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Abstract: Aimed at the need that quartz crystal microbalance (QCM) sensors are used to measure high-precision frequency in gas

detection, a high-precision frequency measurement system based on field programmable gate array (FPGA) is designed. An equal-pre-

cision frequency measurement method based on phase-locked loop is proposed to reduce the theoretical relative error of frequency

measurement, and design the overall architecture of the frequency measurement system. According to this architecture, the hardware

circuit of the high-precision frequency measurement system based on FPGA is completed. The embedded software is also designed,

which includes the modules of frequency measurement. communication, and firmware programming. The integration of the high-pre-

cision frequency measurement system based on FPGA is achieved, which is applied in the QCM-based carbon dioxide gas concentration

detection. Experimental results show that the absolute error of the frequency system measurement does not exceed 0. 35 Hz, with an

average error of 0. 268 Hz and a maximum relative error of 3. 5X107°, The frequency measurement resolution can reach 0. 1 Hz. The

system has the advantages of low measurement error, good stability, and better application prospect in the QCM-based carbon dioxide

concentration detection.
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B BCESERITAMARGER R TT E 2 s IR IR S K
i QCM 2 Jgeis i th 1 5 (9 030 2 3 BT W A8 AT I e 2 48 i
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PRUEST R AE/Hz | J ] 53 220 A/Hz Kl R 45/ Hz
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9 999 970. 00 9 999 962. 77 9 999 969. 80
9 999 940. 00 9 999 932. 81 9 999 939. 80
9999 910. 00 9 999 902. 83 9 999 909. 75
9 999 880. 00 9 999 872. 90 9 999 879.75
9 999 850. 00 9 999 842. 93 9 999 849.75
9 999 820. 00 9 999 812. 95 9 999 819. 70
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AR R G BN 25 TR AT 53 220 A, {HX 2 B TR U
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I ek 2R 28 191 P 5 B 22
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£/ Hez T/ He | #RifE%/He | T3{E/He |45 2/ He
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1.00 1.000 3 0.015 8 1.000 2 | 0.010 06

e B3 53 220 A i & 48
1t/ Hz F¥ME/He | bR/ He | FPH9{H/Hz | b2/ Hz
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BRI E R LG 16 B, Ak kT
FPGA 1 =K BE A3 3R I i 28 55 76 58 B A0 A6 0 A 1) 1 g
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