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1 #®s 1 Introduction
FoBE 2 AR L D — DT d B IE A0SR AR D A Memory storage capacity has seen rapid
T, RS O ML B TR & development on the back of technological innovations

including sophisticated ultra-fine circuit wiring and

RO EQEMEHZH FIZ, AT OHEH multilayer structures for data recording media memory,
EREEIL. RENICRESZRTCX7, NS5O which is a major semiconductor product. These technical
WL, B TRCEN B TRETy FLr innovations were achieved through repeated light exposure,

image developing and etching processes. Electrostatic

TP MELEERTIETEIINTVWELEY, 2D

chucks used to hold silicon wafers inside these etching

Ty FrZEENTY) I Y INORFFIHEH S systems have been repeatedly added while their service life
BEET v 7 13RI oBE N E LG 1285 by decreases. Demand for electrostatic chucks has also

FEIC o CE T D, £70. b —TF kO EEH increased with the need to add etching systems in order to

improve throughput.

MZTy Fr 7 RER RGNS E2 LT H DL L Electrostatic chucks are used to hold silicon wafers
POEET vy 7 OEFENEFSTEX TS, precisely flat in a vacuum. Two types of electrostatic chuck
B 0 5 | FELZEH T ) T TN S E I are the Coulomb type (shown in overview in Fig. 1), which
uses adhesion principles and Coulomb force, and Johnson-

RFFTHIOIMA SN DD, WA DR ELT Rahbek type which uses the Johnson-Rahbek effect
s—ary hEFHETA7—a B (BEAK 125K 9) (shown in overview in Fig. 2). The latter, Johnson-Rahbek,
L Varkrg—~u s HERNEATLY a5 — sends a micro-current in the small gap between dielectric

Ny 2T (BERE 2 1553 LhB D, BEoYs and wafer surfaces creating a force induced by charge

polarization. This occurs when the dielectric electrical

Yy T=Ry 7 EFEEE T N ED TR D/ resistivity is less than 10" to 10"*Q-cm. In order to ensure
KTy SN ERITRN. HEOSMLUCHEIL the required adhesive force in the electrostatic chuck using
KBTI Lo THLE 2 TH V) L HEAOKERE the Johnson-Rahbek force the dielectric electrical resistivity
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Fig. 1 Adsorption principle of Coulomb type Fig. 2 Adsorption principle of Johnsen-Rahbek
Electrostatic chuck. type Electrostatic chuck.
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must be adjusted to 10® to 10°Q-cm. Normally, Johnson-
Rahbek type electrostatic chuck dielectrics are ALOs
ceramics with added transition metal elements, such as
ALO;-TiO;z base. While these materials are part of our
electrostatic chuck lineup, as Electrostatic chuck service
life has decreased, ways to increase material hardness have
been sought.”

We developed materials able to achieve improved
hardness ~ while  maintaining  the fundamental
characteristics including electrical resistivity necessary for
Johnson-Rahbek type electrostatic chuck dielectrics.

2 Microstructure in Al;O3-TiO; Ceramics

As discussed above, practical applications have
been made to electrostatic chucks of conductive alumina
with electrical resistivity controlled to 10° to 10"'Q-cm by
adding TiO2 to ALLOs and we have already made the
microstructure of this ceramic clear. STEM bright-field
image and Ti-Ka-STEM mapping image of the grain
boundary of ceramic Al,Os crystal powder with electrical
resistivity controlled to 107 to 10"'Q-cm by adding TiO:to
ALOs are shown in Fig. 3(b)(c). From Fig. 3(c) it is
possible to confirm that the added Ti ions are segregated
along the grain boundary of the Al,Os. The results of an
EDS analysis at Inm separation shows this crystal grain
boundary region has the grain boundary parallel to the
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Fig. 3 STEM line profile of Ti-Ka across a grain boundary of a-Al,O; (a), STEM

bright-field image (b) and Ti concentration maps (c) of a-Al,O; grains.
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electron beam irradiation direction as shown in Fig. 3(a).
From the peak half-width, it is understood that the Ti ions
are segregated on the grain boundary at a width of about
4nm. By clarifying the microstructure of ALO;-TiOs
ceramics in this way as a foundation, we have worked to
further improve the characteristics.

3 Experimental Method

Fig. 4 shows the dielectric material evaluation
process. Mixed powder with 0.5 to 3.5mass% TiO2(99.8%
pure, average granularity 0.6um) and 0.2 to 1.0mass%
B4«C (average granularity 1.0pm) added to high purity
ALOs (99.99% pure, average granularity 0.1pm), is wet-
mixed for 10 hours in a bowl mill with binder, plasticizer,
dispersant and defoaming agent. Purified water is used as
the dispersant. Using a spray dryer to spray dry the adjusted
slurry, a granulocyte is made with diameter 50 to 100pm.
The granulocyte is formed with 137MPa static hydraulic
pressure (CIP) and base treatment performed using cut
machining. To cause decomposing evaporation of organic
additives including binder in the molded object, after heat
treating in open air, it is sintered at 1200 to 1700C in Ar
gas atmosphere while pressing in one direction with a hot
press. The obtained sinter is machined to an arbitrary
shape, and evaluated for electrical characteristics (leak
current, adhesive force), electrical resistivity and Vickers
hardness. Crystal phase is identified with powder X-ray
diffraction.

» Al,O;+TiO,+ B,C
» Ball mill (Wet mixing)
» Granulation ( Spray dry )

Preparing powder

» Forming ( CIP )
Forming

. » Green machining
Green machining

Sintering » dewaxing+Sintering (Hot Press)

Machining » Surface grinding process

» Electrical resistivity evaluation

» Electrical characterization

» Crystal phase identified with
powder X-ray diffraction

> Vickers hardness

el

Fig. 4 Dielectric evaluation process.
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Fig. 5 Electrical resistivity measurement
sample.
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pv : Electrical resistivity /0 -cm
T : Thickness /mm

S : Effective electrode area /cm?
Rv : Resistance value /1)
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Fig. 6 Electrical resistivity measurement
method.

4 Evaluation Results
41 Electrical Resistivity Evaluation

First, an electrical resistivity was evaluated as an
important index for Johnson-Rahbek static chuck
dielectrics.

The materials, which are highly resistive, do not
easily permit current flow and require application of high
voltages in excess of several-hundred volts. On the other
hand, the current applied to the test material is minute and
must be measured while excluding the impact of current
leakage. As shown in Fig. 5, silver paste was used to print/
dry main, guard and counter electrodes forming a double
guard electrode composition. The measuring method
shown in Fig. 6. DC500V was applied to the material and
the current (I) was measured after charging for one minute
to obtain the material’s resistance value (Rv) and then the
electrical resistivity (pv) calculated using Equation (1)
from test material thickness (t) and electrode surface area
(S). The measurement device that was used is the Yokogawa
HP ultra-high resistance meter (4329A).

—SxR —SxV 1
pr=mXRv = 1...()
n(D; + g)°
S=—1n -7
4
Dy — Dy
8=——5
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pv : Electrical resistivity /) -cm
T : Thickness /mm

S : Ef fective electrode area /cm?
Rv : Resistance value /1)

Fig. 7 indicates the change in electrical resistivity
for the additive TiOa. The sintering conditions used the
foundational data from product development of existing
test materials sintered at 1300°C for 4 hours at 40MPa of
pressure in a hot press. Electrical resistivity was gradually
reduced as TiO: was added so when 2mass% or more TiO2
was added it gives a constant value of approximately
10°Q-cm. It is known that electrical resistivity in the range

Krosaki Harima Technical Report No.168 (2020)



104

100 E

1012

101 £

101 |

10°

Electrical resistivity / Qcm

10®
0.0

0.5 1.0 16 20 25 3.0 3.5 4.0

TiO, content / wt%

Fig. 7 Electrical resistance v.s. TiO; content.”
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Fig. 8 Electrical resistance v.s. B4C content.

10? to 10"Q2*cm where high adhesion force can be achieved
as a static chuck is reached with 0.8mass% or more TiO;
added. Furthermore, based on this data, with the
appropriate amount of added TiO: being 1.2mass%, the
amount of added B4C was evaluated for variation in added
amount. Fig. 8 shows the change in electrical resistivity
relative to the B4C added. It is apparent that electrical
resistivity at 0.3 to 1.0mass% added is optimal at 0.5mass%
or less.

4+ 2 Electrical Characteristic Evaluation
4+2+1 Leak Current Evaluation

Fig. 9 shows a graph of the leak current
measurement. The dielectric was set, formed with the
electrode inside the vacuum chamber and then a silicon
wafer was mounted and connected to the outer circuit. The
vacuum hardness in the chamber was brought under 1Pa
using a rotary pump and the leak current measured when
DC1000V applied. Leak current was measured using the
Kikusui Electronics’ withstand voltage tester (TOS5051)
and implemented for both 0.2mass% and 0.4mass% B4C
additive, with TiOz at 1.2mass% added as the optimal
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Fig. 9 Overview of leak current measurement.
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Fig. 10 Overview of chucking force measurement.
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amount for electrical resistivity. Based on the leak current
measurement results both types were within specification
for existing material specifications with 0.4mA or less.

4+2+2 Chucking Force Evaluation

Fig. 10 shows a graph of measured chucking force.
As with leak current measurement, the dielectric formed
with electrode in vacuum chamber was set and after
chucking for two minutes with the element, an air cylinder
was used to lift the element and measure the chucking
force when applied voltage is DC300V. The power supply
used was MATSUSADA Precision (HECA-3B2). The
surface of the dielectric was embossed and contact surface
with the element was about 1%. The results of chucking
force measurement were within specifications for both
types above with existing material chucking force design
value of 5000Pa or more.

43 Vickers Hardness

Vickers hardness was compared and evaluated for
sinters with the best composition from the previous results,
ALOs with 1.2mass% TiO; and 0.4mass% B4C added,
against sinters with existing product compositions. The
measurement was based on JIS-R1610 and was made by
Mitsutoyo’s HV. Table 1 shows the measurement results.
The existing material hardness is 14.0GPa. The developed
material has 18.4GPa. While retaining the other basic
characteristics, the hardness was improved by more than
30%.?

4°+4 Crystal Phase Identification

The existing material ALO3-TiO: dielectric and
development material ALLO;-TiO2-B4C dielectric powder
X-ray diffraction results are shown in Fig. 11. In D ALOs-
TiO», corundum and rutile peaks were detected but in (2
ALO;-TiO:, with B4C, in addition to corundum,
prominent AlsBOy peaks were detected. When sintering
the development material has AIBOs existing in liquid
phase promoting refinement which is considered likely to
have improved the hardness over the existing material.

Table 1 Characteristics of sialon ceramics

Conventional material Development material
Bulk Density / g-cm™ 4.0 3.9
Vickers hardness (Hv 1kgf) / GPa 14.0 18.4
Electrical resistivity / Q cm 1.0x10° 1.0x 10"
Leakage current @1000V / mA <0.5 <0.4
Chucking force @300V / Pa 25000 25000
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Fig. 11 XRD patterns of AL,Os dielectric material.

5 Conclusion

Material development was implemented with the
purpose of improving hardness of AL, O5-TiO: dielectric, a
material already used by our company for Johnson-Rahbek
products. High-purity ALOs; was combined with
1.2mass% TiO: and 0.4mass% B4C and while fulfilling
the basic characteristics with regard to electrical resistivity
of our existing material, achieving more than 30%
improvement in hardness. AlsBOy, which is present in the
liquid phase in addition to corundum, is considered likely
to have promoted refinement, thereby improving the
hardness over existing materials. Moving forwards, we
would like to clarify the fine structures for the existing
material in the same way in order to further improve its

characteristics.
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