
Silicon Photonics for Machine Learning: Training and Inference 
!"#$"#%&'()*+(1)(2),#-"#$"#.+/+012+3&(1),#4"#561(1),#7"#8"#7*639'/(2),#:"#;6'9<(2),#="#>"#?'+)(1),#%"#%&@A&'*(3),#

'9B#C"#$"##%1*<@*(4)#

(1) D@0'*)E@9)#1F#7&G(+3(,#H9<+9@@*+9<#7&G(+3(#I#=()*191EG,#J6@@9K(#L9+2@*(+)G,#M+9<()19,#N>#MOP
Q>R,#:'9'B',#(&'()*+S+@@@"1*<
(2) D@0'*)E@9)#1F#H/@3)*+3'/#H9<+9@@*+9<,#7*+93@)19#L9+2@*(+)G,#7*+93@)19,#>$#TUVWW,#L%=
(3)

kdaganzo
Author copyright



^`W_"##
?&@# *@3@9)/G# 0*101(@B# B+*@3)# F@@BX'3A#

'/+<9E@9)# [D.=\# (60@*2+(@B# /@'*9+9<# '/<1*+)&E#
^`V_# &'(# <')&@*@B# +9)@*@()# '(# '# X+1c0/'6(+X/@#
'/)@*9')+2@# )1# )&@# 0106/'*# X'3A0*10'<')+19#
)*'+9+9<# '/<1*+)&E# ^`R_"# ?&@# D.=# '/<1*+)&E# +(# '#
(60@*2+(@B# /@'*9+9<# '/<1*+)&E# )&')# 0*10'<')@(#
)&@# @**1*# )&*16<&# F+b@B# *'9B1E# F@@BX'3A#
3199@3)+19(#B+*@3)/G#F*1E#)&@#16)06)#/'G@*#)1#)&@#
&+BB@9# /'G@*(# B6*+9<# )&@# X'3Aa'*B# 0'((# ^`R_"#
L9/+A@#X'3A0*10'<')+19,#)&@#D.=#'/<1*+)&E#B1@(#
91)# *@d6+*@# )&@# 9@)a1*A# /'G@*(# )1# X@# 60B')@B#
(@d6@9)+'//G#B6*+9<#)&@#X'3Aa'*B#0'((,#@9'X/+9<#
)&@# '/<1*+)&E# )1# X@# '# (6+)'X/@# 3'9B+B')@# F1*#
@FF+3+@9)# 0'*'//@/+h')+19# 6(+9<# 0&1)19+3("# ?&@#
)*'+9+9<#'/<1*+)&E#&'(#X@@9#6(@B#)1#)*'+9#9@6*'/#
9@)a1*A(# 6(+9<# )&@# ->]%?,# :].=8cYT,# '9B#
:].=8cYTT# B')'(@)(# '9B# G+@/B(# 31E0'*'X/@#
0@*F1*E'93@# )1#X'3A0*10'<')+19# ^`R_"#?&@#D.=#
'/<1*+)&E# &'(# '/(1# X@@9# (&1a9# )1# 1X)'+9#
0@*F1*E'93@(# 31E0'*'X/@# )1# F+9@c)69@B#
X'3A0*10'<')+19# +9# '00/+3')+19(# *@d6+*+9<# ()')@c
1Fc)&@c'*)# B@@0# /@'*9+9<# 9@)a1*A(,# +93/6B+9<#
9')6*'/# /'9<6'<@# 0*13@((+9<# '9B# 9@6*'/# 2+@a#
(G9)&@(+(# ^`O_"# =# *@3@9)# )&@1*G# (6<<@()(# )&')#
)*'+9+9<#(&'//1a#9@)a1*A(#a+)&#)&@#D.=#'/<1*+)&E#
1336*(#+9#)a1#()@0(e#)&@#F+*()#()@0#+(#'9#'/+<9E@9)#
0&'(@#a&@*@#)&@#a@+<&)(#'*@#E1B+F+@B#)1#'/+<9#)&@#
'00*1b+E')@#<*'B+@9)#a+)&#)&@#'3)6'/#<*'B+@9)#1F#
)&@# /1((# F693)+19,# a&+3&# +(# F1//1a@B# XG# '#
E@E1*+h')+19#0&'(@#a&@*@#)&@#E1B@/#F136(@(#19#
F+))+9<#)&@#B')'#^`U_"##

?&+(#)'/A#a+//#(6EE'*+h@#16*#*@3@9)/G#0*101(@B#
(+/+319#0&1)19+3#'*3&+)@3)6*@#)&')#6(@(#'9#@/@3)*1c
10)+3# 3+*36+)# )1# 3'/36/')@# )&@# <*'B+@9)# 2@3)1*# 1F#
@'3&# 9@6*'/# 9@)a1*A# /'G@*# +9# (+)6,# )&@# E1()#
31E06)')+19'//G# @b0@9(+2@# 10@*')+19# 0@*F1*E@B#

B6*+9<# )&@# X'3Aa'*B# 0'(("# ?&@# 0*101(@B#
'*3&+)@3)6*@#@b0/1+)(#)&@#(0@@B#[YT(#1F#5;h#*'9<@#
+9#0&1)19+3(#X6)#19/G#YTT(#1F#-;h#+9#@/@3)*19+3(\#



[6] Shen, Yichen, et al. “Deep learning with coherent 
nanophotonic circuits.” Nat. Photon. 11.7 (2017): 441-
446. 

[7] Feldmann, Johannes, et al. "Parallel convolutional 
processing using an integrated photonic tensor core." 
Nature 589.7840 (2021): 52-58. 

[8] Miscuglio, Mario, and Volker J. Sorger. "Photonic tensor 
cores for machine learning." Applied Physics 
Reviews 7.3 (2020): 031404. 

[9] Bangari, Viraj, et al. "Digital electronics and analog 
photonics for convolutional neural networks (DEAP-
CNNs)." IEEE Journal of Selected Topics in Quantum 
Electronics 26.1 (2019): 1-13. 

[10] Shastri, Bhavin J., et al. “Photonics for artificial 
intelligence and neuromorphic computing.” Nat. Photon. 
15.2 (2021): 102-114. 

[11] Huang, Chaoran, et al. "Demonstration of scalable 
microring weight bank control for large-scale photonic 
integrated circuits." APL Photonics 5.4 (2020): 040803. 

[12] Zhang, Weipeng, et al. "Microring weight banks control 
beyond 8.5-bits accuracy." arXiv preprint 
arXiv:2104.01164 (2021). 

[13] Prucnal, Paul R., and Bhavin J. Shastri. Neuromorphic 
photonics. CRC Press, 2017. 

[14] Huang, Chaoran, et al. "Prospects and applications of 
photonic neural networks." Advances in Physics: X 7.1 
(2022): 1981155. 

[15] Brunner, Daniel, et al. “Parallel photonic information 
processing at gigabyte per s


