WO 2006/127103 A2 |0 |00 00 00O O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
30 November 2006 (30.11.2006)

2| ) R
2 {0 0O 00O RO O A

(10) International Publication Number

WO 2006/127103 A2

(51) International Patent Classification:
C04B 35/465 (2006.01)

(21) International Application Number:
PCT/US2006/010060

17 March 2006 (17.03.2006)
English
English

(22) International Filing Date:
(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
11/133,960 20 May 2005 (20.05.2005) US

(71) Applicant (for all designated States except US): SKY-
WORKS SOLUTIONS, INC. [US/US]; 5221 California
Ave., Irvine, California 92617 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ZHENG, Jingmin
[US/US]; 6341 Lysander Ct., Frederick, MD 21703 (US).
CRUICKSHANK, David, B. [US/US]; 11411 Crown-
wood Lane, Rockville, Maryland 20850 (US). CRONIN,
David, J. [US/US]; 7145 Poole Jones Road, Frederick,

(74)

(81)

(84)

Maryland 21702 (US). TOLINO, David, A. [US/US];
300 Franklin St. Apt. D37, Middletown, Maryland 21769
(US).

Agent: FARJAMI, Michael; Farjami & Farjami LLP,
26522 La Alameda Avenue, Suite 360, Mission Viejo,
California 92691 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title:
REDUCED EXAGGERATED GRAIN GROWTH

DIELECTRIC CERAMIC COMPOSITION HAVING WIDE SINTERING TEMPERATURE RANGE AND

Form batched powder including
compounds of elements of main
component group represented by

ngCayanTiO

24xHyHZ.

!

Form initial slurry; Wet mix, mill,
and dry initial slurry.

!

Perform calcine process

302

304

306

=
to form homogenous powder.
Form final slurry; Mill final 308
slurry to achieve desired b~/
particle size.
Add binder to final slurry; Spray 310
dry final slurry to form flowable
granulates.
Form flowable granulates into
desired shape; Perform sintering ,_\3}12

process to form desired dielectric
ceramic composition.

300

e

(57) Abstract: According to one exemplary embodiment, a dielectric
ceramic composition includes a main component group, where the main
component group is represented by Mg,Ca,Zn,TiOs,y,y.,, where the
sum of x, y, and z is less than or equal to 1.0 such that the dielectric
ceramic composition has a wider sintering temperature range and reduced
exaggerated grain growth. According to one embodiment, x can be
greater than 0.0 and less than 1.0, y can be greater than 0.0 and less
than 1.0, and z can be greater than 0.0 and less than 1.0. The dielectric
ceramic composition can further include between 0.0 and 50.0 percent
by weight of aluminum oxide. The dielectric ceramic composition can
further include copper oxide. The dielectric ceramic composition can
further include boron oxide.



WO 2006/127103 A2 I} H10 Y A0VOA0 T 0O 000 R R

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,  For two-letter codes and other abbreviations, refer to the "Guid-
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,  ance Notes on Codes and Abbreviations" appearing at the begin-
RO, SE, S, SK, TR), OAPI (BF, BJ, CE CG, CI, CM, GA, ning of each regular issue of the PCT Gazette.
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

—  without international search report and to be republished
upon receipt of that report



10

15

20

25

WO 2006/127103 PCT/US2006/010060

DIELECTRIC CERAMIC COMPOSITION HAVING
WIDE SINTERING TEMPERATURE RANGE AND
REDUCED EXAGGERATED GRAIN GROWTH

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

The present invention is generally in the field of dielectric materials. More specifically, the
invention is in the field of dielectric ceramic materials.
2. BACKGROUND ART

Dielectric ceramic compositions, such as dielectric ceramic compositions that include
magnesium (“Mg”), calcium (“Ca”), and titanium (“Ti”), are widely used in dielectric filters, dielectric
resonators, and dielectric couplers in various types of radio frequency (“REF”) and microwave systems.
However, a conventional dielectric ceramic composition that comprises Mg, Ca, and Ti, typically has a
narrow sintering temperature range and exaggerated grain growth. Since the narrow sintering
temperature range is difficult to maintain in the sintering kiln, the conventional dielectric ceramic may
be under-fired (i.e. sintered at a temperature below a desired temperature range) or over-fired (i.e.
sintered at a temperature above the desired temperature range) in the sintering kiln. However, under-
firing and over-firing can cause various problems in the resulting dielectric composition.

For example, under-firing can cause undesirable variations in the dielectric constant, low
density, and reduced mechanical strength in the conventional dielectric ceramic. On the other hand, for
example, over-firing can cause undesirable exaggerated grain growth, which can also reduce the
mechanical strength of the conventional dielectric ceramic composition. Furthermore, under-firing or
over-firing caused by a narrow sintering temperature range results in low manufacturing yield for the
conventional dielectric ceramic composition.

Thus, there is a need in the art for a dielectric ceramic composition that has an increased

sintering temperature range, reduced exaggerated grain growth, and increased manufacturing yield.

-1-



10

15

WO 2006/127103 PCT/US2006/010060

SUMMARY OF THE INVENTION

The present invention is directed to a dielectric ceramic composition having a wide sintering

temperature range and a reduced exaggerated grain growth. The present invention addresses and
resolves the need in the art for a dielectric ceramic composition that has an increased sintering
temperature range, reduced exaggerated grain growth, and increased manufacturing yield.

According to one exemplary embodiment, a dielectric ceramic composition includes a main
component group, where the main component group is represented by MgyCayZn,TiOyxiy+z, Where the
sum of X, y, and z is less than or equal to 1.0 such that the dielectric ceramic composition has a wider
sintering temperature range and reduced exaggerated grain growth. According to one embodiment, x
can be greater than 0.0 and less than 1.0, y can be greater than 0.0 and less than 1.0, and z can be
greater than 0.0 and less than 1.0.

The dielectric ceramic composition can further include between 0.0 and 50.0 percent by weight
of aluminum oxide. The dielectric ceramic composition can further include copper oxide. The
dielectric ceramic composition can further include boron oxide. Other features and advantages of the
present invention will become more readily apparent to those of ordinary skill in the art after reviewing

the following detailed description and accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a table illustrating exemplary compositional range of exemplary dielectric

ceramic compositions in accordance with respective embodiments of the present invention.

Figure 2 shows a table illustrating exemplary electrical properties and exemplary sintering
temperatures of exemplary dielectric ceramic compositions in accordance with respective embodiments
of the present invention.

Figure 3 shows a flowchart illustrating the steps taken to implement a process for forming

dielectric ceramic in accordance with one embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a dielectric ceramic composition having a wide sintering

temperature range and a reduced exaggerated grain growth. The following description contains
specific information pertaining to the implementation of the present invention. One skilled in the art
will recognize that the present invention may be implemented in a manner different from that
specifically discussed in the present application. Moreover, some of the specific details of the
invention are not discussed in order to not obscure the invention. The specific details not described in
the present application are within the knowledge of a person of ordinary skill in the art.

The drawings in the present application and their accompanying detailed description are
directed to merely exemplary embodiments of the invention. To maintain brevity, other embodiments
of the invention which use the principles of the present invention are not specifically described in the
present application and are not specifically illustrated by the present drawings.

The present invention provides an innovative dielectric ceramic composition that has a
desirably wide sintering temperature range and reduced exaggerated grain growth. The dielectric
ceramic composition of the present invention comprises a main component group that can be
represented by the formula:

Mg,Ca,Zn,TiOzsxtysz formula (1)
where “x” can be between 0.0 and 1.0, “y” can be between 0.0 and 1.0, “z” can be between 0.0 and
1.0, and “x + y + z” can be less than or equal to 1.0. In formula (1), “x,” “y,” and “z” determine the
respective relative ratio of Mg (magnesium), Ca (calcium), and Zn (zinc) in the main component group
of the invention’s dielectric composition. The ratio of “O” (oxygen) in the main component group of
the dielectric ceramic composition is determined by the sum “2 + x +y + z” in formula (1). In one
embodiment, “x” can be between 0.0 and 2.0, “y” can be greater than 0.0 and less than or equal to 1.0,
“z” can be between 0.0 and 0.03, and “x + y + z” can be between 1.0 and 2.0 in formula (1). In
another embodiment, “x” can be between 0.0 and 2.0, “y” can be greater than 0.0 and less than or
equal to 1.0, “z” can be greater than 0.09 and less than or equal to 1.0, and “x + y + 2 can be between
1.0 and 2.0 in formula (1).

In the present embodiment, an amount of aluminum oxide (“Al,05”) can be added to the main
component group of the invention’s dielectric ceramic composition. By way of example, between 0.0
and 50.0 “percent by weight” of ALO; can be added to the main component group (as represented by
formula (1)) of the dielectric ceramic composition of the present invention. In the present application,
“percent by weight” is defined as the percentage of the weight of the main component group of the
dielectric ceramic composition that is added by the additional component, such as Al,03;. For example,
if the main component group of the invention’s dielectric ceramic composition weighs 100.0
kilograrhs, an addition of 50.0 percent by weight of ALO; would be equal to an amount of Al,O3
weighing 50.0 kilograms.
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The addition of AL,O5 to the main component group alters the processing parameters, such as
the sintering temperature, and other properties of the dielectric ceramic composition. In other
embodiments, between 0.0 and 8.0 percent by weight of boron oxide (“B,0;”) and/or between 0.0 and
8.0 percent by weight of copper oxide (“Cu0”) can be added to the main component group to reduce
the sintering temperature (i.e. the final firing temperature) of the dielectric ceramic composition.

Figure 1 shows an exemplary table including exemplary compositional range of exemplary
dielectric ceramic compositions in accordance with respective embodiments of the present invention.
Table 100 shows a summation of the compositional range of dielectric ceramic compositions according
to various respective embodiments of the present invention as discussed above. Table 100 includes
columns 102, 104, 106, 108, 110, and rows 112, 114, and 116. In table 100, column 102 shows the
range of “x” in formula (1), column 104 shows the range of “y” in formula (1), column 106 shows the
range of “z” in formula (1), column 108 shows the range of “x + y + z” in formula (1), and column 110
shows the percent by weight of Al,O; that can be added to the main component group of the
invention’s dielectric ceramic composition as represented by formula (1). Rows 112, 114, and 116 in
table 100 show the range of “x,” “y,” “z,” and “x + y + z” and the percent by weight of Al,O; in
respective embodiments of the present invention’s dielectric ceramic composition.

Figure 2 shows an exemplary table including exemplary electrical properties and exemplary
sintering temperatures of exemplary dielectric ceramic compositions in accordance with respective
embodiments of the present invention. Table 200 includes columns 202a through 202i and rows 204a
through 204n. In table 200, columns 202a, 202b, 202¢, and 202d show respective values of “x,” “y,”
“z,” and “x + y +2z” in formula (1), column 202e shows the percent by weight of AL O3, CuQ, or B,0s,
column 202f shows the value of the dielectric constant (“¢"), column 202g shows the value of the
temperature coefficient of frequency (“tf”) in parts per million per degree centigrade (“PPM/°C”),
column 202h shows the value of the quality factor times frequency (“QxF”) in gigahertz (“GHz”), and
column 202i shows the value of the sintering temperature in °C. In table 200, rows 204a through 204n
show the dielectric ceramic composition, electrical properties, and sintering temperature of respective
embodiments of the present invention.

As shown in rows 204j, 204k, and 2041 of table 200, for the same dielectric ceramic
composition (i.e. for the same values of “x,” “y,” “z,” and “x + y +z” and the same percent by weight
of Al,O3), present invention’s dielectric ceramic composition achieves a wide sintering temperature
range of 85.0 °C (i.e. between 1275.0 °C and 1360.0 °C). Additionally, the present invention achieves
a dielectric ceramic composition having a dielectric constant of approximately 20.0, a uniform density,
and significantly reduced exaggerated grain growth. As a result, the present invention achieves a
dielectric ceramic composition having an increased manufacturing yield. In contrast, conventional
dielectric ceramic compositions that comprise Mg, Ca, and Ti typically have a narrow sintering

temperature range of approximately 5.0 °C to 10.0 °C. As a result of the narrow sintering temperature



10

15

20

25

30

35

WO 2006/127103 PCT/US2006/010060

range, the conventional dielectric ceramic compositions can have a varying dielectric constant,
significant exaggerated grain growth, and non-uniform density, which cause a reduced manufacturing
yield. Additionally, as shown in row 204n of table 200, with the addition of 1.0 percent by weight of
B,03, an embodiment of the present invention achieves a dielectric ceramic composition having a low
sintering temperature of 1000.0 °C.,

Figure 3 shows a flowchart illustrating an exemplary method for forming a dielectric ceramic
composition, in accordance with one embodiment of the present invention. Certain details and features
have been left out of flowchart 300 that are apparent to a person of ordinary skill in the art. For
example, a step may consist of one or more substeps or may involve specialized equipment or
materials, as known in the art.

At step 302 of flowchart 300, a batched powder is formed including compounds of elements of
a main component group represented by Mg,Ca,Zn,TiOsxiy+, (i.€. formula (1)). The batched powder
can comprise MgO, CaCO;, ZnO, and TiO,, which are compounds of respective elements Mg, Ca, Zn,
and Ti of the main component group. The batched powder is formed by appropriately weighing out
MgO, CaCOs, Zn0, and TiO, according to ratios determined by selected values of “x,” “y,” and “z” in
formula (1). In other embodiments, different compounds of the elements Mg, Ca, Zn, and Ti of the
main component group may be used to form the batched powder.

In the present embodiment, the values “x,” “y,” and “z” can be greater than 0.0 and less than
1.0 and the value of “x + y + z” can be less than or equal to one. In other embodiments, the value of
“x” can be greater than 0.0 and less than 2.0, the value of “y” can be greater than 0.0 and less than or
equal to 1.0, the value of “z” can be greater than 0.0 and less than 0.03 or greater than 0.09 and less
than or equal to 1.0, and the value of “x +y + z” can be greater than 1.0 and less than 2.0.

After the batched powder has been formed, between 0.0 and 50.0 percent by weight of Al,O;
can be added to the batched powder. In one embodiment, between 0.0 and 50.0 percent by weight of
Al;O5 can be added to the fabrication process at a subsequent process step. In other embodiments,
between 0.0 and 8.0 percent by weight of B,O; and/or between 0.0 and 8.0 percent by weight of CuO
can be added to the batched powder to reduce the sintering temperature.

At step 304, an initial slurry is formed and the initial slurry is wet mixed, milled, and dried.
The initial slurry can be formed by adding an appropriate dispersing agent and deionized water to the
batched powder. The initial slurry is then wet mixed, milled, and dried in an oven to form a
mechanical mixture. The initial slurry can be milled, for example, in a vibratory mill. However, other
milling devices may also be used to mill the initial slurry. At step 306, a calcine process is formed to
form a homogenous powder. The homogenous powder can be formed in the calcine process by heating
the mechanical mixture in an oven at an appropriate temperature for an appropriate duration so as to
cause the individual components in the mechanical mixture to chemically react and, thereby, fuse

together. By way of example, the calcine process can be performed at a temperature of approximately
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1150.0 °C for approximately 8.0 hours. However, the temperature and duration of the calcine process
can vary depending on the particular dielectric ceramic composition that is being formed.

At étep 308, a final slurry is formed and milled to achieve a desired particle size. The final
slurry can be formed by mixing the homogeneous powder formed at step 306 with deionized water.
The final slurry can then be milled to achieve a desired particle size by using a vibratory mill or other
appropriate milling device. The milling process can provide a medium particle size, for example, of
approximately 2.5 microns having a particle distribution such that approximately 50.0 percent of the
particles are smaller than 2.5 microns and approximately 50.0 percent of the particles are larger than
2.5 microns. The medium particle size range can be, for example, between 2.4 microns and 2.7
microns.

At step 310, a binder is added to the final slurry and the final slurry is spray dried to form
flowable granulates. The binder can be, for example, polyvinyl alcohol or methyl cellulose, depending
on whether a dry-pressing process or an extrusion process, respectively, is utilized to shape the
flowable granulates in a subsequent process step. The final slurry can be spray dried to form the
flowable granulates in an appropriate spray drying process. At step 312, the flowable granulates are
forced into a desired shaped and a sintering process is performed to form a desired dielectric ceramic
composition. The flowable granulates can be formed into a desired shaped by utilizing a dry-pressing
process or an extrusion process, for example. In the sintering process, the shaped granulates are heated
to a sufficiently high temperature to form a dielectric ceramic composition. By way of example, the
sintering temperature range can be between 1275.0 °C and 1360.0 °C. Thus, the present invention can
advantageously achieve a wide sintering temperature range of approximately 85.0 °C.

In other embodiments, between 0.0 and 8.0 percent by weight of B,O3 or CuO can be utilized
as an additive to achieve a significantly lower sintering temperature. By way of example, 1.0 percent
by weight of B,O; can be added at step 302 of the formation process to achieve a sintering temperature
of approximately 1000.0 °C. By way of example, 1.0 percent by weight of CuO can be added at step
302 of the formation process to achieve a sintering temperature of approximately 1100.0 °C. Also, the
present invention achieves a dielectric ceramic composition having reduced exaggerated grain growth.
In one embodiment, the present invention achieves a dielectric ceramic composition having
substantially no exaggerated grain growth. Furthermore, the present invention advantageously
achieves a dielectric ceramic composition having substantially uniform electrical properties and
substantially uniform density, which increases manufacturing yield. By way of example, the present
invention can achieve a dielectric ceramic composition having a dielectric constant of approximately
20.0.

Thus, as discussed above, the present invention advantageously achieves a dielectric ceramic
composition having a wide sintering temperature range and inhibited exaggerated grain growth. In

contrast, a convention dielectric ceramic composition comprising Mg, Ca, and Ti, typically has a
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narrow sintering temperature range of approximately 5.0 °C to approximately 10.0 °C with significant
undesirable exaggerated grain growth. Thus, the present invention advantageously achieves a
dielectric ceramic composition having a wider sintering temperature range and significantly reduced
exaggerated grain growth compared to a conventional dielectric ceramic composition comprising Mg,
Ca, and Ti.

Additionally, a conventional dielectric ceramic composition comprising Mg, Ca, and Ti
typically has non-uniform electric properties and non-uniform density, which decreases manufacturing
yield. In contrast, the present invention advantageously achieves a dielectric ceramic composition
having substantially uniform electrical properties and density. Consequently, the present invention
advantageously provides a dielectric ceramic composition having increased manufacturing yield
compatred to a conventional dielectric ceramic composition.

From the above description of the invention it is manifest that various techniques can be used
for implementing the concepts of the present invention without departing from its scope. Moreover,
while the invention has been described with specific reference to certain embodiments, a person of
ordinary skill in the art would appreciate that changes can be made in form and detail without departing
from the spirit and the scope of the invention. Thus, the described embodiments are to be considered
in all respects as illustrative and not restrictive. It should also be understood that the invention is not
limited to the particular embodiments described herein but is capable of many rearrangements,
modifications, and substitutions without departing from the scope of the invention.

Thus, dielectric ceramic compositions having a wide sintering temperature range and a reduced

exaggerated grain growth have been described.
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CLAIMS
1. A dielectric ceramic composition comprising:
a main component group, said main component group being represented by
Mg,CayZn, TiOzx1ysz
wherein a sum of x, y, and z is less than or equal to 1.0 such that said dielectric ceramic

composition has a wider sintering temperature range and reduced exaggerated grain growth.

2. The dielectric ceramic composition of claim 1 further comprising between 0.0 and

50.0 percent by weight of aluminum oxide.

3. The dielectric ceramic composition of claim 1 further comprising copper oxide.
4, The dielectric ceramic composition of claim 1 further comprising boron oxide.
5. A dielectric ceramic composition comprising:

a main component, said main component being represented by Mg,Ca,Zn,TiOssxiyiz;
wherein a sum of x, y, and z is greater than 1.0 and less than 2.0 such that said dielectric

ceramic composition has a wider sintering temperature range and reduced exaggerated grain growth.

6. The dielectric ceramic composition of claim 5 further comprising between 0.0 and

50.0 percent by weight of aluminum oxide.

7. The dielectric ceramic composition of claim 5 wherein y is greater than 0.0 and less

than or equal to 1.0.

8. The dielectric ceramic composition of claim 5 wherein z is greater than 0.0 and less
than 0.03.
9. The dielectric ceramic composition of claim 5 wherein z is greater than 0.09 and less

than or equal to 1.0.

10. The dielectric ceramic composition of claim 5 further comprising copper oxide.
11. The dielectric ceramic composition of claim 5 further comprising boron oxide.
12. A method of forming a dielectric ceramic composition, said method comprising steps
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of:

forming a batched powder including a main component group, said main component group
being represented by MgyCa,Zn,TiOsixiyiz;

performing a calcine process to form a homogeneous powder;

performing a sintering process to form said dielectric ceramic composition;

wherein a sum of x, y, and z is less than or equal to 1.0 such that said dielectric ceramic

composition has a wider sintering temperature range and reduced exaggerated grain growth.

13. The method of claim 12 wherein said sintering temperature range is between 1275.0
°C and 1360.0 °C.

14. The method of claim 12 further comprising a step of adding between 0.0 and 50.0
percent by weight of aluminum oxide to said batched powder after said step of forming said batched

powder.

15. The method of claim 12 further comprising a step of adding boron oxide to said
batched powder after said step of forming said batched powder.

16. The method of claim 12 further comprising a step of adding copper oxide to said
batched powder after said step of forming said batched powder.

-10-
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