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Fig. 1 Conventional cubic cell of the diamond lattice.
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7o EWVD DX, T oIV I#ENL (Bp) EHEOETRED
RIS L TR HBIEERBOE T VA RE SN/ p
HTH 5o

ZAXEY ML, REREFO sp? BEHLED B2 %
Sk FERE Sy P T =7 POV - T4 (Fig. 1),
BEFHGE, WORGCIEKDNY Fhbih, NV EF
oo FEEER [TV V7 v — o TSI iE 8 TS,
A X Eol Uil EEROEXRH> (Fig.22
B)] ThH, TOKEXE55eVTH5, MEICTTE
F—T7L7gE1ciE, RURRTIRERF2ERL,
M H OTE 2 50.37 eV IS dafr 2 B+ 5 Z &
DHIGNTWABS, SRIFED R —TEB/EINT 5 &, Rl
WML OF v ) T —OWEEHREABAER D, THWEL 2R

Fig. 2 3-dimensional Brillouin zone (BZ) of diamond (inset) and
its intersection, together with soft X-ray angle-resolved pho-
toemission spectroscopy (SXARPES) intensity map (blue
scale) and measured momentum positions (red curve).
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Table 1 Name of samples, boron concentrations determined with
SIMS (nggms), and T.s determined from resistivity
(T¢, res) or magnetic susceptibility (T, mag)

Sample 1 Sample 2 Sample 3

npsivs (cm~3) 2.89 X 1020 1.18x10%"  8.37x 102!
T res OF T¢ mag Non super below 1.7K T s ~2K T mee=7.0K
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i, BEERYEF—TX ATy FERRR GUR L,
2) DfiEFHEEICHI A EFHRESMTH 5, Hifh
DA )L — TR 23 RN A7 [ OBy 2 s T
Bho BRI TGEA LMY FICKHET %, Fig. 3a1C
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Experimentally determined valence band dispersions and BZ of
diamond. a and b, valence band SXARPES intensity maps from
single crystal diamond (111) films (sample 1 and 2) using 825 eV
photon energy along the red curve shown in Fig. 2.

@
-

Intensity (arb. units)
Intensity (arb. units)

1] 1 0 1 o] 1
Momentum (1/A) Momentum (1/A) Momentum (1/A4)

a, b, and ¢, Near Er SXARPES intensity maps from single crys-
tal diamond (111) films (sample 1, 2, and 3) using 825 eV pho-
ton energy along the red curve shown in Fig. 2. d, e, and f,
MDCs at Ef, 0.2, 0.4 and 0.6 eV binding energy with an energy
window of £0.10 eV for sample 1 and 2 and MDCs at Ef, 0.3,
0.6 and 0.9 eV binding energy with an energy window of +0.15
eV (dots) for sample 3. A line superimposed on each MDC is a
sum of three Lorentzian (green lines) corresponding to the three
bands (1, 2, and 3). Please note that very small intensity at E
for sample 1 compared with intensity at 0.2 eV of sample 1 as
well as intensity at Er for samples 2 and 3, suggesting a qualita-
tive deference in Ef position.
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Soft X-ray angle-resolved photoemission
spectroscopy of highly boron-doped diamond
superconducting films

Takayoshi YOKOYA The Graduate School of Natural Science and Technology, Okayama University,
3-1-1 Tsushima-naka, Okayama 700-8530 Japan

Abstract The electronic structure of heavily boron doped dimaond superconducing filmes with diferent bo-
ron concentrations were measured with soft X-ray angle-resolved photoemission spectroscopy (SXARPES).
SXARPES results clearly show valence band dispersions with a bandwidth of ~23 eV and with a top of the va-
lence band at I"in the Brillouin zone, which are consistent with the calculated valence band dispersions of pure
diamond. Boron concentration dependent band dispersions near the Fermi level (E¢) exhibit a systematic shift
of Eg, indicating depopulation of electrons due to hole doping. These SXARPES results indicate that diamond
bands retain for heavily boron doping and holes in the diamond band are responsible for the metallic states
leading to superconductivity at low temperature.
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