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Realization of high-precision measurement technology for
frequency signal of optically pumped magnetometer

He Zhaobo , Teng Yuntian® Hu Xingxing

(Institute of Geophysics, China Earthquake Administration, Beijing 100081, China)

Abstract: We designed and made a kind of microcontrollers frequency meter for borehole geo-
magnetic absolute observation by helium optically pumped magnetometer, which is suitable for
the narrow space, high measurement accuracy, an easy access to upload data and automatic
measurement. This. frequency meter is based on ARM Cortex-M3 microcontroller, using
timers’ external clock mode to count and calculate the frequency result in the interrupt service
function. After many experiments, in order to further improve the measurement accuracy, the
32 MHz active temperature-compensated crystal oscillator is used to provide the main frequ-
ency signal for the chip, which improves the main frequency accuracy and reduces the code’s
resource occupation rate of the CPU. The results show that the frequency meter has enough high
precision that can meet the project requirements. The system error is stable, and the system
error is 1 Hz in the range of 840.70 kHz to 1.96 MHz. Considering the specific reason for this
error, we can easily compensate it by software codes and then realize a high-precision measure-
ment.
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Fig. 3 Optically pumped magnetometer flow chart
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Table 1 Main configuration parameters of Table 2 Main configuration parameters of
two timers method four timers method
WAT AR TIM3 TIM2 REERoZA TIM3 TIM4 TIM8 TIM2
TIMx_ARR 65536-1 60000-1 TIMx_ARR 65536-1 65536-1 50000-1 20-1

TIMx_PSC 0 1200-1 TIMx_PSC 0 0 72-1 0
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R ML, AR SCERAE rb Y 28 X 158 25 S 4 TN B R S e AR 2 M X (E, SR Hz. A
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Table 3 Experiment result using the same signal source

TERTANE VU5 B s
i AfE 5 /kHz

W {E/Hz 2% 1R % /Hz, X2 i {f/Hz xR/ Hz xR

62.5 62 500 0 0 62 500 0 0

250 250 000 0 0 25 0000 0 0
500 499 999 1.0 2.0X10° 500 000 1.0 2.0X10°°
1000 999 997 3.0 3.0X10° 999 999 1.0 1.0X10°
2000 1 999 993 7.0 3.5X10° 1999 999 1.0 5.0X107

3.2 MAMKEIRRARMETHEGLSERILER

SEBR R RE S 5 IR S 2 E SR, 200 SR BRI S 58 2 4 g
JE B L A S R A TR RS SR IR VE AR S IR, RS BR I . SR A R TR 4. 5L
DLk G 5 A AE NG SR, OO a5 SR Em I, JEo e e i R G IR 2R, (A
WA BE R £ 1X107° (9 UNI-T 23 & B UTG2062A 10K A5 5 & A 2 A 9 S5 A5 S U R A7 )
B, LS RS TF 3R 5. AR (2007) A28 T R B O] 4 A2 32 45 % 7F (complex program-
ming logic device, 45 > CPLD) Fl = M BE B R AL 1 (4 68 /= RS B2 S 0o 1, L 4 SL 50 45

4 PN ABERAN SRIRVE A5 S U ) SE e 5
Table 4 Experiment results using independent active TCXO as signal source
HAfF 5 /kHz SRR/ Hz Y%7z AN 22
1 000 999 999 1 1.0X10°°
100 000 0
2 000 1999 999 5.0X107

0

1
3000 2999 998 1 3.3X107
2999 999 2 6.7X107
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Table 5 Experiment results using high-precision signal generator as signal source
MAfFZ/KHz  DUERGENE/Hz  AXREMz - MIXRZE || SIAGS/AHz  DERGHENE/Hz xRSz AR
500 500 000 0 0 2200 2199 999 1.0 4.5X107
600 599 999 1.0 1.7X10° 2300 2299999 1.0 4.3X107
700 699 999 1.0 1.4X10° 2 400 2399999 1.0 4.2X107
800 799 999 1.0 1.3.X10° 2 500 2499 999 1.0 4.0X107
900 899 999 1.0 L.1X10° 2 600 2599999 1.0 3.8X107
1000 999 999 1.0 1.0X10° 2700 2699 999 1.0 3.7X107
1500 1499999 1.0 6.7X107 2800 2799 999 1.0 3.6X107
2000 1999 999 1.0 5.0X107 2900 2899 999 1.0 3.4X107
2100 2099 999 1.0 4.7X107 3000 2999 999 1.0 3.3X107
6 BRI B I A A SR # 7 CPLD Bt Aol 4k i S 4645

Table 6 Experiment results of microwave frequency
meter in ultra-high frequency measurement

Table 7 Experiment results of frequency memter of
CPLD in intermediate frequency measurement

i AW/ Hz ST Hz AixiR2E Mz AARRE AR Mz  SHR/Mz faxhiREMz AHXHRZE
5000 000 000 5000 000373.12 373.12 7.5X10°° 56 000. 000 56 000. 00 0 0

5100 000 000 5100 000 326.17 326.17 6.4X10 104.523. 687 104 522.00 1.687 1.6X107
5270000000 5269999 878.63 121.37 2.3X10 504 258, 741 504 252.03 6.711 1.3X10°
5520 000 000 5520000 061.08 61.08 1.1X10° 774 519.638 774 508.00 11.638 1.5X10°
5603 000000 5603 000 047.03 47.03 8.4X107 1:000 000. 000 999 986.00 14.000 1.4X107°

RI|FFR6; FARMOQ012) M4 T —Ffi 3k
T CPLD 7€ ] T80 323, &8 0 52 B 46 )
GIF R 7; WS (2018) A T —Fpdk
T FPGA B IR %3, SEIRZs o135 8.
3.3 EHEMERITHLE

Wt xF b, T LA B R Rk A
VI HE = 4 BE (5 GHz) A TR = RS B, HL ik

H 8 FPGA AT (A BL I Ak ) S 96 2 2R
Table 8 Experimental results of FPGA frequency
memter in low frequency range measurement

HWASURMz  SOMFRMz  faxhREMHz xRS
1000 999 1.0 1.0X10°

10 000 10 000 0 0
20 000 20 001 1.0 5.0X10°
200 000 200 004 4.0 2.0X10°

WA ZE RIS T 06 3% 0 0 A S AR AT 3 L X R RO SR (1) HeE T ORI RE ) AUAE S R
U Fl & 840.70 kHz—1.96 MHz. % T FPGA 5 CPLD My #i % i} 7 1.5 MHz—3 MHz
P 4 %t 1 25 # B 3 T 14Hz, AHXTR 22 BB STE 107, 5546, ol 00080 H % 3= 1A 2 A 1% 52
PSS UL L B, 3o I S T 1 AR RRURE X 9 K L S B G 0 AT TR T 1 4 2 9 1] 840. 70 kHz—
1.96 MHz N, A< SCIE T B R AL SR e, B iR 22 78 1070 22N, [ 52 30 7 48 e O G
FENRFCK . 563898 S om) . DI EDRG B . L RS . AR SE M BEOR &, B 7 AL SR A5

CSIE L PRIR S
4 RESMRERFRERHRE
4.1 RS B RO RGIRE

RGRZE T ARAR], VU I & 1% BE WS A RO 4R v D ORS B2, {E475 7% 500 kHz—3 MHz
WEBNAT 1 Hz B0 &0 22 . 25 S B[R] PR S 86 b 005 R UAE 5 R 20, BEIE BOR N AF AR IR 22
BOA X TR ZER AN BEREA S, J8 TGRS RE.
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Fig. 6 System error caused by ISR FRIE S AR B G, IRESBWIH K. H

SR, R R ) RN 5 AN 2 0 BRAE DG W ) SR AR S N
4.2 BEEWERERE

ELAEDA R R 250k B T T IE S SRNG5S A RS £1 iR 2% e MRITIES A
B AR 18 2% &y (CEKHE, 2012) . TR 7E — UR 52 B DN S v T 1 oF 19 R X 152 22 43 ) T 3 od =
(5) Fi=l(6) A5 5], AP

81—i—, (5)
Tg
Afs

S N (6)
R NG

e T FITTES ], ASCh ol 1R o FFR MG S 83, A SCR AT 72 MHz A 85 3R 50 S
) 1 MHz {55 .

(1), HbmE 37 70 X0 % 25 JR 0 % N 840,70 kHz—1.96 MHz. 454 R (5), |g|=
5.10X107—1.19X 10, ARAT AR 5 0152 22 1 Bk H A I IR Ab i IR RS B, A SO A 9 32 MHz
AR AN TR FE R R (=10 °C—60 C) A BT 35 £0.5X10°, 43450 AS 52 IR ORG
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