2026 4 55 40 & 55 5 14 ilj[[] ﬁt ﬁ 7[{ ﬁ j:ﬁ Vol.40 No.5 2026
CRVER 179 39D JOURNAL OF TEST AND MEASUREMENT TECHNOLOGY (Sum No. 179)

MERS: 1671-7449(2026)05-0610-07 J. Test Measur. Technol., 2026, 40(5): 610-616.

T3S E & A NV #5621 Y SRR 4 MEF R

%,J\}}j:_l,z,?)’ v)%v }7:5;_1,4’ iﬂil’z‘?’, % 'f}%l, 4{‘#%%?14, ﬁ]’g,\\g__}:ﬁz,i 'H‘VC‘J:-:P 1,4*
(1. bR Jeskns - AR A B S AR 2 E TS50, (v KJE 030051 ;
2. thdb R W PRI sh MR B AR S54SR e E S 506 %, 1P KR 0300515

3. bR (AR S TR, IUTFE KJE 0300515 4. Hpdbket 2SR5 HEAGE, (P KJE 030051

i E. &NIA RSN (Nitrogen Vacancy, NV ) (008 B 38 3178 15 78 8505 14 3 15 ATl R B BR 7 7
8 2 2590 B 32 R TS 3 I IR A 3 £ 5 O 2 X ) 536 BBE e L ] s i 22 555 37 v 000 5 58 3 )
FoRo S, FRH T — B IZE I (E R B0 A P IR R AR ¢ B R W A R A AR S, EREA
S A 3 (g A A o > 2 P DX ) AL, 1 sl il R A, RG24 TAE TN X . L0455
FW, ZINEGRGRIT S STE RN 341 4 pTH R E 4. 08 mT, T 1245, eV BIRNEEBRN, 25
AR BRI, AP0 R2=0. 999 28; I HLAEAR3 880. 32 pT/ v Hz i RAEE IS, 2B T4
70 ms (PSRN . 76 = SR M ILRE b, REERINH &5 sh S R S R BUE i, B
F+T NV BRI A TR | bR RS S5 SR Fh  SE A

R NVRERETE; ZRPEXIE]; BIESUN]; 5Esha

RESES: TMI37 XERERIRAS: A DOI: 10. 62756/csjs. 1671-7449. 2026053

SIAmE: w N, STBE, EREL, % 0T 9 BNV RESR A SRR AR [T ] MK AR 24
2026, 40(5): 610-616.

Gao Xiaoqi, Jia Qi, Wang Guozheng, et al. Real-time frequency compensation for wide dynamic range integrated

NV magnetometers[ﬂ. Journal of Test and Measurement Technology, 2026, 40(5): 610-616.

Real-Time Frequency Compensation for Wide Dynamic Range
Integrated NV Magnetometers

Gao Xiaoqi"**, Jia Qi"*, Wang Guozheng'**, Gao Jian', Ren Xuanhui'*, Xing Enbo*’, Ma Zongmin"*
(1. State Key Laboratory of Widegap Semiconductor Optoelectronic Materials and Technologies,
North University of China, Taiyuan 030051, China;
2. State Key Laboratory of Extreme Environment Optoelectronic Dynamic Measurement Technology and Instrument,
North University of China, Taiyuan 030051, China;
3. School of Instrument and Electronics, North University of China, Taiyuan 030051, China;
4. School of Semiconductors and Physics, North University of China, Taiyuan 030051, China)

Abstract: The diamond nitrogen-vacancy (NV) center integrated magnetometer shows great potential for

high-sensitivity magnetic field sensing. However, its dynamic range is limited by the linear interval of the
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optically detected magnetic resonance (ODMR) demodulation signal, making it difficult to simultaneously
achieve high-precision weak-field detection and strong-field measurement. To address this issue, a closed-
loop frequency compensation technique based on real-time threshold recognition is proposed. By continu-
ously monitoring the output signal of a lock-in amplifier, the frequency compensation is automatically trig-
gered by this system when the magnetic field-induced frequency shift exceeds half of the linear interval
threshold, thereby ensuring that the magnetometer remains stabilized within the linear response region.
Experimental results show that the dynamic range of the magnetometer is extended by the proposed
method from 341.4 pT to 4.08 mT with an improvement of approximately 12 times. Across the
extended full scale, excellent linearity is maintained in system output with a goodness-of-fit R? =
0.999 28, while a fast response time of about 70 ms without compromising the high sensitivity of
880.32 pT/+vHz is achieved. Based on a highly integrated NV magnetometer platform, the advantages
of wide dynamic range, high linearity and high sensitivity are combined in this system to enhane signifi-
cantly the practical value of NV magnetometers in strong-field applications such as current detection and
material imaging.
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Fig.1 NV centers energy level diagram and magnetic

measurement principle
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Fig. 4 NV magnetometer intrinsic dynamic range test result chart
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