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Abstract

The lock-in amplifier is an instrument used to demodulate near-field signals. Due to the hardware
characteristics of the frontend analog circuitry, it can affect the results of the signal under test. This
paper proposes a method for initialization calibration when starting up the digital lock-in ampli-
fier's host computer, aiming to ensure that the frontend analog circuitry operates in an optimal
state. It calibrates the voltage offset, maximizes the compensation for gain errors introduced by the
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analog circuitry, and phase shifts introduced by the asynchrony between the DDS output signal and
the ADC sampling process. Test results show that this scheme can compensate for the aforemen-
tioned errors, significantly improving the accuracy and stability of the lock-in amplifier when de-
modulating near-field signals.
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Figure 1. Block diagram of self-calibration design
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Figure 2. Flowchart for bias voltage calibration
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Table 1. Composed of eight amplification gear combinations

F L )\ADNEAREME SR

=fA gSS:c ko B P 3 =2 EHILE Skl
3V -10dB 0dB 0dB -10dB 0dB
1V 0dB 0dB 0dB 0dB 0dB
300 mV 10dB 0dB 20dB -10dB 0dB
100 mv 20dB 0dB 20dB 0dB 0dB
30 mv 30dB 20dB 20dB -10dB 0dB
10 mv 40 dB 20dB 20dB 0dB 0dB
3mv 50 dB 20dB 20dB -10dB 20dB
1mv 60 dB 20dB 20dB 0dB 20dB
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Figure 3. Programmable amplification circuit system
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Table 2. The amplification relationship corresponding to the modulus value R
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Table 3. The relationship between the calibration factor and each gear position
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Figure 4. Phase frequency response before signal phase compensation
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Figure 5. Fitted curve before signal phase compensation
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Table 4. Comparison before and after voltage bias calibration
4. BERERERIEXIEL

RS AL KA i B (MV) KA )5 i B (MV) R F Lt (%)
3V -125 1.567 0.5223
1V -79 0.503 0.5030

300 mv -6 0.152 0.5067
100 mV -15 0.0498 0.4980
30 mv 2.5 0.0148 0.4933

10 mV 0.325 0.00466 0.4667

3mv -1.25 0.00151 0.5033
1mv 0.4 0.00051 0.5100
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Figure 6. Comparison of input before and after bias calibration at the 3 mV range and 1 mV range
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Table 5. Comparison of voltage amplification coefficient before and after calibration

5. HBEMARBBERIEXLL

(=1DA HBE(MV) KHERT(MV) KHE R (MV) RZE(MV)
3V 3535 381.913 353.325 -0.175
1V 3535 356.926 353.735 0.235

300 mv 70.7 74.034 70.634 —0.066
100 mV 34.35 34.717 34.304 —0.046

30 mv 7.07 7.313 7.09 0.02

10 mV 3.435 3.416 3.452 0.017

3mv 0.707 0.782 0.705 -0.002
1mv 0.343 0.356 0.345 -0.002
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Figure 7. The fitted curve result after phase compensation
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