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Optimization of Plasma Spray Coating Parameters of Alumina Ceramic by
Taguchi Experimental Method
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Abstract

Sintered alumina ceramic substrate has been used for the insulating substrate for thick Hybrid IC
owing to its cheapness and good insulating properties. Some of thick HIC s are important to eliminate
the heat emitted from the parts that are mounted on the ceramic substrate. Sintered ceramic substrate
can not transfer and emit the heat efficiently. It' s been tried to do plasma spray coating of alumina
ceramic on the metal substrates that have a good heat emission property. The most important
properties to commercialize this ceramic coated metal substrate are surface roughness and deposition
efficiency. In this study, plasma spray coating parameters are optimized to minimize the surface
roughness and to maximize the deposition efficiency using Taguchi experimental method. By this
optimization, the deposition efficiency was greatly improved from 35 % at the frist time to 75 % finally.
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Fig. 1 Schematic comparison of a sintered and
plasma spray coated substrate for HIC
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Table 1 Characteristics of powder used in the

experiment
Property| Chemical Size |Manufacturing
composition
Powder (Wt%) (pm) method
. . X _ melting &
Alumina ceramic | 99.5 ALOs 20 +5 crushing
Bond coating Ni - 5Al -45 +11] atomizing
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Photo. 1 Shape and size distribution of alumina
ceramic powder for plasma spraying
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Photo. 2 Plasma spray coating system
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Fig. 2 Position of the selected plasma spray
coating parameters
(1) Powder feeding position (2) Injector
diameter (3) Injector distance (4) Spray
distance (5) Plasma gas flow rate (6) Powder
carrier gas flow rate (7) Powder feed rate

o HICE A7 IBo 22X AMR 7H54d S HESH
7] 98t FetRul 418 &R0 Aetel 38 3
HAZ = (dielectric strength)® &3 &gt F4%




o

2

o

i

o =
it

U

98

€ Bz $ASU W 2 Wask ) g
o, dhbel $ALEANA Qoj FFu} Aeel =
g3 T fHAEE 24 o}aau}

Febzoh §4F TP AL 50070 W5 o
ol oS Batell g W) MR dHARS 5
ol 2 X Fa@ SAUSE HRARY. F29
b5 29 el Eehznh A8 (power)E ol
e Fokol 239 F93 WA 5 1ejele]
600A, 64VE RSAT. HEA02 H9E L)
U AEtee Eehant gARSRAE 1) PREF 9
(81 (up) L oleh(btm) 2HE £3), 2) A4

(injector) 2173, 3) AAE A, 4) A A, 5)

r Fehz2ut kA §7% 6) BEE 87t F%07)
P FHEEE A93H9Th Fig. 2dM = d9d 2
gt2u GAPRTES] A E SAL DS F
Aoz Hao Ft} o] &AW
z“} §’r°d LHTE-J EEAR

H‘— t}t#) (Taguchi) ¢__st4 A&
ARAFE] MEe wsdgo] 713

357 49E BAG € & E 118 4

2 43T, Table 2014 SAPASED 2
92 APGE B o AREAE Ug
#3te) RAAS Bage. £E 29Ze B
2R E oA AT 2HE HA gz

ALY
o o2

(2]

n

-

N
o

]:.4 Bulo] THEEE Ay
-T—% ZA34T). o HAs g4}
o] FAMPH L Fig. 304 Ho
X 85mme WA fAF A FAPH

155mm

A

LI

20mm

Al 7075 substrate
(55x85% 3mm)

Fig. 3 Scanning method of plasma spray gun

Table 2 Experimental arrangement of plasma spray coating parameters

Powder | Injector | Injector| Spray Ar flow | Carrier gas Powder
No. feeding | diameter| distance| distance rate flow rate feed rate
position | {mm) (mm) (mm) (SLPM) (SLPM) (g/min.)

1 Btm 1.8 8 115 52 3.5 16

2 Top 1.5 4 100 40 2.8 16

3 Btm 2 4 115 52 2.8 24

4 Btm 1.8 6 100 46 2.8 32

5 Btm 1.8 4 130 40 4.2 24

6 Top 2 8 130 46 2.8 24

7 Btm 8 100 46 4.2 16

8 Btm 1.5 4 130 46 3.5 16

9 Top 1.5 6 115 46 3.5 24
10 Btm 1.5 6 100 52 4.2 24
11 Top 2 4 100 52 3.5 32
12 Btm 1.5 8 115 40 2.8 32
13 Top 1.8 6 130 52 2.8 16
14 Top 1.8 4 115 46 4.2 32
15 Top 1.5 8 130 52 4.2 32
16 Top 2 6 115 40 4.2 16
17 Top 1.8 8 100 40 3.5 24
18 Btm 2 6 130 40 3.5 32
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Table 3 Surface roughness and deposition efficiency results

Property 11273141516 |7]8)9 7101112 ]13]14}15 16|17 18

3.7137142140(4.0/4.7|5213.7/35]3.7|45|4.0]|5.0/3.7|/4.0(3.5;4.0{45
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Fig. 4 Effect of the plasma spray conditions on surface roughness
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Table 4 Optimized plasma spray coating condition

Ar flow | H,flow | Powder | Injector | Injector Spray | Carrier gas| Powder
Power rate rate feeding | diameter | distance | distance | flow rate | feed rate
(SLPM) | (SLPM) | position (mm) (mm) {mm) (SLPM) | (g/min.)
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Fig. 5 Effect of the plasma spray conditions on deposition efficiency
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