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Technology platform papers:

T6-1 Highly Manufacturable 7nm FinFET Technology Featuring EUV Lithography for Low Power
and High Performance Application (Samsung Electronics)

T6-2 10nm High Performance Mobile SoC Design and Technology Co-Developed for Performance,
Power, and Area Scaling (Qualcomm, Samsung Electronics)

T6-3 First Demonstration of Flash RRAM on Pure CMOS Logic 14nm FinFET Platform Featuring
Excellent Immunity to Sneak-path and MLC Capability (National Chiao Tung University,
National Taiwan Normal University, UMC)
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Papers to advance technology using novel materials:

T6-4

T9-1

T12-1

First Demonstration of 3D SRAM through 3D Monolithic Integration of InGaAs n-FinFETs on
FDSOI Si CMOS with Inter-layer Contacts (IBM Research GmbH Zirich Laboratory, CEA-
Leti)

High Performance and Record Subthreshold Swing Demonstration in Scaled RMG SiGe
FinFETs with High-Ge-Content Channels Formed by 3D Condensation and a Novel Gate Stack
Process (IBM)

Nano-scaled Ge FinFETs with Low Temperature Ferroelectric HfZrOx on Specific Interfacial
Layers Exhibiting 65% S.S. Reduction and Improved ION (National Nano Device Laboratories,
National Cheng Kung University, National Chiao Tung University, National Sun Yat-Sen
University, Industrial Technology Research Institute, National Applied Research Laboratories)

Papers to advance technology for non-conventional systems:
JFS3-3  Performance Boost of Crystalline In-Ga-Zn-O Material and Transistor with Extremely Low

T2-3

T13-1

Leakage for IoT Normally-Off CPU Application (UMC and Semiconductor Energy Laboratory)
A Low-Power Cu Atom Switch Programmable Logic Fabricated in a 40nm-node CMOS
Technology (NEC)

Towards Quantum Computing in Si MOS Technology: Single-shot Readout of Spin States in a
FDSOI Split-Gate Device with Built-in Charge Detector (Institut Néel, CEA LETI, CEA INAC-
PHELIQS)

Papers to advance heterogeneous integration:

T5-1

T8-1

Wafer Level Integration of an Advanced Logic-Memory System through 2nd Generation
CoWoS Technology (TSMC)

Towards a Fully Integrated, Wirelessly Powered, and Ordinarily Equipped On-lens System for
Successive Dry Eye Syndrome Diagnosis (National Chiao Tung University)
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T6-1 Highly Manufacturable 7nm FInFET Technology featuring EUV lithography for Low
Power and High Performance Application (Ha et al., Samsung Electronics)

Y LRAVEFH EUV VYT S5T70—Z A= Tnm X CMOS Biffi#H KT 5. 4 X B &455 Fin
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T6-2 10nm High Performance Mobile SoC Design and Technology Co-Developed for
Performance, Power, and Area Scaling (Sam Yang et al., Qualcomm and Samsung
Electronics)
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T6-3 First Demonstration of Flash RRAM on Pure CMOS Logic 14nm FIinFET Platform
Featuring Excellent Immunity to Sneak-path and MLC Capability (E. R. Hsieh et al.,
National Chiao Tung University, National Taiwan Normal University, UMC)
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T6-4 First Demonstration of 3D SRAM Through 3D Monolithic Integration of InGaAs n-FinFETs

on FDSOI Si CMOS with Inter-layer Contacts (V. Deshpande et al., IBM Research GmbH
Zirich, CEA-Leti)
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T9-1 High Performance and Record Subthreshold Swing Demonstration in Scaled RMG
SiGe FinFETs with High-Ge-Content Channels Formed by 3D Condensation and a
Novel Gate Stack Process (P. Hashemi et al., IBM)
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T12-1 Nano-scaled Ge FIinFETs with Low Temperature Ferroelectric HfZrOx on Specific
Interfacial Layers Exhibiting 65% S.S. Reduction and Improved lon (C. -J. Su et al.,
National Nano Device Laboratories, National Cheng Kung University, National Chiao Tung
University, National Sun Yat-Sen University, Industrial Technology Research Institute,
National Applied Research Laboratories)
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JFS3-3  Performance Boost of Crystalline In-Ga-Zn-O Material and Transistor with Extremely
Low Leakage for 10T Normally-Off CPU Application (Shao Hui Wu, et. al., UMC and
Semiconductor Energy Laboratory)
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T2-3 A Low-Power Cu Atom Switch Programmable Logic Fabricated in a 40nm-node CMOS
Technology (X. Bai et al., NEC)

NEC (& 40nm t#{£® CMOS HffixFE>TEE L. HREFRAAMVFERW:RERTOIS<T
IWADSYYDERIERERKR TS, EBEBFBRITOISIITILADYIICHRLT. 2 EOODVIFRE,
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This work Commercial
Switch Atom switch Pass Tr.
Process node 40 nm 40 nm
Number of LUTs 6400 1280
Logic density [mm-?]
(= No. of 4-input -LUT 2532 1320
per Area)
Max. Speed at 0.8V 27 MHz 7.1 MHz
VDDmin at 15MHz 0.675V 094V
Dy”a\’/“D'%"r’n"i‘r’;’e’ at | 43 pW/MHz | 39.5 pW/MHzZ
Active power at VDDmin 386 yW 630 pW

TERELLERZR (Application: ALU). OO R E, B1EEE. EHAMEDETIC
BWT EEKBFAITOISYILOSyo kYL ENT-EEZRLT-.
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T13-1 Towards Quantum Computing in Si MOS Technology: Single-shot Readout of Spin states in
a FDSOI Split-Gate Device with Built-in Charge Detector (M. Urdampilleta et al., Institut
Néel, CEA LETI, CEA INAC-PHELIQS)

Institut Néel, CEA LETI & CEA INAC-PHELIQS [FEFFYNRDE—REVETILEA LTEAY
SEMERKRT 5. COBREMIE. 7700 —LEBRIEDHS Si MOS HKitieR w7 —MEE
DEHAHBBEIRIFICE>TREEIN D, RAELIAEVKEBOE—HZAHLIE, IV ER
W=RYMMEDHEIEFIAVE1—TAV IV ERBTHLTOFARGHEMTHY., Y UIAVREVE
FEYRE MOS Bl CRI T S ENFRORRAIRLGRMA T3 THAHAZEEZTLTVS,

AT —MEET INA REBOAA B D EFIRINEE . AEVIREFREF
TEHEFRYMNIT—LDABEFEICREIN, F— &> THIEEN S, ¥—
FICHEEFRF (HEOEE) A h, EFFVLEBRERKELTLS,
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T5-1 Wafer Level Integration of an Advanced Logic-Memory System Through 2nd Generation
CoWosS Technology (W. Chris Chen et al., TSMC)

TSMC NREHADVIFVTERKE6DETD 8 BFEE DRAM FYT(HBM2)ET/\LRNLTE
FEATREALE 2 X CoWoS HiffiZ R KT 5D, X470/ T+ TSV, APy IFvTHiEE DRAM F
YTEDATOATIL—2av (L& ERRYBBERZ L TOwRAFa—=0 7 [TE>THRIRL .
BK 1200mm*EFTHIAV A E3—R—F EADEZEEREEZERIEHL TS, 5§ 2 t#H{t Cowos (F
ADY Y EARYFITDATOERICEEEHEEAVE1—T(VJ#RIBTEHILFTIL 3D-IC T
SYLITA—LEFMB M TOND M TH S,

Siinterposer "
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cA Ol
Si interposer

Substrate

TAHANT SiAUBR—R—Y TSV, C4 i/ > 7 iR, BGA. RO
SwhFvT FEE DRAM Fv 7 (HBM2)h 575 CoWoS-2 O B E & FIE M
FEEE

CoWo0S-2: 2" Generation Chip-on-Wafer-on-Substrate
HBM?2: 2" Generation High Bandwidth Memory
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T8-1 Towards a Fully Integrated, Wirelessly Powered, and Ordinarily Equipped On-lens System
for Successive Dry Eye Syndrome Diagnosis (J.-C. Chiou et al., National Chiao Tung
University)

ENRXBEREZE, EHGNICROZRREFRAETHENHESIRTY— IV E2IRL VX (SCLYZHEKRT

%, CDVART LG, REoY—,ToTHEIBOAALEERBEEEDHEN\AFOF L DI L2

LoXE, RERS LG Y —ESERMYER TEBRIN TS, £-MO RFID HiaRYE

BEAWVWC.LYXEDVRATLIZHLTE Y —DFlEIET —2EBEEITIENHEES BEEE (L.
ZO SCLEEFEALTERMNISEDOA D DEREITSIENE KD,
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a) SCL System (b) Wrinkle-free wires

(c) Side view

Symposia on VLSI Technology and Circuits Page 13



I1) 2017 VLSI Circuits PRI L N FALRX
VLSIEE& VRO LMDSIELUTD 15 DN/ SA MR ERBNWNELET,

N SA MR —E

JOotyvy - AEVMEE

(C20-1) University of Michigan
Recryptor: A Reconfigurable In-Memory Cryptographic Cortex-MO Processor for IoT

(C2-1) Hokkaido University, Tokyo Institute of Technology, Keio University
BRein Memory: A 13-Layer 4.2 K Neuron/0.8 M Synapse Binary/Ternary Reconfigurable in-
Memory Deep Neural Network Accelerator in 65nm CMOS

(C26-2) ARM Ltd.
A 12.4pJ/cycle sub-threshold, 16pJ/cycle near-threshold ARM Cortex-M0+ MCU with
autonomous SRPG/DVFS and temperature tracking clocks

(C12-2) University of Michigan, Fuijitsu Laboratories, Ltd

A 0.3V VDD, 4+2T SRAM for Searching and In-Memory Computing Using 55nm DDC
Technology

NAH - 2o

(C19.1) Sony Semiconductor Solutions Corporation, Sony LSI Design Inc., Sony Electronics Inc.

A 4.1Mpix 280fps Stacked CMOS Image Sensor with Array-Parallel ADC Architecture for
Region Control

(C9-1) Arizona State Univ., Samsung Research Center-Beijing, Samsung Advanced Institute of Technology
A 1.06 uW Smart ECG Processor in 65nm CMOS for Real-Time Biometric Authentication and
Personal Cardiac Monitoring

(C4-1) National Chiao Tung University
A Fully Integrated Closed-Loop Neuromodulation SoC with Wireless Power and Bidirectional
Data Telemetry for Real-Time Human Epileptic Seizure Control

(C24-1) Korea Advanced Institute of Science and Technology, Samsung Electronics Co., Ltd.
A 10.1" 56-Channel, 183 uW/electrode, 0.73 mm?*/sensor High SNR 3D Hover Sensor Based on
Enhanced Signal Refining and Fine Error Calibrating Techniques

7FOowmiE

(JFS2-1) Intel Corporation
A Digitally Controlled Fully Integrated Voltage Regulator with 3D-TSV-Based On-Die Solenoid
Inductor with Backside Planar Magnetic Core in 14nm Tri-Gate CMOS

(C8-1) imec
A 16nm 69dB SNDR 300MSps ADC with Capacitive Reference Stabilization

(C11-1) Broadcom Corporation, Delft University of Technology
A Capacitively-Degenerated 100dB Linear 20-150MS/s Dynamic Amplifier
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(C23-1) Tokyo Institute of Technology, Samsung Electronics Co., Ltd.
A 100mW 3.0 Gb/s Spectrum Efficient 60GHz Bi-Phase OOK CMOS Transceiver

(C14-1) Taiwan Semiconductor Manufacturing Company [TSMC], University College Dublin
A 0.5V 1.6mW 2.4GHz Fractional-N All-Digital PLL for Bluetooth LE with PVT-Insensitive TDC
Using a Switched-Capacitor Doubler in 28nm CMOS

(C25-1) IBM Corporation
A 32 Gb/s, 4.7 pJ/bit Optical Link with -11.7dBm Sensitivity in 14nm FinFET CMOS

(C25-2) IBM Corporation, Ecole polytechnique fédérale de Lausanne [EPFL]
A 60 Gb/s 1.9 pJ/bit NRZ Optical-Receiver with Low Latency Digital CDR in 14nm CMOS
FinFET
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JOtyY - XEYUMEE

loT #ROTOLYFCE, EF1UTI—EANTRBEICH IS LB EEREEN RGN TVET . RETDRE
S ERRICERT FEnCI Y FORInHESR THEASNS IOV LAV TLE BB S ER . Ronit
HEBNTHRIKEETIDENHIET . ATHEENATIEHERBDS MIEBHLIE IS IS LI ERE e
MRLIONEFETRETIDENHBNET T, BEMRENMEELBVEIICTESLETAEIA(IN-Memory) T
BETHETHRENR ELET UTON31 MR TIE, PIVTVZXLOZRILEEBEARBOTXCLD.,
loT #AGLTIEDFRBERMRLE 3 HDTOLYHCET X E. REMAEPEXEEN A REGHBIEEE
B{ETIAETT SRAM [CRET 3R ER T LET

(Paper C20.1) University of Michigan

Recryptor: A Reconfigurable In-Memory Cryptographic Cortex-MO Processor
for loT

loT [IFUAVT4Fv5T )L - 1V AEJEES A Cortex-MO FOtvH
Zhang Yiqun et al.

SUHVKEDDLIE., REEDY T EHB NI\ — FEREFR MR, BE R A B A EfeE R LB LE S0
BIOtyIHERINET, ATUEBAERICTOTS LA RER/INEE IOV ERIBSEBREICLN, BES 44
BFEOBEYMBEENEEEENDEE N TEHRULELE, 40nm CMOS Effi C/ER LSBT0ty
HHE. REREFMICCONX, 6.8 FDNIBRER L, 12.8 fFOEENLEERLE UL,

( RBL BL BLB  RBLB |
’Rng ‘WJ’!L > WﬂL‘ Rﬂt\

el

BitCells
RBL RBLB BL BLB

SA. || SA Write
@B Qo |08 Q Buffer [€
XOR/
OR NOT _[AND 1 Column
Operation
ReadOut Data
( 3 Shifter
—~— (Wiring based)
SHIFT

Mux R64-bit |_[RoOT
5to01 otator |
o) T

SBOX
Mux -| SBOX I
16 to1 Write FF

Fig.2. Proposed Crypto-SRAM Bank (CSB).

COEIE. Crypto-SRAM NUDEFEENZAE)ADEE IOV ERLTVET, COTOYINENEY MEDT—
A% SRAM oA ZICHEME UERTCICAESN, BSE7ITVXLICHEST SRAM ICEERSNET,

ﬁ WData
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(Paper C2.1) Hokkaido University, Tokyo Institute of Technology, Keio University

BRein Memory: A 13-Layer 4.2 K Neuron/0.8 M Synapse Binary/Ternary
Reconfigurable in-Memory Deep Neural Network Accelerator in 65nm CMOS

BRein Memory: 13 [& 4.2K Z1—AY/0.8M Y+ 7 A, 2 {B/3 {EXI G .
65nm CMOS., VAV 4 F x5 T A UABRVEREER Za -3 Ry I—-D7Dt35L—4
Kota Ando et al.

TA—7TZ1—3)I 2y rI—=D(DNN) [CxtT % B ENELSE TVETH, Z0N\—FII7RECHIWTIEE
KBEEEEATVPVEANRETHD, BHE/BH/IRNF—DROETHEEELEDFT, SttaEtEE IR
WX - EEZERTEEEHBIELE DNN PS5 —S0RIBHESHBESNTOETH, 2028 H
FHRICENDBTHAIYAASNZEDTHD, ARAEMEHICE- TVET, LBEXRE. RRIEKRE. BIE
HBKREFMRETS DNN 750 —41F, PIMTOEYYIT A ATNEI1—-ILERIEINEEEEI1—-)
%, FPGA DISICEBIEBRATREEE 7 LIELTERE UBEE B> THD, SFSFEL DNN #I3aL—MTEF
F. EBIC, & PIMEYa1—)UIE 2 fE/3 fE DNN #I9E VI TERLSICERETENTHD, DI BRENE TEEF
BT BETARYESEIAMIKIRICHIFINET. 66nm CMOS Ot AICLZE#E%EL, CPU, GPU,
FPGA EH#EHE LT, 10~100 fE0MHERER EHLU 100~10000 EDI RILF—MBEEERTIEELIC, 3B
FHESNE CNN 7HE50—4% L[S 1.4TOPS TOEMEEZERLTNET,
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{ S|gn H s
11| Qeas? i =
BMW [/ [ L1 A2 ActFFs

P

Sy TE :
it Exp. /|- |] ...... |
Select x I (Il-(g)l\tllvr?ﬁrn

2 1.0 1.0r2 [ E TV IW B LMIW [ LB LMLW B
(I':{eél Ihtéger) Synapse H 'Synapse H-1| Synapse 1 [(3H bits

(a) Mask (M) and Bias (B) (b) Output / Input Parallel Neural Engines
Bits. and Addend Decoder

SEROHA- AHRLEHDZ1—3IIVIY

(Paper C26.2) ARM Ltd.

A 12.4pJi/cycle sub-threshold, 16pJ/cycle near-threshold ARM Cortex-MO+
MCU with autonomous SRPG/DVFS and temperature tracking clocks

B &) SRPG/DVFS #RECREBHRT IOV DHEERL D
12.4pJicycle YT ALy Yall k-16pJicycle Z7 ALya)L KM ARM Coretex-M0O+MCU
James Myers et al.

ARM (& 10T HZEOYT AL Vall REME(FSVIARDLEMEBE LI T OEE TEYE)T % ARM Cortex MO+
MCU %% LT, Cortex MOHIEIRD LY/ — RBEDEMEEENT) M ATHEDONTHD., TN RIIEE
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NEMENRLZATT , 2O MCU Tl EMERDEEBHER 12.44pJHM DIV T HEELIC, FFHEFFDE
H%E 139.4nW FTEBULTLET, Thinld, LIRTOEI#EO MCU OBEEEHEFEFHEBULLIETT, Thbd
TERE(L. IKREER R L) S\D—H—TF 1 (State-retention power gating; SRPG)H L UEIAIE E K Hu
E(DVFS)EMEBATRECERSNTVNET , ChoDE T EY T AL V3l REME TERMICENMESE M
(. DOVD EIRBHBERECIS UTHRBINET , YT AL V3L FEIMETIE. BIMERENRROBIER K
[CE5ZBEENKEVESH, CORMIENENTT , HOVDRELIRE T HEREN AR SN EDAYDY VT F UL —4
(Tuned Clock Ring Oscillator; TCRO)ZFAWNTERAEEINET , BIEREMEDIE LELHEE SlE EEMBC 0
ULPBench ZAVTHERSNTLET, CORVYFI—DIE, BEBEHD loT MITOEEATERETZHE
[CALLNZEDTY,

/” VBAT “H
Integrated P
R\é;]:‘?iir — Power Control State Machine ]
A A A L Reset, clock,
Sleep X power, retain,
32 21 |solate
é VREG Retain-next DVFS wake
Active-next Mode TCRO \
Sleep L
Dee; inactive alaFm

g CLK Y

& ARM DMA Shadow “|Master

& Cortex-M0+ RTC | RTC

@ ﬁ time
. full
AHB Lite Bus
< 3 5 i 3 > |(vsoc |
Other peripherals: MBIST 4KB SRAM| | Async _Async
ROM, AES128, SPI [4+4KB SRAM interface interface

- £,

Tuned Clock Ring Oscillator
(TCRO)

Tunable Delay Stage (TDS)

MCU Fvy7&H0vhEA% A TCRO O7OvI K]

(Paper C12.2) University of Michigan, Fujitsu Laboratories, Ltd

A 0.3V VDDmin 4+2T SRAM for Searching and In-Memory Computing
Using 55nm DDC Technology

BRBEEAVABIAVEI—TAVTRAIITR/INEREE 0.3V 811D 55nmDDC Ot A 4+2T SRAM
Qing Dong et al.

SUHVRBEETELIAVADAT AN ER/NERE 0.3V THELIRFEDLATRUZL—ATOEREN AT REL
4+2T SRAM ZH K LET, oDFAF Uiz DDC Hfff(FrRIVEZ LM LoT HEELNE RELTERSN
REFATEIET. ARVEILDO N DTN T —AEEAHAT— MREVTERDLIICHNELE, COBR. X
D SRAM TILCENTEY MEEAEY LI EDBWTIVE2DDT7HEA MY I AN T —REE AR BRI TFELR
NET, SIS, CD2DODTIEANSI VI ARE - RERETBET, T-RDEEFHH H UNATEEERRD, AEYY
L—ATO7—IIViREBEE (LD ELERT— MRORIERERBI/E®. 0.3V ELVWOEEBESENERICTEDLD
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[CBDFET, SEIRESNE SRAM [ BCAM ¥ TCAM ELTHFERT RN TSR0 . REMELAIREL
NE7,

Portless Write using N-well
CAM Search _ v
RBLL WWL RBLB/
sL* WBL WBLB SLB
T

b dE-

RWL ““ Decc;upled ;': RWLB
/ML Differential IMLB
Read

EEFAHT—FIAVETHVTIVENTEGTH - ZANNAEERE U N-well Z;FF UK 4+2T SRAM *EUIL

Y - ) A AR

loT ANOEFELNEFE . EHA TR OBERET AN —ZRICERDIAH . TIRILZERENET ZETEZLERIC
REFIEE I — RINDTEHAN—24 DL IATLICEN T, HEPEROE RN ORBELIERERDAD
BifihF—EBoTOET , REBETE. COLSBEY Y VTRMICETRH/IXND 4 KOHXEN1 1 LELE,
B—RAS VAP E EHBR R (FCKRELGRGBBREDE LB AEERA A—J Y £RIOIRBLEEY
VVTREBREFERUTCITIVAA LG EARDRII PR G R ELINHIT MR EB N UET . mA T, Y
BIREIHELT, AX— b4V TRRIVCHEERYFLTLVECTHIED 3D B1E 2SR E. & SN TRHET 39T
NRIVBR—N—tIHRIEREBNLET,

(Paper C19.1) Sony Semiconductor Solutions Corporation, Sony LSI Design Inc., Sony Electronics Inc.

A 4.1Mpix 280fps Stacked CMOS Image Sensor with Array-Parallel ADC
Architecture for Region Control

B HIEHT LA M H AD ZTHFRKDT7—FTHFvICLD 4.1Mpix. 280fps F&E CMOS 1 A—Jt Ut
Tomohiro Takahashi et al.

FEEE CMOS A A—=Jt U B (CIS)FENANIRFKR TO L HEEL P 1 ARERESHTNET , BEEEIES
WO FUEPESREOBEZAEEICLTVET, BC. ATOTOLABMOELELIO—- NI DvvaE R
OB EHEAREICBNELE, — A TREBHFEITO-NLvys5|ii5| AD ZARTRIERE. BEHES
ol EBERD$H D5 R ERHD D DixdH H L(ROI: Region Of Interest 55 H L)W T8 ICREE T,

YZI—(F BERH—ARM1IVR), EEMBMFCT-AFHE. SHEBHEEFE TS ROI SEENHIEI AT g1 A
— It EERLET, BIRZENREL. BREEE 2 RO T LA EFN 7—FFOF vICLNERL. Bt
Bt AD B DIEEEB HLEMEEICLET . BT, 4.2 EFORERF/ M X(E FD 20—V vyaERL
=E7DT4I) ey bR AR ETL— LR CDS $1EICEDZERLTVET,
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= Lyw res. full-s.ize image ngh-s_peed Iow-rgsolullon ADC power control
__Co\umnselecwr (X address) | = High res. ROl image image creation
7| [ADG[Ar T
2 facien . 3
2 [ Comparater | (> :
=1 — er Window size ON
2 counter ||| & ﬁ on
s
@ |
= —
= % -108 ADCs| - ﬁmﬁ
SA 23 ADCs PC i
SLVS-EC UF Face detection ROl window

(Software) c 1
o
Low resolution full-size image for face detection "g 0.8
l t %06
T3
i gL 04

L] 0 50 100
Number of active ADCs [%)

High resolution ROl image

ERIF ROI [CLBMVTIIIV MUY VAT LERREICT BT LM15] AD B AKXDT7—FT0FvaERLET,

(Paper C9.1) Arizona State University, Samsung Research Center-Beijing, Samsung Advanced Institute of Technology

A 1.06 uW Smart ECG Processor in 65nm CMOS
for Real-Time Biometric Authentication and Personal Cardiac Monitoring

DTIVEA LWEREREEE) S—YF LI EEZAYVT B 65nm CMOS 7Ot AICED
1.06uW A¥—k ECG 7Oty
Shihui Yin et al.

ECG(LER) L AHMIERICHIBRIESOFHAIFKERTHD, FEIRDOLIZDEBOTRICET S ZL0FE
HEGHENTESTT. DR EZRAEMNGEIAIVITNBRETTS, HBESTHSLERIIFAGE
BEZRAVTRHRETRETIENRERTY, TEDLSBAENLEIAIVIEEHETHIONTRIKTY,

1757V ECG FINAAICHDERICEHMULTHN, EEICAEFTEL AVAT7RAR—YHZRT M AL
LTHEETYT. 91777V ECG TINMAILHITPRRNEEZEEHIIEEEE HILTT . ECG EEIFZNFF
TRIT=APAZANKRENEY, BIRT—AEFOE N EHETINGTILHICHEEEE HDESNEYT—
SEMENDEERDET, FOMDEEELT ECG E B DL LA NEREEETIROLF1UT1DFERNHD,
NITEBRT -G EEEER TR 75TV TN ACE TR BDEETT,

FPOJF L REFES LY VITEEEE HAY—F ECG JOtvybERFELELE, COTOEYHIERICRT L3I,
ECG T—HICLR M, AR, EELG ECG /ULARRE (BERB) EE1TTILI5HTINT
Uk, ECG EBRMEANEICELBZEDTHIRSH, ERBIHFEIENTEET , CNFTOIREELAT, §[E
D E(T ECG £RZEIDT=HD ASIC ELTIZFHTTHY, 645 RIKICHBERALEZZ1—-3IRyrI—5
2R7ITVALERVTEH TEVERNDERERIRTETNET,

TIREE 0.55V, DO 2kHz T ECG £ AZREE, A2k, EERHEEHRTS 1.06UW-ECG JOtvHE
65nm 1&;HE T H CMOS JOtATEELE U, Lasso EAlEIC LR T—HEREN R 2)S—AtEsa SR % ALY
BET, Z1—INRIRI—DDEHT—I=EEML, MOINENEMIS—FEERHLTFET,
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‘| ECG Processor
) Arrhythmia

Cardiac Health ¥ Detection
EC@ Data Monitoring » Anomaly
3 S’ ¥ Detection

Q * Biometric | |
Wearableg - _ Authentication
Device

Grant / Deny Access

U e

Ece Jy FIR R-Peak [f;‘t‘;t‘t"l NN Input [y NN Feat. |, | Similarity
Data Filtering|”| Detect. ' Norm. Ext. Eval.

[
IL'I“WWIWJ'IW”
AN

Removal
| 1 | 1 o
v v
Arrhythmia Anomaly Grant / Deny
Detection  Detection Access

PWFMIKRE, YLYVBRERLVE—, YLV RImEMHRAE, ECC KRG, TEIk, EERHER
RIBEHEENAY- FECG?’DtJ*J"éEﬁ%o«_U)jEltJﬂ(i_:L IR PI=DZFEBTITIXLICETE
BHTERERERE,

(Paper C4.1) National Chiao Tung University

A Fully Integrated Closed-Loop Neuromodulation SoC with Wireless Power
and Bidirectional Data Telemetry for Real-Time Human Epileptic Seizure
Control

T FEEERRCHIH T S E|ERHEE - RART-IEEEET
ST EFL LRI -7 w#Z % SoC
Cheng-Hsiang Cheng et al.

BERMRKBRLE., BRGETREOFIAKCRIERLER) ChhAVREREB IV ZTITEE
BNz SoC ERFLELE, S BOMRAODHLE 1%(CHEENHIESNS —MRIMBHREETHITh
DMERICFIALET . CoO##EHNH] SoC (&, i boFEE NS ECoG 5% 16 Ty OB TERETRIL.
ThDhREEOFEBRERET e, RIBIVAESERESET, ThOVREEINGHILET R FHRESNTL
S HEHNE] SoC DR TELREEL. 97.76%E VIR HBEEERM LE L,
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Neural-Signal Acquisition Unit

| (16 channels &
H DMSAR
i ) b

l J
Chopper CH
| High-Voltage- T LK TGB”’ Tsa e
— : N
/,;_ : \ Qo Tolerant Stimulator " Bio-Signal Processor
¢ ! P / seizure || Ridge Feature
\ & T ) ection [ FEASton ] Extract
sl )
\ ‘<= J
/V
v (1 [wireless Power and Data Telemetrf
<
\
\
\ )

Asdg

\ Closed-Loop Neuromodulation SoC
\
Bilateral Data Transceiver
Decuderl];[ BPSK ] LSK ]
Encoder Mod. Demod. 4—|

Class-E
PA
External Control System

20

BEEIRBRZR. AL -TTOMBMHETIHCLEGLTOBRER. 7HOJESHRIAIOV
IVE ERESREIOLYY BRHIEE 1 -OVRIBRIES LR, BRMAEI-YMEF 0.18um
CMOS Hiffi C&i& Lz 5x5 mm2 @ SoC [C&F&,

(Paper C24.1) Korea Advanced Institute of Science, Technology and Samsung Electronics Co., Ltd.

A 10.1" 56-Channel, 183 uW/electrode, 0.73 mm?sensor High SNR 3D Hover
Sensor Based on Enhanced Signal Refining and Fine Error Calibrating
Techniques

EEEIRILE S ERERIEICETC10.1” 56 FrRJL 183uW/EHE. 0.73mmY Uy
& SNR 3D h—)\—t Ut
Yeunhee Huh et al.

S BOFYFIRRIVDIEREFRYF NI TR (ADIE) AOBREMESTHIBINTOET . Thid. Z0xRE)*
INEBEICBVREZVELTZHERE LYY VTORBICEIHTY  TOFER. BREMEL TRV 2
RAMEERERLETHEULNTEF . COREICHLT B72HIC, Korea Advanced Institute of
Science and Technology (KAIST) and Samsung Electronics Co., Ltd. DB T I —F3FEDE#HES
mFSRIVEI=SyhEU, #ifcls 3D OENE (h—N—) 2V IV aREBEIREIRELTVET , COREIERIE.
ByFFERHEERD(HE) RENE LEMRH T3t (self-capacitance sensing scheme: SCSS) TR &
O 3D ZEFTOEE (F—)—) R ETIREBICEINVTNBIDT, LN NVREL. NS M EEETAVFL
BERETIENAEETT , RNRETIE. BLIBBOEBEVEELHICLT. E5OTOT7 IV EF1—Z0T
FHETEIMESHE L (SNR)EZERL LE L, #H(C, KD SCSS ARICEIKEEMIRIVATEY MR
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EULBIINELLBIVEDICELEBEAEFEIELORANH DI U, COMET I -3, BRE)[E FRER
HERENEETIET, COA 7Y M EBEI TRy IV TRIEICHIIL, S HBE NSO FYTEREELIER
LELRE, Z0ER. EEICH L SNR(39dB)EELVEE E 51 (183uW/electrode) iV ZE R TEE LT,

2D Touch 3D Hover é/
AC.H
AC, iy ! - A€ n+2

.’\A(ﬂm‘:
7| < el
VCOM Plat C\_I_ _I_ VCOM Plat ‘_T— _'_
ACH+1 < ACI#Z Acnﬂ ~ ACln-
< 2D Touch Profile > < 3D Hover Profile >

Threshold
Line

Touched Threshold ~ Noise llu ered

Non-touched Line _Jm Non-hovered

Y

AT

v ACyy ACypr
ERROR ERROR

Noise

ACoiy 7 Nac w2 Electrode

L OREHEED 2D 2yF () £V IITEFHLLO 3D BE (h—N—) (B) "V T A RO EHIE TR
LTWET, EEA XTI, MR (F8) EAVFESNBINRIVACN+2) DD B E L LN KR EVCE (L FES &
HFTRET, ZDEHICRHRIEIIRIVCHER(CHEMT IR ENHNET . SERESNLLIUYE. F/IRIEED
FOBREEILERDIRIDLGENTIVBISEE(CEH. 3 RAER TOBEERH ATREELET . EADBREEIL
ESFHERMIC/NS, BBEZAVVCRAEHE LD TTH, LD DBEEBIoDETZFEHT(ER) THIL
TEWMES XM E L (SNR) ERELELE,

77O/ B,

PFOTEENLE, 3 RERE(LLSFEE/ V- IR ROBEEGEREKME, REROBERET I
fEERICEITZ7F0T - T IRINIAVN-AADC)DEREEALEMICOVNTDIR/IENS1 FLET, BREIET
(E TSV ICT3 REEEN TV BRIBEEENEREKIOLADEBE LT 1L - SEMEBNLET . &
Tz. ADC B CIIINEFEE (CEEH FRIFHMEZINET 572D ADC DEFEEALEMICONVT 2 KOG ERE N
LET,

(Paper JFS2.1) Intel Corporation

A Digitally Controlled Fully Integrated Voltage Regulator with 3D-TSV-Based
On-Die Solenoid Inductor with Backside Planar Magnetic Core in 14nm Tri-
Gate CMOS

14nm Tri-Gate CMOS 79./AYJ—zRAWVEB /LTS I7EE TS 3 Rt TSV A—-20D
AVFVTIVIA RI OO EIR L LT IRIVEIEELF1L—4
H. K. Krishnamurthy et al.
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AV7)UE 14nm FS4 5=k CMOS 70/0J—%AVT, TSV (L&D 3 RFEEESINEATAIZPA-IIINFF
YT\ — IR EEERERERAFELEV, ERMNITIIADENEBRNEETERTIEELIC. TSV E
BEO—HICAWVEEEDEOS M UADIEERIELTVET  EROFVTHN—20) - IRNICEEET
REINDZVATLTE., 2ARTORBRE (LT IHENL, £EFVTONT+—IVAIIFISNET, COTHFY
FyTERERICESTIE. BATEODEERKNIETEELNE. BRMEG>TEHENA TR NCEDH
HNEERRITEEICBNET, 1.2V AHh5 0.4~1.1V EEFTIAREREBE TE. EATYY AR ULA
BRMERAHHEAVUEARTEODEREREL., 1.5mA B (EKER 25mA O 6%I(CH ) 77%
ELVDEVIEEF—TLTVET, T, TSVEFYTETOEEASIE 2 Bh o SEEEFVIREIRIC 454
=V, FYTEEREEOBICBHEOS VI U—FRBKIT7ERGIET, 111nH/mm2 (L8O R &S
DEFENFEEFZRLTVETCE:/ VIV REKIT7ERVVERERBCLEAT 2 UL, TL—FE 23
AVADRCH LTI 8 &L E),

Cross-sectional View of Inductor
Mb Mb

Mb. Yol vb || Mb yhadl Vb
VIA VIA VIA VIA

14nm Tri-gate CMOS 790/0Y—THMESNEBELF1L—30FvTBEEE TSV X—ADA UV FVT1 D4

(Paper C8.1) imec
A 16nm 69dB SNDR 300MSps ADC with Capacitive Reference Stabilization

AEMOSRBEMELTEILMEeEETELHEE 300MS/s SNDR=69dB $5E M 16nmAD J/\—
5 Ewout Martens et al.

imec hoiREESNET 16nm FOLAICLS . EHLEE 300M U7 IL/IF, SNDR=69dB O¥EEEHT /)17
A VEREREEER! ADC Tld. AE DAC DAMYFUDICEN R ETESBEXENE S EINFITIHLF
ENRAVLGNTNET, EE., BRELEE ADC Tl LLEB{EF DB E DAC DAMYFUHICL-TSREE

EHLEIERMNBEREN. ANESIEUTERRCELEN,. SBEEOEHOKRESELFE UEREREF O

. A/D ZEHH AICENE U, SNDR KR EL LT RELVOBENHDELE, ZDRFELTREILREYL/ VY
T7ERVNETE HEENPHAAOKRBLHEMER N TVELE, SEIRESNSF AT, #HBIBE(Caux)
hoE )RR EEZ DAC OFIEID— FICIG UGEIRTRCECEN. SRETRNMRHIZIEREEZ—EICL

T, EORAFNHLET  HEEAPHA XN THZEMUNMENTIC SNDR DL EFFSCCENTERRE
AEMBFETT,
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vref To high-accuracy DAC
VrefO .—-—/ o " * >

| | H TN TT

iOffset f Ref. 5 3 + iR =2 =1

LV S TS
LuT Decoder

120 30
Calibration |update

) 80 20

Engine

yY 40 10

0620 40 60 90 20 40 &0
valid<5:0>
B;<5:0>
vref

Vrero : = Vretfinal

Asynchronous __.-"'SWitch :

. iRef. 3 )
SAR for B; _?‘DAC iAmlefyicmpff{Reset DAC \uil'rackmg

V(Caux) V(caux,reset)

AE(E, SREEZREILRBEIIIVTFr— b ERULET, RIFDILYDT7YTTF—TIL(LUT)ICEST, DAC il
11— REEBI B (Caux) DIEEE TN CIYE VT LET, LUT D1F#RIE. LEEER (Ref. cmp)tE AEEZAULEH
PIINHNB3FV)IL—YaviCd > CEEREHFINET,

(Paper C11.1) Broadcom Corporation, Delft University of Technology
A Capacitively-Degenerated 100dB Linear 20-150MS/s Dynamic Amplifier

BEMT1IIRL—avIlLP 25K E-100dB #XRIET 3 20-150MS/s DU_FHA1F+3Iv07 7
Md Shakil Akter et al.

Broadcom & Delft TRIK(E. )SM T340 AD BHBBDTHOFH LA FIvD R EIEIERERRLET . O
HEIE2SE. EBIEFISN 4 THN. 100mVpp DREFEDEEHEENAAENEEEIC, -100dB DEZERKEE
(THD)EEBLFET  AMFIVDIBIRER T, SETHRESNLEF TEELEIMETT . /\1 T340 AD ZH#i3s
DEREEIERE., LHEEREETERI—TEIESRIMERASNISENE VTS, FNICH LT, 413901
BRI —T T INEADRLAB ., EHRENEVDHEREETT, HFRTIHRHATE. BEETIIRL
— VAV AL B ERALTVET EEG T IV AR TER TEI B EREEF AL, BNETHE
ERBETIEHICT7TIOTFHEEERELET ., BMTHECBIBEARIERINKTEHET,
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vV = <=
DD l = Expandir&g Compﬁesshng
o (Vi AT (Vinl AL)
C,_::_I L q;RJ C. -i ;
©
Vor Von S,
WVin Vin o Maximum
_”: |_ E-’-, input
@
Vsp  Vasn 2
Coeg| | o 1C0es 3
- c
l | | ©
E - N
Minimum Tims
input i
®g [Reset | Amplify |

+Vin
-Vin

tUpl
Time during amplification phase, t

Input——----

AARTIZ. top LA DEFZITIEIBRR H N EH VTV T UL EDF R I EA TF VT ICTRRIE L, 7001\
PA% PVT ZEICK LTHREELET . CNICED Y VTIVICIRI M ERIETEET,

(SR

FRBIEEEICHITZERIL. BHEE. BT HIEAOTIBENOE R EEIKAELTRIL LEEITTEN, &
JANCREMNEROLVE EBERMNIROONKG I TNET, BB ETLHEBKEETE. BIAM HDL R
APNBIERFE TCOBENERBELVOITIEERICEATIKENIC, BEAROTIL-D2ANL—PLEESE
FEoREMIEGER L BFEREFRAUVERFIEMMRASN TV HEETT , §EF. N\ 151 Ma3XELT,
IEEE802.11ad (WiGig) CORIREGNZEDS | MERR MoV Y—/\EifiT, 0.5V B—ERTEMERIAER PLL £
M ARIANE A TPANTE R R BER R BE NSV V- N -LI—NEMICEAT M XERBNLET,

(Paper C23.1) Tokyo Institute of Technology, Samsung Electronics Co., Ltd.

A 100mW 3.0Gb/s Spectrum Efficient 60GHz Bi-Phase OOK CMOS
Transceiver

100mW, 3.0Gb/s DR %D E ) 60GHz # Bi-phase OOK CMOS r5YY—/\
Yun Wang et al.

RRIEXRFEYLAVEFRIEENDBRBFIRMENDS ) 60GHz HEMRIERRLET , ENPEE
BECOEIZBIETITD loT #BICHWBIEDTT , XK DA VA IZE R (OOK) LI HIRFE LR (BPSK) TlE <.
SIABIRIEA VA TZE I (BPOOK)E VB ZET, BED OOK LB L TR UBIR M ISR T 2 DT —4%%
BIENTERT, R EEBIEIRH IEEES02.11ad(WiGig) TRESNBARY FS LI ADE R LDD,
BPSK Tld7—4L— ' 1.76Gb/s THAIDICxT LT, 1IRET S IR TIL 3.0Gb/s DTF—HRL— MeZERL LT
Y, T, — ARG OOK ZEMERIRD BB IRENAIBETH. FEHE (K HEEE N BEMENATEETHD
OHEETT , EZEODEIHET HEHREFELD 60%HHE Lz 100mW TOEEBIEEEHRLTVET,
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Ref @ dBm fAtten 10 dB *Down-converted by external mixer and LO Ref @ dBm Atten 10 dB “Down-converted by external mixer and LO
Norm Norm
kﬁf Conventional OOK 5%9 Proposed BPOOK

Conv. OOK

«—— LO Feed Through
|

Bi-Phase OOK

Mask Incompliant 4 LOFT Cancellation

1 ill, i
AT AN 1, [l

) )l 1) 28

EZEED OOK ICLBELZEERETDRIRBMANRD LT, BIFIRET S BPOOK ICLBBIREBMARD ML E
RUTWET, BUT—HL—MIBLT, 3D OOK [CHADZ L. IRZED BPOOK (FE K wEimE#I3 2
FBHENTE, IEEES02.11ad(WiGiQ)fRIEDEREI ADE Iz LDD. 3.0Gb/s DTF—AL—FEZER L TIE
7,

(Paper C14.1) Taiwan Semiconductor Manufacturing Company [TSMC], University College Dublin

A 0.5V 1.6mW 2.4GHz Fractional-N All-Digital PLL for Bluetooth LE
with PVT-Insensitive TDC Using a Switched-Capacitor Doubler in 28nm CMOS

AT BFvNORRTS5—% 57 PVT MiHEDE L TDC & Lz
0.5V ERTENMEAIRES 1.6mW, 2.4GHz BLE AE KR £ 35
Feng-Wei Kuo, et al.

IFI—N=R2AB—PNEIDEMTEEENSND 10T #ERE. E—DEVEETLEMETIENEENTHN.
#%(Z. Bluetooth Low Energy(BLE)E#R (3[R R 10T HEREADBE N ATRETHN., 1V I TOEREET
EEN'RIBETS BLE FH SoC D& IGHROCEFNTNELE, TSMC BLULIZN=IF1-AbyI-HT)UbICL
BT IN—TE. B—0 0.5V BIRICENENMENTTRERH R 4ID BLE ADE R ERERERLET, 0.5V
TEMEMRER 7OV R I OVIEF VTN OEEFZLEIRICENEMET ST IIEIEIOVINLERENT
BN, BEEoO2EP, EEES. RELZIEICHULTEREVEEIMEEERLTUET,, 28nm CMOS #HffflcED
RSN ERBRICHE T, 1.6mW DEEE N T 0.82ps(RMS)DIEEICRIFL UYAMEREEEIR LT
7,
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Data FCW,
TX MoDulation Data
TX Mod. s
A4

1
1
l
1
64 |
Koco § ? :
¥V _ 10 et SWVE !
LF DCO { 4.1-5.1 GHz |
,ITW Nom. ‘{ﬁ'J; ’\/ 2 i
| | co |
T L RIM m Rl E (vDD=0.5V) |+2 RF Out!
< 1

= 3 -4 5
| | calibration H : !
I Unit 12 VDD=0.5V) |
. | TN I IR
i VDD_DIG !
[ - ‘ Doubler - BLOCKS |
Vir{ (0.5V) | CKV[0:3] .
i ) :
1
FR};F \l (2.05—2.55 GHz) ;
u_ Prog. ! g~ calibration and the design of :
1 Divider FREF_Div frac{Rg[k]) the TDC with switched-capadtov:
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(Paper C25.1) IBM Corporation

"A 32 Gb/s, 4.7 pJ/bit Optical Link with -11.7dBm Sensitivity in 14nm FinFET
CMOS

14nm FinFET CMOS JOTATEE ULREEE 4.7pd/bit. VI T4ET4-11.7dBm XT3
F—HL—k 32Gb/s DI@EIEIID
Jonathan Proesel et al.

D39 RAVE1—TA VT OEER BRI, EFREBED 50m 2B Z3LOBHEEOT -3 3—REEICHS
WTH. GHEMBEIAMEENRHOONTETCVET, EXEEJEIANTEHZLON 10m #BZ 2L
B R, mEROACINAT =) BVIKTETBIES LIE(SI)ICED 25Gh/s #HE 2 3 LT Rt R FRE
DTF—RL—FCOBENEREICHLVEETT . — A BORDKI7M NEE A BIER. SRKTHRETD
HECIDT—AL—+DEEMAE#LLKRTT , ChICx LT, IBM [ERZERBOTOY MY R OFEHEER
ICHIFRLCE AR EORERINGITEI—HT. AAT—RCxt LTIEERIST %NV TES Decision
Feedback Equalizer (DFE)ZE A LTCORIREE R LE L, R UVDEREFYIE R LIRD 14nm
FinFET CMOS JOCATERE SN, 32Gb/s DH@EIEICLDT—IEZEICHIILELE, OMA Sensitivity Hf
-11.7dBm EEAMBLAIINDOZERKRELEL(C, 1.4pJis ELS M TLRIDBIENREZER LTVET,
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(Paper C25.2) IBM Corporation, Ecole polytechnique fédérale de Lausanne [EPFL]

A 60 Gb/s 1.9 pJ/bit NRZ Optical-Receiver with Low Latency Digital CDR in
14nm CMOS FinFET

14nm FinFET CMOS Ot AICLBELA1 TV VDT IR CDR &#&E L=
BIERNE 1.9pJ/bit M 60Gb/s NRZ 21528
Alessandro Cevrero et al.

EHIZ, IBM (E EPFL EHE R TEDHXD 2 EDT—RL—FeERRTIABEZERBICOVTERRLET,

64Gb/s TOT—RZIEEMEBKIL ISSCC2017 [CTHRESN TN, VLSI YURII LTI, 60Gb/s DT7—
AZENTTEERYOYY & F 3NN EIFE(CDR)DENICED., HBEZERBELTOTERENEF>TE

T, 12X T3 CDR [EEFHILICARAIRGHOVILCIBD S | MRS EERIRT B720(C, 128 279D 8 tBIERD
A ABEISEE B8 EE A L, 80MHz DfE K% I—F—T 0.16Ulpp DIUvA LSV AEER LE L, COZEE IR
(¥ 14nm FinFET CMOS JOtATEE SN, 1.9pd/bit DEFEHET 63Gb/s TD 7Tm ORAGET—IDZ
{EICHTIL. FOZEHHEIERBRED OMA Z{ERE-5dBm OEEEEER LELE,
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ADC, or Analog-to-Digital Converter — A device that converts a continuous physical quantity
(usually voltage) to a digital number.
ERNEYEE BEEER) ETAO2IVBIZEBRT R TF.

Back-End/BEOL and Front-End/FEOL -- In integrated circuit manufacturing, transistors and other
active devices are built first (at the front end of the manufacturing line or FEOL), while the
interconnect, or the wiring, is built afterward, at the “back end” of the manufacturing line
(BEOL).

HEREEEGEICRBW T, T URAZRMOT 7T 4 TR IR S, — 5T
BoARE IS 13X 1% TS D, L7h - CTHIE % FEOL(front end of the manufacturing line)
LIEOY, %74 % BEOL(back end of the manufacturing line) &5 9,

Bi-Phase On-Off-Keying (BPOOK) — A modulation scheme of data communication. Carrier
amplitude is modulated between zero and one depending on the baseband data. Furthermore,
carrier phase is also changed between 0and 180° when the baseband data is “one”. Compared
with the OOK and BPSK, the spectrum efficiency is improved and data rate can be doubled with
the same spectrum bandwidth. Same as the OOK, envelope detector can be used for
demodulation and suited for low power operation.

T HBEICBITIERSTARO—>, R=ZANU RF=Z3"0"0 & & Wk ORI
O LL, NR=ANYRF=EZR""O L& RO HE 07 & 180° THIV &R %,
00K =° BPSK & < 6 X THEBAIMARREUH=T L Z &N TE, [F CABEBHIR T 2 %
DT —HL—heEBTED, IHIT, 00K & [AEICEERRIESR CEFTE 5720,
REHEEIZ N TN D,

Bi-Phase Shift Keying (BPSK) — A modulation scheme of data communication. Carrier phase is
modulated between 0 and 180° depending on baseband data. Compared with OOK, receiver
sensitivity can be improved by using coherent detector because the distance between signal
points are large and required signal-to-noise ratio can be relaxed.

T =2 EEICB T HERTAD—2, WEM DA E =AY FTF =2 T O0°
L 180° DM THIV x5, 00K ZEFIZ~_T, R ZHWD Z & TEZRBOE
HEDSIAS LD N TE, FTES/N LR EN D720, ZEREEZ EIF5Z LR T
&2,

Buck Converter -- is a DC-to-DC power converter which steps down voltage (while stepping up
current) from its input (supply) to its output (load). It is a class of switched-mode power supply
(SMPS).

DC-DC 2 N—=Z D—FET, FHIANPOAMOR TRIELZITO bOZIET, A vF
> 7 REIRO R,

BLE — Bluetooth Low Energy. Bluetooth is a wireless standard, and BLE is a Low-Energy (LE)
mode in Bluetooth for Smartphone, loT, etc.
TNh—bhy—2An—TFV—, BRBEHE T L— Ry —2ADHH Av— KT R
loT MBI [ CTIRH R dE LA TRE 2R B T — R,

CDS (Correlated Double Sampling) — Correlated double sampling is a method to cancel the
fixed pattern and reset noise in the pixel. During the pixel readout cycle, two sample are taken
and subtracted. One signal is taken when the pixel still in the reset state, and the other is taken
when the charge has been transferred to the readout node.
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M2 EY TV T, A A=V YRBPH L A XX v LD DIllbh b F
5, BtAH LIRS, BEEEMBMAT OREOELE L~V ARG L, Z0%x & 28ET
{Thihb,

® CMOS/MOS/MOSFET/FET-- Most transistors today are FETs, or field-effect transistors. Most
FETs are built with CMOS manufacturing technology (complementary metal oxide
semiconductor). Generically they are called MOSFETSs, or sometimes MOS transistors.
SHHANONTVWDLRFED T P AZTERDR ST A% (FET @ Field Effect
Transistor) CToh 5, KO FET I CMOS & HATIZ L - Tk svd,  (CMOS:
Complementary Metal-Oxide-Semiconductor), —fi%fJIZ, Z 4L 5L MOSFETs & 5\ & MOS
transistors & FEITIL 5,

® Compound/Ill-V Semiconductors -- Most semiconductors are silicon-based, but researchers
continue to investigate other semiconducting materials with higher electron mobilities because
they can be used to make faster devices. The tradeoff is that the materials are harder to work
with than silicon. Compound semiconductors are made of two or more elements (e.g. GaAs, InP,
GaN, etc.) which are generally found in groups Il and V of the periodic table of the elements.
BEEFE 2> TS ERITIT Y a2 "= L LTWDHR, FEEIIthORED -
BARTHWETFBBELRT 2D OV THLHELFIT WD, JVENAL vTF
TIREZTERT HT A AT DICHARER S HNHThH D, 72120, ool
HiZ ) ar K0 BB AE LV, LB EERITI S, b LUE=2DENS
M SN THY ., BlxiEGaAs (LA U T L) ([ InP (AP T LY Y) | GaN (ZEfk
HYVUL) IeEBHY ., 2O —BICITERERO ke v IEOTE (i
VIR, WIE-IVIEO S D6 H D) MO S NS,

® DAC or Digital-to Analog Converter — A device that converts digital data into an analog signal
(current, voltage, or electric charge).
TAVENMEERT a5 E (Eif, EE, G (AT 5HE T,

® DNN (Deep Neural Network) — Neural network that has more than one layer of hidden units
between its inputs and its outputs. Famous models include Convolutional Neural Network (CNN)
and Recurrent Neural Network (RNN). The idea of realizing higher level functions by a neural
network with multiple hidden layers was previously existing, but the convergence in the training
using the traditional back propagation method was slow and the performance was insufficient.
In recent years, the effectiveness of DNN was rediscovered thanks to the proposal of an
effective training algorithm for multilayered neural networks and the significant performance
improvement of computers. In addition, DNN has received a great deal of attention at the Image
Recognition Contest (ImageNet Large Scale Visual Recognition Challenge) held in 2012 as a
result of the overwhelming performance of research teams using DNN. For these reasons,
research on utilization of DNN in various fields including image recognition, speech recognition,
etc. is currently active. The machine learning algorithm using DNN is called deep learning.
Neural network DH B LI L7-HD. HAHRETINE L TEAAL= 2—T LK
v h 7 —7 (Convolutional Neural Network: CNN) CFHfl= = —F /LRy hU—7

(Recurrent Neural Network: RNN) 72 E7238% %, NN =% fE{b3 5 2 & TL Y Efk/eféie

ERERETLHEWVOTATTIEE LS D OHFE L TWeR, BT EIEZ W8 Tl
WORDWES, +aRfRPFELNRNEWVWIRBERH T, ZhITK L, 4, ZE=
=TTy U= 7T T DR E T T RANRES NI L L, HHEEO
KIEZRMERER FIZ KD . ZOAMEDBHERLINTZZ L, 25 TNT 2012 4FIZRAfE S
7~ = 7 A b (ImageNet Large Scale Visual Recognition Challenge) {235\ >C DNN
Z WA ZE T — DD BRI 2 MR & 2R L TS L72 2 & TRE DL Z IR, BifE,
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G RRRECE FAak F A 1L U & T Dk 2 7253 BRI 1T 2 0F9E 8 X OV AR IS FH 3 E %
L7 o TWW5, DNN Z W #7287 v 3 ) XA Z & % Deep learning (7 4 —7"7
—=r7, WEFEHE) LS,

® DRAM - Dynamic random access memory stores information as charge on a capacitor that must
be periodically refreshed. Dedicated DRAM chips form the bulk of the main memory for typical
computers, tablets, and smartphones.
BERFRt A E E ATRER A A T v 7 AE VT, HREABICERMOBTRE T H720. &
BRI 7Ly v aBRARTH D, iR arta—%, Z7 Ly hRAY— 17
4 OEFLBO T3 IXHH O DRAM IZ L W AR ST 5,

® ECoG - Electrocorticography (ECoG) is a type of electrophysiological monitoring that uses
electrodes placed directly on the exposed surface of the brain to record electrical activity from
the cerebral cortex.
EEENBOKOEERTICEREES L-EBICKLYREMREEERNICEEE=21) 2775
Bk

® EOT or equivalent oxide thickness — A distance to compare performance of high-k dielectrics
with that of SiO, film. An SiO, film with the thickness of EOT has the same gate capacitance with
the high-k material that is used. The higher k dielectrics can reduce EOT, which enhances the
MOSFET performance.
EMERLIREE, SFEREORIEZ VY a VLR L i3 572D DIEE, EOT DREE
ooV ) a VEBEIEL, SN D mAERELFE U — AR A RO, HEEEER
DEWHERIZE EOT 2R 2 Z &N TE, MOSFET DRESIZ A LT 5 Z LN TE 5,

® ESD — Electrostatic discharge. A sudden release of static electricity between two object caused
by contact. If the ESD hits the integrated circuit, it may cause the device to fail or reduce the
lifetime.
SR, FEXERFO 2 2OMKRLHEM I L O Z 5 MEBS, ESD EM
[FIREIC Y 72D &, T, ZDOHESFMOR T 25 &k 25,

® FD-SOI -- Fully depleted silicon on insulator is a process technology option that can offer speed
and power advantages over conventional bulk silicon transistors.
SERZEZAID SOl, (SO ZDWTIX SOl DIEAZOZ L) NI U VAZTOYY ayr
JEZE 2T HT LT, L@, [REEENZEHTLHENTE D,

® FinFET -- A transistor whose 3-D shape resembles a fin, usually with multiple gates surrounding
it for better on/off switching control.
BOFOIULTZIED 3T R T o VAKX T, ZOIREHTe L 9127 — NEMRIE
FNENTND D, ZOMEIZE > TA Y /7 ORIEFED EE OFER T P
2L HRIFTHD,

® Front-End/FEOL and Back-End/BEOL -- In integrated circuit manufacturing, transistors and other
active devices are built first (at the front end of the manufacturing line or FEOL), while the
interconnect, or the wiring, is built afterward, at the “back end” of the manufacturing line
(BEOL).
Back-End/BEOL DIEZ LMD = L,

® HEMT - High Electron Mobility Transistor, also known as heterostructure FET (HFET) or
modulation-doped FET (MODFET). A HEMT is based on a heterojunction which consists of two
semiconductors with different band gaps (see also Compound/Ill-V Semiconductors). By
choosing proper materials, the band discontinuity forms high-mobility two-dimensional electron
gas at the hetero interface.
ERBENE T A K, ~T oS FET (HFET:Heterostructure FET) & 5 W IEAH K—7
FET (MODFET: Modulation-Doped FET) & L CHEI HALD, HEMT (X253 KX v v
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THFFoT 2 ODNEERN SR DA~NT u R R oo T A A Th D, WY WE %%
ST EIZEY, ZO~T e REIZEBEIED 2 RoTEF T AR SN D,

® Hysteretic control — is a control method for DC-DC converters where a comparator monitors the
output voltage and controls the power switch. This method is useful in applications like CPUs
and FPGAs where rapid response against load current variation is required.
DC-DC a2 N—Z N NEEX AT VU 2R L Ffoloa L XL —ZTE=Z L, £OD
MR U TNT =2 v TFOF L « A7 %I+ 253, CPURFPGA 72 &, mid7e
AMTBIEISE N LB LG EICA e FEE LTHNWLR D,

® HKMG, or High-k Dielectrics/Metal Gates -- A dielectric is an electrical insulator. “k” is the
relative permittivity and is a measure of how well a material will prevent current flow between
the gate electrode and the channel region of a field-effect transistor, while capacitively coupling
the two to control on/off switching. In future CMOS integrated circuits (chips) the gate
dielectric will need to provide capacitive coupling equivalent to that of a silicon-dioxide layer
that is just a few atoms thick, to allow the length of the channel region to be scaled down to 10
nm and below. Metal gate materials are more compatible with high-k gate dielectrics than are
traditional doped polycrystalline silicon material. Much progress has been made in recent years
to integrate metal gates into the CMOS process flow for the manufacture of high-performance
chips.
FHEMILEBRIINCITHEBZY Td > T MOSFET, MOS ¥ ¥ /3> % D5 — MNEM & T v 1L
HORIZEE S D, "KITHFEEREZRL, THORE SITE > TMOSFET IZBIT 57
— MNEMEFERE DY — 7 BILr — MNEME B OB ED v 7Y o TR T
%, EARIRD CMOS EFEFIFIZIB W TIE T Y = Vb A IS T 5 & nm O X
VL 2 K 5 B RMENRME L SHL, ZICE 2T —FMRZ 10nm A FICA S —1 &~
TEHIENRELE 2D, —h, @RS — MEMIIEHEMICHER SN TEZRY U 2
Y= NEME Y b EBEERMEEAENR RN ERMON TS, I 2 TatEEE
Ty T ET D720 R T — MNEMA CMOS e RTEAT L Z LT L TR
SRERDDHY , NANRT F =< AF » 7D CMOS HiET mE RZHWHL TV D,

® |EEE 802.11ad - A standard for ultra-high-speed wireless communication which uses millimeter
wave (60GHz band)
60GHz 57 D I VI A4 9~ % B i i R 7 — & 085 T OBk

® |lI-V -- see Compound/IllI-V Semiconductors
Compound/Ill-V Semiconductors DIEZ S D = L

® Integrated Circuit -- An electrical circuit comprising many interconnected elements (e.g.
transistors, diodes, capacitors, resistors, inductors) built on a semiconducting substrate.
BRI BICH A BT o7 EBERMEE Th > T, Z2HOF T BIZIX N7 024,
HAF— R, REHZT, BISHES, A0 X 72708 BEHETHEINTHDHOEET,

® Interconnect -- The metal lines, or wiring, connecting transistors and other circuit elements. See
Back-End/BEOL.
EROM, bLLIFVA VT —ThrI U PAX LMDEREET L EFBEATHD L0, &8
BoARD Z &, Back-End/BEOL D& Z A LB L,

® Interposer — An electrical interface between chips or between socket and chips. The purpose of
an interposer is to connect chips and sockets with different /0 terminals.
A E—R—=P—, Fy7RH, bLXV Ty beTF v THOBRI AV F—T = —
o A F—=R=P—DEAITZRL DAL w2 AN TF vy TRV Ty Faiiad 5
ZEThD,
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® Linear Voltage Regulator — Maintain a steady voltage by changing output resistance according
to load current. It requires a higher input voltage than output voltage and normally results in
lower efficiency than a switching regulator.
AMTEIICIS U THDERI 22 (bS8 5 2 & T EBELRFFT 2ERRERK, HEE
W2kt L CRWANEIEDLE DD —RINIIEIAS v F o7 Fa b= B L ik LT
I DEL,

® Low-k Dielectrics/Interconnect -- Interconnect refers to the metal wires that connect elements
together in an integrated circuit (chip). The close proximity of adjacent wires can result in
capacitance that can limit chip performance. A low-k dielectric electrically insulates the copper
lines while minimizing their mutual capacitance; however, these materials are generally more
fragile and thus pose challenges for manufacturing.
Interconnect T4 BELKRD Z & T, ZAUIEMERIEN (F v 7N) OFFETEHEALTH
Do A= I RiER, EHET 5@ RERMRE LN 5 & Z OmE RO GFAR RN
BHETE R, IR TF Yy T OMREHREET D, LI o> TRSFERMEZ N T
ZA D O A ERECHER L2 GEUREIR BE T 2 Z L RN TWD,
L \_ﬂgmﬁﬁgiﬁﬂi RTINS <, FERICEET D108 7o - T
LWRTS & 5,

® Magnetic core —is a piece of magnetic material with a high magnetic permeability used to
confine and guide magnetic fields used in devices such as inductors and transformers.
BWEOBNMMETTETRBY, AUV HITER RN T AT 4 —~ R EORICEET S &
WO LIADIZ K > TEITHRA VX T X AHEZEINSED Z ENTE D,

® MCU — Microcontroller unit. Microcontrollers typically contain a processor core, memory, and
input/output peripherals and are designed for embedded applications.
~f/nmaryiun—Ja=y b, v /uaryie—JF—KkUicTetyhar, A
EV. AN ZEZATEY, MABART 7V r— a UGS 5,

® MEMS -- A micro-electro-mechanical system, containing micrometer-scale moving parts.
~A 70Tl ha AR HN VAT LEADILE T, A 7 XA —Z—BREDOKE
S O 72 TR 2 FFOf A 8T, A v FROREF vy v Kk Y-
ERZT D MEMS THERL STV 5,

® Neural Network — A mathematical model aimed at mimicking the characteristics of brain
function by computer simulation. It is composed of an input layer, a hidden layer, an output
layer and a wiring connecting each unit. Each wire has a parameter called connecting weight.
Units of each layer have a function of inputting data multiplied by connecting weight to data
propagating from a number of units of the former layer, and outputting results applied to a
predetermined function (activation function). A method of applying a test dataset of input-
output pairs and finding a suitable set of connecting weights which gives a target function is
called supervised learning. In supervised learning, an algorithm called back propagation is
generally used. By applying the set of connecting weights obtained by supervised learning, it is
possible to obtain a function which gives desired input-output relation.
EEREDRFEA B LDV I 2 b —v a ko TRIAT DL L2 B E LI2EFEM
BTNV BEO2= LD AE, PREE, HOE, BIOADE~TPREE L T
ME~HEOf 2=y MHEZE BRI L > THER S, BIRICITR G AE &
HNRTA—=H—=PEZ N5, KEO2=y ML, RiEOEBO2=y ) DEWHT S
T AR M BEENTEDEEbDEANE L, B U b (&ML
B0 1T L7 A2 )3 DR 2 R0, oD ANTIHI & B/ AN 5 BEEH
Nxhz, BEMDEEEREOH DR T 5L ICHEGHELTHET 2 FEE2 80D Y
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FHEEMES, FEICBOWTEI RNy 7 T r— g v GREVIGINE) & T
NHT7TNLIY ZLBHNWONDS., FEHIZX->-THEONEMEMmEZHWSZ & T, AN
2=y MIT—F 5252 L EICMEOH NIRRT OND L9 BREREEEL Z LN TE 5,

® N-FET/P-FET or NMOS/PMOS -- MOSFETs come in two varieties (n-channel or p-channel) which
operate in a complementary fashion.
MOSFET (X n BUF ¥ L (EFN¥¥ VT &%) LpMF ¥/ (R—AnBFxy 7T
L) O2FENDH Y WE B DY TR DN D,

® Non-volatile memory (NVM) — A type of computer memory that retains its stored information
even when the power is off.
RIEFHEATY OZ &, BREEDEMEN TR THEEINLTWALT —FRKD
NEWIATDarEa—4—RBEEODZ 2T 9,

® On-Off-Keying (OOK) — A modulation scheme of data communication. Carrier amplitude is
directly modulated between one and zero depending on baseband data. Simple envelope
detector can be used for demodulation and suited for low power transceiver.
T2 BEICBITDERGTRO—2, Wk OIRENN—AN FF—=Z LT, H
P21 0 ICAMEN D, BRI CIEFTE 5720, IRENEZEHIZIDN TN D,

® PAM4 - 4-level pulse amplitude modulation. In communication, the data is represented as one
of four discrete levels. This means that each symbol can encode two bits of data instead of the
conventional 1 bit/symbol. For the same symbol rate and bandwidth, this doubles the data
throughput.
A EO VARG X, BESEICBW T, T—ZIXBE LV OBERED 1o &
LCRELIND, DEVERBD 1AL HIZD 1By NTHLDOIZK L, 4HOF
UBRMI2E Y MY URMIZ L a— RTL2ENTED, WLy UARLL—h,
R CIL, 250 ANV—Ty M af55 Z LN TE T,

® Phase-Change Memory/PCM -- Phase-change materials have crystalline and non-crystalline
states which are used to represent the digits “0” or “1” in a non-volatile memory. Electrical
current is used to toggle between the two states — heat from the current causes the material to
change its state.
FRZEMRAE Y OZ L, ZHUTRE SRR & IR AIRREZ 0" & 12 BV 4 TTAED &
T5HHDOT, NEBEMEAETY O—F, BRZHT ZLICLo TELLBUWZ > THED
RN DY . 20", "0"D 2 ODREAZYIVEZ D LN TX D,

® Pulse Frequency Modulation (PFM) control — is a control method where the pulse frequency is
changed, being different from pulse width modulation (PWM) control where the frequency is
constant and only the pulse width is changed. In DC-DC converters, this control method can
achieve better power conversion efficiency in light load conditions than PWM control.
JER A — 7 DL TV A g Z HilET 2 pwM U~ JEEE S AT A il 5 =X
TdH Y. DC-DC = =X DIRAFREO N & 1T 2 OG22 il Fi%,

® ReRAM or RRAM - Resistive random-access memory. A non-volatile random access memory
that stores the binary digit by changing the resistivity of material between electrodes.
B ATV DZ L. RABDNDOIINT A—F =i L > THEL DFE OB/
T — A EREO BV AR AT Y O—H,

® ROI (Region of Interest) — A ROl is the region which defines the borders of an object under
consideration. When capturing the image, individual points of interest can be observed and
evaluated.
Lo H DM, JIGFEIROZ L, A A=V T CRIE/MIET DB ERKR D Z LD
D, ZFORFEDHERAERT,
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® SAR ADC — A successive approximation ADC is a type of analog-to-digital converter that converts
a continuous analog waveform into a discrete digital representation via a binary search through
all possible quantization levels before finally converging upon a digital output for each

conversion.

B LEGA ADC VX, EfER 72 7 T r 2R A BER e T ¢ U X VEIZE# D ADC D—

Fil,

W@Ti TRCOARERE L L SNV Z A T URB LN ORENRT 0 X VH
\_HXEE é _tJ: 5 e}

® Scaling/Density/Integration -- Scaling is making transistors and other circuit elements smaller so
that more of them will fit on a chip. A denser chip contains more transistors in a given area.
Integration is combining circuit elements on a chip to add more functions to achieve lower cost
per function.
Scaling (A7 —VU 7)) LIZFT P RAZRMOBIKEFEFEZ/NSSTEE LT, —2DF
v 7 BB TE L OO Z FIREICT 5 2 L 277, Density (37 v 7 LIZ#Hi-
TWD N TV VAZDEET, THUBREIWVIFEELLD N T U VAEZREH I TND,
F 72, Integration (A > 77 L —a ) FREETFET 7 EIZEMK L THEREEZ =<

ABIT 5 Z L amd, < OWENPEORENIUL, BREHZD O a2 MIKE S

N5,

® Semiconductor -- A material that can be made to conduct or to block the passage of electrical
current, giving the ability to store and process information.
FEEOZ &, FERIIESRIZEESIRIIME S 20, #E X 0 ITESEILME N
MEIC, ZOBMER LTV 70y 7 LIz T35 6 TTr—2 %MD, HHREL
BLIZVT 2,

® SNDR - Signal-to-noise and distortion ratio is a standard metric for analog-to-digital converter
and digital-to-analog converter. SNDR indicates in dB the ratio between the powers of the
converted main signal and the sum of the noise and the generated harmonic spurs.
SNDR [ZAD CX°D A CHDOIFHER 2 HIE HE, RS NIZEEZFONNT =I5/
A RXEBRY B EDOEINRT D% T L ~UVENL TR,

® SoC -- A system-on-a-chip. An integrated circuit which integrates all necessary components of a
computer or other electronic system on a single chip.
VAT AEE T T, 1 O0DOF v T DRIy a—F—RRE VAT AMILER TR
TORFEEM LT,

® SOl -- A silicon-on-insulator substrate, used to reduce parasitic capacitance and thereby improve
integrated circuit performance.
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® Strained silicon & SiGe stressors -- Silicon is said to be “strained” when its atoms are pulled
farther apart or closer together than normal. Doing so alters the ease with which electrons flow
through the silicon, enabling transistors built with it to operate faster and /or at lower voltage.
The external stressors which impart strain are materials with slightly different atomic spacing
than silicon. For example, a common way to compressively strain the channel region of a p-
channel silicon field-effect transistor is to embed silicon-germanium (SiGe), which has larger
atomic spacing than does Si, in its source and drain regions.
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® SRAM -- A type of computer memory (static random access memory) that uses six or more
transistors to store each bit of information. It can be written to and read from very quickly.
SRAM(Static Random Access Memory) (2 B2 —X —IZHWHNH AT Y O—FHT, &
W6 2h LLIFENLU LD NT P RAENB 25T DD ABERIND, b
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® STT-MRAM - Spin torque transfer magnetic random access memory is an emerging type of non-
volatile memory that operates according to the “spin” state of electrons, not their electric
charge. STT-MRAMSs can be made extremely small.
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® TDC, or Time-to-Digital Converter — A device for recognizing events and providing a digital
representation of the time they occurred.
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® Ternary content-addressable memory (TCAM) — Content-addressable memory is a specialized
memory capable of searching a word in the entire contents. “Ternary” refers to capability of
storing and querying “X” don’t care, in addition to 0 and 1.
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® TSV - Through silicon vias. TSVs provide a connection from the top to the bottom of a silicon die,
allowing vertical interconnections for 3-D stacking of dies.
VU aVEEEMOZ L, TSVIET Y 3y s XA D Ny T HAR M AL TEBRIICHE
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® UWB - Ultra-wideband radio is wireless communication that operates in the 3.1-10.6 GHz band
using a minimum of 500MHz of bandwidth, typically with very low average radiated power
density.
A JI B I8 M (U Itra-wideband radio) 13 3.1 — 10.6GHz #7123V T /K 500MHz LA b oD # i
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® Global shutter — Method of capturing entire scene at single instant in time, rather than by
scanning across the scene, like rolling shutter.
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® Effective Number of Bits (ENOB) — Measure of the dynamic performance of ADCs, including
noise and distortion effect, normalized to the performance of an otherwise ideal ADC with finite
resolution.
ADC DENIRFEAZ R THEE T, (EEFOMHEREEEICL A2 ETHLEEATHET
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® Transistor -- A tiny electrical switch that serves as the building block for integrated circuits. It
has no moving parts and is made with a semiconductor material, usually silicon. Transistors can
be ganged together by the billions on chips and programmed to receive, process and store
information, and to output information and/or control signals.
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