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Abstract: To address the increasingly severe challenge of the separation of memory and processor modules in the
era of artificial intelligence, neuromorphic computing inspired by the biological brain has emerged as an ideal

approach to break through the bottleneck of the traditional von Neumann architecture. Optoelectronic devices that
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integrate the advantages of light and electrical signals have attracted much attention due to their potential for high
speed, low crosstalk, and integration of sensing, storage, and computing. Nitride semiconductors represented by bo-
ron nitride, gallium nitride, aluminum nitride, and their alloys provide an ideal material platform for building high-
performance optoelectronic devices due to their wide tuning range of band gap and excellent optoelectronic proper-
ties. This review systematically presents the latest progress and applications of nitride optoelectronic neuromorphic
devices. Firstly, the biological neurons and synapses were introduced. Then, from aspects such as device structure,
working mechanism, and neural morphological function simulation, the nitride-based artificial synapses and artificial
neuron devices were analyzed in depth. Next, the application prospects of these devices were explored in fields such
as artificial vision, logical operations and biomedicine. Finally, the challenges in materials, devices, and large-
scale integration were discussed, and future development directions, such as multimodal fusion perception and het-
erogeneous integration, were prospected. This work aims to clarify the development trajectory of nitride optoelectron-
ic neuromorphic devices and provide a reference for developing the next-generation high-efficiency, and high-speed

intelligent computing hardware.

Keywords: brain-inspired neuromorphic devices; optoelectronic devices; artificial synapses; artificial neurons; ni-
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Fig.1 Schematic illustration of the structure of biological neurons and synapses
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Fig.2 Optically-assisted electrically-controlled synaptic devices based on memristors. (a) Schematic diagram of the memristor

structure based on a GaN/AIScN heterojunction’®. (b) Photoelectric programming process of the memristor’”. (¢) Sche-

matic diagrams of the ferroelectric polarization of AIScN and

the change of the memristor’s energy band structure under il-

lumination™’. (d) Schematic diagram of the structure of the ITO/AISc¢N/n*-Si memristor >, (e) Potentiation and depres-

sion behaviors of the memristor under incremental pulse schemes. (f) Potentiation and depression behaviors of the

memristor under 405 nm light pulses'™’



914 K b/

¥R 58471 %

BIFET VHI-10 VR T #4175 A R BR 3 4E
F, B 25 14 728 A R T S5 T 45 A8 P ALSeN J2 1 2k L b
b B, 52 T A R FE R X T BE R R T A i A
2. MR RmRBREAT 6 A DIRE T & 14
BT 76 355 nm 54k R 88 F WS V
HLE B AT S8 BB A, 30O I A Ok 5 76 AR B2
(LRS), ZJ5 i in—10 V HL bk w5 4 1% 7] g B 2
(HRS), L3065 A -HL#EBR "6 26, 1] 2(b) Jir
o B 20e) BT faF 0 TAENLH , 284G i =
Az L A8 O AR GaN D L S BR38  {F S0 i s &
(5 V) £ 5 1 5] AISeN, 24 H: & 8 3 3 # 1 35 o
Wik, & A WAk B  HRS 728 LRS. i — )
A ESC BT “IMP” M “FALSE” #8155

ST LA B B 2 4 S R 0] A B R G el
T Kim A BA™'7E 2025 4F $2 ) T ITO/AISeN/n*-Si
SEMEHAZBH RS I B 2(d) FFoR o 1E 1] 5286 38 Jik v
(7.5 V9 V) R &8 08 i S, T G ) 38 14 ik o
(=2 V-3 V)WIBEARH S i S R BN AR 5 R
PE, AN 2(e) i7s o il il 405 nm S HRIEE XF 2528 ih
24V O, D 2% BRIk (12, 8 pWeem™)
U HL S 20 W 0, A0S ik 1 5 5 A AR TR SRR
T AR T R Bk (2. 56 pWeem™?) 5] E &
TR X R S O S A i 206) iR . 2R
FL S 0 2 AL B A RS AR < OE B R R Ok o K A
AlIScN He Ak B | 34 ] ITO/AISeN FLT 14 45 5Lt
R SR B O VM Z B BLAR 5405 nm G R AE
AISeN N P2 A4 B P23 50X, 4 V i K 300 7 2
BIE R BEASB S e ke B - RN E AL
IR 5 Rk L R
3.1.2 R¥ R Iph)

JEAAL AT AREAR 5 445 A L e, nl DL sk
VE by —Bh A A5 5 A3 45 20 B S 35 . Han 55
TE 2024 R T —Fh T Gay04/GaN 5l 45 112
FHas 450, an i 3(a) o o B 3(b) Sk 1 254 nm
O BT 2% 1 HL S 0 S ) o Ol BRI ) R S P
i, B EE HUS B G2 R, (A £ TR E ) 4
HLRE, R EOE R RN AR . B 3(e) i
R T ARG IRET RN G R A AE . LIRS si,
2 fil )5 L U A2 4k (Apost-synaptic current, APSC)
HERZE L 21 pA; ML HE 20 s B, APSC# F+ £ %
37 pA. ARG E T APSC AR fb i BRARE T
WAL 328 I, X5 BT M STP 2] LTP (14 % 4
254 nm ¢ ][] i B Ga,04 2 Fl GaN J2 W Ik , 78

W2 b 35 7= A o -2 ORE S AR BRR F RT AE )2
] 55 7% 5 [R] N, Ga,05/GaN S 1] R T (4 Bkt 3 4l 3O
AT RS T e XL AR R T E A Y
OGS | 4 518 B B4 2 00 20 1 1 o8 e R,
SHABE R ARRIKE BIREASE, T ARG
FRON o A IO IR (365 nm B 254 nm) |
Jik & AR RN OG 5, A S B STP 2 LTP 4 5 4,
AP AR ) 28 it 1) 2 2 FHEAZ D B

Shen A1 BA™"E 2021 4F 4t T —F i AVTIN, 0,/
MoS,/ITO 4 J8& B A T g 58 fik, 4 1 3(d) s
Kl 3(e) BT 7R BY J2: 28 fil 75 365 nm BAME T B
A5G -3 VEE T W RERSE, 2R
A L S I P AL, 7 B AR T e R K
3l TiN, 0, J2 1 S 25 1 [7] MoS, )2 i, B AL 5
TH] #2252 L LTP, £ A DUl 4025 o7 S 1] 3B A%, 5
BLTD; 7E B AT, S AN U 7 E -8
TR 28 5 A N L 43 B8 S Y O L U SR AT
A 45 O0 5 5 O B R a] 43 5 2 B B R 2
(STM) Fl K I A2 3042 (LTM) B9 480, i =3 Ve ik
P AT PR R B O 5 5 A R BIL A D (] 4 2
11 8 % AR S 1l A5 400 A ) 2 ik 11%) 7T S8 P 5 A 3] -
R PR ST AT Sk I 3CF) TR .

AN W58 N BLAE GaN/AIN®' NaNbOs/n-GaN™ |
AlSeN/p-GaN"" 53 Jii 25 6 B 12 B a8 ot & 3 T 2%
LD O 1 - H A ] e AR R ] T 5 e mT
PERLL
3.2 XEREE

B L N R RS N R R S Py
1996 4F 42 th Y, 5 76 38 o i 2% T BOs 4l 58 fih 1) 2%
YR . ZJE R Z Mk 45 R b 2R A A A
B EAEY IS -5 AV M & T Sk
HIL I w5 A B, J T ek 8T PR AE A Y B 2% B )
SRS I O SR N AR R T 2 M A
1) REPE SRR E RO E S AL T
F e JEAT R E BIEA S HEE T .
55 LA VR TE TP B IR A A S 8 1 i 0 T
B A ) 58 ol vh Z BB A5 S5 0BG W IS
MG 6 ok B 5 04 1 G 2 20 RO T 58 A A R
fEH R EIE B RS, fe it 7 2 ¢ H 21y il
PEILAE . T 2R O S A R A LR S 1
S HEL T 7 5 R R OE R S B 2R i P O
F O filt A AR AR o AN AR R S R L TR R
UL KM RE RIS LA I A OG L AR



5 6 1] AR, S5 AL U PR 2T 25 A 1 915

(a) Light stimulus (b) K0k @254 1
1.8
—O— Raw data
2 16 = Fitting
=
A ot
& s 14
=
Ga,0, g 12
=
GaN £ 10
o
Sapphire 0.8
0.6
0 20 40 60 80 100 120
t/s
(c) il (d)
351
30
E 25
$ 20F
A
< I5f
10F &
5 -
o | " | e
0 20 40 60 80 100 120 140
t/s
(e)l 88 @ 4 learning-forgetting cycles ® Learni
R ight ON 1.86F a earning
_,_ILD ° ® Forgetting
~ 186 Ll - $ ‘: B Ly
3 -3V 50 ms 3 1.84r °
3 184} E i£ SN SRR
ﬂt.:) g o r—-
& 1.82 \\ 3 1.82¢ f; ° w-. - AI4
1.80 & S NN : khw A AIZ 3
1.80f gy [ar,
1.78 & L . : > h | 1 | 1 | 1 L
0 20 40 60 80 2s 30s  2s  30s 2s  30s  2s 50s
t/s t/s

Pl 3 BT ACBH & 92 B 1 3 e A0k B ZE il 2505 o () BT Gay04/GaN 5 5 45 (1914 BHL 25 45 # 7 B AT 5 (b) I BEL 28 1 6
B3R R (o) G BRI 6] 55 APSC 9 6 215 (d) 2 T AVTIN, 0, /MoSy/ITO 52 5t 45 (1 42 B #5 45 48 7% 215 (e) 1L B
SRR I R o R () 4N BRI 2 5] B RR - ) R AR
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Fig.6 Drain voltage controlled photoelectric synapse transistors. (a)Schematic diagram of the phototransistor structure based on

a MoS,/h-BN/Graphene heterojunction
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*. (b) Optical potentiation and electrical depression processes™™. (¢) Five cycles

of optical potentiation and electrical depression™. (d)Schematic diagram of the phototransistor structure based on an Al-

GaN/GaN heterojunction™’. (e)Typical PPF behavior'™. (f)PPF index as a function of the pulse interval™’. (g) STP and

LTP upon multiple optical spikes™"
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Tab. 1 Comparison of nitride-based photoelectric synaptic devices
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