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Research on the calibration technology of direct current sensor based on the
difference measurement principle

ZHOU Liren, GENG Ji, QIN Yi, ZHU Li, PAN Yang
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Abstract: Direct current sensor converts the input current into a proportional output current. The ratio error is an
essential specification, the error value determination is one of the key links in the rational use of direct current
sensor. The specification of commercial instruments employed in the traditional source meter method failes to meet
the calibration requirements of high accuracy direct current sensor (maximum permissible error 10° magnitude and
above). A principle based on the measurement of secondary side difference current is proposed. According to the
characteristics of the calibrated ratio parameters, taking the standard direct current ratio value as the reference,

the actual value and error of direct current ratio are obtained by employing self-calibration method, equal-ratio
calibration method and stage-connection equal-ratio calibration method. This measurement principle reduces the
index limit of instrument and the uncertainty at the same time; satisfies the calibration requirements of direct current

ratio instruments.

Key words: direct current sensor; current ratio; calibration; error; measurement uncertainty; difference
measurement principle
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Fig. 1 Self-calibration circuit
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Fig. 2 Equal-ratio calibration circuit
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Fig. 3 Stage-connection equal-ratio calibration circuit
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Fig. 4 Calibration flow-process diagram
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Fig. 5 Photograph of calibration circuit
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Tab. 1 Self-calibration results

ZEH AL / ELfF S BE / tefl iR %=
pA CAIA) (%)

0.1 13 0.999 999 87 1.3X10°°
0.2 24 0.999 999 88 1.2X107°
0.4 44 0.999 999 89 1.1X10°°
0.6 48 0.999 999 92 8.0x10°
0.8 48 0.999 999 94 6.0x10°°
1.0 60 0.999 999 94 6.0x10"°
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Tab. 2 Equal-ratio calibration results

SWHIA R A w@%ﬁﬁ’ WIS (%)
0.1 150 999.998 5 15x10 ¢
0.2 300 999.998 5 1.5x10 *
0.4 560 999.998 6 1.4x10 "1
0.6 720 999.998 8 1.2x10 ¢
0.8 800 999.999 0 1.0x10 1
1.0 1000 999.999 0 1.0x10" 1
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Tab. 3 Stage-connection equal-ratio calibration results

TIRHI A ZEERI pA EBISEEME [ (AIA)  EEBIRZE (%)

0.04 1.1 1749.952 2.7x107°
0.08 1.9 1749.958 2.4X10°
0.16 3.7 1 749.960 2.3%x10°°
0.24 7.1 1749.948 3.0X10 °
0.32 8.5 1749.954 2.6x10°
0.40 9.8 1749.957 2.5%X10 2
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Tab. 4 Summary of measurement uncertainty

EL HL IR ELA] /

BIUE i\ B 1 43 L

CAIAD %) AHERE (k=2)

11 10 ~ 100 (1.7 ~3.6)x10~°
1000/1 10 ~ 100 (1.2 ~1.4)x10°°
700/0.4 10 ~ 100 (41~79x10"°
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