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In recent years, the nitrogen-vacancy (NV) centers in diamonds have been studied by a large
number of researchers for their quantum properties. The spin states in the negatively charged NV can
be excited by a laser to generate fluorescence and their magnetic resonances split by the external
magnetic fields are detected via the optically detected magnetic resonance (ODMR). Therefore, the
NV center can be used as a probe to measure stray magnetic fields from magnetic materials and to
elucidate magnetic structures. Compared to other magnetometers, the NV center magnetometer is
becoming increasingly used due to its high sensitivity and nanoscale spatial resolution.

In this research, the *N* implanted diamond was fabricated via a focused ion beam (FIB) and
attached to a quartz tuning fork as a scanning NV center probe with a diameter down to about 500
nanometers. Furthermore, to increase the performance of the fabricated probe, the inductively coupled
plasma (ICP) etching was considered to be applied to the probe. We did the ICP etching on the probe
for a few tens of nanometers, then measured the Rabi oscillation and spin coherence properties before
and after the ICP etching process to evaluate the performance of the probe.

The fabricated scanning NV probe combined with an atomic force microscopy (AFM) was used to
detect the stray fields from the magnetic samples, such as Bismuth Lutetium iron garnet (BLG) and
Yttrium iron garnet (YIG). The magnetic structures (magnetic domains) from these magnetic samples
can be monitored by the magneto-optic Kerr effect (MOKE) microscope and imaged by the fabricated
NV-AFM system. Moreover, the bubble-shaped magnetic domains (bubble domains) from the
magnetic samples were formed by applying external fields. This kind of domain from low-field
magnetic samples could not be imaged by the fabricated probe clearly unless increasing the
performance of the probe, for example, via the ICP etching process with around 25 nm.

In a word, this research focuses on the development of a high-performance scanning NV center
probe in order that we can detect and image the stray field from the magnetic samples.

Keywords: NV center, scanning probes, focused ion beam, ICP etching, spin properties, magnetic
samples, stray fields, magnetic domains




RABEORBBRDNES

ARFslE, BBERSRE - A A=V 7B LGIFEERE SN TN D, A4 YT FROESH-22
ANVEE T LEEE T — ST 500X A4 vEr FE T —HEOER L FMHE2T-72 0
DTH D,
FB1IETIINVFLEHW R U 7 LR T v — TSI ~OIS BT 2 R A2
77

B2ETIE, XA VEY RHOXMEE TH D, BHR-ZEHEEFONV FL) DA B AREED LAY
PE& NV HLORAUREE A BT T 2 PRSI (ODMRNE D SR B, Z OSRIZHFFA 72 A
vy ZHIBNRIED NI O B ER AT 2 7 VIRE), 2 EbH LA vy a—iE (B
To) LHEEF (T1) IZ& D NV HULOD A B BTG FHE 00 J5 B 2 figsn L 7=,

BI3ETIE, Y41 VYELVRNNVHLEGETHYA 7 A—MVUTOYA XD T =7 a—T1
WERRA A E—LETHR L, 612, ICP GFERia 77 A ~) =y F o 7EIZLY FIBAIL
THEUEXATPEY NiEROX A —V%RE, $7-, FRHZICP =y F 72X ) NV LD X A
YEL RET—FKENPDDOEIOFHE (40-10 7/ A— FL) IZ2OWT, EHRE/R X A YE L KNV
Hb 7' m —T7 B ERT D 72O OARMED By & FIEIC DWW TR LTS,

¥4 ETIE, FIBIMLICK DX A YES FET—EREEET B —T ~OWY T, Z0k#E NV
b7 e — T AR X DBMEEREOBR KA A AEEDA A= v T OFERICOWTEER LT,
95 E T, R NV FLT v —TOEMRRIL~T 728 E) /) A— M OBEREAET 5 NV .l
7 —7a—T7 O E AV VROl AT o7, ZOBRICIE, Bt~ A7 v A — MY XD
AYEY FERT 7 EICEHOZ A YEL N7 — &% FIBICKWER L, Z20% D ICP = v
FUIZE Y NV FLOAE RO X A —V L AE Z2FHE UkiEb 21772, ZORHR, 7.
FIB MTIZ LV BIfF72 A U RE AR 55 600 /) A — MLVOEREY A XDOX A ¥EL KNV
HLE T =7 a—T7 2ERARER 2 L, SHI2 25 7/ A—FLD ICP =y F o 72 LhET—7
a—7EKENHD NV FLOEREZ 40 &/ A— MLUind 15 F /7 A— ML OEWVLEIZELE LT
b, T REREEE A AT D NV FbZREFA AR/ 2 & 2 55GE LT,

%6 ETIL, KX OfER, B, SBROBEICOWVWTOE EDEFR L,

ULl K, #A4YES FHDO NV fFLaG /4T 5877 n—7HEOEREZDO A %
PEDOFHI, HB(bE T2 2 LICEERDH Y . SH%OEER NV HL 7o —7OIGH &F B A A
— VT OEBUIMIT TR EZFTRICREREREID VD FHICERT 5L ZABKREN, Lo
THiL (=7 V7P A = R) OFNFRLE LTHAMIED 2 b O ERDIZ,

—



