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ABSTRACT

Utilizing the advantages of neural networks to build a suitable platform for
high-speed data processing is a good solution. As the third generation of neural
networks, spiking neural networks can achieve good improvements in computation
speed and performance. Compared with electronic neural networks, photonic neural
networks have the advantages of high speed, low energy consumption, large
transmission capacity, and strong anti-electromagnetic interference capability, making
them an ideal choice for high-speed processing of large amounts of data in the future.
This thesis is based on the nonlinear effects of semiconductor optical amplifiers and
studies the basic building unit of photonic spiking neural networks - the Photonic
Leaky-Integrate-and-Fire (LIF) neuron. It also investigates the network combination
of such neurons to implement basic logic operations, with a detailed expansion and
simulation analysis and improvement of the "XOR" logic; it achieves research on
neurons in the nervous system that can handle excitatory and inhibitory signals. The
specific contents include:

(1) The working principle of biological LIF neurons was studied and analyzed,
and the working principle of the proposed photonic pulse LIF neuron based on
Semiconductor Optical Amplifiers (SOAs) was analyzed. Since the photonic pulse
LIF neuron reflects the amplification power through carrier concentration and the
neuronal parameters after stimulation through amplification power, the carrier
dynamics equation of the SOA was analyzed in detail. The photon transmission
characteristics of the photonic pulse LIF neuron were analyzed from the aspects of
transmission rate and amplification characteristics in the SOA, laying the foundation
for subsequent system research and optimization.

(2) Modeling based on the SOA photonic pulse neuron was conducted, dividing
the model into three parts: the gain delay module, the leaky integration module, and
the threshold decision module; with a focus on the leaky integration and threshold
decision modules. The nonlinear effects applied in the modules were introduced in
detail, and formula derivation for the nonlinear effects was performed, based on

which simulation analysis of the corresponding principles was conducted.



(3) Practical applications of the photonic pulse LIF neuron were explored, where
the neuron model could implement basic logic functions. Based on this, a full-optical
"XOR" logic network was combined and simulated. The simulation of the "XOR"
logic network was analyzed and discussed, followed by optimization of the simulation
parameters. Subsequently, the LIF neuron was used to handle neurons that can process
excitatory and inhibitory signals, and the simulation analysis and discussion of these
neurons were carried out, followed by optimization of the simulation parameters. The
overall transmission processing rate of the system can reach up to 10Gb/s, achieving
high-speed processing of pulse data by optical signals.

Key words: optical communication; all-optical logic; photonic pulse neurons;

leaky-integrate-and-fire neurons
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EIPNISY |
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[47],

a_N:L_ﬂ_wuﬂ%DVzN (2.2)
o0 qV ., ho

o

P N BRI TH S, g RonBLrhsy, VRpRBRAEIR,  Ron8ii A dn, h
R B R, TRNENBREE, DRI AMENT BRE. hT SOA
8 2 5 A A\ B AN B IR N T 2 i R BREOR &R

&(N)=a (N, = Ny)—a,(i—4) —ay(i— 4 )N (2.3)
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é’N(z,t)zi N Tg(N)

—-——-—=>—"=-P(z,1) (2.4)
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ZI| ¢ BFRI T BB B ) AR AL R R 465 M BR — DR R 3 7 AN, R IR
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0A(z,) , 1 0A(z,1) L ireN)i—io) e, 14z 0) (2.5)
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£ SOA (17 B A o, TN A — B P IR B0 1 EEMTHL i o P 2 )
SIp AR, TSR B SR IR B B I (] AR AL IR T R4

dNGLO _ NG TgVG=DPGY 6
dt qV T, A4, . ho .

SR 2.7 1) LIF B2 AL 7 FE AR 2.8 3T SOA 16 A U7 F2 ml 45 AH AU
IR AN 23 5 FEZH RS T R4 oA,

dV(t) — Vrest _ N(t) _ I_V(t)o'(l‘) 2.7
dt T, w G,

dN(t) — Nrest _N(t)_EN(Z‘)](t) (28)
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P
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70 o
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2.3 TRk LIF #HEAR TREMIFE D
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He,  xyz)ERREEGRE, ¢ RatiE, &8 SOA FRIHEE, /rH
MERNE 2ax, Hrb, 2 SOA MBI S SR, *ﬂxj\jXﬂlyE‘J
BRI ORI BB ) AR AR o AL FR R RTE N B T A B B R, Bk
FHENPBR TEE n, ZFHPIRRATRR MO

1) =" (@ +g(n) (2.10)
)
Hrb, n R AR T, el g RN g=a(n-ng), A\ a BRI a H 4, n
RRENBIR T HEL, nofoniBEW BT E R, oL BmHT. B (xyzt)al P
RN
E(x, V,Z,t) = é% {0Cx, v)A(z,t)expli(k,z — w,t)]+c.c.} (2.1

Hrp, ERRMIRALIRE, weRamt TR, Az R Bk R R R,

gi5302.9 = 2.11, [FR 28 A(z,O)FX T t 1z I 2B S8 FHREMm4EE x My
RS, A1E:

2 2 2

a?+a®+( y—n’) gq):o (2.12)
o> o

oA 1A _ioF 1, 4 (2.13)

Oz v, ot 2nc 2

ok, BEERE =/ BHEH = + o(L)REHETFrAREN:

I 6, p) [P dxdy

- (2.14)
212, 16(x, ») [* dxdy

W, noAMEIREL (0 )VABISNA, 5 o BABERIOEFEEHE, w ol d 5
27N SOA FIRIX K WL LA L, Rk R 8. B E R, S 2% 1
PSRN (8

SOA &M 75 B AL AT 2\ 2.15 Sk ftiiRLen:
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Ll (2.15)
ot eV T, ha)oo'm

Hor, BRI =t-z/ RN A[H5:
6_71:L_£_Fg_(n)|A|2 (2.16)

ot eV . hoyo,

c

oA _iol 4 Lo 4 (2.17)
0z 2nc 2

% A=V exp( @), Herh P(x,y)FIB(x,y) 73 51 ZE 7 ik vrb A% i B4 W B THER FOARAE, BB
&302.10 2K 2.17, /B F 2.18 250 2.21 HHE:
0A g

—=2(1+ia)A (2.18)
oz 2
Gg__g78 &P (2.19)
ot T, E,
a—P=(g—ocim)P (2.200
Oz
ﬁz—lag 221D
0oz 2
Hrp, 218 2ERE A KT, =, EHECKESWEMIIER, RN 2.22:
P =hw,c, /(al't,) (2.22)
oe/ME T, KN 2.23:
g, =Ta(lx,/eV —n,) (2.23)

Hor, w Al d 2= I 98 AR
2.3.2 JEBkHTE SOA YK FFIE 717
HWH, AL SOA WG K 4 3 2t AT € LN

g(z1)=g-a,, (2.24)
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224 B AEBORBKE LRy, AR IR o )R 2.25 RIEA:

£, ()= B, (vexp[h(1)] (2.25)

Hr,  OFRBEANIIE, (O ORREREIEE, ()] g XK 2.26:

h(t)=Itg(z,1)dz (2.26)

FERRBKSE L B w15 T h( )RR

@:_Rn_(r)(eh_l) (2.27)
dt E,

X2 2.27 #43, ATHASAFEIA FEE KR (BT AC ), 238 ()R A()
(o< & Al 2 2.28 FoRlel,

GO

G(1) = exp(h(t)) = GG Do E O E] (2.28)
Hrr, o RO AE &, o( )PTH K 2.29 &R
E,=[ R,(t)dt (2.29)
A F Bk oV D kNI, A
P,(v)= R exp[~(t/1,)" ] (2.30)

Hrhm Z2RSEL 2 m=1 i, Bkefoumihker, Bkt BEE m 05 hnim s A 5
AR

H 38 2 PR R/ 2 e AR i (R R, i DA £ A% 3 R AR 67 A2 A AR
PE BRI R BT AR, BRI RE 2.31 45 i T s A SO ES
Rk AR AL AR A

d)(r)=—%a]ég(z,t)dt=—%ah(r) (23D

Hrp, aRpdrittomA 1, HEDRFRALHEK.
P EJGAI13825 o435y 0dB,5dB,10dB,15dB A1 20dB (14 H ik rh i e, Al 15
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0dB,5dB,10dB,15dB 1 20dB Xf M. 7FZVERKIE, N1 HEWE B8 &0t
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%22 SOA%#

ZH e
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Width 3.0e-6m
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5T SOA KT Wkt P& Je ] 70 N =ANE0), RS> BRAFAE RS LIF #4250
Wil SR ERT 2R . SOA Y3 BRI Ml SR R S - ST B0 R 53 1 R S R ko o 22 T i 7
REPEIREIR o A/ F U S BRI AR T S N4, BRI S HOE i A 2 H0R T 72 28
= 33 HirAEIA
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SOA I TEJAR X RFIE A AEFH SOA FOAZ XCHE it 18 1) RO SEFIL ) o 2= AR TEOR B
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RIS SRR KEE KA, AR LIF A 28R KRG PERe. i, ik
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2.4.3 SOA BB FI RN R F5 14
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