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Project Description

1 The research description during the funding period [/A 3
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2 The work done during the funding period
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2.1.3  12(C99.998% EHELAES: CVD & A ¥ v F*[AH]
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AW A vEY FERTIR, A ¥ T AHE 83 e )
ERERARICEbDS T =27 a2 hOKE 8= SResed L e
SEEDBEICRD, SF0 . AR A | &8 . erady oy
YEY NEREEBRT DT, n & bsw i v ' B2 el e
%o L BHARIICEE L D, 2T, A7 R T

Y7 MRS, RBFBZEHR n 2 KIS

d) cw-EPR
b S B H L AR A RE L, b o
RRET, BT A DG FIES R & k& z |
SHRBESTWD, £, HHEHAD A 7 YRS i J l e
DEISTENEI D bE< b ) ICHIEL, £z :§:—-~‘N—~—~’ A
ZRUTHE, BHEH A O AR TEREED 10 ¥ o Larowth
SO 1TLTFIC Lz, ZOFEEMANDZET, g | A
I T 80%E FEFICRE Rl L 7e o7, | 3% W0

Figd ZiEd4 A vE 2 FOWIERHE

*K.D. Jahnke, B. Naydenov, T. Teraji, S. Koizumi, T. Umeda, J. Isoya, and F. Jelezko, “Long coherence time of spin qubits in "°C
enriched polycrystalline chemical vapor deposition diamond”, Appl. Hys. Lett., 101, 012405 (2012).

T.Teraji, T. Taniguchi, S. Koizumi, K. Watanabe, M. Liao, Y. Koide, and J. Isoya, “Chemical Vapor Deposition of °C Isotopically
Enriched Polycrystalline Diamond”, Jpn. J. Appl. Phys. 51, 090104 (2012).

T. Teraji, T. Taniguchi, S. Koizumi, Y. Koide, and J. Isoya, “Effective use of source gas for diamond growth with isotopic enrichment’,
Appl. Phy. Exp. 6, 055601 (2013).
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2.4 "2C P HPHT FERNIMS)E F ¥ —7 « SAREZAVES AP — -« 71 L OBIC X BIEE
B - BOREARYZ MOETE (FV Ay FIRKRFEE ORI *[AF]

JARENRRELS B r A Oae — L 2ARIZIE, B—~va 7 ol @0 OV A TR O 72 12 @
N BEET D, VAT RS E BB SE DT v —7 - S REANWD Z LT, B TH LR
JE A FTREIZ 22 5,

A TIETF ¥ —7 - 2SN RE T LY — 7V U DEAEASDEFRMERHELY 7 — U 2B+ 5 2 212k,
H— NV & o ¥ —O R - @oMae0 B EEk A ~<7 "ABREB/TESLZ 2R LT, ZOHFEEIN B2 —0
BEE Y —~DIEHITEN D EHIfF SN D,

"2C i 99.999% A & i b Ak L7 PC I CVD Sk B I A B R SEIR & LT, WS (5:5 GPa ., 1400 °C,
Co-Ti-Cu &) < "°C i HPHT Hfks: (SIMS MlE T 2C99.995%) % &k L7-, 1M 2 (Z B HRE CER L7-
NV & o Z — o4 S EmseE~ ~ 7 (XY-scan) ZR L7z, ZOREIOE— NV & & —i3, FERER CTH BB ERE
(FID) ORFE (T7) 28 T2>200us (T L6F— - 7Y L DHETHIE) LRV &G, FEFICTEVARY MASRRE
BHIFCTED, ZOE-NV BV X —Z2HNT, UTFTOLICFv—7 - "VZAOFHMEEELT., v —7 - b
Z & LTI, 2V AIE 120 ns N T, BRMEE % 2.770 GHz 705 3.020 GHz ¥ THIBICZE(L SE7- b D2 HV., T A
P— . 7 PE 2ns 27 v 7 (Nyquist B 250 MHz) Ttk (BiEE%L 2x10%) L7z, 7— U = ZHIC L0155
NERBEE AT MV EK IR LT,

UTokoic, Fx—F - VR ETLE— - 7Y U IEEMAALEOED Z EICK Y JRHE - S0 RE O JE 1 5 E
AT MVPEBTE DI ENEFES N,

1. TAh¥—- 7V VHEICBO CREAIRIEZ 1 e 2 E NI R o7z, 7 E RS ~11IMHZz TH DD
12K LT, Ms=0Ms=+1 B, Ms=0Ms=-1 B & DY —~ L8808 146 MHz (BEHC LA 08D A= K
IVHEF BT,

2. JEWEBEEE A BRI X o THIET S ew-ODMR 12K BT, WfiffEZ 1T A enT&xz (V7
FARHEEFICL—Y—, ~A 7 0 EZANWRNDT, RXU— . Ta— R IR0

3. 1 BE7ER (Ms=0cMs=+1, Mg=0Ms=-1) 1ZL 7 7 L ZEEKR (0o2n) 1T TY 7 58, 2 18
B (Ms=—1oMs=+1) T3 7 FLARAWI b, 1 BEFERL 2B FEBLHNTE 5,

B, 1RTEBL2ETEBLIL, J28— - 7JUV UV VHEDE 1 O/ VA LE 2 DV EONFHZEIZT T 0L

FOENNDS HLFBITE 5,

Ms=0c> Mg=—1  Mg=—1¢> Mg=+1 Ms=0¢> Mg=+1
wo/2T

w J-U PR PV YRRV “L 2.710 GHz
B -
21 °C 99.995% i HPHT il L_,M,Jﬂ,wlu . Ju[ 2.750 GHz
h.......m URRY VRSP nluttw 2.770 GHz
u_ul - = 4 4 mm‘ Mtvmealictanrrotid, 2.790 GHz

0 50 100 150 200 250
Frequency (MHz)

K3Fvy—7  SARAERANET L — - 71 DWEORRIfEIE A~
7 MvE 7Y BB L THONT R EREIE ALY L,
COMEETIET LE— - 7V PO AR Z Sus i L= Z &R
SRAE A YD TN D, T2 >200ps 720 C, BV AZIE % K < L CHfiR
Wex BTN H 5,

2 WA CER L NV £ 4
DI SIS~ v 7,
XY-scan (40um x 40um)
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=
F ¥ —7 + LA (Chirped pulse)

Fr—7INEOSIZTY (BEXFOFENPEIL) HHE2TEY, BNENARKEOICETH L2 RLTND, F
=7 POV R IR E RN ERRANCRE S BT BN ADZEThH D, Fv¥—7F + 7V ADFHERHIEIL LV A
MEDWE L VXD M KREL 2D,

: I. Niemeyer, J. H Shim, J. Zhang, D. Suter, T. Taniguchi, T. Teraji, H. Abe, S. Onoda, T. Yamamoto, T. Ohshima, J.
Isoya, and F. Jelezko, “Broadband Excitation by Chirped Pulses: Application to Single Electron Spins in Diamond”, New
Journal of Physics, 15, 033027 (2013).

2.6 H—A AV BRHEIROBZE™ [/AF]

JAEA TiX, ERA AU E 1AT OFX A YEL NIZHEAL, BV ZIES Z & T, NV ¥ —%ER 55255 L
T&e, B—A A4 2RETA-OOREEEL2 R ESE57-0100F, B—A 3 2 RET2HMBLERTRTH S,
BM— A A BB T A7 DDFEIZ, IPEM (Ton Photon Emission Microscopy) & MR AMIET AT ARREREINT
W5, IPEM Ti, FAEEICA FUDBAF Lo L SR AWM REREIT—, B, A A—C AT v 7747
MOHRDHFEREBE L TCD B AT THRIHT B, IPEMOERO DI, BOELERT B EENLETH D, A
T, VB —DEWEEDEEFHAL, FA4VYEY REOLORE—A A VRO 7= O OFRNRIFIHTE 50
ED hoOfEEITo T,

IZUOIZ, NV B2 —2E5FERWE A VEL RE LT, Element six #HHOHEMERF A vYEL R (Ib BLW 11a) (2.
B 56MeV EHA AL ZMH LR, WHEBR 1@IRTE T, oAt 2RHETHZENTERD ST,
F7o. FNAREHE LS A A e B G FHEARHEE LT P E o285 TF) 125t L TREBEDER&Z1T
SRR, FfRIC, B—A T 2T 22N TE R o7,

WIZ, WEZ—2Eie XA VEL RIT, H—0 56MeV 23 A 4
AR U7 R, LOITRT LI, B—A A &R L0
THZ LRI LTz, REE LTERE2EL G Ib i LT, =
T oMeV OETHRZ WS L, T Dk 1000°C T 2 B O ZVILHE % fii 3
LT VBV E—EZEBICELSAYEY REEKR L, 74 hL
SRYBUVAMITEIZED, NV 2o X —REFEFNTWAHZ L 2R LTE,
ULOZ &t W —2@mRIEICHT S A ¥E REFENE L NVE 23750 Ib
LTHIHT 22 & T, BWALESHER (FBIEARYMDIRDD/AE)
T H— A ERHT DI ENAETHDLZ ENynoTlz, ¥4 YE 1 NvEV2—EEE L),

v RASEE— A A R OFEIEAR & U CHERET B 72 DITIE NV o Z — RUSTO)F A EVFICERAA D
VERAK TS = & BN E o7, AT SRS Rt

*S. Onoda, T. Yamamoto, T. Ohshima, J. Isoya, T. Teraji and K. Watanabe, “Diamond utilized in the development of
single ion detector with high spatial resolution”, Trans. Mat. Res. Soc. Japan 37, 241 (2012)
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Japanese Team

Group 1 University of Tsukuba

Name Organization, Division Title Specialty Role in Project
Leder of
Electron Japanese
Faculty of Library, Information | Senior Paramagnetic TeF;m Leader
Junichi Isoya and Media Studies, Researcher | Resonance, of ’
University of Tsukuba (Ph.D) Diamond Defect o
: Characterization
Physics
Group
Division of Applied Physics, Semlponducter
. Assoc. Physics, s
. Faculty of Pure and Applied Characterization
Takahide Umeda ) . . Prof. Electron
Sciences, University of . by EPR
(Ph.D) Paramagnetic
Tsukuba
____________________________________________________________________________ Resonance |
Inoganic Materials R&D | Senior
Department, Advanced | Manager Diamond HPHT | HPHT
Hitoshi Sumiya Materials R&D Laboratories, | and Senior | Synthesis and | Synthesis and
Sumitomo Electric Industries, | Specialist Characterization | Characterization
________________________ L. o |PhD)
National Institute of Advanced | Senior Semlponducter
. : . . , Physics, Focused Beam
Takahiro Shinada | Industrial Science and | Officer .
Focused Beam | lon Implantation
Technology (AIST) (Ph.D) .
lon Implantation
Group 2 JAEA
Name Organization, Division Title Specialty Role in Project
Semiconductor Leader of
Japan Atomic Energy Agency, | Group Phvsics Defect
Takeshi Ohshima | Quantum  Beam  Science | Leader ysIcs, Engineering
; Radiation
Directorate (Ph. D) Group, lon
Effects : .
implantation
Semiconductor lon
Japan Atomic Energy Agency, . implantation,
. . Researcher | Physics,
Shinobu Onoda Quantum Beam  Science - Thermal
. (Ph. D) Radiation :
Directorate Annealing,
Effects N
_______________________________________________________________________________________________ Characterization
Japan Atomic Energy Agenc Radiation Electron
L P 9y Agency, Researcher | Physics, irradiation,
Shin-ichiro Sato Quantum Beam  Science -
. (Ph. D) Radiation Thermal
Directorate .
____________________________________________________________________________ Effects | Annealing
Japan Atomic Energy Agency, Radlgtlon
. . . Physics, Electron
Hiroshi Abe Quantum Beam  Science | Researcher - . -
. Radiation irradiation
Directorate
____________________________________________________________________________ Effects |
Semiconductor lon
. Japan Atomic Energy Agency, | Pos-doc . implantation,
Takashi . Physics,
Quantum Beam  Science | Researcher - Thermal
Yamamoto . Radiation .
Directorate (Ph. D) annealing,
Effects At
Characterization
Group 3 NIMS
Name Organization, Division Title Specialty Rol_e in
’ Project
Takashi Materials Processing Unit, | Group Material HPHT diamond
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Taniguchi National Institute for Materials | Leader Science, HPHT | synthesis
Science (Ph. D) synthesis
Optical and Electronic | Senior g/l;;rg CVD, Intrinsic
Tokuyuki Teraji Materials Unit, National | Researcher D'amonc’i thin diamond
Institute for Materials Science | (Ph. D) ! ! growth
____________________________________________________________________________ filmgrowth | "
Optical and Electronic | Principle g/l;;rg CVD, n-type
Satoshi Koizumi Materials Unit, National | Researcher | ~. ’ .| diamond
. ; . Diamond  thin
Institute for Materials Science | (Ph. D) i growth
_____________________________________________________________________________ imgrowth |7
Optical and Electronic | Principle ?ﬁmslic(:;nductor Luminescence
Kenji Watanabe Materials Unit, National | Researcher o ysIcs, o
. ; . ptical characterization
Institute for Materials Science | (Ph. D) o
characterization
2.2 German Team {AfH
Group 1 UULM-USTUTT
Name Organization, Division | Title Specialty Role in Project
Fedor Jelezko Uni Ulm Prof. Exp. physics Group leader
Jorg Wrachtrup | Uni Stuttgart | Prof. | Exp. physics | Group leader
Martin Plenio | UniUm _____|Prof | Theor. physics | Group leader
_Boris Naydenov | UniUm _|Dr____| Exp. physics | Group leader
Jianming Cai | UniUm __|Dr | Theor. Physics | Scientist
Kay Jahnke | UniUim | Dipl. Phys. | Exp. physics | Scientist
Philipp Neumann Uni Stuttgart Dr. Exp. Physics Scientist
Group 2 TUD
Name Organization, Division | Title Specialty Role in Project
Dieter Suter TU Dortmund, Physics | Prof. Exp. physics Group leader
_Jeong Hyun Shim | TU Dortmund, Physics | Dr. | Exp. physics | Scientist
Ingo Niemeyer TU Dortmund, Physics | Dipl. Phys. | Exp. physics Scientist
Group 3 TUM
Name Organization, Division | Title Specialty Role in Project
Steffen J. Glaser TU Munich Prof. Exp. physics Group leader
Thomas Schulte- , Theo. Phys.
Hergriiggen | TUMunieh | o ] Group leader
_Robert Zeier | TUMunich | Dipl.Phys. | Computer Scince | Scientist
Ville Bergholm On leave to ISI Torino Theo. Phys. Scientist
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3

Project Deliverables of Japanese side

3.1 Publications m

The number of Japanese side publications in FY 2012

The number of coauthored publication in 4 publications
FY2012
The number of Japanese publication in 5 publications
FY2012

3.1.1 Coauthored Jointly by Japanese and German Teams

(1)
(2)
3

(4)

(5

(6)

(7)

H. Fedder, N. Zhao, J. Honert, B. Schmid, M. Klas, J. Isoya, M. Markham, D. Twitchen, F. Jelezko, R. Liu, and J.
Wrachtrup, “Sensing single remote nuclear spins”, Nature Nanotechnology, 10.1038/NNANO.2012.152 (2012).

K.D. Jahnke, B. Naydenov, T. Teraji, S. Koizumi, T. Umeda, J. Isoya, and F. Jelezko, “Long coherence time of spin
qubits in "2C enriched polycrystalline chemical vapor deposition diamond”, Appl. Hys. Lett., 101, 012405 (2012).

T. Yamamoto, S. Onoda, T. Ohshima, T. Umeda, K. Watanabe, T. Teraji, S. Koizumi, T. Taniguchi, L. McGuiness, B.
Naydenov, F. Jelezko, F. Dolde, H. Fedder, J. Honert, J. Wrachtrup, M. L. Markham, D. J. Twitchen, and J. Isoya,
“Extending spin coherence times of diamond qubits by high temperature annealing”, submitted to Phys. Rev. B
Rapid Communcation.

I. Niemeyer, J. H Shim, J. Zhang, D. Suter, T. Taniguchi, T. Teraji, H. Abe, S. Onoda, T. Yamamoto, T. Ohshima, J.
Isoya, and F. Jelezko, “Broadband Excitation by Chirped Pulses: Application to Single Electron Spins in Diamond”,
New Journal of Physics, 15, 033027 (2013).

P. London, J. Scheuer, J.M. Cai, I. Schwarz, A. Retzker, M.B. Plenio, M. Katagiri, T. Teraji, S. Koizumi, J. Isoya, R.
Fischer, L. P. McGuinness, B. Naydenov ,and F. Jelezko, “ Detecting and polarizing nuclear spins with double
resonance on a single electron spin”, submitted to Phys. Rev. Lett.(arXiv:1304.4709[quant-ph])

T. Yamamoto, S. Onoda, T. Ohshima, T. Umeda, K. Watanabe, T. Teraji, S. Koizumi, T. Taniguchi, L. McGuiness, B.
Naydenov, F. Jelezko, F. Dolde, H. Fedder, J. Honert, J. Wrachtrup, M. L. Markham, D. J. Twitchen, and J. Isoya,
“High-Yield Fabrication of Negatively-Charged Nitrogen-Vacancy Centers with Long Coherence Time by Nitrogen
Implantation®, to be submitted..

T. Yamamoto, S. Onoda, T. Ohshima, T. Umeda, K. Watanabe, T. Teraji, S. Koizumi, T. Taniguchi, L. McGuiness, B.
Naydenov, F. Jelezko, F. Dolde, H. Fedder, J. Honert, J. Wrachtrup, M. L. Markham, D. J. Twitchen, and J. Isoya,
“Magnetically coupled diamond spin qubits by molecular nitrogen implantaion®, submitted to Phys. Rev. Lett..

3.1.2 Authored by Japanese Team Only

(1)

(2)
3
(4)

(5

(6)

K. Kubo, C. Grezes, A. Drewes, T. Umeda, J. Isoya, H. Sumiya, N. Morishita, H. Abe, S. Onoda, T. Ohshima, V.
Jacques, A Dréau, J. —F. Roch, I. Diniz, A. Auffeves, D. Vion, D. Esteve, and P. Bertet, “Hybrid Quantum Circuit
with a Superconducting Qubit Coupled to a Spin Ensemble”, Phys. Rev. Lett. 107, 220501 (2011).

T.Teraji, T. Taniguchi, S. Koizumi, K. Watanabe, M. Liao, Y. Koide, and J. Isoya, “Chemical Vapor Deposition of
“c Isotopically Enriched Polycrystalline Diamond”, Jpn. J. Appl. Phys. §1, 090104 (2012).

S. Onoda, T. Yamamoto, T. Ohshima, J. Isoya, T. Teraji and K. Watanabe, “Diamond utilized in the development
of single ion detector with high spatial resolution”, Trans. Mat. Res. Soc. Japan 37, 241 (2012).

Y. Kubo, I. Diniz, C. Grezes, T. Umeda, J. Isoya, H. Sumiya, T. Yamamoto, H. Abe, S. Onoda, T. Ohshima, V.
Jacques, A. Dréau, J.-F. Roch, A. Auffeves, D. Vion, D. Esteve, and P. Bertet, “Electron spin resonance
detected by a superconducting qubit”, Phys. Rev. B 86, 064514 (2012).

A. Fiori, F. Jomard, T. Teraji, S. Koizumi, J. Isoya, E. Gheeraert, and E. Bustarret, “Synchronized B and B¢
Diamond Delta Structures for an Ultimate In-depth Chemical Characterization®, Appl. Phy. Exp. 6, 045801
(2013).

T. Teraji, T. Taniguchi, S. Koizumi, Y. Koide, and J. Isoya, “Effective use of source gas for diamond growth with
isotopic enrichment”, Appl. Phy. Exp. 6, 055601 (2013).
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