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ABSTRACT

Patterning technology of ferrite and insulating material in multilayer ceramic devices is proposed. In the conventional
technology, the different ceramic materials such as the ferrite and the insulating material have been prepared in the form
of the each different green sheet, and then they have been stacked each other. Otherwise the different material has filled
cavities that were formed by a mechanical punching in advanced. In our proposing technology, arbitrary patterning of
the different ceramic material inside the same green sheet is possible. In this process, the arbitrary shape of the through
pattern is formed in the green sheet of the base material by making use of photo resist films as sacrifice patterns, and
then the base material is masked by the patterned photo resist film. After filling the slurry of the different material into
the through pattern of the base material passing the resist mask, the pattern of the different ceramic material in the green
sheet is achieved. In the present paper, the ferrite magnetic material and the alumina-glass composite material are used.
The patterned structure inside the green sheet is obtained. The slurry preparation, the thickness of the mask resist film,
and the obtained structure of the green sheet are discussed.
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1. Introduction

In order to satisfy the strong demand of the miniaturiza-
tion and high performance of communication equip-
ments, miniaturization and integration of ceramic de-
vices have also improved. It is quite advantageous for
further miniaturization to introduce different ceramic
materials and realize complex three dimensional struc-
tures inside the multilayer ceramic component.

However, the utilization of different ceramic materi-
als and complex three dimensional structures has been
limited. The reason is attributed to the conventional
fabrication process. The fabrication process of the mul-
tilayer ceramic device is called green sheet process [1],
and in the process, mixture of the ceramic powder and
organic material is formed into the sheet structure. The
conductor is printed and then the multiple sheets are
stacked.

For example, Ni-Cu-Zn ferrite is used as the mag-
netic material. Then the multilayer ceramic inductor has
been developed [2]. Also glass alumina composite is used
as insulation material and LTCC (Low Temperature
Cofired Ceramic) substrate has been developed [3-7].
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Although a number of studies were reported on the
cofiring technology of the magnetic material and the
insulation material in order to form magnetic circuit and
insulating part, the magnetic sheet and the insulation
sheet were formed separately and then they were
stacked [8]. Otherwise, the different material was filled
into the cavity which had been formed by a mechanical
punch beforehand [9]. Therefore, the patterning of the
different material in the same level of the green sheet in
the multilayer ceramic devise has not been achieved.

In conventional multilayer ferrite inductors, the mi-
nor magnetic loop causes the degradation of the induc-
tance and the Q factor because the internal conductor is
filled with the ferrite magnetic material. If nonmagnetic
material is patterned and inserted between the conduc-
tors of each layer, it is possible to suppress the minor
magnetic loop. The mechanism of the minor magnetic
loop and the suppression is shown in Figure 1. In the
LTCC substrate, the embedded inductance device and
shield and suppressing of the noise can be achieved by
making use of the patterning of the magnetic material in
the insulating material.

This paper proposed the patterning technology of the
different material in a single piece of the green sheet
utilizing a photo resist film.
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Figure 1. Suppression mechanism of the minor magnetic
loop and introducing the non magnetic material.

2. Patterning Method in a Single Green
Sheet

Arbitrary shapes of sacrifice patterns are formed on a
carrier film by photo lithographic exposure and devel-
opment of the photo resist film in the first step. The rea-
son for using the film resist was that the uniform thick-
ness was obtained, and the thickness of the resist film
was thicker than that of the liquid resist. Then the slurry
mixture of the ceramic powder and the organic material
is filled around the sacrifice pattern with the doctor blade
method. After drying the obtained sheet, the resist pattern
is plasticized by dissolving agent and removed, and then
the designed through pattern is formed and the ceramic
pattern remains.

Another photo resist film is prepared for covering the
patterned ceramic. The reversal pattern is exposed on the
resist film and developed. The formed resist film is bond-
ed on the ceramic pattern with an alignment equipment
of a X-Y-6 stage. The other slurry of the different ce-
ramic material is filled around the ceramic pattern that is
covered with the resist film by the doctor blade method.
After drying the sheet and removing the resist, the green
sheet with the patterned different ceramic material is
achieved. The schematic illustration of the procedure for
forming the patterned different ceramic material in the
base material is shown in Figure 2.

Different from the conventional process, this technol-
ogy is based on the photo lithographic process. Therefore,
the miniaturization and flexible pattern designing is pos-
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sible. Also, this technology realizes the through structure

of the different material inside the same sheet of the base
material. Although the conventional patterning techno-
logy of electrode material such as screen printing forms
bump structure on the sheet, this technology forms the
flat surface. The flat surface makes the large number of
stacking of the green sheet easier.

3. Experimental Procedure
3.1. Sample Pattern

Two materials of alumina glass composite and ferrite
were used in this study. The experimental pattern and the
stacked structure are shown in Figures 3 and 4, respec-
tively. 5 pieces of the different material patterns were
arranged as is shown in Figure 3. The dimensions of the
center square were 1.4 mm x 1.4 mm and the dimensions
of the peripheral squares were 1.4 mm x 1.1 mm. Also,
the pattern of “J” figure was used for the sample pattern

photo resist film
(sacrifice pattern)

PET film _-_
doctor blade
. —
base material slurry
through pattern

photo resist film mask

- - - -

different material slurry

i
|

—-—drying process

-E
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Figure 2. Process for forming the patterned different ce-
ramic material in the single layer.
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Figure 3. Dimensions of the different material pattern.
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Figure 4. Stacked structure of the patterned different mate-
rial inside the base material green sheet.

as is shown in Figure 5. This sample was supposed for
the single layer of the multilayer inductor. The base ma-
terial was designed for the ferrite magnetic material and
the patterned material was nonmagnetic material. The
internal conductor was supposed to be screen printed on
the nonmagnetic layer and then the minor magnetic loop
between the internal conductors was expected to be sup-
pressed.

3.2. Preparation of Powdersand Slurries

The weight ratio of the glass powder and the alumina
powder in the glass alumina composite material was 63
and 37. The glass powder was composed of SrO-B,0;-
Al,0;-Si0, and the particle size was about 1 pm. The
particle size of the alumina powder was 0.2 pm. The fer-
rite powder was synthesized by calcination process. The
start materials were NiO, ZnO, CuO and Fe,O; and the
molecular ratio was 8.8-32-10-49.2. The ferrite powder
was crashed to 0.3 pm by ball mill method.

Mixing the glass powder, the alumina powder, organic
solvents and some additives by the ball mill method for 3
hours, poly vinyl butyral (PVB) was added. The ferrite
powder was mixed with organic solvents and some addi-
tives for 24 hours. After adding PVB binder, the mixing
time was 24 hours.

It is often that the glass alumina composite slurry con-
tains phosphoric ester as a dispersant agent. However,
the phosphoric ester is known as a sintering inhibitor of
the ferrite. Therefore, the slurry contained the non phos-
phoric ester dispersant.

Different from usual ceramic slurry, filling and pat-
terning capability is required in this method. In order to
satisfying these requirements, the rheologic properties of
both low viscosity and high thixotropy were required.
For this reason, the slurry was adjusted to the appropriate
property, varying the content of the binder and organic
solvent. Moreover, the density of the ferrite is higher
than that of the glass alumina composite. Therefore, the
weight ratio of the ferrite powder contents was made
larger than that of the glass alumina powder in order to
adjust similar volume contents. The adjusted slurry com-
position is shown in Table 1. The organic solvent was
mixture of toluene, xylene and isopropyl alcohol. Also
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additives such as dispersant and plasticizer were used. In
the case of the ferrite, two kinds of specified slurry were
arranged for each the patterning and the blank layer.

3.3. Patterning Procedure

First step, the photo resist film was exposed and deve-
loped for forming the sacrifice pattern that was corres-
ponding to the through pattern. The thickness of the
photo resist film used for the specimen was 90 um and
the film was attached on the Poly Ethylene Terephthalate
(PET) carrier film.

The strength of the ultraviolet light used for the
exposure was adjusted to 160 mW/cm” at the gross expo-
sure energy. The exposed film was developed in the de-
veloping solution of 1 wt% sodium carbonate. Soaked in
the developing solution for 5 minutes, it was rinsed in
distilled water at room temperature. After that, the photo
resist film was soaked again in the developing solution
for 1 minute and then rinsed in distilled water to remove
residual material. Then the designed sacrifice pattern was
achieved after dry process at room temperature.

The ceramic slurry was coated on the PET film where
the sacrifice pattern had been formed. The coating method
was doctor blade. At this process, the gap between the
blade and the surface of the sacrifice pattern was adjusted
to zero. Therefore, the slurry was filled surrounding the
sacrifice pattern. The speed of the blade was 10 mm/sec.

444um

Figure5. Pattern with “J” figure.

Table 1. Composition ratios of durry.

Material Ferrite Ferrite Glass alu‘mina
(pattern) (blank layer) material

Ceramic powder 100 100 100

Binder 7 7 5
Dispersing agent 1 1 1.3
Plasticizer 5 5 29
Toluene 23 30 23

Xylen 23 30 23
Isopropyl alcohol 23 30 23
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After the obtained sheet was dried, the sacrifice pattern
was dissolved. The dissolving solution was tetra methyl
ammonium hydroxide (TMAH) and the solution temp-
erature was 45 degrees Celsius. Through these process
the green sheet with the designed through pattern was
achieved.

The thickness of the photo resist film used for masking
patterned ceramic was 35 um. The exposure condition of
the mask pattern was same condition as that of the
sacrifice pattern. The exposed resist film was soaked in
the same developing solution for 3 minutes and then rins-
ed in distilled water at room temperature. After that, the
resist film was soaked in the developing solution for 1
minute and then rinsed in distilled water to remove resi-
dual material. The alignment of the formed resist film
and the patterned ceramic was performed with an equip-
ment of the X-Y-6 stage. The heat press was used for
bonding of the mask film and the patterned ceramic. The
laminating temperature was 70 degrees Celsius, and the
pressure was 20 MPa. The press time was 2 minutes.

The doctor blade method was used for the filling the
slurry of different material into the through pattern
around the patterned ceramic. The same filling condition
as the base ceramic was used in this process. After drying
of the green sheet, the resist film for the mask was
dissolved in TMAH. The dissolving condition was same
as that of the through pattern. Then, the green sheet that
was formed the pattern of different ceramic material
inside was achieved.

3.4. Lamination and Heat Press

The green sheet that was patterned different ceramic ma-
terial was dried for 3 hours at 80 degrees Celsius in a dry
oven. Then the sheet was removed from the PET film.
The removed green sheet was diced into 25.4 mm square,
and also the blank sheet of the same material was diced
same way. These sheets were stacked in the designed
order, and then these sheets were laminated by the heat
press with a 1 inch die. The lamination temperature was
70 degrees Celsius, the pressure was 20 MPa. The press
time was 2 minutes. After the pressure bonding process,
the specimen was diced in 5 mm square.

Each specimen was evaluated by microscopic obser-
vation by optical microscope and Scanning Electron Mi-
croscope (SEM: Hitachi S-4500). The viscosity was
measured by rheology meter (BROOKFIELD DV-II+
Pro).

4. Result and Discussion
4.1. Viscosity of the Slurry

The viscosity of the each ceramic slurry used in this
study is shown in Figure 6. The each slurry was adjusted

Copyright © 2012 SciRes.
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Figure 6. Viscosity of the slurries.

to be thixotropic. In the present method, the viscosity of
the slurry was important because the each slurry is filled
surrounding the sacrifice pattern and the through pattern.
Therefore, the viscosity of the slurry for the pattern was
adjusted to be lower than that the conventional green
sheet. Particularly, the high thixotropy of the slurry for
the ferrite pattern was achieved. Moreover, the ferrite
slurry for the blank layer was adjusted to be low visco-
sity to obtain the same dry shrinkage as the slurry for the
patterning.

4.2. Evaluation and Discussion of Patterning

The optical microscopic image of the obtained green
sheets is shown in Figures 7 and 8, which are corre-
sponding to the top view and cross section, respectively.
The white and black areas are the glass alumina and fer-
rite, respectively. It is observed that the designed pattern
was formed inside the single sheet and the border was
clear in Figure 7. Although, the border of each material
is not very clear in Figure 8, the cross section might re-
ceive damages during cutting preparation of the sample.
The thickness of each material is almost same in Figure
8. Therefore, it is found that the adjustment of the slurry
compositional ratio and the thickness of the resist film
were appropriate, and the sufficient filling and the ho-
mogenous drying shrinkage were also achieved.

In Figure 8, the round bump shape is observed around
edge part of the ferrite pattern. The reason is thought to
be surface tension of the slurry. The filled slurry shrank
during the drying process, and then, peeling off the resist
film. The edge part became the round bump shape by the
surface tension. After removing the resist film, the bump
shape remained. The schematic illustration of the mecha-
nism is shown in Figure9.

Moreover, it is important that the thickness of the re-
sist film for the mask to achieve the flat different patterns
with same thickness. For example, in the case of using
the thinner resist film of 15 um, the difference of the
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(b)

Figure 7. Top view of the green sheet with the pattern of the
different material; white part is glass alumina and black
part is ferrite. (a) Base material was glass alumina and the
patterned material wasferrite; (b) Base material wasferrite
and the patterned material was glass alumina.

glass alumina

e b pel—

ferrite
200pm

(b)

Figure 8. Cross sectional view of the green sheet with the
pattern of the different material; light part is glass alumina
and dark part isferrite. (a) Base material was glass alumina
and the patterned material was the ferrite; (b) Base mate-
rial was ferrite and the patterned material was glass alu-
mina.

thickness between glass alumina sheet and ferrite pattern

was 20 um. The cross sectional image of the 15 um case
is shown in Figure 10. This phenomenon is occurred by

Copyright © 2012 SciRes.

the shortage of the filled slurry amount because of the
thin resist film. The schematic illustration of the mecha-
nism of the different thickness is shown in the Figure 11.

The optical microscopic image of the “J” figure is
shown in Figure 12. The line width of the pattern was
444 pm. This pattern was non magnetic part. Inside the
pattern, the conductor pattern should be formed. About
200 pum of the conductor width, which is standard in the
width of conductive wire in the multilayer inductor, is
suitable.

doctor blade
<=

- drying process

edge part

- .

round bump shape
.

Figure 9. Schematic illustration of the mechanism of the
round bump shape.

glass alumina
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Figure 10. Cross sectional view of the green sheet with the
pattern of the different material using the 15 um resist film
mask.
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Figure 11. The schematic illustration of the mechanism of
the different thickness.
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Figure 12. Top view of the green sheet with the pattern for
the inductor; white part is glass alumina and black part is
ferrite.

5. Conclusions

The patterning process of the ferrite and the insulation
material for the multilayer ceramic device was proposed.
First, the green sheet with the through pattern was formed
by making use of the sacrifice pattern of the photo resist
film. Then the photo resist film that was patterned in the
same position of the remained ceramic area was attached
for masking the ceramic. The different ceramic material
was filled only the through pattern through the mask.
After drying process, the resist film for the mask was
dissolved and removed. Finally the green sheet with the
different material pattern inside the sheet was achieved.

In this study, the ferrite as magnetic material and the
glass-alumina composite materials as the insulation ma-
terial were patterned inside the green sheet each other.
By adjusting slurry composition and film thickness, mea-
sure structural damage was not observed in the green
sheet and the laminated structure.
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