443 1M T i 2E i Vol. 44 No. 1
202341 H Journal of Chinese Mass Spectrometry Society Jan. 2023

£ F FPGA [EBR
PO AR #F BT 4 il R e i it

BIEHEAL KL BRXH. 225 .47 1
(T RGBSR A RA A )R 77N 510535)

FEE 0 i 49 AL /0N T A FOIR S 6 19 B 7 5K A SR T T — 2 (40 K DU AR AT RS 9 R LA B A R
4t , #: T Xilinx Spartan-6 25 33 0] g 09 114 51 (FPGA) - & # AT I & 2R JH FPGA BL— ik B A%
ST i A B BB, e e B AR B A 1 W5500\ MCU (4% il 55T 385 ) \DSP (31 5 15
540 B I RO \DDR CUURE 8 44 [8) 25 2l 25 BE ULAT A% 2 ) 55 2 B8 00 A 4 3 S 08 i S B A 4 L4 ) R
B AP B AL SRR AL W E AR AR N T [l — FPGA . 5304 19/ BUAL PO AR AT BT % 45 i &R 46 L
BOARRGEENRMERAEWHAIRT AN WE TER A A EEEERRODETE TY
2.7 WL 20 JFAR R DIAE Y 37 %6, P PR AR R 00 RSN T4 20 em® L 290 SRR R RS 1026, ARAF
FEBE T 1 (58 485 = DO AR AT BT 3% T 7 AL 4 ) 3R e O ) g A A6 48 K U AR AT BT 3 A TP, O BB X 2R B
B A AL A8 A A R W AR RS AR L 0 S AN fE.

SRR G PUART s BT s B AT SR AR 0 T RE B (FPGAD

FE4SES:0657.63 XEARER A X EHS:1004-2997(2023)01-0087-09

doi:10. 7538/zpxb. 2022, 0080

Design of Portable Quadrupole Mass Spectrometry
Control System Based on FPGA
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Abstract: To meet the requirements of miniaturization and low power consumption of
portable instruments, a set of lower computer control system of portable quadrupole
mass spectrometry was designed. The new control system was developed based on
Xilinx spartan-6 series field programmable gate array (FPGA) platform. A single FPGA
chip was used to replace the cumbersome architecture of traditional multiple chip combi-
nations. The original W5500\ MCU\DSP\DDR and other functional chips on the main
control circuit board were removed, and the scanning, control, acquisition, storage,
data processing, high-speed transmission and other functions realized by these chips
were integrated into the same FPGA chip. The control system mainly communicated

with the lower computer through the upper computer. The lower computer controlled
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the DAC voltage to scan the quadrupole, and at the same time linked the 16 bit ADC to
collect data. The collected data was processed by some columns of algorithms, and then
a large amount of data was accumulated and compressed, stored in the chip. Finally, the
whole spectrum data was integrated according to the frame format and uploaded to the
upper computer for displaying. The lower computer control system also integrated tun-
ing control, feedback control, high voltage control and other functional modules. The
difficulty in the design of the whole system lied in the high utilization of chip resources,
which required a reasonable allocation of various chip resources and a balance in per-
formance, speed and area. Compared with the existing miniaturized quadrupole mass
spectrometry control system, the new control system not only saved the chip cost on the
premise of unchanged function and performance, but also saved about 2. 7 W in the pow-
er consumption of the master hardware board, which was about 37% of the power con-
sumption of the original board, and reduced about 20 cm?® in the area of the master hard-
ware board, which was about 10% of the area of the original board. The performance of
the portable quadrupole mass spectrometer lower computer control system was fully
verified by the 25 volatile organic compounds (VOCs) mixed standard test experiment,
and was successfully applied in the portable quadrupole mass spectrometer. This design
has high technology portability and practical value for similar miniaturized instruments.
At this stage of the design, it is not possible to integrate all the functions of the instru-
ment and realize a real single-chip lower computer control system, and the integrated
functional modules need to be further optimized. Under the demand of miniaturization
and low power consumption of portable instruments, the concept and design of integra-
tion will go further and further, and will slowly and truly achieve simple substitution for
cumbersome, single substitution for combination, so as to make the concept of portabili-
ty to the extreme and obtain the maximum value with the least consumption.

Key words: portable; quadrupole; mass spectrometry; field programmable gate array
(FPGA)
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Fig.1 Portable quadrupole control system architecture
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Fig.2 Diagram of communication hardware
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Fig. 3 Flow chart of scanning control
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Fig. 5 Test diagram of scan step voltages
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Table 1 Qualitative results of 25 component VOCs mixed standard

Fr5 iy £ B 1 ] FRIERS T
No. Compound Retention time/min Characteristic ion
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Fig. 7 Mass spectra of benzene (a), carbon tetrachloride (b) and 1, 4-dichlorobenzene (c)
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