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M Output muxes are excluded from area and energy calculations
21 Read and write energy measurements are based on 50% '0' and 50% '1' array data
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PEEZS AR JETIEIR 58% ZXIEAGLIFEE Tnm SOC (& /1 /7 A7 il =AY a4 (E 1L
SRAM Z#% ; — Meta (37 ¥ 1148)

¥ AR JEAIGR - BB SN EUHIE R 2 ZE BRI - fE4A°CT - Meta Reality Labs
FEER A AL F AP EE (EMG) Bty & AR AR HREE T-EAPRREH5HY 7nm SOC # SRAM
A EDIRERET - B RrE VB RE - MIRE AL > RSB R U FE BAYED
EResGT  EREGT PHYER R A RS (R TR 2R (K - SlEac R sat A
FHEE - PERRETHVEEAUAERE K 52% > 55 AT 58% -

Memory Access Patterns in Typical AR/VR Applications
m Single Access
02-4 Sequential Words

«100%

§ 75% 97%

© 50% g 89% 69% m4-8 Sequential Words

% 25% m 8-16 Sequential Words

] > ital

8 0% : ‘ A ; A A ®>16 Sequenital Words

< EMG *Conv Conv Conv Stereo VIO Eye *Convolution Layer Property:
Pinch& Kernel Kernel Kernel Depth Tracking [Filter X, Filter Y, input
Release [3,3,21,42] [3,3,3,16] [1,1,4,32] Sensing Channels, Output Channels]

Research Prototype Research Prototype

SoCDielmage Boaid Plethice EMG Wristband [8]

v" 7 nm SoC demonstrating application-level integration of sequential SRAM
v" AXl interface to sequential SRAM core with pseudo-single port for pipelined row access

Key v" SRAM control circuit configured for multiple column access within a single row access
Features , combined techniques for sequential access mode: boosted-WL write assist, configurable
number of row activation cycles, hybrid dual rail and SVT-dominated periphery

Fig. 1: (a) Application analysis of AR SoC SRAM data access showing high
sequentiality. (b) Chip die photo and demo setup. Measured energy at 124 yJ
per ‘pinch-and-release’ hand gesture detection.

Fig. 1: (a) Application analysis of AR SoC 1: (@) #ErnEEFR AR AR SoC SRAM
SRAM data access showing high ERHFEEIERI 53T © (b) &R SRR R FfE
sequentiality. (b) Chip die photo and demo | szane= . 457 CH | RIS
setup. Measured energy at 124uJ per By 12440 -

‘pinch-and-release’ hand gesture detection. | ™

[EfE : 1664
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i ¢ (a) Meta BEUREEFEN AR SOC SRAM ERHFHHY AR JEF 7T (D) &5 A A
EOREE - BR TR TEISHIREE R 12400 -
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FHGFEE - BBl ] T 22 g (DCM) 7E3 - £#&4 22nm CMOS
FRE 77 [ 22 3D-TSV M AGRENLE » S EEEH N A S 2B o
BEZS  — Intel (G737 1117)

Intel ey HITHERT 48k TS (SIP) BIFEH » 12 22nm FIR g ER & S/ NG 2
3D-TSV B L sk B4 (SIP) it - (E& R EREs iR AR AEA | - Bd 3D-TSV H Mz -
Pl SR 2 B R 2 o & SR R Y = RS TR B RS - B —E BV R IFERAE 10mA —
300mA FEEMN PRFFPAR - BT AR BRI R SRR Es VIR S 2 1A IYZHRY
o Ry EANEPRERNYSEER - ORISR IR B A AR & -

| Vina | - Lkac =1.4nH
Az Rpc = 40mQ
4. Ry =000

| _AAA 100nF On-die decap
sV > Tsv *
1mm x 1TmmJ} Loafi
Lac =1.1nH
g Rpc = 60mQ
SHSdg* Rac = 1500
TSV 0.32mm x 0.32mm TSV

Lac = 0.9nH
Rpc =90mQ
Rac = 120Q*

ANA-

Vs

AAS

TSV

a
H
H
=
H
H =
—sf I

10.nF :Input Decap Grids
Figure 2: 10-tile te st setup with inductor specifications

1.4mm x 0.1mm TSV

‘Ric @ 100MHz frequency

Figure 2: 10-tile test setup with inductor 2 . EAEEEFHRE 10 &HHER

specifications

B« 1117

fE  Intel /1Y 10 @SR 25 DCM BB EECE - WE ST TSV Ko Rigs - Aot
DR IR TR SR

B S EIRE

I B A I T B A A e BB 272 1Y 3nm GAAFET ZELL#758)%(7 LDO
— Samsung 27 (37 ¥ 1336)

BATZmEZ LYo CMOS GilihAvTE Iz SoC FEEFCKIEAETE S - HEMEINE
JREH ERPRER - Samsung BY{EE R HAALLEBN R LDO MR T2 - B4R TR
3nm FRKEESE FET (GAAFET) £l - 12t S B A SR il - thakat BA Lo
JHERFT CPU 2% LY TRZRBERE R B HMIZIRE - HURGZ( LDO s&at Al{E <ImA £ 1.4A S
BN EHEHEET > Ins N 1A ShRE & HHVEEIREEIE(E 38mV -
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Analog Loop Digital Loop

AVDD Comparator DVDD
Digital Control
l:I 5.4'-' ver
TP
|
I 3 rd
¥ 24 JCIK 2 & ‘J'
Event-Driven}y, e | E: +aulyo l,Im_u) ;
Transient Vams ND MU\ |V olr “oo|Sensor
__Enhancer AL =

= 76.8MHz 1~3GHz |1 cpulE Vea
Internal Load Generator sys. osdlcru L . o

I-rl’!

Conventional Hybi:id LDO Proposed Hybrid LDO t
Fig.3. Proposed hybrid LDO structure with high current density

Fig. 3. Proposed hybrid LDO structure with 3. i EAESEREEREES
high current density LDO 4&f%

B : 1336
1R Samsung fet AR TEIZ SoC fEARYE ST LDO 451 -

ARk

I35 200+Gbls /#517#42 4%/ 4nm FINFET CMOS - 72GS/s - 8 /777 DAC #7954
RFE%22 , — IBM Research » ] (377 1241)

IBM #i s 7 A o = 2 P S B R G S A 25 P & B O N BT I GRS AR T 1Y

oK - HITAZRA AR 72GSIs {EEMIAUR SR AR (SST) #iBEi 8 firyt DAC - Jumifi
SST & FHINESEARME 56GBaud » MEE(EMHE=E] T 72GBaud - FBHY 4nm FinFET

CMOS IC &/ T 216Gb/s PAM8 Fi1 212Gh/s QAM64 OFDM fE3 > ThkE s 288mW -
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Fig. 8 Measured 72GS/s TX eye diagrams w/ FFES for (a) 144Gb/s

PAM4 QPRBS13 (b) 180Gb/s PAM6 PRBSI11 (d) 216Gb/s PAMS
PRBS15

Fig. 8 Measured 72GS/s TX eye diagrams (a) 144Gb/s PAM4 QPRBS13 (b)
w/ FFES8 for (a) 144Gb/s PAM4 QPRBS13 | 180Gh/s PAM6 PRBS11 (d) 216Gb/s PAMS

(b) 180Gb/s PAM6 PRBS11 (d) 216Gb/s PRBS15 JHl{3#y 72GS/s TX IR[&E f FFE8
PAMS8 PRBS15

EfE 1241

fERE : (a) 144Gb/s PAM4 (b) 180Gb/s PAM6 i1 (c) 216Gb/s PAMS8 1 IBM FiHI#5 72GS/s
TX iR [E 2 FFES8

5G WEg=s

[ 65nm CMOS #¢/ii#7 5G &% 28/139GHz 447 64/1256/512QAM A A #A
FCTX PRI A IS FEHTEE T 7 2] TIR 742 25.8-39.2GHz JHEH Y # a5
Al - DA AR (a X 1802)

THEREBHIIFE AN BER T — i B BTECRAY 5G a8 5 SsfIPEILEs - RIAE 28-39GHz 1y
FARREREINEE - DA EERER AR EIRES - PR AA T B BR S 3 Bf S AR U a5 B A PR R
Ut~ TERAIREARR A EFRSRTUR R AP © IEfFEASZHE 28-39GHz HY 64/256/512QAM » A
A 19.2dB RX #45fl1 >12.8dBm TX Ih# » HEfEEL/CATHIRAMTEC L 25% LLE -
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W ¢ (a) HHEAE LA A SR 5 R TE RSB EET HIE  TX/RX 7B
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5G WEg=s

f#/ Shared-LUT DPD #7/Hj* 5G At G a7 EE 2 1E #EitH7 39GHZ CMOS
E#/57 Doherty FTESEE F L #S ) — FR T AL (57 X 1383)
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TX DEREHE A - IR a7 R SRR E R AR (50 A 4 P B B DA s BB A AL R
WL > R R EEE (EVM) 125 9.1% » RiseH ZIHEIEY EVM 25 11.8% - 1£ 64
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Fig. 1. Proposed phased-array beamformer chip and die micrograph.

Fig. 1. Proposed phased-array beamformer 1. R AAETZERE R R e as &t 5 RSk
chip and die micrograph. FHMHRE o

EfE © 1383
R HOR LSRR HA TR E M EHY 39-GHz ) Doherty AHFZERR R pES ©

FifeRl LIDAR

I#HA HVILN B igheE o 1 8% & SPAD SESIFIE =2/ PT #5517 1200x84 5%
30fps 64cc /#AS LIDAR RX , — Toshiba (2% 7 1288)

LIDAR FTHHNERE VLS| #Elas MIEEr5 R SE 5t 25 A HEB M (R T RSTEARA - Toshiba R T
—iKEL CMOS-SPAD Fy LY LIDAR FEUES » BEREUNES IR ALE TR/ M 64ce Befafy #4t
Ay © 1200x84 AR A T i LAY BN EE SPAD B - BAZEEMIEHE (DTI) - SPAD HY
SR F BRI IR 25 &t 11 SR TTIRAY R © BE AR T — (S 7 B iy SR P
B o FHR#H{E SPAD BURERURIERS - NILATR D ARG RUE B - I LIDAR 2 &idhies
CMOS #2U SR ELf ARk SR ~ 28 178 ADC 1 FPGA » 1Ei=%E 90°C HYARSURE N » 1A
110kLux FYBHZEEREEE T DL 30FPS AR {E % SN 3D BhEAVELE -
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Receiver (64cc 4xdx4cm?)

2D-SPAD array legha,'{n:éi Kfﬁ WLEML. FPGA
TR 'w"_'1 i g L ADC =
? 28 row x N column . g T.m N?c A V.4 ‘
3 : . - . s lostance| 2] | %
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TIA [ADC] Logic
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i |DC S\asI PLL

LiDAR
control

data
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Temperature
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The DSCC

| Temp.=25°C = = Temp.=90°C Temp.=90°C

Figure 4. (a) Our palm-sized proof of concept LIDAR and its block
diagram. (b) The 3D point cloud data at 25°C and (c) at 90°C with the
proposed DSCC OFF, and (d) DSCC ON.

Figure 4. (a) Our palm-sized proof of 4  (a) FEA/NIIESERSS LIDAR K H:
concept LIDAR and its block diagram. (b) J7H[E - (b) 25°C H%Y 3D BEEZEL - A (C)

The 3D point cloud data at 25°C and (c) at 90°C H. s 00 DSCC IS - Fil (d -
90°C with the proposed DSCC OFF, and DSCC EE%F%TE AT T Al (d) BRRL

(d) DSCC ON.
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& ¢ (a) Toshiba FEAR/NYRERERRE LIDAR K55I - (b) 25°C K#fy 3D BEEERL > Al
(c) 90°C HEHPATE#AY DSCC i » A (d) Bl DSCC K -

A1 LIDAR
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at day (ambient 100k lux)

at night (ambient < 1 lux)

Fig.5 Outdoor depth méps at day and night.

Fig. 5 Outdoor depth maps at day and 5 HRH R FEIMNESEE -
night.
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Fig. 5 ADC die micrograph and layout details.
5 ADC &hHrEERAIE R A m4nEs -

Fig. 5 ADC die micrograph and layout
details.
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