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Due to the exponential increase in the wiring resistance of miniaturized electronic components, the in-
crease in both latency and energy consumption is becoming a serious problem. To overcome the elec-
tronic bottleneck, we are developing photo-electronic processors to achieve low-latency and energy sav-
ings in-network data processing infrastructure. As fundamental building blocks, we first introduce an
ultrasmall silicon-wire “¥”’ gate for low-loss and high-speed optical logic operation. A 3 um-long 5-in-
put ¥ gate and a multi-bit AND circuit configuration were also investigated and designed for large num-
ber input operation. By nesting the interferometer, electric-optical digital-to-analog converters can be
formed by only using symmetric Y gates. Such gates and circuits are expected to be used in novel pho-
tonics-electronics convergence processors for ultralow latency pattern recognition and vector operations

for photonic neural network applications.
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Fig. 1 In-network data processing infrastructures as our final target of photo-electronic converged processor (LiDAR: light
detection and ranging, PAXEL: Photonic accelerator!?)).
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Fig. 2 Silicon wire ¥ gate for optical logic operations. (a) An illustration of the ¥ gate operation. (b) An example of 3D sim-
ulated “AND” logic operation (1.54 um for the input wavelength). The horizontal white bar at in the right bottom inset

indicates a 1-um-long scale bar.
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Fig. 3 Measurement setup for observation of high-speed

optical logic operation with a fabricated ¥ gate
(LD: Laser diode, PPG: Pulse pattern generator,
MUX: Multiplexer, Tx: Optical transmitter, VOA:
Variable optical attenuator, PZT FS: Piezo electric
fiber stretcher, PID: Proportional integral differen-
tial, Rx: Photo receiver, PS: Phase shifter for dith-
ering, DL: Tunable fiber delay line, SOI: Silicon
on insulator, DUT: Device under the test, EDFA:
Erbium doped fiber amplifier, BPF: band pass fil-
ter, OSC: oscilloscope). The horizontal white bar
at in the right upper picture indicates a 1-um-long
scale bar.
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Fig. 4 Experimental linear optical logic operations observed with a single ¥ gate. (a) Time waveforms of optical input signals

and outputs demonstrating 10-Gbit/s AND, XNOR, and NOR logic operations.

(b) Time waveforms of optical input

signals and outputs demonstrating input wavelength-insensitive 10-Gbit/s AND logic operations. Colors denote differ-
ent input wavelengths (purple: 1535 nm, blue: 1540 nm, light blue: 1545 nm, green: 1550 nm, orange: 1555 nm, red-or-

ange: 1560 nm, red: 1565 nm).
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Fig. 5 Investigation for multiple input AND operations. (a) Simulated electric field profile of an automatically designed 5-in-
put ¥ gate. (b) Multibit AND circuit using cascaded ¥ gates for 8-bit operation (PM: phase modulator). (c) Estimated
latency including photoelectric conversion against a different bit scale using nanophotonic receiver.'"

1 https://xtech.nikkei.com/atcl/nxt/mag/ne/18/00001/00129/

5550 BB 5 5

SERERL A LA |2 M 7 M S D GRATGERE I 51

257



(a) Y gates (b) (C) 11 DAC output
1:1 o
' 10— Gonventional
CWLD 2 4 (weighted by loss)[18] for coherent
o
Optical § 0.1 roposed
DAC 2
Sl ¢ B L) e PRI
igital input -
Vse Bit resolution (bit) CW input
(d) g4 ez, e () g 1E
NN g i
8 o & < &
g0 3 0f 2 03
IR EE P @
S-1 = 8 @ 8
a o 13 13
SS9 2_ 4 6 8 o 1 _2 3 © =18500 4 5 3 °©
Time (us) Time (us) Time (us)

Fig. 6 Electrical-optical analog-to-digital converters (EO DAC) based on linear gates.'” (a) Proposed configuration for EO
DAC for the 4 bit operation. (b) Insertion loss of EO DAC circuits as a function of bit resolution. (c) A picture of a
fabricated 4-bit (or 8-bit) EO DAC silicon photonics circuit (MSB: most significant bit, LSB: least significant bit). (d)
Generated 4-bit sawtooth wave by inputting a same amplitude voltage (0.1 V) into the circuit shown in (c¢). (e)
Comparison of the waveforms (color map) with different input bit number (= bit resolution). (f) Wavelength-insensitive
behavior under 8-bit operation (the circuit has been calibrated at 1550 nm, and then swept the input wavelength up to

1570 nm without any phase modifications).
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