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#6.1 Carnegie Mellon UniversityOl | ZHot =F 2=, Computational Mosaic Array(CMA)
@} residual-enhanced analog skip connectiong ZASt hybrid processing-in-sensor(PIS)
£ XNIQtStCt 7[E  processing-in-pixel(PIP)2 =2 HEME HISHX|TE pixel arealt
weight resolutionO| H|$tE| 11, processing-in-column(PIC)2 =& ot AHAO| 7HsSHR| T 2-
D convolution2 {8t row buffer?} memory 0| ALt O|E s{ZSH7| I8 3x3 CMA

A L& pixelBt triple-well photodiode®@t analog front end2 ALt FY pixel o
convolution ZIME X &EESZM photodiode areaE 55% ZEZLSIHA 4-b in-pixel
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2 SA|o| E53lH, time-domain AFEZt 3-b magnitude®t 1-b signQ 2 TEE weightS
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CONV1 £32 column-wise median % max pooling2 &3l 2-D feature mapOAl 21x1

time-domain representation® 2 HBtE|M, 0|0 M2} GOjE &2 98.8% Z0|1 row-
buffer memoryE H et} O|F 3x1 CONV22| =82 upscaling®l 7 CONV1 Zitet
analog skip connection@ 2 &AHE[T, CONV3Qt TDC readout® HA off-chip classifier2

MEEICH £9| residual-enhanced networkE analog weight mismatch®t noise?t S7+He



M plain network 2CF 22 Hete XMSHE E O analog PISQ| H|O|&dof Ciot &S
AFAIZACE 180-nm CMOSHIA X ZHEl 126x126 sensor arrayE= 40 fpsHlA] 62.08 yWE &

B35t 97.76 pl/pixel-framel| iFoM H 97.25%2| face-detection accuracyE =4 SIRALCE.

e
o
2

Simplified Block Diagram of proposed 3-layer residual-enhanced CNN
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#6.2 Sony Semiconductor Solutions2} Sony Semiconductor ManufacturingOi| Al ZHEDH =
=22, 1.22 um pixel pitchO| A triple conversion gaind} transfer-gate(TRG)-type LOFICS
A2t 50-Mpixel single-exposure HDR image sensorg A|9ttC} 7|& sub-pixel HDR
Z= StLEO| pixeld & 7H2| photodiodeE HIA[SIEZ 2 uym 0|3} pitchOf|Af BHE =&
7t {ECh Mt pixel2 4709 photodiode?t FD1& &RStH, FDGE Sl metal
capacitance?t =7tEl FD2E A5t FCGE &3 CHEZ 3-D MIM LOFIC capacitorOf|
AZAEILCEH =27t B7tSHH charge?t PDOIA FD1, FD2, LOFIC capacitor &=Al2 overflow
E|BZ 1st gain, 2nd gain, LOFIC gain2| Ml 70N H2 2 HeIE S = AULL

TRG OF2{0f| overflow pathE &-d3tH PD2| charge-storage capacity’t Z4g = U2
82, 2 MJAE= PD maximum potentiallt FD reset potentiale &H =SICt O|mf
RST VDDR2} source-follower?| SF VDDE &2|5t0 reset headroome ZHESIHA
source-follower®| M3 F7h= YWX|SHRULCtH EDH exposure &2t MIM_VDDE 3.3 VOIA|
24VE 23 LOFIC storage node?| electric field& t=2tSt2 FD dark currentE 5,000 e7/s
OlM 3,700 e/sE ZHAA|ZACE 90-nm CIS2t 22-nm ASICRE FHE sensore= Z|CH
analog gain%|A 0.73 e rms read noise, LOFIC gainO{|A{ 250 ke~ full-well capacity, 12|11

100 dB O|4°| single-exposure dynamic rangeE &5t SCH
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#6.3 UNIST2 Sogang UniversityO| Al 83 =22 F, clocked-recharging(CR) SPAD pixel
O] #M7|E time-to-first-spike(TTFS)Z X& encodingdt= S4= O0|8% neuromorphic
image sensorE M|QtotCE. Z7[E CNN Z[Hb PIS= dense multi-bit data®2b HH=ZX ¢l
accumulation2 2 QI8 O|O|E O|Fd} Ak OfHX|e] FEHO| Hop Q= BHH, TTFS 7|t
SNN2 BtLtC| spike 2l AUz YH AV[E HASIEZR 2 sparsity?t H2
latencyE M STHCE 96x96 pixel arrayl| 2 pixel2 CR SPAD, 4-b TTFS memory, 8-b

exponential counter, 5-b SRAM S! pulse generatorE Z2SIH, 3x3 sub-pixel-array(SPA)
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CHRI2 comparator?t output memoryE 37510 array-parallel convolutiong =& oHC},

Intensity modeO| M= recharging cycle i & spikeE TSO-TS32| one-hot codeZ %5t
1, spike timing®ll [t2t 8-b counterdf| +8, +4, +2, +1& FHBICL 162]9| averaging2 Z
dark-count E&2 &9 %, convolution modedM & counter®| 49| 4-b2 dominant
spike timing= decodedtll SRAMZ2| 5-b weightE pulse 2} polarity2 HSFSICH
Chopping analog counter®| 4-b CDAC2 TSO-TS30{ ZtZt 8C, 4C, 2C, 1C2| temporal
weightE 5§ 0I5, thresholdE negative weightZ2 TH FYUsH tHY comparatorZ
integrate-and-fireE T3 %Lt Input-stationary dataflows Sl St spike input2 M
AESIER filterOtCH CHA| exposureStZ Lt encoding® E27t SICE 110-nm BSI 3782
2 HMZEE prototype 150 ps frame timeOl| A 6.67 kfpsE S2ZISHH, convolution modedf|
M 512 mWE 223 £ El compute powere 0.5 mWO|L, 2.6 pl/pixelfpsfiltere]

FoM, 3.86 TOPS/WZ2| energy efficiency H 91.5% face-detection accuracyE & SHRALCH
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#6.4 Sungkyunkwan University2} SolidVueO|A| D =F2F, scene-adaptive pixel
power savingZ} object-of-interest(OOI) selective readout2 Z& %t all-digital
synchronous event-based vision sensor(EVS)E | 2HStCt 200x128 SPAD array=
saturation-based(SAT-PS), temporal(T-PS), spatial(S-PS)2| Ml ZtX| power-saving 7|
AHEBHCt, SAT-PS= pixel outputO| saturationOff =ESHH 0|22 23 countingS
S5t T-PS= H2 sub-windowOi|A] 243t intensity changeE AZ=3t F| pixel2 H]

g2kt S-PSE= 37H2| primitive pixeldt 17H2| reference pixel2 T4 = 2x2 macro-
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pixelO| A temporal intensity trend& H|W S}, 91F pixelO] FAIZ ZS primitive pixel
2 & 5l reference event2 overwritedtd| S7HECE2 F=E SEZ ZQICL

Event decision & interpolation logicOlA -4 El event= 48-row kernel buffer0f X% &
= SA|0 3-layer hybrid SNN-BNN2E HEEICE & HA SNN layer?t spatial-
temporal filtering2 &3k, £ 12| BNN layer?t 1-b weight®l activations 0| & dH
8x8 tile TH?|2| OOI confidence map= &’d2tCE O] OOl maskZ readout= gating22
EM 2 BFQ| eventtt R 2 TESHD, MEHE event =& O[3 CtE framel
threshold= scene-adaptiveStA| AAIBHCE 90-nm SE 2| prototype 200 luxOf|A{ 9.85
mWE 2250 pixel X core powers 22t 47.6%2 21.6% EHSIALCE S-PS Eh= X
oM = Z|Ci 53.77%, Ml Z7|810] SA|0| &25t= composite scened| A= 51.4%2]
pixel power savingg 2Lt 4 throughput2 DAQO| 98l X|stEl 558 kfps X 714
MepsO|C}. On-chip OOl block IR-drop2L 2 ZH 100 MHzO|A CHEH O 2 FASHK|
20l S networkE FPGAZ T8l HS5IA2M, sensor-captured event imagedi| A
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