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Abstract

A balanced bridge device based on a digital dual-channel phase-locked synchronous dual-vector
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source meter architecture was constructed to achieve high-resolution and multi-frequency-point
capacitance measurements. This device is capable of balancing the bridge circuit and measuring the
voltage and current across various components of the bridge, enabling the calculation of capaci-
tance values. Experimental results demonstrate that the capacitance measurement system is capa-
ble of performing continuous measurements on capacitors as small as 0.1 pF across a frequency
range from 100 Hz to 1 MHz. When compared with Keysight impedance measurement instruments,
the system achieves an accuracy error within 0.05%.
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Figure 1. Simplified analytical circuit diagram of a dual-source synchronous controlled balanced bridge
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Figure 2. Schematic diagram of the connection between dual-channel phase-locked loop and balanced bridge
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Figure 3. Range selection diagram for optional resistor scales
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Figure 5. Flowchart for automatic balancing adjustment of electrical bridge
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Figure 7. Mixing and low-pass filtering functions implemented by a lock-in amplifier
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Figure 8. Design of high-precision vector signal generator
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Figure 9. Schematic of system clock synchronization between temperature-compensated chip and clock chip
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Figure 10. Physical image of digital board for capacitance measurement module
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Figure 12. Comparison of output fluctuations before and after clock signal synchronization
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Table 1. Capacitance measurement results for 0.1 pF at various frequencies

F 1. TEBAET 0.1 pF BEMELER

B A E 25 R L BF 5 R AR 22
1.00228E—-13 1.00247E-13 —0.040%
100 kHz
0.99591E—-13 0.99623E-13 0.032%
0.99711E-13 0.99719E-13 0.009%
1 MHz
0.99834E—13 0.99808E—13 —0.026%
Table 2. Capacitance measurement results for 1 pF at various frequencies
F2. FEBHET | pF BRMELER
IES A F 25 I BIF 5 R AR 2
0.97532E-12 0.97468E—-12 —0.035%
100 kHz
0.97547E-12 0.97484E-12 —0.036%
0.97556E—-12 0.97535E-12 -0.021%
1 MHz
0.97527E-12 0.97493E-12 —0.035%
Table 3. Capacitance measurement results for 10 pF at various frequencies
3. FREIBAFET 10 pF AN ELE
i RTEP A5 R B 4 R AR ZE
1.00248E—-11 1.00294 E-11 0.046%
1 kHz
0.99958E—11 0.99909 E-11 —0.049%
1.00029 E-11 1.00011 E-11 —0.018%
10 kHz
1.00041 E-11 1.00064 E-11 0.023%
0.99991 E-11 0.99942 E-11 —0.049%
100 kHz
0.99997 E-11 0.99949 E-11 —0.048%
0.99991 E-11 1.00019 E-11 0.029%
1 MHz
0.99985 E-11 1.00013 E-11 0.028%
Table 4. Capacitance measurement results for 100 pF at various frequencies
F 4. TEBHFET 100 pF B MELR
LIES RAEI 2 B R AR ZE
- 0.99982E—-10 0.99944 E-10 —0.038%
Hz
1.00010 E-10 1.00013 E-10 0.003%
0.99999 E-10 0.99980 E-10 —0.019%
10 kHz
1.00003 E-10 0.99986 E-10 —0.016%
0.99992 E-10 1.00001 E-10 0.009%
100 kHz
0.99993 E-10 1.00021 E-10 0.028%
1.00001 E-10 0.99988 E-10 —0.012%
1 MHz
0.99996 E-10 1.00015 E-10 0.019%
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