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Surface Nitrization of Si by Plasma Processing
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(Rceived March 31, 1996)

Abstract

Nitrization of Si was carried out using ECR nitrogen plasma. Optical emission spectros-
copy was used to observe the state of plasma. The intensity of N,* or N,* particles
increases with pressure. The amounts and average depth of implanted nitrogen were
evaluated by AES-analysis with Ar* ion etching. Chemical bindings of Si and N were
observed by XPS analysis. The amount and average depth of implanted nitrogen increased
exponentially with increase in substrate temperature and substrate bias voltage. The
maximum concentration of nitrogen was around 40 at.%, in every sample. The amount of
implanted nitrogen at 800°C was saturated at 1.1xX10'®/cm?, when the nitrogen ion fluence
was 1X10'®*N/cm?.  When the substrate bias changed from +200 to —1000V, the amount of
implanted nitrogen increased with minus bias voltage. Si-N binding was observed in every
sample.
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Fig. 1 ECR plasma process device.

Table 1 Condition of nitrization

Discharge Pressure Microwave | Substrate Applied Irradiation
Gas (Pa) Power (W) | Temperature (C) Bias (V) Time (hr)
Ar 1 200 RT ~1000 0~1

N, 1-5 200 RT~800 +200~—1000 0~2
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Fig. 2 Optical emission spectrum of nitrogen plasma
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NATZEEMLE X, BB versus nitrogen pressure.
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Fig. 4 AES depth profiles of N, plasma irradiated Si
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at%B TH - 72,

Fig. 61z, %E% 1 Pa, WE X7 —% 200 W, FAEE % 600CEB L Ur800CE LTEERY
S Xk BE LB, EREAENEZRA A > 0BEBEFELRT, BEEL & bic, %
BARIEBEMT 555 1 X10%E/cm? U LS & ClEteiM§ 2 @M 2R 2, BEARE D
BERE &b icBmL Fo, i sEEsr@Bobni, Lrl, BEEIE> CTLEHOR
KRERPERIZITOatB EBLTH- 72,

SRBABKCRIITTNT Y 77 2B ORILENR Z FNI2, Ar 4 4> OBSEEE % 0
~1 hr 223 CHRE L%, ER7 7k SIBEH L, Ar 77 X-REEZEML T
LEZBARIEILL b o7,

AR~ DI ASA T AR ELEET (+200~—~ 1 kV) R 77 X<2BE L, EREARED

(O Nitrogen Ion Fluence 1.0x10"N/em?
10— @@Nitrogen lon Fluence 2.0x10*N/em?| 39

- P =1Pa _
8 T Power=200W >
: y _

Amount of Implanted Nitrogen (10'°N/cm?)
>

0 200 400 600 800 1000
Substrate Temperature ('C)

Average Depth of Implanted Nitrogen ’Rp(nm)

Fig. 5 The amount and average depth of implanted nitrogen
versus substrate temperature.
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Fig. 6 The amount and average depth of implanted
nitrogen versus nitrogen ion fluence temperature.
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Fig. 7 The amount and average implanted depth versus
substrate temperature.

FAR S A T 2K 2 T2, WERE Fig. 712RT., EH#% 1 Pa, EHIEE% 800CE L7z, A
DA T AREHNT % EERBABRLFREARSLIBEML 2, 54 7T A & > TNt £ 4
YDIRNF—DBEML, SiNEOBEEZHE TERITEAIN 2O EEL LA, +200V
TN A AV EAFETHED No* ORI AR T EOBRBEAEINES 2k
FZ b, RENEHRFEREIR 20 at% & &b - 72, AR Si DE{LER TIE, Nt oESHE &
DZANX—DITI)PEETHL I Ebhrolz, RERBRERMMLEETLI Erbd -
726



TS X7 u kA L BSInEmEL 31

3-3 TROBEIRE
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Fig. 8 Binding energies of Si2p and Nls core levels versus
sputter etching time



32 JH 3K - RMEBEF - HRE B - HEPHW - (URMERR

a) Ols Depth (nm)
533
=
L
>
&0
2 532
&3]
&b
=
8]
R
/m
53 b e
b) Cis0 30 60 90
286 !‘ll]lIli]!l‘l[llll!llbi[lllllln
—&—RT co
—— 500C
285 ¢ —@— 800°C N

Binding Energy (eV)
[N}
oo
=

283 ....................................... —d
I Si-C |
282 — e
0 30 60 90

Sputter Etching Time (min)

Fig. 9 Binding energies of Ols and Cls core levels as
impurity atoms versus sputter etching time.
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