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ABSTRACT

Effects of additives on electrical properties and microstructure of MLCC X7R dielectrics have been investigated. The additives of
glass frit or oxide form were added in the same main composition by the different powder processing conditions. As a result of the
dielectric property and microstructure analysis, the composition having the glass layer with dopant concentration gradient showed the

excellent dielectric properties. The MLCCs were fabricated with the
X7R requirements.

excellent composition and all dielectric properties satisfied the
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Table 1. Composition of Final Powder and Treatments Condition of Powder

Main Composition : BaTiO3+a BaO+b CaO+c MgO+d Y,0, (0<a<0.002,0<5<0.02,0<¢<0.03,0<d<0.01)

D Definition
A : glass frit .
AB glass B : glass frit A+B melting
Additives . A glass frit .
A glass+B solid B - oxide powder A melting
. A : oxide powder .
AB solid B : oxide powder No melting
1D Main composition Additives Treatments of additives  Treatments of final powder
SHIX-] - 800°C Heat treatment
—_— AB glass
SHIX-2 - -
Final SHIX-3 BaTiO BaO+b A glass+ - 800°C Heat treatment
owde - atiyta Bab+ B solid - -
powder_ SHIX4 404 MgO+d Y,0, : .
SHIX-5 - 800°C Heat treatment
SHIX-6 AB solid - -
SHIX-7 1100°C Calcination 800°C Heat treatment
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Fig. 1. XRD patterns of additives. (a) A glass, (b) AB glass, (c)
A glass+ B solid, (d) Asolid (before calcinations), (e)
AB solid (before calcination), and (f) AB solid (after
calcination).
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Fig. 2. XRD patterns of final powder; (a) SHIX-1, (b) SHIX-2,
(c) SHIX-3, (d) SHIX-4, (e) SHIX-5, (f) SHIX-6, and
(g) SHIX-7.

Intensity (A.U.)

Table 2. Particle Size Distribution and Surface Area (BET) of
the Final Powder

PSD (um) BET
ID 2

Do Dsg Dy, (m'/g)

SHIX-1 0.498 0.753 1.385 2.1164

SHIX-2 0.409 0.677 1.148 5.2462

SHIX-3 0.463 0.772 1.320 2.5871

SHIX-4 0414 0.680 1.162 5.9657

SHIX-5 0.347 0.566 0.994 3.4843

SHIX-6 0418 0.563 0.975 4.0949

SHIX-7 0.413 0.699 1.015 3.5687
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Table 3. Electrical Properties of the Disk Samples

Capacitance Dissipation Dielectric
Sample ID (nF) factor (%) constant
SHIX-1 241 0.77 2650
SHIX-2 248 0.76 2750
SHIX-3 2.58 0.70 3050
SHIX-4 2.48 0.68 2950
SHIX-5 2.70 0.74 3050
SHIX-6 291 0.66 3100
SHIX-7 2.69 0.76 3000
7000
1 R x C constant
6000 { —M—
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i 4000 S
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2000
1000 *
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Fig. 4. RC constant (Insulation Resistance properties) of the
disk samples.
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Fig. 5. Temperature capacitance change curves of the disk 26
samples; (a) SHIX-1, (b) SHIX-2, (c) SHIX-3, (d) Fig. 6. XRD patterns of sintered disk; (a) SHIX-1, (b) SHIX-2,

SHIX-4, (e) SHIX-5, (f) SHIX-6, and (g) SHIX-7. (¢) SHIX-3, (d) SHIX-4, (e) SHIX-5, (f) SHIX-6, and
(g) SHIX-7.
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Fig. 7. TEM photographs of the samples; (a) SHIX-1, (b) SHIX-3, (c) SHIX-7 and EDS analysis; (d) SHIX-1, (¢) SHIX-3, and (f) SHIX-7.
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15 um/27 layers, and (c) 8.5 um/60 layers (Sintered
thickness of internal layer/Number of internal layers).

Table 4. Electrical Properties of the MLCCs

Sample Capacitance Dissipation  Dielectric RC constant
D (nF) factor (%) constant (QF)
(a) 109 1.62 2680 2051
(b) 9.51 1.34 2630 2010
(c) 39.98 1.67 2750 2850
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