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Fig. 1. Signal processing flow in vision chip.
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Table 1.  Summary and classification of high-speed vision chips.
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Fig. 2. Buried photodiode!"”: (a) Device structure; (b) band
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F 2 I CIS B S HULER

Table 2. Performance comparison with recently published high speed image sensors.

R T A /mm I (Ex V) RRRGE jum BEHUELE/ (Ve )  WEPFEE/Ke  BIR/Mips  ORKE BEA/e

[25] 180 FSI 6464 52.8 183 5 20 108 5.1
[26] 180 FSI 50x 108 35 99 11 100 368 N/R
[27] 130 BSI 3232 72.5 N/R N/R 25 1220 N/R
[10] 110 FSI 212188 22.4 32 33 303 12 85
28] 130 BSI 32x84 30 105 6 20 108 8.4
[29] 130 CCD 512x575 12.7 N/R 7 100 5 N/R
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(b) differential voltage variation curvel”.
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Fig. 8. Basic structure and principle of PFMB4.
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Fig. 9. (a) Structure diagram of the hybrid spiking pixel cir-
cuit; (b) DVS pixel front-end circuit.
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Fig. 10. (a) Structure of P+/N-Well SPADI; (b) dead
time of SPAD.
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Fig. 11. Structure of charge-focusing SPAD1.

HEIE] )R/ N B2 SPAD a8 F G111
ROR, BRI SPAD HOt T BB AL A i 1R
R 2 2 —. A&l 10(b) iz, SPAD 7E &4
TG TG, PR KSR E AP BB
B 15, 350 A IR U 2R VK HL BELI 237 AR TR R
fill SPAD ff B H T AR Ty 8 L, AT AR IX.
LA I LA Al 3 P B R, A A X L
WEJG, fe s SR se i 2 e T e o A, AR
FOLTHRIMGE ). X T s B K S54GRS I ]
RC W] #BksE, Hob RGPEK B, Coh4sar
AR TR R, PR a2 e 0 S i)
HFEARSEI Al B ROk AR, AT MR AR 5 T 20
W5 AT, BiE SRTHR A Al RE ), IR
FEARRAS A 25 i o SR S R B S L A

Kl 12(a) R T — 3 LAY 4% 8l 7 K SPAD
QAL Voor FEHIN M, 8, 7T 3580k B AT
PR HLRH, VR K 55k 52 3403 3 [R]— B AR e . T
Kot FREE R BHAB R, ik A2 i A8 SRR B8 /MR
B, WETERITZ ARG TG, SBR[
K, SlH LR, Mg FaRES, B 12(b) R
FHEShAR S50, sl o] A M2 2 i 1%, 52
PV K 50 52 A3 53 5, NI S 3 $ THK A o
W FEF IR AR 10 ns AP 01, SR, F8h Ko7
5T B AR P 2% B P B G R A A IR
PRI B AETE SPAD WK 5 A I, 75 0] 68 3 AR
T ME LA R TR, 3 BV HA I R A
BicAs — R BT, KA 1 A M A2 3 B 1 T I
AF ). &5 A0 3E 5 I A = TR R L R AR, TR
R T AR DOAESE 7 T i k.

B SPAD T T2 Ak, AH b i iR
ghph), TR SPAD #RFi2 0 R B T S5 0 1
fiei#i 12, 2023 4F | Fujisaki %5 431 R F i e HE A
Cu—CuiR A S T2, 46 iifbiEn
OB 1.2, S T —3K 6 pm [ /R 75 8 2
SPAD #& 4, WE{EHRM %L E] 88.5%, FLHT[H] Ky
6.3 ns. IEWMEGHEGHES 1L, RS EA
SPAD #{4EFES, AT LB EE R B T R 2 A
Cu—Cu IR EHEATT AT SPAD A, 12451
AR TR B R DX R, E BB O T A AR
K, BRI T AR ], A& 13(a) FraR. 2024
A, Ogi 5 M5l T 2000k, AR i i 2548 5 | A
#| )2 SPAD #4515 7 rh, anf&l 13(b) B,
1 SPAD [ &b 25 A5 v 25 BEAIR 50%, M T R i 4
J SPAD WK Z W} H], SEHLT fe 4 2.1 ns HFERT ],
if— DA T O TR AR IR, X
— TR, SPAD SERHEMEAL AT BAR &R

(a) Vspap (b) VspAD
| |
Trigger \\: Trigger \\:

Ve
Vour

Bl 12 (a) Bl K SPAD R E HL i, (b) E 317K SPAD {4 2 i j# 1)

Fig. 12. (a) Schematic of passive quench SPAD pixel circuit; (b) schematic of active quench SPAD pixel circuit!*".
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Fig. 13. (a) 3D-stacked BI SPAD pixel with Cu—Cu hybrid bonding; (b) structure of 2 ns low dead time SPAD pixel/*!.
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Fig. 14. Architecture of SAR ADCH.
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Fig. 16. Architecture of Pipeline-SAR ADC.
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Fig. 17. AER interaction protocol workflow!".
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Fig. 18. (a) Group-based readout structure; (b) multi-way tree unidirectional spatial sequential arbitration structurel*.
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Fig. 19. 3.36 pm pixel front-end circuit®.
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Fig. 21. SNN-based fusion method for DVS and spike cameralt?.
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Fig. 22. HDR image reconstruction method for quanta burst photography!63.

HEMNTEREESNENRER. B, mim o+
JICAGR () vy 3 V% T ) S SHETE T 2] DA 3K 26 BT
TS S EA 25 (R Z5 A8 R (R S PR A R
FEA. JEAESR, F90EE R SEk —[al el T 2R T
Get R I A 5 TR 2 2] A I i SR
Hrp w7 R KM% (quanta burst photography)
Ji BRI SPAD R AR 1E B R T R RDLT
RRFFH, XD CF G RRE S T AR
SEEME, W 22 FroR 950, 3% 05 51 5% 2 ol
TR ST, SRR 2S5 E S gt
SR T it O = P 90 i B oy i 2 ) v R
Bl XA Ot R2RR-Geit e 1y 2, TEIRAR
TR S T 0% e PR e e o v
ia B e T RBOM [n] R Hh 142 30 [ G N E T
2: 161 FIHT SPAD 9 i I [R] 3 BER RV, HOt 13
PRI T30 43k R 81), JF 3l s A1
Y 5018 gl B ) ik 281 BE I AT I B HE i

M. TERCHESE UG FIETER & L 5 B
e, MTTTAE A TH5 W L B4 [ A3 R0 il 173 gl
W, SEBL T L s R T TS MR . HOL T
BEA S RBUZILS, R PO TS RIAA ST
R RO A W P A, R T B
AT S . AT S8 S ES O . = B SR 1 =

R PR R S T Y R RO THT 1] RO 1 P A TR
o Y MR A Sk AR 5 77 16

X TS A EUR AR IR, HARZRAUm N IFid
eGSR FAE S, REEXT A H AR T AR
&, S OERSTR ORISR T, R, SR R B
e AR TCTE HEEK A B =R ER. s
W EA S AEE, TLGE N 2R
AlG A  ER. i, ¥ DVS+SPAD %
DVS-+fik i AH AL &l 8 #7775 . Muglikar 4§ 69
$e T —Fh DVS+SPAD ZHEISREISHES, HI T
e st E HE, WSS A S T AE kHz gL ]

040804-15


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 R Acta Phys. Sin. Vol. 75, No. 4 (2026)

040804

Tr PR AARAG R LA T A sh AR R A R
I DVS-Hk AP & i 28 B g ik, ST Ak
T3 A Bk b A RH ALY e A A 2. BT bk
I PG SRS ) e S PR T 7, DAY 1
i AR i A ] T s A X1, (H AR B e - A —
(e rh St e i s 2 SO R G (RS AR BE L
LML T AR BB DGR 5 S

5.2 BEEGEEELE

TE 58 O e 2 SR TR B AR AR T, At Ak
PR Y B S — 1 B9 (5 R 0 52 D T TR R
AT = E R AR SR S B RE AR, X — BBk
R T IR R BE A PR R SR A, B
TE I A e E5dls h SE RS B A% L o3 s 74k
PR, DA T L TE R v A s PR T g
e R P4 8 R Ak P R A BB i RS B e I
R IYANIR], 8 S SRR K e A P . BT
e R I R CTS RS AL IR R <B4
A7 1 RS- 132 A RN ) 2 B O =, RS B
JE AL BRI 3X 2 RS AR B B RF S R T 3R 45
fa, BEREARAITRKR, Bl K, R8N
TR . Dkoh B AR s 7 A B LU AR ik i
UG T SN S F R, UG = Dk b i . 3
25 MG AT I A R i, 2 T [ i 38 i ) (1) 3 %
fm, BRI, Bl s/, RS HEE
TSR AR, 5 TS0 9l i R A B

SISO ey T RS AL FRAH DGO SR B ) T P2 A
PHAHY MR R A AEAR R N AT R U Ak 2 4
i B KW (in-pixel) 4B AL K HF (near-sensor)

—~

Aib B ALY ©6] A 23 FIraR. AR 2R AL B R AR
G ZEAF 5 1Y 235 (A DG, 76 701 I 5 B 4 i Ak
B R B T2 J5 i 7. Komuro 45 67 42
H i KiE PE (processing element) 24 A% #4) [ 1]
A PE A BHIIFIRAT TAE, SR SIMD # 04k
B SR B AL (LBP) S5#E, W IR R R
FESINSERARFEREERL. Xu 5508 $2HHAY Senputing 444
DUJ38 o X AR IRAZ 2R TR RN, S A B 28 D 2%
ALBR. i, Datta % 09 #2H1) P2M (processing-
in-pixel-in-memory) F{AR, KBS TR 5 INALAF i
P AER R N, S8 3 8Os R 4 S g sk de
Ft. Kaiser 45 ) gt — 2 #2 1 Neuromorphic-P2M,
IR RS REME AT 2l BRI & 507
MDA TR . Lee 45 M 32 HOKE 1A 5 8 2106
B, SCE 7O AR S i — IR BB
FHAR R, o T ] 4 A Ay v A0 R 98 7. X SEAf5Y
T, 18R AL IEIE AR St [ D Reis A0 30 n) “n]
ARG TR R YA 1 ). A BREN
AEEAESEIR | TIAE | 2 5E A5y T H A W L, A
HAZ PR TR R | A gt i SR R ARG R
SRl B = 4EHES 5 i B HOR I A, X
SEIREEEROE L 5, R AL IR PR FF R 2
KRBT ). PG R N AL PRERAEIR R N AL P
B S AR AR B R G, RIR AR R PR e
s B R ELE ) BB R SRR B 7 1)
BRIME PR R BRI R B R, 7R
BB oE i e S AL 4 s RS A
Shi &5 W 421 T AT g ates i, R AR T AR IR AR BE
5. PE B3 f47 47 A 2R (row processor, RP)

D =

2 e
o

2K AFE
/I \V/

((((((((((((((((

2K AFE
/I \Y/

Process circuit

Pixel

s At r D r D

@@t
S ©
SHHH S HSH
o ot [
>t HSH B D
SHHSHH HSH
SHHSH S HSH

2K AP

ot ot o it
S e et
FEREEREE

S|ISHISI|IS
S|ISl|iSi|[S
Sl|ISHISI|IS
SIS||iSI|S

M X M pixel array

& 23

g
X
-
>
wj

M X N PE array

(a) R R AL FREEA 7R B KL (b) 1R 3R Sk B BR A 7R B 109

Fig. 23. (a) In-pixel processing architecture; (b) near-Sensor processing architecture!6.
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Fig. 24. (a) Bio-inspired spiking visual paradigm; (b) unit-level spiking visual flow!™.
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Abstract

In edge computing scenarios, response speed, compactness, and power efficiency have become critical
challenges for visual systems. Traditional vision architectures that separate sensing and computing have high
latency, excessive power consumption, and potential privacy leakage, which are caused by data transmission. To
address these issues, vision chips inspired by the human visual system have emerged as a promising solution. By
integrating image acquisition and information processing within a single hardware platform, such chips enable a
sensing—computation co-processing paradigm, supporting efficient visual perception and computation directly at
the edge. Developing high-speed vision chips is an inherently interdisciplinary task that bridges physics,
electronics, and information science. It addresses the key problems in device fabrication, circuit design, and
intelligent algorithm integration. This paper systematically reviews recent advances in the core components of
high-speed vision chips.

For high-speed sensor devices, this paper analyzes the physical mechanisms, structural innovations, and
performance limitations of complementary metal oxide semiconductor (CMOS) image sensors (CISs), dynamic
vision sensors (DVSs), and single-photon image sensors. High-speed CIS devices enhance temporal response by
optimizing two fundamental aspects: charge transfer velocity and transfer path length. Gradient doping is
employed to induce high-speed drift motion during charge transfer, while structural optimization based on

physical device modeling shortens the transfer path, thereby enabling fast response. In contrast, the DVS
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performs event-triggered readout when light intensity changes exceed a predefined threshold. This event-driven
mechanism effectively eliminates static redundant information and only generates spike-based data reflecting
brightness changes, achieving low latency and high temporal resolution. For single-photon detection, the CIS-
based quantum image sensors study the source and physical mechanism of noise, achieving ultra-low noise and
extremely high conversion gain. The image sensors using single-photon avalanche diodes (SPADs) leverage the
avalanche effect to directly convert incident photons into pulse outputs, realizing high-speed and high-
sensitivity single-photon detection. Furthermore, electric-field modulation enhances photogenerated charge
collection and reduces temporal jitter, thereby improving timing precision in SPADs.

In terms of readout circuits, this paper reviews the architectures and optimization strategies for high-speed
analog-to-digital converters (ADCs), address-event encoding, and time-correlated single-photon counting. To
enhance conversion efficiency while minimizing chip area and power consumption, various ADC architectures
have been developed. The successive approximation register (SAR) ADC has become a foundational solution
due to its high integration and low power characteristics. Hybrid architectures such as SAR/single-slope (SS)
and pipeline-SAR combine the strengths of different schemes, thereby effectively overcoming the
area—resolution trade-offs inherent in traditional SAR ADCs. For DVS sensors, the address-event representation
(AER) readout mechanism performs real-time detection of brightness variations and outputs them as
asynchronous events. This greatly enhances image processing throughput while reducing storage and
transmission demands. In SPAD-based sensors, on-chip integration of counting and histogram computation
effectively alleviates the data throughput bottleneck associated with large-scale single-photon detection. These
readout strategies, each tailored to the characteristics of their corresponding sensing mechanisms, collectively
improve data conversion and transmission efficiency in high-speed imaging scenarios.

For intelligent processing, the primary objective is to efficiently extract information from sensor data and
enable algorithmic intelligence. This process generally involves two stages: the reconstruction stage, which
focuses on recovering high-quality image sequences from sparse spike streams, and the intelligent processing
stage, which achieves high-speed semantic understanding through real-valued or spike-based computational
architectures. By deeply integrating reconstruction and cognition at both algorithmic and hardware levels, end-
to-end intelligent vision systems can simultaneously achieve high speed, low power consumption, and high
accuracy. With ongoing technological convergence, multimodal vision chips integrating CIS, DVS, and SPAD
architectures combine the advantages of different sensor modalities, providing more comprehensive perceptual
capabilities for next-generation machine vision systems. Looking ahead to the future, the continuous
advancement of semiconductor manufacturing technologies and novel materials, combined with the deep
integration of multimodal sensing and heterogeneous computing paradigms, is expected to drive the

development of high-performance, low-power, and intelligent vision chips.

Keywords: high-speed vision chip, complementary metal oxide semiconductor image sensor, spiking image

sensor, high-speed spiking processing
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