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A) VLSI Technology 4! 3= X| & Highlight Papers

22nm Embedded DRAM SoC Technology featuring Trigate Transistors
and MIMCAP COB

22nm 2 CMOS AXFO| QkALS 00| K| Ltsll0ff A|ZHE| Q1 O L}, Intel A= O|EH VLS

M I X| 2 0f| M trigate 2 AFHE3}0.029um® DRAM Al 1 QF95C Of| A 100 OFO| A 2 X 9|
retention S48 1 U=22nm 5 HEE2[AXEH 7|0 CHs] E0g A =l0|Ct. Of
node 0| = high agpect-ratio, 3 X} & T & 9| Capacitor-Over-Bitline(COB) metal-insulator-
metal(MIM) capacitor trench @} 488} Cu H{M 7| & 50| M|t

(Paper T2-1, “A 22nm High Performance Embedded DRAM Technology Featuring Tri-gate
Transistors and MIMCAP COB,” R. Brain et al, Intel.)


http://www.vlsisymposium.org/
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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

A0 Y-S E SiGe X 22X S 0| ESH0] M| 2 &l 02 %2 Tri-gate pFETs £-40|
X Z2 HOECE SiGe £ 22| HOH0|S =7t 0 2 HO0FA pMOSe| 2T 2 A0S
§|, IBM and GLOBALFOUNDRIES A0 A= A O|E ZO0|E 18 nm, T 2| Z& 18nm O|SI2
FZAGI0 0| @ S8t AXHEH(1,, = 1.1 mA/um at off-leakage current ;=100 nA/um and
supply voltage V;=1.0V) S SHAI3H ATHE & D}

(Paper T12-2, “High Performance Si;..Ge, Channel on Insulator Trigate PFETs Featuring an
Implant-Free Process and Aggressively-Scaled Fin and Gate Dimensions,” P. Hasemi et al.,

IBM& GLOBALFO UNDRIES.)
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(a) Cross-section TEM images across SiGe fin with Hjy, =17nmand W, = 10,13.5 and

18 nm..
(b) Cross-section TEM image of a single-fin with Gate length less than 20 nm.
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Strained Ge-in-STI Implant-Free Quantum Well pFETs
for Silicon-compatible CMOS platform

SiGe € PFET o] EMEZ I M3E17| QI8 E=& o2 |0 ALt Imec and
GLOBALFOUNDRIES = relaxed SiGe 7| ZHAH0| HEHEl SiGe AEH|QIE SiGe S
0|-83t0f, &2l Mt0| &8 =& to 550 cm®/Vs THX| ZH4A18t 10, NBT1 9| A 2|4 = T A3t
A0S 2 0SHE}E 0] AXFE BHE 7| |9l implant free quantum well(IFQW), Replacement

Metal Gate process and Germanide in contacts 2 Z2 7|2 QA=0| M| QAL

(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,” J. Mitard et
al., Imec & GLOBALFO UNDRIES)

Targeted Device Design This work: Test vehicle for
B oy Sifedempnate. o dyles development

. NiGe in Trench Contacts: Fie.1
| -Gemmanided local interconnects 12-

Schematic view of proposed(Left) and studied (Right) structure of Ge-in- ST IFQW pFET s with
raised SiGe source/drain and Germanided 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 Extre mely High Saturation

2271 CMOS O|0|X| MM = CIX|E 7t 2}, 2EatE, A0EESO| 22
AMEE QU SEA|ZE 0§ B2 0|0|X|2F 0f =2 O[O|X| & SA|0f 245t AO|
O{HLCI= 7|=XQl LU= OF&l S|ZAL|X| %2 AEHO|CE Panasonic and FUJIFILM A=
CMOS 2|z¢ 0 =ZE R7|EHES LS 0/8310, 7|&E 222 7|8 O|0[X| MM ZLC}
HEoE 12 dB Mot AutE ESICEH OFF Qf2 &t

2 T2 At8
cross talk &= X|A3F 11, 30 & O|AO| QUAFZE Faigh 4= QL



(Paper T2-4, “Thin Organic Photocunductive Film Image Sensors with Extremely High
Saturation of 9500 electrons/,wn2 ,> M. Mori et al., Panasonic and FUJI FILM)

ML : 9
CF __.—-F_
OPF -
» ML
I CF
OFF

()
Cross Sectional TEM images 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 FDSOISRAMs
ST Microelectronics and CEA-LETI = 6 7{{2| EZHX| A K E A2 SRAM T X & HISIC}
0| FZ 28 Lhx FDSOI 7|28 AFR3}0] B MEl X0 ZTEN, AFR2Ho| uha}
IEA (0.120pum?), DA 5 (0.152 pm?) and K F H0.197 pm?) M2 LE2EICH 1V A Q|
Read MZ27t +50% ZFatE|1, 0.6V M= +200%E ZOHE FRULCE V,, =042V IIHX|
NUERSD, 06VOM CH7|+=E T FE 1pA THK| ML UL

(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)

Nmas BVT  Pmos RVT

Cross-sectional and plain view of FDSOI SRAM cells for High Density (0.120 um?),
High Current (0.152 um?) and Low Voltage(0.197 yum?).
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Three-Terminal Ferroelectric Memristor enabling On-chip Pattern recognition
MEL7|E2 M, B ALUS 7SI 25 BT g, QA WHS2
SELEO|C. M Ht AL St S O| & &7l EHALE %:*E UAZ Al 29|
7|58 oot = Al s Xa7tK| 85X 0[X| R Ct= =X 7F ALt
Panasonic At|A{ = MI7H 2| EHALE Zb= HIZ|REE M 22| 2XHE 0[851], METLAHE
CHUE YO AAHFUCE] O] E 2 % A "2l AE-E 0|85t0 16 712 A|EAS oo,
2 f8ds0 et £Y ES staet 2, S2Fet iEE, AFsH oz QMY

T QAE Z2IHE 2O

—

rot
_|_
H1J
(0]
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.(Paper T16-2, “Neural Network based on a Three-Terminal Ferroelectric Memristor to
Enable On-chip Pattern Recognition,” Y. Kaneko et al., Panasonic)
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Exciter Inhibitor
Chip micrograph of fabricated neural network chip with Ferroelectric Memristors.
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64 nm Pitch Interconnects
| =22 STMicrolectronics, Samsung, GLOBALFOUNDRIES and IBM A}9|

Ol 64 Lt pitch 2 ZH= HIM AR EA 2T A K| Q| XX 3BHE £,
oA

o

= xXT

HEE0| 7ts¢t 7IeS 27etL). 0] =& 0| A= contactedpoly pitch(CPP)

= o0

=2 H|:|

HI

A QXIGIA, HHES ACjsstn M7k NS FUSHH & 4 Y2 ALt

= ™ LE 'c'é
7153 via Al S 0|83 A, B DLATZ CPP 40f via § HA 4 YA 20, O

—>.'- - 2t OH
0z

72 MEH0A 1ds 27|27 K| S elet S0 M E7tses 2Rt

[ B |

(Paper T14-5,“64nm Pitch Interconnects: Optimized for Designability, Manufacturability and
Extendibility,”C. Goldberg et al., STMicroele ctronics, Samsung, GLOBALFO UNDRIES,

IBM)
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Stitching challenge
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Double patterning with Lithography-Etching & Lithography-Etching (LELE) process flow of
Trench formation for 64nm pitch interconnect.
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Sub-20 nm perpendicular STT-MRAM with enhancement of switching margin
STTMRAM O A At AKX A S A2 S K| O5H= A 0| 74E & 2 6|CH Samsung

M= 02 f5¢tpin 52| HF S 7|H 2 Y2 X ES 2200 2XHE B

T T T &
O] 7|82 i< {2 2918 field 72O M QP X QI 2 XS A E9 S AU, Hypu 2
1000¢ O|StE X O{E &= URULL.

(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)
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Cross-sectional TEM image of MT Js at 20 nm node
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Novel Conducting Bridge Resistive Me mory
using a Semiconducting Dynamic E-field Moderating Layer

HotH 22| = on-off H| = &1, SESETHMED &M E = Z0HA NAND
AN 22| 2£7|22 AT E|0] ATt Conducting X HetH Z2[= HatHEQ)
O] 0] el M SE7F 28 5[=0, BEtHES J-dot= 1780 2 M 0o o<
M7t Y SCE Macronix A M £ 2 HEOAM 2=
=3 = ME2 @HS BEOMCE MER A X ZE = Cu-GST/SiO2
|AM FE|ttet=0] 492 MOoists O], ol S #-S AFESHE, TEl EXH|2t Cu
MEMIR] SAIOf SHZEHA, 2%t2] Q&= )M &l T ZHO| UL
a

( aper T8-4, “A Novel Conducting Bridge Resistive Memory Using a Semiconducting
Dynamic E-field Moderating Layer,” F. M. Lee et al., Macronix)
P = wll.

Mo ox o°+

>
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=

J+°+ XM MO HF o2 mp X

TEM image andthe cell structure of the EM Conducting Bridge Device. By adding a p-type
CuOx layer, the applied voltage is redistributed, and E-field is reduced.
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B) Symposium on VLSI Circuits 2 =&

£2|7 3D =& 0| 8910 11 ‘F52| = EfE FPGAS U=
Field Programmable Gate Arrays (FPGAs)= HAE ICHQ| [HEOE A
= AFH SAUZ YN I5HA 2202y 2 + A4, HES 2L 5 AL A0
B2 A RZ=SEE =Lt Through Silicon Vias (TSV)E A3 3D IC7|&2 EHZ| 20
s, THE, 858 TMAIZ AO|Ct O] =22 low-capacitance embedded TSV C| X9l S
£ 5l Z-axis transmission &5 FAS EOFLC} EESH S5 ALO] Q] clock skewsS E=0|7| £
7

Sl = 7| A QI clock synchronization scheme2 Al=$HCt.

—

(Paper C3-5, “Scalable 3D-FPGA using wafer-to-wafer TSV interconnect of 15 Tbps/W, 3.3
Thbps/mm2,” F. Furuta et al, ASET and Hitachi)
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I 88 88 —
f--v-”::-:‘vﬂa-x!;;::-:/ -::'.r M E 83 88:'? EI 3D-switch block
Pt g ,.‘:::::,’ ---------- ! | Configurable Logic
" Kaxis# el / """ ssegl |2 Block (CLB)
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Homogeneous 3D FPGA Q| F1 .




22nm Tri-Gate CMOS 3712 0|83t 2tM5| T ™SH=l Switched Capacitor Step-
Down DC-DC ZAHE 4

&Y, 1452 DC-DC 7AH E{ = dynamic voltage and frequency scaling (DVES) 2 (2| &
F9| supply voltageE 7}X| = SOCE C|X}QISH7| {8l 7ie=|0{X| 2 QCt. DC-DC ZAH E
M| 0| A| Intel Corporation2 switched capacitor step-down ZAHEE ME Y 0 H0|H 0| 74

H{E{ = 22nm tri-gate CMOSES Y2 2 ALt ZHEE H2 28 Y HAE HS

o

Ch. DA E 1.225v0] QM0 Thsf 045~1VO| BT 0| #2}7} JH53iCt 0[2 8 2
SHOI EHHY MO UL | MIM capacitor®| W1ZS HSIA| A0 FICE ZH{E =
84%92| £|C} M2t B 82 HO|D, PE CIX| T IS W XHS X U0 WES| & pixe

XX|SHC}.

(Paper C13-5, “A 0.45-1V Fully Integrated Reconfigurable Switched Capacitor Step-Down
DC-DC converter with High Density MIM Capacitor in 22nm Tri-Gate CMOS,” R.Jain et
al, Intel)
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MIM capacitor@| TEM O|O| X| THH 11} die AR

Scrambling TDCE 0| ¢t 2.5GHz, 5.4mW, 1 to 2048 C|X| & & =F Multiplier

CIX| S PLL (DPLLs) LticO|E| CMOS 27| Clock AA10] RLOjA 2 x{ol RE= Ly
EftLtn QUCH OAAS9| CIXEEQ EMO L =761 DPLLE time-to-digital converter
(TDC)E QI3t jitter noise 2| W&k EH=C}. O] work-2 Oregon State University Of] A| X138 £| @}
O MZEE scrambling TDCE O| &%t low-jitter digital PLLE E O30 QUCt Scrambling

TDCE HHe 25 8l0| jiter SHA|ZEE S0|= M2 jiterS HAH|THC}. Of PLLZ2

9




150MHz~2.56GHzS A5t 2.7ps-ms2| jitterE& EO|H 54mW Q| M= S AH|SHC}. O] 2
2 A= large divider value PLL 200 M 7H3 M 2 jitter2t 713 XA 9| &
o &=Lk

(Paper C12-1, “A 2.5GHz 5.4mW 1-t0-2048 Digital Clock Multiplier using a Scrambling
TDC.,” R. N. Nandwana et al, Oregon State Univ.)

a Mkrl 1.250 MHZ
ef @ dBm Atten 10 dB -52.938 dB

*

STDC OFF

gAy

1l V2
3 FC
AR
£(f):
>50k
W

Center 160.000 MHz
pRes BH 1 kHz VBH 1 kHz

Sweep 11.44 5 (8192 pts)

HHE CMOS 272 0| 235t Software-Defined-Radio2| & X Q| Al

Software-defined-radio (SDR) &4=A17|9| A& Ol AL S || A= scalingsS ETH HIH™
ol T3 740 FIi4 WE SF0| B4H0|T 0] XS HYS ABHIE S HEA

= 9 X|5}7| 28| A O|Ct. IMEC Leuvendt Renesas Electronics Corp.2| O] =20 M= 28nm-
CMOS high-linear wideband SDRE X MEQIC} 0.4~6GHzO| FIt<= CHHO| A, 1.8~3dB
MEO| LO|=7t QO IIP2= 85dBmE Lt =L} EESE out-of-band 1IP3 = 3dBmELCH 59
O ojMje| MEHAEE= 09Ve| MYO|A 40mWELE 2Lt O] =22 HHHY 7|7|F et

SDR &11719| &8 7Isd& 7FM 2L

(Paper C11-1, “A 09V Low-Power 0.4-6 GHz Linear SDR Receiver in 28nm CMOS,”
J,Borremans et al, imec)

10




ISRl Re | HB |

il

i

M INEEL

Die AFZI.

XHMICH 2 2] QE{H| 0| A& 2| TF CoWoS (Chip-on-Wafer-on-S urface)?

Heterogeneous integrationS 2|3t 3D stacking 7| =50| 20{Q| HAIS FO{EHO Aol &
Zlolof] "AMEQl AE0| &0 QUL Memory interface SESF T SV(through-silicon via), Wide-
10, MCP(multi-chip package), POP(package-on-package), silicon interposer@} ZH-2 C}FsH 7|
= 52 =2 2/ A E ZM S Z 0 ULt TSMC engineer52 CoWoSzl £2|= 15
9| frontend-to-backend heterogeneous integrations S T+¢15H 1 Tera b/s L& DRAM
interfaceE HO{FRULCt O] =22 eDRAMI} 65nm CMOSZE K| &=l silicon interposer chip Of
ZIH Y= 40nm CMOSZ HZHEl SoCE HZAAIZ|= XN7to| He HWEHOl 1024-bit

transceiverO| CHSH 2 AFSHD QUCF

(Paper C3-1, “An Extra Low-Power 1Tbit/s Bandwidth PLL/DLL-less
¢DRAM PHY Using 0.3V Low-Swing 10 for 25D CoWoS Application,” M.Lin et al,

TSMC)
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Stacking O| 2 2| Die A%l

22nm Tri-Gate CMOS 34 2 A2 5} wide dynamic voltage range0j| 2|t 0| L{ X| &
=X FZE9| Dual-Vee 8T-bitcell SRAM Array

14KB 8T -bitcell SRAM array 7| fine-grain dual-Vec 2& 7|&2 0|89} 22nm tri-gate CMOS
£ &0 20f MLt 8T -bitcell node= = M ehA|7|= Vmin gfS HEE[E 12 A= ST
H| chip-Vmin& M A|7|7| I8 MEHH O 2 ZIIA|Z %= QILCt. Bit failure rates(Pfail) Vec
HL} =2 Vboost ZHS S 50mVA ZIHA|7|HA =X SFACE 1MB target array | A| = &
PrailZf Tt VeeZt AMO|Q| QIAIS E3) 92 [|O|ES 16GHZO|A C|XFISH Vee ZHEICH
130mV %2 read-Vmin £}t 290mV =2 write-Vmin /S EHFRUCt =8 boosting,
array activity “12| 11 voltage regulator £&2| 2t7| CtE2 ZHE 0| A 04-1.6GHzO| A 27-46% %

2 power2t A 130290mV =2 VmingfS 20310 QUL

(Paper JJ2-6, “Dual-Vcc 8T-bitcell SRAM Array in 22nm Tri-Gate CMOS for Energy-
Efficient O peration across Wide Dynamic Range,” J.Kulkami et al, Intel)
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1E+00 -

Q‘Q ¢ Baseline
50mV Boost
1E-02 1 X =
Y ' ? A100mV Boost
£ i &\ 0 © 150mV Boost
2 150 %% 3.0 200mVBoost
O w
S 1E-06 A W\ N 1.6GHz
& \‘\ \ \\ T=25°C
1E-08 11 MB Target \ 130 mv
Y
1E-10 ' 5 S -
Vec(a.u.)
1E+00 x

t “Q #Baseline
1E-02 B 50mv Boost

L
\ ‘! %9 4100mV Boost

51 04 1 Q‘ .\ \*0150mVBoost
e VR &
T 1E-06 v ., 1.6GHz
3 *\_ T=250C
. % ‘
1E-08 1 mB 290 mV
_______ .h—‘—d‘____
1Eq0 FROSt v NN
Vec(a.u.)

ZEH™El 217|2F A 7| Failure Rate(PFaIL) vs. Vce.

1 et H22| 7[=0f 7]iEst 7S 22 B[22 TCAM cell

PCM 7|&S 0|83}0] 2- EMX|AE|2-K{ &M K& A4S ALRSHH|3|2 A TCAM & 0| A
JHEIQACE M QHEl TCAM cell2 SRAMALO| 1/10 HE A7|2A 7HE &te M2 ol 4
QIC M 7|20 Cisj A, 22 ZAM 7|20l 2-bit Q1Y 3|29t M2 HQtEl 22t Xp7|-&

7= MA $|27} 90nm CMOS 7| &£ 2 IMbTCAM £ 0| LS E|QUCt o M52 ff2fxoz
short match X| 0| 1.2VO| A 1.9ns HE 2 LIEFET, 0.75VO| A 9.8ns HE 2 LIEFGHCE

(Paper C9-1, “1Mb 041 pm2 2T-2R Cell Nonvolatile TCAM with Two-bit Encoding and
ClockedSelf-Referenced Sensing, “ J.Li et al, IBM)
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a2 'r%sros i {  STTRAM
! SRAM TCAM 5, jsscos TCAM
175 J$C'03 . & 1035 YLSI
— 12.9 TENEON'08 Symp'116T-2R
“"E-")1 Lo \ Msascﬁ 1
| 10.3J35C'09 ,
= | 49w sympts 453 CicC'05 }
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2T-2R This Work !
10_1 !180nm ‘ ilBOnm | igﬂnm lﬁhlr\
200 150 100 50

Technology Node (nm)

M M A=TCAM A I7(2 7|2 S

145, HHY ADC

BroadcomO| L 22| f7, FM S ?Iet BTHY direct sampling receiverE 7+S 31| St
= 5.4-GSs 12H|E A7t 2+A 9| m}O| Z 2t QI analog-to-digital converter (ADC)E L =2 0| H
O|Ct D& HHMHE AH7| QI5iAM, ME2 HE[Q| = Xt Multiplying digita-to-analog
converter (MDAC)* =7} H|CHE|ACE ADCE 28-nm CMOS 7|&2 O|28|A KU1,

2.6GHz =2 FIt-0| A signal-to-noise ratio (SNR)2 61dBE UL} O|lfe MH ADE=

H 7

500mW O|C}.

(Paper C8-1, “A 54 GS/s 12b 500mW Pipeline ADC in 28nm CMOS,” J.Wu et al,

Broadcom)
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XtM|CH & F3E 95 8H| E 8.8GS/s ADC

O| A2 LIO|7|AE AHE M2l 7tY Sact d8#S SHLIOICH 1V S50 A 35mW
™=, 1< 8x interleaved SAR ADC7} 7| QUCE O]Z4€ 130um x 195umo| HAEOo =
32nm CMOS SOI 7|=& 0|84l 7HEE| ULt O|Zd2] FOMZ 58fl/conversion-step O Cf. Of

ADCZ2| 4GS/s 0| M 6bit M=t & 7HX|= A1 22 CHESE 452 7|28 9 2 per-channel

0

gainXH S 0| 2% ™= voltage reference buffer@t 52 skewsS |3t pass-gate selection
clocking scheme 7| &2 Z&Hst CIYsH 7|=S0f 7|8 SHEO| R T, IBM A A(F 2[3))
o EPFLO|| 2|5l St=|0f| M &&= -E 0f"JO|Ct.

(Paper C21-1, “A 35mW8b 8.8 GS/s SAR ADC with Low-Power Capacitive Reference
Buffers in 32nm Dlgltal SOICMOS,” L. Kull etal, IBM and EPFL)

)

— CDAC & DT Cref

L Vref buffer
— R-3R ladder

Clock divider

;I 95‘um

HiO|2 Yu|EHAot TSHE QXM 2 42 0|88 Y HL ufd £ MA
Pulse wave velocity PWV)= 2t Zets THshs S8t 573 X[#O|CL 10| AE=
VS

TPWV MAMZE L=l MXPWV

=

2
4>
$0
rr
@]
'®)
o
rx
x
o
A

f2fM oz 7t&51t 82

Y A" S MLSHRALE AWEE PWVHAM = SHUS Ml Hotk[= ECG A= & 583

=

r=

11 bio-impedance(BI)E S™3ICE PWVE ECGMIAQF BIFIA Q| A|ZF X}O| & O| 3l A A
AhEl =

o
Ct. of21gh I xi & Silof 7|gts] 2AE S8 AL"-2 5 912l 31 72 240
O] CHalg == QUL

(Paper C174, “An Integrated Pulse Wave Velocity Sensor using Bio-impedance and Noise-
Shaped Body Channel Communication,” W.Lee et al, KAIST)
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Modulated ECG signal through body channel
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Here are definitions of some important technical terms:

® Back-End/BEOL and Front-End/FEOL - BI=X|| T X ZHO A EMX|AHS
SSAKE HEE= Z™H0| HA FH = [ O|& the front end of the
manufacturing line (or FEOL)&d0|2t1 St10, ERX|AEE A2 HZASH= HYM
L= 1 0|22 3™ & back end of the manufacturing line (BEOL)Ql 2} 11 SHCY

® CMOS/MOS/MOSFET/FET-- 25 &, EMXOZ AIRE|= [fREQ|
EMX|AHE MA R ESHX|AE(FETS, or field-effect transistors)O|{, CHE £ 9]
MAZ ERMX|AEH = AEEMX|AE CMOS manufacturing technology
(complementary metal oxide semiconductor)¥EfZ HZAL|O| QJALCt

® Compound/II-V Semiconductors — CHE 29| HIZ H| AXt= A2 7|THg
BFEOXX|T & O =2 H5I0|s & /Ae o= GaAs, InP, GaN oF &
St =HEI=N 7|20 SO ZICE O7|0f AtEE|l= Ga, In As, P 52| |4
F7lerd I F BV EO| HX|E0f 7| HZ0f -V Bt N2t E oL}

® CPP --Contacted Poly-Silicon (Gate) pitch

® FinFET - EAMX|AH T Hot7t 0|55t EH0| WHO| OfL{2} &0 X| =2{0| M E
HE[Z2 7|H0M FIoU2 9 S T2 AMESt= &XHE finFET O|2ta StCt E 2
MO Cf AO|E AEH0] RLO{OF 37| =0 LS AHOIE PA gl ETMX|AEHZtD
Sl7| & StCt.

® Front-End/FEOL and Back-End/BEOL -- In integrated circuit manufacturing,

mn rlo

Of

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).

® High-k Dielectrics/Metal Gates — H28to| M7|N EMS LtEIL&=
#8&g k¢ O, f8&0| H2|Z eao| 39 Brt 9X5| 2 |TE
Aogro|gtn otct. AR AT ML= W22 547t
O| & HEAHO|EEtL Bhrf.

® II-V -- Compound/IlI-V Semiconductors &=

® Integrated Circuit — 2|2 7|ZA0| ETHX|AEH, CHO|Q E, FHIfA|H, s ¢
RAE HA% Y EF7|s8 A5 e 22 YA Z ot &

® Interconnect —EZHX|AEHS REF 20 S
HiMO|2tn g Back-End/BEOL &

® Low-k Dielectrics/Interconnect - B{M {1 X =

A

=
HOMZ O|ROX|= O, g5t MY &=

2|
pS|
=
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MIMCAP- Metal-Insulator-Metal Capacitance fabricated by BEOL process.
N-FET/P-FET or NMOS/PMOS - A 21t ERMX|AE &= AHO|E MYO| Yol 4t
7HE I S2HSl= N-FET EE= NMOS, 89| 442 7t2 [f S2tst= pFET &
pMOS 2 F3E[A/UZ

Non-volatile memory (NVM) — F210| HME HE7} HTE| 0] Q= HEFQ|

0| 22| A Xt

Phase-Change Memory/PCM - O 22|40 AP L= AXE Z™E E
HI§E 2 BHOoj=TA, gietof el Bt= H7| W =22 XH0|E 0| 83t)
JEE NYotes HZe[aXt

Resistive Random Access Memory -- A non-volatile memory device which uses

=

n

C -
-

the resistance change for data storage. The resistance change is caused by the
filament formation or disruption within the insulator by high voltage application.
Scaling/Density/Integration — O/ |3}/ ZE T/ ZEIH 2 AKIE ZHA|
HS7|215H A8 El= TSt 7| A SES s8¢ W AH8E = EH Y
Semiconductor — 2|2 ZZH0| W2} M7|MEEZE HROE 5

SOI - A2|Z/utetat/de| 2 7| el HEF2E 7T E+tt 7
458 &d71717|918H A+ E

Spin Transfer Torque Magnetoresistive Random Access Memory (STT-
MRAM)-- A kind of non-volatile random-access memory device which uses the
magnetoresistance change for data storage. Basically, MRAM cell is composed of
driver transistor and magnetic tunnel junction(MT)J). The resistance of MTJ is
dependent on the spin state of the magnetic thin film in the MTJ, which is
controlled by the external magnetic field or the spin polarized electron current. In
latter case, spin transfer torque(STT) is the main force of the switching. Both high
speed and low power consumption are expected in STT-MRAM.

Strained silicon & SiGe stressors -- AZ|Z 7|Lto| Al2| 2 X7 A2 E
EolAL == mef MAL 52| ojs=7t JidE & A= o, ol2et
DS 7|28 At &= EAX|E stressors 2t SHH, 7| T L= AA/ER

(SiGe)g A8 A2 SiGe stressors 211 SHLY.
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SRAM - AFH HR22e ot FF=E T

2 AXFIEOFE 6 7 EE= 110|449
EHMXAHE =T, 12 HE -2 YEE

Mo, Qe E BHE O = 2[AXtO|C}
Technology Generations/Nodes — Bt X| 7|=o| Y MH L E LIEILHZ|Q|olf, X2
MEZO| HUEEOf| SiF5t= =<AHE 0| 8%, 22 Lteg, BE= 22 Lt S EQF 22
HAUS ALETHCH

Transistor - EHHX|AEH = ZXES| 20

ZEELE 2 HRE Z2HM0E o

ULt

HiH
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