1/22 PCT/SG2023/050498

WO 2024/015023

Acty

Anmnnndpnnnnns.

mm\

FIG. 1

.T§3

e
"
-

XCOO‘QG

4

o0

Acty ,

HM._L%\\\\&L. ?\\\\\QLHC\\\\\..
S04 e
PHESIR R -
o £ m_

N t

< >} =3

-] i i
I -
S OSS

W w U W ¥
<f < <L

SL,

SLg

FIG. 2



WO 2024/015023

2/22

PCT/SG2023/050498

318

* t
304 | 204
i ke
304 | 304 cennne 304 1 304
* T T T
304 | 304 |} et 304 1 304
i —  dma e e R g *
R H |
304 304 |} e 304 304

318

FIG. 3

300




3/22 PCT/SG2023/050498

WO 2024/015023

¥ 'Ol

(paseq-A1owdw ysey
SI [[99 Arowdw ondeuAs ay J1 <3'9) 03 SFUO[Aq [[29 AToWdW
ondeuAs pajoa[as Ay} YoIyMm MOI [[99 AJOWAUL ) YIm
PajeIo0Sse ul] uoneAnde ndur ISIy Yy 03 5BI[OA MO] 10
punoi3 paurwid)apaid e SurA[dde 10 ‘(paseq-Arowdw ysej
SI [[99 Arowdw dndeuAs ay J1 “39) 03 SFUO[Aq [[29 AToWdW
ondeuAs pajod[as Ay} YOIYM MOI [[99 AJOWAUL ) YIm
PajeIo0Sse ul[ uoreAnde ndur Isiy Ay} 0) [euSIS UONBAT)OR
ndur 3s11y a1 se reudrs Sururei3ord isiy € Jurpuas

9ty

90v

A19AN23dsar ‘smou [[29 Arowdwr Jo Aypemnyd
AU} YPIM paJeIdOSSe saul uoneanse indur jo Ajjeinyd
o 03 speudis uoneanose ndur 3sng jo Arenyd e Surpuas

(paseq-A1owdw yse[J st [[29 Arowduwr ondeuds oy
J1 <8°9) 01 s3uoyaq 99 Axowwr ondeuAs pajod[as Ay} Yorym
uwmnjod 129 AIOWAW Y} YIIM PAJRIIOSSL dUI| SUISUS ISIIJ
o) Suneory 10 (Paseq-I10)SLAW ST [[29 Arowdw dndeuis
oy J1 <3°9) 03 s3uo0faq 29 Arowdur dndeuds pajodd[as Ayl
UOIYM UUInjod [[39 AIOWUI Y} YIIM PIIRIDOSSE dUI| FUISUIS
1S11J 91} 03 A5e)[0A punoi3 paurwadpad e SurAjdde

vov

vey

(Sursuas apour a3e)[0A 10
“8°9) uwm[o9 [[29 AI0WAW PJII[AS AY) 0} PIAJIIUUOD JUI|
Sursuas 1s11j oY) Funeoy 10 (FUIsuds Ipow JUALIND 10J “3°9)
uwnjoo [[29 AIOWAUI PAJO[3S Y} 0} PAJOIUUOI AUI| FUISUIS
1s11J 3y} 03 23.)[0A punoi3d paurwrldpaid e Fuikjdde

01 S3u0[2q [[99 Arowdw dndeuAs
P193[2S A} YOIYM UWIN[OD [[39 ATOWAU I} [PIM PAJLRIOOSSE
auI[ [01UO0D 3 0} [RUSIS [ONUOD ISIM-UWN[OD B FUIPUIS

(447

[44)%

NOILVY3IdO LM

00y

IOUURW ASITM-UWN[OD
A UI LWN[O) [[2D AIOWdW Y} JO S[[99 Arowdw dndeuds
Ay} SUI[JONUOD PUB JJUIIJUL JOJ UWNOI [[3I ATOWdUW
Ay} Fu1)dJ[S J0J UWN[0D [[39 ATOWUL Y} YIIM PIJRIJIOSSE
dUI [0QUOD A} 0} [BUTIS [OQUOD ISIM-UWIN]OD © “UIN) UT pue
suwnod [[29 Arowaw o Ajjernyd ay) Jo yoea 10j ‘Jurpuas

NOILYYH3dO IONIHI4NI




524

WO 2024/015023 4/22 PCT/SG2023/050498
500
AN
300 300 504 502
Host 508 ' '
| Processing <::> \
520J Unit 300\ & 3
o T — 508
/ Memory <:> 508 —
526 300 508
N

FIG. 5A



WO 2024/015023 5/22 PCT/SG2023/050498

500

’,J

328 328 328 328328 328 328 328
T T T 200 0 200 200 200 V-

POSPOS 08308 308}3081308 308

pToe / """"""""" s i e s e e s s 1 v Al
A ARARALARARAR :
1 | Vd :
| py 316 4

! o I~ 304| [304

! = 1> 7

1 o

l @ N 304

i o v

| =3

l @ N 304

i o v %

| 0. 4

|8

E =~ N 304 i
! - |
E AN 304| 1304| [304| [s04 E
i 318 318 318 318 318 318 318 31 !
: Row control /512 '
! information Column peripheral circuit i
i 513 Column control i
i // information and outputs 514 i
i Core Control Unit (———— Network Interface i
i (NI) Unit 1508

FIG. 5B



WO 2024/015023 6/22 PCT/SG2023/050498

600

_:E;— 612
620 622 618
‘E;— 614
_:E;_ 602
628 -
féé 7 I
7\ 71
619 626 | 624
—:E;_ 608

604

FIG. 6



WO 2024/015023 7/22 PCT/SG2023/050498

08 08 7008
7 7
728~ SEL, {J 728 \EL {J Nad
Ac g\ ____________________
{} - ~
//_,/ . ‘nga’ 1 L/Z92a
716 | ib**{ ﬂ“”*{ '
i - e 750!
: /‘/ . é /‘/ - L 706
! 740/\/% 740 § !
- I 750 immwn |
Acty i 7043 i
//_/ T -
: § :
716 ! @N“ﬁ *““{ § !
1 1
Y 4 I Lo Teoe
i 7€213n£§ 740, | 5
\\7043 L{' L.“ /I
{0%8750 ~—# 704a 750

_____________________

708 708 700b

Et.lﬂ

Act,




WO 2024/015023 8/22 PCT/SG2023/050498

700c
708 N
728~ SE 728~ SEL
N LwJ. “SELy ¢ \
el e
i i 706
Acty
ol i
716 i
| L 706




WO 2024/015023

Acty

9/22 PCT/SG2023/050498

708 708 Fad

72»8\&% (’ 728\§§~§ ()

~
h

/_/

716

Row_SEL,

R .

N

o - ———————




WO 2024/015023 10/22

SEL,

PCT/SG2023/050498

828 ‘ R

Sa




WO 2024/015023

828\

11/22 PCT/SG2023/050498
800b
SEL 808 g8 SEL 808
A o O 2
804b < 804b
i l \
I' {};{}ﬁﬁl Q,Imi}l \l
l —\-841a —_ 8412
1 . ‘ !
| 1 806
: i :
| 4,1 n .
1
| i
1
i 1804b 20 L\li :
I 1
\,\i . I
1
i li,(&wpl i 15&9& i
: ] — L} 841a /-1—’84:18
| | | O 806
: -—4-841b /1./84:1b
1 | i
Lin K
7
VoA T U




WO 2024/015023 12/22 PCT/SG2023/050498

708 708 708

728\QEL<3728 SELy 728\_\ \<

rxcs ..................

o - .
e 1

At

.....

~N
=
1 o
MM:M?WM

)
i
o |
2 |
1
1
1
1
o '

716 ! & O 706
1 pRReRe < A N B g :

a 1

HE A ] o i
B /-1/ "““3\ u««igm *i:\ 1
1 o L 3 1

716 ! § 0 | :' L 706
: RERRERRLS % KR I
Actey 1
1
i 1

716 " /706

1 : J

i
~N
[ERN
(o]

[
~
oo
\/IJ
[ER
(o]

TIA
. : 1964b

\966 | 960a

FIG. 9A



WO 2024/015023

13/22 PCT/SG2023/050498
900b

RE N KA

960b

S 930

3

s N .

> b

b g & 3 3
i N

& dd ¥

:

¥

¥

d 974
SAR ADC { \
samsaaasa 9 7 8 3

TH Nouwron

FIG. 9B



WO 2024/015023 14/22 PCT/SG2023/050498
900c
708 708 708 708 708 708
728 728
’ ~ BTon Sf“ixmd 702a

__________

716
Aoty
716 §

i 1
T

I
b
H A
| 1
="
il

;
& 1 1 ] ) B
O o i o -
(HE |+ b it b e |
A0 T T T

F B BE A R R Bt

\
h¢

A

~
718 718 _\‘-718

718 970a

P
718 MEven. ‘Mﬁi

970b |

S MUX L
\5\ ‘\966 L 960c

N

r-\“968

SAR ADC (

FIG. 9C




WO 2024/015023 1 5/22 PCT/SG2023/050498

900d

'ad

708

()

702a

.,
2
s
S
]

\ a
H
7
i
;
;
;
;

706

~
Iy
[e))

. G

Yﬁ.
L

“L 706

~
'_\
()

“_ 706

Ag fh.. ] :

N,
il

“ 706

~
I
(@)}

ks
iy
;

~
P ssavas
O\i

i

H

.

¢ " P ;

; 3.

} “

4 %

; B

H 1 H

H [
3

‘ 3 3y

¢ i iy

H 2 7

1 7

¢ I

. P

i H
t¢
4y *
B ;
iy
Z
iy b
%

T L I T ap VPRV VRV wrs oop moi mv e s, oo son R

I
b

SEL

SAR .ama:,.,h\\ -

TH Neuron i

o o o o oo o o 0
/

¢
H
\\Li
H
H
i
f

960d
FIG. 9D



16/22 PCT/SG2023/050498

WO 2024/015023

OT 'Ol

"SI[OAD DANINUT 0] S0P PISLINUT 2Jv UONdWINSUOs ABISUD pur AdUsie] 8y
sanoenyase wdur-gopeue ul w@mx ATuo a1 JWV-JO pue v eul

9810 vl i6v'e 950 Uil IS
9e1D aris wre $P0°0 - Hiil 101

o BOE 0 ARG DL} Oy - HLld 1y v

B B0 5L TAIRE] - wiLt ey
LYy e 0% o001 PREIRE H HIVAYS
G100 095l 050 FRUARY H YiL Wi

~ PALARS i M

050°0 31 09l 000 9¢T S0
0100 41 9L £10°0 a5z el 741
100 0967 9eT0 LTO0 | BRIKYLT | WLl feary
10 @wmm 90 IO 1 9eTXesT | HILI

S ML Ve BeL9td 5L > HLLL Tititii

5990 078 9L 911 6L4°0 L AR I < S R
6% ¢ 317 DLLOLY 680 - Holg iiti 17 _
G05°C 41g GELOLYCT BLED - Will | Bopuy WL
9510 BT O0c 1% $9L°0 a¢7 IV B BYY
L% 4 01 19 o010 957 AW -GV
gi10'0 31 DLLLY CLOG | Ve XUt | HTLL feary
DIYG 31 GEOLY I  9eTXesy | WILT

o ﬁww ?ﬁ . w&ﬁw .; M_ﬂmﬁﬂ.w Ayendy wmnode
oVRpASIsuy | Avuawt | Jsaed yEed Zary

T alqeL




WO 2024/015023

17/22

Table 2

PCT/SG2023/050498

Comppona

Area

Quatkity ()

Peak Power
)

Latenoy per lmage
{s)

Energy per Tinage

{ml)

0,042

2113

0.154

Rad

£.042

32113

£8.133

QP-AMP

543G

0.208

32113

{774

SW

§.363

TIa

4242

8,133

32.113

JT5T3

RN R

33413

Q817

Total

- 117.73¢

8.742

64,225

1.868

FIG. 11

Table 3

Arhitechure

Area {mmtl

Peoak Power {W}

Latency per Image
{15}

Eusegy pey vage

{ohy

Nao-

Analog Inpt

P3RT.O97

10537

33,358

™

Digital st

ISR

3,376

20070

1317

Digital Input

83161

Q482

4,139

™™

Present

117.73%

$.742

84,338

1568

FIG. 12

Table 4

Laver

Effective
ol
i array

# of sperationy

#of
[wvay

# of ADC for
gach
avraylaver

{imant)

Peads

Powsy

(&)

Latanwey
{Bs}

Comed-ad R ER Q60 N

SR 2393 &4 ; ke f68 2007
Convd-6g 3 287 227

Convi-118 3 18R 1.002 0137 "

e 1w 128 X e  on ot 2007
Lonvd-il8 3 IHE 182G £.248
Cony3-256 G 2840 0.957 RS

Conv3-258 3638 256 3 1795 2067
Convd-256 & 1999 1358
369 9,081

Conv3-512 2828 2358 739 9.182 2007
Cony3-S1Y 39 4183

Conw3aSil

6D Lpd Sk 3R LA reA

Lo o s N o W O v

Ny M
Ax
[

8.093

B i wer yun | 2D Pk we

Coawd-F12 4% N i b 8.093 1008
£38 R §.093
JOBERI006 256 Q56 & 3211 @I
SO96 X 1000 N 4 164 3553 $.112
Totad - - 232 <3818 137816 2182




WO 2024/015023 1 8/22 PCT/SG2023/050498

FIG. 14A

Trade-off between latency & Power for VGG-16
2300 a62

2 000

h \\\\ {} 5{:}{}

1.500
1.000 T \\\\“\«\\ } £
{}@:\{}{} S s S S S

0.000 T A T FU S »
Latency {ms)

i’zza%{. ,'?'zf}%":r {% )

FIG. 14B



19/22 PCT/SG2023/050498

WO 2024/015023

1500

1568
AD

N\\SR
Yoo,
2
-
Sy
“\\\\\ﬂ

ands

N
—

gt

v
s
o

FIG. 15



WO 2024/015023 20/22 PCT/SG2023/050498
1600

ACtO | * '

-P | —l L8404 ’/1\6/04 —
816a ! 850a g S 850a
ai _R\\ : \\\ -1650a \
: ’w'ssot)lw—‘ l\—‘ %sob N
A 816b | 1k\\ §\ N\
|
CtO««N j“%' 1650b -

T TIAy 7

1570

1566

FTRTYTWN N ~ Sy
R & %
I'M Neuron

ne e e S e S e ot s e et i it i e i e e e e o o ot s i s i i e i e i e e



WO 2024/015023 2 1 /22 PCT/SG2023/050498

1700

A A A A T AR AR AR A D A A AR

1504

740 §
’(J “L1506

T % 718 A
/J au §
240 1518 RS
750 1550 750 l 1550 | :
Loy y ____* ¥ Sy '“___‘ .‘ 3

\7”*“’2”“1:.:;;: MMMMM — [T

wpry N 3 Sgi?ffsing 3
{




WO 2024/015023 22/22 PCT/SG2023/050498
1800

oy o1 Vspr ¥
SELg)(SEL X SELXSEL X

1566

&

&
Q}:} !
N
N
4 N
X N
' N
N
N
3

S o s (AR AR AXA- AAR® SRRR ARN: SRRD AR AR <R3

AR ARR SRR TARR, ARN €A -ARN, ANN ANRS XN XRAS SRR AR ARRY SRAM AN

FIG. 18



