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Michael TObiaS Asolder coated lid for a package for an electronic device has 
Suite 304 a lead-free solder layer comprising a Sn—Sb based solder 
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SOLDER COATED LID 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a solder coated lid for a 
package for housing an electronic device, such as a semi 
conductor device, and to a package employing such a lid. In 
particular, it relates to a solder coated lid for a package for 
housing an electronic device Which enables the package to 
be sealed Without damaging electronic devices mounted in 
the package. 

[0003] 2. Description of the Related Art 

[0004] In recent years, there has been a strong desire for 
decreases in the siZe and thickness of electronic equipment 
such as portable telephones and portable computers. At the 
same time, there has also been a great desire for decreases 
in the manufacturing costs of such electronic equipment. 

[0005] As electronic equipment becomes smaller and thin 
ner, it becomes easier for electronic components disposed 
therein, such as IC chips and quartZ crystal units, to be 
adversely affected by heat, vibrations, and deformation at 
the time of manufacture. Mounting of electronic devices 
close to one another Within electronic equipment tends to 
increase such problems. 

[0006] FIG. 1(a) is a schematic cross-sectional elevation 
of a portion of a conventional package. In this eXample, a lid 
18 is installed on the upper end 16 of a ceramic base 14 
housing various electronic devices, such as a quartZ crystal 
unit 12, connected to each other by Wire bonding 10. FIG. 
1(b) is an enlarged schematic exploded cross-sectional 
elevation shoWing the structure of the lid 18 and the upper 
end 16 of the ceramic base 14 in detail. 

[0007] As shoWn in detail in FIG. 1(b), the upper end 16 
of the base 14, Which is made of an alumina ceramic, for 
eXample, is metalliZed With a tungsten layer 20 by the 
simultaneous sintering method or other suitable method. A 
nickel layer 22 is provided atop the tungsten layer 20, and 
the nickel layer 22 is covered by a silver braZing layer 24. 
A Kovar ring 26 (Which is nickel plated on its surface) is 
installed atop the nickel layer 22, and then a Ni/Au layer 28 
is provided atop the silver braZing layer 24. 

[0008] The lid 18 comprises a body 19 made of Kovar, and 
the body 19 is plated to form a nickel ?lm 30 on its surface. 
The lid 18 is installed on the upper end 16 of the base 14 of 
the package and is secured atop the Kovar ring 26 by seam 
Welding. 
[0009] This method of sealing a package involves numer 
ous manufacturing steps, and installing the lid 18 through 
the ring 26 and performing braZing are difficult. Further 
more, this method has problems With respect to costs. In 
addition, With this sealing method, it is difficult to achieve 
reduce the siZe and thickness of the package. Thus, there is 
a need for improved methods and structures for sealing a 
package for electronic devices. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a lid for a package 
for an electronic device Which can effectively realiZe 
decreases in the siZe and thickness of the package. 
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[0011] The present invention also provides a lid for a 
package for an electronic device having a simple structure 
and a loW cost Which enables sealing to be performed at a 
loW temperature at Which there is little vaporiZation of 
solder components. 

[0012] Recently, due to concern for the environment, there 
has been a tendency toWards the use of lead-free materials, 
and lead-free solder alloys have come to be Widely used as 
solder alloys. 

[0013] Therefore, the present invention also provides a lid 
for a package for an electronic device Which uses a lead-free 
solder alloy for joining the lid to a base of the package. 

[0014] The present invention additionally provides a pack 
age for an electronic device equipped With such a lid. 

[0015] The present inventors found that by coating the 
body of a lid for a package With a lead-free solder, such as 
an Sn—Sb based lead-free solder, by hot dipping or clad 
ding, the above-described problems of conventional sealing 
methods can be solved. Sealing of a package With such a 
solder coated lid can be performed at a loW temperature at 
Which there is little vaporiZation of solder components, so 
the solder does not have a harmful effect on electronic 
devices disposed Within the package, and a package of high 
quality can be obtained. 

[0016] According to one form of the present invention, a 
solder coated lid for a package for an electronic device has 
a lead-free solder layer comprising a Sn—Sb based solder 
With a liquidus temperature of at least 220 degrees C. 
provided on at least a region of the lid Where the lid is to be 
joined to a base of a package. 

[0017] According to another form of the present invention, 
a solder coated lid for a package for an electronic device has 
a lead-free solder layer comprising an Sn—Ag—Cu based 
solder alloy. 

[0018] A lid for a package according to the present inven 
tion is not limited to use With any particular type of package. 
In a preferred embodiment, the package is one for housing 
a quartZ crystal unit, i.e., crystal resonator or crystal oscil 
lator. 

[0019] The lead-free solder layer may be formed directly 
atop a metal or alloy plate. Alternatively, an undercoat such 
as a nickel layer may be provided beneath the solder layer 
atop the metal or alloy plate. 

[0020] According to another form of the present invention, 
a packaged electronic device comprises a base having a 
recess, an electronic device disposed in the recess, and a lid 
according to the present invention covering the recess and 
sealed to the base by soldering. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1(a) is a schematic cross-sectional elevation 
of a package for an electronic device equipped With a lid of 
a knoWn structure, and FIG. 1(b) is an enlarged schematic 
exploded cross-sectional elevation of a portion of the pack 
age of FIG. 1(a). 

[0022] FIG. 2 is a schematic vieW of manufacturing steps 
in a method of manufacturing a solder coated lid according 
to the present invention. 
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[0023] FIG. 3 is a schematic cross-sectional elevation of 
a package for an electronic device equipped With a solder 
coated lid according to the present invention. 

[0024] FIG. 4 is a graph shoWing the amount of evapo 
rated Sn as a function of sealing temperature for examples 
of a solder coated lid according to the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0025] There are no particular restrictions on the type of 
package to be sealed With a lid according to the present 
invention. The package typically Will include a base made of 
an electrically insulating material Which can Withstand the 
heating temperature at the time of sealing the package. A 
typical material having suitable properties is a ceramic. 
Accordingly, a lid according to the present invention Will 
typically be used to seal a ceramic package having a base 
made of a ceramic material. 

[0026] In the present invention, a ceramic material for a 
ceramic package may be any desired material convention 
ally used for ceramic packages, such as alumina, aluminum 
nitride, mullite, and glass ceramics. Aceramic base may be 
a singlelayer or multilayer member, and there are no restric 
tions on the method of its manufacture, on a method of 
forming internal Wiring, or the like. 

[0027] When a lid according to the present invention is 
?at, the package base Will typically have a recess in Which 
a semiconductor device or other electronic device is 
mounted. In this case, the lid Will usually have a siZe so as 
to completely cover the recess. The lid is placed atop the 
recess and is then sealed to the base With a lead-free solder. 

[0028] A ceramic base does not have joinability (Wetta 
bility), so When a ceramic base is employed, it is necessary 
to form a suitable metal layer having excellent joinability on 
the portion of the base Which is sealed to the lid, i.e., the 
upper surface of the base surrounding the recess. From the 
standpoint of maintaining joinability, this metal layer is 
preferably formed by performing Ni plating and Au plating 
after metalliZing treatment With a metal having a high 
melting point, such as W or Mo. HoWever, other types of 
metal layers used to seal a ceramic package can also be used 
in the present invention. 

[0029] In one form of the present invention, a lid for 
sealing a package comprises a metal plate Which is clad on 
one side thereof With a lead-free solder. The lead-free solder 
Which is used to clad the metal plate melts at the time of 
sealing and forms an hermetic seal, i.e., airtight seal betWeen 
the lid and the base of the package. This thickness of the 
metal plate is preferably on the order of 0.1-1 mm, and the 
thickness of the cladding material is preferably on the order 
of 20-80 micrometers. 

[0030] A clad plate can be manufactured by stacking a 
metal plate and a cladding material comprising a lead-free 
solder atop each other and subjecting them to cold or hot 
rolling. Either cold or hot rolling is preferably performed 
With a reduction in the range of 30-70%. Asolder coated lid 
according to the present invention for sealing a package in 
an airtight manner can be manufactured from the clad metal 
plate by, for example, blanking With a press to obtain a 
desired shape and dimensions and then, if necessary, per 
forming additional treatment such as draWing. Since the 
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cladding material is ?exible, it is easy to handle. Therefore, 
a lead-free solder coated lid according to the present inven 
tion can easily be mass produced, and it is extremely easy to 
handle. The cladding material Will typically be coextensive 
in area With the metal plate on Which it is clad, but it is also 
possible for it to have a smaller area than the metal plate. 

[0031] There are no particular restrictions on the material 
used to form the metal plate for the lid, but preferably it is 
a material having a coefficient of thermal expansion close to 
that of the base of the package. When the base of the 
package is made of a ceramic, a feW examples of suitable 
materials for the metal plate Which forms the body of the lid 
are Alloy 42 (Fe-42Ni), Alloy 45 (Fe-45Ni), and Kovar 
(Fe-29Ni-17Co). 
[0032] The cladding material Which is used to clad the 
metal plate comprises a lead-free solder, such as an Sn—Sb 
based solder alloy, having a liquidus temperature of at least 
220 degrees C. 

[0033] According to another form of the present invention, 
a solder alloy layer is formed on a lid by hot dipping. 

[0034] FIG. 2 is a schematic diagram shoWing steps in an 
example of a method of manufacturing a solder coated lid 
according to the present invention by hot dipping. In this 
method, a metal strip 36 of Kovar, Alloy 42, Alloy 45, or 
other suitable material is continuously immersed in a molten 
solder bath 34 While moving in the direction of the arroWs. 
In this example, hot dip plating is performed on only one 
side of the strip to form a lead-free solder layer 38. HoWever, 
it is also possible to coat both sides of the metal strip 36 With 
solder. 

[0035] The metal strip 36 on Which the solder layer 38 is 
formed by hot dipping can then formed into a lid having a 
prescribed shape and dimensions by blanking. After inspec 
tion of the lid, secondary Working such as draWing may be 
performed, if necessary, to obtain a completed solder coated 
lid 40. 

[0036] The solder used for hot dipping is a lead-free solder 
alloy, such as an Sn—Sb based alloy, having a liquidus 
temperature of at least 220 degrees C. One example of a 
suitable alloy is a Sn-5%Sb alloy. If necessary, Ag, Cu, and 
the like may be added in suitable amounts. 

[0037] It is also possible to employ an Sn—Ag—Cu based 
solder alloy (such as an alloy containing Ag: greater than 
3.0% and at most 5.0%, Cu: 0.1-3.0% and preferably 0.5 
30%, if necessary Sb: at most 5%, and a remainder of Sn). 

[0038] FIG. 3 is a schematic cross-sectional elevation of 
a package Which is sealed With a solder coated lid according 
to the present invention Which Was manufactured in the 
manner shoWn in FIG. 2. The present invention Will be 
described based on the solder coated lid, since the sealing 
effect of a clad lid is substantially the same as that of the 
solder coated lid. In this ?gure, the same elements as in FIG. 
1 are indicated by the same reference numbers. 

[0039] When using such a solder coated lid according to 
the present invention, a W—Ni—Au metal layer 17 is 
provided on the upper end 16 of the package base 14, the 
solder coated lid 40 is mounted directly on the layer 17, and 
sealing can be carried out by heating of the solder to melt the 
solder layer and join the lid 40 to the base 14. In contrast to 
the package of FIG. 1, a package employing a lid according 
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to the present invention does not require a Kovar ring at the 
upper end 16 of the package base 14, so feWer manufactur 
ing steps are required to prepare the base 14 for sealing. 

[0040] In this example, a solder layer 38 is provided over 
the entire loWer surface of the lid 40, but it is possible to 
provide a solder layer 38 only in the region of the lid 40 
Which directly contacts the upper end 16 of the package base 
14 or in a slightly larger region. In that case, the amount of 
solder needed for coating the lid is reduced, and material 
costs are decreased. In addition, the opportunity for solder 
components to vaporiZe during sealing is decreased, so a 
deterioration in the properties of electronic devices disposed 
in the base 14 due to contamination by solder components 
during sealing can be avoided. 

[0041] Since a solder coated lid according to the present 
invention employs a lead-free solder, the lid does not cause 
environmental pollution from the use of lead. 

[0042] A lead-free solder alloy comprising 5% Sb and a 
remainder substantially Sn has a solidus temperature of 240 
degrees C. and a liquidus temperature of 243 degrees C., 
Which are higher than the melting points of solders used for 
mounting of packages on a substrate, so the lead-free solder 
alloy does not melt When a sealed package is subsequently 
mounted on a printed circuit board or other substrate. 

[0043] The same advantages can be obtained Whether the 
solder layer is formed by hot dipping or by cladding. 

[0044] In the present invention, sealing of a lid to a base 
of a package can be performed at a loW temperature. A loW 
sealing temperature provides the signi?cant advantage that 
there is little vaporiZation of solder components during 
sealing. When a package being sealed contains a quartZ 
crystal unit (crystal resonator), if In or Sn adheres to an Au 
circuit on the surface of the crystal resonator, variations in 
oscillating properties take place, and the resonator may be 
unable to operate in the desired manner. Therefore, up to 
noW, solder has not been used for sealing of packages for 
crystal resonators due to possible contamination of the 
crystal resonators by components of the solder. 

[0045] HoWever, according to the present invention, the 
sealing temperature can be decreased, and adhesion of In 
and Sn to the surface of an Au circuit of an electronic device 

in a package, such as a crystal resonator, can be effectively 
prevented. 

[0046] A solder coated lid according to the present inven 
tion can be used for packages for all types of semiconductor 
devices as Well as other types of electronic devices. As 

described above, it is particularly advantageous for use With 
a package housing a quartZ crystal unit, e.g., crystal reso 
nator or quartZ crystal oscillator, since sealing can be per 
formed at a loW temperature, but it can also be used With 

packages for IC chips and SAW ?lter elements, for eXample. 

EXAMPLES 

[0047] In this example, the surface of a lid body made of 
Kovar Was coated With a solder layer having the composi 
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tion shoWn in Table 1 either by hot dipping or by cladding 
to obtain a solder coated lid. 

TABLE 1 

Solder composition Sn:Sb = 95:5 
Lid body Kovar 
Coating method hot dipping or cladding 

[0048] Hot dipping of the solder Was carried out in the 
manner shoWn in FIG. 2 by dipping only one side of a metal 
strip in a molten solder bath. 

[0049] After coating, blanking Was performed to obtain a 
?at lid having desired dimensions. 

[0050] A solder coated lid according to the present inven 
tion Was also formed by a cladding method employing 
rolling. 

[0051] A solder coated lid according to the present inven 
tion Which Was manufactured in this manner by hot dipping 
or cladding Was then used to seal an actual package for an 

electronic device. The sealing conditions are summarized 
beloW. 

[0052] seal structure: same as in FIG. 3 

[0053] sealing conditions: 

[0054] pro?le: at least 240 degrees C. for 411 
minutes 

[0055] peak temperature: 240 degrees C., 260 
degrees C., 280 degrees C., 300 degrees C. 

[0056] Load: 5 g/pc (in the case of a 3.8 mm><3.8 

mm PKG) 

[0057] atmosphere: N2 

[0058] Various tests Were performed on the coated lids 
obtained in this manner. 

[0059] The results are shoWn in Table 2 and Table 3. 

[0060] Table 2 shoWs sealing airtightness (G/L). In almost 
every case, an hermetic seal Was achieved both initially and 
after passage through a furnace. 

[0061] Table 3 shoWs the results of an environmental test 
carried out to evaluate reliability. It can be seen that there 
Were no problems With respect to reliability even after 
passing tWo times through a furnace even at a mounting 
temperature using a lead-free solder. 

TABLE 2 

Peak Temperature (O C.) 240 260 280 300 

Hot Initial 1/30 0/30 0/30 0/30 
Dipping After passage 0/29 0/30 0/30 0/30 
Cladding Initial 1/30 0/30 0/30 0/30 

After passage 0/29 0/30 0/30 0/30 
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[0062] 

Airtightness 
Conditions Reliability (Rej./N) 

Mounting Passing 2 times through 0/320 pc 
Temperature furnace at temperature of at 
Heating least 220° C. for 6 minutes, 

peak temperature of 270° C. 
l An environmental test Was performed on the above samples 

Resistance to —65° C. <——> 150° C. 0/240 pc 
temperature cycle 2000 cycles 
Resistance to —65° C. <——> 150° C. 0/80 pc 
thermal shock 100 cycles 

[0063] FIG. 4 is a graph showing the relationship between 
the sealing temperature after lid sealing and the Sn count for 
a solder coated lid according to the present invention. 
According to the present invention, the amount of vaporized 
Sn at the time of sealing, i.e., the amount of adhesion of Sn 
to an Au surface Was small. Particularly in a temperature 
range of 240-280 degrees C., Which is a preferred tempera 
ture range for sealing, the vaporization of solder components 
and the amount of adhesion Were extremely small using a 
coated lid formed by either hot dipping or cladding. Thus, it 
can be seen that a lid according to the present invention can 
be applied to a package for a crystal resonator. The amount 
of vaporization When using a Pb alloy solder Was 200 cps. 
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[0064] As described above, a solder coated lid according 
to the present invention is coated With a lead-free solder 
alloy having a liquidus temperature of at least 220 degrees 
C., so a loW sealing temperature is possible. Due to the loW 
sealing temperature, contamination of electronic compo 
nents due to vaporization of solder components during 
sealing can be largely suppressed. Therefore, the present 
invention has great practical value. 

What is claimed is: 
1. A solder coated lid for a package for an electronic 

device having a lead-free solder layer comprising a Sn—Sb 
based solder With a liquidus temperature of at least 220 
degrees C. provided on at least a region of the lid Where the 
lid is to be joined to a base of a package. 

2. A solder coated lid as claimed in claim 1 including a 
nickel layer formed beneath the solder layer. 

3. A solder coated lid as claimed in claim 1, Wherein the 
lid is for a package for housing a quartz crystal unit. 

4. An electronic device package comprising a base having 
a recess, an electronic device disposed in the recess, and a 
lid according to claim 1 covering the recess and sealed to the 
base by soldering. 

5. Apackage as claimed in claim 4 Wherein the electronic 
device comprises a quartz crystal unit. 


