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Fig. 3 Schematic diagram of temperature control circuit
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Fig. 7 Experiment setup of (a) Current testing; (b) Spectrum test
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Fig. 8 The relationship between the drive current and the actual current. (a) The relationship between the set current value and
the actual current value of channel 15 (b) The relationship between the set current value and the actual current value of
channel 2
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Fig. 9 Test results of drive current stability. (a) The driving current change curve of channel 1 in 120 min; (b) The driving cur-

rent change curve of channel 2 in 120 min
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Table 1 Comparison of indicators between this work and existing laser driver circuits

Scheme Current stability Fluctuation range of wavelength Reference
1 0.051% 0.100 nm [19]
2 0.020% 0.012 nm [20]
3 0.020% 0.009 nm [21]
4 0.007% 0.017 nm [22]
5 0.030% 0.004 nm [23]
6 0.019% 0.006 nm This work
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Design of precise driving circuit for dual-wavelength semiconductor
lasers

Tang Zhiping"*?, Ma Yuxin"*?, Song Changkun"**, Gao Junjian"**, Li Pu"**, Qin Yuwen"'*?,
:1,2,3

Wang Yuncai
(1 DInstitute of Advanced Photonics Technology, School of Information Engineering, Guangdong University of
Technology, Guangzhou, 510006, China)
(2 2)Key Laboratory of Photonic Technology for Integrated Sensing and Communication, Ministry of Education of
China, Guangdong University of Technology, Guangzhou, 510006, China)
(3 3) Guangdong Provincial Key Laboratory of Information Photonics Technology, Guangdong University of Tech-
nology, Guangzhou, 510006, China)

Abstract: Dual-wavelength semiconductor lasers are indispensable in critical fields such as radar,
microwave photonics, and optical sensing, where stable spectral performance is paramount. Traditional
dual-wavelength systems rely on two discrete laser devices, which suffer from poor stability due to
temperature fluctuations and environmental vibrations, limiting their practicality in compact, high—
precision applications. Monolithic integrated dual-wavelength semiconductor lasers address this drawback
with a compact structure and enhanced operational stability, but their gain media are extremely
temperature—sensitive. Even minor temperature variations can significantly alter lasing wavelength and
threshold current, while subtle fluctuations in driving current lead to substantial output power changes and
wavelength drift. Consequently, high—precision synchronous control of both operating temperature and
driving current is critical for ensuring the reliable performance of dual-wavelength semiconductor lasers.
Existing solutions predominantly use discrete commercial components, resulting in large volumes and high
power consumption that conflict with the miniaturization and integration demands of modern laser systems.
Moreover, most conventional circuits are designed for single—section lasers, failing to simultaneously meet
the dual high—precision requirements of dual-wavelength devices, creating an urgent need for a dedicated
integrated driving solution. This study designs a highly integrated driving circuit tailored for dual-
wavelength semiconductor lasers, with the STM32F103RCT6 microcontroller as the core control unit.
The system employs a Digital-to-Analog Converter (DAC) to independently regulate the driving current
and Thermoelectric Cooler (TEC) voltage, realizing synchronous high—precision control in a unified
architecture. Two identical current driving channels are adopted to power the monolithically integrated
semiconductor lasers (DFB; and DFB,) , which have threshold currents of 11.9 mA and 12.7 mA
respectively. The MCP4922 DAC chip features 12-bit resolution, 4.5 ps settling time, and SPI
communication—converts digital control signals from the STM32 into analog voltages, which are buffered
by the AD8065 voltage follower to enhance load capacity and isolate inter—stage interference. The AD8531
operational amplifier forms the core of the current source, supporting a linear adjustable current range of 0
~ 250 mA with a resolution of 0.06 mA ; four parallel resistors are used to disperse current, reduce thermal
dissipation, and improve resistance stability. For temperature control, the SLM8835 chip serves as the
core, integrating linear and pulse width modulation power stages to drive the TEC with a maximum output
current of 3 A. A closed-loop control system is formed with a negative temperature coefficient thermistor,
and the built-in operational amplifiers of the SLM8835 handle weak temperature signal amplification and
PID compensation, with optimized component parameters (R;=510 kQ, R,=1 MQ, C,=0.47 pF, R,=
510 kQ, C,=10 pF, C.=0.01 puF) to ensure precise temperature regulation. The PCB adopts a four—layer
structure (top signal, bottom signal, ground and power layers) with large—area copper cladding to suppress
electromagnetic interference, and software—based delayed power—on/off control protects the laser and
LNA-PD (model AMDO0020) by adjusting current at a rate of 1 mA per 0.5 s, preventing damage from
abrupt current changes or premature optical signal exposure. Experimental tests were conducted under
standard operating conditions (25 ‘C temperature, 50 mA driving current) using professional equipment:
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the Keysight B2912B precision source meter for current stability measurements and the Anritsu MS9740B
optical spectrum analyzer for wavelength monitoring. Results show that the two current channels achieve
stabilities of 0.013% and 0.019% over 120 minutes, with fluctuation amplitudes of 0.0065 mA and 0.0095
mA respectively-both outperforming the typical 0.020% stability threshold. For wavelength stability, the
central wavelengths of DFB, and DFB, vary within 1553.622 ~ 1553.633 nm and 1552.512 ~ 1552.524
nm over 120 minutes, with drift amplitudes of + 0.0060  nm and + 0.0055 nm, and standard
deviations of 0.0015 nm and 0.0014 nm.When both lasers are driven simultaneously, the output spectrum
exhibits a Side-Mode Suppression Ratio (SMSR) of 37.81 dB, exceeding the commonly accepted 30 dB
threshold for stable lasing. Throughout the continuous 120 minute test, the output spectrum remained
stable without significant drift or degradation, confirming reliable dual-wavelength performance. This study
presents a high—performance integrated driving circuit that effectively addresses the key challenges of dual-
wavelength semiconductor laser control. The circuit achieves precise regulation of driving current and
temperature, with exceptional stability in both parameters. Its compact integrated design overcomes the
limitations of bulky discrete solutions, aligning with the miniaturization and integration demands of modern
laser systems. By ensuring minimal wavelength drift and high SMSR, the circuit guarantees the stable
operation of dual-wavelength lasers, which is critical for their integration into precision optical systems.
This work advances high—precision laser driving technology, broadens the practical application prospects of
dual-wavelength semiconductor lasers in cutting—edge fields such as radar and microwave photonics, and
provides a reliable technical foundation for their wider adoption in high—performance optical systems. The
compatibility with butterfly-packaged lasers and integrated photoelectric conversion functions further
enhances its practical value, making it a versatile solution for diverse precision optical applications.

Key words: dual-wavelength semiconductor laser; strong negative feedback; current driver module;
current stability; PID parameter optimization; temperature control module; central wavelength
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