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Characterization and Growth Mechanism of Wirelike and Beltlike
a-Si; N, Quasi-one-dimension Structures

DU Xue—Fengl‘2 , ZHU Ying-Chun®, XU Fang-Fang®, YANG Tao”; ZENG Yi’, SHEN Yue'

(1. College of Material Science and Engineering , Shanghai University, Shanghai 200072, China; 2. The Key Laboratory of In-
organic Coating Materials, Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract:; Large quantities of wirelike and beltlike «-Si;N, quasi-one-dimension structure were synthesized
via direct reaction of SiO powder with N, at 1450°C using chemical vapor deposition. The wirelike @-Si;N,
was deposited at lower temperature region ( 1200°C ), while the belilike -Si; N, was deposited at higher tem-
perature region ( 1450°C)).. The mean diameter and length of wirelike o-Si;N, are about 100-300 nm and
tens of micrometers , respectively. And-the beltlike -Si;N, is tens of nanometers in the thickness, 300nm-
2pm in the width and several micrometers to-tens of micrometers in the length. HRTEM image and SAED
pattern of-the wirelike and beltlike a-Si; N, show that they are single crystalline, and beltlike a-Si; N, grows
along [ 210 direction. Wirelike and beltlike a-Si;N, quasi-one-dimension structure grow by the VS process.
Results show that high deposition temperature and supersaturation favors the formation of beltlike quasi-one-di-
mension structures; while low deposition temperature and supersaturation tend to form wirelike quasi-one-di-
mension structures. Therefore, the morphology of microstructure materials could be controlled through regula-
ting the deposition temperature and supersaturation in the chemical vapor deposition process. The experiment
may offer reference for controlled synthesis preparation of quasi-one-dimension structures.

Key words: region-select-deposition; wirelike and beltlike @-Si;N, ; quasi-one-dimension structure
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1.1 RIEFERFNEE

—SALRE (Si0, i, 4 >99.99% ) | A
AN, 4l >99.99% ) (GG15-50 F B ek N H. %5 J2
RER S (W GG2-201 A1)
1.2 IEtE

o-Siy N, YfE—4ES5FRY TR R A B S 40 7 2 H 1Y &
SRR AP 4T, 0. 80g Si0(99.99% ) SR A, WF
B A5 TR A S I T R AR i A
SR, S RSN E F A S IR B R
NEE WA E S B 1Pa J5 38 N, B 85 78 ik
S AL 800mL/min, T #E5 H LA 500mL/min i3 435
ZL38 N, 5 55 PR AR 1450°C , JF ORI 2h. 12 51 5]
TSGR N, A3 SIAE SN RO B B O Y i X
(1450°C ) il BE B 0y S i AR X (1200°C) ig 4 5
H A SR ).
1.3 FHHRIEFER

A X S A 51X (XRD, Rigaku D/max-2550V)
HEATPIAR RN GE 14 5347 5 53500 P % S 41 4 vl Sl Al
(SEM, JSM-6700F) 137 % 5 7% 5 Wi+ & i 55 ( TEM,,
JEM-2100F ) WLEHF: i O TE 35 FH SR AR 4544
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Xl & AR =Rt T XRD S04, 45 2 i A5 R an

Bl 1 FR. EIH ] DAE B — RSB S0, Ui
SEG A BORE S 4 R R AT i AR PDF R
Ji (JCPDS,NO.09-0250 ) , & IRIE 1 Hr AT SRS 7
ZER) B9 Si;N, (@ =0.7758 nm, b = 0.7758 nm, ¢ =
0.5623nm) [FFEIE M) 4, U BIFE R 7S T S5 1Y) o
SiyN,. it XRD 43#r, AT U e il #5159 21 1 7= ) 2 45
i R a-SiyN,.
2.1 Z&E o-Si;N, WEMEHRIE

FHAA H 1 2 3 BE (SEM ) W 22 1K DT AR IX
(1200°C) il % B9 FE i L 25 F 7R FE S MR @-Sig N, ,
WE 2 (a) frs. NE el LIE il 515 2 LR a-
Si,N, A5, HARLTE 300nm 2247 KA1~
WOk, HIFE A KT b BEARAZE. U B 7E AR T
FRIX AT B 1 ) B LR RS 1Y) «-Sis N,

T 26 A @SN, A i 4T 97 O B U
(TEM) Fl @ 53 55 1 2 35 (HRTEM) 230 #r , 15 31145
RANE3 Fios. B3 (a) AT A, IS a-SisN, ZRIZEH
(R ELAE 2 100nm i G AKLR T4 g ) HRTEM 256 4n &
3(b)Fi7n. )N HRTEM [EHHa] DIE I o-Si;N, bk
SERTEEE e RIS S SR EG. 200 5, HRTEM [&]
o A A EE 2G4 0.56nm , X W T+ a-Sis N, i (001 ) & 1
[ FE- &] 3(b) WA b M4 K D iZ HRTEM 2544 % 7 1)
AT 2 5 B U oSt N, B9 [ 120 ] 5 1) A B )
HE TSI TR PR S B A 43 R I -Sis N 1Y
T[] A0, 56nm {19 (001) &7 1 F10. 255nm [ (210) ff
[iiE
2.2 HE o-Si;N, H)ERMEEHIRIAE

TEFI 7 S OB RN A S L R R
X (1450°C) WAL A i, 2 0 2 227 Y o-SiyN,
HE—HES5H, &l 4 s, K 4 (a) Ha] LUA IR
1) o-SisN, 1R, 4 30nm 247, FEFE 2 R 2um, K FE
ALK B JLHOK. BB 4 (b) WTELE B R a-
Si;N, F&EELE 300nm ~ 1pm, 482 JLROK B+ L
WOk JEBEEAR/AN B B AR FEBR. i SEM A
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Fig. 1 XRD pattern of as-grown product
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Fig.2 SEM image of as-grown wirelike a-Si;N,

K3 £ o-Si;N, /) TEM(a) Fl HRTEM B3 (b) 5 ff 1812 H
WL AT ST A

Fig.3 (a) TEM and (b) HRTEM images of wirelike a=Si;N,.
Inset in (b) shows the SAED pattern

K4 78 o-Si,N, 1Y SEM fih-(a), TEM I8 i (b) ik $5 7R
GRS ANOBIES

Fig.4 (a) SEM and (b) TEM images of as-grown beltlike o-
Si;N,, Arrow in (a). refers the fringe of beltlike a-Si;N,

KIS il «-SisN, BYHCK TEM (a) I HRTEM 5 (b) |, #i &
AT

Fig.5 (a) Magnified TEM and (b) HRTEM images of beltlike
a-Si;N, 5 Inset in (b) shows the SAED pattern

TEM [ZRAE , EII7E B 1 X F= ) e R AR, 5 AR
SR B E—4E o-SisN,.

WY a-SiyN, JRy#B = A5 5k TEM RAESS R ANKE 5
(a) Fr7Rs. A 55 B 43 3 0. S AN L. O pum Z2 45 P Ff

Y -Siy Ny AR -Siy N, 1935 W] B W] DL H 2
a-Si;N, FLFEr a-Si;N, JE B2 /N—2, 5 5 %1 i a-
Si;N, #47 HRTEM RAEFIHL FA7 5200, 45 SR K 5
(b) r7R. )\ HRTEM [EI AT LU H i s BEHES. 2800
T B B -Siy N, A8 (] R 1) 19 8 18 ) R 00 A
0.56F110. 67nm, 43515 o-Si;N, (001) A1 (100) /i 1 8]
PRARAT ; I HARHE 7S J7 &5 44 1R i, AT LA B A B -
Si;N, iyA I m g [210 ] ghal. 5 (b) 45 B H
TATSTEZ L0010 ] 5 o] A S, B rp PR A0 59 B A
4390 %5 g (001 ) & T A1 (100) & 1T, 5 HRTEM [&]
FHATF.

2.3 E—HEN o-Si;N, B BHLIE ST

S AR T B S INATAR] 4 8 A AR, 7EL A AN
WA a-Si;N, 4 TEM [t 3 A7 & AR A o] g 2L A7
HEACAE R BORE, 2R B R B o-SigN, E—ZE S5 4 1)
TE LI AT BE A — BARDURR (VS AL . AR
S =Sty Ny B HEURRAE e i DCORIARG IR DX 114 S0y i
BE L AERIE B o-SigN, HE—ZE 4548, FL At 72 7] B
B, EAY S0 TR &R T oA Sio, AR
HLSi; AR Si0, FTFEAN Si 1 JeAE i il X Ok B
ﬁ) Efk/—:\‘liﬂ_\?iﬁi Si3N4 ’ %'Ui%/ﬁﬁiiiﬂ—ﬁiﬂ’ﬂﬁ
TR0 FVEE IS, 76 Sl OB A A, A2 0 o-Sig N, FRTTRR
Ty =-HRAT K SI0, FRER Si g AT 2 TR R4
I (29 1200°C) 5B R A R, a-Sis N, AT
AU Bt UM SiO, ATREFN Si J5kH Fr2 f i,
Sis N, AUK G UT A — & B 7 M A 1K T Bty 28 i A
a-Siy N, Z544).
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IRANE AR A AR BRI DX A AR A R A8 45
TR AE KRB R SR R, 7 il OB R 1
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3 #ig

FEHRA AL 2= S DR T %, LA/SI0 S Jit
BN, RO, FEAR IR TR X R il DORR X 43 ] 45
T REAL B A a-SiyN, HE—4Eg5 . L FI
WA -SigN, 38k B iy, o 8-Sy Ny L2 24
100 ~ 300nm, & JL + 0K 5 i 4 B a=Si; N, 2 5 FE
300nm ~2pwm, 52 30nm (5847 81T oA i Ak
STIPIEASESORTILSIZNEA I RNk R
fe A A T B E— AR5 A RO TE . 45 SRR T, s
FARA TS5 R0 S5 56 25 % VAR O, I AT 38 3 s 7 4o
FE BT I DA, A A wT oA 4 il B B [ R 5 1)
HE—YESE M B ALK B
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