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Materials & Interfaces
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Ferroelectric Individual or Collective 2. Half Metals
Polarization Spin State 3. Ferromagnetic Semiconductors (FMS)
. ; ' - i ' Spin Tunnel Barriers
s T ]
Megative Capacitance FET Spin Devices Spin Transport in Semiconductors and their Nanostructures
Assess: ERDIZEHET
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e Capacitive
— FeFET

Complex Metal Oxides

& Transition Metal Oxides

¢ Resistive Memor

— Nanoele
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Nano-ionic
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Electronic Effects

Molecular —% Macromoleculesl
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Evolutionary Resist Design Novel Molecules for Double Exposure
Positive Resist
(& & & & 2| (;5,\1,/?:;,
New Applications of Old Resist _ "D\/ :‘;”
Non-Chemically Amplified (193nm) Intermediate State Tethered Anthracene
Negative Resist (EUV) Bristol, Intel

Directed Self Assembly

Novel Molecular Resist Components Sparse Chemical Pattern
Ps=Pace  routral pinning
stripe  stripe

Coating rSelf-assembly of
block copolymers

-
Selective removal of
palymer domains
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FEANET, A= Y OB D,

Deterministic Doping Options
STM Dopant Placement Monolayer Doping

JJ )

Simmons, UNSW Javey, UCB

Proposals for massively parallel precision implants

4 15-12  RIEFHHIN —E > 7 HAR OB

BIR Ty T2 7 OY R Z T ATLER RIS A7 B SRR E B 238 3 A A b HE ThHY | Z DRl
HAEHECL TVD, HEREMEY T2 \WE A B IEIC L ST, 7 BB ADBIRMCAH FO P S E TE D)
HLAVRWY, FIRRIZ, (TS AD) JEARHED NSRRI 7Y —=0 7 P rE AL, prOfEi 2 1
T LN =T AN EFRET D201, KOOSR LB D, 7)) —=0 7 RoR M ATEETIZ I,
L— BB, BEREMY . T v RU~— (dendrimers) . 431 T A2 E NG £ TND, AL~ TH
AT NOBfRET =TT LIV DT ASA R L CEETHY, 4y 1B O#E A —
N=Ty 7 DR E D RO BID, WEE B E- 77 THAER OB ARR T X VYT Oa 527
N Z2EIC R EBINE RSEBLT D8 LV T B B EHES B BUEDOIIER R DBILD,

(15-3-6) EARDT=HD ERM

AR DOUSET T, BAERZE LA, Novel Interconnect, Low-k LD, Cu B IEATEI OISy 7=,
HT-IBINL7Z 54513, Novel Interconnect Tld CNT (N2 T/ I 7 = Blfa BNz, 77 =13 1 &,
2 JE12L FET OF v /UM EIEL TEY BT DI TOD0, 2HUBITe DL & RINRE L2 H7-0 | Bifks
LCOIHATRENED 8D, 1 —R T/ F a—T LRI L hr~ A7 L — a2 NUART v /{58
WAECD, FleF /T a—T EFEN, ROV 7 T7 45 MHMEZR 5286 | BHERBIRRL AT U N 2 D L0k
J1538%, low-k ILD "TiZ, AirGap M EHZ DWW TOHiZ A 72, Cu Bl T, KRB b A~ 7o iRiE S
V7 g RARE BALZ I A T8l D AZ V% T HAFIZ OV TEIIL TV A, 15-13 (Zi%X. ZDOFTHAD
WG MR EITHEL TWDH—RU T /F 2—7 D Via Blii HEECRII B 2R OUET A =T,
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Carbon Nanotubes

Application Reguirements Carbon Nanotubes Carbon Nanotubes Carbon Nanotubes
(Single Walled) (Single Walled) Multiwallzd) Multiwalled)
Challenges Status Challenges Status

H.’gi’:‘ aensify i small vias

1E14 metallic tubes cm: inter-
tube distance: 0.68 nm; tube
diameter< 1.1 nm.

Need to develop new catalytic
svstems.

No data available on the density

Need of 3-10E12 tubes/cm™,
tube diameter <3-3 nm

Ability to grow in-situ and integrate 1E12

vertically aligned tubes 'em” in 150 nm vias
with repeatable vield[A]

Defectfree matal contacts

Need reliable and reproducible
ohmic contacts
Contacting SWCNTs with

diameter <1.5 nm needs to be

Pdto date is the best metal to contact
nanotubes.[B]

Need to produce direct metallic
contacts to all the shells to
minimize risks of resistance,
local heating, and

Pd to date is the best metal to contact
nanotubes.[B]

Effective Resistivity

improved. electromigration.
Need to increase metallic No Data Availiable. Must achieve ahigh density of |Resistances down to 0.6 Ohm in 2 um diameter
content Need MWNTs and alow contact vias filled with MWCNTs have been reported:

to understand how defects
structure and dielectric
interface affect nanotube
resistance

resistance between CNTs and
metal contacts.

lowest documented resistance for an array of
MWCNTsina 2.8 pm (60 nm high) via is 0.03
Ohm.[C]

Contral of chirality

Need a process and catalyst to
zrow dense arrays of metallic
SWCNTs with diameter< 1.1
.

Need to achieve accurate
control of chirality distribution.

Only purification in liquid to date. [D]

Not an Issue: AUMWCNTs
behavior is metallic.

Not Applicable, all MWCNTs are metallic

Needs experiments to determine [No Data Availiable

thermal conductivity of CNT

Intrinsic CNT

thermal resistance is low.

Need to increase density of
MWNTs.

No Data Availiable
Intrinsic CNT thermal resistance is low.

5 1ETAIcm2 12

Thermal behaviar vias. Thermal interface resistance may limit  (Need to decrease thermal Thermal interface resistance may limit
I Feduce thermal interface performance resistance between CNTs and  |petformance
resistatce. contacts
AN
X 15-13  BlHREE ORI B LB )
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X 15-14  ECHRECOER B MO EER 4y

HAD MIRAI-Selete 7'/ KT

%J& CNT O % A VX 1E12/cm2
DOESHREIZ BN T, B B

FAIL7="VIACARBON 7'y N R3ERIN ClhhE-~CEY, 22Tl

J& CNT %X —7 NI TWDZEND (MIRAL 138 CNT) . :@i‘%“ﬂ‘i@%k%@%fﬁ%ﬂﬁ‘é:k&:bf:o
(ZZELTZDS, =7y MTHA_RD L F G M BT D, —J7, 2009 FFERR
ZEAT A TS KIEIC B S (K] 15-14) , BB FEIM I 2007 4EAR
T CPU a7 7y RO M OO A S U KIS CEEFNS U, D7D BEFED Cu DFEIRA LS
FREE T YOI R TV TEA L THISIU T, Lol 2009 AR ClE, 71
o7 R ECHFEFIS AU TH | BUARE DG/ N QOIS ES T, [RILETE O BB EmtEN B b7 52 &
EEEL, HFOBIREEMMEOGRES TSN TWBEDO TN
1% 2015 AELUEDTAMEAET (DI THEAS LN B2 R IEEZRD . BTLOECERETEL B DO BHZE A3 k)
TEFIN TN, FERICLKAMEEEBIZT T 2 2B D'AEIED 3 R TTA LN E T/ REL THIE
LTS, 3 IRTTACIZ R RS TR Z2 BB AL~ DO ID IA BB & | iz le=—XE M-~ Td,

B boT= (X 15-14) , ZDFESF LSl HFOfHR
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(15-3-7) 7BV TNER I —D 0 T DTHD ERM

FEEBAR Tl BINHM B L — 72— PN EEE SN TIY | ZOERE ELDLHE, BINVTRE, 2
PRI, TE, B . MHEAEZRE DELR 2T T BN LB Th D, ZH LTl LT kb +-0 B Sy
T T/ F2a—T DEAPRFISNTND, R FEEERRO = — X3V RIS S TOD, RO %E
el o —VHANIL, BREBHDWITEELR AT O TRITTIRGT, InIc/ e Ahb L
2o TIPEDTATZIBL TS, T o BB RS NRTIULRDR,

ZITH, CRT LT R o=V CSREMERE T Uy T Ty T R =V T AR — N AT b OARIR
MRIEBEREI T 27U, bo b i kD o r— % RIRZ TARIR T B3 TENL TS, BB T
X, /BB TR EEMEREES [BRO R — U T DI DRV~ —k gL 28—V R~ —
PEIZDONWTRSI TS, R —aL ARy MIRO HALAH ST 15-15 12 6 ATE TR LTS, kD
oD DARIR T B CIE, /T 2 — 7 FERR, o7 — VB~ =T A DT DT ) Fa—T N\ —
VAN RV A NDT D DYV T AR, BMERER v NV AR EDIRESIL TS, 4% CNT OF 77
HoF OFEIRE 2 T D LTRSS,

I hes Hexagon of Assembly Material Requirements

Thermal Interface Materials Functional

Mald Compounds
Underfills
Adhesives

O P 2 A S

re)

Fracture /
High Density Power Delivery Capacitor. \ é §;ge Thermo-Mechanical Toughness,
ODielectrics: High-x hstrate: Nanoparticles, Macromolecules .
Qself Assembly Adhesives: Macromolecules, Nanoparticles

Qinterconnects: Nanotubes or Nanowires Chip Interconnect: Nanoparticles Highly coupled material properties

Moisture

f
4 |

Adhesion

¥ | |Epoxies

l. 7 "" _\'

"‘a" A

Modulus

QPolvmers: Nanobarticles & Macromolecules Aoolv novel materials ta achieve aotimal nerfarmance

X 15-15 7t 7oL — D780 ERM

(15-3-8) ERM LBREE - 24 1R

15-16 1%, ERM ZTHI6O CTOREID A-7-2 T, WO, ERM OEARHIFFSH TOB0ERLTES
DOTHY, NEHAFTREMET —T IV 1 HDUVNEITESH T —7 b | EBIEA TV, (53T, AR O
ZoRL, BTt &2 =— AN ThH D, BT /KL 172 L 133 T m BRI ZEASNTNHNDHDT
HIEKZIT2o TG, BT 3 4F)5 5 ASEICE AR NAL DT, o — U B3 uzag 4L,

aw No :

a § . E2rwES
32 N ER g2 & &
S yH R & K@ B ¥
= DN E s 2T @ N
s 5NN 2 E MG V

o s ObhO B #H Kk @ OB K

7ot

VU557«

AEYFINAR

avsornex

248 .

Ny -3
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W9 AWM () WAR ) EET R 1015 yrs EERR T D FZ¥ &l
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TWFEROBADPHIFSITNVD, T/ F2—T7 b\ —2 i, ZLTT A REWDIETEA BB
ITCUND, AEAZDNTIET TIZ MRAM 728 DS HIZ—E A>T %73, Beyond CMOS DRy 77734
AEL T 15 FRRESRE B SN TWDHELTL,

(15-3-8) ERM D723 DEHAIEAT

ERM DO7- D EHANZIZ, JFF-+F I A—F— 2/ — )L TD 3 IR ITTAEELH AR WTEIZ DN T O FEME A A3
WILTHD, IHIZ, HDIAFNTAE FE-<C KMl BT 2R ) A r— Ak 2 sl 3 570 D FE
ﬁ&%é’}tﬁﬁf& A2 ) A — VORI RIRFRIE CX D FAEHIN (T T b7 4 — L) b L BEES LT

o 2009 CERRTCIE, 45T A ADT= D DO FHAL BEBEVE Sy AT LD 72D DFHAID =— X | 7 )V NT A r— LT
/\4’10)7‘_&)@5%”0)%—%\ HHRREM B DT DBREE, 2R EFEDT=D OFHI D 4 TH B ASF7-123800
ST, 1T AADTD OFHAITIL, 0 1R T i Ok Bl 4 il 95720 O F1EEL T, IETS,
Backside FTIT, STM. Kelvin AFM 72 ED350#iS 77, 612, 70 -2 Da A7 NREESERFFED RO 7=
O DIERLRIE < Z DOBHAIE D 3 IRTTRIEED LB IR RBILTND, FTAEREM > T IO T DO FHRAI D =
— A TClX, V7T 7 4 BEM B D T2 DI B ESND R I DWW CRE# L T2, FRZ T /A7) N
FBHZ DWW TOIHIE B 2SEE# S CUNVD, LT R — LT R AD =D D EHID =— 2Tl FiiiF
R — VT INAAD T 2 AR GHEME DT FIEE T T VO MBENEL LB, T /A ARFED LB/
ARXDERZ TG CEXDTHEDO MBI OV THERHIL TWD, FTBRRMEIOT= D DBREL, el ERED
T=OOFHITIE, 1EEBREE R EBEK T TOF 2 3—T 4 7 VO FHA LB RAT O M BEEN TSN TS,

RPN PN LK EDTH DD, BB ENS TOVE OB W=7 A AR Tk, ME
DOIE A ZEHRETIIR I EEbns, FlziE, 797z -V Fy B Ge Fv /L on Si, A€V
MEHB X O AT) T A AR E, A3 E . MR ORI EZE O DFEIT /2> TWOD R, T EHES
DUMNIKERE D BN T T RETHA), £, HUDN R AR 0 (T NAARE)bHHD T, ZH
STEHEDIIT 2L —T g TUNR—FT REEN %R SRITHSZVFEER LI F R EWO Tl E b
%o FIAGHENHIFFSNAHT LG TELZTY BT 5 ~&THA), 21X Emerging metrology for ERM &L
T, FlzIE, 3D Tha7u—7 | BREINZEMIESTE STEM, HAADF-STEM 720 S5IZEHARE k45
Ral—arOFxEE Skt T RETHA),
T IA=E—Rr—\EE BB OFHBEA A =DV
RELEHAEN-F/BEIHTRERO=—X
 F IR — L ORI+ DRIEBE LUK KaD S
L FIRT—ILERBRRMEOMED I T—/\LRILTDOIVEL ST
. RAEVBLUVBSRMORBAEDO-ODHAD=—X
 EALERIEMROEHORA=—X
 BFTIARDI=HODE T
. BEESFHEOEHDOHAD=—X

. FEACHBILEFO-HOFRN=—X

10. Ta—J¢H VTV EOREERDETILT LS

11. YILNSRT—=ILTINAAD =D EHAD=——X
12. FHRBERMEOEODRE. RELBEOT=HDF A

15-17 ERM D7= DMl

©o~NOOhON—

(15-3-9) ERM DIz DET Y F e al—Tay
TV 32— arTld, O/, @%iﬁ/#@' . @FEREIHE DR FERIEE 2 Rl T 7 &5
FTIRTAR—ar Db D2l — a3 Clgaml TV, T EECTIE, 7oA a3 55
BOFTERMADOZRA, iR EIREAZBfEL Tl 7o 74y — QW DB E RS L 2l —a D=—XE
ATREMEZ IR T, F IR A XOMEIOFHEERE LN LA B S BN BT/ D, 2D HRIDTZHOIRITTD
IROMERBR (R b~ 7 ET0) A WOTE 4 O FIECEEEPLBEEE ., B 7 VG R, SRl
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FAMBFCIZ, JVBEEBE RS, FE B G O MTIE, RO NN E N E NN ETH D, 1212,
FEDR T — VT AN BT RO RT A= Z OSEL LB T, 5y 7811158, HERE T v
m R, {7 Tight-binding dTElC LD E FAEIEMENT /2L T~ /rBIBIIH T o0& Th D, HllEx¥7 74
TAE—ar DO DET VT 2 al—a Tk, mfEH— B CIL RO Mo RS-
(Zx T, 2R RE R OT D D/ 3T A— 25T 572012, BiEm TR 7120 Tl @R s
HEFEROT —H_X—2% T 20D, ZNOEREBRE OSSR T, [EROM Bl FH2 AT
REIZLZ2 TRV T 720,

15-4 B {EE)

ENZESOMBAREIEEIEL C EEE XA /L7 a=J AD7=b O ERM | DR EFT-7=
N AEEL, TR LF— SO0 ERMIIZOWTHEZ FEML -, 45D HTAYE LT, ST —xL
Jha=J A BGEZH, KibyEm, 58 EELRD, 41 4T DOz BUEOEIL~L Lk
DR, B3 RHEIOEI) O COBSRBEIZ W e T 7 %24 To 7=, BARRIZIE, RN —xL/ha=2
A5y BFCIE, TR FERBFO KAF L) 62030 FARKFE LA ICMIT oL 7 ha =7 2D F L VEE]]
(DT, BNVEEZE AT BFClE, £ ROWAFY KB /& b s e T e BVEE 2 Habh Lo BRRSERE N2 DU
T, KBS B Tld, WM EHFFERE O BIA TS EL R B[ =RV — DRI D AT 5K T S A
A B OB, K BB TR, WEDEKRENS[TA YL ZE S n O Hdfidhin - iEs 7
=R RUA YL AT =T L TORDMA NN T O TV 7 24To72,

ZHU51E, More than Moore &L CHILU MMM E A Tt 7= Y-8 KT 7 OIS HICH BIFRL . DV L SIC 7
EDNT =TI A= AT INARZ DGO | BN K E -T2 E B SN 7 ) — 1T 8 TnF-
JRBHMIFZERom —a AN BIBHIE ~ DO W2 L | BIRZRY MERAGS R A T T,

15-5 FlH LA DIRE

PLb, 22Tl SOBGET LS 2009 FERDOUGETNG A HINZ, ERM-WG OAFRETREN A S LT,
15-18 |T, ZNOAIIE T 2 EK T ERM O N5 kIR (Difficult challenge) | 2B 2 &K 4~ 7,

HAD ERM-WG [T, =—XDILRICEDE TEZEHAEHOL, TORREL THH TOIR I, 7/
T/ a= I ZADIFE LN E S —CXAENG RO HEMAFERICKRETAZENTE, 5%, F /LY
"= 2DV T VRGP AEFI T D DEZ X LALLM, 7203 TH B ATREMED @ V3 BPE LT A
LSl 3B ~D I 4 RELTgo TETND, ElFIFEHERIATHS IEC D TCU13IF /=L /ha= A T,
F1—RF ) F 2—T AT DEBESRRIEZ TD, T2 LAY DT IV r—2 a3 E R ZnbTHDY
BB OB NIZ—H— A 1L TER, BIOS W HZTIUR, FiffEHIE ST, 28R LSI O EDHE
IMHEASNTH RWEHE 2D, £I00TT RMEA TG, B 8E B 65, — 5T
ESH OBLEDLOEVFAIL, 2O LT EAR BT O—EBREL THIE SO TThiveiTiudebien,
(ZBZERTSE, /L I ha= s AOWFEHLIZIT HIFSTEEIHEA T3, AlEl, HARTHHIE 2+
DT DT/ ZUSHLE L TS ADIE N e o T, FAELT L —2 2L —123% B ARD P8 RKpEZED 3
RIS, AR ERM-WG DB ERE BT, 5% 42 L VKb DEE 2 BND, £-4 WG LOHHE TS5
TR ES T EN A BB D, RO T 1, Z X BE2 BT DR ThD,
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