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Hydrogen is a very common contaminant in carbon films. It can strongly influence on mechanical, physical and
chemical properties of the films. The analysis of hydrogen is therefore a crucial problem produce the films with the
properties required. Ion beam techniques using nuclear reactions are effective for the quantitative determination of
hydrogen concentration. A specially designed spectrometer is employed for the detalled determmatlon of hydrogen
concentrations by detecting 4.43MeV yrays from the resonant nuclear reactions 'H( N ay) 2C at the 6.385MeV. In
this study, the BCN films were formed on silicon substrate by ion beam assisted deposition(IBAD), in which boron
and carbon were deposited by electron beam heating of B4C solid and nitrogen was supplied by ion implantation
simultaneously. The concentrations of hydrogen in BCN films were measured using RNRA. The mechanical proper-
ties of BCN films were evaluated using an ultra-micro-hardness tester. It was confiremed that the hardness of BCN
films increased with increasing the concentration of hydrogen.

Key words :

1 % g

DLC (Diamond-like Carbon) fED I —7 4 ¥ &Iz kB
M OR MR, DLC & BEMihe & OREIZ I 1L
HED - BAREBIIKREIKETS. TLIZYLAE
ZDIEG R & HR & T 5384, DLC EIZZDEE -
BERERR DM LIcHRITH 3 H, BRE LOFHEIILS
FLE A TREVD, TERLERAOHHIIIREN
HBEDTHHT. TDLED, AXVE—LIFV Vv IEE
FIF U7z DLC OB ERRBEOWRE LT o C & 2?

—F, BERTELLAAIATOBIHRMETIZ,
DLC i & DR DL ZNZAMIZEN TS A, Hic
DLC a3 —7 4 Y7 L7-BEREICHWEIRE, B8
hOEIREB T CTREOBE PCILENE 5’;@ b, DLC
RO A 4EL 5 L Ebh T

FITHAZ, R EDOREIZE T BILERNRIE
HAEY T, HORBBEMICERTHE L AHFTE
% BCN (Boron Carbonitride) f&iZiEH LT, IBAD &
12k BCN ARSI L 7=, AIBIL 7 BCN Eid, &V E
EMAFOLEBIZ, DLCHE D LEEEE T, »DOERE
FEAMENZ LR LY

LZ AT, DLCHER BCN ik FOREEAMDRE
R, KELOBAICIVHEISOBRMMIEEICK

BCN film, IBAD, Hardness, RNRA, Hydrogen

DRELENLT S, Zhi, KEVRERTHEOZEED
e B0, REETFMO o’ HAVPIT, B
MMEFT27-0T55° 2000, BRIZHEET KK
DRAEWMIETERMICAIE TS Z L BRBBEITEBH,
AKEBEFHNREF 272070, BEONRRE%
O X AR T I3REAMESBHTE 20,

INnET, "AIZDLC HEPDOAKERZERNIZHEIE
T35, BIAINLX A4 E—L%EFHLZ ERDA
(Elastic Recoil Detection Analysis : MR BERH) &
Itk 2RETAETH-TE, ZOHETIE, EAHAKET
A& d7-He 44 v EBELIKEA A 7 2HIHAIS
REkxd, ZORKLEAFRRFOTINX - ET
SHETH B, fIAG - fiattiow, AERBED
¥ — M ORIERE S SBEIC L TH# S - 7.

Z2Z2T, BLAINFEF—A4FVE—LERBELEZES—
DMK % TH 5 RNRA (Resonant Nuclear Reaction
Analysis © $t0BREST) %% " 2FHE LT, BCN
BhoKkEEOERIEBRARS LA, /2, #IELE
BCN EHOKER LB X LORAKRIZIDOVWTEFER L.

2 R B 5 &
21 HBHE
FRLEI—F4 VY - 4 VEABAERE (Fig. 1

t FRZE FRI12HF10A 10H Received Oct. 10, 2000

* E 20 £RkFERER (BNEIHREID) 79201192 LR AMAT, Graduate Student, Kanazawa Univ., Kakuma-machi, Kanazawa,
920-1192

* % E £ 0 2RAZEARBSEMER 79201192 2R#AMET, Dept. of Mat. Sci. & Eng., Kanazawa Univ., Kakuma-machi, Kanazawa, 920-1192

* %k %k
% % %k %k

BNNBETRREE

79200223 £ iR#HFAHET, Industrial Res. Inst. of Ishikawa., Tomizu-machi, Kanazawa, 920-0223
HBAREFHNER T370-1292 FESESHI4ITTR . Advanced Sci. Res. Center, Japan Atomic Energy Res. Inst., Watanuki-machi, Takasaki, 370-1292

NI | -El ectronic Library Service



The Society of Materials Science, Japan

728 RHGZ, RHEFE, EAREE, Tk W A 2

Thickness monitor

—

\
Plasma T Acceleration part \
N gas '

Electryn B,C Target
beam

Fig. 1. Schematic illustration of the IBAD system,
which consists of the ion-beam implanter and the
electron beam evaporator.
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Table 1. Conditions of IBAD deposition.

Electron beam evaporated deposition

Target : B«C
Vacuum pressure during process : 5.0x10” Pa
Emission current : 50mA
Ion implantation
Ion species : nitrogen

Acceleration voltage : 20kV
Ion beam current : approximately 211.1A/<_:m2

Ion incident angle : 45°
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Table I . Conditions of hydrogen ion implantation.

Ion species : hydrogen
Vacuum pressure during process : 4.5x10”Pa
Acceleration voltage : 20kV
Ion beam current : approximately 21pA/cm®
Ion incident angle : 90°
Ion doses : 8x10"ions/cm’

2x10"jons/cm’

5x10"ions/cm’
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Fig. 2. Schematic representation of the chamber used

at TIARA for resonant nuclear reaction analysis. 0 ¢
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Fig. 4. Depth profile of hydrogen implanted in BCN
films calculated by TRIM code.
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Fig. 5. Gamma-ray yield as a function of incident
Nion energy for pure BCN and BCN implanted
with hydrogen ions.
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Fig. 6. Hardness of the BCN films formed on the Si

substrateby IBAD. Every hardness is the average
of values measured at ten points.
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Fig. 7. Hardness constant af of the BCN films formed
on thesubstrates by IBAD, calculated by considering
the relationship between the indentation depth and
the film thickness.
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