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Crystal orientation dependence of composition and chemical structures

of silicon nitride films formed by radical NH
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The silicon nitride films were formed on Si(100), Si(110) and Si(111) surface by NH" produced in
microwave excited high density Xe/NHs mixture plasma. Soft X-ray (1050 eV) excited Si 2p photoelectron
spectra arising from the films were measured with energy resolution of 100 meV. The nearly one monolayer
of intermediate nitridation states of Si (abbreviated in the following as subnitrides) were detected to imply
the formation of abrupt compositional transition at SisNs/Si interface. It should be noted that the areal
density of subnitrides decrease in accordance as the areal density of Si substrate approaches to that of SizN4
film. This might be attributed to the decrease in the compressive stress in the silicon nitride film as the areal

density of Si substrate approaches to that of SizN4 film.
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0.74 0.78 0.81




ko HETE (FWHM) L Z R, 20K
X E, B GA BRI NS T A
FI7A4 F&EIZLIMLUTTHS, L72A > T,
T 5 b A B 7 SiaNW/Si FE T HLAK B B T
PR S N, 7F 4 T A FEIE Si(110),

Si(111), Si(100) DNEIZZ W L Hbh b, Si
JE 7O % & Si(100) T 1T 6.8 X 10"/cm?,
Si(110) M 7T 9.6 X 10"/em?, i(111) 1 £ T 7.85
X 10%ecm®> THBHDT, ¥ 754 74 F&E
EHDOHBED D % .

SisNs 1 O Si J5 T £ 1X 3.99 X 10%/cm’® T &
% DT, SisNs D Si Jil T DT E 1L 1.17 X
105/em? & 72 50 2O VT RO D
SiEFOHBELY) b REV, Lo T,
SiaNa BN 1X 5] o 5 07, Si M 1 #E e
DNHFEEL, V) 3 Y EREIZBIT S SiEF
O TH B RS HE N % 12240 T SisNy/Si FH1 12
EFLIRNEMAT2EEZONDL, Ok
R TF XA FEDSE T OMHBEE D
meed@WPTrLEZLNL,

DlFE®s e, Si(100), Si(110), Si(111) T
FicEREMICE) ) ar@EEER L
720 TNHDSi2p HEFANRT P56 K
DKM ENEOY T A NI A4 FEId 1
MLUTFTHH, WIFNOHEFMIZBNTH
TWE 7 Si/SisNy S ALBER A EL T 5D 2
EWbhol, F72, Si BRI O Si T O
BENLL Ao T, ¥ 7F14 T4 F
mERRALTAHEI LD o, T,
Si(110) % Si(111) |2 BT H | Si(100) [ & [A]
SDL E o BB 7 SisNy/Si ST GF A A 5 A 0
REMEZ R L T 5,

S RO
SisNe/ Si T 12 351 % i T4 L3 0 7 it

e e DS J AL AARAE § B 2 L 72w,

EE BN

[1] K. Sekine, et al., IEEE Trans. on ELECTRON
DEVICES 47 (2000) 1370.

[2] H. Shimada et al., Kyoto, June, 2001, VLSI
Symp. Tech., p. 67.

[3] S.Sugawa et al., Washington DC, December,
2001, IEDM Technical Digest p. 37.

[4] T. Sato, Y. Takeishi, and H. Hara, Japan. J.
Appl. Phys. 8 (1969) 588.

[5] A. Teramoto et al., Washington DC, December,
2003, IEDM Technical Digest p. 801.

[6] T. Hamada, et al., SSDM, Sendai, August,
2000, Extended Abstract p.184.

[7] H. Akahori et al., SSDM, Tokyo, September,
2003, Extend Abstracts p. 458

[8] K. Tanaka, et al., Jpn. J. Appl. Phys. 42 (2003)
2106.

[9] M. Hirayama et al., 43rd National Symp. on
American Vac. Soc., Philadelphia, Pennsylvania,
October 1996, Ext. Abstr. p. 134.

[10] M. Komura et al., SSDM, Tokyo, September,
2003, Extend Abstracts, p.452.

[11] M. Higuchi et al., 208th Meeting,
Electrochem. Soc., Los Angeles, October 16-21,
No. 748 (2005).

[12] K. Ohishi et al., Jpn. J. Appl. Phys. 33 (1994)
L675.

[13] F. J. Himpsel et al., Phys. Rev. B 38 (1988)
6084.

[14] H. Nohira et al., Appl. Phys. Lett. 86, 081911
(2005)





