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Abstract:

Sampling oscilloscopes using the principle of sequential equivalent sampling can achieve high-

speed stable signal sampling, waveform recovery, signal quality analysis, etc. , in high-speed communica-

tions, information countermeasures and other fields with a wide range of needs. However, the sampler as

the core device of the sampling oscilloscope uses a dual Schottky diode symmetric structure, which leads

to deviations in the two signals of the differential output due to the asymmetry of the device, layout wir-

ing, etc., and introduces inaccuracies in the measured waveform. In order to reconstruct the true value of

the measured signal more accurately, this paper proposes a binary amplitude calibration method based on

the least squares method. It is verified that this method can accurately calculate the calibration coefficients

and achieve the calibration of the amplitude with a relative error within 1%, and it is still applicable in the

case of small sampling points. The results show that this method can be used for amplitude calibration of
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broadband sampling oscilloscopes.

Key words: sampling oscilloscope; equivalent sampling; dual schottky balanced sampler; least squares

method; amplitude calibration
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Fig.1 Schematic diagram of dual Schottky balanced sampler
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Fig. 2 Schematic diagram of discrete data points
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Tab.1 DC amplitude when the signal is not calibrated

ADCE(Z#EH]) ADCE(F#EH]) I i B/ m vV AR/ mV
1001 0101 1010 0011 —5539 —270.45 —300
1001 0001 0111 0000 —4.464 —218 —250
1000 1101 0111 0000 —3440 —168 —200
1000 1001 1010 1110 —2478 —121 —150
1000 0110 0110 0110 —1638 —80 —100
1000 0011 1001 1010 —922 —45 —50
1000 0001 0101 1100 —348 —17 0
0000 0001 1101 0111 471 23 50
0000 0101 0001 1110 1310 64 100
0000 1010 0001 0100 2580 126 150
0000 1110 1000 1111 3727 182 200
0001 0011 0011 0011 4915 240 250
0001 0110 1100 1101 5837 285 300
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Fig. 3 Fitted curves versus discrete point data
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Tab.2 Measured value and error after DC signal calibration

WAE/mV IR/ mV RS /mV AR 2 %
—300 —300.18 —0.18 +0.06
—250 —250.23 —0.23 +0.092
—200 —200.14 —0.14 +0.07
—150 —149.85 +0.15 —0.1
—100 —100.16 —0.16 +0.16
—50 —50.33 —0.33 +0.66

50 49.78 —0.22 —0.44
100 100.19 +0.19 +0.19
150 150.15 +0.15 +0.10
200 200.36 +0.36 +0.18
250 249.15 —0.85 —0.34
300 299.45 —0.55 —0.18
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Fig.7 Input the amplitude results of 0 mV DC signal calibration
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Fig.8 Inputa 200 mV, 10 Gbps digital signal comparison of the amplitude results beforeand after the calibration
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Tab.3 Measured values and errors after the calibration of the digital signals

AR/ mV
5 A % /GHy 200 300 400
W/ gxbiRzs/  AxRR WEEEiE/  daxiiizz/ MEXTER DUENEME/ AXTERZE/ O MEXTR
mV mV %/% mV mV =/% mV mV %2/%
1.25 199.90 —0.10 —0.05 300.10 +0.10 -+0.03 399.44 —0.56 —0.14
2.125 200.30 -+0.30 +0.15 299.54 —0.46 —0.15 400.26 +0.26 -+0.07
3 199.83 —0.17 —0.09 299.13 —0.87 —0.29 399.04 —0.96 —0.24
4.25 199.56 —0.44 —0.22 298.96 —1.04 —0.35 398.85 —1.15 —0.29
200.67 +0.67 +0.34 299.33 —0.67 —0.22 398.63 —1.37 —0.34
5.75 199.38 —0.62 —0.31 299.59 —0.41 —0.14 399.77 —0.23 —0.06
6.5 200.56 +0.56 +0.28 299.77 —0.23 —0.08 399.62 —0.38 —0.10
7 200.65 +0.65 +0.33 299.60 —0.40 —0.13 400.45 +0.45 +0.11
8.25 199.55 —0.45 —0.23 299.55 —0.45 —0.15 399.89 —0.11 —0.09
9 199.46 —0.54 —0.27 300.19 +0.19 -+0.06 401.43 +1.43 +0.36
10 199.52 —0.48 —0.24 299.78 —0.22 —0.07 398.95 —1.05 —0.26
10.52 200.33 +0.33 +0.17 300.25 +0.25 +0.08 399.34 —0.66 —0.17
11.09 199.59 —0.41 —0.21 300.30 +0.30 +0.10 398.49 —1.51 —0.38
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