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Abstract In response to the demand for suppressing laser intensity noise in the millihertz frequency band in space
gravitational wave detection, based on a low-noise chip and combined with a high stability voltage reference source, this
paper designs relevant peripheral circuits to carry out the overall design and development of a semiconductor laser pump
driver in a spaceborne laser amplifier. The performance of the pump driver is evaluated from both the time and frequency
domains. Experimental results show that when the self-developed pump driver outputs 3.5 A, the current time-domain
jitter is <<180 pA within 4 h. In the frequency domain, by converting the current signal into a voltage signal through a
sampling resistor, the voltage noise spectral density is less than 110 * V/Hz"* at 0.1 mHz and 1X10° V/Hz"* at
1 mHz. The developed pump driver outputs laser intensity noise with a relative voltage noise spectral density below 1X
10" Hz " at (0.1 mHz~1 Hz) in the frequency range of space gravitational wave detection. This study provides key
components and experimental basis for laser intensity noise suppression in space gravitational wave detection.
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Table 1 Performance of foreign semiconductor laser driver products

Measurement frequency
Model/manufacturer

Noise without

Short term stability Long term stability

band /Hz ripple /pA (4h) /pA (24 h) /pA
1.DC240C/Thorlabs 10-107 <50 - 200
ITC4005/ Thorlabs 10-107 <250 - 300
1.LDC-3736/Wavelength 1-2.50x10° <16 100 200
1.DX-3232/Wavelength 1-2. 50X 10° <40 80 160
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Fig. 1 Overall design principle of low-noise laser diode driver
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Fig. 2 Pump drive circuit diagram
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Fig. 3 Output laser power of the pump source, the sampling resistance temperature of the pump driver, and the relationship between
the output voltage and temperature. (a) Sampling resistance temperature and ambient temperature; (b) sampling resistance

voltage and its temperature; (c) sampling resistance voltage and laser power
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Fig. 4 Schematic diagram of performance test device for semiconductor laser pump source and its driver source
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Fig. 5 Performance comparison of temperature-controlled sample resistors. (a) Temperature variation; (b) power spectral density of the
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Fig. 6 Comparison of output performance of different power supplies and output performance of pump driver under the power supply.

(a) Power voltage; (b) power supply voltage spectral density; (c) sampling resistance voltage signal; (d) sampling resistance

voltage power spectral density
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Fig. 7 Comparison of output performance of pump driver powered by different power sources after single chip power supply. (a)

Sampling resistance voltage signal; (b) sampling resistance voltage power spectral density signal
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Fig. 8

Detection of laser power monitoring signal with 3.5 A output from laser pump source. (a) Detector voltage; (b) relative power

spectral density of detector
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