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Abstract: Precision measurement technology has always been the core technology in the fields of biomedical impedance
analysis, electrochemistry, power transmission, radio frequency antenna analysis and many other analytical
instruments. In modern precision measuring instruments, the number of resistance-capacitance is often hundreds of
thousands, and the impedance parameters are very strict, the quality of the resistance-capacitance used and the stability
of its own impedance value is an important factor affecting the performance of electronic systems, so the precision
resistance-capacitance measurement has become an important part of the design of many electronic systems. Under this
background, a high precision resistance-capacitance analyzer based on hardware orthogonal phase-locked structure is
proposed in this paper. The design takes hardware orthogonal phase discrimination as the core. Around this part, the
orthogonal frequency generator, I-V conversion regulation module, Sallen-Key filter and other hardware structures are
designed. At the same time, the MCU system is designed for module control and drive, task allocation and scheduling.,
and data acquisition and processing. Finally, performance tests were conducted on the key components of the system
and the physical complete machine, achieving the judgment of resistance and capacitance as well as the measurement of
impedance values. After the actual system test and comparison with the standard bridge test, the average value of the
resistance measurement error of this system is 0. 032 4% , and the average value of the capacitance measurement error
is 0. 054 7%. And while achieving a lower measurement error, it ensures the small volume and portability of the
overall system, ultimately enabling the design to reach the expected goal.

Keywords: RC measurement; orthogonal phase discrimination; vector measurement; microcontroller system design;
signal conditioning and filtering;digital signal processing
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Table 2  Signal frequency data statistics kHz

ek A3t T 2 BT RS 1R 22
5 5.000 07 0.000 07
10 10. 000 1 0. 000 1
20 20.000 3 0. 000 3
50 50.000 8 0. 000 8
100 100. 002 0. 002
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5 YK 9P P . I (R 5 A SC AP T R B 58 R
5 U S5 R 1 -3 (.
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Table 6 Resistance test 1

Table 3 Signal phase data statistics (°)
B A/ kHz ASC 2 T e AH 2 22 AR DR 22

5 90. 15 0.15

10 89. 38 0.62

20 89. 28 0.72

50 88. 20 1.8
100 86. 83 3. 17

S I AT I R, AR B tti’i%ﬁ'ﬁ%ﬂ%iﬁ%%ﬁ ) 2

S5 RABET LR AR R SR —
WA IEPET 1 kHz 5 10 kHz,zD"Jﬂc ERINE 4 5
=5 iR,

F4 LHEHBIBSIT (1 kHz)
Table 4 Phase detection data statistics(1 kHz) (°)

A0 ) 45 5 S b U A 45 RE I
0° 0.857 0. 857
10° 10. 960 0. 960
20° 20. 687 0. 687
30° 30.728 0.728
10° 40. 197 0.197

*5 EHEHEESHIT(10 kHz)
Table 5 Phase detection data statistics(10 kHz) (°)

ASCAS I e 2 B S [ 0 o 23 REEHK
0° 1. 324 1. 324
10° 11. 542 1. 542
20° 21.192 1.192
30° 30. 710 0.710
40° 40. 350 0. 350
S BRI A SRR BN EOUS S 3 AN ER I R 2N
+0.005°,
3) FE LI

TZEBATE X HLBE L B A Y 2 AR E AT T, n

F6~9 o, b FTi R A & O B AR FR(E D LB AS 5 LA
A E b A B AR (R A SR T LCR BT A % I 45
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FRFRAE/ H 1 )7 {8 AHXT 1R 22/
Q CEED/Q CEED/Q %
2 1.976 0 2.124 2 0.075
5.1 5.2230 5.471 6 0.045 4
10 9.998 6 10. 257 0.025 8
56 56.168 57.214 0.018 6
100 99. 783 101. 86 0.020 8
150 149. 94 152. 45 0.016 7
200 199. 23 202. 32 0.0155
x7 BEENK?2
Table 7 Resistance test 2
PRFR1E/ HL (E {8 FH X 2%/
Q CEED/Q CEED/Q 4
430 427. 80 445.90 0.042 3
1k 998. 50 1059.2 0.060 7
20 k 19.92 k 19.90 k 0. 000 9
49.9 k 49.55 k 49.45 k 0.002 0
100 k 108. 6 k 110. 3 k 0.015 4
510 k 496. 4 k 520.0 k 0.047 5
1M 960. 0 k 1025.0k 0.067 3
x8 HEWKI1
Table 8 Capacitance test 1
PRFRAE/ HL (H o] FHXT R 22/
pF CEED /pF - CE#)) /pF %
20 21.600 0 20.165 0 0.066 4
51 53.370 0 49.831 0 0. 066 3
100 101. 480 97.126 0 0.042 9
150 152. 512 146. 186 0.041 4
270 275. 850 268. 450 0.026 8
560 517. 390 496. 147 0.0411
x9 BEWK2
Table 9 Capacitance test 2
PRFRAE/ HLE (B HE=E I AR 22 /
pF CE¥)) /pF CE¥) /pF %
820 810. 250 0 786.700 0 0.029 1
1500 1 458. 000 1 402. 000 0.038 4
15 000 14 390. 00 17 290. 00 0.201 5
47 000 47 769. 00 48 399. 00 0.013 2
82 000 80 165. 00 82 785.00 0.032 7
100 000 103 580.0 109 460. 0 0.056 8
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