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Study on Oxygen Deposition Behavior on Crucible Lid by PVT AIN Sintering Process
GONG Jiawei, WANG Qikun, LEI Dan, WU Liang
(State Key Lab. of Advanced Special Steel, Shanghai Key Lab. of Advanced Ferrometallurgy,
School of Materials Science and Engin. , Shanghai University, Shanghai 200072, CHN)

Abstract: Oxygen strongly degrades the properties of AIN crystals, thus reducing oxygen
concentration in AIN single crystals is a hot topic in the research of AIN crystal growth. Prior to
AIN crystal growth, high-temperature sintering process is commonly employed to reduce oxygen
concentration in AIN powder source. In this paper, the oxygen deposition behavior on crucible
lids under different sintering conditions was investigated by the XRD analysis and EGA
measurement. The results show that holding at 900 ~1 100 ‘C under vacuum together with
holding at 1 500 C under high-purity nitrogen atmosphere for several hours can greatly promote
the oxygen deposition on the crucible lid at the early sintering stage. Further increasing the
holding temperature to 2 000 ~ 2 100 °C under high-purity nitrogen atmosphere, the oxygen
deposited on the crucible lid decreases dramatically, and a brown colored AIN crystallized layer
with very low oxygen concentration will form on the deposition surface, which implies that
oxygen impurity in AIN powder source was removed remarkably by combined sintering process.

Key words: AIN sintering; oxygen impurity; deposition behavior; crystal growth

0 N .
AIN R . . AIN
( 6.2eV), N . AIN
:2017—11—22. o , . AIN



SEMICONDUCTOR OPTOELECTRONICS Vol. 39 No. 3 June 2018

(99.999%)

AIN i
’ 1 F,Lm AlN o 1
/ S A.B 100 g,
/ ) / , 2
o / 1 AIN
) AlCOH), . AIOOH (AL, O, - H,O) O/w% 1.2
ALO, P, , C/w% 0.07
i y Fe/ppm 11
’ ’ Si/ppm 36
’ BET/(m*/g) 3.12
) " D50/ pm 1.08
/
S AIN
AIOOH 4l AIN ,
AIN .
AIN ,
AIN ,
Sl . AIN
( ) s “ 2
’ o 2
XRD  EGA ’ (99.999%),
AIN O
3 o JA
1 -
A, ,
[6] R 1 AIN .
’ 4 °
(a) A (by B
! 3

+ 366 -



<< »2018 6 39 3 PVT AIN
4 B
2.1 XRD
A B
( ) B
) XRD )
5) o
5(a), A XRD )
5 XRD (a) A ; (b)B
AIN (PDF. #25-1133, (OB ( ;
P6,mc) s 20 31.854°,45. 666°
60. 545° o 5(b), B
) XRD A
AlL; Os N(PDF. #48-0686, Fd-3m), . 20
[7] , AIN 31.854°,45.666°  60.545°
1500 °C , ( . AIN (100)
) “ ” , (20=33.237%) ,
AIN . , 2.3 .
2 A
AINC100) | AINC002) | AINCI01) | Al; O N(220) | Al; O5 N(400) | Al; O N(511)
20/ 33.237 | 36.040 | 37.948 31. 854 45. 666 60. 545
/% | 100.0 1.7 83.9 3.7 5.1 5.7
3 B
AINC100) | AINC002) | AINCI01) | Al; O5 N(220) | Al; O N(400) | Al; O N(511)
20/ 33.237 | 36.040 | 37.948 31. 851 45. 666 60. 545
/% | 1000 75.7 83.6 8.1 12.4 8.5
2 3 ,A.B Fm-3m) ., [8]
Al; Oy N , AIN )
Tosoy # Loy 2 Iy =3+ 4+ 3, / AIN R
o B 2.2 EGA
A , XRD ,
. 2 , ) EGA
:B , :A
o (A).B
5C(e) B (B1).B (B2).B
XRD , (B3) B (B4,
AIN ) 4 EGA
s . 20 A Bt [ or [ om [ M
38.530%( AIN s 11731;% 14.51w% | l.42w22v‘3(j53w% | 110 ppm
). 44.771° 65, 185° o Bl 1

b

AIN(PDF. #46-1200,

: Bl

o

A,

+ 367 -



SEMICONDUCTOR OPTOELECTRONICS  Vol. 39 No. 3 June 2018
(b o 2) 1900 C ’
AIN , AlLO;  AIN Al O ,
AIN , , ,
[9] . IR
2A1COH); (soD) = Al, O; (soD) +3H, O(gas) (1) 3)AIN (2000~2 100 C)

2AICO0H) (soD) = AL O, (sol) +H, O(gas) (2)

1500 °C ,AIN
Al O, =3,
Al; Oy (sol) +4Al(gas) =3Al,O(gas) (3
,Al AIN , Al, O
“ ” . Bl
A )
AIN s
Al, O, 1500 °C
B2 Bl o
1900 °C . o

Al, O, (sol) +4AIN(sol) =3Al,0(gas) +2N, (gas)

)
, Alz() “ ” i
B2 A s
:B2 1900 C
, AIN ,
B3 A, B4
110 ppm, 5Cce)
o s (2 000~2 100 C)
AIN o
3
PVT AIN
DAIN , AIN
Al O, (900 ~
1100 °C) (1500 °C)

+ 368 -

[1] Wafers K, Misra C. Oxides and hydroxides of aluminum[]J].
Alcoa Technical Paper, 1987(19): 1-100.

[2] Panchula M L, Ying J Y. Nanocrystalline aluminum nitride:
1 , vapor-phase synthesis in a forced-flow reactor[J]. J. of
the American Ceramic Society, 2003, 86(7) . 1114-1120.

[3] Edgar]J H, Du L, Nyakiti L, et al. Native oxide and
hydroxides and their implications for bulk AIN crystal growth
[J]. J. of Crystal Growth, 2008, 310(17); 4002-4006.

[4] Dalmau R, Collazo R, Mita S, et al. X-ray photoelectron
spectroscopy characterization of aluminum nitride surface
oxides: Thermal and hydrothermal evolution [J]. J. of
Electron. Mater. , 2007, 36(4): 414-419.

[5] Bickermann M,  Epelbaum B M, Winnacker  A.
Characterization of bulk AIN with low oxygen content[J]. J.
of Crystal Growth, 2004, 269(2) . 432-442.

[6] Wang Z H, Deng X L, Cao K, et al. Hotzone design and
optimization for 2-in AIN PVT growth process through global
heat transfer modeling and simulations [J]. J. of Crystal
Growth, 2016, 474. 76-80.

[7] Heimann P, Epelbaum B M, Bickermann M, et al. The initial
growth stage in PVT growth of aluminum nitride[J]. Phys.
Status Solidi, 2011, 3(6): 1575-1578.

[8] Zhang Y. Franke P, Li D, et al. Lattice stability of
metastable  AIN  and
transformation by CALPHAD modeling[J]. Mater. Chem. &.
Phys. . 2016, 184 233-240.

wurtzite-to-rock-salt  structural

[9] Saito N, Ishizaki C, Ishizaki K. Temperature programed
desorption ( TPD) evaluation of aluminum nitride powder
surfaces produced by different manufacturing processes[J]. J.
of the Ceramic Society of Japan, 2010, 102(1183): 301-304.

[10] Epelbaum B M, Bickermann M, Winnacker A. Approaches
to seeded PVT growth of AIN crystals[J]. J. of Crystal
Growth, 2005, 275(1/2) . ed79-e484.

(1993_)7 ’ ’
AIN

o

E-mail: vguyst@126. com



