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ABSTRACT

Silicon mtnde powders were synthesized by the vapor phase reaction using SiH,NH, gasecus mixture. The reaction temperature,
ratio of NH, to SiH, gas and the overall gas quantity were varied. The synthesized powders were characlerized using X-ray, TEM,
FT-IR and EA. The synthesized silicon nitride powders were in amorphous state, and the average particle size was about 100 nm. TEM
analysis revealed that the particle size decreased with increasing reaction temperature and gas flow cquantity. As-received amorphous
powders were anpealed in nitrogen atmosphere at F400°C for 2 I then the powders were completely crystallized at 0.2 ratio of NH;
o SiH,.
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Table 1. Experimental Conditions for Synthesis of §1;N,; Powder

Parameter Condition
Reaction gas NH; and SiH,
Temperature 800-1200°C

NH,/SiH, ratio 0.2-2
Total flow rate 200-400 cc/min

NH;»MFCH 5
Sitl e HF

Fig. 1. Schematic drawing of experimental apparatus.

1. Mass Flow Controller 5. Thermocouple
2. Flowmeter 6. Furnace

3. Alumina tube : 1.1D-4 mum, 300 L. 7. Collector

4. Alumina tube : 1.12-23 mm, 1000 L
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Fig. 2. X-ray diffraction patterns of Si;N, powder as a func-

tion of reaction temperature at constant ratio of NH,
to SiH, {0.5) and total flow rate of 400 cc/min.
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Fig. 3. TEM bright field images and TEM ditfraction patterns of Si;N, powder as a function of reaction lemperature at canstant
ratio of NH; to SiH, (0.5) and total flow rate of 400 ce/min.
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Fig. 4. Chemical composition of Si;N, powder as a function
of reaction temperature at constant ratio of NH; to
SiH, (0.5) and total flow rate of 400 cc/min.
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Fig. 5. TEM bright [ield images and TEM diffraction patlerns of SisN, powder as a function of (olal flow rate at constant ralio of NH,

to SiH, (0.5) and temperature of 900°C.

A 37 E A 1 E2000)



48 T

3
=
~
E
g |
z NH/SiH, = 0.5
; \/‘\ f *\/\
g1V / NH_/SiH, =2
[¥]
o
\J'JS|-N
1] ' ldﬂﬂ IUIOO I 3(:00 4UIU'0 I 5000

Wave numbers (cm'l)
Fig. 6. FTIR desorption specirum of Si;N, powder as a func-
tion of NH,/SiH, ratio at constant lemperature of
900°C and total flow rate of 400 cc/min.
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Fig. 7. Chemical composition of Si;N, powder as a function
of NH4/SiH, ratio at constant temperature of 900°C
and total flow rate of 400 cc/min.
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Fig. 8. X-ray dillraction patterns of Si:N, powder as a fonction
of NH4/S1H, ralio afler annealing lor 2 h.
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(lemperature ; 900°C, Lotal flow rate : 400 cc/min)

Table 2. Dependence of Chemical Compaosition on Annealing (wt%2)

Ratio crysiallizaion N Si H
Before crysiallizaion | 47.82 (5144 | 0.73
NH/SiH,=2 allizat
; ¥ Alter crystallization 1525 | 6451 | 0.24
for 2 h
Before crystallization | 20.18 | 79.65 | 0.17
NH./SiH,=0.2 tallizali
a/SiHy After crystallization 4097|5893 | 010
for 2 h
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