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Reconfigurable wideband ILFM [6]

. 4th-order 4thorder )
4-‘%5‘%6 XFMR XFMR © Low phase noise
'y u "EU_IL. I @ Small multi-ratio (<8)
""[:_,—._l—» * § L 5 @ Require wide input range (32%) and high input
'_g EXSM-ILFM : H L iLfilter = 224- power (8dBm)

4066 @) Large area (0.22mm?)

Time-alignment wideband ILCM [7]
© Small area (no inductor due to 5nm technology)

@ Single node injection -> Narrow loop
bandwidth (30MHz) & RO poor phase noise
=> high jitter (>200fs)

@ Large Kya=> poor VDD noise rejection

Proposed differential-time-alignment wideband ILCM

@ High multi-ratio with sub-integer mode
- narrow input range (5.84%)

© Differential injection = large loop bandwidth
© Compact LC-assisted dual-mode RO with

edge-combining doubler = small area,
low phase noise & jitter (~40fs)

B ARG R KR R B AR T 45 1) 98 T E A BUE SRS 2R (ILFM) 75 I E AR IR
ey (RO) LU T HY (1437 8 L CA ) OGN IR T X6 5 I B 0 2 PO A 2 1)
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“ T 3nm FINFET 164, ZXE563kbit. 77 1% %2 /54 35. 5Mbit/mm?247 X% SRAM,
Ry ] BEFE 3.89pd . A A EEERC, H 7 Y GE IR AT O P R D FE
27.5uW/Mbit” (it C4-1)

SRR R TG M T A2 3 K =% 2 (HD) 6T SRAM. iz R 1
I IEXUNXDRI R TRCETAR . 5 L AEIR (DeWL)EARfF R 1 H ot 55 AN JKEh 48
(WDRV )2 8] [ 4 FH i ;A JYTHE IR ARGt e 452 5 (1-CLM )i i £ JE # A (NOP) A 1915
PABLTH 70 FE 2% SR AR DI FE . — 3R Al 3nm FinFET (A8 v SEBL T 2 45 BB #E PRI
17%, AL H I 10%

Vchip domain V,y domain Conventional Proposed

Single Rail_Interface Dual-Rail IDR design XDR design
""""" 3nm FinFET

r d WL

] P ' Bitcell High density 6T (1-1-1)

Lo s | PG PU2  PD2 2

P8 "A"::;V | ] Macro configurati 0.563 Mbit

] FEr Highest metal M6

ICTRL 4o i iGM io : 1 i "”'-"U‘ "“. Total capasity 1.689 Mbit 5.067 Mbit
i @ = |

I (0563 Mbit > 3)| (0563 Mbit * 9)

T Exwrallogic . 1-1-1 (HD) Macro area 0.0159 mm? 0.0159 mm?

it | s | [ |t Density | 35.5 Moitmn | 355 Mbitimim?
; A% dear S Dual Rail Dual Rail Standby leakage 28.5 yWIMbit
. V[ Memary Ay | v, Ve Ve @V, =040V | 37.1 yWiMbit %’;";ﬂmgﬂe
: 1| Word line(WL) Voe Vi Vi Veu <0650V, 25°C Low leak mode
o 1 " -
| 8 D | Vo | Ve | W Resdaive evry Sl
(=] ! [ Bitiine @L) @V,,, =040V | 3.85pJiaccess | 2.1 pJlaccess
I 1 v, v, Ve V., =0.650 V, 85 °C
H : pre-charge ehip el P = S0V,
I Write Dri i rite active energy
i : i Ven Veu Ve @V, =040V | 827 pliaccess |  5.70 pJiaccess
1 Negative BL “"VT’ | |Level shifter (LiS)| No required | Veo/ Veer | No required | V.., =0.650V,85°C
Typical
: CTRL o : Write Assist i i i yslf%ii:::'gy
1 h Voo target @V, = DZW 6.06 pJ/access 3.89 pJ/access
(S E— o | ossvi- Jozoviossv asoviossy e
External logic LRl o 'F '
Energy efficiency |
Sl o + -+ @vw,}’iss v 1.76 GHz 1.22 GHz

Kl: SRAMZE 1) = 2R J2 FARE X EE o
YRS S5 K

“— FOM 77 0.087 fs 4 F HJi 5 T PRI FH 00 50 F1C /272 /% #4(LDO), A B4 H#
JEXREIE DG (it C18-1)

PEYL R ZAHR Y 7 — P 3k T L R 45 (K B 300 4 B (CBAA) B 71 K 2 £ J5 28 (DLDO) . %%
T SEIL T PRUTE R A ) RN R (Vo) LAtk . 75200 mAf gk FL T, Hfart ik
(Vo)8(ii/hF1 mV. i%CBAADLDOX 28 nm CMOS L. Z i, 7EML4i A HEDLDO
HSZEL T 0.087 fsi) 5L i it Kl £ (FOM).



Heavv Load Rmple w/o CL
B0 ([
2us|10mV @ Vin=0.8V, Vo=0.75V, I.=200mA

i TP —

Kl: 75200 mAf R T IS FILDO LRI, %t HE s (Vo) 8L 11 mV.

AE A SoC

“‘MAVERIC: —# 7/ 16nm 1.2, Wi 72 FPS. #FIiHE#E 10 md FI 2P BN £ 4
R H(SoC), HAE 4 O 13 1~ INTS/FP32 i #2 (it C10-5)

IO R ZEAB SR R I AN RS T — 3K 7/ SoC (MAVERIC), HAMH 4N %O
13N INT8/FP32 /s #4855t , & H THLAR 2= I FHLEs AN H . 3DEE LA A B A KR
FEAHTH(DE) 5 [R5 8 1o 72 B (SLAM)AH 45 & oKk SE BRI 55, IR TS BRIl #
LRI SR T Hkdk . MAVERICIIZAT AN =ik 1 GHz, FF523 78 TOPS/WH U
EREVRAR . ot RS A, 76 ot 2 ) DEFISLAMAT %5, &E i REFE N 10
md, WiRIEF|72 FPS.

B Depth M:
= P ap
&, Sstage 1, _ § 300 Result
RISCV | RISCV | RISC-V | RISCV || |2 116%81%%3 s 2 Ez00 (DE)
: 2 il - Pre-LC
. CcPU CPU CPU CPU a/1%e 1308 © E e
- A { |  L_Crossbar . =3 - GT 3DRecon
S FP32LA | Global = Global | Global | Scratch LD 5 aé 0 150 75 0 75 Image
= AU SPAD SPAD SPAD | Memol X (m)
_|,~ ry % Data Router 1) 640x192 image, 2) DE, FE: quantized to INT8, 3) DE: 0.118m abs err on KITTI,
E | =z Snoop Router' 4; : Groundtruth, 5) Post-LC APE: 2.24m (68% reduction with LC), RPE: 0. 06m
o = I e R
| LLC Bank INT8 ML INT8 ML INT8 ML INT8 ML | g AU Ctrl. Router
0. AU AU AU AU = — | 4xRISC-V ay Intel 16
,_:u ) 9 1o 1 ‘FP32 Spad Spad Spad Spad Chip Area 16 mm?
E FP32LA = Global = Global | Global | Global 1| £ l!- :[D LA Precision INT8, FP32
| 2 - INT8 INT8 INT8 INTS
®. AU SPAD SPAD SPAD SPAD = F- Tl e GMd -] Gt Memory 2504 KB
E Y . 4 = Bank Supply Voltage 0.52-1.0 V
2| LLc Bank INTBML INTEML INTBML  INTBML| Frse Shad Shad Spad Spd Frequency | 100 MHz - 1 GHz
[i=! AU AU AU AU | Qg Pam Power 20-1802 mW
> L=
U= X ' @ Control ] Lic | INT8 INT8 INTE INTS Peak Perf. DE 2.13
FPazLA FPa2LA (FPa2LAfl _ Baoltl M=y (ML) (L] ML (TOPS)  [Superpoint| 3.07
AU AU AU o Peak Energy DE 2.68
128KB Data F FP32 FP:
GCE gl {ll | Ef (TOPSW) [Superpoint| 3.93
1: Data, 2: AU control, 3: Sncops *

Kl:  (a) MAVERICHIZEMREIR K], JE/R T84 INT8 MLI# 5. 5 MFP324: A E0n
HEE . 4TRISC-V CPURL A T #: % 7B = ENoC.
(b) & B A LA L 4l & SLAMIE 7 O 1 BE LA & o



BB BB BN, MEMS. TR

AT TV TR AR RFEIIRE . M R IAREFD 26M 5 9 B HE
F(HEZ SPAD E 1% 1T IEIRE(E/A (i X C27-2)

R e SN FE T K AL BT BRIAS EE AN By H, DARCHREGES P B B4 B
DR B, SR T AP 25M S I FERE 7T . X SR 1 120°/26°F1 3% . 0.05° 43
HERRAN20 fpsi (1) B &, XeeMERE 3K LA B2 Wi i (WO ik e . It
Ab, B R A 22 A I B R AR AN TR R T, TEARS B B 1S N i T SR
o AL B A RE NS TE 250K 1 HE B ARSI 2] w5 FE N 25 UK Ak, I HLAE iz 300K 1)
PRBVE N, EORHEE B SRS AT K

3D Point Cloud

<Building (160m)
0m)

—People (50m)_ [

Enlarged view of 250~290m
Gare_z Garage (290m)

People (50m)

. AP 2 A AR IS R S SR A BRI S 2

BT T it AR 2/3 7551210 J718 % SPAD KR 1£/747E: S8 156dB 4471
FRZ)ATEH S LED NM#EITI5E” (6 X C27-1)

FEREHEH T — 3K 4 T SPAD RIS AL K 2% o H B AU Tt B AR 928 17 156 dBFY)
SASVEHE, JEGLEDNIRINE| A TC 4% 4 R TR . teah, S8t 0 i B e = 4
1B, #fR T AHMET0. 18 7 6 BT 1 H b i) BUE FE 32



Exposure time HDR image (after linearization & tonemapping)

recharge cycle

powk L1st Lana I Tl ¢ Pilsst

weight *B+7+v +4 +3 +2 +1

cnﬁpelrl Jn+3[n+4 ] n+5 n+6 n+7 [n+8
] BN ] v vy &
n [ ) n+3 [n+4 5%
HII ! | % R gg
n nt1 nt? Ei‘l
1 B 1
dark n (n+1 -
K. () IO FiHB(WPC) AR JF
() mshAJE R (HDR)EME & Ho s 58 /0 i
TR B BEERE RS

“— 20 [1F 6G UE FELEI-F2H] 65 nm CMOS 1. Z 17150 GHz 5 11 2/ #5228
(16 C28-1)

AR R A S SR RIS 1 — 50 TR 8l i & i R 3 oA ERIC,  Higt
T 150 GHz (DiBD MRy, FHRe N 56 AU 3815 2 48(6G). IXakd
FRLE(AIP)ERL T A K HI65 nm CMOS T 2 il i AR FRISUR #31C. RS R LI 42
FITIABAE R ST 150 mW,  FESUSIN 2993 mW, SKBIL 156 Gb/s i Eide f& i = .

Temp. Sensor P
—t30mm —
142-164GHz 8-Array TRX T
RF1
antennas Ra__|
P RF2
=4 Ll
Em ,,,,,
o ivid| il
ES om. | |RF3
H mxs ||\
iﬁ me— "‘.\
0% hemol .- f{RR
- °_ |Buf. |TRX4 Y
| Si=ms 088 i | Y —
IF Lo {LO Buffer _|IF Bi-Buffer

. () iRt 4 5.0 DR BUISUR #8088 5 T ) 2 R 2R (ATP) R B
CHD SR S0 A

BLACBRSS . JeEEMA

“—#H T RibbonFET £l PowerVia £ K49 18A 1.2 PAM-4 4 41#¢: SEH 128Gb/s /Y
A 0.67pd/b HIGE5C (16X C12-2)



JHF R RN RN T — 3k 3 T DACHI 4 4£ /128 Gb/s Kk i #%(TX), & AKIEEHEH
Mm%, KA18A CMOS T2 i, FFI&RibbonFET. PowerViaflis fifikf
WA &% . T HE R 2 0] T R B i . 1ZTXSEEL 70.67 pd/bitii i ERe R Gy
PLLES40.75 pJd/bit) , - H A5 AR N By, [R5 2 PAM-4FR DG BE L AA BT
TSRS

(a) [
Pattern § g {— Vc C,DRV =1.2V
Gen e R =
8—tapFFE4§ (b) -| ]
Clock s Ve t‘
Cal |
| LC-DPLL Clock distribution I|_|c
| [too ] T
g e enie s e
1 { Div_ Je—’ 2 (_I T T cESDl —_E CB

128Gb/!

Kl: (a) 3 TDACHIPAM-4K G EAEIR] . (o) A TR He FH <8 e e HE R 2% 45
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