
p-------------------------~-----~~~~~~ 
0\ ~ II <::\ 0'1 - J,,. 

1P0& 

-1-

SURF ACE PROCESSING METHOD AND APPARATUS 

BACKGROUND OF nm INVENTION 
1. Field of the Invention · .. 

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

of the work piece . 

. Description of the Related Art 

One conventio~al 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 Unexamin~ Patent Publication No. 3-1749n. 

In another conventional method. the inventor of the present invention has 

demonstrated a technique, as known from W094/22628. Japanese Pat.ent Application 

No. 1-2950, in which a plasm~ fonned a~ and retained at, atmospheric-pressure, instead 
of a plasma fonned under a vacuum. is used to activate a gas. The wettability of a work 
to be soldered is finproved by the use of a resulting active species such as ions or excited 
species (W094/22628, Japanese Patent Application No. 7-2950). 
. ;, · Ili-.tb~~bove processes of using the vacuum plasma and atm0spherlc-pressure 

plasma, surface processing is perfonned 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 prefeaed, because the 
physical characteristics of the workpiece may be damaged, which may be attributed to 
the plasma. Wh~n the work piece to be processed has _a metallic surface, a strong 

concentration of plasma collects at any projecting portion of the surface, and uniform 
procesSing over the entire surface cannot be achieved. 
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In view of these deficiencies in the direct discharge processing techniques, an 

indirect discharge processing technique has also been proposed in which active species 

generated in a plasma generator section are guided for processing to a wo.rkpiccc being 

processed. The work is positioned in a remote location .. and is not directly exposed to 

the plasma. In this case, no such plasma ~age takes place. 
However, 1he active species produced have a relatively short lif'e. Positioning the 

wor~ece to be processed in a rem.ote location from the plasma generator section 
rcndCIS surface processing difficult or impossible ind at least substantially reduces the 
efficiency of processing. Thus, this indirect discharge processing technique places a 

limitation on the location of the workpieoe to be processed, and is th~fore not 

practicable. 

SUMMARY OF THE INVBNTrON 

According to the method of the present invention, proce.!sing gases including 
halogen and hydrogen halide are brought into contlct with the surface of a workpiece 

being processed to pxocess the work. A workpiece being processed is surface-processed 
by a ohemical reaction using a pr<>QCSsing gas> including higbly_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 fto~·any defects arising from plasma 

damage. In an exemplaiy embodiment the halogen and hydrogen bali4e are typically 
flu<?rlne gas F2 and hydrogen tluorlde HF. 

. ~ an, exemplary method of the present invention, the processing gas is preferably 
produc&f &ydecomposing halogen compounds through the decomposition techniques of 

thermal decomposition, photolysis, decomposition by discharge, and electrolysis, singly 

or in combination. To this end, the sutface processing apparatus bf tho present invention 

comprises processing gas gene:rator for producing a processing g~ by decomposing a 
halogen compound by one ofthe above techniques, and processing gas supplying means 

for guiding the processing gas to the surface of a wotkpiece 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 
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and is decomposed by one of the above techniques to produce the processing gas. Since 

the life of halogen or hydrogen halide is not as short as that of active species, the time . 

limitation is not so critical as in the case of active species. This· offers a !mg~ degree of 

freedom in the positioning of the workpiece being processe~ and the workpiece can be 

positioned at a remote location. 

The use of an orPnic halogen compound as a raw material halogen compound 

facilitates handling and reduces 4anger associated with the compound because 'Of its 

neutral pH. 

Prefenod halogen compounds suitable for decomposition through thermal 

decomposition. photolysis. or decomposition by discharge me NF3, SF 6, CF4 or NH..F. 

These halogen compoUn.ds are raw-material gasses, and are supplied to the processing 
gas generator through a raw-material gas supply. 

To decompose the halogen compound, the raw-material gas is prefembly 

decomposed at or at approximately· atmospheric pressure by being excited by a pair of 
electrodes to which a·low-frequency AC voltage, of SO kHz or lower, or a DC voltage is 

applied. To this end, the processing gas generator of the present invention comprises a 
power supply that outputs a low·frequen~y AC voltage source, of 50 kHz or lower, ot a 

DC voltage source, and a plasma generator section having a .pair of electrodes to w}rioh 
the voltage is applied, for forming a plasma at or .at approximately atmospheric pressure. 

When the low-ftequency AC voltage or DC voltage is ap,pli~ between the pair of 

electrodes, a relatively large peak-to-peak value discharge voltag~ 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 
aunosPh~~~.pressure plasma, helium (He) is ~~ 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 catried out in an atmosphere 

including water. The presence of moisture permits the halogen compound to be 

decomposed into hydrogen halide in an eflicient manner. Halogen com.pounds suitable. 
for electrolysis are aqueous solutions of halides that are easy to be electrolyzed. 
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In any of thermal decomposition, photolysis. decomposition by discharge, and 
electrolysis, a processing gas is preferably force-fed by a carrier gas to bring the 
processing gas into cont.sot with a workpiece being ptoc;~sed. In this case,. the 

processing gas is more preferably mixed with the camer gas after the d~position 

process of the halogen compound. By mµdng after decompositio~ even if a gas 
: containing oxygen is used as a cairier gas, the generation of ozone is not augmented 
during decomposition. Thus, in the apparatus of this invention, a carrier ga$'ieJierator 

means is connected to either a raw-material gas generator or a processing gas generator. 
Aecording to an additional embodiment of tho surface processing method and 

apparatus of the invention, instead of tho above decompos~tion techniques, a processing 

gas is produced by bringing a carrier gas into contact with halogen or hydrogen halide. 
In this way, a processing gas containing the liquid of either halogen or hydrogen halide 

is generated to process the work. 

The surface processing method of the invention preferably further comprises the 

steps of force.exhausting a process gas Supplied to a workpiece b~g processedl> and a 
i:eaction product, and trapping the processing gas ~r the reaction product while force­

exhausting. To this end, the sudace processing appm:atus of the present invention 

comprises a forced exhaust and a trap. The processing gas is highly corrosive. The 

remainder of the UMeacted highly coxrosive 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 whi~~ the oxide on the surface of a work is replaced with a halogen compound by 
bri~nttho~·ptooessing gu 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 procesc are typically 

electronic components such as printed circuit boards, integrated circuits (ICs). wires to 
be soldered. and czystal oscillato1'$ • 

Accordingly, it is an object of the present invention to provide an improved 
surface processing method and apparatus which process the surface of a work being 
processed in a plasma damage-free 3tatc, and offer a large degree of freedom in the 
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positioning of the workpiece being processed. 

It is another object of the present invention to provide an improved sutface 
processing method and Apparatus, in which a highly reaotive processing gas is ptoduced 

from a stable substance, and the smf;ace of a wozkpiece being processed is processed by 

the processing gas. 

It is yet another object of the present invention to provide an improved surface 
processing method and apparatus whieh process the surface of a workpiecdbemg 
processed at a reduced running cost and at a reduced consumption rate of the processing 
gas, and in which relatively oostly helium He gas is not required 4Urlng processing. 

It is yet another object of the preseJ,\t 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 euoh steps with respeot to each of the others, and the apparatus embodying 
features of construction, combination(s) of elements and ammgement of parts which arc 

adapted to effect su~h steps, all as exemplified in the following detailed disclos~ and 

the scope of the invention will be indicated in the claims. 

BR!EF DESCRIPTION OF THE DRAWINGS 
For~ fuller understanding of the invention, reference is had to the following 

dc~cn~ii~ fucm in conuecdon with the accompanying drawings, in which: 
FIG. 1 is a diagrammatic view depicting one embodiment of 1he processing gas 

generating unit constructed in accordance with the invention that produces a. processing 

gas through thennal decomposition; 
FIG. 2 is a diagrammatic view of another embodiment of the processing gas 

generating unit construct.ed in accordance with the invention that produces a processing 

gas through photolySis; 
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FI G. 3 is a diagrammatic View depicting another embodiment of the processing 

gas generating unit collstructed in accordance with the invention that produces a 

processing gas through electric discharge; 

FIG. 4 is a diagrammatic view depicting another embodiment oftbe processing 

gas generating unit constructed in accordance with the invention that produces a 
processing gas through photolysis; 

FIG. Sis a diagrammatic view depietmg another embodiment of tM·pro°hessing 
gas generating unit constructed in accordance with the invention that produces a 

processing gas through contact with a liquid; 

FIG. 6 is a diagrammatic view of a surface processing apparatus construct«! in 

accordance with one embodiment of the invention. 

FIG. 7 is a diagrammatic view depicting the internal construction of the surtace 
processing unit of FIG. 6; 

FIG. 8 is a block diagnun depicting the plasma generator section of FIG. 7; 
PIO. 9 is a block diagram of a surface processing unit constructed in accordance 

with an additional embodiment of the invention; .. 

FIG. 1 ~is a diagrammatic view of an embodiment of the.invention in which a 

processing gas is directly applied to a wO?kpiece; 
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 incoiporated in a line.type processing appamtus; 

.~IG. 13 is a ctoss-scctional view depicting the feed and exhaust section of the 

sutw:e;pr~essing unit ofFIG. 12; 

FIG. 14 is a diagrammatic view depicting an embodiment of the invention in 

which a surface processing unit is incoxporated in a stand-type processing apparatus; 

FIG. 15 is a cross-sectional view depic~g the feed and exhaust section of the 
surface processing unit of FIG. 14; 

PIO. 16 is a dia~atic view depicting an embodiment of the invention in 

which a surface processing unit is incorporated in a cylinder-type_processing apparatus; 
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PIO. 17 is a cross-sectional view depicting the feed and exhaust section of the 

surface processing unit of PIG. 16; 
FIG. 18 is a diagummatic view depioting an embodiment of the invention in 

which a surface processing unit is incoiporated in a toaster-like surface-processing 

apparatus; 
FIG. 19 is a cross-sectional view depicting die feed and exhaust secti~n of the 

surface processing unit of PIG. 18; and ; . '.! 

FIG. 20 is a diagrammatic view depicting 8n embodiment of the invention in 
~hich the surface processing unit is incorporated fn a batch-process type surface 

processing apparatus. 

DESCRIPTION OF THE PRBPBRRBD BMBODJMBNTS 

Referring now_ to the drawings, the surface processing method and apparatus ~f 
the invention will be described. 

Production method of the processing gas 

According to the present inventio~ a processing gas containing a halogen such as 

Cl2, Br2, F2, 12 or hydrogen halide such as BF, HCl, HBr and HI, which is highly reactive 

is brought into contact with a workpiece to be processed so that the highly reactive 

processing gas processes the surface of the workpieee. To produce such a highly 
. reactive processing gas, one of the techniques illustrated in FIGS. 1 through S is used. 

FIGS. 1 ·5 illustrate different embodiments of a processing g~ generating unit. 
Bbt.ietf.tS w)µch aye common to each of PIGS. 1-S are a pr0eessiug gas generator 

c~ r. .~ .~ • 

contahier ·1· and a processing gas supplying tube 2 for guiding a generat~ 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 lS 

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 NF3, to processing gas 

generator container 1. A heater 4 disposed adjacent container 1 heats the interior of 
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processing gas generator container 1. Processing gas formed within processing gas 

generator container 1 exits through processing gas supply tube 2. In FIG. 1, processing 

gas generator container 1 thermally decomposes the halogen compound input through 

raw material gas supplying tube 3 by thermal energy_and produces a processing gas 

containing halogen or hydrogen halide output at supply tube 2. 

The minimum tempemture required to·thennally decompose the mw-material gas 

NF3 is 300°C. When the raw-material gas is heated to a temperature of S00°C itt this 

embodim~ a processing gas containing approximately 1000 ppm fluorine gas F2 is 
obtained through thermal decomposition. The decomposition process is expressed by 

the following chemical formula. 

2NF3 ~ N1 + 3F1 

A second embodiment of the processing gas generating unit, generally indicated 

as 16, is depicted in FIG. 2. Unit 16 differs from unit lS in the use pf photolysis to 
decompose the compounds. Like numbers 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 p~, .processing gas 
generator container 1 contains an ultraviolet lamp 5 for emitting ultraviolet light therein. 

A halogen compound is used as tho raw-material gas and is decomposed through 

photolysis to produce a processing gu in processing gas generator contain~ 1. 

When ultra.violet lamp S is set to oufput ultraviolet radiation of 100 m W/cm2 and 
at a wavelength of 400 nm with the raw~material gas being NF3~ the photolysis 

expressed by the same chemical formula as that expressed in FIG. 1 takes place, 

resultip.g in.a processing gas containing approximately 100ppm fluorine gas F2• 

:. · · ~t>rlier embodiment of the processing gas generating uriit, 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 gc;nerator in unit 17. 

Again, processing gas supplying tube 2 and_ raw-material gas su?JJtying 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 almospherf c pressure or approximately atmospheric pressure to 
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produce a processing gas in processing gas generator container 1. 

In a preferred embodiment utilizing the processipg gas generating unit 17, a 
raw-material gas CF, is supplied at a mte of 100 cc/minute, and a voltago having a 

frequency of approximately 10 kHz is 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 fonnula, 

producing a processing gas~~ ap~ximately 800 ppm fluorine F1• ,~ · · ·'. 

2CF4 -+ ~F6 + F2 

When a raw-material gas CF4+~0 is supplied at a rate of 300 cc/minute in unit 

17, with the rest of the conditions 1111Changed·from those in the preceding example, the 

raw-material gas is decomposed according to the following chemical fomtula, producing 

a processing ·gas containing approximately 7200 ppm hydrogen fluoride HP. In this 

way, hydrogen fluoride.is efficiently produced with water added. 

CF 4 + 2H20-+ C02 + 4HF 

The use of a voltage supply having a frequency as low as approximately 10 k'Hz 
allows the discharge to t8ke place reliably without the need for a supply ofhe}.ium. This 

reduces the nmning cost involved in decomposition. To maintain a reliable discharge · 

without ERJpplying helium, the pcak .. to-peak value of the discharge voltage, with a 

low-frequency supply voltage, needs tO be.greater than a prcd~ined 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 val\l,e, as is required by the invention. 
:. . untizfu hydrogen halide, halogen compounds decomposed by the processing gas 

generating units 15, 16, 17, including perfluorocarbon such as CF 4, C,iF (lQ-1-l}. HFC such 

as C,FJI., fluorocarbon such as CiP'iC14, hydrochlorie· acid based solution such as 

C1HsC13, and organic halogen compounds such u halogen of CzF2Br,. are advantageous 

from the standpoint of handling because of their neutral pH. In view of the 
enviromnent, perfluorocarbon and HFC are most preferably produced. 

In the embodiment of processing gas generating uni~ generally indicated at 18, 
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depioted in FIG. 4, the raw material gas supply tube is replaced with an aqueous source 

of raw-material contained within container 1. Processing gas supplying tube 2 is 
connected to processing gas generator container 1. Processing gas generator container 1 
holds an aqueous solution 3a of halogen compound. for example~ ~ aqueous solution of 

2% NaF. Electrodes 8a, 8b connected to voltage 8ource 135 are disposed witbiti 
container 1 at the regions that are partitioned from each other by a partitioning plate 7. 
A 24 VDC voltage is applied to electrodes ·sa, Sb, and a processing gas contammg 
approximately 1000 ppm flumiJle gas F2 is produced. 

Solution 3a of halogen compound is electrolyzed in processing gas generator 
oontainer 1 to produce a processing gas. Halides suitable for electrolysis, besides NaF, 

are KF, LiF, CsF, NaCl, KCI, KBr, NaBr and Nal. 
In another embodiment depicted in FIG. S, a processing gas generator unit. 

genenilly indicated as 19 is shown, like munbers being utilized to indicate like parts. 
Container 1 includes an aqueous solution 3a. A catrler gas input port supplies carrier 
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 contaot 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, HCl, 
HBr, HI and HCs, a proeessing gas containing a liquid containing one of these halogen 
compounds is produced and output through tubes 28> 2. 

Surf4ce processing ap,paratus for indjreet dischuae 

;_ · fr.cf~ricc is now made to PIG. 6 which ts a diagrammatic view depicting a 
surface processing apparatus, generally indicated at 180, for indirect discharge 
constructed in accordance with one embodiment of the invention. A prooeasi~ gas 

generator 30 is provided with a carrier gas and a raw-material gas. Processing gas exits 
processing gas generator 30 tbro~gh a processing gas supply tube 20 which extend~ to a 
supply section 22. In a preferred embodiment supply section 22 is substantially 
umbrella shaped to diffuse the proccs~ing gas. An exhaust tube 24 is disposed adjacent 

supply section 22 and is coupled to processing gas generator 30 so ·that waste gases are . . 
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returned to procea.sing gas generator unit 30 wbioh is provided with an exhaust. 

A conveyor belt 14 for canying items to be processed is disposed below supply 
section 22. A workpiece to be treated, such as an integrated chip (IC) 10 is moved along 

the conveyor belt into position within supply section 22. 
The work to be soldered is depicted as IC 10. ICs 10 placed on a conveyor belt 14 

are moved sequentially in the direction from the direction in the page to the diree1ioll: out 
of the page of the figure. A lead frame 12 of IC 10 is solder..coated beforehand:: The 

aurface of l~ frame 12 is covered with tin (Sb), which is oxidized to form tin oxide 

(SnO). In this embodiment, during processing, tin oxide (SnO) formed on the surface of 

lead frame 12 is replaced with a halogen compound to improve solder wcttability of 

lead frame 12. To surface process lead ftame 12 of IC 10. a supplying connection tube 

20 and an exhaust CODDeetion tube 24 are utilized 
A processing gas generated in a processing gas generator unit 30 is applied to 

lead frame 12 of IC 10 through supplying section 22 that is wid~ly opened in an 

umbrella fashion.. . The exhaust connection tube 24 sucks in the processing ~:o to which 

.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 a. 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 embodiriient allows for the 
processing gas to be provided from a first location, and allows the unused processing 

gs.$. and,~ teaction products to be trea~d to waste treatment uni~ 80 at a second 
remote location. 

Construction of the gas generator unit 30 will now be desci:ibed. 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 B.owmeter 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 
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supplying tube 40 downstream of plasma generator section 60. A raw .. material gas 

containing halogen compound, in a preferred embodiment, CF~ is introduced into 
raw-material gas supplying tube 41 from an extemal source, such as a facility in a plant. 

A power supply SO supplies power to pl~ generator 60 to generate· a plasma et 

atmospheric pressure or at approximately 'tmospherlc pressure. The plasma generator 
section 60 has a pair of opposing electrodes 62a, 62b (FIG. 8) between which a porous 

insula~g body 64 is interposed. Power ~ply 50 is provided with a plug Si which 

may be inserted into a standard socket, and ts connected to one electrode 62a. The otb.er 
electrode 62b is grounded. A relatively low hqueney AC voltage, of SO kHz or lower, 

or a DC voltage is applied between electrodes 62a. 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 au atmospherlc .. pressure plasma, a large amount 

of helium, which may be relatively easily io~ is required. Thus, if the frequency of 
the AC voltage applied betWeen 1he pair of electrodes were a co~ercial, 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 atmosphc='C of air or N2 

without a relatively expensive helium gas. However .. in this embodiment of the 
invention, by applying a relatively low frequency AC volt.age of up to SO kHz. or a 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> otferblg energy to be contnauted to the generation of plasma. 

In the invention, the quantity of the processing gas supplied for processing an 

ardi of~. ciP~ of a work it lowered to within a range of 0.01 QC to so (iQ> cxponsivc . 
. . 

helium gas was not used as a carrier gas, and the frequency of the AC voltage applied to 

the plasma generating.electrodes is set to be SO kHz or lower. A3 a result. the plasma 

· was reliably produced. 
Canier gas supplying tube 90 is connected to processing gas supplying tube 40 at 

a mid-portion thereof, which is in tum connect~ to the downstream side of ~lasma 

generator section 60. A carrier gas introduced through curler gas supplying tube 90 

may be an inert gas such as N2• Alternatively, compressed air may be introduced 
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through car.tier gas supplying tube 90. If compressed air were to be introduced into the 

plasma generator section 60t oxygen in the compressed air would be excited and oione 

would be produced. Lead .tiame 12 of IC 10 would be exposed to ozone, which would 

oxidize lead frame 12. Therefore, in this embodiment and in accordance with the 

invention, canier gas is mixed with the processing gas at the downstream side of plasma 
generator section 60 so that the carrier gas forces the processing gas toward lead ~e 

12, but is not present during plasma generation, and thus does not fozm oz0ne. ·'. 
Housing 32 in swface procosSing unit 30 is provided with an exhaust tube 70 for 

force-exhausting the processing gas tbat bas been applied to the lead frame 12. Exhaust 

tube 70 in surface processing unit 30 is connected to exhaust connection tube 24 of PIO. 

6. 
Exhaust tube 70 is connected to waste treatment unit 80. which is one example of 

a trap means. When C;F 4 is used as a raw-material gas, it is excited in plasma generator 

section 60 and decomposes as follows. 

2CF4 ~C,F6 +F2 
The processing gas. containing tluorine gas (F2); caused by this decomposition 

contributes to the surface processing of lead ftame 12 9fIC 10. A portion of the 
fluorine gas (FJ is exhausted without contributing to the chmtical reaction. However, 

fluorine gas (FJ should not be released to the environment because it is a cmrosive gas. 

Waste trea1ment unit 80 is designed to remove the corrosive component out of the 

processing gas introduced via the exhaust tube 70 by adsorbing tbe corrosive component 

or dissolving the corrosive component into water. 

s~rtask~-sin& meJbod 
The operation of processing gas generator unit 30 will now be described. In this 

embodiment, compressed air is used u the carrier gas and o halogen compound such as 

CF, is used as a raw-material gas. The carrier gas and raw-material gas are introduced 

into catrler gas supplying tube 90 and raw-material gas supplyin~ tube 41, respectively • 

of surface processing.unit 30 by. means of an external source .which may be a facility in 

the plant. The flow rates of the raw-material gas and carrier gas are controlled by flow 
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met.ers 42, 92 mount<:d on tubes 41, 90, respectively. In this preferred embodiment, the 

tlow rate of the compzased air as a carrier gas is 20 liters/minute while the tlow rate of 

CF4 as the raw-material gas is SO cc/minute.. The concent?ation of the raw-material gas 

to the canier gas is preferably less than 0.5% by volume, namely, the coiresponding 

flow rate of the raw material is less than 100 cc/minute and is ~ost preferably (SO ccfJ.O 
liters) x 100 = 0.25% by volume. 

In this embodiment, the raw-material gas CF4 is introduced into plamna ·genexator 
section 60 only after the flow-rate is regulated ind fixed within the appropriate range. A 
relatively low frequenoy AC voltage, its fi:cquenoy ranging ftoni 10 to 50 kHz, is 

applied 'between the pair of electrodes 62a, 62b disposed in plasma generator section C50. 

Even if only a small amount of CF4 as the raw-material gas is~ a plasma is reliably 

produced. at atmospheric pressure or at approximately atmospheric pressure~ without the 
need of helium gas to facilitate plasma generation, because the period of the AC voltage 

is long. 
When CF4 is. used as the raw-material gas, it is excited and decomposed in 

plasma generator section 60, and fluorine gas F2 is produced, which is a highly reactive 

hal9gen. Carrier gas supplying tube 90 is connected to processing gas supplying. mbe 

40, which is connected to the downstream side of plasma generator section 60. The 

flow of the canier gas at a relatively high flow rate of20 liters/minute is mixed with the 
produced processing gas to carry the processing gas for feeding and processing during 

the processing steps. 
The mixture of processing gas and car.rier gas is delivered.through processing gas 

supplying tube ·40 of proccsising gas generator unit 30 and is applied to the sutfhce of IC 

1()~ ~'aP~tication is made by supplying section 22 via supplying connection tube 20, 

which is connected to proeessing gas generator unit 30. Lead frame 12 of IC 10 is 

surface processed according to the following chemical fonnula. 

2Sn0 + 2F2 -> 2SnF1 + 02 
The surface of the frame 12 bears an oxide SnO. ·Through contact with the 

processing gas, Sn_O is replaced with halogen_ compound (SnFJ. Since the IC 10 

workpiece is not exposed to plasma, it is free from any damage attributed thereto. 
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The processing gas and c;arricr gas mixture applied to lead frame 12 which does 
not take part in any chemical reactions, and any reaction products are circulated back 
into surface processing unit 30 via exhaust connection tube 24. In sudaoe processing 

·unit 30, the above gases are guided into waste treatment unit 80 via exhaust tube 70. 
Waste treatment unit 80 traps F2 generated as a result of chemical reactions 

involving the processing gas by adsorbing or dissolving the P1 into water to remove 
highly eotrosive components and exhaust the residual gases. A dxy-type exhaust gas 
treatment device, suoh as KANDEN F-Torr (registered trademark) manufactured by 

KANT<> DENK.A KOGYO is preferred as waste ttcatmcnt unit 80 for removing the 
corrosive component through adsorption. To dissol"Ve the corrosive componcnt.s in wata 
for removal, the exhaust gases are siinply passed through water. 

Thus, even if the processing gas delivered out of waste treatment unit 80 in 
surface processing unit 30 is force-exhausted through a facility in the plant, pollution 
problems such as corrosion are precluded since the corrosive aspects of the gas have 
been removed. 

Constn1¢tion oftbe surface proCe&sing unit 

Construction of the processing gas gen~ unit in accordance with another 
embodiment of the invention, generally indicated as 100. will now J>e 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. 

Proce6sing gas generator unit 100 depicted in FIG. 9 differs from that of the 
prb~hg.jjis· generator unit ~O in that surface processing unit 100 further comprises, in 

addition to the. components noted in. processing gas generator unit 30, in housing 32, a 
processing gas cylinder 44 coupled to plasma. generator section 60 through flow meter 

40. A ~ed 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 80 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. 
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Proocssing gas cylinder 44 is .filled with a raw-material gas such aS CF4, and 

feeds the raw-material gas to plasma generator section 60 via raw .. materlal gas 

supplying tub~ 41 and flow meter 42. The concentration of the raw-material gas 

introduced into plasma generator section 60 as compared to the carrier gas is less than 

0.5% by volmne, and is acceptably as small as 0.2.5% by volume, for example. aS noted 
in the prior embodiment a single gas cylinder 44 therefore is sufficient to process lead 
frame 12 of a number ofICs 10. 

By arra.nging'fan 94 at the front of cmier g8s supplying tube 90, air in the plant 

may be introduced as compressed air and may be used as the carrier' gas. By arranging 

exhaust tan 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 exhaust facilify in the plant, the 

surface of lead frame 12 of IC 10 may be surface processed by connecting supplying 
coIUlection tube 20 and exhaust connection tube 24 to surface processing unit 100. 

Usable processing ps 

The raw-material gas introduced into plasma generator s~on 60 may be any 

stable halogen compoun~ typically CF'- as already descnoed. Halogen and hydrogen 

halide are highly reactive themselves and corrosive. As already descnoed, only after 

being excited, halogen and hydrogen halide are decomposed into fluorine gas F2 or the 

like- as a processing gas. Thus, it is more advantageous that a halogen compound such 
as CF 4 ,is us~d as a raw-material gas since it is non-corrosive. 

. . .. .-:~ .;L . ~ 

Suitable halogen compounds for use as a raw-material gas are any of 

perfluorocarbons such as hexatluoroethane, perfluoropropane, and perfluoropentane> 

and octafluorocyclobutane. tetratluoroethane~ tritluoromethane, 

monobromotrifluoromethane, tetrachloromethane, trichloromonofluorometh.ane. 
dichloroditluoromethane, cblorotrifluoromethane, sulfur hexafluoride, nitrogen 

trifluoride, and bo~n trichloride. 

Instead of the above.mentioned halogen-based gases, reducing gas such as 

hydrogen gas H2 may abo be used, hydrogen gas H2 is excited in the plasma generator 
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section 60 for activation, and this processing gas is applied to lead ftame 12. The 

chemical formula in this case is as follows: 

SnO+H2 ~Sn+~O 

The reducing gas H2 reduces the oxide SnO present on the surface of lead frame 
12, thereby enhancing the wettability of lead frame 12. When a reducing gas is use~ no 

corrosive components in the reaction products are generated, and thus the waste 
treatment unit 80 is dispensed with. 

Gaus for use as a comer· ps 

In the above embodiments. oomproascd air is used u a carrier gas. Compressed 
air is advant.agee>Us when processing gas generator unit 100 in FIG. 9 is utilized since 
ambient air, which may be from inside the sutrounding plant may be used. When 
compressed air is used as a canier gas, however, if it is introduced into plasma generator 
section 60, ozone is generated in plasma generator section 60, and oxidization oflead . 
frame 12 becomes problematic. For this reason, when using compressed air, carrier gas 

supplymg 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 usro as a carrier 

gas, the carrier gas can be introduced into plasma ienetator section 60. Nitrogen gas N2 

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 I 0, the use of a earner gas is not 
nccessatily required. Without the carrier gast the atmospheric-pressure plasma needed 
to ~te)iie· surface of the work may be reliably produced by simply supplying, 
without a carrier gas, a small amount of processing gas within a tange of 0.01 cc to SO 

cc for processing an area of 1 em2 of the workpiece. 

Addition ofmoisture 

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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pas$ed through pure water. Water is added because when CF4 is used as the raw­

materiaI gas, the follo\Ying reaction takes place in the plasma generator section 60. 

2CF4 -> ~F6 + F2 

Fluorine gas F2 as an active gas in the above formula expedites the chemical 
reaction and surface processing speed. 

When water is added as an additive into plasma generator section 60 during 
processing gas formation, the following reaction takes place in plasma generatoisection 
60. 

CF4 + 2H10 ~ 4HF+ C02 

The addition of water increases the gcmemtion 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 speed1 but 
also restricts the generation of ozone in plasma generator secti~ 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. 

zone 
generation(%) 

:xposure 
temperature (°C) 

cmp 

Table 1 

Thus, the addition of water as an additive to plasma generator section during 

formation of the processing gas conb:'ols the generation of ozone in plasma generator 
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section 60 8lld the oxidization oflead ftame 12 is precluded. 

As in decomposition through discharge, the addition is equally ~ffective in the 

thermal decomposition and photolysis methods s:h9wn with reference to PIOS •. 1 and 2, 

respectively. 

Surface pmcessjn1 unit 

Gas processing genexator 19 and.the surface processing method of-FiG. ·s, which 

process without the use of a plasma generator sectio~ will now be discussed with 

refercnoc; to.PIO. 11. 

FIG. 11 shows generally the construai~ of the apparatus, which comprises a 

processing gas generator unit, indicated generally at 110 to which supplying connection 

tube 20 and exhaust ~ection tube 24 are connected. in a manner similar to that as 

shown in surface processing apparatus 180. Processing gas generator 110 comprises, in 

a housing 1121 a carrier gas supply tube 120 coupled down stream to a canier gas input 

by a flow meter 122. A liquid container 130 for adding an aqueous solution 103 is 

disposed. within housing 112. Can:ier gas supplying tube 120 comprises a first 

earner-gas supplying tube portion 120a positioned at the upstream s~de ofliquid 

container 130, a second carrier-gas supplying tube portion 120b positioned at the 

downstream side of the liquid container 130. and a third canier-gas supplying tube 

portion 120c that connec;ts first and second carrier-gas supplying tub portions.. An 

entrance tube 120d coupled to tube portion 120c carries c~er gas into container 130. 

An exit tube 120c coupled tO. tube portion 120c carries processing gas out of container 

130. 
_... : , . 

· · biqu1(1 cont.ainer 130 holds a solution of hydrogen halide such as HF, HCl. A · 

carrier gas such as N2 introduced into liquid container 130 via first cmier-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 canier-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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The acidified processing gas ie1 thus applied to lead ftame 12 of IC 10 via 

supplying connection tube 20 and supplying section 22 as shown in FIG. 10. The 
surface oflead frame 12 is sur&ce processed according to the following chemical 
formulae, based upon the processing gas used. 

When hydrogen fluoride BF is used as a processing gas. surface processing is 
per!omied according to the following'chemical formula. 

SnO + 2HF ~ SnF1 + H20 

When hydrochloric acid is HCI is used as a processing gas, surface processing is 
per.formed according to the following dtcmiw folmula. 

SnO + 2HC1--. SnCl+ ~O 

Liquid container 130 may hold an acid liquid such as H1!~'03, Dr basic liquid such 
as anunonia water. When nitric acid H2N03 is used. surface processing is perfonned 

according to the following chemical formula. 

SnO + H2N03 -+ SnNO, + H20 
Liquid container 130 may hold an acid liquid such as oxalic acid. 
When liquid container 130 holds a basic liquid such as ammonia water, surface 

processing is performed: according to the following chemical fonnula. 

SnO + ~3 + 2H20 ~ NH4+ [Sn(OH)3l 

The processing gaa that has been applied to lead ftame 12 is circulated to sur&ce 
processing gas generator unit 110 via exhaust co1U1ection tube 24. The acidified or basic 

processing gas is a corro~ive gas itself, and thus should not be released into the 

environment. In surface processing unit 110, the processing gas is introduced ~to waste 
treatm~~t u_~i~ 150, where the corrosive components of the processing gas are removed. 

:, . · t)k~ ~i"0cessing gas generator unit 100, process~g gas generator unit 110 may be 

designed 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. 

Types of surface processin& writs 

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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contigurations with supplying connciction tube 20 and exhaust connection tube 24 also . . 
arranged in a diversity of configurations are provided. 

(1) Line-type surf8.ce processing unit 
A surface processing apparatus 160 is shown in FIGS. 12 auq 13 and is arranged 

above a conveyor belt 14 so that it faces a workpiece 500 from above. Surface 

processing wiit 160 is provided with a body 161 extending into supplying and exhaust 
section 162. Body 161 house& 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 supplying tube 164 and an exhaust tube 166. In this 

embodiment, supplying tube 164 is manged in the center of the section 162,, and is 
surrounded by exhaust tube 166. Exhaust tube I 66 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 workpicc~ 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 workpieces SOO 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 
housed within housing 201. The raw-material gas and/or carrier· gas described above are 

introdtU.t~Jtito 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 tenninates at a supplying section 220. Supplying section 
220 is surrounded by an umbrella-shaped ~ti~diffusion cover 222 to avoid the diffusion 
of the proocssing 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. 
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As shown in Figs. 14 and I~. the workpiece to be processed is a wire 250. The 

insulator sleeve on the end portion of wire 250 is removed To surface process the end 
portion of wire 250~ a pi:c-piated cmd po:rtio~ 2'2 of wire 2'0 is placed jlist below 

supplying section 220. In this manner, end portion 252 of wire·2SO is processed by the 

processing gas provided by supplying section 220. The applied processing gas is 

cireulated to the waste treatment unit in housing 201 via exhaust suction section 240 and 
exhaust connection tube 230. ·., 

This stand-type surface processing unit 200 makes a localized atmosphere of the 

processing gas in air, permitting the surface of a workpiece such as wire 250 to be easily 

processed. 

(3) Cylinder-type surface processing unit 

In the embodiment depicted in FIGS. 16 and 17, a surface processing unit 300 is 

configured in a soldering-iron-like cylindrical housing 301. A processing gas supply 

unit is disposed in housing 301 and coupled to~ 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 ~orkpiece 500 from inner 

supplying connection tube 310, and then guided baek 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. 

. , ~e,¢ace processing unit 300 thus configured in such a cylindrical shape can 
~ man~a11j 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 housing 401 through tubes 435, 445 

re5pectively. Through socket 410, a planar workpiece 500 may -be inserted. An exhaust 
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tube 420 is connected to slit-like socket 410. Waste gas is exhausted from housing 401 

after treatment through tube 425. A processing gas supplying tube 430 and a carrier gas . 
supplying iube 440 are· coupled in fluid communication to ·socket 410 on both side walls 

of socket 410 . 
. }n this arrangement, the planar workpiece 500 is inserte<i into slit· like socket 410 

opened in the top surface ofhousing 401. The processing gas is applied to both sides·of 

wodc 500 to surface process both sides of planar work 500. To surface prOd~s only one 

side ofwork 500, processing gas supplying tube 430 is opened in only one side wall of 
sooket410. 

(5) Batch-process-type surface processing unit 
FIG. 20 depicts a batch-proQCSs 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 gas 

generato~unit 30or100or110 are connected to a batch-process box 450. 

Batch .. process box 450 accommodatesalargenumberofworkpieces 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 whoae surfaces are to be processed. 

The batch-process-type surfiice processing unit surface process~ a large number 

of workpieces at a time. The workpiece surfices processed accor.d.ing to the surface 

processing method of the present invention maintains an improved wettability of the 

work for a relatively long period of time after surface processing. Thus, after 

batch-J>t:o~sing, excellent soldering cbar8.cteristics are assured even if the works are 

s~ ttntii:~ctual soldering, rather than imrn¢fate solderlng 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 ~scussed. 

Thirteen days after the deposition of silvet on electrodes of a crystal oscillat~r, 

the ends ofwi~ to b~ soldered to the electrodes of the crystal oscillator were surface 



-24-

processcd und~r a divc;xsity of conditions. The wires were soldered (mounted) to the 

electrodes on the same day. Table 2 shows the assessment of flo".V factors of solder. 
Table2 

Test data 1 shows test results without surface processing. In test data 2 through 6 

and 8, the raw-material gas was CF4 (50 er/minute), the carrier gas was N2 (20 

liit;r$/minutc}, and water was added by passing Cf 4 through pure water. In test data 7, 

the taw-niaterlal gae remained unchan~ from test data 2. (CP 4, 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, an~ at .ZSO W in test data 3 to 8. 

;;In -i:ible ~.time indicates a total time required to scan a length of9 cm during 

;;ocessii;ig. ¥~unt conditions show full ;oltage and preliminary voltage of a soldering 

iron durl~g ~ldering. . . 

As can be understood from Table 2, test data 2 through 8 resulted in an improved 

flow factor of solder in compamon with test data. l which did not use any surface 

processing. In particular. test data 2 through 6 and 8, which used N2 llB a ocurier gA:J 

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 
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tested on an inoreased nwnbcr of mounts to assess solder tlow failure and electric 

characteristics of the aystal oscillators. Test results are listed in Table 3. 

c. 
freq. 

{MHz) 

Table3· 

In Table 3, a frequency ~ 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 crystal oscillators, the ~s 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 oscilla~ the wires were soldered (mounted) to the 

electrodes. In test data 4, surface processing was perfonned two days before mounting 
operation. 

·.. · · f:jy ~i;~parlson of ~st data 1 with 2 and test data 3 with.4, $e surface-processed 

wires approximately halved solder flow failure rate and electrical characteristics failure 

rate. 

Comparative example 1 

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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b~een a-pair of electrodes. The processing gas is exposed to the workpiece through an 

indirect discharge process in which the work being processed is not directly ex.posed to a 
plasma. (A direct discharge process is a latown technique in which a work being 
processed is placed onto one electrode and is exposed to a plasmi.) 

Table 4 compares test results ofsolderwettabilityresulting from 1) the indirect 
discharge process of this embodiment, 2) the known direct discharge process and 3) 
unprocessed samples. In the indirect discharge process of this embodimen~ the 
raw-material gas CF 4 was supplied at a rate of SOO cc/minute, and the carrier gas N2 was 
supplied at a rate of 20 liters/minute. In the direct discharge process, the raw-material 
gas CF 4 was supplied at a rate of 500 cc/minute, and the plasma generation gas He was 
supplied at a rate of 20 liters/minute. 

on·processe 
irect 

discharge 

process 
n ec 

dis'?.hmge 
pi~~. 

Table4 

and failure count 

cess 

flow 

8l ure rate 

As seen from Table 4. failure rates are substantially improved ~ 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 goo<J or better than that of successful cases. 

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



.· 

-27-

discharge was irnprovcd by only 20% as compared with the unprocessed cases. The 

reasons for this are as follows. First, a high intensity discharge takes place around the 

lead end portion of the workpiece. and the workpiece 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 wotkpieces cause variations in the state of 

the plasma. When a workpiece is subjected to an excessively strong, or an excessive 

amount of plasma, the work is discolored and the flow of solder is degraded.· · 

Compamtiye exomple 2 

In the. p:receding oxamplea, 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 a large distance 
between the plasma generator section and the work being processed, compared with the 

indirect discharge process of the invention. Thus, the indirect discharge process of the . 

invention allows for the placement of the workpieces 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 plasm.a generator section. With a raw­

material gas supplying tlow rate of 100 cc/minute, the speed of the processing gas is 

21.12 em.ls. Since the life of a fluorine radical is less than 111000 second, it would 

~ay_ d:o21.r· em 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 emfs. 

Fluorine radical decays 0.063 cm away froin the plasma generator section. 

In contrast, each of the above embodiments of the invention uses, as a processing 

gas, halogen or hydrogen halide, allowing a work to be sufficiently apart from a 

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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be made in carrying <>ut the above mettiod in the construction(s) set forth without 

departing from the spirit and scope of the invention, it is intended that all matter 
contained in the above description and shown in the accompanying ~wings shall be 

inteipreted as illustrative and not in a limiting sense. 
It is also to be understood that the following claims are intended to cover all of 

the generic and specific features of the invention herein descn'bed and all statements of 
the scope of the invention which, as a matter of language, might be said to rau 
therebetween. 

·~ . l :" 
. ·~~·· ..... ~ 
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WHAT IS CLAIMED IS: 

1 A surface processing method comprising the steps ot! 

produeing a processing gas containing halogen or hydrogen halide; 

bringing said processing gas into contact With a workpiece being 
processed to process the surface of said workpiece. 

2. The surface processing method according to claim l, wherem s&id halogen 

is fluorine. 

3. The surface processing method aocotding to claim 1, wherein said 

hydrogen halide is hydrogen fluoride. 

4. The surface processing method according to claim 1, further comprising 

the step of thermally decomposing the halogen compound to produce said processing 

gas. 

5. The surface processing method, according to claim 1, further comprising 

the step of decomposing a halogen compound through photolysis to produce said 

processing gas. 

6. The surface processing method according to claim l, 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 decom~ed by a pair of electrodes to which an AC voltage 
having a frequency of 50 kHz or lower, or a DC voltage is applied. 

8. The surface processing method according to claim 4, wherein said h.alogen 

compo~hd .i*an organic halogen compound. . ~ . . . 
9. The surface processing method, according to claim 5, wherein said 

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

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

compound is an organic halogen colll.Pound. 
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12. The surface processing method according to claims 4, wherein said 

halogen compound is one selected from the group ofNF3, SF6, CF, and NH..F. 
13. The surface processing method. ac~ording to claim S, wherein said 

halogen compound is one selected from the group ofNF3, SF 6, CF, and NH4F. 
14. The surface processing method according to claim 6, wherein said halogen 

compound is one selected from the group ofNF3, SF" CF4 and~-

15. The surface processing method according to claim 7, wherein;said~haiogen 
compound is one selected from the group ofNP3, SF 6, CF4 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 perfotmed within an a1mosphere containing 
moisture. 

18. The surface procQSing method according to claim 6, wherein the step of 

decomposing said halogen compound is performed within an atmosphere con1aining 
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 etep of: decomposing a halogen compound through electrolysis to produce said 

processing gas. 
:. · .21 •.. / 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 thennal decomposition, photolysis, decomposition by discharge, 
a:nd eleetrQlysis to produce said processing gas. 

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

processing gas is forcibly fed by a carrier gas to bring said processing gas into cont.act 
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with said workpiece being processed. 

24. The surface processing method according to claim 23, wherein. said carrier 
gas is mixed with said processing gas aft.er the step of decomposing said halogen 

compound. 
. 25. The slllface processing method aecording to claim 1,further comprising 

the step of producing said processing gas containing a liquid of halogen or hydrogen 

halide by bringing a catrier gas into 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 l, 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 pro~essing method accotding to claim 27, wh~in said 

workpiece being processed is a printed circuit board. 

29. The surface processing method aceording to claim 27, wherein said 

workpiece being processed is an electronic ~ponent. 

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

· · · ~ ;Jl .. : ~ ' The surface processing 1J1ethod according to olaim 27, wherein said 

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 electrode 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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a proccssi~g gas supply for supplying said processing gas from said 
processing gas producer to the surface of said workpiece being processed. 

34. The surface processing apparatus according to oWm 33, further 

comprising a raw-material gas supply for supplying a raw-material gas containing a 

halogen compound to said processing gas generator, whereby said processing gas 

generator produces said processing gas by thermally decomposing said halogen .. 
compound. 

35. The surface processing apparatus according to claim 33 further 
comprising: 

a raw-material gas supply for supplying ti raw-material gas containing a 
halogen compound to said processing gas generator, whereby said 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 a raw-material gas containing a 

halogen compound to said processing gas generator, whereby the processing gas 
generator produces the processing 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 ou1putting ·either a AC voltage of 
SO 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 el57trodes inducing a plasma at approximately the atmospheric pressure. 

· 3-S. · · . :{·:The sui:face 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 ga3 supply, for supplying 
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a carrier gas to be mixed with said raw-material gas. 

41. The suxface processing apparatus according to claim 35, further 

comprising a carrier gas supply connect.ed to said raw-material gas supply,, for supplying 

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 supplying a carrier 

gas to be mixed with said raw-material gas. 

43. The surface processing apparatus according to claims 38, further 

comprising a caxrier gas supply oonncctc:d 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 

a carrier gas to be mixed with said raw-material gas. 

46. The smface processing apparatus according to claim 33, wherein said 

processing gas generator produces a processing gas containing halogen or 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 exhau~ting said processing gas applied to said workpiece 

being processed and a. reaction product; and a trap for trapping said processing gas and 

said reactio~product before being exhausted. 


