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Self-injection locking microcombs (SIL)
The traditional scheme for microcomb generation requires the use of tunable narrow-linewidth lasers as pump sources [1]. Such lasers are bulky and prevent the compact integration of soliton microcombs. Another way to generate frequency combs in chip-scale optical microresonators has recently been demonstrated using compact semiconductor lasers and the self-injection locking (SIL) effect [2-6]. The self-injection locking effect is based on light, which is reflected from surface inhomogeneities of the microresonator (Rayleigh back-scattering) [7-9] and directed back to the semiconductor laser diode. This forces the laser to be locked close to the microresonator resonance frequency, suppressing the laser noise while at the same time stabilizing the generation of microcombs. 
[bookmark: _Toc106998487]Optical packaging:
The challenge in terms of optical packaging is the precise alignment of the laser diode to the Si3N4 chip (with <0.5µm accuracy), satisfying at the same time the optimal phase for SIL. The Fig.1 illustrates the photos of a proof-of-concept assembly (left) as well as the packaged microcomb source (right).  
The Si3N4 microresonator with a 485 GHz free spectral range (FSR) was pumped with a hybrid integrated distributed feedback (DFB) semiconductor diode laser to generate the microcombs in SIL. The detailed SIL theory, early experiments are presented in the papers[5-9]. The optical subsystem consists of a ~100 mW DFB laser diode butt-coupled to the Si3N4 photonic chip input facet and a single-mode PM fiber pigtail at the opposite facet (Fig.1). This subsystem allows the generation of a low noise soliton microcomb in the SIL. The precise integration between the DFB diode, Si3N4 chip, and output optical fiber was done with the precision alignment of all elements satisfying the stringent conditions for SIL [7], such as low loss and optical feedback phase control [8,9]. The single-mode PM FC/APC fiber array was glued to the chip facet for coupling output light from the photonic chip. A custom package (66 x 32 x 15 mm) featuring a thermoelectric cooler (TEC) element as well as a thermistor for temperature control is used to further isolate the optical subsystem and interface the laser diode and TEC, and thermistor with the electronic subsystem. 
The performance of the packaged device is shown in Fig.2(a)-(b). Fig.2(a) represents the low noise single soliton microcomb spectrum with ~485 GHz spacing. Fig.2(b) shows the frequency noise performance for the laser diode self-injection-locked to a high-Q Si3N4 microresonator. The blue curve is the free-running DFB laser diode, the red curve is the SIL laser diode (central line). The SIL LD achieves two orders of magnitude linewidth suppression at high frequency offsets (>10kHz) and is limited by thermal-refractive noise in the microresonator (represented by the black dashed line [10]). The Lorentzian linewidth for the comb's teeth is around 2 kHz. The spikes on the trace are artefacts originating from the measurement setup.
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AI-generated content may be incorrect.]Fig 1: Optical packaging of the microcomb. Left: LD is butt-coupled to the Si3N4 chip from one side and output pigtailed fiber from another side. Right: Generic packaged with SIL microcombs features TEC element and thermistor.  

Fig 2: Characterisation of the microcomb. (a), Optical spectrum of 500 GHz SIL microcomb. (b), Frequency noise suppression of SIL laser: blue curve – free run DFB laser, red curve – SIL, black dashed curve is thermorefractive noise for 500 GHz Si3N4.   

PCB Design
A carrier PCB was designed to establish an electrical connection to the chip. The chip is glued to the bare copper area in the center and connected to the PCB via bond wires. The input modulation voltages from the RF-DACs enter the board differentially via Samtec ARC6 connectors and are transitioned to single-ended signals using local baluns (Mini-Circuits’ TCM2-43X+). All input modulators share a common connection to the bias voltage, which is decoupled with capacitors located directly underneath. The photodiode output currents are routed to SMA connectors at the left edge to be connected to external TIAs. The TIA inputs provide a 50R path to ground, while the other end of the photodiodes shares a common, locally decoupled bias voltage like the input EAMs. The TIA outputs are connected to a second set of SMA connectors, transitioned to differential signals using the same baluns as for the inputs and then routed to ARC6 connectors to be connected to the RF-ADCs. Although not high-speed, the bias and weight voltages use the same type of connector. All traces are impedance-matched to 50R (single-ended) or 100R (differential) and groupwise length-matched.
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Fig. 3: Printed Circuit Board for electronic interfacing
Input Encoding
[bookmark: _Hlk210655831]We are using a zero-mean, four-sample, return-to-zero, alternating encoding, such that the TIA’s see only changes around the optical bias. That lets us represent signed values even though the modulator only attenuates power. 
[image: ]
Fig. 4: Modulation Schemes. A single symbol is encoded into four samples. We send 4 samples per symbol, two samples with the value of the symbol but with flipped signs and insert zeros in between
[bookmark: _Hlk210655841]Our desired input symbol is 

We encode it into 4 DAC samples without a DC part:

We bias the EAM at  and scale the DAC swing by , applying the voltage  at the modulator

Assuming linear transmission around the bias point

With .
The photocurrent is

With the photodiode responsivity R and the input optical power .
The output after the AC-coupled TIA is

[bookmark: _Hlk210655856]With the gain of the TIA G.
We drive the ADC at half the speed of the DAC and sample at the non-zero time slots:

[bookmark: _Hlk210655873]The two nonzero samples produce opposite-signed fluctuations around the bias, so the AC-coupled output carries a signed value even though the optical power itself is non-negative.
[bookmark: _Hlk210655933]Normalizing with recovers the encoded symbol
= 
Balanced Weight Encoding
Balanced encoding uses one row as a reference. The FPGA subtracts the reference transmission from the main transmission, so the difference is a signed value. Let wpmax and wpmin be the physical weights at maximum and minimum transmission. Define the neutral level

and the span

two physical weights ,  encode a target weight w in [−1, 1] 

We symmetrically offset the reference row around wpref, so the main minus reference photocurrent spans 
Weight and Crosstalk Calibration
[image: ]
Fig. 5: Typical weight map. The measurement captures the input responses of each channel for the whole range of relative weights. The nonlinear scaling becomes obvious, resembling the EAM transmission curve as well as the strongly inhomogeneous behaviour between different channels. The red curve indicates a channel where the reference row in the crossbar array is not working; therefore, only positive weights can be set with that specific channel.
Weight-map calibration:
For each channel c, we sweep the relative drive r ∈ [−1,1] while holding other channels at zero and record the input response y. 

This yields a per-channel calibration curve fc: r ↦ y, sampled on a fixed grid rj and stored as a matrix mc,j=fc(rj). The common realizable target range is the intersection of per-channel ranges [minj mc,j,maxj mc,j].
Weight setting:
Given desired w, we linearly map w into target units t inside the common feasible range, then obtain the required drives by inverting each channel’s calibration curve via interpolation, ρc=fc−1(tc). When available, a measured linear crosstalk matrix C is applied in a single pass as tc←tc−∑kCc,kρk​ before reinversion.
Crosstalk analysis and correction:
Full multidimensional mapping is infeasible, so correlations are measured pairwise. For each test channel, its map is remeasured while stepping one reference channel through 11 values with all others at zero, and this is repeated so every channel serves once as the reference. Linear fits without intercept provide a slope for each test–reference pair, which is then used as a linear correction when choosing target weights. The strongest couplings are between physically adjacent connectors. For larger arrays, it is efficient to measure only neighboring pairs.[image: ]
Fig. 6: Typical crosstalk measurement. The x-axis shows the relative weights of the respective reference channel, and the y-axis depicts the average deviation of the weight map in units of the output response for the respective main channels. The orange region indicates deviations within the weight mapping that can be explained just by the ground noise of the system.
[image: ]
Fig. 7: Flowchart of the weight mapping
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