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The numerical model is based on Maxwell's equations and a first-order propagation model governed by the generalized nonlinear Schrödinger equation (GNLSE), which describes the bidirectional evolution of optical fields within the laser cavity. The equation is then simplified by the scalar approximation and the slowly varying envelope approximation (SVEA) and can be written as:

which including gain, resonant cavity loss, saturation absorption loss, gain spectrum bandwidth limitation, dispersion and nonlinearity effect. In equation Eq1,  is electric field envelope for forward/backward propagation,  is group velocity,  is total gain,  is linewidth enhancement factor,  and  are the cavity and saturable absorber loss respectively, and  is the saturation intensity of the active region. The term  describes the bandwidth limiting effect of gain spectrum, representing the filtering effect of finite gain bandwidth on high-frequency components.  is the effective group velocity dispersion coefficient, which represents the effect of dispersion on pulse broadening or compression, and can be written as:

where  is the polarization relaxation time. The wider the gain spectrum, the smaller the .  is the effective nonlinear coefficient, describing the Kerr-induced self-phase modulation (SPM) and cross-phase modulation (XPM) effect, and the intensity is proportional to the electric field strength.  can be written as:

where  is the saturation strength of the gain medium. Both the  and  are proportional to the  and thus scale with the injection current. Additionally, they are also affected by the non-zero  factor, which results in the effective nonlinearity and dispersion being dependent on the laser injection current, which allows to tune the laser into the low-dispersion regime where soliton operation is observed.
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Fig. S1 Wavelengths of locked comb lines within 6 dB optical bandwidth (OBW) of CPM laser working at room temperature (23 oC), Iinj from 80 mA to 240 mA with different VSA (marked above the corresponding subgraph).
[bookmark: _GoBack]For demonstrating the influence of electric driving conditions on mode-locking stability of the CPM laser working under room temperature, the wavelength variations of comb lines within 6 dB OBW with Iinj from 80 mA to 240 mA and VSA from 0 V to -6 V are shown in Fig. S1. The comb number change refers to the optical spectrum evolution from Gaussian type, sech2 type to flat-top state. Obviously, increasing Iinj up to 200 mA results in red shift of locking wavelength. Further Iinj rise brings about the excitation of shorter wavelength modes amplified by another set of QDs, which may be due to weak electrical isolation.
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Fig. S2 Average channel spacing and standard deviation of comb lines within 6 dB OBW of laser working at room temperature (23 oC), Iinj from 80 to 240 mA with different VSA (marked in the right of the panel).
[bookmark: OLE_LINK54][bookmark: _Hlk188469111]The channel stability evaluation is further carried out based on the locking wavelength shown in Fig. S1. The calculated average channel spacing and standard deviation are shown in Fig. S2. The average channel spacing is approximately 99 GHz, and the standard deviation is lower than 1.2 GHz, which shows good uniformity of this device under different mode-locked conditions.








Table. S1 Full width at half maximum (FWHM) of output optical spectra at different operating conditions
[image: ]
For the contour of mode-locked optical spectra that can be fitted by standard functions (e.g. Gaussian, Sech), the full width at half maximum (FWHM) is taken from the peak shape fitted by corresponding function of the outer contour. For those spectra without a standard fitting function, such as flat-topped spectrum, the FWHM is directly taken from the outer contour of locked peak.

Table. S2 FWHM of output pulse profile at different operating conditions
[image: ]
Similar to the spectral processing method, FWHMs of those stretched pulses is directly calculated from the test results.
Table. S3 The extinction ratio (ER) of autocorrelation (AC) trace at different operating conditions (Top). Bottom table are fine scan ER results. Iinj is swept from 95 mA to 130 mA with 5 mA step and VSA from -4.5 V to -6 V with 0.5 V step.
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[bookmark: _Hlk188469386]Table. S4 The time bandwidth product (TBP) results at different operating conditions (Top). Bottom table are fine scan results. Iinj is swept from 95 mA to 130 mA with 5 mA step and VSA from -4.5 V to -6 V with 0.5 V step.
[image: ][image: ]
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Fig. S3 Time domain mapping of Si-based 100 GHz QD CPM laser under fixed Iinj or VSA. a ER of AC trace mapping and b pulse profile mapping at Iinj = 100 mA with VSA swept from 0 V to -6 V. c ER of AC trace mapping and d pulse profile mapping at Iinj = 120 mA with VSA swept from 0 V to -6 V. e ER of AC trace mapping and f pulse profile mapping at VSA = -5 V with Iinj swept from 100 mA to 240 mA. g FROG tested signal in frequency domain and time domain and h pulse train of AC trace in 100 ps time scale of CPM laser operating at Iinj = 105 mA and VSA = -5 V.
[bookmark: _Hlk188469659]Fig. S3g and S3h confirms the AM soliton pulse train formed at Iinj = 105 mA and VSA = -5 V. To further illustrate the time domain evolution with electric driving condition near soliton state, ER of AC trace and pulse profile intensity mappings are carried out. As shown in Fig. S3a and S3c, ER becomes higher at higher VSA, corresponds to strong pulse output by strong AM effect of SAs with faster recovery ability. For the optical pulse, higher VSAs bring less stretched pulses. However, the peak value appears at different time delay from 0 ps, and the reason needs further investigation. Besides, the optical pulse profiles at low VSAs recovered by FROG algorithm have a certain degree of uncertainty, because AC traces with near zero ER are not ideal for algorithm principle. When VSA= -5 V, the ER of AC trace remains quite high across different Iinj conditions (Fig. S3e), confirming the AM characteristic. At this fixed VSA, the pulses become more stretched as Iinj increases, which can be attributed to the limited modulation capacity of SA, whose absorption effect becomes saturated with the increased number of cavity photons.
image7.emf
      V

SA

(V)

 

I

inj
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0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

80 1.070523 0.9032235 0.736151 0.6272167

100 1.6313555 1.6509528 0.9096 1.269047 1.208259 1.798278 1.5264405 1.4219546 1.3460674 1.378752 1.0919708

120 2.4323152 1.7260824 1.56835 1.6759422 1.0315575 1.5342864 1.2834124 0.6326307 0.806211 0.4480666 0.4957764 0.5150014 0.4127525

140 2.1534051 3.113312 1.8393958 1.8973719 1.6710653 1.5578836 1.4756544 1.573 1.816416 1.016924 0.513175 0.7125656 0.5596

160 1.828318 1.6940575 2.634102 2.2602032 2.1610516 1.7020854 1.0969728 2.1515418 2.0800832 1.3728015 1.709208 0.7421568 0.9704874

180 1.0839878 2.236956 0.56001 2.645575 2.3202784 1.9771306 2.185183 0.8909532 1.8312336 1.1710959 1.0802778 1.22421 1.6718744

200 2.4450168 2.2595399 2.9418744 3.1174972 2.7017388 2.6842806 2.7099239 2.6882109 1.0732975 0.7142856 0.4952559 0.6059225 1.1722433

220 3.5827547 2.156384 3.1960782 2.7726348 3.0054445 3.2834038 3.2551119 3.3401856 1.0511044 1.4274728 2.608155 1.35915 1.093868

240 4.7307134 4.2005854 4.2162537 3.8159505 3.0240016 2.03305 8.131219 6.6659265 3.8817148 3.9912248



Time Bandwidth Product (TBP)
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4.5 5 5.5 6

95 1.0054

100 1.37875 1.09197

105 0.4091 0.31764 0.33462 0.38786

110 0.3916 0.33809 0.3524 0.33581

115 0.5136 0.34298 0.31844 0.34721

120 0.44807 0.49578 0.44747 0.41275

125 0.32798 0.36664 0.35397 0.33544

130 0.5115 0.5222 0.4943 0.515

Time Bandwidth Product (TBP) 
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I

inj

(mA)

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

80 0.2558 0.2399 0.221 0.1973

100 0.3299 0.3222 0.3 0.3055 0.299 0.3818 0.3783 0.3662 0.3602 0.344 0.3301

120 0.4424 0.3556 0.35 0.3303 0.3249 0.3922 0.3569 0.3501 0.3438 0.2823 0.3113 0.3157 0.2744

140 0.5621 0.544 0.4213 0.3921 0.3659 0.3556 0.3288 0.361 0.3808 0.4309 0.3158 0.3206 0.2871

160 0.4588 0.4825 0.4798 0.4198 0.3868 0.4698 0.4928 0.7386 0.8696 0.9855 0.984 0.6024 0.5914

180 0.5194 0.524 0.5091 0.4922 0.4546 0.4439 0.407 0.4548 0.7856 0.8359 0.8533 0.8385 0.7336

200 0.6414 0.6247 0.5534 0.5506 0.4941 0.5058 0.5053 0.5231 0.6295 0.4879 0.4573 0.4505 0.9223

220 0.6311 0.632 0.6246 0.5991 0.6095 0.6151 0.6129 0.6288 0.7244 0.9466 1.1975 0.7995 0.778

240 0.7706 0.7607 0.7311 0.7047 0.6212 0.557 1.649 1.3109 1.4054 1.7308



FWHM of optical spectra (THz)
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(mA)

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

80 4.185 3.765 3.331 3.179

100 4.945 5.124 3.032 4.154 4.041 4.71 4.035 3.883 3.737 4.008 3.308

120 5.498 4.854 4.481 5.074 3.175 3.912 3.596 1.807 2.345 1.5872 1.5926 1.6313 1.5042

140 3.831 5.723 4.366 4.839 4.567 4.381 4.488 4.363 4.77 2.36 1.625 2.2226 1.9491

160 3.985 3.511 5.49 5.384 5.587 3.623 2.226 2.913 2.392 1.393 1.737 1.232 1.641

180 2.087 4.269 1.1 5.375 5.104 4.454 5.369 1.959 2.331 1.401 1.266 1.46 2.279

200 3.812 3.617 5.316 5.662 5.468 5.307 5.363 5.139 1.705 1.464 1.083 1.345 1.271

220 5.677 3.412 5.117 4.628 4.931 5.338 5.311 5.312 1.451 1.508 2.178 1.7 1.406

240 6.139 5.522 5.767 5.415 4.868 3.65 4.931 5.085 2.762 2.306



Pulse width (ps)
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I

inj

(mA)

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

80 0.4953 0.5149 0.3525 0.3669

100 0.2188 0.2018 0.3187 0.3108 0.2225 0.3969 0.5445 0.653 0.6696 0.6833 0.6998

120 0.1769 0.1434 0.1564 0.1796 0.4052 0.3754 0.3871 0.4018 0.4413 0.8808 0.8038 0.8623 0.8845

140 0.2079 0.0905 0.0962 0.1134 0.1626 0.2211 0.219 0.237 0.3172 0.4285 0.4929 0.4858 0.4919

160 0.2496 0.0534 0.1846 0.0985 0.0991 0.1846 0.387 0.5151 0.6482 0.6901 0.7363 0.6767 0.6707

180 0.1861 0.1017 0.0608 0.0533 0.0745 0.1371 0.2227 0.3122 0.3865 0.4506 0.5412 0.5506 0.4652

200 0.3894 0.3127 0.1997 0.1911 0.1966 0.3076 0.4318 0.4527 0.7865 0.9131 0.9433 0.9649 0.9737

220 0.2291 0.1 0.165 0.1483 0.1628 0.2079 0.2136 0.3326 0.8345 0.815 0.7378 0.9375 0.9652

240 0.1551 0.1725 0.1833 0.189 0.3944 0.7316 0.7746 0.6904 0.751 0.9023



Extinction ratio of AC trace 
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4.5 5 5.5 6

95 0.6237

100 0.6833 0.6998

105 0.7328 0.7067 0.3885 0.378

110 0.7657 0.7407 0.7471 0.7586

115 0.3748 0.3747 0.3414 0.3384

120 0.8808 0.8038 0.8623 0.8845

125 0.8918 0.8786 0.8771 0.8718

130 0.9365 0.9609 0.9538 0.9722

Extinction ratio of AC trace 


