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A)  FiflrgsR (VLS| Technology) FEELEm L (Highlight)
(1) 22-nm Embedded DRAM SoC Technology
featuring Trigate Transistors and MIMCAP COB
SHEIR R (Intel) B G 2835 22 7oKk Az(embedded) EhREFETEECIEACS(DRAM) Floht E4TES

(bulk) 85 G418l - MFTEH T f8/ N 0.029 wm® DRAM  ERAL & E (cell) » £RAH S0 AE =Fifix(tri-gate) &8
mm A T HDREER » AeteHbE s 100 %@'\(msedﬁ%fﬂ%?ﬂ% 95 & C- IR iyt LB
%" (Capadtoroverbyline), s%at<B/E-EGHE-TE (MIM)EAN% IR pICEL BLK &
(low-K)4& &% fg#iiy b o AFLfln A VEC IR EE R A R -

(Paper T2-1, “A 22 nm High Performance Embedde d DRAM Technology Featuring Tri-gate Transis tors and MIMCAP
COB,” R. Brain etal., Intel)
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Cross-section transmission electron micrograph of
a high aspect-ratio COB eDRAM bitcell array.
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Aggressively scaled SiGe Channel on insulator Trigate pFET
with implant-free process
IBM #I Global foundries /=] 3(E 2 Fety i/ iE P A =Rt EEHAS (Tr-gate) Y4B G FAN
(SOI) - st Ny B A = IS 2 (mobility) » G0 FE i P AU M B - AR
s SRR i VR A A A L (Fin width) FIRFIG R(ga te length)/INiA 18 Z0RITiFHE - FIGS
RS RS 5 (R LA 1A BUAZ (Implant free) » BE AR ASTRIFERIM A2 1.1mA/um, [TRE
JUAIZNFS 100nA/pm 2 1V #E(EEEER T

(Paper T2-2, “High Performance Si,,Ge, Channelon Insulator Trigate PFETs Featuring an Implant-Free Process and
Aggressively-Scaled Fin and Gate Dimensions,” P. Hasemi etal., IBM& GLOBALFOUNDRIES)

(a)
A8nm,

20nm ™

i

1011wa 13.5nm
-« - .
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| —
(a) Cross-section TEMimages across SiGe fin with Hz, = 17 nm and Wy, = 10, 13.5and 18 nm..
(b) Cross-section TEMimage of a single-fin with Gate length less than 20 nm.

000000 000000000000

Strained Ge-in-STI Implant-Free Quantum Well pFETs
for Silicon-compatible CMOS platform
T T EE R E AR TEAIEY 10 2Rl - P AVER SASHYIMERE E /IR - IMEC F1 global foundries
Ry vim e P AVEEEES - WY $EE )45 g RGN B A Aa VU B 2 R 4B G (STD &, -
BEAN - AR F G SRR R 75% $%) 2442 (raised source/drain) - fEfE+1H A &+
(implantfree quantum well) » DL K B4 B R ELFZ (replacement metal gate) o fii = 1Y 25
FERSHR(5500m”/ Vs ) R £ BE T S AT SEFEE” (NBTI) st e (B EL AR 1 -

(Paper T2-3, “First Demonstration of Strained Ge-in-STI IFQW pFETs Featuring Raised SiGe 75 % S/D, Replacement
Metal Gate and Germanided Local Interconnects,” ). Mitard et al., IMEC & GLOBALFOUNDRIES)



Targeted Device Design This work: Test vehicle for

EPL 5 . Surface clean price
o i e modules development

_HiGe in Trench Contacts: Fig.1

Schematic view of proposed(Left) and studied (Right)structure of Ge-in- STIIFQW pFETs with
raised SiGe source/drain and Gemanided Local Interconnects. Germanium channel is regrown on
SiGe buffer region which is defined by STI.
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Organic Photoconductive Film Image Sensor with Extremely High Saturation
FHEHGHY CMOS 2B H M 25 (image sensor, AS)ZEIHEATTAAEAVBISE T - @I
CIS JTAFEMERE AR ER TR B 4K 2 ATt - (B A Rl A s [ 2 R B RR s E Al A Rk
£ - Panasonic il Fujifilm 2L A CEAGHIE(OPF) i CMOS BRI - HERA1/K Al 2 12d8,
EEFELE AS TTif o Hortlal sH G 58 - i B el fE (s 30 FEEAA -
(Paper T2-4, “Thin Organic Photocunductive Film Image Sensors with Extremely High Saturation of 9500 e lectrons /

,umz,” M. Morietal., Panasonic and FUJI FILM)

Cross Sectional TEMimages of 3.0 um (LHS) and 0.9 um(RHS) pixels
of Organic Photoconductive Film Image Sensor

ML: Micro Lense, CF: Color Filters, OPF: Organic Photoconductive Film
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Ultra Low Leakage, High Speed and Low Voltage FDSOI SRAMs
STMicroelectronics Fi1 CEA-LETI jE353% 6 E5 Ao as REiEi%=r B Ae(6T SRAM) » ELfff = %[5 (0.120
)& AR BB R BRI - SRR 28 2K 222 = (Full de plete d) 4@ 4% HEAR (SO %
iy - BUELEAVEGHY i B (bulk silicon) CMOS £ ftfHEL - B rYEE AR Al 2#450%(@Vdd=1.0V)
F1+200%(@Vdd=0.6V) ° Ft4h > e/ NEPEEEEA(Vmin) 7D 100mV o F1] 4R AR (SO HYEF ]
[ 4R A2l (back -gate bias) A ZEMERATHARE IR 1pA 1F Vdd=0.6V

(Paper JJ2-3, “FDSOI Process/Design full solutions for Ultra Low Leakage, High Speed and Low Voltage SRAMs,” R.
Ranica et al., STMicroelectronics & CEA-LETI)
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Cross-sectional and plain view of FDSOI SRAM cells for High Density (0.120 pmz),
High Current (0.152 umz) and Low Voltage(0.197 umz).
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Three-Terminal Ferroelectric Memristor enabling On-chip Pattern recognition
JAFRAR4E RS (neural network) i fy B A LSRN HIREE G H BN 7% - B ERERE - &
SPATER AR JIFI58 M - SEE B G pR A (AL ZE M (Synapse)  , ARV ERETE O ETY
BgaETEEER o Panasonic RFEEFA A =R F I 4% SO IR RS S B TR B 52 B B R AL BB S -
4t 16 ([ IAS 22 i 2 FH 22 (1 =i Bl 58 BE 1R 4H 25 (ferroelectric memrystor) o A1 ZEfEAH 4L
s BIE— (A o2 B AV Bl G aE 5 B -

(Paper T16-2, “Neural Network based on a Three-Terminal Ferroelectric Memristor to Enable On-chip Pattern

Recognition,” Y. Kaneko et al., Panasonic)

LTI

11 CMOS cjreuit |\

TIYXLIIIIXIIYD
Exciter Inhibitor
Chip micrograph of fabricated neural network chip with Ferroelectric Memristors .
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64 nm Pitch Interconnects
STMicrolectronics, Samsung, GLOBALFOUNDRIES F1 IBM #2535 64 25K pitch (& EFE 4R HEL
B G Rl DU IR/ #E CMOS Eiifffi(node) b o FIIFHEFZ0mIR R lT - FIE FRELEE 1L
(self-aligned VIA)BIFE - Fi{HEAY (i 4iRE JIAT A] SEFERHZ L B8 #E CMOS 12 B B4R BURR R i A&
ﬁ’% °

(Paper T14-5, “64nm Pitch Interconnects: Optimized for Designa bility, Man ufacturability and Extendibility,”C.
Goldberg etal., STMicroelectronics, Samsung, GLOBALFOUNDRIES, IBM)

1t exposure ARC+0PL etch HM etch + strip 2Y exposure

. - ‘ ‘ —~

ARC+0OPL etch HM etch + strip

“ia + Trench

Rl CR Dielectric etch rEER
-— )

Stitching challenge
I'I : : I IC-I

Double patteming with Lithography-Etching & Lithography-Etching (LELE) process flow of Trench
formation for 64nm pitchinterconnect.
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Sub-20 nm perpendicular STT-MRAM with enhancement of switching margin

P - EL E EPHECTRAS(STT MRAM) Y ABRER 2 — 2 A g 2 R RH .48 - Samsung
FEE R IAY 20 70K B el AL iR BG4S rl R IR G TR e T PR (B B 8 - R Y #7
TRt H R IR % 1Y SRS 5 (Ho ffset=1000e) 1] LAZERK - 1S (5 AIHY B gt HsC A sE fEY
P FERBREREIR e e n] LAPREE 20 70K STT MRAM JTAFECTRUIRRE o] LA IE A EEE -

(Paper T6-3, “Enhancement of switching margin by utilizing superior pinned layer stability for sub-20 nm

perpendicular STT-MRAM,” W. C. Lim et al., Samsung)



Cross-sectional TEM image of MTJs at 20 nm node
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Novel Conducting Bridge Resistive Memory
using a Semiconducting Dynamic E-field Moderating Layer

B [H A FEHAFHGEC TR AS (Re RAM) AR By T —HAHU S22 NAND Flash PAESEC IR AGHYEL
NEEZ — » AR5 [ 5TEEE 20 - ReRAM B EA S BHRHEIHLL, S HUEIERS ZEH
4amed] - Hr o HEFEASHEZ\ ReRAM (conducting bridge ReRAM)E A1 I F E A BRI

BafEE AL RINRE o (B2 EEIRFRGITRE 5N e B L H @ G EYIEE - Macronix(iE
TR )R e ST S S n] LU i — T p BUHY SR Ll - A SR B A P b el
BY o RAFANTTAMERE AT AT SERE AT DA RK -

(Paper T8-4, “A Novel Conducting Bridge Resistive Memory Using a Semiconducting Dynamic E -fie ld Moderating

Layer,” F. M. Lee et al., Macronix)

TEM image and the cell structure of the EM Conducting Bridge Device. Byadding a p-type CuOx
layer, the applied wltage is redistributed, and E-field is reduced.



B) EEEREE: (VLS Grauits) FEELERTC (Highlight)

BE R IRILEMEAERY 30 6568, DRSS RERLRRES] (FPGARY Tz ?

FPGA Bl Ry BLIEAGERRS (customer|C) HYBEIH 2 — TRl DU HEEMERVET R &, WA
A B R B TR o —4ERRAGERRS (3D | )BT A LTSVl - REE5RIIAENE ~ A/
BE RIERG R FIIMERE ) - HSURERET NEE AR AT TSV skt RS 7 fiEimtEss - il
BURTHIERU IR, DARE R B 2 PR ARZ A T2 - (% E 3ASCHRSE €3-5, “Scalable 3D-FPGA using
wafer-to-wafer TSV interconnect of 15 Thps /W, 3.3 Tbps/mm2,” F. Furuta etal, ASET and Hita chi)

33 838 —
f—--r-:-:Y’-a-x!;;:-: ’-—-:'r * :q 33 83 _q D 3D-switch block
,f.'.'.'_'.',,": -.,':f.'.'.'_“': ......... 1J II I_l Configurable Logic
[ Kaie¥ OH / g2 sspummfss gy |of —— Block (CLB)
i [ss sspid [s8 38 S I CLB with 0 pad
1ot Ia)%'H.HJ}: g ',- 1 .'.,r.l. |Z'7 14' Configuration
- < [ oo 0o memory
. i 66 06
I 288 | |
Ayterposer \Til © TsVpad

7 4 7 7

10 interface

Architecture of homogeneous 3D-FPGA.
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fEF3 22nm =E[$K cMos HERTZLBAEVRAEBESERE ER-ER (DC-DC) s
SR 0 =MERE DC-DC BRI TS st Y BhREEEE - *FE/?:EFJ (DVFS) F1/54 2% B B RRHY %
Z}EE-‘%'—'BE'EH (SOC) zk#fee " .ff DCDC BHRERE AT » Intel &40 — (i DA U EE A BR i A

B 22nm ZER4 CMOS Rt ARt - Et?i'i?ffr%z%‘]%%ﬁ’\\é‘ PERIARA S - =1
ﬁ?fﬁa%@éﬂ% .IEEI’\J 1.225V @ AR > EHESCEEEE MIM BARYERE - $208 0.4-1v K&
B R - RS AR T 84% o ERETR ERTARYEUL [RIBE RN A H4iE N die TH
& o (e aﬁj{%ﬁﬁ C13-5, “A 0.45-1V Fully Integrated Reconfigurable Switched Capacitor Ste p-Down DC-DC
converter with High Density MIM Capacitor in 22nm Tri-Gate CMOS,” R. Jain etal, Intel)

o - 1 |
' 1 1E III415KER Illl4'! SKEHF
m

Cross-sectional TEM imageof MIM capacitor and die photo.
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FHEHASEEZH A EHE ScramblingTime to Digital Converter, STDC) Y
2.5GHz ,5.4mW ¥ H 1 %f 2048 Hfir BRIk iEsS

{5 B R SELF (DPLL) AR & AT PO 5+ DPLL 752 51 R 0 5 0 M. T ime to
Digital Converter, TDC)F52 2811 & & £ (Titter) o & A AR 4B LY - CM OS)itE A LS
K(Nanometer) 82 » DPLL BRAAEERL —Fl HATW S| JJRORFAREE £ 2% - AR im SC 2k B L) [
JNK(Oregon State Univ.)AYH 5% 2 T 48 EAHLZN TDC (Scrambling TDC)$ AT - %8 7T LA
VB LBl SARE A IRE F] AN 75 P = EORERY = AT B2 TDC(High resolution TDC) o AXZEAE R LU
IR 150 B #Hk2(MHz) 2] 2560 & Elk LA EE AR » £1812% 2.7 B (picosecond,ps)[#)
TR B, rms] > 5.4 (W) EDRIBHE - DLsnER RN S > HAUWEA BARR B ) Mo
HITHEREREL o (B8 ERSC4RSE C12-1, “A 2.5GHz 5.4mW 1-to-2048 Digital Clock Multiplier using a
Scrambling TDC,” R. N. Nandwana et al, Oregon State Univ.)

a Mkrl 1.258 MH4
Ref & dBm Atten 10 dB -52.938 dB
1

Log 3
STDC ON

N

Center 160,000 MHz Span 3 MHz
BRes BH 1 kHz UBH 1 kHz Sweep 11.44 s (8192 pts)

Measured output spectrum with and withoutscrambling TDC (STDC).
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FERJoE CMOS BIfEE ik EMmeRE (Software Defined Radio, SDR) HYEFE({H

TEARES A (RIS SR O B BR A ) L > SRR RO HE AP A5 DhAE nT LURIE RO T % > BEAR HL ] LR AE
fi > AN SCRTLATEAR AL EEE R AR AE T > PRFf SR ML o HERIIR SRR 1 1 Dy(IM EC Leuven) B i
bt B 1-(Renesas Electronics Corp )& T8 —TEH 28 43k CMOS #UFE B A8 H 2A &R IEE
) SDR B 36 C - 1 400M Hz 2| 6GHz Ho4E R [ - HAERAFE 8 (Noise Figure) Pl /M A2
1.8~3dB 2 [ »— P A # 11- Eh(Second order intercept point, IIP2)5 A 85dbm # 4} (out of band)
= [ A8 Bh(Third order intercept point, ITP3) /& /A 3dbm » /2 0.9 (REIRHLIER: » ThaREEHE
#y 40mW o ARERRSCIE I T HIE A SDR Weakss » R v LUEM R TENEE NG - dEskEsR
58 Cl1-1, “A 0.9V Low-Power 0.4-6GHz Linear SDR Receiver in 28nm CMOS,” J. Borremans et al, imec)
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THRECBAESE CoWoS (Chip-on-Wafer-on-Substrate) ?

FEMEGHY 3D HEBRT (1 R/ E (Y LE S P RHEE A Z5T 2 HIE - SCIERSHY/ T ETE
NENVE S S Ra L > 40 - ZREW E FL(TSV) ~ Wide-10 ~ MCP ~ POP FIH¥ Hh1 &
(Silicon Interposer) « TSMC Y T f2FilizmEs T —FE 1Tbps = ###x Az DRAM (eDRAM)/ 1 HE » =
AR 2 1% B S E MR R SR E U CoWoS Ry iEmam il T —7F# ] 40nm CMOS
BRI AR ECA » 1024 (i TEAY A TUCE a8 (Trans ceiver) » HEBAE ] 65nm CMOS #UA2 2 1%
i1 (Silicon Interposer) | o {5 eDRAM A1 SoC [H &L - (8% B3 X4RYE €3-1, “An Extra
Low-Power 1Tbit/s Bandwidth PLL/DLL-less eDRAM PHY Using 0.3V Low-Swing 10 for 2.5D CoWoS Application,” M.
Linetal, TSMC)

Die photo afterstacking.
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Pl 225K =E/ifk cMos BUERIE fiisE B R AE E B ERRERF & 2 BEEIR (Vcc)
8 R (8T) FAFALITHY SRAM [E5]]

TR T —(ELL 22 oK =2 Rt CMOS BURZHLIEY 8 (EEE AT (8T) fEF(I7T SRAM » H
HERy 14KB - EFMAEEEZIE 2 B8 Voo BREIRNT - fEEEECE AR - 7] DUSEEMERY LA
Vboost BEALAL S HERIFERER - DALGE (8 7 B/ NER(EEE R - ¥ Vboost f£ Vee EEAIFHYA
LL somV #YREIRR LS ACHIE LT R BER (Plail) » fE#R{FAE 1.6GHz /Y IMB &8 Z 51 E - il
BE(HY Pfail ¥ Vee 28 > MMSMEZE R LESH - AHERIESR ZB(# Vee RS > e
Vee B iR/NEHUER(FERBE AT LA 130mV > f/ NS AR(EEEBA T n] DARE(E 290mV - &M
BERHIEDR » 1£ 0.4-1.6GHz HYER(ERREEN > A [EHY Vboost AL ~ [HEYITEHIRK
BEFRIEE SRR T (K 130mV F] 290mV #Y Vmin B[LUZEE] 27-46%HYEIRERCR © (Esk S
4RGSR JJ2-6, “Dual-Vcc 8T-bitcell SRAM Array in 22nm Tri-Gate CMOS for Energy-Efficient Operation across Wide

Dynamic Voltage Range,” J. Kulkarni et al, Intel)

1E+00
4h ¢ Baseline

*
1E-02 - “ * ® 50mV Boost
¥ ®  A100mVBoost
&% % e150mVBoost

£ 150 %% §.°200mVBoost
ko] w
S 1E-06 %N\ 1.6GHz
2 Wy oh T=25C
o ) .
1E-08 11 MB Target '\ 130 mV
1E40 ——— AN
Vecla.u.)
1E+00 . _
*. \ ¢ Baseline
m 50mv Boost
1E-02 - *
\®a % 100mVBoost
2 ®_e150mV Boost
E1E-04 ] "l\' 'S
2 W .
£ 1E-06 v A . 1.6GHz
2 S '\ T=25°C
W N N
1E-08 1 1MB b 290 mV %
1E-10 Target w \ N
Vee(a.u.)

Measured read and write failure rate (Pgay) V5. Ve
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B RIS/ FHESR M TCAM BT

{HFH 2- S mAR(T)/2- IR R EE BT (R) PR R A (PCM)RIiTHY IR M TCAM i 7 H K=
R - FEFEEERAY TCAM B TR T 8/ NYE TR » & SRAM BEJTHY 1/10 - fR T _FaitHY
2T-2R BE Tl Ah » — (BTSRRI - Tl Ry U 4R 2EH5(2 bitencoding scheme ) FIFF AR
e E FOHIZERS (d ocked self-referenced sensing scheme) » F 90nm CMOS F71i752E¢ 7 1IMB HY
TCAM &5 o #%dmFr ZERN TRCFERYELEIIERA - 78 1.2V FI 0.75V TAFERR N R{E& 7 1.9ns



H19.8ns ° (88%E 452 C9-1, “1Mb 0.41 umz 2T-2R Cell Nonvolatile TCAM with Two-bit Encoding and Clocked

Self-Referenced Sensing,” J. Lietal, IBM)

10° : — — —
472 Ty, 5106 | ! STTRAM
‘ SRAM TCAM 45, ssscos TGAM
175 J$C'03 | & 10.35 yLSI
— 12.9 TENCON'08 Sym 11 sr 2R
“'E1{]1 3 i 103J§scos 70545511 o
= : 4.79 VLS| Symp'03 453 CICC'05
-q—; 3 3.59 JSSC'0 4 3w za$c 06
':,«,i ! | Symp'12 4T-2R
DRAM TCAM '
100 | >10x
© ‘ 0.41 |
2T-2R This Work | TR |
10_1 il«BOnm | ilBonm | ;90nm EGhlr\
200 150 100 50

Technology Node (nm)

Comparison of proposed TCAM cell size with the state -of-art.
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=ERE  (RIIFERVSEL RIS EE (ADC)

{8 5% (Broadcom) 57 & 7 — {18 If ] A2 545 7 2 Time-Interleaved pipeline) 5.4GS/s F 12 izt 4
LB AR (ADC) - fE TS R AR I B e et - w7 DA AR R o2 A R D i S
KA o Zy T EBLS AR DIEE - A R ER PR (Amplifier Topology ) Fi13fe 1A= CHE L 88T
fHAZE (Multiplying Digital-To-Analog Converter, MDAC) FiHE(E IR - Itk ADC 2/ 28
75k CMOS HANEH » WiEpkE 2.6GHz Wl A SR A5 5 LE(SNR) % 61dB - MiZhEE
{2 500mW ° (8% ER4RYE C8-1, “A 5.4GS/s 12b 500mW Pipeline ADC in 28nm CMOS,” J. Wu et d,

Broadcom)

Die photo.
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T—R=REFR 8.8GS/s 8 firyt. ADC

TE“ IR W Rl a5 (Ny quist Converters) HUERA - 38 & i B B AYRE .2 — » TEIKZHEE 35mW »
Bl 1V IR BRSNS A RS2 130 pm x 195 um 7E 32nm CM OS SOI £t T » 8 fiH)Ac 8
SAR ADC ELASEERI AN e & B FE - H FOM /2 58fJ/conversion-step ° Itk ADC A7 & 510
PERE EAB R BUA FE A A FRAT BN Y 6 AL JCkE L 4GS/s Y ADC > H ol i — R ZhFE R R
RZ R o BLfEIEE I A P FE 5[ (Pass-Gate)BetEaR » DU A HARR RS R IRZEAS
S IBM BFSEHL (RREETE) Fis SRR LELBE (EPFL) {E&# L8R - (BsEsumt
C21-1, “A35mW8b 8.8 GS/s SAR ADC with Low-Power Capacitive Reference Buffers in 32nm Digital SOI

CMOS,” L. Kull et al, IBM and EPFL)

CDAC & DT Cref

Vref buffer
R-3R ladder

Clock divider

- 130pm

Die photo and layout.
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— {58 P A= B RE AR B U Ay AR P S~ SRR LRVARR (R RO R

2L ENIRIINRBAEEE R (PWV) » & a2 B O B PR ) — R B 2 757 20 o R
fir B (KASIT) f& i T —fiadE 7N E R MBS T /0 ARG g FRR RS b AR ki (F5
WG - W2 53 E R AR ER R a R S > A e RIS AR50 R SR R RE TS Fh B U
EURACH) A E IHAE (BI) o & A\ fEREFE F O FB RS AS A RS RN R4S AL B BR A IR i 2 T
MG RIS B BT > S5 AT N AR RS R 5 2RI  DATE EE LR PR A RS A B Al 72
ERPERR o dRS%EERSC4RYE C17-4 “An Integrated Pulse Wave Velocity Sensor using Bio-impedance and
Noise-shaped Body Channel Communication,” W. Lee ef al, KAIST)

Modulated ECG signal through body channel
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