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Corrosion Resistance of Aluminum Nitride as Semiconductor Equipment Parts
Studied by Micro-Raman Spectroscopy
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A micro-Raman spectroscopic investigation has been performed to observe structural disorder in each grain
of aluminum nitride ceramics as semiconductor equipment parts. A selective thermal oxidation treatment
normalizes a different rate of a corrosion reaction depending on the crystal face and consequently improves
the corrosion resistance. Upon thermal oxidation treatment, line widths of Raman bands increased more in
grains including mainly crystals with (100) preferred orientation than in those of (002), indicating that
(100) faces oxidize preferentially rather than (002) faces. According to Raman shift from the oxidized sam-
ple, oxidation induces residual compressive stress for grains including a large number of (100) prefer-
oriented crystals. On fluorination of the oxidized sample, no increase of line widths was observed in both
kinds of grains, suggesting that prior anisotropic thermal oxidation treatment of (100) faces, which are
more sensitive to corrosion than (002) faces, inhibits the progress of corrosion.
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Table 1.

Reaction Gibbs Energies for Fluorination of AIN and Al,O;

Z1G(298.15K) / kJ- mol”

G(700.00K) / kJ* mol’

AIN (s) + 3F (g) — AIF; (s) + 1/2N; (g)
AN (s) + 3F (g) — AIF; (5) + N ()
1/2A1,05 (s) + 3F (g) — AlF; (s) + 3/40; (g)

1/2AL,0s (s) + 3F (g) — AlF; (s) + 3/20 (g)

—1329.526 —1194.655
—873.985 —739.114
—825.387 —711.056
—4717.783 —400.571

The reaction Gibbs energies are calculated using the data of Gibbs energies of formation in Ref. 6.

The data of a-Al,O; are used for Al,O;5 (s).

Symbols, (s) and (g), denote solid and gas, respectively.
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Fig. 1. Light micrograph of a sintered AIN ceramic. It mainly
consists of both white and black grains.
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Fig. 2. Raman spectrum of a sintered AIN ceramic. Mode
assignments reported in Refs. 9) and 10) are denoted in this figure.
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Fig. 3. Variation of integrated intensity ratio of an A; mode to E,
and E; modes from (O) white and (B) black grains. (1) Sintered
AIN ceramic, (2) AIN ceramic with thermal oxidation treatment,
(3) AIN ceramic fluorinated after thermal oxidation treatment (the
thermal-oxidized AIN ceramic used as a susceptor in a plasma
chemical vapor deposition (CVD) equipment). A larger value of the
ratio indicates that an angle between incident light and the c-axis of
the AIN lattice is nearer 90°, which means including a larger
number of crystals with (100) preferred orientation.
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Fig. 4. Variation of full-width at half-maximum of an A; mode
from (O) white and () black grains. (1) Sintered AIN ceramic,
(2) AIN ceramic with thermal oxidation treatment, (3) AIN
ceramic fluorinated after thermal oxidation treatment (the thermal-
oxidized AIN ceramic used as a susceptor in a plasma CVD equip-
ment). Broadening of the band is attributed to disorder in the
lattice.

TIREEEBOBEMMT R ON % - 7205, (100)EmH L cfEfhE
EHELABROKTF T, E,T— FIZWLCid®2em 1, E,
F—FiIZ LTI lem ! OXfEBOHEMABE I N/, —
Fi, BRI 2% CIF, H ACBBEL 7 v kL7238 EHR3)
BT, MEORTFICBWTHEMROELNICER T 5 EEIED
WAEILREONT, BEORTH»OORMERICE T L
AR L. R3O~ vgBEROT—2%2B5E, &3
OHEFBEEORTHIOES, AKB 1L, 2006 LBEDRT
BOZEIHRXTUNELZoTWAS. TOZ i, AK3DE
ER 75 A<TOEECLVELN T, (100) & (002)@HARXAIL
I TWVWABIEERTHDOTHY, THICLDEAR3
DOEABDORTD AR FIVOXERENS BT E, B Lizon»
HLhkw., LaALkD0, BFE AN EEEOEmmD 2~3 &l
B7 vt U AR #E T 5 & W OREIDPEICHRNDE TS5 X
TUEEOFEREEERO XA 707 F U X (EPMA)
REOF—20%E 284 % &, 3 3ICB W CREROHELA
BeELBAbhho/o b WOERIE, AINEROBRELRT
WA00)HE D O L OFIRMICEHLAE 2RI Z Sic kD,
(100)EDO7 vt EELBL IR ONE L ERETLHLDT
H5H. 2D AINEFERAEMBORBEE I LIRS 7 vk
RIGICEABRBEE® TS LIk, LR LES
VL ENTELILEREL TWA. 75 ATUBEKOBER
#hEHED EPMA JIE DT — 2D Tid, RELABFER 2 5%
F/Al=148D WL TF BPEHINI-DITH L T, BE{LAUE %
LR OIEF/AlI=48L FAH 1/3 DBETHRE I N
Tk, BEAEOT S ATMBEMANOTERH LM L5
T,
B5iCAE—FOS<U/Y 7 FOFEERT. ARl %
LB L 738 Gk 2) v T, (002)EmL -k Rr%
BeEUsEEONT, (100)EMmL Mt SRS HEORT
OWFIZ, cEHHROEHICHE LA E—FDOS5 VYT
FOBERY T FABEEh, TORERNERN lcm !l T
BolmDITH LT, BEOHMBH2cm- L KEh o7z By,
Ei E—Fitb\WTh, MEORNFICHL Tlem  LIFTOEHE
By7 BN EDoBEIMCEW AINDS <V E—

NI | -El ectronic Library Service



The Ceramic Society of Japan

938 S5~ LIS K BT L R 20 LB RBLE KR A O febk BT BT
614 - T . Mo~ aHiaeiTe, BT LICBBOINEBET S C

S

Raman shift / cm™
=
N

(=2}

—_

p—
T
A

Sample

Fig. 5. Variation of Raman shift of an A; mode from () white
and (B) black grains. (1) Sintered AIN ceramic, (2) AIN ceramic
with thermal oxidation treatment, (3) AIN ceramic fluorinated after
thermal oxidation treatment (the thermal-oxidized AIN ceramic
used as a susceptor in a plasma CVD equipment). The frequencies
are reported to increase with an increase in pressure.!3)
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