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Ab-Initio Calculation Model for Nanocrystalline Diamond
with Non-sp® Bonded Region and Its Effect on Elastic Properties

Kenichi TANIGAKI, Hiroshi TANEI, Koichi KUSAKABE,
Hirotsugu OGI*®, Nobutomo NAKAMURA and Masahiko HIRAO

** Graduated School of Engineering Science, Osaka University,
1-3 Machikaneyamacho, Toyonaka-shi, Osaka, 560-8531 Japan

i No. 08-1147

In this paper, we propose a diamond structure including stacking faults as a candidate atomic-
scale model for nanocrystalline diamond (NCD) with a small amount of non-sp® bonded region. The
previous work reveals that NCD thin films show unusual elastic behavior, where the diagonal elastic
constants decrease and the off-diagonal elastic constants increase as the grain size decreases. Using
ab-initio calculations, the stable stacking-fault structures are obtained, whose partial density of
states (PDOS) of the 2p. orbital of the carbon atoms facing stacking faults behave as those of non-

- sp® bonded atoms. Elastic constants of these structures are calculated from changes in the total
energy by applying strains, which consistently explain the unusual elastic behavior of NCD films.
This result shows that a combination of measurement and theoretical calculation is effective to
analyze the relationship between microscopic structures and macroscopic property.

Key Words: First Principle Analysis, Ab-Initio Calculation, Elasticity, Anisotropy, Stacking
Fault, Grain Boundary, Diamond Structure
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Fig. 1 Changes of elastic constants of NCD thin films from

those of bulk diamond as a function of N, flow rate. The

values are calculated by the Hill approximation of

measurements in Ref. 10 and Ref. 11.
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Fig 2 Sideviews of (a) monocrystal diamond (111), (b)
monocrystal graphite (0002), and (c) S-layers diamond
superlattice. The broken lines represent the atomic layers
(A, B, and C) and the boxes represent the unit cells.
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Table 1  Calculated lattice parameters ¢ and ¢ of
diamond(111) and graphite(0002).
Diamond (111) Graphite(0002)

Reference 2.522 2460

a[A}]  Calculated 2493 2439
Difference -1.1% -0.85%
Reference 6.180 6.700

c[A] Calculated 6.107 6.544
Difference -12% -1.82%

s vEd s, TV st L TErT oy
VAT NREEITY, ERBESMADNEIL R
HETS, NES/REECHIUT, RSB
TFELTCWRWI EZERT 5. £2°C, IS Em
T 5 H NI FONE L FEFER AR L, FUE
N7 AV AT NHEERITY. ZOERERYIRT
T ET, HEAXONTEBEORELNRIE, ThbbaR
FOVENLE & T ERERET B.

7P, FHERMEEEOVIBES U CUERETEK
FRFET DO, FT0RED 2 HRE & UTER
Mas A &2 ROBERE(L AT 72, SURED
T ERIIITR - O—NDORSTH D=0, J2/2
fFT2Z L CRAEBOKTERa & Lz, FlRcsZ
774 FMOOONZDWTHEE AT o7, FHITH&
TEEEE LR, SOREE OERIT | %WEETH
D, AR CHER LISEloOZSEE /a8 L. Zh
B DA% FAV TR REEBE R T ELR oW I E %
E L.

AMFZE T, ENO ZREIEEES A Sy &R
& LTS EL AT, FlE, #A4vEU R
(MDOTEERE THRAFRFREOFEREESEZ VG
DENESNTODNY, IR REL-EED
SR CIEZ D & 9 72 RGBSR OEEIZ - L0
BFLZEIFTERD. LhLenRs, FEO NCD
R OFESBRIN IR R IEEERRR T Y, £<
DR R AR F DOTFHEN L o TR &
NDHHREME L HD Z &b, BUERm & FRRO B
HEEL2NI E b B LNS. LIdi»T, §
—FEEHEIZ L > TR O NI EENR T 7 < R R
AT A N TENE, ToOBEIREISNEKR
ffa= Z 43 NCD ORI 2 FH8H T T B FTReE
Bh5. $7ebb, mREFEE W IFIRE T
BRERTH-ELTH, ZRETOERZRTT IV
X0 HLHYDOTEERETNERD.

23 MEERORH BRTFOKREIETRY

HAAHES Y bba;, a, BLOa,OFICHL, O
BT INERNTER< ) 7 ADEROL DIZE
#£TD.

lta, «a, a,,
D= l+a, a, M
sym. 1+a,

TRBOBMBEFORE S a)’, a', BIPa 14D
ZRWTHRO L ickEND.

a,
a,r=D
a;

WEEEHEE SED L, RE3NAECL 0RO
F—Z NN D, ZDEED —F L
TR —FOTHOREHE LT, R L, L &
DT FNX—RVYEDL Y TFA T—BET5 &%k
EHN B,

E(V,a)=EY,,0)+

1 3)
VO [Z Tabaah + E Z Cabcdaabacd j
ab

abe,d

a,

4,

@

a

THhE Voigt RECUC LY, THOTHEHVZER
CEEET LRAEES.
EWV,a)=EWY,,0)+

VO[Z o + %ZCua,éaijJ @

T, i IMNIAR SOOI TH Y, RS
HaeRY. SIITFOTHERRT DL (=123 0
LEE=1, i=456 DL EE=2), ClIRMERTH
5. OT % 1 %O THARE TG 2 2B b
—HNTRNF—EF—FHEHEIC L > TR, 7
v P LTRSS UC TR o T 4 V7 %ATH
ZEEO @) RREL, TOMEE TSR
WETD. PSS (SHRR) OFRMEE bRl
SO AR T Cy, Cpy Cisy Gy, BEUCy
DHSTHS. LT, BN FHEL T

2:3:1 CBEKUC,

A (5 DEIADEE, BRI xy Tl Lo
AT AUREEE 72 5.
l+@ 0 0
D=| 0 1l+a 0
{0 0 1
TorE, K @) KL D,
E(V,a) = E(V,,0)+
Vol +0)a + (€, + Cp)a?] ©
T, AT X 0 BIOEEmOTIREER 525D %

Ef< b7 AD M

)

— 168 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BE-EEEEIC L 3> RS A Y E Y PO o EEEBOME L 2 ORI RIZTRE O 1427

2%,

l+a 0 0
D=| 0 l-a 0

0 0 1
ZOLEDOX @) FROI DTS,
EW,a)=E{V,.0)+
Volie, =) + (€, - Cp)a?]
H© BEO ® X oyBIUC,2E5.
ZBNTH D — SO HIRIER F 3 D

&, ZDLEEOX @) [FROIDITET B,

®

232 Gy

1 0 0
pP={0 1 0 ©
0 0 I+
C33 2
E(V,a):E(V0,0)+V0[rJa+—E—a j (10)

kY CuEBS.

2:3+3 Cy xzVHENOBEAMOTHEFKTD

&, TDLEDOK @) [ HRDOE D ITETS.
1 0 0

1 o
0 a 1

E(V,@)= E(,,0)+V, (27, +2C,,2?) 12)
A (12) L9 Cu %185,

xz EEHNOEIOT A %2R D,
BIUOFEoLzoR @) IIKROLSICETS

1+ 0 0
D{o 1 0 (13)

D=

2-3+4 C13

0 0 l+a
E(V,a)=E(V,,0)+

e s (G216, Jor] O

it (14) :r’SJ:U, ‘éﬂt“&:ﬂ%ﬁbf: Cy BIW Cp b
C Z2195.

2:3:5 Co HENFEFEEZRIEAED Cpld
oOIMST 22 R CE AV CREIN RO B b,
Cee = (Cu - CIZ)/z (15)

3. FIEERBLUEBR

SMoLiEhkEaE AR TIIAR

Fig. 3 Optmuzed structure of S-layer (111) diamond
structure with the BA stacking fault.
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Fig. 6 Relationship between calculated elastic constants of
monocrystal diamond structures with stacking faults and
volume fraction of the stacking faults.
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