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Abstract— Neuromorphic computing is touted to be a game 

changer for existing and emerging data processing applications. 

Towards this direction, artificial neural network 

implementations have moved into the focus of research. 

Advancing neural networks to the optical domain offers several 

advantages, such as high data throughput at time-of-flight 

inference latency. The present work proposes coherent synaptic 

interconnects as a path towards filterless neural networks with 

increased routing flexibility. A coherent synaptic receptor with 

integrated weighing functionality is experimentally investigated 

and evaluated for a 1-GHz train of 130-ps wide spikes. 

Homodyne detection is accomplished through use of an optically 

injection locked local oscillator, while its phase and the 

responsivity of the co-integrated photodiode are exploited to 

realize a tunable weight upon reception of the incoming optical 

spikes. Moreover, the switching of the sign is shown for the 

detection weight, underpinning the feasibility to extend the 

allocation of synapses toward both, wavelength and time 

dimensions. 

 
Index Terms— Optical signal detection, Neural network 

hardware, Electroabsorption-modulated laser, Neuromorphics 

 

I. INTRODUCTION 

T IS WIDELY recognized that the long-lasting performance 

increase of traditional computing has flattened out during 

the past decade as further scaling has been considerably 

slowed down by the saturation of clock frequency and the 

von-Neumann bottleneck [1]. As the computing realm is about 

to experience a performance brick-wall for information 

processing, a paradigm change in how computing systems are 

conceived is required in order to retain a continuing growth in 

computational efficiency. Neuromorphic computing is touted 

to be a trigger for such, by virtue of its higher processing 

throughput that goes along with a reduced energy cost [2]. The 

development of bio-inspired artificial neural networks requires 

to port the constituent neuromorphic elements such as 

neurons, the dendritic and axonal arbors within the synaptic 

interconnects, together with a suitable representation of the 

respective action potentials, to a technology platform.  

 Although impressive strides have been made with respect 

 
Manuscript received June 1, 2021. This work was supported in part by 

funding from the European Union’s Horizon 2020 research and innovation 

programme through the European Research Council (ERC) under grant 

agreement No 804769.  

Bernhard Schrenk is with the AIT Austrian Institute of Technology, Center 

for Digital Safety&Security, Giefinggasse 4, 1210 Vienna, Austria (phone: 

+43 50550-4131; fax: -4150; e-mail: bernhard.schrenk@ait.ac.at). 

to scaling microelectronic artificial neural networks, their 

operation is limited to the MHz regime and is further 

challenged by the high interconnect density for a larger 

number of neurons.  

Photonic circuits suit perfectly in order to serve the synaptic 

interconnect. On the one hand, it is well known from optical 

telecommunications that wavelength division multiplexed 

(WDM) signal transmission can enable a high interconnect 

density, without the need for massively parallel physical 

waveguides.  On the other hand, several concepts have been 

proposed to accomplish signal processing. Coherent networks 

use a single wavelength and phase encoding to perform larger-

scale matrix operations in low-loss Mach-Zehnder 

interferometer mesh structures [3-5]. However, controlling 

optical phase shifters at high speed beyond the MHz range 

becomes a challenging exercise. Alternatively, spiking neural 

networks can mimic the dynamics of biological networks 

through use of opto-electronic functions with close 

isomorphism to the biological counterparts. They feature GHz 

information processing rates, accomplished at high energy 

efficiency [6]. Multiple wavelengths are typically employed in 

these network implementations to support scalability of vector 

multiply-accumulate (MAC) operations [7, 8]. In order to reap 

the performance benefits of GHz operation at ultra-low time-

of-flight latency, the aspects of signal transformation need to 

be accomplished at the optical domain as well. First steps 

towards all-optical neural networks have been made through 

proving the non-linear activation of neurons at the optical 

domain [6, 9] or through hybrid opto-electronic schemes [10-

12]. Further implementation schemes for neuromorphic 

circuits have been proposed on free-space diffractive optics 

[13, 14] or superconducting platforms [15]. 

Application-wise, critical tasks such as predictive control or 

pattern classification have been demonstrated through neural 

networks featuring 24 and 11 neural nodes, respectively [10, 

11]. Such small-scale photonic neural networks, which build 

on the principles of artificial intelligence in order to solve 

time-critical tasks, can be seen as a first application field in the 

domain of neuromorphic computing. 

Experimentally demonstrated MAC functions of recent 

works that are targeting GHz information rates are mostly 

based on weighted addition through dedicated photonic 

elements, followed by a photodetector as the synaptic 

receptor. Weighing has been proposed by exploiting the 

excess loss of detuned micro-ring filters in combination with 

spectral multiplexing through the same resonant structures [9, 
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16], per-channel gain tuning through active amplifier elements 

and passive combination of WDM ensembles [11], or self-

homodyne detection of inphase/quadrature modulated 

branches, which additionally allows to choose the sign of the 

weight [17]. Similarly, self-homodyne detection can be 

applied through amplitude/phase weighing of local oscillator 

pulses [18]. These self-homodyne approaches demonstrate a 

path towards coherent networks at GHz rates. 

 Likewise, this work aims at a coherent neuromorphic 

implementation and integrates MAC functionality with the 

synaptic optical receptor for hybrid opto-electronic neurons, 

without resorting to additional photonic elements. It extends 

an initial experimental study [19] by characterizing and 

demonstrating synaptic weighing in magnitude and sign 

through a single-ended coherent receiver, taking advantage of 

homodyne detection with phase-tunable local oscillator (LO). 

The simplified coherent synaptic receptor is inspired by an 

electro-absorption modulated laser (EML) and will be 

operated at a 1-GHz train of 130-ps wide spikes. Moreover, 

burst-wise sign switching will be shown for the weighted 

synaptic reception. 

The paper is organized as follows. Section II introduces the 

concept of a coherent synaptic interconnect and highlights the 

enabling synaptic receptor. Section III characterizes the 

involved opto-electronic receiver. Section IV discusses the 

performance for transmission of a spike train and the 

constraints for scaling up a neural network, while Section V 

investigates switching of the detection weight during 

reception. Finally, Section VI concludes the work. 

II. TOWARDS COHERENT-OPTICAL NEURAL NETWORKS 

A. Filter- and directionless synaptic interconnect 

The proposed optical neural network architecture leverages 

coherent reception in a way to enable a passive split for its 

synaptic interconnect between upstream- and downstream 

neurons. Figure 1 presents this neural fabric. Optical input 

signals to the neural network and the optical outputs of 

neurons are broadcasted at different wavelengths to the inputs 

of downstream neurons and the outputs of the neural 

networks. A passive star coupler accomplishes the signal 

distribution in this broadcast-and-select WDM architecture, 

which becomes filterless, provided that the synaptic receptors 

can facilitate the selection of a WDM channel (i.e. synapse) by 

means of coherent detection. The spike emitters are de-

coupled from the synaptic receptors through opto-electronic 

signal conversion at the neural nodes. As a result, the synaptic 

receptor and the spike emitter operate at different wavelength 

channels λi and Λi, respectively. Wavelength channels can 

further be subject to a tempo-spectral mapping, where the 

wavelength is time-shared among multiple, independent 

signals. In this way, a number of upstream spike emitters can 

feed a single downstream synaptic receptor. 

In order to compose a deep neural network consisting of 

multiple layers of neurons [1], neural nodes that belong to 

subsequent layers within a network can be spectrally mapped 

together. This is accomplished by matching the optical 

frequencies of upstream spike emitters to those of downstream 

synaptic receptors. Since every neuron can serve every neural 

network layer by virtue of its colorless behavior, a flexible 

allocation of neurons – available as hardware resource – to 

various layers of the neural network – established as virtual 

point-to-point links – is possible. At the same time, recurrent 

neural network architectures can be in principle supported, 

meaning that the emitter of a neural node can feed back to the 

synaptic receptor of the same node according to some defined 

temporal mapping. 

It shall be noted that the scalability of the (tempo-)spectral 

mapping and the synthesis of deep neural networks is not the 

main scope of the present work, which rather focuses on the 

enabling synaptic receptor. The adoption of coherent signal 

transmission in the context of a filterless, ultra-dense WDM 

signal distribution is highly attractive. First, it provides the 

ability to select a channel in a broadcast-and-select fashion, 

which is accomplished through the coherent detection process 

and thus without extra optical filter element. Second, its higher 

reception sensitivity allows for a higher optical budget 

between spike emitter and synaptic receptor. Both together 

permit an any-to-any architecture with a potentially high fan-

in and a high fan-out at both, dendritic and axonal arbors. 

However, the introduction of coherent detection in optical 

 

Fig. 1.  Hybrid opto-electronic coherent optical neural network architecture.

Optical inputs to the neural network and spiking emitters of upstream neurons 

jointly feed the downstream synaptic receptors and the neural network outputs 

in a WDM-enabled broadcast-and-select architecture. 
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Fig. 2. Principal scheme of the synaptic coherent receptor. Homodyne 

detection builds on a DFB-based LO that is injection-locked by the optical 

synapse and a preceding EAM photodiode. Tuning of the detection weight w

in terms of magnitude and sign is accomplished through electrical setting of 

the EAM photodiode responsivity as function of the EAM bias VEAM and the 

LO phase as function of the DFB bias IDFB, respectively. 
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neural networks comes at a major technical challenge: the 

realization of a simplified coherent synaptic receiver. This 

work will investigate whether MAC functionality can be 

partially integrated with the synaptic receptor, in terms of 

including the weighing process with respect to both, 

magnitude and sign. 

B. Coherent synaptic receptor 

The prerequisite for a simplified coherent receptor 

necessitates the omission of digital signal processing (DSP) 

after the detection process, such as typically employed for the 

purpose of frequency offset estimation and carrier-phase 

recovery. Analogue homodyne reception is therefore seen as 

the prime implementation option. Figure 2 illustrates the 

concept for the synaptic receptor, which is inspired by an 

EML. It builds on three key notions: First, homodyne 

reception is supported through optical injection locking [20] of 

the LO. In case of the EML-inspired receptor, this means that 

the incident synapse locks the distributed feedback (DFB) 

laser of the EML all-optically, which is considered to be 

simpler than alternative approaches such as phase-locked 

loops [21, 22]. The mechanism of injection locking will be 

characterized in Section III. As will be discussed shortly in 

more detail, the coherent receptor is completed through the 

electro-absorption modulator (EAM) based photodiode, at 

which the incident optical synapse and the LO beat. Since 

there is no optical frequency difference between the two 

optical fields, the information associated to the synapse is 

down-converted to the electrical baseband without frequency 

offset, while a stable phase between the LO and the optical 

input to the receptor mitigates phase noise otherwise present in 

the received electrical signal.  

The direct-detection and coherent-detection terms of the 

photocurrent IEAM after single-ended opto-electronic down-

conversion of the incident optical signal Psyn are given by [23] 

 

     (1) 

 

where R is the bias-dependent responsivity of the EAM 

photodiode, PLO the optical power of the DFB-based LO, ωIF 

relates to the intermediate frequency after down-conversion, 

and φsyn and φLO denotes the optical phase of the incident 

signal and the LO, respectively. By beating the LO and the 

optical input at the EAM, coherent homodyne detection is 

accomplished, and a vanishing residual frequency offset and a 

stable phase are yielded so that ωIF = 0. As a consequence, 

DSP-free reception can be accomplished.  

The second notion is the responsivity tuning of the EAM 

photodiode through its bias voltage VEAM, which contributes 

the magnitude of the weight for the incident synapse. The 

responsivity depends on the detection function ρ of the EAM, 

 

R(VEAM) = R0 ρ(VEAM)             (2) 

whereas the function ρ is yielded through 

 

ρ(VEAM) = 1 – τ(VEAM)              (3) 

 

with R0 being a normalization factor and τ being the 

transmission of the EAM, given by [24] 

 

     (4) 

 

where Va and α are fitting parameters, T0 accounts for 

intrinsic losses and εmin is the minimum extinction. A typical 

function ρ is plotted in Fig. 3 for Va = -2V, α = 0.65 and εmin = 

0.01. As such, the EAM can be used to determine the 
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Fig. 4. Coherent pipe over the synaptic interconnect and corresponding 

experimental setup. 

 

Scope PG

DFB

IDFB

EAM

VEAM

DFBEAM
Coherent
receptor

Optical 
emitter α

Att

AWG

t

e/o o/e

synaptic
interconnect t

λiΛi

ReceptorEmitter

dt dt

Iso

Upstream neuron Downstream neuron

optical
budget

IDFBVEAM

LNA σ

λiΛi

 
Fig. 3. Model and experimental characterization of the accomplished weighing 

process through the EML receiver. 
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Fig. 5. Optical output signal of the phase-coded optical spike emitter. 
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magnitude of the weight with which the input synapse is 

acquired.  

Third, the LO phase φLO can be determined by the DFB bias 

current IDFB within a π-phase range and is determined by [25] 

 

        (5) 

 

where δνLR is the half-width locking range of the LO and α 

is the linewidth enhancement factor. The frequency offset Δν 

between the optical input signal and the LO at its native 

(corresponding to the free-running) and DFB bias dependent 

emission frequency is 

 

Δν = νsyn
 
– νLO(IDFB)               (6) 

 

This mechanism for tuning the LO phase therefore alters the 

sign of the weight since the phase of the LO determines the 

sign of the coherent detection term of the EAM photocurrent, 

as it is evidenced through the respective term in Eq. (1). 

With the control of EAM and DFB, excitatory and 

inhibitory synapses can be facilitated without resorting to a 

dual-port optical element such as a ring resonator [16] or a 

balanced detector [18]. Moreover, the use of an EML as a 

multi-functional opto-electronic element [26] for both, spike 

emission and “signed” coherent homodyne detection, 

contributes to a flexible neural fabric. This is because EML 

elements can be allocated on-demand in order to the address 

the need for receptor and emitter functions that are required 

for the actual network synthesis. 

III. EXPERIMENTAL CHARACTERIZATION 

The coherent-optical synaptic interconnect and the 

corresponding synaptic receptor have been evaluated in the 

experimental setup shown in Fig. 4. The arrangement 

resembles a virtual point-to-point branch of an interconnect 

and includes an optical spike generator at the transmitter side, 

and the receptor with integrated optical weighing function at 

the receiver side. Although the signal representation for the 

spikes traversing the synaptic interconnect can be based on 

multiple formats, the present work chooses a phase format 

when converting the electrical spikes to the optical domain, 

and vice versa. 

As proposed, EMLs have been employed at the spike 

emitter and the synaptic receptor. Transistor-outline (TO) 

EMLs operating at 1577 nm have been used in particular (see 

inset in Fig. 2). These feature an integrated micro-cooler, 

which is required for coarse spectral alignment. In a fully 

integrated optical neural network, this cooler is believed to be 

obsolete since both end-points of the synaptic interconnect are 

hosted on the same, chip-scale neuromorphic platform. This 

argument is underpinned by the fact that the two, independent 

EMLs in this work were featuring a small frequency offset of 

just 1.7 GHz between their optical emission frequencies of 

190.1 THz when being operated at the same DFB bias current 

and temperature. This offset can be eliminated through DFB 

bias current tuning, which typically shifts the optical LO 

frequency by 0.54 GHz/mA into a locked condition. 

The optical spike emitter builds on chirp modulation of its 

DFB section in order to accomplish a π-phase shift at its 

output [27], using a pulse-reformatted drive signal. This direct 

laser modulation is accompanied by unwanted amplitude 

modulation, which leads to an intensity modulation extinction 

ratio of 1.13 dB. In order to revert to a constant-intensity 

signal, the EAM section is synchronously modulated by the 

inverse DFB drive with adjusted swing. The resulting intensity 

signature of the EML output showed a reduced extinction ratio 

of 0.45 dB. Figure 5 reports the output signal of the spike 

emitter without (δ) and with (ε) EAM modulation, 

respectively. Figure 6(a) presents the electro-optic modulation 

response of the DFB section, which was acquired using a 10-

GHz PIN photoreceiver as detector. The -3-dB bandwidth of 

the DFB section was 0.91 GHz under typical bias conditions, 

while it was 7.3 GHz for the EAM section. 

A variable optical attenuator (Att) connects the optical 

emitter to the synaptic receptor. Two more auxiliary items 

have been added to the interconnect, in order to ensure optimal 

operation in a fiber-based synaptic interconnect. First, 

polarization alignment of the delivered optical signal with the 

receptor is accomplished through manual polarization control. 

However, there is no need for polarization drift compensation 

for chip-scale artificial neural networks. Second, and optical 

isolator has been added in order to eliminate optical phase 

fluctuations along the fiber-based link that would worsen the 

bidirectional locking stability among the two EMLs. A stable 
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Fig. 6. (a) Electro-optic and end-to-end responses for EML sections. (b) Injection locking range. (c) Pilot tone spectrum for weight calibration. 
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directionless and non-isolated EML-to-EML link has been 

experimentally demonstrated earlier in a free-space 

communication arrangement [28], which resembles the 

conditions of chip-integrated links more closely than a fiber-

based lightpath. 

The synaptic coherent receptor is injection-locked to the 

optical input signal through adjusting any of the DFB bias 

currents, either at the optical emitter or the receptor. The 

injection locking process has been characterized in terms of 

locking range and corresponding experimental results are 

presented in Fig. 6(b). The emission of two EMLs is beating at 

a PIN receiver and the beat note frequency δf is acquired 

through a RF spectrum analyzer (RFSA). One of the EMLs 

serves as master and delivers an optical feed to the slave EML. 

Under injection locking, the emission frequency of the slave 

EML is synchronized to that of the master so that δf = 0. This 

spectral region has been determined by detuning the master 

EML wavelength and is plotted in Fig. 6(b). The injection 

locking range is 2.1 and 0.6 GHz at an injection power of 

-24.5 and -36.5 dBm, respectively. Moreover, the DFB current 

tuning range that covers this spectral band for the EML 

emission frequency, at which the slave EML locks to its 

master, is a few mA wide and thus sufficiently large to allow a 

precise setting for the tuning of the LO with state-of-the-art 

current controllers.  

At the same time, the detection weight is selected through 

the EAM and DFB biases, as will be discussed shortly. The 

detected photocurrent of the EAM, for which a typical bias is 

in the range of -0.75V, is post-amplified by a 50Ω low-noise 

amplifiers (LNA). The end-to-end response over the EAM-to-

EAM link is appended to Fig. 6(a). It proves that high 

frequencies up to 10 GHz can be supported through the TO-

can EML tandem. Higher bandwidths are believed to be 

accessible through wire-bonding of die-level components for 

the opto-electronic converter and the electronic front-end. 

In order to calibrate the weight that is applied for the 

reception within the coherent pipe between optical emitter and 

receptor, a pilot tone has been modulated on the optical 

carrier. Single-sideband modulation is performed in order to 

avoid fading effects of the detected tone after injection-locked 

homodyne detection at the receptor. It is accomplished 

through dual-modulation of DFB and EAM sections at the 

optical emitters with phase- and swing-adjusted setting for the 

respective electrical sinusoidal driving signals. Figure 6(c) 

presents the pilot tone spectrum for a tone at Ω = 500 MHz. It 

has been acquired through heterodyned detection with the 

synaptic receptor, for which the LO has been purposely 

detuned to shift the optical carrier to an intermediate 

frequency of Ψ = 2.63 GHz for the detected signal. The 

suppression of the mirror frequency at +Ω with respect to the 

tone at -Ω relative to the intermediate frequency Ψ is 18.8 dB. 

In order to perform the calibration, the received optical tone is 

compared to a local replica of the electrical tone and the 

relative phase shift is acquired within the locking range 

through fine tuning of the DFB bias current IDFB. The result of 

this characterization is appended to the LO phase in Fig. 3 (■). 

The experimental data agrees well with the model and 

confirms that the sign of the detected signal can be alternated. 

Moreover, the responsivity of the EAM detector has been 

tuned through adjustment of its bias VEAM. The reduction in 

magnitude for the detected signal is also introduced to Fig. 3 

(●), together with the experimental data for the bias-dependent 

EAM transmission τ, expressed as detection function ρ (▲) 

according to Eq. (3). Model and experiment agree for medium 

and large EAM bias VEAM, but deviate from the model for low 

bias voltages. In this region, a lower weight magnitude could 

be obtained by exploiting phase orthogonality between 

incident signal and LO, as will be proven in the Section IV. 

Such a condition can be accomplished through LO phase 

adjustment, as it is exclusively used for sign switching at 

present. 

IV. RECEPTION OF A SPIKE TRAIN AND SCALABILITY 

In order to evaluate the performance of the coherent 

synaptic interconnect link, the optical emitter was sourced by 

a pseudo-random bit sequence (PRBS) with a rate of 1 GHz 

and a spike width of 130 ps. Figure 7(a) presents the same 

spike train for the two settings of the sign, positive (P) and 

negative (N), which are chosen through LO phase tuning 

toward the two boundaries of the locking range and which are 

shown for the maximum magnitude of the detection weight. 

The clearly distinguishable spikes adhere to the PRBS pattern, 

which confirms that the EML-inspired receptor accomplishes 

coherent homodyne detection in absence of DSP. 

It is further possible to quench the received spike train 

entirely through adjusting the LO phase orthogonal to that of 

 

Fig. 7. (a) Detected spike trains for various LO phase settings and (b) corresponding BER performance for the received spike train with positive sign. 
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the incident optical signal. This case is shown in Fig. 7(a) as 

Z, for which only the residual intensity modulation artifacts of 

the transmitted signal remain. 

The bit error ratio (BER) has been acquired as function of 

the received optical power through acquisition of the spike 

train with a real-time oscilloscope and sub-sequent error 

counting. Figure 7(b) reports the BER performance for the 

spike train with positive sign setting. A reception sensitivity of 

-20.7 dBm is obtained at a BER of 2.10
-4

. This equates to an 

optical budget of more than 24 dB, given the optical launch of 

4 dB from the optical emitter. The budget corresponds to a 

128:1 fan-in over a passive distribution split, which by virtue 

of coherent reception bears the potential to be filterless. 

However, the optical budget is not to be exclusively 

dedicated to the fan-in/out loss of the synaptic interconnect. 

Given the requirement of weighing synapses over a resolution 

of, e.g., 4 bit, an extra loss of 12 dB would apply in case the 

weighing process is perceived as an optical loss factor. Under 

this worst-case weight, the compatible loss budget would 

permit a 16:1 fan-in (Fig. 7(b), see w/16). Under the 

introductorily motivated application settings of ~25 neurons 

for a neural network, this fan-in would be too low in view of 

the endeavored broadcast-and-select architecture and its 

filterless synaptic interconnect. However, further improvement 

of the optical budget in the order of ~10 dB is expected by 

replacing the LNA used in this work with a transimpedance 

amplifier, which is to be closely co-integration with a die-level 

rather than a TO-can EML device. 

Another aspect that is to be addressed when scaling up a 

coherent optical neural network is the tunability of the 

involved light sources. In the present experiment, a DFB-

assisted source and LO have been adopted at the spike emitter 

and synaptic receptor, respectively. Considering the typical 

tuning range of -1 / +2 nm of the DFB laser and the homodyne 

detection of narrowly spaced synaptic signals with 130 ps 

spike width, the number of synaptic signals in the broadcast-

and-select architecture is limited to only 18 channels. It is 

therefore paramount to adopt optical source schemes with 

wider tunability, such as distributed Bragg reflector (DBR) 

assisted designs or alternative tunable laser schemes. 

V. TIME-SWITCHED SIGNED COHERENT RECEPTION 

The small duty cycle of the optical spikes motivates the 

extension from a purely spectral to a hybrid tempo-spectral 

allocation of synapses. This migration from the WDM 

domain, which is accomplished through incorporation of time 

division multiplexing (TDM), similar as proposed in [18], 

facilitates multiple inputs per synaptic receptor of a neural 

node. The weighted inputs can then be accumulated by the 

receptor through integration at the electrical domain, within a 

period of the TDM frame. 

One key requirement to form a weighted sum of inputs is 

the alteration of the weight during the reception of a spike 

train. In a first evaluation towards this direction, the sign of 

the detection weight has been flipped. A pulse generator (PG) 

has been employed to periodically switch the LO phase (σ in 

Fig. 4) at a frequency of 40 MHz.  

However, crosstalk arises from the modulated DFB-section 

of the LO to the EAM photodiode. The crosstalk magnitude is 

characterized through the transmission function between the 

respective sections of the receiving EML, as shown in Fig. 

6(a). The S21-parameter between DFB and EAM sections at 

the receiver shows a non-negligible response for the lit DFB 

with a peak value of around -20 dB, while for the dark DFB 

the crosstalk drops. This means that crosstalk arises from the 

intensity modulation of the LO emission rather than through 

insufficient isolation between the DFB and EAM sections. The 

mitigation of this modulation crosstalk requires a feed-forward 

cancellation of the LO control signal. For the sake of 

simplicity, this cancellation was implemented in the digital 

domain after time-synchronized acquisition of the LO control 

next to the detected signal; However, this cancellation can be 

performed in the analogue radio frequency domain, as it is for 

example known from feed-forward cancellation schemes in 

full-duplex optical access networks with wavelength-reuse 

[29]. 

Figure 8 presents the detected spike trace after crosstalk 

mitigation, together with the control signal of the LO (σ). 

Depending on the disciplined polarity, the spikes at the 

receiver output are signed either positively or negatively. This 

proves the principal suitability of the proposed receiver to 

change the weight parameters for time-slotted synaptic 

reception. Further study is required towards a faster weight 

modulation in both, sign and magnitude. 

VI. CONCLUSION 

A coherent optical synaptic interconnect concept has been 

proposed and the synaptic receptor as the key enabling 

component has been experimentally evaluated. Towards this 

direction, a low-complexity, EML-inspired homodyne detector 

has been demonstrated to integrate weighing functionality 

through responsivity and LO phase tuning. Reception of a 1-

GHz spike train with 130-ps spike width has been 

accomplished. Moreover, the possibility for time-switching of 

the detection weight for an advancement to a hybrid 

WDM/TDM allocation of synapses at the neural interconnect 

has been investigated. The wavelength-selective detection in a 

 

Fig. 8. Sign switching of the detected signal through LO phase modulation. 
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neural fabric bears the potential to realize a filterless synaptic 

interconnect. Higher fan-in ratios are expected for receptors 

that benefit from transimpedance amplifier based reception, 

which in the present work were not accessible due to a 

packaged EML chip. Photonic circuit integration of a non

isolated synaptic link between spike emitter and receptor is 

left for future work. 
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