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“Experimental Demonstration of Novel Scheme of HZO/Si FeFET Reservoir
Computing with Parallel Data Processing for Speech Recognition”
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“Scalable 1.4uW cryo-CMOS SPAT Multiplexer Operating at 20mK for High-Fidelity
Superconducting Qubit Measurements”
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Fig. 4 a) Optical image of the qubit chip. b) SEM
image of overlap superconductor-insulator-
superconductor (SIS) Josephson junction (JJ). c)
Equivalent circuit of the resonator-qubit system.
d) Potential profile and qubit energy levels.
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Fig. 4 a) Optical image of the qubit chip. b)
SEM image of overlap superconductor-
insulator-superconductor (SIS) Josephson
junction (JJ). ¢) Equivalent circuit of the
resonator-qubit system. d) Potential profile
and qubit energy levels.
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“An 8-bit 20.7 TOPS/W Multi-Level Cell ReRAM-based Compute Engine”
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Fig. 9. Die mic raph
in PLCC socket. Prototype die measures 3.2 x 5.1mm.

Fig. 9. Die micrograph and prototype chip 22 9, Aot AA Y H AR H o] &
on custom substrate PCB in PLCC socket. | 71==3}7] ¢]%F PLCC 47 7]9+2] PCB.
Prototype die measures 3.2 x 5.1mm. (Z2EE9 3 =17]: 3.2 x5.1mm)
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“A 40nm Analog-Input ADC-Free Compute-in-Memory RRAM Macro with Pulse-
Width Modulation Between Sub-arrays”
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Fig. 3. Strueture and operation of the proposed ADC-free compute
scheme using 1TIR array.

Fig. 3. Structure and operation of the 1% 3.1T1R of# o] & A}-8-3F ADC-free -
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“Intel 4 CMOS Technology Featuring Advanced FinFET Transistors Optimized for
High Density and High-Performance Computing”
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“Scaled FinFETs Connected by Using Both Wafer Sides for Routing via Buried
Power Rails”
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“Reliable Sub-nanosecond MRAM with Double Spin-Torque Magnetic Tunnel
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“Vertical Channel-All-Around (CAA) IGZO FET less than 50nm CD with High Read
Current of 32.8uA/um (Vth + 1V), Well-Performed Thermal Stability up to 120°C for
Low Latency, High-Density 2TOC 3D DRAM Application”
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“First Demonstration of Ge2Sb2Te5-Based Superlattice Phase Change Memory with
Low Reset Current Density (~3 MA/cm2) and Low Resistance Drift (~0.002 at
105°C)”
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“A 0.6pm Small Pixel for High Resolution CMOS Image Sensor with Full Well
Capacity of 10,000e- by Dual Vertical Transfer Gate Technology”
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“Low-capacitance Ultrathin InGaAs Membrane Photodetector on Si Slot Waveguide
towards Receiver-less System”

£ @LJ8t A (The University of Tokyo, =2 42 1455)
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“First Monolithic Integration of Group IV Waveguide Photodetectors and Modulators
on 300mm Si Substrates for 2um Wavelength Optoelectronic Integrated Circuit”
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“Wafer-Scale Bi-Assisted Semi-Auto Dry Transfer and Fabrication of High-
Performance Monolayer CVD WS: Transistor”
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“A 2-Layer Transistor Pixel Stacked CMOS Image Sensor with Oxide-Based Full
Trench Isolation for Large Full Well Capacity and High Quantum Efficiency”
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‘A 17-95.6 TOPS/W Deep Learning Inference Accelerator with Per-Vector Scaled 4-
bit Quantization for Transformers in 5nm”
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“A 16GB 1024GB/s HBM3 DRAM with On-Die Error Control Scheme for Enhanced
RAS Features”

YT} (Samsung Electronics, =252 1170)
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Fig. 6. Chip microphotographs of (a) Core-die and (b) Buffer-die, (c)
measured tCK shmoo.

Fig. 6. Chip microphotographs of (a) Core- | 713 6.(a) Z°] tto] % (b) WY tho] <] 3
die and (b) Buner-die, (c) measured tCK mlo] 3 & AL, (c) tCK shmoo 4.
shmoo.
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“Energy-Efficient High Bandwidth 6T SRAM Design on Intel 4 CMOS Technology”

91 (Intel, =£ZH 2 1664)

Intel &] A A}E-L Intel 4nm 3 CMOS 7]<=$S vlg o g2 14 5248 Q3= 9 &
A}, 71
6T X 8T SRAM 71-3:9] @A/ & S53to], 6T 729 A4 33} 8T 739 295

A 2~8S e ake] oA F8S 23} 5k A 28 8k 215 SRAM < A A
Pz Iz

Ay 78 =4 ]/Khsﬂ ™A 6T SRAM ¢} HluLd}o], 8T H|E A& ko =2
Alell 4 8T 2f #-AF3H

AZAA R E o EA 7| A= @) B =Tl A= /& 6T

pS|
=
e AQ, MEA T 0.03um? AATS oA B AA S 56w AN H 5

L

6T SRAM A A & #| A] gt}

1 8T-SRAM
6T-SRAM RWL
= WL -
PU RT| 8T-LSA BT-CONV 8T-HBW
GT-CONV] e (8T-SRAM bitcall) (HCC bitoall) (HCC bitoell)
i PD I_| Y[ ra| Array Efficiency, 52%, 75%, 61%.
Densit; 13.7 Mbimm? 23.8 Mb/mm? 19.4 Mb/mm?*
- HDC BL BLb RBIl i
-‘é’ Overall Macro Area '] 174 x 1x 1.23x
° Read Energy / access/'”1 1x 5.81x 1.03 x
O] 8T_ Write Energy / access!4 1x 1.9x 1.47 X
Q LSA Bitcell Leakage 6 x 1% 1x
e ROAURGRRRARAGRL
,~~_~’ il H ‘,IHL IEEEECEE | [ Output muxes are excluded from area and energy calculations
P

for both read and write

E'\"H‘UH'HHHH TIEEEELL
i 6T,

EEETEER R L i PO

1664 T=-2] 1™

Z1H44: (a) Intel 4 CMOS 7] & -8 AI¢Heh= SRAM B2 E 3 2] AL (b) Intel 4

CMOS 7|4 H 2 2] v E Al (c) 60kB SRAM W A& 7] % 2 A% 1|1

[21 Read and write energy measurements are based on 50% ‘0 and 50% '1' array data
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“Co-Optimization of SRAM Circuits with Sequential Access Patterns in a 7nm SoC
Achieving 58% Memory Energy Reduction for AR Applications”

HEF Meta, =2 F/2 1148)

AR o Zg A o] o A < ZA,
Reality Labs § 2 - =& 53}o] AR ¢F
Y4E 7nm SOC &£F4 9] 24 dE M
o] 7] & 2A7] A A &FE = AMNS HAE S

71 H] €1 7] Akl A 52%, 27] T} o A 58% &

Memory Access Patterns in Typical AR/VR Applications

0 2-4 Sequential Words
69% m4-8 Sequential Words
m 8-16 Sequential Words

E1 00% m Single Access
3 75% 97%
8 50% i s
» 25%
0% + t + t t +

ot ®>16 Sequenital Words

o

< 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
EMG Wristband [8]

SoC Die Image
Board Picture

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

v" SRAM control circuit configured for multiple column access within a single row access

v" 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.

Key
Features

Fig. 1: (a) Application analysis of AR SoC
SRAM data access showing high
sequentiality. (b) Chip die photo and demo
setup. Measured energy at 124uJ per
‘pinch-and-release’ hand gesture detection.
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“Fully Integrated Voltage Regulators with Package-Embedded Inductors for
Heterogeneous 3D-TSV-Stacked System-in-Package with 22nm CMOS Active
Silicon Interposer Featuring Self-Trimmed, Digitally Controlled ON-Time
Discontinuous Conduction Mode (DCM) Operation”

Ol (ntel, =22 1117)

Intel 2 22nm &4 A2 AHEZA A o] 7]F HA-E 3D-TSV 2~ F A ~H-Ql-

3 7] 2 (SiP) A Al 9} E 5ot H Al Al=E-Ql-9 7] 2] A9 #HE] V&S ARG ARES

3D-TSV ¢} 214 AAH 77]=] 7]3hel JAYE & Wgste] B} e = Qe A 9] 713

3ty A 2H27 S A A8 58S v B 2] Z-$- 10mA — 300mA of] 2 A
do] 247 E AeH o2 IFo] gl 1A A 7R o] L

sho] theFsk de @ At whet vkt AFY, viRe 2 4

° 2 E3E 4

Lac = 1.4nH
Rpe = 40mQ
. Rpc =900

= Tsv

“ 1mm X 1mm

100nF On-die decap
+
Load

Lac =1.1nH

1 Rpc = 60mQ

gL SHSJ Rac = 1500
Tt TSV o3ommx 0.32mm TSV

Lac = 0.9nH

Rpe = 90mQ

Rac = 120Q*
AANA-

1.4mm x 0.1mm TSV

‘R, @ 100MHz frequency

Figure 2: 10-tile te st setup with inductor specifications

Figure 2: 10-tile test setup with inductor 9 2: Y H AFFe] 10 A7 HAE AA

specifications
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‘A 3nm GAAFET Analog Assisted Digital LDO with High Current Density for Dynamic

Voltage Scaling Mobile Applications”

214 Af (Samsung Electronics, == £/ 1336)

o SoC ¢ 3 077} 3o

e s el 4
X%Eﬂ g'—
LDO < ETLE ] ]—6}_]:} Xﬂo]'o}
SEA wo]l= A A

Al &

5’.11.1‘

Z 7 o ,1ns Eo]- 1A E;ﬁl

A #ef o] o] FaE L gk A o AxE S
xﬂ 3 o}L 3nm FET(GAAFET) 7]%
sto]H | =

Z It 3]

-8} W sl ol 3

2 22 A4 o1& FH 4 CMOS

% Shof ol d 21 §1i

O A A= CPU F59]¢] &2
—g— HIEF O 2 <ImA ~ 1.4A 5~
38mV =9 H2FASH 7

mlo

1%
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Conventional Hybrid LDO

Proposed Hybrid LDO

Fig.3. Proposed hybrid LDO structure with high current density

Fig. 3. Proposed hybrid LDO structure with
high current density
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“A 72GS/s, 8-bit DAC-based Wireline Transmitter in 4nm FinFET CMQOS for
200+Gb/s Serial Links”

o/=1BM F-22 (IBM Research, USA, == 535 1241)

01-)4

IBM = tlo]E AlE o] Y EQ A o3 F7tel t-3-35H7] gk 2114 Al a8 F417]
T-ZE Aetstt}. 72GS/s & 5 43l= 8b DAC 2 SST(A2 A g2 ) EZ 2 A 7F A F A
Aetw] gl om, 71+ 2] 454 56GBaud ° 4 72GBaud = o % 7H/;jé‘}<}i1?]-. A orals EA1 7
T-Z+= 4nm FinFET CMOS 34 o2 A 5] 9l o, 288mW ¢] x & 41| 2 216Gb/s PAM8
2 212Gb/s QAM64 OFDM % Z}o] 7}% &}t

* 75mVidiv
v

Fig. 8 Measured 72GS/s TX eye diagrams w/ FFES for (a) 144Gb/s

PAM4 QPRBSI13 (b) 180Gb/s PAM6 PRBSI11 (d) 216Gb/s PAMS
PRBSI5

Fig. 8 Measured 72GS/s TX eye diagrams | Z1¥ 8 (a) 144Gb/s PAM4 QPRBS13 (b)

w/ FFES8 for (a) 144Gb/s PAM4 QPRBS13 | 180Gh/s PAM6 PRBS11 (d) 216Gb/s PAMS8
(b) 180Gb/s PAM6 PRBS11 (d) 216Gb/s PRBS15 & FFES ¥ 38} 72GS/s TX ©}9]

PAM8 PRBS15 tholo] 12l =7 7}

1241 =79 14

1949 IBM o] =743 (a) 144Gb/s PAM4 (b) 180Gb/s PAM6 2 (c) 216Gb/s PAMS £
FFES 9] 72GS/s TX o}¢] tho]o] 13




5G EWAAH

“An Ultra-Compact Bidirectional T/R Folded 25.8-39.2GHz Phased-Array
Transceiver Front-End with Embedded TX Power Detection/Self-calibration Path
Supporting 64/256/512QAM at 28/39GHz band for 5G in 65nm CMOS Technology”

&2} 8Fid (Tsinghua University, =2 22 1802)

Zalustae] ATdEL vt 199 56 i S35 = 28-39GHz T 3H o 4 9
AA ek ST F2E TS A W] 7Rk SR8 A7 el A )
W XD W) A3 3d 299, 14 L 9% AEE F142 =g H ATk A7 € 28-
39GHz 9] 64/256/512QAM S A Q& A4 %= 19.2dB RX ©]|5 3} 12.8dBm ©] 4] TX 1 H &
A9, Anpd oz JR AL 25% o) 4 Foli= AhE AU
(a Conventional Phased-Array TRX FE
(== (== W rcran W ecean WS
K’
Pawer PS
e | 2tecton
@ i icdim 7 i1 5 im(@\mi ] i 5 168
com
1%, PS — o [r
Switch N FM FMR N xFm FM G Switch
B 1# s, 2% £ ps)) TN Shigaall 5
L~-60% Area U U
Reduction Proposed TIR Folded Bidirectional Phased-Array TRX FE with Embedded Power Detection/Self-calibration Path
W rxrath [l RxPath  TR.Folded TiR Folded Transformer + Broadband Coupled-
aaar | [ 7O DSOS oy /] Empedded ATTY, Line-Based Matching|
I e T Adjustable]
o amon i
Inarad NAIPA 4
1AMP | e

1802 =9 1

TR () A starh AlQhE 2249 FEE TX/Rx = 28/39GHz TS #Ho] ==
ojtflo] EFRAIN Y 2. A A B AA BAFE 913 A= A A7 W E o] T
(b)TX/Rx =9 o7 B 4. Tx/IRx & 2ol A AARS- B = FaF Mek7] 719k L e 7471 &
AlFetar it () Atk 25 TFE g 3 A,
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‘A 39GHz CMOS Bi-Directional Doherty Phased-Array Beamformer Using Shared-
LUT DPD with Inter-Element Mismatch Compensation Technique for 5G Base-
Station”

E@EF G5 Tokyo Institute of Technology, =2 #/.2 1383)

(1
o

FFAUstuE E3E Aihs A8 SEVE AMESE A4 wld UxHE 7)uke
M2 7Nde 56 EWMAIHE ARt 7 telvfol A TX W= E8o] A&
A UAE 2 oldza BA v]eo] MEA AetE Ao, 7+ ctevtel thal &
B2, /ME g 2 AN BAES AFES] A o/ HEH A7(EVM)E ) 9.1%, W%
11.8% A7 = AAE AT & =S BTalA RusE 32 64 QAM HXE A X

e
H) 3.5G A &S A g 4 9) o, 21-Gb/s T 7 o] Holg ~E g W% A Y3},

39GHz Bi-Dir. Doherty Beamformer Chip
[
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Fig. 1. Proposed phased-array beamformer chip and die micrograh.
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o]u] 4 & LIDAR

“1200x84-pixels 30fps 64cc Solid-State LIDAR RX with a HV/LV Transistors Hybrid
Active-Quenching-SPAD Array and Background Digital PT Compensation”

LZA/HF (Toshiba, == 52 1288)

VLS| 7| &2 OJ?& 28 FPEA7e) WA o7 FH T LIDAR 742 A7) 9} vl go] A
A7rE a1 ok A 8RS A 31E Evbe A719] (64cc) Al 2=Flof| Wg¥El CMOS-SPAD 7] 1t
LIDAR EWHi = *d_EOJE‘r 1200x84 A+ Edl X AA(DTI) 7|Ho] &8¥ A4 3}%
active quench SPAD I Al-S- Y &slar i}, 71E9] 271 2ka & 2 As ¢ 7]4ke]
XA T 8 Qe SAHS A stY] flEliA], Al =3 SPAD ZR A B 2 WMEkE
Bk 23 gAY Wt s Aded Alo] EFH 0] A E e, T4 02 A ~H
T 875+ 18 A a3E AFAT AlF A AFE LIDAR Al 2812 mlo] A=
2719 18] & g4 8 CMOS $=417], 28ch ADC 2 FPGA & ¥313la gom, Hu &%
90°C, 5% 8}7] 110kLux 9] oF2] 3+7 o A %= 30FPS 2] 3D Q1 E Fa}9-= A S

o] =
A A gt
Receiver (64cc 4xdx4cm?)
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E: 28 ros column : | T_m B = 2 ‘
X . o 3 . . | Distance s k o
s = S * g * I measure . o ,—

Row decoder

{ Swilch array I
Buffering

TIA —{AoC] Logic
TIA -m (OML) ~
L Distance
OC Bias|| PLL N -
| LiDAR data
= —— control

Emitter(280cc) — - DM (LD) start

6.-face po\chm {aser scanner. (a)
™ i

B s
20
e
Ed’i
se

Activate
The DSCC

(-
3
®
i
]
%
§
2

| 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 9 4.(a) =vke A7) 2 7+ 9 LIDAR
concept LIDAR and its block diagram. (b) A 2~EHlo] B2 tlo|o]1e 3D ¥ E

The 3D point cloud data at 25°C and (c) at | =alo.= 14 A3}l (h) 25°C 37 (c) 90°C
90°C with the proposed DSCC OFF, and g}%};,ﬂ D(ESZ:CE(J)JIQF( %L%L (d)bgooo’c( )

(d) DSCC ON. 3170 4] A5k DSCC ON 7%

1288 v=-°] 17

1347 (a) Toshiba ] &rle 7] 2 @ ¥ LIDAR Al ~El9] B2 tloloj el 3D Q1 E
Za9-= A A3} (b) 25°C £+, (c) 90°C +7 ol 4] DSCC OFF 43}, (d) 90°C -7 ol A
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“A Hybrid Indirect ToF Image Sensor for Long-Range 3D Depth Measurement Under
High Ambient Light Conditions”

Toppan Inc. (=& 522 1190)

3D zlo] 7hH2} B LIDAR & 913 L3l 4= ToF o] w] ] A= HE2 o= 72 Hel e
AL F S 3 A8 of &= 471 At} Toppan Inc.:= Brookman Technology
AlzL 7} tistel Arxla g st A28 erold AAE Aljt, AAR o =& AU ES
Al EA R = s 1 ToF A7 Ve S sy Al s ;ﬂloPo}“ AA 75 E H
7}11113}7} 5 E]_SJ_'}“IO]: oA FAll Zs e g o= A A Ve S MR o' o] AMSS

318k 3 9] o ﬁgoﬂ 2 as}c} oﬂ;g & #d] 100Lux ¥ %2 0 2 15¢cm 7| 7he]
SHHA Eacis =
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A= 1=
UEE VGA AlM 9] 7] =& A8kl
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at night (ambient < 1 lux)

Fig.5 Outdoor depth maps at day 7and night.

Fig. 5 Outdoor depth maps at day and 138 5 Aokl Al 2 =A s vy vho]
night. ofe] Zlo] A&

1288 =19 1]
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“An 8-bit 56GS/s 64x Time-Interleaved ADC with Bootstrapped Sampler and
Class-AB Buffer in 4nm CMQOS”

APIA IBM Y4 IBM Research, Switzerland, =2 2.2 1215)

912 ¢] IBM Research &= 341 4nm CMOS & A || A 8b &l 4= 2] 56GS/s ADC =
TAsATh 14 AlEd HAE 98 Hte] ADC-7|HE A1 7] = 112Gb/s o] 3] 8-
Lo msly] e AlZE-E e WAS i o2 ALk}, B = oAl = Ald 1 XA,
I BA 7S 53 64 719 ADC A 8-S A7

S QA &3, 4nm V) E w9 S3E =
oJ73s] 0.8V Hul & ~YS FAGE =L

Class-AB 92 H5] & REXE Edlql-F= HEY F)7} g7 2otE ), o] &
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Fig. 5 ADC die micrograph and layout details.

Fig. 5 ADC die micrograph and layout 19 5 ADC 3 Al ¥ #lo]oly- A 3}
detalils.

1215 &=-9] gl 1¥
Hlolol-2 Al F AR, 16x4 A-53 ADC = M2 FEAE = 7]<3} 1st rank <1E] 2] B
714k class-AB & 9] & AF&-ghtl.



