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METHOD FOR MANUFACTURING A MULTI-LAYERED CERAMIC
SUBSTRATE
FIELD OF THE INVENTION

The present invention relates to the field of methods for
manufacturing a multi-layered ceramic substrate used for electronic devices, and in
particular to methods for manufacturing a non-shrinkable multi-layered substrate

- which greatly suppresses shrinkage of the substrate during firing.

BACKGROUND OF THE INVENTION
. Normally, multi-layered ceramic substrates are manufactured using a
method called the green sheet lamination method. In this method, green sheets,
made by forming a slurry containing ceramic powder and organic binder into a
sheet, are punched (for holes) and screen printed with conductive paste. These
green sheets are stacked to the required number, press-heate’d' to laminate the
layers, and then fired. _

The advantages of this method include the feasibivlity of fine pattern
printing realized by the extremely flexible green sheet and good permeability to
organic solvents, and good surface smoothness and air-tightness which allow the
lamination of even up to several dozens of layers.

| On the other hand, the main dlsadvantage is the dlfﬁculty n
achieving dimensional accuracy.’ Th1s is due to shrinkage of the ceramic substrate
accompamed by slntenng wh_lc_:h occurs durmg firing. - Inaccurate d1mens1ons cause
mismdtéhing bet'vs}eeh components and conductive patterns, generating the serious
problem of inability to mount semlconductor chips such as CSPs (chip size

packages) and MCMs (multl-chlp modules) with high accuracy.
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As a result, recent developments .have been focusing on a method for
eliminating lateral shrinkage during firing. This method involves the formation of
shrinkage suppression sheets, using the doctor blade method, containing a ceramic
materiel such as alumina which does not sinter at the sintering temperature of green
sheet. These sheets are disposed on both faces of the green sheet laminated body
and fired. The sintered multi-layered ceramic substrate then shrinks only in the
'~ thickness direction and not in the lateral direction, enabling semiconductor chips to
be mounted with much higher accuracy.

Fig. 2 shows the conventional method for manufacturing a multi-
layered ceramic substrate 2. After firing the multi-layered ceramic substrate 2,
shrinkage suppression sheets 1 on both faces of a multi-layered ceramic substrate
are removed by rotating a dry rotary brush 3 at high speed, as illustrated in Fig. 2.

However, this conventional removal method may not be able to
accurately control the amount of the shrinkage suppreesion sheet to be removed by -~
simply changing the rotation speed of the rotary brush or the distance to the
- substrate, i.c., the strength of the brush polishing the substrate. For example, too
slow brush rotation speed or insufficient polishing time causes uneven removal.
The conductive pattern on the surface of the multi-layered substrate may be
damaged if the revolution of the brush is too fast or polishing time is too long. As
a result, the conductive pattern may be disconnected or short-circuited, resulting in
a low y1e1d rate. Furthermore in the case of an 1rregu1ar1y-shaped substrate with a
cav1ty A on the surface of the multl-layered substrate, as shown in Fig. 2 residue

in the cavity A is not always successfully removed by the rotary brush 3.

SUMMARY OF THE INVENTION
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A method for manufacturing a multi-layered ceramic substrate of the
present invention involves spraying of water, ceramic powder, or a mixture of
ceramic powder and water together with compressed air for removing a shrinkage
suppression sheet from a green sheet laminated body containing low-temperature
firing substrate material. |

The fine controllability of this method, by changing the pressure of |
: compressed air, enables the removal of the shrinkage suppression sheet completely
without causing uneven removal even if a cavity exists in the substrate. In
addition, the polishing capability improves by adding ceramic powder.

Furthermore, properties of the ceramic powder used to create the
green sheet laminated body remain unchanged, even if the removed shrinkage
suppression sheet material mixes with the ceramic powder, because the same
material is used for the ceramic powder which is sprayed and,as the main
constituent of the shrinkage suppression sheet. Accordingly, sprayed ceramic
powder can be collected for reuse in spraying, enabling this method to be applied

to circulating continuous devices.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a side view depicting a method for manufabturing a multi-
layered ceramic substrate in accordance with an exemplary embodiment of the
present invention.
Fig. 2 is a side view depicting a method for nianufacturing a multi-

- layered ceramic substrate of the prior art.

DESCRIPTION OF THE PREFERRED EMBODIMENT
A ﬁt_’St exemplary embodiment of the present invention is described

with reference to Fig. 1. A green sheet laminated body 2 is an unfired multi-
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layered low-temperature firing substrate, before sintering, made typically of
alumina and glass. Shrinkage suppression sheets 1 formed by the doctor blade
method, are disposed on both faces of the green sheet laminated body 2. A
material which does not sinter at the sintering temperature of the green sheet
laminated body 2 is selected for the shrinkage suppression sheet 1. Typically, the
shrinkage suppression sheet 1 is made of a ceramic material such as alumina.

- Then, the green sheet laminated body 2, on which the shrinkage suppression sheets
1 are formed on both faces, is fired.

After firing, the shrinkage suppression sheets 1 formed on both faces
of the green sheet laminated body 2 are removed by spraying a mixture of water
and alumina powder from a nozzle 4 connected to a feeding pipe for supplying
water and alumina powder mixture 5 and a feeding pipe for supplying compressed
air 6. The shrinkage suppression sheets 1 are thus removed by the injection
pressure of water and alﬁmina powder mixture. |

Conditiohs for removing the shrinkage suppression sheet were
studied, and two examples are described below. " In the examples, a multi-layered
ceramic substrate 2 of 115 mm x 115 mm and a 200 pum thick shrinkage
suppression sheet 1 made of alumina are used.

Table 1 shows the process conditions and the satisfactory results
obtained by mixing 96 g of water and 4 g of alumina powder with a mean particle
size of 0 to 10 pm, and spraying the mixture for about 100 to 400 seconds using
compressed airata pressure of 3.0 to 5.5 kg/cm?. | |

In a second exemplary embodiment, Table 2 shows process
conditions and the satisfactory results obtained by using only alumina powder with

a mean particle size of 0.1 to 150 pm without using water, and spraying alumina
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powder for about 100 to 400 seconds using compressed air at a pressure of 3.0 to

5.5 kg/em®.

In these embodiments, the distance between the multi-layered

ceramic substrate 2 and nozzle 4 was about S0 mm. After removal, the substrate

was rinsed with deionized water at 120 + 5 °C for 15 minutes. Tables 1 also shows

a comparison of the results of the conventional manufacturing method and that of

the present invention.
Table 1
First Exemplary Embodiment prior art
(using water)
pressure (Kg/cm®) 53 35 | 35 | 3535135 brush
use of water yes yes | yes | yes | yes | yes no
particle size(um) 0 0.5 1.0 [ 25 )50 | 10 -
removal time (sec) 400 300 | 200 | 150 | 100 | 100 500
uneven removal no no no no | no | no yes
Damage to substrate no no no no | no | no | Scratches
by brush
;ﬁﬁg&ﬁ ly-shapea .easy | easy | easy | easy | easy | easy | difficult
Table 2
Secondary Exemplary Embodiment
(without using water)
pressure (Kg/cm®) 3.5 3.5 3.5 3.5 2.5
use of water no no no no no
particle size(pum) 0.1 10 50 100 150
removal time (sec) 400 250 200 100 100
uneven removal no no no no no
Damage to substrate no no no no no
;{fggtlxl-;% ly-shaped easy easy easy easy easy
\\
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In a third exemplary embodiment of the present invention, the
shr_inkage suppression sheet may be removable by spraying just water without
ceramic powder, combined with compressed air.

In the exemplary ‘embbdiments of the present invention itis
preferable that the mean particle size of ceramic powder for remoi/ing the
shrinkage suppression sheet 1 not exceed the range as shown in Tables 1 and 2, as
cracks rﬁay occur on the surface of the ceramic substrate. Also, in the preferred
embodiment the presént invention it is preferred that the pressureh of the
compressed air not exceed the range as shown in Tables 1 and 2, it may take too
much time for removing the shrinkage suppression sheet 1, or cause cracks on the

substrate surface or breakage of the substrate. |

In these exemplary embodiments, the green sheet laminated body 2
contains alumina, and the shrinkage suppression sheet 1 contains alumina powder.
Accordingly, one ac'i\'zantage of the exemplary embodiments is that, after printing
conductive resistance material and the like in the process after removing the
shrinkage suppression sheet 1 iﬁlpuritie_s consisting of organic substances do not
react with the printed materials and cause a detrimental éffects on the lé.minated
body when firing the greén sheet laminated body 2. This is due to the use of
inorganic alumina powder as a material for forming the shrinkage suppression
sheet, which is the same material used in the ceramic powder used to form the
green sheet laminated body 2. The conventional method removes the shrinkage
suppression sheet 1 by means of a rapidly rotating brush. Therefore burning may
occur on the surface of the green sheet laminated body 2 by organic substance in
the brush, depending on the material of the brush. The remaining organic

" substance may cause detrimental effects to the laminated body when firing the

green sheet laminated body 2 after removing the shrinkage suppression sheet 1.
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Another 'advéntage of the present invention enab_l_ps the prevention of
uneven remofral or déﬂlage to the conductive pattern which occurs iﬁ the
conventional meﬁod, and the ?eduction of operation time. Even for irreg.ularly-' |
shaped multi-layered substrate with cavities on its surface, the shrinkage
suppressmn sheet may be removed completely Polishing strength is finely
controllable by adjusting the mixing ratio of spraying liquid, air pressure time, and
nozzle distance. In addltlon, the operatlon can be executed on both faces
simultaneoﬁsly by clamping the substrate.

| Accordingly, .shrinkage of the substrate during firing is suppressed to
an extremely high degree, and a non-shrinkable multi-layered substrate can be
reliably manufactured. This enables the mounting of components on multi-layered
substrates without a{n'y mismatching between components and their respective
conductive patterns, and also the mounting of semiconductor chips such as CSPs
(chip size packages) and MCMs (multi-chip modules) with high accurécy, making
high density mounting feasible.

Furthermore, the use of the same material for the ceramic powder to
be sprayéd, and as the main constituent of shrinkage suppression sheet, allows the
collecting of sprayed ceramic powder for reuse in spraying, enabling this method to

be applied to circulating continuous devices.
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‘What is cl:iimed is: o - |

1. A method for manufactunng a multl-layered ceramic
' substrate said method compnsmg the steps of: |

forming a shrinkage suppression sheet on at least one face of an
unfired green sheet laminated body; | | | |

firing said green sheet laminated body on w_hich said shrinkage
suppression sheet ié formed on the at leaét one face; and

removing said shrinkage suppression sheet by spraying at least one of
ceramic powder and water together with compressed air onto said shrinkage
suppression sheet on the at least one face of said green sheet laminated body after
firing. |

2. The method for manufacturing a multi-layered ceramic
substrate as defined in Claim 1, wherein said ceramic powder is made from a
material, said matelziél Being the Same as a material used in said shrinkage
suppression sheet.

3. The method for manufacturing a multi-layered ceramic
substrate as defined in Claim 1, wherein the shrinkage suppression sheet has a.
sintering temperature which is higher than a sintering temperature of said green
sheet laminated body. |

4. The method for manufacturing a multi-layered ceramic
substrate as defined in Claim 1, wherein said compressed air has a pressure
between 3.0 and 5.5 kgf/em?.

5. The method for manufacturing a multi-layered ceramic
substrate as defined in Claim 1, wherein a mean particle size of said ceramic

powder is not greater than 10 pm.
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6.  The method for manufacturing a multi-layered ceramic
substrate as defined in Claim 1, wherein a mean paﬁicle size.of said ceramic
powder is between 0.1 and 150 pm. | |

7. The method for manufacturing a multl—layered ceramic
. substrate as defined in Clalm 1, wherein said shrinkagé suppression sheet is formed
on both faces of said unfired green sheet laminated body and at least one of said
ceramic powder and water is sprayed together with compressed air onto said
shrinkage suppression sheet on both faces of said gfeen sheet laminated body
simultaneously after ﬁﬁng.

8. The method for manufacturing a multi-layered ceramic
substrate as defined in Claim 1, wherein said ceramic powder is collected, after
si)raying, for reuse. . |

9. A method for manufacturing a multi-layered ceramic
substrate, said meth'od comprising the steps of:

forming a shrinkage suppression sheet on two faces of an unfired
green sheet laminated body; |

firing said green sheet laminated body; and

removing said shrinkage suppression sheets by spraying at least one
of water, ceramic powder, and a mixture of ceramic powder and water together
with compressed air onto at least one of the two faces of said green sheet laminated
body, after firing.

10.  The method for manufacturing a multi-layered ceramic

substrate as defined in Claim 9, wherein the compressed air has a pressure between

3.0 and 5.5 kgf/cm?®.
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11. The méthod for manufacturing a multi-layered ceramic
substrate as defined in.Claim 9, wh'erein.a meén particle size of said ceramic
powder is not greatér than 10 pm. |

12.  The method for manufacturing a multi-layered ceramic
substrate as defined in Claim 9, wherein a mean particle size of said ceramic
powder is between 0.1 and 150 pm.

13. The method for maﬁufaciuﬂng a multi-layered ceramic
substrate as defined in Claim 9, wherein said ceramic powder is made of a -
material, said material being the same as a material used in said shrinkage

suppression sheet.
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