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Photonics is already solving some problems, for long-
range data movement and data switching. But...

Compute cluster Compute cluster

Optical fibres are used for long range data movement

Optical transceivers are used for middle range
data movement.
Optical switches are used for data switching.

Short range data movement (e.g. from
memory to processor) and processing are all
electronics.

* 50% of overall energy consumption.



Photonic in-memory computing is a technology that
combines in-memory computing and photonic computing.

Electronic in-memory computing to eliminate data Photonic computing for more efficient
movement from memory to processor processing
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Photonic in-memory computing



We use phase change materials that have two steady
states at room temperature, programmed by heat pulse
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Phase change photonics is the integration of phase
change materials onto silicon photonics to provide non-
volatile tunable functions
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» Monolithic back-end-of-line integration
« A wide range of available phase change materials: amplitude and phase-only modulation



Phase change material with non-volatile tunable
transmittance is used as photonic memory: direct
multiplication as an example
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Photonic in-memory computing uses photonic crossbar
array architecture. -

X ~& Y4
Multiplication can be
done by any component X2 r—{= Y3
with tunable attenuation.
X XiA;
X3 ~4 Y,
« Accumulation is done by
routing rows into a X
common bus. 4 l r Y1

Feldmann, Youngblood, Karpov et al., Nature, 589, 52-58 (2021)



Programming phase change photonic in-memory
computing chips is difficult due to fiber movement.

Train on PC to get Move fiber to
weights 1-256 weight 1

Move fiber to

weight 2 Program weight 1

(14 Program weight 2 gmme .....................
17 PPN R

Program weight
256

Run Al inference

Feldmann, Youngblood, Karpov et al., Nature, 589, 52-58 (2021)



Computing accuracy is hard to achieve due to limited
optical contrast upon programming.
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Electrically programmable phase change photonic
memory makes programming convenient and enlarges
optical contrast.
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High computing accuracy is achieved.
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Photonic crossbar array requires multiple lasers.

, each row should use a
different wavelength.

Number of channels
= Number of wavelengths

Frvl

Limited number of wavelength
On-chip MAC unit = Limited number of channels
Feldmann, Youngblood, Karpov et al., Nature, 589, 52-58 (2021) = Limited scalability

Even worse if WDM is used.
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Lasers are used as the defau
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Reducing optical coherence allows one wavelength to
power all channels, irrespective of the number.
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Partially coherent light eliminates intensity fluctuation.
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Partially coherent system can run at highspeed.
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Optical inputs

* A 9x3 photonic computing chip using
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crosshar . .
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—  Digital electrical data

Analog electrical data
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Analog optical data



Partially coherent system can run CNN at 0.108 TOPS
for MNIST dataset classification.

110

CPU No 4-point 08] 4-point average | =gsr§°uﬂ'fﬂ°l'u“,:'°’;:pﬁm
average average [l Convolution - partial coherence (no average)
g 100_-Cnnvolutiun- partial coherence (4-point
- 0.4+ @ average)
) < 95.0
3 > 92.4 939
v 0.0 1) 90 .1 ;
o © 90+ :
= !
0.4 O
<

Mean =0.001 of il
SD = 0049 Error

08 04 00 04 08
Expected MNIST handwritten digits

-0.8

* Noise can be reduced by averaging to improve classification accuracy.
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