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Proposal of hot cathode RF sputtering target with
high thermal stress tolerance for high rate deposition of MgO thin film
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A high thermal stress tolerant target for hot cathode RF sputtering is proposed for high rate deposition of MgO thin
film. Porous structure is proposed that mitigates thermal stress at various locations in the target. Targets were
prepared by mixing MgO powder with pore forming material, first baking off the resin in air to secure vacancies, and
then sintering the MgO by raising the temperature to 1600°C. By appropriately selecting the material, diameter of the
pore forming material, and sintering temperature, it was possible to leave vacancies in the target after sintering.
Furthermore, the deposition rate of the hot cathode sputtering with the porous MgO target that had a pore diameter
of 150 nm was 0.71 nm/s, which was 3.6 times faster than the normal cold cathode sputtering with the MgO target
with Cu backing plate.
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Fig. 1 Schematics of cathode with thermal
insulation plate inserted between cathode plate and
target.
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Fig. 2 Process flow of hot cathodic RF sputtering
with plasma emission and red-heat state of MgO
target just after discharge.
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Fig. 3 Emission spectra during discharge under Ar

gas atmosphere of 4 Pa with MgO target at various
RF powers.
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Fig. 4 (a) Cracked target after discharge and (b)
schematics of red-heat state of target with
cracking.

Fig. 5 (a) Red-heat target just after discharge,
and (b) thickness distribution of thin film on glass
substrate placed in front of target (a).
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Fig. 7 (a) Conventional target fabrication
methods and (b) specific fabrication methods
for porous structure targets.
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Table 1 Porous MgO targets fabricated by varying
amount of porous material to be mixed in.

Resin content

(Wi%) 5 15
Resin size 230 230
(um)
Sintering
temperature 1600 1600
(°C)
Density
(glemd) 2.09

Target surface D .

Fig. 8 Red-heat state and surface condition of
porous MgO target after discharge [(a) 5 wt%
addition, (b) 15 wt% additionl.
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Fig. 9 SEM images of (a) porous structure and (b)
blank hole for MgO porous target sintered with pore
forming material of 10 pm in diameter under
temperature of 1600 °C.
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Table 2 Porous MgO targets sintered with pore forming material of 230 — 10 pm in

diameter under 1600°C.

Resin size

(um) 230 180 55 10
Sintering
temperature 1600 1600 1600 1600
(°C)
Density
(glem?d) 2.09 2.29 2.52 2.67

Microstructure
(%200)

Pore size
(um)

~100
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Table 3 Thermal stress tolerance and deposition rate of porous MgO targets
with different pore sizes discharge with RF power of 1000 W/4 inch?.

Pore size (um) 150

100

- o —

Cross-section

Discoloration X Brown Brown
Depasiioniratess g o4 158 187 235
(nm/s)
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