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ABSTRACT

Papers

1 Microstructure and electrical properties of
lanthanum oxide doped aluminum nitride
ceramics
Kentaro Takahashi, Mikio Konishi

Because of insulate and high thermal conductivity, AIN ceramics are
the most promising materials for the semiconductor manufacturing
process. AIN ceramics exhibited different resistivity and microstructure.
The effect on AIN ceramics with additions of Y203 or La,0; was
investigated by scanning electron microscope (SEM), X-ray diffraction
(XRD), and resistivity measurements. While using Y,O; additive, AIN
ceramics showed low resistivity at 873K ; the resistivity was 8E+5€ ¢
m for the secondary phase that was low resistivity at high temperature
existed at the triple point of AIN particle. In contrast, the secondary
phase of La,0; doped AIN was discharged from AIN in sintering
process, and resulted in the resistivity increased to 2E+7€ em.

2 Thermal properties of alloyed noble metal
colloids in low-middle temperature region.
Tsuneo Yanagisawa, Tooru Kinoshita

In this study, we investigated the syntheses of alloyed noble metal
(Ag, Au, Pd) colloids and their thermal properties. Also the oxidation of
organic materials adsorbed on the alloy colloids in low-middle
temperature region was investigated. These colloids which were
synthesized with simultaneous liquid-phase reduction method had low
crystallinity in room temperature, but the alloying and the crystallizing
was achieved by heating. From the results of thermal analysis, it was
identified that alloying of colloids is related to their thermal properties.

ABSTRACT

Papers

3 The evaluation of ceramics plasma resistivity
Takao Kitagawa, Mikio Konishi, Yukihiro Sakamoto

In a semiconductor manufacturing devices, halogen plasma resistant
ceramics are intensively required for its parts. Exposing ceramics to
halogen plasmas in actual chamber and processes, however, was the
only way to evaluate ceramics resistivity. In this way, the evaluation
needs a lot of hours and expensive machine. To develop a ceramics with
high halogen plasma resistivity, the method to evaluate halogen plasma
resistivity with short time was in need. In this research, halogen plasma
resistivity was investigated with measuring consumption rate of halides
formed at the surface of the ceramics by halogen plasma exposure.
We've also investigated and compared the halogen plasma resistivity for

several ceramics.



Microstructure and electrical
properties of lanthanum oxide
doped aluminum nitride

ceramics

Kentaro Takahashi and Mikio Konishi

Advanced Materials Research Group at New Technology Research Center

ABSTRACT

Because of insulate and high thermal conductivity, AIN ceramics are the most promising materials for the semiconductor

manufacturing process. AIN ceramics exhibited different resistivity and microstructure. The effect on AIN ceramics with additions

of Y,O; or La,0; was investigated by scanning electron microscope (SEM), X-ray diffraction (XRD), and resistivity

measurements. While using Y,0; additive, AIN ceramics showed low resistivity at 873K; the resistivity was 8E+5 Q ¢ m for the

secondary phase that was low resistivity at high temperature existed at the triple point of AIN particle. In contrast, the secondary

phase of La,O, doped AIN was discharged from AIN in sintering process, and resulted in the resistivity increased to 2E+7€2 ¢ m.

1> Introduction

AIN provides superior electrical insulation, thermal
conductivity, and mechanical property as well as high corrosion
resistivity against halogenated corrosive gas; therefore, it is
being used for susceptors, etc. which are required in
semiconductor manufacturing processes. Utilizing it to
semiconductor manufacturing system components such as high
temperature ESC is under consideration. AIN ceramics with
Y,0; additive as a sintering agent has high temperature
dependency of volume resistivity, so the volume resistivity
decreases signigicantly as temperature rises. Therefore, there
were problems with current leakage from current-carrying
components such as buried heaters in molds or electrodes.

There is a report saying that adding MgO as a sintering agent
is effective to increase resistivity of AIN. However, AIN with
high conductivity and high resistivity in a high temperature
range has not been achieved yet because the heat conductivity
of AIN is as low as ca 60W/meK.

Generally, AIN contains impurity oxygen, and there is a
report saying that the oxygen helps densification of AIN by
dissolving into AIN during sintering. However, when the ALN

is doped with oxygen, the balancing of electric charge and
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scattering of phonon occurs which is possibly contributing to
the decrease of volume resistivity as the heat conductivity
decreases.

Meanwhile, there are alkaline earth metal and rare earth
metal compounds as sintering agents used for AIN sintering.
These substances react with impurity oxygen in AIN, and
produce compound oxides in AIN grain boundary; thus, the
oxygen does not dissolve into AIN, and gets fixated in the grain
boundary. Nevertheless, the compound oxides deposited in the
boundary have high temperature dependency of volume
resistivity. Hence it is speculated that volume resistivity
decreases in a high temperature region when there is a large
quantity of compound oxide.

In this research, we conducted an experiment to achieve AIN
with high resistivity in a high temperature region by adding
La,0;, which has high vapor pressure among rare earth metal
oxides, as a sintering agent to control the solid solubility of
oxygen in AIN and decrease grain boundary phase which lowers
resistivity at high temperature.






(a) Overall view of SIM

Fig.1 SIM images of the high transparent metal mesh film.

Carbon protective film

Electrolytic plating layer

Electroless plating layer

Ultrafine Pd particle catalysis layer

Fig.2 SIM image of metal plating layer.

metal plating layer consists of a non-electrolysis plating layer
and an electrolysis plating layer. Moreover, dense metal
compositions are observed in the electrolysis plating layer due

to the channeling effect.

3-2 TEM observation of cross-sectional surface of the
antireflection plastic plate

We have commercialized an antireflection plastic plate which
can be mass produced at a low price by using a thin film
forming technique that is a combination of nano particle
dispersion technique and a wet coating method. The
antireflectional function is developed by forming layers with
various refractive indexes to certain thickness and creating an
optical interferential action. Therefore, it is important to form
each layer accurately according to the designed thickness.

Figure 3 (A) shows a SIM image of a specimen for TEM
observation during its preparation. Both sides of the observed
part are processed into a box shape. After that, the side and the
bottom parts of the central part (observed area) are cut out and

extracted by a manipulator in order to make the specimen for
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Pd layer
Anchor layer

Substrate

(b) Processed cross-section

TEM (figure 3 B). The thickness of the specimen is less than
100nm.

Spm 2Zum
(A) SIM image (B) TEM image
Fig.3 Preparation of cross sectional specimen for TEM.
(A) SIM image (B) TEM image
Figure 4 shows the TEM image of the specimen
manufactured as mentioned. Fine compositions of hard coated
layer, high refractive layer, and low refractive layer are
observed. Compared to conventional polishing methods or the
microtome method, the specimen was manufactured without
loss of particles or separation of boundaries. Moreover,
observed areas can be processed much faster and more

accurately in comparison with the ion milling method.

Low refractive layer

High refractive layer

Hard coated layer

100nm

Fig.4 TEM image of the anti-reflection coated plastic plate
4> Conclusions

Cross-sectional SIM and TEM observation are significantly
improved by introducing FIB.

In the future, FIB is expected to be a great contributor to
defect analysis or process evaluations of specified areas at

submicron scales.



SiC Heater Tool for Flip Chip
Bonding (3)

Technical Team at Electronic Materials Division, Advanced Materials

1> Introduction

With the diffusion and expansion of portable devices and
communication devices, there is an increasing demand for
smaller and thinner semiconductors with higher performance.
Therefore, flip chip bonding method has become the
mainstream method for smaller high speed semiconductors.

We are devoted to disseminating the method and developed a
SiC heater for flip chip bonding with conductive SiC ceramics
which are manufactured with our own SiC ultra-fine particles.

Heaters are a crucial part of the method, and performance of
heaters decides the takt time and precision of the equipment.
Especially, the following factors are important.

(1) Takt time (especially cooling time)

(2) Parallelism (evenness)

(3) Location accuracy

Fig.1 Photograph of micro-sized SiC heater for quick cooling
with attachment
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Therefore, we developed and commercialized the following
three new SiC heaters to satisfy customers' needs.

(1) Micro-sized SiC heater for quick cooling

(2) SiC heater for COG/COF

(3) SiC heater for high accuracy bonding

2> Micro-sized SiC heater for quick cooling

Our conventional standard-type 22cm square heater has been
receiving great reviews from our users for having the fastest
cooling time in the field. However, there is an increasing
demand for faster cooling.

Therefore, we developed a micro-sized SiC heater which
achieves faster cooling. Figure 1 and table 1 show a photo and
performances of the heater respectively.

The heater is expected to improve production efficiency, be
used for performing rising/falling temperature in a low

temperature region such as between 50°C and 150°C.

Table 1 Heater performance of micro-sized SiC heater for
quick cooling and standard type 22mm square heater

Micro-sized SiC heater Standard type 22cm
for quick cooling square SiC heater
Sizes of heaters 12x12mm 22x22mm
Heating rates 200°C/sec 200°C/sec
Maximum 450°C 450°C
temperatures
sy
Cooling tmole 2.4sec 4.3sec
400—100°C
.
Cooling tnane 3.0sec 9.2sec
150—=50°C

*1 Heater tool only (without attachment), inner cooling only
*2 Heater tool with attachment, inner cooling only



3> SiC heater for COG/COF

Direct bonding (on substrates) methods such as Chip On
Glass (COG) and Chip On Film (COF) are becoming the main
methods for IC for LD drive which is required for large, but
space-saving thin LDs. IC used in the methods is long and thin
(e.g. 2X25mm); therefore, the bonding plane have to match the
shape. Moreover, even thermal distribution is required so that
solder (anisotropic conductive film) melts evenly when
bonding. High parallelism is also needed in order to achieve
even pressure.

Under these conditions, the SiC heater for COG/COF was
developed. Figure 2 and table 2 show a photo of the heater and
its performance respectively.

Parallelism of the SiC heater was measured at rising/falling
temperatures, and figure 3 shows differences in results between
different attachment fixing methods. When bolts were used, the
bolts caused deformations such as the middle part swelled up
while the temperature was rising. When vacuum chucks were
used, there were hardly any deformations.

The heater is basically used face-down; therefore, safety
catchers are required when vacuum chucks were used.
Therefore, the heater is structured so that the users can choose
the attachment fixing method (with bolts or with vacuum
chucks). Vacuum chucks should be used when high parallelism

is required, otherwise bolt-fixing costs less.

Fig.2 Photograph of SiC heater for COG, COF with attachment

Table 2 Heater performance of SiC heater for COG, COF

Specifications Performances

Bonding area size ~5Smmx~25mm

Soaking property”’ AT=3.4°C
Maximum temperature 400°C
Temperature increase rate 150°C/sec

*1 In10secafterreachedat400°C, in 2x25mm on bonding area

10
8 —&— With bolts L
s - - # - - With vacuum chuck
3
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Temperature / °C

Fig.3 Parallelism of SiC heater for COG, COF measured at
different temperature by different attachment fixing
method

4) SiC heater for high accuracy bonding

The conventional thermal-compression flip chip bonding
method uses a movable camera for location recognition in order
to align a chip and a substrate before bonding, and the camera
has to be removed after alignment is done. Consequently,
adjustment of alignment during the actual bonding is
impossible; therefore, when very high precision is required,
special equipment are necessary and the equipment are
expensive and large-sized.

Thus, we developed SiC heater for high-accuracy bonding
which is structured to enable real-time observation of chip
bonding.

The mechanism of the observation takes a structure which
keeps a camera vision through the side area of the heater by
using a heater with collet for camera attachment as shown in
figure 4.

In addition, there are other types that observe chip bonding
through a hole from the backside of the heater through insulator
and metal tools.

The heaters are popular for making high accuracy possible
without using special equipment.

The heater shown in figure 4 was developed in corporation
with Association of Super-Advanced Electronics Technologies,

and there is a published report.
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(a) (b)

Fig.4 (a) Structure of high accuracy heater with collet
(b) Phtograph of high accuracy heater with collet

5> Conclusions

There is an increasing demand for more compact and
speedier semiconductor installation, and flip chip bonding
methods will expands the usages corresponding to the needs.
Especially, heaters are very important in the methods, and there
will be intensive competition.

We have been offering various heaters to correspond to our
customers' needs, and keep working on technological
improvement, availability, and lower cost to survive the

competition.
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