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Fig. 1. (a) Related energy levels of NV color center in diamond; (b) schematic diagram of the angle between the direction of the

magnetic field and the direction of the NV axis in the diamond cell grown along the (100) plane; (c) schematic diagram of the T-

shaped flake MFC and adjusting system; (d) simulation of magnetic field streamline diagram with MFC gap width of 0.5 mm

between two permanent magnets; (e) simulation of magnetic field streamline diagram without MFC between two permanent magnets.
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Fig. 2. (a) Schematic diagram of experimental setup; (b) top view of the geometric structure used in simulation, the red frame is the

enlarged schematic diagram of the gap part when the MFC gap width is 0.5 mm, and the black frame is the simulated magnetic

field distribution in the field of view.
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Fig. 3. (a) Simulated magnetic field distribution diagram of the MFCs with a 1.0 mm gap (left) and without MFCs at the same pos-
ition (right); (b) corresponding photos of panel (a) obtained by measurement; (¢) ODMR curves under three conditions: only back-
ground magnetic field (black line), magnetic field without MFC (orange line), magnetic field with MFC of 1.0 mm gap (blue line);
(d) relationship between the enhanced magnetic field and the reference magnetic field obtained by changing the intensity of the

magnetic field to be measured when the MFCs gap is 1.0 mm.
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Fig. 4. (a) ODMR curves of MFC with different gap widths;

(b) magnetic field enhancement curve of MFC with different

gap widths obtained by simulation (red circles) and measure-
ment (black dots). The blue line is the fitting curve.

147601-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 14 (2021)

147601

I (1) 2RFRAT i 1 37 388 ik 5 4505 1 B A
KAMLEWE 4(b) Ry HELL s, RPN S
A LA AE MFC B8 0.5 mm (58 421 /2 %
379 BB 45 14) B, MEFC B9 BE 3% 558 £5 5% N nT 3k
18.21.

3.3 WMIREITERMIT

KA B AR HIEE R BBCRREL N, ODMR
ST C 5025 w, VUG (7) R4 E
MG FEA RACA (9) X, AT AR B [ [R]#E R %)
LY R GERE R, WK 5 . WTLUE G
MFC [HEE8/N, MEC Xt i B A g5 B 1
TORATECEETHG K, Wh R B S, RGHE R WUE
A JC MFC B4 1. 10 nT/Hz"/2 $2£F+ % MFC [a]
FE 1.0 mm B 0.30 n'T/Hz'/2, B 45 AR
it (9) X5 (11) KEATHE, 15208 @ il4 il
2, MRS M2 T LIS THERIFE S 0.5 mmif, X
Tl RABE BEIR 2 0.25 n'T/Hz!/2, n] SCHLRERS I 2
R A R T

1.2
1.1
10t ‘
& o R
T A ,
o 0.8F *  fliHEIEE0.5 mmiNEE R HE
& FEMF CHif i 7 50
= 0.7t
aw 06
B [
® 0.5
M o4t
0.3
0.2} . . ) ) ‘
0 2 4 6 8 10

MFClJ#E /mm

5 M7 I A B0 AN TR R R A RE R, 4T
2 NTE MFC RS T Mg R U, R NG Ik, R
B R Ak TS B A T BE S 0.5 mm #Y 7 R U

Fig. 5. The black square points are the measured magnetic
sensitivity at different intervals, the red line is the magnet-
ic sensitivity without MFC, the blue line is the fitting
curve, and the blue star is the estimated magnetic sensitivity

with a pitch of 0.5 mm.

AR SGE T LA MFC 25810 REE & NIA
NV @I 580 R R 4E, FIRES RN w3
PRI NV @R IEEORKIE MFC B SRBCR. B
Se bl FLE ST A R AR AL ) T B AR MEFC [a] B

U B RESE SR AT EC AT, Sl T R UG R
SRR B IR ODMR. Hh 28 U I {5
ZEHARBIE SIS T A ASTR] [ FE 00 1 i £ 4
o e A TR AL TS B MEFC X R 28 4 Nl A
NV .0 RGN R BUEORSCR. S2kh MFC
Te/MATE A 1.0 mm, X R 9 4 334 5 A5 40k 10.35,
T R AR JC MFC ARZSAY 1.10 nT/Hz!'/2 $2
T+2 0.30 nT/Hz'/2 ARG A th 2t 5Bof
it MFC [EIFE S 0.5 mm B, BG4 SR A5 8508 73
T 18.21, XN A9 R U I8 MEFC B ] i — 20
T 0.25 nT/Hz/2 DL 55 526 W g 4 SR 5k
RLE NV ORI 58 i Aa RebE, I R Ak
[l 1, 5 1) % e g B T ) E— 2D A SR B T O
filh, R S5 REI & RBUE AR L T — e 2%

S 30k

[1] Shenton M E, Hamoda H M, Schneiderman J S, Bouix S,
Pasternak O, Rathi Y, Vu M A, Purohit M P, Helmer K,
Koerte I, Lin A P, Westin C F, Kikinis R, Kubicki M, Stern
R A, Zafonte R 2012 Brain Imaging Behav. 6 137

[2] Lenz J, Edelstein A S 2006 IEEE Sens. J. 6 631

[3] Xia H, Baranga A B A, Hoffman D, Romalis M V 2006 Appl.
Phys. Lett. 89 211104

[4] Anahory Y, Reiner J, Embon L, Halbertal D, Yakovenko A,
Myasoedov Y, Rappaport M L, Huber M E, Zeldov E 2014
Nano Lett. 14 6481

[5] Pannetier M, Fermon C, Le Goff G, Simola J, Kerr E 2004
Science 304 1648

[6] Yabukami S, Kato K, Ohtomo Y, Ozawa T, Arai K I 2009 J.
Magn. Magn. Mater. 321 675

[7] Wang Y, Gao J, Li M, Hasanyan D, Shen Y, Li J, Viehland
D, Luo H 2012 Appl. Phys. Lett. 101 022903

[8] Wang P F, Chen SY, Guo M S, Peng S J, Wang M Q, Chen
M, Ma W C, Zhang R, Su J H, Rong X, Shi F Z, Xu T, Du J
F 2019 Sci. Adv. 5 eaau8038 6

[9] Maze J R, Stanwix P L, Hodges J S, Hong S, Taylor J M,
Cappellaro P, Jiang L, Dutt M V G, Togan E, Zibrov A S,
Yacoby A, Walsworth R L, Lukin M D 2008 Nature 455 644

[10] Barry J F, Schloss J M, Bauch E, Turner M J, Hart C A,
Pham L M, Walsworth R L 2020 Rev. Mod. Phys. 92 015004

[11] Davis H C, Ramesh P, Bhatnagar A, Lee-Gosselin A, Barry J
F, Glenn D R, Walsworth R L, Shapiro M G 2018 Nat.
Commun. 9 1319

[12] Glenn D R, Fu R R, Kehayias P, Le Sage D, Lima E A,
Weiss B P, Walsworth R L 2017 Geochem. Geophys. Geosyst.
18 3254

[13] Jensen K, Leefer N, Jarmola A, Dumeige Y, Acosta V M,
Kehayias P, Patton B, Budker D 2014 Phys. Rev. Lett. 112
160802

[14] Fescenko I, Jarmola A, Savukov I, Kehayias P, Smits J,
Damron J, Ristoff N, Mosavian N, Acosta V.M 2020 Phys.
Rev. Res. 2 023394

[15] Griffith W C, Jimenez-Martinez R, Shah V, Knappe S,
Kitching J 2009 Appl. Phys. Lett. 94 023502

147601-7


http://doi.org/10.1007/s11682-012-9156-5
http://doi.org/10.1007/s11682-012-9156-5
http://doi.org/10.1007/s11682-012-9156-5
http://doi.org/10.1007/s11682-012-9156-5
http://doi.org/10.1007/s11682-012-9156-5
http://doi.org/10.1109/JSEN.2006.874493
http://doi.org/10.1109/JSEN.2006.874493
http://doi.org/10.1109/JSEN.2006.874493
http://doi.org/10.1109/JSEN.2006.874493
http://doi.org/10.1109/JSEN.2006.874493
http://doi.org/10.1063/1.2392722
http://doi.org/10.1063/1.2392722
http://doi.org/10.1063/1.2392722
http://doi.org/10.1063/1.2392722
http://doi.org/10.1063/1.2392722
http://doi.org/10.1021/nl503022q
http://doi.org/10.1021/nl503022q
http://doi.org/10.1021/nl503022q
http://doi.org/10.1021/nl503022q
http://doi.org/10.1126/science.1096841
http://doi.org/10.1126/science.1096841
http://doi.org/10.1126/science.1096841
http://doi.org/10.1126/science.1096841
http://doi.org/10.1016/j.jmmm.2008.11.083
http://doi.org/10.1016/j.jmmm.2008.11.083
http://doi.org/10.1016/j.jmmm.2008.11.083
http://doi.org/10.1016/j.jmmm.2008.11.083
http://doi.org/10.1016/j.jmmm.2008.11.083
http://doi.org/10.1063/1.4733963
http://doi.org/10.1063/1.4733963
http://doi.org/10.1063/1.4733963
http://doi.org/10.1063/1.4733963
http://doi.org/10.1063/1.4733963
http://doi.org/10.1126/sciadv.aau8038
http://doi.org/10.1126/sciadv.aau8038
http://doi.org/10.1126/sciadv.aau8038
http://doi.org/10.1126/sciadv.aau8038
http://doi.org/10.1126/sciadv.aau8038
http://doi.org/10.1038/nature07279
http://doi.org/10.1038/nature07279
http://doi.org/10.1038/nature07279
http://doi.org/10.1038/nature07279
http://doi.org/10.1038/nature07279
http://doi.org/10.1103/RevModPhys.92.015004
http://doi.org/10.1103/RevModPhys.92.015004
http://doi.org/10.1103/RevModPhys.92.015004
http://doi.org/10.1103/RevModPhys.92.015004
http://doi.org/10.1103/RevModPhys.92.015004
http://doi.org/10.1038/s41467-018-03715-w
http://doi.org/10.1038/s41467-018-03715-w
http://doi.org/10.1038/s41467-018-03715-w
http://doi.org/10.1038/s41467-018-03715-w
http://doi.org/10.1038/s41467-018-03715-w
http://doi.org/10.1002/2017GC006946
http://doi.org/10.1002/2017GC006946
http://doi.org/10.1002/2017GC006946
http://doi.org/10.1002/2017GC006946
http://doi.org/10.1103/PhysRevLett.112.160802
http://doi.org/10.1103/PhysRevLett.112.160802
http://doi.org/10.1103/PhysRevLett.112.160802
http://doi.org/10.1103/PhysRevLett.112.160802
http://doi.org/10.1103/PhysRevResearch.2.023394
http://doi.org/10.1103/PhysRevResearch.2.023394
http://doi.org/10.1103/PhysRevResearch.2.023394
http://doi.org/10.1103/PhysRevResearch.2.023394
http://doi.org/10.1103/PhysRevResearch.2.023394
http://doi.org/10.1063/1.3056152
http://doi.org/10.1063/1.3056152
http://doi.org/10.1063/1.3056152
http://doi.org/10.1063/1.3056152
http://doi.org/10.1063/1.3056152
http://doi.org/10.1007/s11682-012-9156-5
http://doi.org/10.1007/s11682-012-9156-5
http://doi.org/10.1007/s11682-012-9156-5
http://doi.org/10.1007/s11682-012-9156-5
http://doi.org/10.1007/s11682-012-9156-5
http://doi.org/10.1109/JSEN.2006.874493
http://doi.org/10.1109/JSEN.2006.874493
http://doi.org/10.1109/JSEN.2006.874493
http://doi.org/10.1109/JSEN.2006.874493
http://doi.org/10.1109/JSEN.2006.874493
http://doi.org/10.1063/1.2392722
http://doi.org/10.1063/1.2392722
http://doi.org/10.1063/1.2392722
http://doi.org/10.1063/1.2392722
http://doi.org/10.1063/1.2392722
http://doi.org/10.1021/nl503022q
http://doi.org/10.1021/nl503022q
http://doi.org/10.1021/nl503022q
http://doi.org/10.1021/nl503022q
http://doi.org/10.1126/science.1096841
http://doi.org/10.1126/science.1096841
http://doi.org/10.1126/science.1096841
http://doi.org/10.1126/science.1096841
http://doi.org/10.1016/j.jmmm.2008.11.083
http://doi.org/10.1016/j.jmmm.2008.11.083
http://doi.org/10.1016/j.jmmm.2008.11.083
http://doi.org/10.1016/j.jmmm.2008.11.083
http://doi.org/10.1016/j.jmmm.2008.11.083
http://doi.org/10.1063/1.4733963
http://doi.org/10.1063/1.4733963
http://doi.org/10.1063/1.4733963
http://doi.org/10.1063/1.4733963
http://doi.org/10.1063/1.4733963
http://doi.org/10.1126/sciadv.aau8038
http://doi.org/10.1126/sciadv.aau8038
http://doi.org/10.1126/sciadv.aau8038
http://doi.org/10.1126/sciadv.aau8038
http://doi.org/10.1126/sciadv.aau8038
http://doi.org/10.1038/nature07279
http://doi.org/10.1038/nature07279
http://doi.org/10.1038/nature07279
http://doi.org/10.1038/nature07279
http://doi.org/10.1038/nature07279
http://doi.org/10.1103/RevModPhys.92.015004
http://doi.org/10.1103/RevModPhys.92.015004
http://doi.org/10.1103/RevModPhys.92.015004
http://doi.org/10.1103/RevModPhys.92.015004
http://doi.org/10.1103/RevModPhys.92.015004
http://doi.org/10.1038/s41467-018-03715-w
http://doi.org/10.1038/s41467-018-03715-w
http://doi.org/10.1038/s41467-018-03715-w
http://doi.org/10.1038/s41467-018-03715-w
http://doi.org/10.1038/s41467-018-03715-w
http://doi.org/10.1002/2017GC006946
http://doi.org/10.1002/2017GC006946
http://doi.org/10.1002/2017GC006946
http://doi.org/10.1002/2017GC006946
http://doi.org/10.1103/PhysRevLett.112.160802
http://doi.org/10.1103/PhysRevLett.112.160802
http://doi.org/10.1103/PhysRevLett.112.160802
http://doi.org/10.1103/PhysRevLett.112.160802
http://doi.org/10.1103/PhysRevResearch.2.023394
http://doi.org/10.1103/PhysRevResearch.2.023394
http://doi.org/10.1103/PhysRevResearch.2.023394
http://doi.org/10.1103/PhysRevResearch.2.023394
http://doi.org/10.1103/PhysRevResearch.2.023394
http://doi.org/10.1063/1.3056152
http://doi.org/10.1063/1.3056152
http://doi.org/10.1063/1.3056152
http://doi.org/10.1063/1.3056152
http://doi.org/10.1063/1.3056152
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 14 (2021)

147601

[16]
17)
18]
[19]
[20]

21]

22]

23]

Fan H, Li S, Nabaei V, Feng Q, Heidari H 2020 IEEE Sens.
J. 20 9919

Szewczyk R, Ostaszewska-Lizewska A, Raback P 2020 Acta
Phys. Pol. A 137 700

HuJF,JIiMH QuWC,Pan L, Li P S, Peng J P, Hu Y G,
Liu HY, Pan M C 2019 Sensors 19 4475

Feng Y L, Chen J Y, Wu K, Wang J P 2020 J. Magn. Magn.
Mater. 511 166728

Doherty M W, Dolde F, Fedder H, Jelezko F, Wrachtrup J,
Manson N B, Hollenberg L C L 2012 Phys. Rev. B 85 205203
Zhao B B, Guo H, Zhao R, Du F F, Li Z H, Wang L, Wu D
J, Chen Y L, Tang J, Liu J 2019 IEEE Magn. Lett. 10
8101104

Marinho Z, Cardoso S, Chaves R, Ferreira R, Melo L V,
Freitas P P 2011 J. Appl. Phys. 109 07e521

Zhang X M, Bi Y, Chen G B, Liu J, Li J, Feng K Q, Lv C,

(24]

[25]

(26]

(27]

28]

29]

147601-8

Wang W J 2018 AIP Adv. 8 125222

Sun X, Jiang L J, Pong P W T 2013 Microelectron. Eng. 111
7

Botsch L, Raatz N, Pezzagna S, Staacke R, John R, Abel B,
Esquinazi P D, Meijer J, Diziain S 2020 Rev. Sci. Instrum. 91
125003

Schloss J M, Barry J F, Turner M J, Walsworth R L 2018
Phys. Rev. Appl. 10 034044

Barry J F, Turner M J, Schloss J M, Glenn D R, Song Y,
Lukin M D, Park H, Walsworth R L 2016 Proc. Natl. Acad.
Seci. U.S.A. 113 14133

Jensen K, Acosta V M, Jarmola A, Budker D 2013 Phys. Rev.
B 87 014115

Leroy P, Coillot C, Roux A F, Chanteur G M 2006 [EEE
Sens. J. 6 707


http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.1109/JSEN.2020.2989325
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.12693/APhysPolA.137.700
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.3390/s19204475
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1016/j.jmmm.2020.166728
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1103/PhysRevB.85.205203
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1109/LMAG.2019.2891616
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.3556946
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1063/1.5066271
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1016/j.mee.2013.01.063
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1063/5.0023597
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1103/PhysRevApplied.10.034044
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1073/pnas.1601513113
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1103/PhysRevB.87.014115
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://doi.org/10.1109/JSEN.2006.874031
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 14 (2021) 147601

Enhancement of magnetic detection by ensemble NV color
center based on magnetic flux concentration effect”

Li Zhong-Hao  Wang Tian-Yu  Guo Qi  Guo Hao
Wen Huan-Fei  Tang Jun' Liu Jun'

(Institute of Instrument and Electronics, North University of China, Taiyuan 030051, China)
(Key Laboratory of Instrument Science and Dynamic Testing, Ministry of Education,
North University of China, Taiyuan 030051, China)

(Key Lab of Quantum Sensing and Precision Measurement, Shanzi Province,

North University of China, Taiyuan 030051, China)
( Received 20 January 2021; revised manuscript received 8 March 2021 )

Abstract

The high-sensitivity magnetic sensor is the key to the weak magnetic and extremely weak magnetic
detection imaging. In this paper, based on ensemble nitrogen-vacancy (NV) color center in diamond, a wide-
field magnetic field distribution imaging system combined with the magnetic flux concentrator (MFC) is built
for enhancing the magnetic detection. The paired T-shape chip MFC structures are designed and prepared
based on the simulation of magnetic flux concentration effect, and the enhancement of magnetic field of MFC is
verified by continuous wave optical detection magnetic resonance (CW-ODMR) imaging technology. When the
gap width between the MFCs is 1.0 mm, the magnetic enhancement factor is about 10.35. To verify the
effectiveness of the magnetic enhancement effect of the MFC, The magnetic enhancement effects are also
measured under different magnetic field strengths and different gap widths. The magnetic sensitivity of the
system increases from 1.10 nT/Hz'/? to 0.30 nT/Hz"/2. By comparing the simulations with the measurements,
the relationship between the measured magnetic enhancement multiple and the gap width can be obtained, and
the better magnetic enhancement capability and sensitivity of the experimental system are also estimated.
When the MFC’s gap width is 0.5 mm, the corresponding magnetic enhancement factor is increased to 18.21,
and the corresponding magnetic sensitivity is 0.25 nT/Hz'/2. These results show that the magnetic detection
sensitivity of the ensemble NV in diamond can be effectively improved based on magnetic flux concentration
effect, which provides a reference for the applications of precision quantum measurement technology in weak

magnetic and extremely weak magnetic detection.

Keywords: magnetic flux concentrator, ensemble NV color center in diamond, continuous wave optical

detection magnetic resonance, magnetic sensitivity
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