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(57) ABSTRACT 
This invention provides a process for manufacturing elec 
tronic circuits, according to Which soldering can be carried 
out Without using ?ux by applying a metal surface treatment 
procedure Which alloWs oxide ?lm, organic matters, carbon 
or the like on the surface of metal to be easily removed 
Without using complex process nor unfavorably affecting 
electronic devices or circuit substrates. 

A process of connecting an electronic device and a circuit 
substrate by means of solder comprises the steps of irradi 
ating the solder With laser beam to clean the solder, aligning 
and mounting the electronic device on the circuit substrate, 
and hot-melting said solder in a loW-oxygen content atmo 
sphere to bond the electronic device and the circuit substrate. 
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FIG. 3 
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PROCESS FOR MANUFACTURING ELECTRONIC 
CIRCUITS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a process for manufactur 
ing an electronic circuits Wherein an electronic device or 
component (part) such as semiconductor integrated circuit 
(LSI) is connected to a circuit substrate, especially by 
soldering Without using ?ux. 

[0002] Soldering betWeen a circuit substrate and a semi 
conductor integrated circuit (LSI) or the like has required 
that the surfaces of the metals in question to be joined should 
be kept clean and free from any material hindering Wetta 
bility. 
[0003] Plating has also required that the surface of the 
metal in question to be plated should be kept clean so that 
oxide ?lm or layer or the like may not exist thereon. 

[0004] When an Au Wire or Au ribbon or the like is to be 
bonded on the surface of the metal in question by ultrasonic 
heat pressure technique, oxide ?lm on the surface of the 
metal in question is also troublesome and therefore the 
surface of the metal in question must be kept clean. 

[0005] The material hindering Wettability of solder 
includes oxides, chlorides, sul?des, carbonates, various 
types of organic compounds, etc. Particularly, the most 
serious obstacle in the processes such as soldering, plating 
or ultrasonic heat pressure bonding of an Au Wire or Au 
ribbon is oxide ?lm present on the surface of the metal in 
question such as solder, nickel (Ni), nickel alloys (alloys of 
nickel With other substances). 

[0006] This oxyde ?lm is usually chemically dissolved by 
?ux and converted into a liquid compound. Thus, the surface 
of the metal in question and metal atoms of solder get an 
opportunity to directly collide With each other to form a 
metallic bonding state sharing an outer electron shell, so that 
the metal in question and solder can be alloyed. HoWever, 
?ux residues still remain on the surface and must be cleaned 
off. 

[0007] The presence of oxide ?lm hinders plating. For 
example, oxide ?lm acts as an insulating (dielectric) ?lm to 
prevent electric conduction therethrough necessary for elec 
troplating Which is a typical example of plating and thus 
hinders such electroplating. 

[0008] Oxide ?lm also hinders replacement plating by 
preventing the reaction betWeen the surface of the metal in 
question and a plating liquid. 

[0009] In these plating processes, oxide ?lm should be 
also removed by liquid treatment With hydrochloric acid or 
the like. HoWever, residues still remain and are largely 
responsible for loWering the bonding reliability. Residues 
have been conventionally cleaned off With chloro?uorocar 
bons. 

[0010] Recently, a technology has been developed to omit 
the step of cleaning off ?ux residues by using abietic acid 
(rosin) Which leaves less amount of residues as ?ux and a 
minor amount of adipic acid or the like. HoWever, the 
bonding reliability is insuf?cient. 

[0011] This technology is described in detail in “Alumit 
Technical Journal 19” (1992) and “Action Mechanism and 
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Problems of Cleaning-Free Flux” by Kubota of Japan Indus 
trial Technology Development Research Institute, Co. 

[0012] A glaZing method has also been proposed, Which 
provides highly corrosion- and abrasion-resistant materials 
With very ?ne homogeneous texture or amorphous structure 
by irradiating metallic materials, steel materials, carbides or 
the like With laser beam. This glaZing method is used for 
processing metallic materials to be subjected to high tem 
peratures and high pressures such as materials for automo 
bile turbines, and discussed in, for example, “Laser Process 
ing, Second Series”, by A. Kobayashi, pp. 164, published by 
Kaihatsusha. 

[0013] A knoWn method for removing oxide ?lm on the 
surfaces of metals Without using ?ux or hydrochloric acid 
employs argon sputtering. 

[0014] Japanese Patent Application Laying Open (KOKAI 
or Unexamined Publication) No. 63-97382 discloses a 
method for providing a highly adhesive pinhole-free coating 
?lm by plating a surface of, a metallic Workpiece, roughened 
by blasting With an alloy element and thereafter melt pro 
cessing the plated layer by irradiation With laser beam. 

[0015] Further, Japanese Patent Application Laying Open 
(KOKAI) 62-256961 discloses a method for preparing a 
surface-treated layer With good corrosion resistance and 
solderability by forming an anodiZed layer on the surface of 
a base material formed of aluminium or alloys thereof. 

SUMMARY OF THE INVENTION 

[0016] As a result of revieWs and studies of the above prior 
arts, the inventors have found the folloWing problems. 

[0017] (1) The method for removing oxide ?lm by means 
of ?ux before soldering a circuit substrate and an integrated 
circuit involves the problem of necessarily requiring the step 
of cleaning off ?ux residues. Acid or the like remaining as 
residues may also cause the corrosion of metal. 

[0018] 
cleaning. 

In addition, a drying step is indispensable after 

[0019] (2) The method for removing oxide ?lm by argon 
sputtering involves the problem of requiring a treatment in 
vacuum, With the result that the equipments can hardly be 
controlled and electronic devices or active elements of 
electronic devices may be unfavorably affected by argon 
sputter. 

[0020] (3) The laser beam-mediated glaZing method and 
the laser processing method disclosed in Japanese Patent 
Application Laying Open (KOKAI) 63-97382 Will disad 
vantageously cause oxide ?lm to groW during solidi?cation 
of the metal surface because the both methods force the 
metal texture on the surface to melt by high energy laser 
beam in order to have abrasion resistance or denseness on 
the metal surface. 

[0021] The surface treatment method disclosed in Japa 
nese Patent Application Laying Open (KOKAI) 62-256961 
can not be applied because it does not belong to the 
technique for removing oxide ?lm. 

[0022] The object of this invention is to solve the above 
problems of the prior arts and provide a process for manu 
facturing electronic circuits, according to Which soldering 
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can be carried out Without using ?ux by applying a metal 
surface treatment procedure Which allows oxide ?lm, 
organic matters, carbon or the like on the surfaces of metals 
to be easily removed Without complex process nor unfavor 
ably affecting electronic devices, components or circuit 
substrates. 

[0023] According to this invention, the above object is 
attained by a procedure of connecting an electronic device or 
component and a circuit substrate by means of solder, 
comprising the steps of irradiating said solder With laser 
beam to clean said solder, aligning or registering, and 
mounting said electronic device on said circuit substrate, 
and hot-melting said solder in a loW-oxygen content atmo 
sphere to bond said electronic device and said circuit sub 
strate With each other. 

[0024] In this procedure, the surface of a metal such as 
solder is irradiated With laser beam having a loWer energy 
than the energy changing the texture of the surface of the 
metal. Thus, only the bonds betWeen metal atoms and 
oxygen atoms on the surface of the metal are broken or 
released by the energy of the laser beam to remove oxide 
?lm as Well as organic matters, carbon, etc. on the surface 
While the metal texture on the surface remains unmolten. 

[0025] Oxide ?lm on the surface of the metal can success 
fully be removed Whether said laser beam irradiation takes 
place in any of the atmosphere such as air or He gas, or in 
vacuum. 

[0026] Then, the electronic device or component and 
circuit substrate to be connected by solder are aligned or 
registered by a pre-setting liquid, and thereafter they are 
soldered together by hot-melting the solder from Which has 
been removed oxide ?lm in a loW-oxygen content atmo 
sphere. Thus, good soldering can be achieved Without oxi 
diZing soldered surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 is a sectional vieW for illustrating a metal 
surface treatment procedure according to Example 1 of this 
invention. 

[0028] FIG. 2 is a sectional vieW for illustrating a varia 
tion or modi?cation of Example 1 Wherein the surfaces of 
solder bumps on a semiconductor integrated circuit (LSI) or 
the like are irradiated With laser beam via a lens or mirror, 
instead of the solder layer of FIG. 1. 

[0029] FIG. 3 is a scanning electron micrograph of the 
surface of the solder layer before irradiation With laser beam 
according to the Example 1. 

[0030] FIG. 4 is an enlarged photograph of FIG. 3. 

[0031] FIG. 5 is a scanning electron micrograph of the 
surface of the solder layer after irradiated With laser beam 
according to the Example 1. 

[0032] FIG. 6 is an enlarged photograph of FIG. 5. 

[0033] FIG. 7 is a graph plotting the relation betWeen the 
oxide ?lm level or proportion (%) on the Sn-Pb surface as 
ordinate and the laser beam irradiation energy density per 
pulse (J/cm2) as abscissa in Example 1. 

[0034] FIG. 8 is a graph plotting the oxide ?lm level (%) 
on the Sn-Pb surface as ordinate and the irradiation cycle 
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number (number of irradiations) at a ?xed energy density of 
1.5 (J/cm2) as abscissa in Example 1. 

[0035] FIG. 9 is a sectional vieW shoWing an example of 
an electronic circuit soldered according to Example 1. 

[0036] FIG. 10 is a sectional vieW shoWing another 
example of an electronic circuit soldered according to 
Example 1. 

[0037] FIG. 11 is a sectional vieW for illustrating a metal 
surface treatment procedure according to Example 2 of this 
invention. 

[0038] FIG. 12 is a graph plotting the relation betWeen the 
thickness of the oxide ?lm (nm) formed on the nickel layer 
as ordinate and the laser beam irradiation energy density 
(J/cm2) as abscissa When the laser beam irradiation cycle 
number for the same Zone of the nickel layer is ?xed in 
Example 2. 

[0039] FIG. 13 is a graph plotting the relation betWeen the 
thickness of the oxide ?lm (nm) formed on the surface of the 
nickel layer as ordinate and the laser beam irradiation cycle 
number for the same Zone of the nickel layer as abscissa 
When the laser beam irradiation energy density is ?xed in 
Example 2. 

[0040] FIG. 14 is a sectional vieW for illustrating a 
process for making an electronic device according to 
Example 3 of this invention. 

[0041] FIG. 15 is a con?gurative sectional vieW of an 
electronic device to Which the anti-reoxidiZing means has 
actually been applied in Example 3. 

[0042] FIG. 16 is a sectional vieW shoWing an example 
Wherein an electronic device and a nickel (Ni) layer or nickel 
alloy layer on a ceramic substrate are directly electrically 
connected by solder Without using an input/output (I/O) pin 
of FIG. 15. 

[0043] FIG. 17A is a plan vieW for illustrating a process 
for making an electronic circuit according to Example 4 of 
this invention. 

[0044] FIG. 17B is a sectional vieW taken along a line 
XVIIB-XVIIB of FIG. 17A. 

[0045] FIG. 18 is a sectional vieW shoWing the con?gu 
ration of a circuit substrate on Which has been pre-set an 
electronic device to be soldered by a manufacturing appa 
ratus according to an embodiment of this invention. 

[0046] FIG. 19 is a perspective vieW shoWing the con 
?guration of an apparatus for manufacturing electronic 
circuits according to an embodiment of this invention. 

[0047] FIG. 20 is a sectional vieW shoWing an inside of a 
treating vessel. 

[0048] FIG. 21 lists examples of the liquid used for 
pre-setting an electronic device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0049] The preferred embodiments of this invention Will 
boW be described in detail by Way of example With reference 
to the accompanying draWings. 
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EXAMPLE 1 

[0050] FIG. 1 is a sectional vieW for illustrating a metal 
surface treatment procedure or process or method according 
to Example 1 of this invention, Which shoWs a ceramic 
substrate 1, a metalliZed layer 2, a solder layer 3a, oxide ?lm 
or layer 4, laser beam 5, a lens 6, and a mirror 7. 

[0051] According to the metal surface treatment procedure 
of the embodiment 1, the oxide 4 groWn (or residues of 
organic matters, carbon, etc.) on the surface of the solder 
layer 3a on the surface of the metalliZed layer 2 formed on 
the top of the ceramic substrate 1 is removed as shoWn in 
FIG. 1. 

[0052] The metalliZed layer 2 is made of, for example, a 
titanium (Ti), nickel (Ni), or nickel alloy ?lm. 

[0053] In order to remove the oxide 4 (or residues of 
organic matters, carbon, etc.) on the surface of the solder 
layer 3a, the surface of the solder layer 3a is irradiated With 
the laser beam 5 via the lens 6 and the mirror 7. The oxide 
4 is thus removed. 

[0054] FIG. 2 shoWs a variation or modi?cation of 
Example 1, Wherein the surfaces of solder bumps 3b on a 
semiconductor integrated circuit (LSI) or the like are irra 
diated With laser beam 5 via a lens 6 and a mirror 7, instead 
of the solder layer 3a of FIG. 1. 

[0055] The laser beam 5 used in Example 1 has a loWer 
energy than the energy required to change the metallic 
texture or structure of the solder layer 3a or solder bumps 3b. 
More speci?cally, it has an energy Which is higher than the 
bonding energy betWeen Sn (tin) atom and O (oxygen) atom 
on the surface of the solder layer 3a or solder bumps 3b but 
loWer than the bonding energy betWeen Sn-Pb atoms. 

[0056] When the solder layer 3a or solder bumps 3b is 
irradiated With such laser beam 5, only the bonds of Sn-Pb 
atoms With O atoms on the surface are broken or released by 
the energy of the laser beam 5 While the solder on the surface 
remains unmolten. The oxide ?lm 4 on the surface of the 
solder layer 3a or solder bumps 3b is thus removed. Organic 
matters, carbon, etc. on the metal surface are also removed 
simultaneously. 

[0057] Since the main purpose of the irradiation With the 
laser beam 5 herein is to break or release the bonds of Sn-Pb 
atoms With O atoms on the surface, the laser beam 5 is 
preferably pulsed laser beam With a pulse Width of 1 us or 
less, for example. 

[0058] Assuming that the bonds betWeen Sn-Pb atoms and 
O atoms on the surface are broken by pulsed laser beam With 
a pulse Width of 1 us or less, the laser beam 5 is preferably 
excimer laser beam With short Wavelength (high photon 
energy), for example. 

[0059] The oxide ?lm 4 on the surface of the solder layer 
3a or solder bumps 3b could be conveniently removed 
Whether the irradiation With the laser beam 5 took place in 
any of the gaseous atmosphere such as air or He gas or in 
vacuum. 

[0060] FIG. 3 is a photograph of the surface state or 
condition of the solder layer 3a observed by a scanning 
electron microscope before irradiation With laser beam, and 
FIG. 4 is an enlarged photograph of FIG. 3. 
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[0061] These photographs shoW black residues of organic 
matters or carbon, etc. on the surface of the solder layer 3a. 

[0062] FIG. 5 is a photograph of the surface state or 
condition of the solder layer 3a similarly observed by a 
scanning electron microscope after irradiation With laser 
beam, and FIG. 6 is an enlarged photograph of FIG. 5. 

[0063] These photographs shoW that residues of organic 
matters, carbon, etc. have been substantially Wholly 
removed. 

[0064] FIG. 7 is a graph plotting the relation betWeen the 
oxide ?lm level or proportion (%) on the Sn-Pb surface as 
ordinate and the laser beam irradiation energy density per 
pulse (J/cm2) (laser beam irradiation energy per unit area) as 
abscissae. 

[0065] FIG. 7 shoWs that the residual oxide ?lm level is 
loWer than the untreated oxide ?lm level When the laser 
beam irradiation energy density ranges from 0.5 J/cm2 to 4.0 
J/cm2, and especially reaches the minimum When the laser 
beam irradiation energy density is 1.5 J/cm2. 

[0066] The oxide ?lm level herein is the oxygen content 
measured by energy diffusion X-ray spectroscopy 

[0067] FIG. 8 is a graph plotting the oxide ?lm level or 
proportion (%) on the Sn-Pb surface as ordinate and the laser 
beam irradiation cycle number (i.e. number of times of 
irradiation) as abscissa When the laser beam irradiation 
energy density is ?xed at 1.5 (J/cm2). 

[0068] FIG. 8 shoWs that the residual oxide ?lm level is 
loW When the irradiation cycle number ranges from 6 to 10, 
and especially reaches the minimum When the irradiation 
cycle number is 8. 

[0069] These results prove that the oxide ?lm level on the 
Sn-Pb surface reaches the minimum and the Wettability of 
the solder layer 3a or solder bumps 3b is improved in a case 
Where 8 cycles of laser beam irradiation are applied at an 
energy density of 1.5 J/cm2. 

[0070] FIG. 9 shoWs a cross section of a main part of an 
electronic circuit made by ?ux-free soldering an integrated 
circuit (L51) 8 onto a metalliZed layer 2 formed on the top 
of a ceramic substrate 1 after removing oxide ?lm on the 
surface of solder bumps 3b according to the metal surface 
treatment procedure of Example 1, and FIG. 10 shoWs a 
cross section of a main part of an electronic circuit similarly 
made by ?uxfree soldering after removing oxide ?lm on the 
surface of solder bumps 3b under a sealing cap 9. 

EXAMPLE 2 

[0071] FIG. 11 is a sectional vieW for illustrating a metal 
surface treatment procedure or process or method according 
to Example 2 of this invention. 

[0072] According to the metal surface treatment procedure 
of Example 2, an oxide 4 (or residues of organic matters, 
carbon, etc.) on the surface of a nickel (Ni) layer (or nickel 
alloy layer) 2a formed on the top of a ceramic substrate 1 is 
removed as shoWn in FIG. 11. 

[0073] The nickel (Ni) layer (or nickel alloy layer) 2a is 
normally liable to be oxidiZed so that the oxide ?lm 4 is 
readily formed on the surface of the nickel (Ni) layer or 
nickel alloy layer 2a. 
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[0074] In order to remove the oxide 4 on the surface of the 
nickel layer 2a, the surface of the nickel layer 2a is irradiated 
With laser beam 5 via the lens 6 and the mirror 7, in the same 
Way as the above Example 1. 

[0075] FIG. 12 is a graph plotting, by Way of example, the 
relation betWeen the thickness (nm) of the oxide ?lm 4 
formed on the nickel 2a as ordinate and the laser beam 
irradiation energy density (J/cm2) (laser beam irradiation 
energy per unit area) as abscissa When the cycle number of 
irradiation With the laser beam 5 for the same Zone of the 
nickel layer 2a is ?xed at 10. 

[0076] FIG. 12 shoWs that a larger amount of oxide ?lm 
can be removed as the irradiation energy density of the laser 
beam 5 increases, and that the oxide ?lm 4 can be similarly 
removed even When the initial thickness of the oxide ?lm is 
changed. 

[0077] FIG. 13 is a graph plotting, by Way of example, the 
relation betWeen the thickness of the oxide ?lm 4 (nm) 
formed on the surface of the nickel layer 2a as ordinate and 
the laser beam irradiation cycle number for the same Zone or 
area of the nickel layer 2a as abscissa When the irradiation 
energy density of the laser beam 5 is ?xed at 0.75 (J/cm2). 

[0078] FIG. 13 shoWs that the thickness of the oxide ?lm 
decreases as the irradiation cycle number increases. 

EXAMPLE 3 

[0079] FIG. 14 is a sectional vieW for illustrating a 
process for making an electronic device such as semicon 
ductor integrated circuit (LSI) according to Example 3 of 
this invention. 

[0080] In Example 3, an oxide (or residues of organic 
matters, carbon, etc.) on the surface of a nickel (Ni) layer (or 
nickel alloy layer) 2a formed on the top of a ceramic 
substrate 1 is removed by the metal surface treatment 
procedure of the above Example 1 or 2, and then a plating 
layer 10 is applied, as shoWn in FIG. 14. 

[0081] The plating may be any of electroplating, electro 
less plating or replacement plating, but the plating material 
herein is generally gold (Au) to prevent reoxidation. 

[0082] The oxide ?lm on the nickel (Ni) layer or nickel 
alloy layer 2a of metalliZed layer can thus be removed While 
preventing the layer from reoxidation. 

[0083] FIG. 15 shoWs a con?gurative sectional vieW of an 
electronic device to Which the anti-reoxidiZing means of 
Example 3 has actually been applied. 

[0084] In the process of Example 3, a nickel (Ni) layer (or 
nickel alloy layer) 2a of metalliZed layer is formed on a 
ceramic substrate 1 and an organic insulating layer 15 is 
applied thereon. This organic insulating layer 15 is perfo 
rated to expose said nickel (Ni) layer 2a and an oxide ?lm 
on the surface of thus exposed nickel (Ni) layer 2a is 
removed by the surface treatment procedure of the above 
Example 1 or 2, and thereafter an anti-reoxidiZing plating 
layer 10 is applied. Then, an input/output (I/O) pin 12 is 
bonded by solder 11. 

[0085] As a result of applying the anti-reoxiding plating 
layer 10 after removing the oxide on the surface of the nickel 
alloy layer 2a, a good electric connection can be achieved 
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betWeen the input/output (I/O) pin 12 of a semiconductor 
integrated circuit (LSI) or the like and the ceramic substrate 

[0086] The input/output (I/O) pin 12 and the nickel (Ni) 
layer 2a on the ceramic substrate 1 can be electrically 
connected in good conditions by the solder 11 Without 
applying the anti-reoxidiZing plating layer (Au plating) 10 
Within about one Week after the oxide ?lm 4 has been 
removed by laser beam 5. 

[0087] FIG. 16 shoWs a case Where an electronic device 
and a nickel (Ni) layer 2a on a ceramic substrate 1 are 
directly electrically connected by solder 11 Without using an 
inlet/outlet (I/O) pin 12 shoWn in FIG. 15. 

[0088] Conventionally, such a connection alWays required 
?uxes, but the process of Example 3 eliminates the necessity 
of ?uxes. 

EXAMPLE 4 

[0089] FIGS. 17A and 17B illustrate a process for making 
an electronic device such as semiconductor integrated circuit 
according to Example 4 of this invention, Wherein FIG. 17A 
is a plan vieW and FIG. 17B is a sectional vieW taken along 
the line XVIIB - XVIIB of FIG. 17A. 

[0090] In the process of Example 4, a metal ?lm 13 (for 
example, chromium (Cr), titanium (Ti)) With good adhesive 
properties to an organic insulating or dielectric layer 15 is 
formed on the organic insulating layer 15 and a nickel (Ni) 
layer (or nickel alloy layer) 2a is applied thereon, as shoWn 
in FIGS. 17A and 17B. Oxide (or resudues of organic 
matters, carbon, etc.) on the surface of this nickel (Ni) layer 
(or nickel alloy layer) 2a is removed by the surface treatment 
procedure of the above Example 1 or 2, and thereafter a gold 
(Au) ribbon or gold (Au) Wire 14 is bonded by ultrasonic 
heat pressure technique. 

[0091] Such bonding has been usually difficult on the 
nickel (Ni) layer or nickel alloy layer 2a due to the presence 
of oxide ?lm on the surface, but good bonding can be 
achieved as a result of removing the oxide by the procedure 
of the above Example 1 or 2. 

[0092] Although the foregoing Examples include the 
metal surface treatment of the solder layer 3a or nickel (Ni) 
layer 2a, this invention is not limited to these Examples but 
may be applied to various metals from Which oxide ?lm or 
organic matters should be removed. 

[0093] It is needless to say that the laser beam energy may 
be suitably controlled depending on the nature or property of 
the metal material. 

[0094] Although pulsed laser beam Was mentioned above 
as an example, similar effects can be achieved by continuous 
irradiation With laser beam having a longer Wavelength such 
as CO lasers provided that appropriate controlling means is 
added to prevent the metal texture itself from melting. 

[0095] The laser irradiation may cause the metal texture 
on the surface to melt, but it is permissible so far as it lasts 
brie?y. 

EXAMPLE 5 

[0096] FIG. 18 is a sectional vieW shoWing a con?gura 
tion or structure of a circuit substrate on Which has been 
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ore-set an electronic device to be soldered by a manufac 
turing apparatus according to an embodiment of this inven 
tion, FIG. 19 is a perspective vieW shoWing a con?guration 
or structure of an apparatus for manufacturing electronic 
circuits according to an embodiment of this invention, FIG. 
20 is a sectional vieW shoWing an inside or inner structure 
of a treating vessel, and FIG. 21 lists examples of the liquid 
used for pre-setting an electronic device. 

[0097] FIGS. 18 to 20 shoW an electronic device 21, a 
liquid 22 for pre-setting the electronic device 21, lands for 
electric connection 23, a circuit substrate 24, solder 25, a 
treating vessel 26, a pressure controlling section 27, an 
oxygen content monitoring section 28, a temperature con 
trolling section 29, an electronic circuit substrate transfer 
ring section 30, a controlling section 31, an electronic circuit 
substrate to be treated 32, a carbon heater 33, a cooling plate 
34, a gas introducing system 35, and a vacuum exhaust or 
evacuation system 36. 

[0098] As shoWn in FIG. 18, the electronic circuit sub 
strate structure to be treated 32 formed of an electronic 
device and a circuit substrate Which are to be soldered 
together according to the embodiment of this invention 
comprises the electronic device 21 such as LSI provided 
With solder bump terminals of solder 25 and pre-set on the 
circuit substrate 24 made from ceramic, glass or epoxy, etc. 
by the liquid 22 for pre-setting the electronic device 21 
thereon. The electronic device 21 and the circuit substrate 24 
are aligned or registered so that each of the lands 23 on the 
circuit substrate 20 to be soldered and the corresponding 
solder 25 on the electronic device 21 may be matched each 
other. 

[0099] As shoWn in FIG. 19, an apparatus for manufac 
turing electronic circuits Wherein the electronic circuit sub 
strate to be treated 32 formed of the electronic device 21 
pre-set on the circuit substrate 24 is treated to bond solder 25 
on the electronic device 21 With the lands 23 on the circuit 
substrate 24 according to the embodiment of this invention 
as described above comprises the treating vessel 26 for 
carrying out soldering by heating, cooling or otherWise 
treating the electronic circuit substrate to be treated 32 as 
shoWn in FIG. 18, the pressure controlling section 27 for 
controlling the evaporation rate of the liquid 22, the oxygen 
content monitoring section 28 for monitoring the oxygen 
content in a loW-oxygen content or concentration atmo 
sphere formed in the treating vessel 26, the temperature 
controlling section 29 for the carbon heater 33 heating the 
electronic circuit substrate to be treated 32, the electronic 
circuit substrate transferring section 30 for automating a 
series of transfer operations and the controlling section 31 
for automatically controlling the Whole apparatus. 

[0100] As shoWn in FIG. 20, the treating vessel 26 con 
tains therein the carbon heater 33 for heating an electronic 
circuit substrate to be treated 32, and the Water-cooled 
metallic cooling plate 34 for cooling the heated carbon 
heater 33 and electronic circuit substrate to be treated 32. 
The electronic circuit substrate to be treated 32 is disposed 
and treated on the carbon heater 33. 

[0101] The gas introducing system 35 and the vacuum 
exhaust or evacuation system 36 are connected to the 
treatment vessel 26 to control the treatment atmosphere 
inside the treating vessel 26. 
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[0102] The treating vessel 26, gas introducing system 35, 
vacuum exhaust system 36 and heating means such as the 
carbon heater 33 constitute a re?oW heating system. 

[0103] NoW, a soldering process using an apparatus for 
manufacturing electronic circuits according to the embodi 
ment of this invention is described beloW. 

[0104] At ?rst, a precontrolled amount of the liquid 22 is 
fed onto the circuit substrate 24 by a dispenser (not shoWn). 
This feed amount is controlled to be capable of covering the 
solders 25 and the lands 23 but not to move up the electronic 
device 21 even by the surface tension of the liquid 22 or 
other action. Then, the electronic device 21 such as LSI is 
mounted on the circuit substrate 24 so that the solder 25 
provided beforehand on the circuit substrate 24 may be 
aligned or registered With the corresponding or respective 
lands 23 on the electronic device 21 coated With the liquid 
22. 

[0105] The circuit substrate 24 carrying the electronic 
device 21 forms an electronic circuit substrate to be treated 
32 as shoWn in FIG. 18, Which is then placed in the 
electronic circuit substrate transferring section 30 of the 
manufacturing apparatus of FIG. 19. The electronic circuit 
substrate to be treated 32 placed in the electronic circuit 
substrate transferring section 30 is transferred by a sort of 
robot, such as program-controlled manipulator or transfer 
mechanism, onto the carbon heater 33 in the treating vessel 
26, as shoWn in FIG. 20. 

[0106] Then, the gas in the treating vessel 26 is exhausted 
or evacuated by a vacuum exhaust system 36 formed of a 
rotary pump or the like and a non-oxidiZing gas such as He, 
nitrogen (N) or a reducing gas such as mixture of hydrogen 
(H) and nitrogen (N) is introduced via a ?oW- and pressure 
controllable gas introducing system 35 to once restore the 
inside of the treating vessel 26 to atmospheric pressure. If 
the oxygen content (concentration) Within the treating vessel 
26 as measured by the oxygen content monitoring section 28 
is not loWered to a predetermined level (preferably 1 ppm or 
less), the above vacuum exhaustion and gas introducing 
steps are repeated until the predetermined loW-oxygen con 
tent atmosphere is formed. The loW-oxygen content atmo 
sphere has an effect of inhibiting the oxidation of the circuit 
substrate 24, lands of the electronic device 21 and solder 25 
on the electronic circuit substrate to be treated 32 during 
heating. 

[0107] After the loW-oxygen content atmosphere has been 
formed in the treating vessel 26, the electronic circuit 
substrate to be treated 32 is heated by direct thermal con 
duction from the carbon heater 33 While the occurrence or 
abnormalities is constantly monitored during heating. This 
heating is controlled at a temperature higher than the melting 
point of the solder 25 by the temperature controlling section 
29. When the melting point of the solder 25 is 221° C., for 
example, the temperature of the carbon heater 33 is set at 
250° C. 

[0108] When the heating starts, the liquid 22 used for 
pre-setting the electronic device 21 on the circuit substrate 
24 begins to evaporate. If it is desired to promote or suppress 
this evaporation, the pressure of the gas introduced to form 
a loW-oxygen content atmosphere as described above may 
have been set loWer or higher than atmospheric pressure. 
After the solder 25 melts and soldering is completed, cooling 
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Water is supplied to the Water-cooled metallic cooling plate 
34 to cool the heated carbon heater 33 and electronic circuit 
substrate to be treated 32, and then the electronic circuit 
substrate to be treated 32 is taken out by the substrate 
transferring section 30. 

[0109] NoW, a process for soldering the electronic device 
21 to the circuit substrate 24 is speci?cally explained, Which 
enables to omit the cleaning step after soldering by alloWing 
the liquid 22 on the electronic circuit substrate to be treated 
32 to completely evaporate by using the manufacturing 
apparatus according to the embodiment of this invention. 

[0110] In one embodiment of this invention, a solder 
having a melting point of 220° C. is used and the tempera 
ture of the carbon heater 33 is set at 250° C. 

[0111] As the liquid for pre-setting the electronic device 
21 on the circuit substrate 24, a rosin-free alcoholic liquid as 
shoWn in FIG. 21 may be used, for example. 

[0112] The liquid A shoWn in FIG. 21 is ethylene glycol 
having a boiling point of 197° C. Which is relatively loWer 
than the melting point 221° C. of the solder 25 used. Such 
a liquid begins to evaporate as the temperature of the 
electronic circuit substrate to be treated 32 rises after the 
carbon heater 33 starts to heat it. In this embodiment Which 
uses the solder having a melting point of 221° C. and the 
carbon heater 33 rising up to 250° C., the liquid Will have 
completely evaporated before soldering is completed. Once 
the liquid has completely evaporated and the solder 25 has 
been completely molten to complete soldering, cooling 
Water is supplied to the cooling plate 34 to cool the heated 
carbon heater 33 and electronic circuit substrate to be treated 
32 and then the electronic circuit substrate to be treated 32 
is removed or taken out by the substrate transferring section 
30. 

[0113] If the electronic device 21 has been ore-set on the 
circuit substrate 24 by the liquid having the boiling point 
relatively loWer than the melting point of the solder 25 used 
as described above, the soldering can be carried out Without 
leaving any trace of the liquid used for ore-setting and 
therefore the cleaning step after soldering can be omitted 
according to this embodiment. 

[0114] On the contrary, the liquid B shoWn in FIG. 21 is 
triethylene glycol having a boiling point of 287° C., Which 
is relatively higher than the melting point 221° C. of the 
solder 25 used. Such liquid sloWly evaporates even if the 
temperature of the electronic circuit substrate to be treated 
32 rises after the carbon heater 33 starts to heat it, and the 
liquid Will not completely evaporate and Will be left after 
soldering is completed. 

[0115] In order to solve this problem, the treating vessel 26 
is evacuated to loWer its inner pressure after soldering is 
completed. This alloWs the liquid to have completely evapo 
rated before the electronic circuit substrate to be treated 32 
is cooled by the cooling plate 34, and enables to omit the 
cleaning step after soldering similarly to the case Which uses 
the liquid A. 

[0116] The evaporation rate of the liquid A or B is regu 
lated by controlling the pressure in the treating vessel 26 so 
that the liquid Which has pre-set the electronic device may 
be left until the solder melts during soldering but the liquid 
may have completely evaporated When soldering is com 
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pleted by the molten solder. Since the liquid is left until the 
solder melts, solder joints can be protected against oxidation 
and more reliable soldering can be carried out even in an 
atmosphere containing some level of oxygen. 

[0117] As apparent from the foregoing description, this 
invention alloWs oxide ?lm on the surface of metal to be 
removed Without using ?ux by irradiating the surface of the 
metal such as solder With laser beam having a loWer energy 
than the energy changing the texture of the surface of the 
metal. 

[0118] This invention also prevents the oxidation of circuit 
substrates, lands or contact pads of electronic devices and 
solder during heating and ensures more reliable soldering by 
pre-setting an electronic device and a circuit substrate by a 
speci?c liquid and hot-melting solder in a loW-oxygen 
content atmosphere. 

[0119] Finally, this invention enables to omit the cleaning 
process using ?ux such as chloro?uorocarbons, thus enables 
to prevent harmful in?uences on the global environment as 
Well as to reduce production equipments and production 
steps. 

What is claimed is: 
1. A process for manufacturing an electronic circuit 

including disposing an electronic device on a circuit sub 
strate, and hot-melting a solder on said electronic device or 
said circuit substrate to bond said electronic device and said 
circuit substrate, Which comprises the steps of; 

irradiating said solder With laser beam, aligning and 
mounting said electronic device at a desired position on 
said circuit substrate, 

hot-melting said solder in a loW-oxygen content atmo 
sphere, and 

bonding said electronic device and said circuit substrate. 
2. Aprocess according to claim 1, Wherein said laser beam 

irradiation step further comprises the step of: 

adjusting an energy density of said laser beam at a level 
loWer than an energy density Which alloWs said solder 
to melt. 

3. A process according to claim 2, Wherein said step of 
adjusting the energy density of said laser beam further 
comprises the step of: 

adjusting the energy density of said laser beam at a value 
betWeen 0.5 J/cm2 and 4.0 J/cm2. 

4. Aprocess according to claim 3, Wherein said laser beam 
irradiation step further comprises the step of: 

irradiating said solder With said laser beam at 6 to 10 
cycles per part of said solder. 

5. A process according to claim 1, Wherein said step of 
mounting said electronic device on said circuit substrate 
further comprises the steps of: 

feeding a liquid onto said circuit substrate, and 

aligning and mounting said electronic device at the 
desired position on said circuit substrate having been 
fed With said liquid. 

6. A process according to claim 5, Wherein said liquid is 
a rosin-free alcoholic solution. 
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7. A process according to claim 5, wherein said step of 
hot-rnelting said solder in a treating vessel further comprises 
the step of: 

regulating an evaporation rate of said liquid by controlling 
an inner pressure of said treating vessel. 

8. A process according to claim 1, Wherein said step of 
hot-rnelting said solder in a loW-oXygen content atrnosphere 
further comprises the steps of: 

placing said circuit substrate in a treating vessel, 

forming a loW-oXygen content atmosphere with a prede 
terrnined oxygen content in said treating vessel, and 

hot-rnelting said solder in said treating vessel. 
9. A process according to claim 8, Wherein said step of 

forming a loW-oXygen content atmosphere with the prede 
terrnined oxygen content in said treating vessel further 
comprises the steps of: 

evacuating said treating vessel, and 
introducing a gas into said treating vessel. 
10. Aprocess according to claim 9, comprising the step of: 

introducing a non-oXidiZing or reducing gas as said gas. 
11. Aprocess according to claim 1, comprising the step of: 

cooling said circuit substrate after said electronic device 
and said circuit substrate have been bonded. 

12. Aprocess for manufacturing electronic circuits includ 
ing disposing an electronic component on a circuit substrate 
and hot-rnelting solder bumps or a solder layer on said 
electronic component or said circuit substrate to bond said 
electronic component and said circuit substrate, Which com 
prises the steps of: 

irradiating said solder bumps or solder layer With laser 
beam, 

feeding a rosin-free alcoholic solution onto said circuit 

substrate, 
aligning and mounting said component at a desired posi 

tion on said circuit substrate fed With said solution, 

placing said circuit substrate in a treating vessel, 

forming a loW-oXygen content atmosphere with a prede 
terrnined content in said treating vessel, 

hot-rnelting said solder bumps or solder layer in said 
treating vessel, and 

bonding said component and said circuit substrate. 
13. A process according to claim 12, Wherein said laser 

beam irradiation step further comprises the step of: 

adjusting an energy density of said laser beam at a level 
loWer than an energy density Which alloWs said solder 
bumps or solder layer to melt. 

14. Aprocess according to claim 13, Wherein said step of 
adjusting the energy density of said laser beam further 
comprises the step of: 

adjusting the energy density of said laser beam at a value 
betWeen 0.5 J/crn2 and 4.0 J/crn2. 
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15. A process according to claim 12, Wherein said alco 
holic solution is ethylene glycol or triethylene glycol. 

16. Aprocess according to claim 12, Wherein said step of 
forming a loW-oXygen content atmosphere with the prede 
terrnined oXygen content in said treating vessel further 
comprises the steps of: 

evacuating said treating vessel, and 

introducing a non-oXidiZing or reducing gas into said 
treating vessel. 

17. Aprocess according to claim 12, Wherein said step of 
hot-rnelting said solder bumps or solder layer in said treating 
vessel further comprises the step of: 

regulating an evaporation rate of said liquid by controlling 
an inner pressure of said treating vessel. 

18. Aprocess according to claim 12, comprising the step 
of: 

cooling said circuit substrate after said component and 
said circuit substrate have been bonded. 

19. A process for manufacturing an electronic circuit 
including disposing an LSI provided With a plurality of 
solder bumps on its loWer face on a circuit substrate and 
hot-rnelting said solder bumps on the loWer face of said LSI 
in a treating vessel to bond said LSI and said circuit 
substrate, which comprises the steps of: 

irradiating said solder bumps With laser beam adjusted at 
a level loWer than an energy density Which alloWs said 
solder bump to melt, so as to clean said solder bumps, 

feeding a rosin-free alcoholic solution onto said circuit 
substrate, 

aligning and mounting said LSI at a desired position on 
said circuit substrate fed With said alcoholic solution, to 
pre-set said LSI thereon, 

placing said circuit substrate in a treating vessel, 

forming a loW-oXygen content atmosphere with a prede 
terrnined oXygen content Within said treating vessel, 

hot-rnelting said solder bumps in said treating vessel, 

bonding said LSI and said circuit substrate, and 

cooling said circuit substrate. 
20. Aprocess according to claim 19, Wherein said step of 

hot-rnelting said solder bumps in said treating vessel further 
comprises the step of: 

controlling an inner pressure of said treating vessel to 
regulate an evaporation rate so that said alcoholic 
solution may cornpletely evaporate off When said solder 
bumps rnelt. 


