmaatr condi tions show fill voltage and
prelimnary voltage of a sol dering I ron during sol dering. As

can be understood from Tab| dgfaydpt wugke ARATRUI ted in an
i npr oved flow f SARSACET $§§FHE§§PE f(’;:}orrparl son with tost data 1 which did

not use any surface processing. In particular, test data 2 through 6
and 8, which used N err] as a carrier gas exh| bited excellent results.
Sur f ace- pr ocessd8 impresdaurfape processinganetbed andapparatesfor provsssing thet susfaces

t hat of of 5%&@5& Which a%ﬁs?lz%-ni&:}{a a8 TRALRGWYS iaggé‘éiér#)réé'éf ﬁ'ﬁé‘r%ogxﬁ] 5}? sed

wires, and we on<can i ncrease
assess sol lmmw ofitheavotkpiece melativatoith¢ processing gas producing apparatus, To

improve wettability of the soldering area of a workpieoe, a raw-material gas containing a
halogen compound preferably including CF. is introduced into a plasma generator
section in & surface processing unit. Optionally, a carrier gas (other than helium gas) is
used to aid in the forwarding of the raw-material gas. In the plasma generator section,
the raw-material gas is excited and decomposed by electrodes to which preferably a low
frequency AC voltage of 0 to 50 kEz, or 2 DC voltage is applied, in order to preferably
produce 2 highly reactive fluorine gas F,. By bringing the processing gas containing
fluorine gas F, into contact with the workpiece, the surface of the workpiece is |
processed. Since fluorine radicals, which have a short life span, are not used, a great
deal of freedom is allowed in the workpiece. When air is used as a carrier gas, it is
mixed with the raw-material gas after decomposition, to retard the generation of ozone.
If halogen compounds are decomposed in an atmosphere ¢ontaining moisture, hydro gen
halide is efficiently produced.

Figure : None




characteristics of the crystal oscillators. Test results are listed in

Tabl e 3. ) _ Table 3 Csc.

Pl asma ) Resul ts ' freq.

Pr esent Failure rate Failure rate in electrical

in solder flow characteristic 1 13.13333 No

45/ 685 6. 57 15/ 463 3.24% 13. 3333 Yes 20/ 594
3.37% 7/ 461 1.52% 3 16. 649 No 83/ 744
11.16% 4 16. 649 FYBYRE 1 56/ 820 1.83% 9/ 473

1.90% In Table 3, a frequency f[err] is the oscillation frequency

of a crystal oscillator. Test data 1 and 3 show test results of

non- surface-processed wires and test data 2 and 4 show test results of
surface-processed wires. In test data 1 and 2, fourteen days after the
deposition of silver on el ectrodes™f cr al__oscittatons, the wires were
sol dered” (nounted) to_the el ectrodes. surface processing
was perfornmed two daysRN%@VgF@Ahﬁﬁﬁting pperation. |n test data 3 and 4,
sevent een days after the d@poslliuu-g.||.ilver on electrodes of crystal
oscillators, the wires were sol dejed (mjunted) to t he—elgelr odeROCESSINESiAS
data 4, surface processing was pgrfornmed two days bg punt i ng

operati on. By conparison of fe dat-a M 2 and test data 3 with
4, the surface-processed wres appr oI der flow failure
rate and el ectrical characteristics failure Rate: Conpar ati ve exanple 1
The nethod shown in FIG 3 uses hal ogen or hydrogen halide as a processing

FIGURE 2
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FIGURE 3
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gas. Hal ogen conpound i s deconposed into this hal ogen or hal ogen halide by

di schar ge . . - 26~
between a pair of electrodes. The processing gas is exposed to the )
wor kpi ece t hrough an i ndi rect discharge process in which the work

bei ng processed is not directly exposeaAj0 a pl asma. (A direct

di scharge process is a known technique in which a work being

processed is placed onto one electrode and is exposed to a plasm)

Table 4 conpares test results of solder wettability resulting from1) the

i ndi rect di scharge process of this enbodi nent, 2) the known direct
di scharge process and 3) unprocessed sanples. In the indirect
di scharge process of thiFG&RDdi nent, the raw mat eci al gas CF[err]

was supplied at a rate of 500 cc/mnute, and the carrier gas N err] was
supplied at a rate of 20 liters/ mnute. IthFg di rect di scharge process,

the raw-nmateri al gas CFlerr] was gupplijed at @ rate of 500
cc/mnute, and the plasna generation gas|He mm%(,//- supplied at a rate
of 20 liters/ m nute. _ > Table 4
Sampl e count Cause of failure Fai lufe rate

and failure count // Lack of flow

3
7\_,./

Excess EH - pROCESsINGO®As
Non- pr ocessed 48 31 0 79. 0%

FIGURE 5
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~Direct 231 138 0 60. 0%
"~ di schar ge process I ndi rect 96 -
0 - 19 20. 0% di scharge process As

seen from  Table 4, failure rates are substantially inproved in the indirect
di scharge process of this enbodi nent 3 /he cause of the failures in the

i ndi rect di scharge process is attributed to excessive flow factor of
sol der, and solder wettability in the failure cases is still as good
or better than that of successful cases. According to the

above test results, the solder flow failure rate in the direct

-27- discharge was inproved by only 20% as conpared with the unprocessed
cases. The reasons for this are as follows. First, a high intensity

di scharge takes place around the | ead end portion of the workpioce, and the
wor kpi ece is partially processed. Second, in the direct discharge process
in which the gap between the electrodes is as narrow as a few mm
variations in the placement of the workpi eces cause variations in the state
of the plasma. When a workpiece is subjected to an excessively strong, or
an excessive

FIGURE 6

_.\* - EXHAUST

PROCESSING GAS
: §
“T 20 22 || 24

SURFACE

(’PROSS,S}S'NG v ¥ {' v & -=T_J__
— s ,

30 l — 7 = 2
EXHAUST ( S
CARRIER GAS 7 o

RAW-MATERIAL GAS



anount of plasma, the work is discolored and the flow of solder is
degraded.  Conparative exanpple 2 In the precedi ng exanpl es,

hal ogen or hydrogen halide is used as a processing gas. |In one known

met hod, active species such as fluorine radicals generated in a plasna
generator section are guided to a workfifgce being processed. The workpi eces
are placed outside the plasma generator section for processing. In view of
the limted Iife of the active species, the direct discharge process does
not permt a |arge distance between the plasna generator section and the
wor k bei ng processed, conpared with the indirect discharge process ofthe

i nvention. Thus, the indirect discharge process of the invention allows for
t he placenent of the workpicces at a renote |ocation. The speed of
the fl ow of processing gas was cal cul ated based on the raw material gas
supplying flow rate and tube cross-sectional area, when a standard
commercially available 1/4 size (outer dianeter 6.35 nm inner dianeter
3.17 mm pipe is used as a processing gas supplying tube connected to the
pl asma generator section. Wth a raw material gas supplying flow rate of
100 cc/mnute, the speed of the pqgﬁﬁgﬁ%ng gas is 21.12 cnis. Since the
life of a fluorine radical is |ess 1/ 1000 second, it would del ay
0.0211 cmaway fromthe plasm generator section. Wth a rawmaterial gas
supplying flow rate of 30 cc/mnute, the speed of the processing gas is
6.335 cni's. Fluorine radical decays 0.063 cmaway fromthe plasma generator
section. In contrast, each of the above enbodi nents of the Lavention
uses, as a processing gas, hal ogen or hydrogen halide, allowing a
be sufficiently apart f40m a processbgg gas gegerator container.
wi |l thus be seen that ﬂte obj ects sgt for;;/% ovg?gannng t hose /made
apparent fromthe preced|ng descrip{?on, are ff;;I ntly attai

since certain changes ma
e
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-28- be made in carrying out the above nethod in the construction(s) set
"forth without departing fromthe spirit and scope of the invention, it is
i ntended that all matter contained in. the above decription and shown in
t he acconpayi ng drawi ngs shall be interpreted as illustrative and not in a

limting sense. It is also toBy understood that the fol |l ow ng
clains are intended to cover all of the generic and specific features of
the invention herein described and all statenments of the scope of the

i nvention which, as a matter of - |anguage, mght be said to fil

t her ebet ween. -29- VWHAT
IS CLAIMED I S: 1 A surface processing nethod conprising the
steps of: o
FIGURE 8
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produci ng a processing gas containi ng hal ogen or hydrogen halide;

bringi ng said processing gas into contact with a workpi ece being processed |
to process the surface of said workpiece. 2. The surface processing
met hod according to claim1, wherein said halogen is fluorine.

The surface processing nethod accordlnﬁ/no claim1l1, wherein said hydrogen

hal i de i s hydrogen fluoride. 4, The surface processing nethod
according to claim1l1, further conprising the step of thermally deconposing
t he hal ogen conmpound to produce said processing gas. 5. The surface

processi ng nethod, according to claim1, further conprising the step of
deconposi ng a hal ogen conpound t hrough photol ysis to produce said
processi ng gas. 6. The surface processing nethod according to claim
1, further conprising the step of deconposing a hal ogen conpound t hrough

di scharge to produce said pﬁg&iéfin gas. 7. The surface processing
nmet hod according to claimé, Bilf said hal d®én conpound is excited and

deconposed by a pair of electrodes to which AC vol tage having a

frequency of 50 kHz .or Iower,—nr~a-EE;¥gLLéﬁngs appl i ed. 8. The

surface processing nethqg nrding to crai , tHakagen

conpound i s an organi al ogen co . 9. The surf acerPRUcESSRRI dik

nmet hod, according t c\ai#15, wﬂergi 8 hal ogedOconpound is an organic
T

hal ogen comnpound. e flace processing nethod according to
claim6, wherein sai ogen con a;d i s an organi ¢ hal ogen conpound.
1. The surface procCesdin nethc cC ing to claim7, wherein said
hal ogen compound i s 1? or gafl al n npound.
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- 30- 12.  The surface processing nethod accordlng to clainms 4,

wher ei n sai d hal ogen conpound is one sel ected fromthe group of NF[err]
SF[err], CFlerr] and NH err]F. 13. The surface processing nethod
according to claimb5, wherein said hal ogen conpound is one sel ected from
the group of NF[err], SF[err], CF[&f] and NH err]F. 14. The
surface processing nethod accordlng to claim6, wherein said hal ogen
conmpound is one selected fromthe group of NF[err], SF[err], CF[err] and

NH[ err] F. 15. The surface processing nethod according to claim?7,
wherein said hal ogen conmpound is one selected fromthe group of NFferr],
SF[err], CF[err] and NH err]F. 16. The surface processing nethod

accordlng to claim4, wherein the step of deconposing said hal ogen conpound
is performed within an at nosphgt@UBEMZi ni ng noi st ure. EXHAUST 17 The
surface processing nmethod, according to claims5, wher’égxthe step cg
deconposi ng sai d hal ogen conpound i's perfotnggyW thi VEM

cont ai ni ng noi sture. 18. The surface proc hg met hod accordlng to
claim6, wherein the step of d nposi ng i I n conpound is perforned
wi thin an atnosphere containin isture —{8Be surface
processi ng nmet hod according to clak\m 7,/wher g n e step of deconposing

sai d hal ogen conpound is perforned in at npbsphgge containing

noi st ure. 20. The surface prgcessihg netphad according to claim1l,
f Huher conprising the step of decongosi ng{a hal ogen conpound t hrough

el ectrolysis to produce said processing gas. 21. The surface

processi ng nmethod according-to claim20, whcrern 3aid

T // | 500
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hal ogen conpound is a solution of halide. . 22. The surface
processi ng net hod according to clains 1, further conprising the step of
deconposi ng a hal ogen conmpound usi ng a conbi nati on of deconposition
processes selected fromthermal deconposition, photolysis, deconposition by
di scharge, and electrolysis to pro®de said processing gas. 23. The
surface processing nethod according to claim1, wherein said processing gas
is forcibly fed by a carrier gas to bring said processing gas into contact
-31- with said workpi ece being processed. 24. The surface
processi ng nmethod according to claim 23, wherein said carrier gas is m xed
with said processing gas after the step of deconposi ng said hal ogen
conpound. 25. FIBYRfutdace processing method according to claim
1,further conprising the step of producing I~py ocessing gas containing a
I|qU|d of hal ogen or hydrogen halide by bringingija carrier gas into contact
with a solution of hal ogen or hydr : iép The surface
processing nethod according to claing 'onp?l I ng the steps of

i rk~bei ng processed and a

exhausting said processing gas appiN-eth~,g gaid
reacti on product, and.trapping 5| ng and saPg@y eaction
pr oduct during.exhaust
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27. The surface processing nethod according to claim1l1, wherein said
processing gas is brought into contact with said workpi ece bei ng processed,
and an oxide on the surface of said workpiece is replaced with a hal ogen ~
conpound in order to inprove sol der mg%%ability of the surface of said

wor kpi ece bei ng processed. 28. lhe surface processing nethod
according to claim27, wherein said workpi ece being processed is a printed
circuit board. 29. The surface processing nmethod according to claim

27, wherein said workpi ece being processed is an el ectroni c conponent

30. The surface processing nethod according to claim?29, wherein said

clectronic conponent is an integrated circuit, and the surface of said

el ectroni c conponent bei ng processed is a bonding surface of said

integrated circuit. 31. The surface processing nethod according to

claim 27, wherein said workpiece being processed is a wire to be sol dered.

32. The surface processing nethod according to claim27, wherein the

surface of said workpiece being pro d is an electrode of a crystal
BGUEE 1

oscillator. 33. A surface pr apparatus for processing the
surface of a workpiece conprising; a process%QQ>gas gener at or
for producing a processing gas containing hal ogen or hydr hal i de; and
301
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- 32- ‘a processing gas supply for supplying said processing
gas from sai d processing gas producer to.the surfadce of said workpiece
bei ng processed. 34. The surface processing apparatus according to
claim 33, further conprising a raw mat rlal gas supply for supplying a
raw-material gas containing a hal ogen caﬁbound to said processing gas
generator, whereby said processing gas generator produces said processing
gas by thermally deconposimgsEdghal ogen conpound. 35. The surface
processi ng apparatus according to cIa|n133 further conprising:

a rawmaterial gas supply for supplying a rgwymterjal gas containing a
hal ogen conmpound to said processing gas geng .tor sald processing
jbNg sai d hal ogen

i appar at us
mat eri al gas

conmpound t hrough phot ol ysi s. 36. A
according to claim 33 further conprising:

supply for supplying a rawmateri.al gas co +ggen conpound to
sai d processing gas generator, whereby theg proces ) ég%§ERGAS
produces the processing gas by deconposi ng g -ound t hr ough

di schar ge. 37. The surface proce rdlng to claim
36, wherein said processing gas genera uppkyadsar
outputting either a AC voltage of 50 age; and a

pl asma generat or having a pair of ygﬁﬁﬁﬁf%ﬂA%ﬁAS

said pair of electrodes for applyi ai d el ectrodes
i nducing a plasma at approximatelyjthe atnosp Sk e. 38. The

surface processing apparatus according to cl Ny gad d
processi ng gas generator deconposes sai d hal ggen conpound mnthln an

at nosphere cont ai ni ng nnlsture ¢’ processi ng appar at us

according to claim 33, gyéner at or produces said
¥ng\a_habpgen conpound.

o claim 34, further

d raw-material gas supply,

40. The surface processing apparatus according
conprising a carrier gas supply cgnnected to]sg
for supplying
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+33- a carrier gas to be mxed wth said rawnmaterial gas. 41. The
surface processing apparatus according to claim35, further conprising a

. carrier gas supply connected to said raw material gas supply, for supplying
a carrier gas to be mxed with said hf mat eri al gas. 42. A surface
processi ng apparatus according to clai4ht36, further conprising a carrier
gas supply connected to said rawmaterial gas supply, for supplying a
carrier gas to be mxed with said rawnmaterial gas. 43. The surface
processi ng apparatus according to clains 38, further conprising a carrier
gas supply connected to said rawmaterial gas supply, for supplying a '
carier gas to be mxed with said rawmaterial gas. 44, The surface
processi ng apparatus according to claim39, further conprising a carrier
gas supply connected to said rawmaterial gas supply, for supplying a
carrier gas to be mxed with said raw material gas. ~ 45. The surface
processing apparatus according to claim33, furtier conprgsing a carrier
gas supply, connected to said processing gas supply, for supplying a
carrier gas to be mxed with said raw materia, gds. Z 46. The surface
processi ng apparatus according to claim 33, v@'ergi n sai d grocessi ng gas

generator produces a processing gas containi hizl ogn org hydrogen hal i de
by bringing said carrier gas into contact w '[g a=solati o of hal ogen or
hydr ogen A % z "
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fial i de. 47. The surface processing apparatus according t§&ldl aB3e
further conprising a exhaust nmeans for forcibly exhausting said pteggssing
gas applied to said workpiece being processed and a reaction product; and a
trap for trapping said processing gas and said reaction product before
bei ng exhaust ed. 34

ABSTRACT

SURFACE PROCESSING METHOD AND APPARATUS

An improved surface processing method and apparatus for processing the surface of
a workpiece which avoids plasma damage and allows a large degree of freedom in
the location of the workpiece relative to the processing-gas producing apparatus. A
raw-material gas containing a halogen compound preferably including CFs is
introduced into a plasma generator section in a surface processing unit. In the
plasma generator section, the raw-material gas is excited and decomposed by
electrodes to which a low frequency AC voltage of 0 to 50 kHz, or a DC voltage is
applied, to produce fluorine gas F.. By bringing the processing-gas containing
fluorine gas F; into contact with the workpiece, the surface of the workpiece is
processed. Since fluorine radicals, which have a short life span, are not used, a great
deal of freedom is allowed in the workpiece. '

Figure 6
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