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Development of High-performance Fine Powder Spherical Filler Product Technology

(Fine Powder Alumina Filler, High-performance Silica Filler)
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Abstract

The Micron Div. of Nippon Steel Chemical & Material Co.,Ltd., in which the division’s predecessor
was led by Micron Co.,Ltd. (a joint venture between the former Nippon Steel Corporation and the
former Harima Refractories Co.,Ltd.), has been promoting the spherical filler business since 1985,
based on the world’s first successful development of flame-fused spherical fillers. As a pioneer in the
spherical filler business, the Micron Div. of Nippon Steel Chemical & Material provides high-
performance spherical fillers suitable for semiconductor encapsulants, casting materials, etc. This
paper introduces the product features of the current general-purpose product line-up and the relevant
applications, by classified mesh. With the rapid evolution and development of semiconductor devices,
the spherical filler properties for semiconductor encapsulants are now required to have new functions
such as high thermal conductivity and low dielectric properties for high frequencies, in addition to
the conventional key properties of high density filling and high flow properties. A basic thermal
management approach was investigated to address the high thermal conductivity properties in the
relevant customer requirements. From the verification of the basic approach to the high thermal
conductivity and high functionality of the fine spherical alumina filler AX1M developed by the Micron
Div. of Nippon Steel Chemical & Material, this paper presents the development guidelines for further
high functionality. In addition, as an effort to develop high-performance silica products, we focused
on the thermal conductivity and thermal expansion coefficient of quartz to convert spherical
amorphous silica to quartz, organized the effects of the Ca addition amount and heat treatment
temperature on the phase transition ratio to quartz and cristobalite, and reported in this paper that
the quartz ratio can be increased under limited conditions.
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Optimization of particle size distribution

_Particle Size Distribution of Spherical Silica
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Improvement of filler filling ratio and flowability by spheroidization of silica filler and examples of particle size distribution of

spherical silica filler

(The five lines in the figure show the particle size distribution of typical spherical silica filler products in the fine to large diam-

eter range.)
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Spherical filler product lineup (silica & alumina) of the Micron Div. of Nippon Steel Chemical & Material Co., Ltd.

Silica Alumina

Product | D50 | S.S.A |Roundness| Nat+ | Cl- | SiO, | Mesh Product | D50 | SS.A | EC Nat+ | Cl- | ALO, | Mesh
name um | mg - ppm | ppm % um name um | m¥g |uS/cm | ppm | ppm % pm
S140 28 1.7 0.90 0.3 0.2 99.9 72 AZ2-75 3 1.3 7 4 8.0 99.9 75
S210 28 1.8 0.92 0.3 0.2 99.9 72 AZ4-75 5 0.6 6 3 1.5 99.9 75
S3030 26 22 0.94 0.2 0.3 99.9 75 AZ10-75 11 0.3 4 3 1.0 99.9 75

S430 20 3.0 0.93 0.2 0.2 99.9 72

AZ35-125| 37 0.2 5 6 0.4 99.9 125

SC70 17 1.0 0.97 0.3 0.1 99.9 50

AZ75-150 | 75 0.2 10 10 0.5 99.9 150

SP60 2 7.6 0.98 0.8 0.1 99.0 -

AXIM 1 32 77 170 10.0 | 999 -

D50: Particle size corresponding to 50% cumulative frequency in the particle size distribution.

S.S.A: specific surface area
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Product specifications for typical 75 um cut products

Ttem Unit| S140 S210 | S3030 | S430 | S4070 | S4060P
D50 pm | 279 2838 26.2 20.1 284 19.9
Wet sieve

75umon | % | 00 0.0 0.0 0.0 0.0 0.0
Specific mYg| 17 18 22 30 23 33
surface area
Roundness | - | 090 0.92 0.94 0.93 0.94 0.94

(Range) (4575 pum)|(45-75 pm) (4575 pm) |(45-75 pum)|(45-75 pum)|(45-75 pum)
Extract impurities
Na+ ppm 0.3 0.3 0.2 0.2 0.2 0.2
Cl- ppm 0.2 0.2 0.3 0.2 0.1 0.1
Flowability
mL/s 0.40 0.53 0.75 0.76 0.82 0.93
(Q-value)
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Product specifications for typical 53 um cut products and

typical 45 um cut products

53 um-cut 53 um-cut 53 pm-cut 45 um-cut
Item Unit | ST3050-50 | S3030-50 | S4140-53P | S4140-45P
D50 um 9.7 19.6 16.9 14.3
Wet sieve
53 um on % 0.0 0.0 0.0 -
45 um on % - - - 0.0
Specific | bl 29 34 3.5 38

surface area
Roundness - 0.96 0.95 0.97 0.97

(Range) (10-53 um)|(10-53 pm)|(10-53 pm)| (1045 pm)
Extract impurities
Na+ ppm 0.1 0.1 0.1 0.1
Cl- ppm 0.4 0.4 0.1 0.1
Flowability
mL/s 0.53 0.65 0.80 0.72
(Q-value)
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Product specifications for typical 32 um cut products and

typical 20 um cut products

32 um-cut 20 um-cut 20 um-cut 20 yum-cut
Item Unit | ST7011-3 |ST3050-20| ST7011-2 |ST7030-20
D50 um 12.3 8.5 9.6 7.5
Wet sieve
32 ym on % 0.0 - - -
20 pm on % - 0.1 0.0 0.0
Specific | el 33 28 3.5 3.0

surface area
Roundness - 0.98 0.97 0.99 0.97

(Range) (10-32 pm)|(10-20 pm)|(10-20 pm)|(10-20 gm)
Extract impurities
Na+ ppm 0.1 0.1 0.1 0.1
Cl- ppm 0.1 0.1 0.2 0.1
Flowability
mL/s| 0.54 0.37 0.42 0.37
(Q-value)
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Characteristics of spherical alumina filler

Grade AY series AZ series
Product name AY2-75 | AY4-75 | AY10-75 | AY35-125| AY75-150 | AZ2-75 | AZ4-75 | AZ10-75 | AZ35-125 | AZ75-150
Particle size (D50) Hm 25 45 10.5 37.0 75.0 2.5 5.5 10.5 37.0 75.0
Specific surface area | m?/g 1.3 0.6 0.3 0.2 0.2 1.3 0.6 0.3 0.2 0.2
Electric conductivity | #S/cm 35 12 30 20 50 7 6 4 5 10
Free Na+ ppm 80 30 50 30 80 4 3 3 6 10
Free Cl— ppm 13.5 1.5 0.8 0.5 0.5 8.0 1.5 1.0 0.4 0.5
ALO, wt% 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
Sieving size Hm 75 125 150 75 125 150
* The data mentioned above are not the specifications, but the typical value.
12 Particle size distribution 12 —AZ4-75 —AZ4-20 —AZ4-10 I
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Particle size distribution of spherical alumina filler (AY se-
ries)
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Particle size distribution of spherical alumina filler in low
top cut products
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Amorphous structure

Crystalline order structure
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Mechanism of high functionality of fine powder filler
(High functionality is achieved by submicron spherical filler
in the mesogen skeleton & sea-island structure of high
thermal conductivity epoxy resin.)
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8 AXIM DA SEM & & Ui EBSD BITE #5451
AXIM 22T LLIE 2 T L1 U EE TRBA TR
SEM image of AX1M and cross-sectional EBSD results
AX1M crystals consist of a single grain or two grains.
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50,000

(%]

©

o

N

=

o

N

2 5,000 Low viscosity

2

N

2

8

g 500

S Blend®

3 --AZ10-75 + AX1M

= 50

§ S 9 8 5§ Y S N Mo NN T N9
o 88 gssss°®°°° " "TYENSTE

Shear strain(%)

IR T IV F 7 105 — AXIM %L 745 fg#H
B DREE S

Viscosity characteristics of resin compositions with fine
spherical alumina filler AX1M
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Viscosity : HIGH Viscosity : LOW

X9

Almost Solid state Flows easily
AZ2L-75 AX1M
K10 WRERTIVIF T 17— AXIM ORI & 51805
RENEDZEAL

Change in resin flowability with the addition of fine spheri-
cal alumina filler AX1M
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19 By adding 3~5wt% AX1M to compound,
450 the viscosity of compound significantly decreased
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Effect of the amount of fine spherical alumina filler AX1M
added on the viscosity of resin compositions
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@ Thermal conductivity bar

Low thermal conductivity

Heat flux
distribution for
3 components

Blue area indicates
‘Resin’

High Thermal conductivity

AZ2L-75(2 um)

AXIM(1um)

thermal conductivity

Fine particle
Coarse and 120um,30um,25um, 120um,30um,25um,
middle 20pum,15um,10um 20um,15um,10um
u 20% increased
12 WHBERTINIFT 17— AXIMDOEES I L— 3>

Simulation of thermal conductivity of fine spherical alumina filler AX1M

£6 JUHDERREMMEE
Silica crystal system and physical properties

Property Quartz Cristobalite Amorphous silica
Crystal system [Low/High] Trigonal/Hexagonal Tetragonal/Cubic -
Phase transition temperatures (°C) [Low<«>High] 570 220 -
Density (g/cm?) 2.65 2.33 2.21
Thermal conductivity (W/mK) [Horizontal/Vertical] 10.7/6.2 10 1.38
Thermal expansion coefficient (ppm) [Horizontal/Vertical] 8.0/13.4 20-34 0.52
20, —HT, TAH)EREFEML TR L5 E, —
; - 4 - ——1200°C
I T AT OBEREREALATRZ Y, ERIRZ PR 7% T4 —1z0c °
—1240° A
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MOBEDKHRE 5720, FHIEMCTHET L2 L1diFF
LL Vv, 22T, 7»ﬁUiﬁAE@¢f$amA%%
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FEHLZ. T2, V) I ORGSR AR 6 18T,
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B2, TIVIF T 4 T —=DMEZ v S T OBV
) LR BRI R AT e CH S, LrL, 27U AN
T4 M 220C THEER AL, FEAOFERICBITS
) 70— mE CTHGIRVPB S ENL 720U F LR\,
7, AYEIAHERIREAY 570C & HormEun o EHIRE T
DA OB 2 Ve F 2 TURSHE T3S L 729 o
ERIR ) AR 6 BN K CERIRA PR T o Bi3s %
WEt L7z
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(X-Ray Diffraction) |2 CHtdsAHZ HI%E L 720
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Crystallization of silica at each heat treatment temperature
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Effect of heat treatment temperature for crystallization on
the crystallinity of quartz
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Effect of heat treatment temperature for crystallization on
the crystallinity of cristobalite
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(b) IQ map (c) IQ + IPF map
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(@) SEM image

EBSD analysis of silica with 1.1mass%Ca0 heat-treated
at 1200°C
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