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Copolymer Self-assembly) BA (1 i FEGS AU . PR 1 KAA R AL

DSA 7£ 2007 5 B IR AR IR G 2 S AR 22 ¥ g oI5 S B A E B
b FEBOR B EIITRS), ZBARPOAARESE N T — O ZIMRIE SR B TE
IMEC A5 ) H ALECZIBORIIT AR “ARH BATAT S, 32 200 5 T PR R
. DSA BAREEUV FEROFF LR, HENSHERREEMHM.
MAENE

AWEFEN DSA BEARLHFMANT, TR ZBIHHTZ LR EARE S S LR E IR

5E 7] B 2362 DSA R LRI AR IL 45 L RECR B RS
HARM BT B F AT Ao AT 55 PR T R s .

HoHE kIR . 35 % A 8% & FL $2 (Thomson Reuters Scientific) 2
ThomsonInnovation 4 EREHMAHEE (K HIM 2016 £ 4 F] 29 HD, il is
K T 1% /A i TDA (Thomson Data Analyzer) 43#7 1 .

1 & F] B iE R &S
1.1 &5 B 5 I [A] 2 4

HWERR AW, KRB DSA HARMKMERZKIR 2083 I, LK
ARSI [ #5 BN 1986-2015 4L 30 45, 25 &5 LR — A B B A T R 2
Kik 30 M H 2 A HAULSRBUHIRR+18 AN H AJFHIRR D HImFIE],  FE=5 iE 2 HfE P
RN AEIR , I PIAR IR B R G o IR B

3T DSA FR B FECR RN 7] A S, ATRME ST DSA $oR%&
AN EESE R B 11 R T DSA ARG FEEKNFEES I, W]
DA H 2 AR R SRR (0 B A 2 I3t 33 a9

FEHESET, RF PR DSA MK AR UNIV BOSTON f£ 1986 F Hi ik
()& F] US4802951A “Nanometre scale multi-device mfr. has nano-structures with
pattern formed by binding 2-D material array to substrate with characteristics having

dimensions of 1 to 50 nanometre”. fF 1986-2000 FEHEHI 1) LB, % RS K
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J&, R TAEMARTE A, A WA /o T R AR TR

BE 5 Ja T B AR K il /A% (University of Wisconsin-Madison) [ Nealey
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PMMA [ B A B H %), FFF 2001 4 HiE 7 & A US20030091752A
US20040175628A, DSA HARIZHHOW AN LEMAER. — AT 2012 FHHZ
AR K27 TREWE SO 4R 821207 MBI IE,  H T @iz R 1 14 it
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Xt DSA F AR A LRI TR I, DSA BAREE R b TH A SR
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Self-assembled Block Self-assembled
Copolymer Layer Material
Self Assembled Monolayer Conductive Material
Directed Self-assembling Semiconductor Material
Material Layer Self Assembled Monolayer
Nano Organic Semiconductor
. 20l ;}uidipg Patterns e SAM
3% unctlongl Groups 6 EryS Nano
Photoresist Layer Mask Layer
Large Area Block Copolymer Layer
Organic Solvent Surface Energy
Organic Semiconductor Graphene Layer
Segmented Copolymer Multilayer Film
Electric Field Liquid Crystal
Colloidal Crystal
Polymer Block Dielectric Layer
Block Copolymer Film Self-assembled
Directed Self-assembling Metal Layer
Phase Separation Mask Layer
Guiding Patterns Gate Dielectric
Nanostructures Material Surface
BBt | BCP fri Semiconductor Substrate
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¥ | Amphiphilic Block Copolymer Exposed Surface
Metal Oxide Atomic Layer Deposition
Microphase Separation Conductive Material
Solvent Annealing Insulator Layer
Hard Mask Layer Polymer Block
Photosensitive Layer Porous Dielectric
Film 3
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FHEEDIE A11-B05S CREY, BR - >MTREY), BfFEi&- >R TE - >
WED. AI12-E07C CREW), BR->REWIIRA - >H/S TR HAR] - >t
P - >R SR, ERCRE: D, A12-W14 CEEY, R - >EAEMIN
F - >HABR - >9KHARD . L04-C06 (i KA RL, BeHE, B - >4 Fik- >
SHINT- >SRN T B AD 1 UL-Cl2 CESAEfE T - > 5
PRAPEERIIN L - > A SR A3 (K BE AN L - > F A e B 25

TR, A11-B05 F1 A12-E07C — ELARFFRFEEIG KA F L, A12-W14. L04-
CO6 {E B IR JG ST IR K A11-C04D CREY), YR ->ITRAY), 0
B - >HAB TR - >3RI AL HE - >R AL PE - (52403 A1 UT1-C04D (3
ST L - > S BHRIINL - > SR%56 B HE AU - >H6%] Of
ML, BORE), RE, HOR, BRGAINE - SHERGERTOEZD RS, i
U1L1-C12 [ HiEETFIE TR,

Manual Codes vs. Priority Years (earliest)

1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2008 2011 2015
A11-805 (1) 0000900000
A11-C04D 1] Q 006090
A12-E01 Q 000000
A12-E07C o 00000000
A12-.0282 (1] (2] 0060060000
At2W1e 00600
L04-C06 (1) (2] (2} 00000000
L04-COBA 000 (2] 00000
L04-C07 (1] o 0000000 @
L04-C11C 0060000 D000
U11-A14 0000 @00@@0
U11-C01J2 0 0 (s} M5 M1 Wi Mo RG] D & (1]
U11-cosn1 @ 0 0 00 0000000 OEEEI
U11-CO4E1 0 00 90@000@
g 00 e@@@@o
2.2DSA FARK [ EH 54T
K21 EEFFIREBEAALR
5 | TR FIRBEX A
S ; - - - =
1 A11-B05 Polymers, Plastics -> Processing polymers including equipment 416

Forming processes [others] -> Coating

Polymers, Plastics -> Polymer applications > Electrical engineering
2 A12-E07C | [others] -> Circuit components -> Semiconductor devices, integrated 394
circuits; resistors

Refractories, Glass, Ceramics -> Semiconductors [general] ->
3 L04-C06 | Semiconductor processing [general] -> Semiconductor processing - 294
patterning techniques [general ]
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A12-L02B2

Polymers, Plastics -> Polymer applications -> (Electro)photography,
laboratory, optical [other] -> Other photographic materials, processes
[exc. (film) support; binders] -> Compositions for making printing
plates or electrical devices* -> Compositions for making electrical
devices

226

Al12-W14

Polymers, Plastics -> Polymer applications -> Other applications
[others] -> Nanotechnology

225

A11-C04D

Polymers, Plastics -> Processing polymers including equipment ->
Other miscellaneous processes -> Surface treatment -> Surface
treatment - chemical treatment

222

U11-C04D

Semiconductors And Electronic Circuitry -> Semiconductor materials
and processing -> Substrate processing for semiconductor device
manufacture -> Lithography (photo-, beam-, etc.), masks, techniques,
exposure and alignment -> Masking techniques for microlithography

205

U11-C12

Semiconductors And Electronic Circuitry -> Semiconductor materials
and processing -> Substrate processing for semiconductor device
manufacture -> Self-assembly monolayers

205

L04-C06A

Refractories, Glass, Ceramics -> Semiconductors [general] ->
Semiconductor processing [general] -> Semiconductor processing -
patterning techniques [general] -> Semiconductor processing - mask
design and manufacture

164

10

A12-E01

Polymers, Plastics -> Polymer applications -> Electrical engineering
[others] -> Electrical engineering [general]

120

1

L04-C07

Refractories, Glass, Ceramics -> Semiconductors [general] ->
Semiconductor processing [general] -> Semiconductor processing -
etching processes [general]

119

12

U11-C01J2

Semiconductors And Electronic Circuitry -> Semiconductor materials
and processing -> Substrate processing for semiconductor device
manufacture -> Deposition of active materials (e.g. semiconductors)
->  Nature/structure/material/composition of active layers ->
Semiconductor amorphous/polycrystalline film

119

13

L04-C11C

Refractories, Glass, Ceramics -> Semiconductors [general] ->
Semiconductor processing [general] -> Semiconductor processing -
electrodes

117

14

U11-C04E1

Semiconductors And Electronic Circuitry -> Semiconductor materials
and processing -> Substrate processing for semiconductor device
manufacture -> Lithography (photo-, beam-, etc.), masks, techniques,
exposure and alignment -> Photolithography for semiconductor mft.
-> Apparatus and method for photolithography

113

15

Ul1-A14

Semiconductors And Electronic Circuitry -> Semiconductor materials
and processing -> Materials -> Nano-structural materials

110

3% H 95 H K /X 5 A7

BB A E R X AE—E R B IR N AR BRI, 223 2 DSA
REF R ZHE S, G 48%; HUEE. o E M 129U B %
IR AL A A 2R DY

LR R IFE A XA — e R B SRR BRI T /g o A oL,
3.1 W RUAE HSEEE A Bk DSA FHORTT LA IS N EALR: HErHiEHEA

B, XA EREE B L A B A R AR s PR R E R 5
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= B0, alE 15%A 8% HAS M. G, VAR, S b EA X E
I 81

I T R i 80 S IR 32 BB K50 U A, ] s R 3RS A i DI ST A 5/
XL BIE ST 1%, T ATFE A X L E E S L 25%, ECBRTE R
PR, RBL T % A E B AR AT BEAN LRI ORI A 2, e REE BB
[ S AL DSA [ aBkAifm; B HAEHEAK I &5 BT T3 o5 BR R,
DSA B R THARFN; Mo T E, SRR SEARP B AR F-T 4

_ . il &3 28 _E Hib
o xR EEH  BREPIE Hi A 2% 1%

1% 1% 1%

4%

&l 3.1 DSA BEAREFREMEER X . ATFE KX

4 LR RIEFEND T
4.1 XEBFANEF LT

FE G AT EEEN DSA FORGUS L F i AR LR B2 k4T 2>
Br, AR FEHBTEN, (EARSZ4H G, PRI, @ xE
e BB A SR LA HIE N0 dr, TR T #AE DSA SR U = 20 A AL
o LB FRBEAT G0, 582 1T 15 AP 4.1
Ji7Re
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INT BUSINESS MACHINES CORP _ = _ _ _ _ 133
SAMSUNG ELECTRONICS CO LTD 87
TOSHIBA KK meessssssssssssssssssssss 75
MICRON TECHNOLOGY INC s 57
KOREA ADV INST SCI&ZTECHNOLOGY e 49
LG DISPLAY COLTD meesssssssssssssss 47
ASML NETHERLANDS BY s 27
HYNIX SEMICONDUCTOR INC ~ mo— 27
3M INNOVATIVE PROPERTIES CO mes, 26
TOKYO ELECTRON LTD s 26
UNIV CALIFORNIA s 24
GLOBALFOUNDRIES INC  s—
MASSACHUSETTS INST TECHNOLOGY msssss, 23
SEAGATE TECHNOLOGY LLC s
WISCONSIN ALUMMI RES FOUND

g

20 40 60 80 100 120 140

+RNE
4.1 DSA RARELREEHFEAN
IBM A A A LREAR 13362505 —, HEER 4.16%. LRHEHLS
—[) SAMSUNG A A #MABEEFEAR 87 #, HEEM 2.72%. HLE =M
TOSHIBA A ®ALRIEA 75 4, HEEMN 2.34%. HEART 15 MEF AL
LR 670 1, LHEER 20.94%.
HAr At 5% 41 DSA -4k 4.1 fiox, MEHER, CEA-Leti
£ 2009 14 Fi] Tokyo Electron il SOKUDO ¥4, fdi ] ARKEMA 5423t (144
Kl 58T DSA AL RIS . IBM il IMEC tH45I4E 2010 451 2012 4E 58 ik
THCOMAEF L.

[=]

& 4.1 23R DSA £ LR
DSA consortiums for 300 mm-wafer scale fab-compatible DSA line
Process Equipment Materials Year of consortium
CEA-Leti Tokyo Electron Ltd, SOKUDO ARKEMA, Laboratory of Microelectronics Technologies (LTM), 2009
Laboratoire de Chimie des Polyméres Organigues (LCPO)
1BM Applied Materials ISR Micro. Inc., AZ Electronic materials 2010
IMEC Tokyo Electron Ltd. AZ Electronic materials, University of Wisconsin-Madison 2012

4.2 FEFF AR &S

i DSA BR FEEHRE N EE R B &ES, I T2 E AR
N DSA HERMBNE, RNT fEHIE NS FERFERMGRER, W5 DSA HAR
(1397 75 B2 IR 455 2

K 4.2 878 7 DSA BERIIHT 15 4 BRI PIEL R g K H ot b K.
% E AT LAE i, MASSACHUSETTS INST TECHNOLOGY AK%%:. IBM.

11
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=R 3M AN R 2 & TR A 7T LR L . Horbr, IBM ORI =7
2004-2009 “F 2 (B G LRIB L, ITHERA Frimb, (ETRRRE—E I HRiE &,
YEIRATIAE 27 10 (K& R AT SR B T AL o 1 BT B A2 K2 3M AN R
¥ B UORHE RS BN HIE B, AR T W B A
TOSHIBA. ASML. GLOBALFOUNDRIES #B& M 2009 4 FF4f Hi i K & % F,
& DSA SU 152 5 .

Patent Assignees vs. Priority Years (earliest)

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013 2014

3M INNOVATIVE PROPERTIES CO (1]
ASML NETHERLANDS BV
GLOBALFOUNDRIES INC

HYNIX SEMICONDUCTOR INC

INT BUSINESS MACHINES CORP o O O
KOREA ADV INST SCI&TECHNOLOGY
LG DISPLAY CO LTD (1]
MASSACHUSETTS INST TECHNOLOGY Qo O

MICRON TECHNOLOGY INC
SAMSUNG ELECTRONICS CO LTD o (1]
SEAGATE TECHNOLOGY LLC
TOKYO ELECTRON LTD
TOSHIBA KK

UNIV CALIFORNIA { o 0 ©

WISCONSIN ALUMNI RES FOUND

4.2 DSA HEAR LR EEBF A I A%
4.3 FEFIFABARXT

F B EIE NN LG A3 AT & 0 2 2 B i N A3 R B Saad A7 % L 43 47
BT HE NIRRT 87 % R iE ARER R RS . 8 43 2R T
DSA HARKIHT 15 44 L FIRN T ZH AR L .

A AL1-BOS CREY), MR ->INTREY), AfFk&- >R T ->
WE). A12-E07C CREEY), R >RSI - > LREHAR] - >HH T
P - > AR, RS, HFHD A1 L04-Co6 (it KA KL, BeHE, W% ->
AR > SN L > SN T -BORAEEARD 52 &AW SN FR O F A 7
A SRF AR ST, JoH2 IBM. MICRON. = /Zf1 TOSHIBA.

It4h, IBM fil TOSHIBA iffll & A11-C04D (&Y, R ->ITERE
Y, GFERAE - >HABRIIHERE - >R AL - >R AL - A2 b FE) FR

W,

12
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Patent Assignees vs. Manual Codes

A11-B0SA11-CO4DA1 2-E01A1 2-E07812-L02BZA1 2-W14 L04-COLO4-COBALO4-CO7L04-C11CU11-A14J11-C01J211-CO4D11-CO4EV11-C12
3M INNOVATIVE PROPERTIES CO 1 o 0 0 0 06 o0 o ' o ©0 ‘ (3]
ASML NETHERLANDS BV - o 0 o (4 ‘ © 0 o ‘

GLOBALFOUNDRIES INC - QO O o 0 o (3] 10} (4]
HYNIX SEMICONDUCTOR INC 1 0O\ O ® o o o o o0 o
INT BUSINESS MACHINES CORP 1 ® é é @ o @O o @ o O
KOREA ADV INST SCI&TECHNOLOGY - (3] @ e 0 o0 e o6 o0 o0 o
LG DISPLAY CO LTD- (3] 0O 0 o o o o0 ® o @
MASSACHUSETTS INST TECHNOLOGY - (7} 0 0 o o (1] ‘ (3 o ©
MICRON TECHNOLOGY INC (2] (3] @ ® o o @ o @ 0 O

SAMSUNG ELECTRONICS CO LTD (5] o O ® o o o @ @ @

SEAGATE TECHNOLOGY LLC 1 (3] 0O © 0 o0 o0 o o0 o 0o O
TOKYO ELECTRON LTD- (1) 0O O 6 o o o0 ~ 0 O
TOSHIBA KK 1 (1] 6 o o0 o e o é 0O o0
UNIV CALIFORNIA (1) 0O © 0O 6 o ' 1)

WISCONSIN ALUMNI RES FOUND - (6] (5 (4] (2] 0 O o (2]

& 4.3 DSA BEAREFFIEEBFARAN

13
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4.4 FEBFANEEDHT

HIE N B AR 2 A 20 B3l NG AR B R (R 1 DUgEAT X LA i, 5 UK I
HIE N RR P AU 2 QUBTRE ST SR DB R a5 B4, WK
4.4 A TREE R T4 T 8 T 50 MR HE NBIE1ER 218 .

MNEEEFEIAGEWASREENSMER. b — A2 IBM,
GLOBALFOUNDRIES. MASSACHUSETTS INST TECHNOLOGY K 2% Fljii /i
K. HA IBM 2 E1ER L.

A—AE1EB =5 . SEAGATE. KOREA ADV INST fll LG, X441
e U E P AT, Hh =R EE1EMZG, 1=2M KOREAADV INST [
EREERZ, A 450,

UNIV CALIFORNIA (24)

(GLOBALFOUNDRIESINC (23)) | jaSSACHUSETTS INST ... (23)

L3322

(MICRON TECHNOLOGY INC {5?]) TOSHIBA KK (75)

PR RN
I &

QI | HYNIX SEMICONDUCTOR ... (27) (\MSCONSIN ALUMNI RES... [23])

(3M INNOVATIVE PROPER... (26) ) ( ASML NETHERLANDS BV (27) )

(TOKYO ELECTRON LTD (26) )
R 3

(%] J‘ J J l

23 A

ADUNA

&l 4.4 DSA BEAREH EEBIENEIE

14



T ERRARBEREIR 2016 SEFE =8

4.5 TEHEAEARRBR ST

FET ARGy A XS B NIBAE R RBEAT /00T, A5 DUR IR 35 I AR SRR
IBESFEGE R AR5, WA 4.5 s DSA SORLH 1 2 HTE NBORCHRE,
I UAE BIIXEE A B 2 (A AR TG AR, 55 R

P+ 78 TOSHIBA. IBM. MICRON., MASSACHUSETTS INST
TECHNOLOGY X J UM A1 AR UG LRI 78 77 1) BRI B 2 AL, 21z
AT S A RSS2, Hh R A12-E07C CREY, YR >REWIIN
F - >HATREHAR] - >HETTE - >2E SR, SElihilg: WD 2]z
N e AR (P 7 5 15 o

TOSHIBA . TOKYO ELECRON. MICRON. INTEL Fl & %= 54 il i il
TR SR TZ M ALL-B0S CREY, WE ->INTREY, AFER&- >
TZ->E) RIL04-C06 (i kAL, e, P& - > 54k >S40 - >
PN -ERAEAD.

4, IMEC. WISCONSIN. 3M SEHLHIHE ST RIBOARA R MRS . Horf IMEC
FEMETHAR ULL-C12 CERARTIE T HEE - > A BRI T - > 34k
PSR SEAOIN T - > 48 2. WISCONSIN I = Z M & FHoA All-
CO4D CREY, YR ->INTRAY), SRE& - >H AR - >R b3
->RMALEE - (LA HD) . 3MANE THOR L03-J (it KARE, 358, M - >
AL BN - >Fe F 42 1 e s 20 AR Rk £ i 3 A A 38 7720
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Patent Assignees (Cleaned - N... ?DU PONT DE NEMOURS & CO E I | .'
Ianual Codes - 1-ghove
CORNING INC
INST

ELECTRONICS&TELECOM RES

Top links shown

e— )] 45(19)
0.50-0.75 0(349)

— — - 0:25-0350 0(555)

--------- =025 0(257)

SEMICONDUCTOR MFG INT BEIJING CORF

SEAGATE TECHHOLOGY LLC

GLOBALFOUNDRIES INC |

ASML NETHERLAWDS BY
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SE A H AR R TR E T H
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H A & £ 547 BT 69 RIE K5 A Innography £ FI HIEE ST “BARA
RNERFA, HREFALERY LA & E>80 569 204+ FFMEA E LS A HATIH
# (A REEERZ 1-100 4, H+F 80-100 569 & AR A EF])

1. ®HS: US2009317540

EH]4FK: Forming non-volatile resistive oxide memory array used in computer
system for storing data involves forming conductive word/bit lines over substrate, metal
oxide-comprising material, and self-assembled block copolymer lines within trenches

LR KB A: SANDHU G; SMYTHE J; SRINIVASAN B

EFMA: SANDHU G (SAND-Individual); SMYTHE J (SMY T-Individual);
SRINIVASAN B (SRIN-Individual); BOISE TECHNOLOGY INC (BOIS-Non-
standard)

& H: 2008/6/18

. NOVELTY - Forming non-volatile resistive oxide memory array
involves forming conductive word/bit lines (13, 14, 15) over substrate(10) and metal
oxide containing material (12) over word/bit lines, providing series of elongated
trenches (18) over word/bit lines running parallel outer major surface of substrate,
trenches being angled relative to word/bit lines and having sidewalls (19), forming self-
assembled block copolymer lines within trenches in registered alignment with and
between sidewalls; and providing conductive word or bit lines from self-assembled
block copolymer lines to form junctions.

USE - For forming non-volatile resistive oxide memory array used in computer

system for storing data.

ADVANTAGE - Several non-volatile resistive oxide memory cells are fabricated
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within a memory array at essentially the same time. The memory array may be
fabricated such that the bit lines, word lines and or trenches serpentine relative to one
another in different straight line or curved-line segments throughout the array. The
materials of layer are deposited in more than one step. Non-volatile resistive oxide
memory array metal having oxide-comprising material is configured to have its current

leakage capabilities be selectively varied in addition to or instead of its resistive state.

2. EFS: US2008318005

% F| 4 K : Preparing random graft copolymer comprises reacting reaction
mixture comprising p-chloromethylstyrene and styrene to form polymer chains and
reacted with poly(ethylene oxide), and reacting the obtained copolymer with azide
compound

HFKHAN: MILLWARD D B

LR A: MICRON TECHNOLOGY INC (MCRN-C)

FiE H': 2007/6/19

WE: NOVELTY - Process for preparing a random graft copolymer (I)
comprises: reacting a reaction mixture comprising p-chloromethylstyrene and styrene
to form polymer chains comprising chloromethyl moieties and repeating units derived
from p-chloromethyl styrene; reacting the polymer chains with one or more oligomers
or polymers of poly(ethylene oxide) to form a graft copolymer, where the poly(ethylene
oxide) has only one nucleophilic end; and reacting the graft copolymer with an azide
compound to displace chlorine atoms and form azidomethyl moieties on the graft
copolymer.

USE - The process is useful for preparing a random graft copolymer and
fabricating film, which is useful as template or mask in etching a substrate (all claimed).

ADVANTAGE - The process provides the film, which is neutral wetting to both

polystyrene and polyethylene oxide. The process provides the films with self-assembled
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domains, which is extend from and interface with the air and the substrate at the trench

floor.

3. HRS: US2008217292

£ F] 4 FK: Nanoscale microstructure fabrication method, involves annealing
portion of film overlying base layer within trench such that self-assembled lamellar
domains are formed only within portion of film that has lamellar domains

HFARHAN: MILLWARD D B; MARSHE P

EFMA: MICRON TECHNOLOGY INC (MICR-Non-standard)

FIE H': 2007/3/6

#ZE: NOVELTY - The method involves forming a base layer by annealing a
film to form self-assembled polymer domains that span a specific width. Another film
including a self-assembling lamellar-phase block copolymer is formed over an annealed
base layer and a substrate (10). A portion of the latter film overlying the base layer is
annealed within a trench (16) such that self-assembled lamellar domains are formed
only within the portion of the latter film that has lamellar domains which are registered
to corresponding polymer domains of the annealed base layer.

USE - Method for fabricating a nanoscale microstructure.

ADVANTAGE - The films of the linear arrays of the ordered nano structures are
effectively fabricated in a cost-effective manner without defining features or utilizing

self-assembling block copolymers.

4. BFS: US6773616

LR FR: Formation of nanoscale wire for electronic and opto-electronic device,
by growing nanowires with first composition on etchable layer major surface, and
etching portion of etchable layer to insulating layer

HFKRHAN: CHENY; OHLBERG D AA; KAMINS TI; WILLIAMS R S
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LR A: HEWLETT-PACKARD DEV CO LP (HEWP-C)

FiE H: 2001/11/13

$E: NOVELTY - Formation of nanoscale wire comprises providing etchable
layer, epitaxially growing self-assembled nanowires (34), and anisotropically etching
portion of the etchable layer down to the insulating layer (32). The etchable layer has
second composition and buried insulating layer beneath its major surface. The
nanowires have first composition on the major surface of the etchable layer to form
interfacial plane between nanowires and etchable layer.

USE - For forming nanoscale wire useful in making electronic devices and opto-
electronic devices.

ADVANTAGE - The invention avoids traditional lithography methods, thus
minimizes environmental toxic chemical usage, simplifies manufacturing process, and

allows the formation of high quality one-dimensional nanowires over large areas.

5. LR5: US20110198736A1
LR ZHR: Processing self-assembled monolayer, comprises providing exposed

surface, supplying organic precursor to adsorb self-assembled monolayer and supplying
another organic precursor to adsorb onto reactive sites of exposed surface

EF&ZKBHAN: MILLER S; MUSCAT A; SHERO E; VERGHESE M

LRI A: ASM AMERICA INC, (ASMI-C)

HIEH: 2011-08-18

WE. NOVELTY - Processing a self-assembled monolayer, comprises:
providing an exposed surface; supplying a first organic precursor having a first
molecular chain length to adsorb a self-assembled monolayer over the exposed surface;
and supplying a second organic precursor having a second molecular chain length i.e.
shorter than the first molecular chain length to adsorb onto reactive sites of the exposed

surface on which a self-assembled monolayer is not adsorbed.
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USE - The method is useful for processing self-assembled monolayer for forming
an integrated film structure, which is useful in a semiconductor device (all claimed).

ADVANTAGE - The method effectively and rapidly inhibits the vapor deposition
on selected surfaces such as reactor surfaces or selected surfaces on silicon wafer thus

improving the performance and life of the semiconductor device.

6. EF|5: US20090263628A1
HH| 4 FK: Forming nano structured polymer material on substrate, useful in

semiconductor manufacturing, comprises forming block copolymer material within
trench in material layer on substrate, and annealing the block copolymer material

LR AKHA: LLWARDD B

EHFMA: MICRON TECHNOLOGY INC (MCRN-C)

FIE H': 2009-10-22

$ZE: NOVELTY - Forming nano structured polymer material on a substrate,
comprises forming: a block copolymer material within a trench (16') in a material layer
on the substrate, the trench having a floor, opposing sidewalls and ends that are
preferentially wetting to a minority block of the block copolymer, and the block
copolymer material having an inherent pitch value (L) and a total initial thickness
within the trench such that the block copolymer material has a sufficient volume at the
end of annealing to self-assemble into cylindrical domains (48'); and annealing the
block copolymer material.

USE - The nano structured polymer material is useful in semiconductor
manufacturing.

ADVANTAGE - The method provides: ordered and registered elements on a
nanometer scale that can be prepared more inexpensively than by electron beam
lithography, or conventional photolithography; and low cost, high-throughput

technique for fabricating small structures. The method does not require unconventional
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processes for manufacturing the required structures.

7. £RS: US20090200646A1

% H| £ K : Formation of nanostructured polymer material on substrate by
annealing block copolymer material so that block copolymer material self-assembles
into cylindrical domains of a block of block copolymer within matrix of another block

% F &8 AN : MILLWARD D; MILLWARD D B; MILWOEDEU D B;
SEUTYUEON K; STUEN K

EHRMA: MICRON TECHNOLOGY INC (MCRN-C)

H175 H: 2009-08-13

#ZE: NOVELTY - A nanostructured polymer material is formed on a substrate
by forming a self-assembling block copolymer material within a trench in a material
layer on the substrate; and annealing the block copolymer material so that the block
copolymer material self-assembles into cylindrical domains of the first block of the
block copolymer within a matrix of a second block of the block copolymer.

USE - Method of forming a nanostructured polymer material on a substrate
(claimed).

ADVANTAGE - The method provides ordered and registered elements on a
nanometer scale which can be prepared more inexpensively than by electron beam
lithography, extreme UV photolithography or conventional photolithography; employs
systems which can be readily employed and incorporated into existing semiconductor

manufacturing process flows; is low cost; and has high-throughput efficiency.

8. TRS: US20080299774A1
LR 4 FR: Patterning semiconductor substrate including printing technique for
integrated circuit fabrication, by providing block copolymer layer, removing block,

blanket depositing spacer material on mandrels, etching spacer and transferring pattern
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HRKHAN: SANDEUHU G; SANDHU G

EHRA: MICRON TECHNOLOGY INC (MCRN-C)

H11E H : 2008-12-04

WE. NOVELTY - Patterning semiconductor substrate (110) comprises
providing layer comprising block copolymers (162, 164) ; selectively removing one
block of block copolymers to leave laterally-separated mandrels comprising other block
of block copolymers; blanket (170) depositing spacer material on mandrels; etching
spacer material to form spacers on sidewalls of mandrels; and transferring pattern
defined by spacers to substrate. A laterally spaced apart copolymer self-assembly guides
(134) are provided over the substrate.

USE - Method for patterning semiconductor substrate including printing technique
for integrated circuit fabrication (claimed).

ADVANTAGE - The method allows formation of mask features smaller than that
formed by block polymers alone without using newer, complex and expensive
lithography techniques, and reduces burden on robustness of photoresist. A self-
organizing material comprising different chemical species is allowed to organize to

form domains comprising the same chemical species.

9. EHFE: US20080176767A1
L F| 4 FR: Forming nano structured polymer material on substrate, useful in

semiconductor manufacturing, comprises forming block copolymer material within
trench in material layer on substrate, and annealing the block copolymer material

LR KRB A: MILLWARD D B

EFMA: MICRON TECHNOLOGY INC (MCRN-C)

HI1E H : 2008-07-24

FE: NOVELTY - The film comprising self-assembled block copolymer is

formed within trenches (14). The individual trench has width of 10-100 nm, length of
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n(10-100 nm), pitch distance between adjacent trenches of 2(10-100 nm), preferential
wetted sidewalls (16) and edges (20), and neutral wetted floor with edges of the trenches
aligned. The copolymer film forms single array of perpendicularly oriented cylindrical
domains of polymer block (A) of the block copolymer in matrix of polymer block (B)
of the block copolymer within each trench. Thus, nano-scale microstructure is
fabricated.

USE - Fabrication of nano-scale microstructure used for polymeric film (claimed)
for semiconductor wafer and substrate.

ADVANTAGE - The method economically provides nano-scale microstructure.

10. EF]5: US20040241396A1

LR FR: Modification of a surface of a substrate useful in articles involves inkjet
printing a first material comprising non-vaporizable component containing self-
assembling compound onto a portion of the surface of the substrate

LR KB A: JING N; KORBA G; KORBA G A; YLITALO C; YLITALO C M

EHEFAA: 3M INNOVATIVE PROPERTIES CO (MINN-C)

B H : 2004-12-02

BWE: NOVELTY - Modification of a surface of a substrate comprises: inkjet
printing a first material onto a portion of the surface of the substrate. The material
comprises a non-vaporizable component. The non-vaporizable component comprises at
least one self-assembling compound (= 10 wt.%).

USE - For modifying a surface of a substrate; in article (claimed); for inkjet
printing methods e.g. thermal inkjet, continuous inkjet, piezo inkjet, acoustic inkjet, and
hot melt inkjet printing; in the manufacture of a variety of articles (e.g. microfluidic
devices (e.g. lab on a chip and drug delivery devices), analytical test strips (e.g. blood
glucose test strips)).

ADVANTAGE - The method provides ability to control the wetting of a liquid on
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a surface of a substrate according to a precise high-resolution pattern. The method

provides high resolution pattern and is well-suited for short run applications.

11. £F|5: US20130324666A1
L F| 44 X : New block copolymer comprising polymer backbone groups

containing wedge groups and/or polymer side chain groups used in supramolecular
assembly to form structure such as templates and scaffolds for nanodots, nanowires,
and optical devices

EF] KB AN: ATWATER HA; DAEFFLER C S; GRUBBS R H; MIYAKE G M;
PIUNOVA V; SVEINBJORNSSON B R; WEITEKAMP R; XIAY

LRIBA: CALIFORNIA INSTITUTE OF TECHNOLOGY

FE H: 2013-12-05

BE. NOVELTY - A block copolymer (C1) comprising at least 10 first
repeating units, where each of the first repeating units of the copolymer comprises a
first polymer backbone group covalently linked to a first wedge group or a first polymer
side chain group; and at least 10 second repeating units, where each of the second
repeating units of the copolymer block comprises a second polymer backbone group
covalently linked to a second wedge group or a second polymer side chain group that
is different than the first wedge group or the first polymer side chain group, where the
first and second repeating units are directly or indirectly covalently linked along a
backbone of the copolymer, and where a size (R) of the copolymer is directly
proportional to molecular weight (MW) raised to power x (where x 1s 0.85 to less than
1), is new. An INDEPENDENT CLAIM is included for preparation of the block
copolymer (C1).

USE - In supramolecular assembly to form structure (claimed) such as templates
and scaffolds for nanodots, nanowires, magnetic storage media, semiconductors, optical

devices, polarizers, and photonic materials.
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ADVANTAGE - The block copolymers (C1) have a molecular weight of 100000
to 30000000 Da; exhibit useful physical, chemical and optical properties for a range of
applications including photonics, optoelectronics, and molecular templates and
scaffolding; and are capable of efficient self-assembly to generate useful periodic
structures with domain lengths in the nanometer range and exhibiting optical
functionality in the visible and near-infrared (NIR) regions of the electromagnetic

spectrum.

12. €H]5: US20090087664A1
|4 FK: Forming complex copolymer structure involves depositing copolymer

material on patterned substrate, configured to drive the assembly of micro-phase
separated films that exhibit the same morphology as that of the copolymer material in
bulk

LH KB AN: BATESF S; DE PABLO J J; NEALEY PF; PABLOJJ D

EFMA: WISCONSIN ALUMNI RES FOUND (WISC-C)

HI1E H': 2009-04-02

WE. NOVELTY - Forming (M1) complex copolymer structures involves:
providing a substrate patterned with activated regions; depositing a layer of material
comprising an n-block copolymer on the substrate; and ordering components in the
copolymer material such that an ordered microphase-separated film is formed, where
at least n phases are registered with the underlying substrate and the morphology of the
ordered film is the bulk morphology of copolymer material.

USE - For forming complex copolymer structures useful for fabricating thin film
tri-block copolymer structure on substrate (claimed); and in semiconductor processing.

ADVANTAGE - The method directs the assembly of tri-block (and higher order)
copolymers of different compositions into a number of fabrication templates with

complex architectures and perfect ordering over areas as large as chips, throughout
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films that are thick enough to be considered three-dimensional, and precisely registered
with the underlying substrate. The preferential surface interactions of blocks of the
copolymer material with activated regions result overcome unfavorable
blocks/substrate surface interactions, resulting in an overall minimization of the energy
so that the bulk morphology is obtained. The chemically patterned substrate allows
desired orientation of the structures with respect to the substrate, perfect patterning over

arbitrarily large areas, and registration of the structures with the substrate.

13. £F|5: US20060108320A1

HH|44FK: Fabrication of semiconductor device by receiving substrate comprising
dielectric material(s), and forming molecularly self-assembled layer on exposed surface
of dielectric material

LR KB AN: CHIANG T P; KESHAVARZ M; LAZOVSKY D E

LRI A: INTERMOLECULAR INC, (INTE-N)

Hi% H: 2006-05-25

#E: NOVELTY - Fabrication of semiconductor device includes receiving a
substrate comprising dielectric material(s), and forming a molecularly self-assembled
layer on an exposed surface of dielectric material. The molecularly self-assembled layer
comprises material(s) having molecular characteristic and/or molecular type selected
according to at least one pre-specified property of self-assembled layer.

USE - For fabricating semiconductor device (claimed).

ADVANTAGE - Formation of molecularly self-assembled layer (MSAL)
eliminates the need to provide a deposited barrier layer together with the MSAL
between the dielectric and electrically conductive materials. Use of MSAL to seal pores
provides a barrier to reactants used in an ALD process or other chemical-based process
that forms a deposited barrier layer. This pore sealing MSAL seals pores formed in a

porous dielectric material so that the barrier to reactant diffusion into the porous
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dielectric material is the same as or better than that into a non-porous dielectric material
without the MSAL. The pore sealing MSAL enables or facilitates use of porous
dielectric materials with low dielectric constants. The MSAL can provide adhesion
properties between the electrically conductive material and dielectric material,
inhibiting delamination of electrically conductive material from dielectric
material. Forming (M1) complex copolymer structures involves: providing a substrate
patterned with activated regions; depositing a layer of material comprising an n-block
copolymer on the substrate; and ordering components in the copolymer material such
that an ordered microphase-separated film is formed, where at least n phases are
registered with the underlying substrate and the morphology of the ordered film is the

bulk morphology of copolymer material.

14. TH5: US8667428B1
LR FR: Method for fabricating integrated circuit, involves applying directed

self-assembly model to directed self-assembly directing pattern to generate updated
DSA directing pattern by using computing system

LR KB A: CHIANG T P; KESHAVARZ M; LAZOVSKY D E

EFRMA: ADVANCED MICRO DEVICES INC (ADMI-C);

GLOBALFOUNDRIES INC(MUBA-C)

FiE H': 2014-03-04

WE. NOVELTY - The method involves applying a directed self-assembly
(DSA) model to a DSA target pattern to generate a first DSA directing pattern by using
a computing system (100). A residual value between the DSA target pattern and the
DSA directing pattern is calculated by using the computing system. A cost function of
the residual value between the DSA target pattern and the DSA directing pattern is
computed by using the computing system. The DSA model is applied to the first DSA

directing pattern to generate an updated DSA directing pattern by using the computing
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system.
USE - Method for fabricating an integrated circuit.
ADVANTAGE - The method enables achieving directed self-assembly

process/proximity correction in integrated circuits in a cost effective manner.

15. £F|5: US7790045B1

HH|4FR: Formation of face-centered cubic system sphere array of close-packed
spheres within V-shaped groove by applying self-assembling block copolymer in V-
shaped groove, where angle of walls for groove and block copolymer is purposely
selected

LRKHAN: CHUANG P; ROSS CA

LR A: MASSACHUSETTS INST TECHNOLOGY (MASI-C)

B H': 2010-09-07

BE: NOVELTY - Method comprises providing a substrate having V-shaped
groove(s) (V) formed in part(s) by 2 angled side walls; and applying a self-assembling
block copolymer in the V-shaped groove, where an angle of the walls for the V-shaped
groove and the block copolymer is selected such that the block copolymer forms a face-
centered cubic (fcc) system sphere array (A) of close-packed spheres within the V-
shaped groove.

USE — The method is for forming fcc system sphere array of close-packed spheres
within V-shaped groove (claimed), useful for lithography applications for forming
arrays of discrete metal dots or like shapes in various semiconductor processing
applications. The square symmetry of the top layer of the fcc block copolymer sphere
array may provide a useful template for making square arrays of nanostructures.

ADVANTAGE - The V-shaped grooves promote the formation of fcc sphere array
that is well ordered. The block copolymer confined within V-shaped groove does not

adjust its interlayer spacing to within the bulk of the V-shaped groove; and
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incommensurabilities are instead accommodated by changes in packing, or changes in
sphere diameter, which are restricted to the top layer of spheres. Thus, the top layer of
spheres may show a hexagonal arrangement or a square arrangement. The groove
geometry promotes an fcc sphere array even for relatively thick films, despite the bulk
morphology being body-centered cubic system. The local density of the block
copolymer remains constant; and the system cannot form vacancies, so the
incommensurability must be accommodated by adjustment of the sphere size or the
packing structure. The ability to form ordered 3-dimensional arrangements for a range
of film thicknesses makes block copolymers attractive for the fault-tolerant templated

self-assembly of nanoscale periodic arrays.

16. TF|5: US20130327636A1

L F) 4 FR: Making patterned dot array, comprises e.g. providing a substrate
having layer in which the array is to be fabricated, depositing, onto layer a nanoparticle
layer comprising surfactant and nanoparticle, and treating the surfactants

% F] % B§ A : CHENG J; KIM H; RETTNER C T, SANDERS D P;
SOORIYAKUMARAN R; SUNDBERG L

LRI A: UNIV CARNEGIE MELLON(UYCM-C)

FIE H: 2013-12-12

BE: NOVELTY - Controlling orientation of microphase-separated domains
in block copolymer film involves:

USE - For controlling orientation of microphase-separated domains in block
copolymer film (claimed) used as alternative low-cost nanopatterning material for
generating periodic nanoscale structures and in the production of article of manufacture
e.g. computer hardware product such as permanent or rewriteable data storage media
such as hard disks readable by a machine, employing computer usable media; in the

fabrication of semiconductors including microprocessors including those with memory
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caches, ASICs, and/or memory chips including dynamic random access memory
(DRAM), static random access memory (SRAM), and Flash.

ADVANTAGE - The orientation control composition imparts controlled
orientation of micro-domains in films of block copolymers subsequently disposed on
the orientation control layer. The composition and method forms an orientation control
layer at the surface of a substrate that can provide orientation control of micro-domains
in a block copolymer layer disposed on it. The method allows for formation of self-
assembling preparation of nanoscale structural features and directional control of the
nanopatterned features, by sequential deposition of the orientation control layer using
conventional solution coating techniques, providing greater control of the desired
feature patterns, integrability into different post-patterning processes useful for
obtaining different topographies by substrate etch, and thereby obtaining reduced
processing and cycle time in the fabrication of such structures, and for the preparation
of a wide variety of features in a wide variety of compositional or topographic
substrates. The method generates a film of a crosslinked orientation control layer from
epoxy-based crosslinkable orientation control material that is compatible with a wide
variety of surfaces. The orientation control materials when coated on substrate in a film-
forming process provides a crosslinked orientation control layer having neutral surface
energy that can be tuned to be compatible with a variety of microdomain-forming layers

comprising the block copolymers.

17. F5: US7521090B1

HF| 2 #F: Controlling orientation of microphase-separated domain in block
copolymer film used in nanoscale structure involves forming epoxy-containing
cycloaliphatic acrylic polymer layer, heating, forming copolymer assembly layer and

removing domain

% F] % B A : CHENG J; KIM H; RETTNER C T, SANDERS D P;
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SOORIYAKUMARAN R; SUNDBERG L

ERAA: INT BUSINESS MACHINES CORP (IBMC-C)

HIE H : 2009-04-21

BWE. NOVELTY - Method (M1) for fabricating a patterned dot array,
comprises e.g.: (a) providing a substrate having at least one layer in which the patterned
dot array is to be fabricated; and (b) depositing, onto at least one layer in which the
patterned dot array is to be fabricated, a nanoparticle layer, where the nanoparticle layer
comprises at least one surfactant and nanoparticle, with the nanoparticles being coated
with the surfactants in the nanoparticle layer, and with portions of the surfactants filling
spaces among the nanoparticles in the nanoparticle layer.

USE — The method is useful for fabricating a patterned dot array and a patterned
antidot array (claimed), where dot array is pillar array and antidot array is pit or hole.

ADVANTAGE - The method provides patterned dot array and a patterned antidot

array with desired feature size, which are fabricated quickly, reliably, and inexpensively.

18. £F|5: US20110147984A1
+ F) 44 % : Forming layered structure for creating patterned layers involves
disposing photoresist layer on substrate; exposing, heating and developing the layer;
casting the material and allowing to self-assemble to form layered structure
HF KB N: CHENG J; COLBURN M; COLBURN M E; HARRER S;
HINSBERG W; HINSBERG W D; HOLMES S; HOLMES S J; KIM H; SANDERS D
P
HRMA: INT BUSINESS MACHINES CORP (IBMC-C)
HiE H: 2011-06-23
FE: NOVELTY - Forming layered structure comprises self-assembled (SA)
material (78) involving disposing non-crosslinking photoresist layer (73) on substrate

(10); developing layer to form patterned layer, treating layer photochemically,
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thermally or chemically to form treated patterned layer; casting solution of orientation
control material (58) and heating control layer to bind material to second substrate
surface; forming pre-pattern; casting solution of material dissolved in second solvent
on pre-pattern; and allowing casted material to self-assemble with heating/annealing to
form layered structure.

USE — To form layered structures comprising metal wiring lines, holes for contacts
or vias, insulation sections (e.g. damascene trenches or shallow trench isolation), and
trenches for capacitor structures suitable for the design of integrated circuit devices;
also useful in context of creating patterned layers of oxides, nitrides or polysilicon.

ADVANTAGE - The method utilizes high resolution, positive-tone photoresists to
make the initial patterned photoresist layer, either by positive-tone or negative-tone
development. The photoresist material that has been exposed to higher radiation doses
and undergone further polarity increase during baking is even less soluble in low
polarity solvent (preferably anisole). This behavior can be utilized to control photoresist
solubility without cross-linking the photoresist. The method can utilize commercially
available optical lithography tools, processes and materials to generate chemical pattern
without any additional etch process. Also has ability to trim photoresist pattern prior to
application of orientation control material which allows the size of pinning regions to
be less than resolution of optical lithography tool. The photoresist consist of surface-
active components that control the surface properties of the coated photoresist and limit
the extraction of photoresist components into immersion fluid. The method utilizes self-
assembled material with reduced feature size and increased periodicity relative to pre-

pattern.

19. BF|5: US20100314767A1
LR ZFR: Self-aligned interconnect structure comprises substrate, low-dielectric

constant material having interconnect pattern, another low-dielectric constant
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material having interconnect pattern, and conductive material
“F KB AN: CHEN S; LIN Q; PURUSHOTHAMAN S; SPOONER T A;
WALSH S M
LR A: INT BUSINESS MACHINES CORP (IBMC-C)
BE H: 2010-12-16
BE. NOVELTY - A self-aligned interconnect structure comprises a first
patterned and cured low-dielectric constant (low-k) material (18") provided on surface
of substrate (12) and including first interconnect pattern(s); a second patterned and
cured low-k material (22") provided atop the first low-k material and having second
interconnect pattern(s) different from the first interconnect pattern, in which portion of
second low-k material partially fills the first interconnect pattern; and a conductive
material (25) filling the first and second interconnect patterns.
USE — Self-aligned interconnect structure.
ADVANTAGE - The use of patternable low-k material eliminates use of separate
photoresist, and reduces plasma etching and complex sacrificial film stack and
processes required for patterning. This saves cost and provides improved performance

and reliability.

20. EF]5: US20100279062A1
LHF) 2 FR: Self-assembled block copolymer film within trenches in substrate,
where the film in a first trench comprises perpendicular cylinders and the film in a
second trench containing parallel-oriented half-cylinders
LR & AN: MILLWARD D B; SANDHU G; WESTMORELAND D
EFALA: MICRON TECHNOLOGY INC (MCRN-C)
BiE H: 2010-11-04
WE: NOVELTY - A self-assembled block copolymer film within trenches in

a substrate, where the film in a first trench comprises perpendicular cylinders and the
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film in a second trench comprises parallel-oriented half-cylinders.

USE — As self-assembled block copolymer film within trenches in a substrate
useful as template (claimed) or mask.

ADVANTAGE - The block copolymer film anneals to cause the component
polymer blocks to separate phase and is self assembled. The annealed and ordered film
is treated to crosslink the polymer segments to fix or enhance the strength of the self-

assembled polymer blocks within the trenches.

21. £R5: US20100102415A1
% F) 44 # : Forming layered structure for creating patterned layers involves
disposing photoresist layer on substrate; exposing, heating and developing the layer;
casting the material and allowing to self-assemble to form layered structure
EH KB AN: GREELEY JN; MILLWARD D B; QUICK TA
LR A: MICRON TECHNOLOGY INC (MCRN-C)
HIi% H: 2010-04-29
#ZE: NOVELTY - The method comprises applying a material comprising two
polymeric blocks that are immiscible with one another over a trench in a material
overlying a substrate (102), annealing the material to form a film comprising repeating
domains comprising one of the polymeric blocks surrounded by a matrix comprising
another of the polymeric blocks, exposing the film to a swelling agent comprising a
metal oxide precursor, which selectively bonds to the repeating domains, and oxidizing
the metal oxide precursor to form a metal oxide. The application of the material
comprises applying a block copolymer.
USE — The method is useful for forming metal oxide structures, which are useful
in a semiconductor structure (claimed).
ADVANTAGE - The method is capable of economically and easily forming the

metal oxide structures with enhanced density and reliability, improves the etch
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selectivity of the self-assembled domains, and reduces or prevents the buckling or

wrinkling of the metal oxide structure.
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BrsE &I |

F B A 5% I )36 M B T Al s )

2016 4£2 A 19 H, KEEAEHK. BRETEHAE. ERAHESHEAZE
e, SeltHEERIA AT, WESEERAS T hr B 5HE G5 N 4545
JEE A AR TR

CHE 6 aE G0 8 W2 3 &) 4 2 4k & ) (NATIONAL NETWORK FOR
MANUFACTURING INNOVATION,NNMI, PROGRAM ANNUAL REPORT) Hi i i T
NNMI TR 3 2 H AR A0 ST E R

NNMI TRl & R 5 38 A 5% B SR I BOR AL 7 Bk, O 1 #F 45
RVEIF 5] G 5 AH R SR A I HOR AL . NNMI ZE 2015 fF82H 1 — &
S —/MER R—HIRI AR, R

Vision

U.5. global leadership in advanced manufacturing

Mission

Connecting people, ideas, and technology
to solve industry-relevant advanced manufacturing challenges, thereby enhancing
ndustrial competitiveness and economic growth and strengthening our national security

Program Goals

o

Competitiveness

Technology Advancement Workforce Development Sustainability

NNMI PRI By T @57 51 5 G 0 7 b AR 25 B 4R TG B A 1 e
NNMI TR GG — L G TR, SIS A, B AR s AR 7T
Fkek, k20159 H, CEHIMES:

® America Makes, B[I[E M HIEQIHH, A T @M, ¢

JEIE A3 A 3D AT ENEIA
® Digital Manufacturing and Design Innovation Institute, zF-fF i 5 2

INEF, SER B S S RS

37



RS 3% RN EREIR 2016 SFE =M

® PowerAmerica, Bl T —ACHJJBEFHEEQIFI, TR RHD
M, RIERE T 98 BEAT B SR B T A
® Lightweight Innovations for Tomorrow, R[5 [ &2 5 144 il & G H AL,
AL T H BRI YRR, SRR R AIERR,
® Institute for Advanced Composites Manufacturing Innovation, {7 FH &} 7
M TR, SR A e R R S R A M kL
® AIM Photonics, RISEE OG- T Hl&E CUFHLA, AL T AL HIHES
FRVESE RO L 1) 3
® NextFlex, RIZEIEIRG H-THIGEEIHHL, AT InFAE 8 M S 2E,
RVE P 5 e v 7 AR R i AR B
XLEHF TN E NNMI R EA L, KT AES k BFA
L Z AN AR, IR QIR A S R GE, Bl [RI R ok v XU 1 3
A HIBk s, IR ERBIT R DR B IR ORSE I A LA QU AR R GRS R
HBUNEEHRE, TR R AT G R R, BRI SR E e id T
FARE AR BT, T o 38 [H HlE ) 554 0. NIRRT IS NNMI
WA I HEENL BT ES RGN EEN A

National

Network for
| Manufacturing
|\ Innovation

N (NNMI)
.
Academia
and
National Labs Industry
Manufacturing
Innovation Institute 7
. arge
Universities Applied research ' Manufacturing
* Technology development Companies

* Manufacturing software development
Community = Education and workforce development
|

* Prototype labs/shops

Small and

Colleges Mid-Sized

Shared Use Facilities Enterprises
* Manufacturing
demonstrations
National Labs * Technology workshops \  Start-ups

* Manufacturing
technology services

£

‘ Federal ‘ State and Local Economic
Government Government Devclopment
ki Organizations

-

Government

Figure 5. Institute Innovation Ecosystem
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NNMI &l ) — A o EIE R QU AfliE, vk, NNMIBFEHL R
TS EE

® SErHTMIN FHBE T P AANA ALY R TT, DA AR W i i 5 R R
WAL ZIE AR TZ L PP ah st i i, R 2 A . A ke I Ta) AT
BEEALR JRUSE o

® il e FIS it A/ AN IR .

® i [ (R R S SRR 5] 3R S BRI A SR

® i/ IS 5 R/ AL R ARG Al

EAE IR

https://www.manufacturing.gov/files/2016/02/2015-NNMI-Annual-Report.pdf
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RIS

BEFEN A SE ] B 42384 At 12 R

5 B H bk 5 BT FTFT(NIST) S 1BM [ 58 N A JF R T — Fhib Al
(trenching)Fi A, BE#E I LLIE I 5E M) H 2H % (self-directed assembly) K 4T i Jof:-
W ARNRERR, S&RKRFRGZT ZIIFEZEIE, 7€ 84 HH(indium
phosphide) sl At 2 SR PP EHZ BB ML, TEREOKIEIE . XM AR AT 82 4 Aok
TE FT 18 1 S 56 % 5 &% 7 (lab-on-a-chip) o ffF R R A T 4. BIIAR . U F(wave
guides) 5 H At G A FAM, SCRAIF W, THIESLIGIEM B S 25%). DNA H356

GRLFIEIE I G801 BRI, TE— AR5 Y SR 25K
Zi(nanowires)/EZECESEEGH s NIST fLZ20F 7T i Babak Nikoobakht £7R: “—J 463K
MAEH KRG, MERAT T B TE O AN, RIS Bedie K . 12 S8 il 7 2
WHREAER, SaKANRERANTSH T KKEERFKEE

FEWEALAR - SR 2 T B R T 2 ) oK T BB RS AR B A ] e EALIRAS
WS- A FIRE PR G 10 H Ay Bt URR K G2 [T (pattern) BT E L ORR: NIST)

B7F 72 AT A2 T SRR B2 Y S B2 P 20 R e 7 (R A 2 ML 5 ol BE 2% A, i3
PEHBAE S SRR IRAT & I/ 2 — BnAGE k. 2 BBl 2 B

BRI, e EE. AT T ARSI RARS, KKK
TURBEIERIER 440 FELLER, AR v RIZOKIEIE,; ASLLIEE N7
FLEGHAR, AL IS - A P AR EE A A P S
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WF 70N BB AEKs B AR B T #1685 (gallium phosphide) 5 fifi 4k 4 (indium
arsenide), IXFFN GRS R E T = A0 X G W 5 4B H DL
LED, Sy iRiBil. B 72N A . Nikoobakht Fow, i AH{E X Fih % i
BRA Y 5, BewtH LATERSEA0 R} bR i B R .

JESCKRAR: Researchers Claim Self-directed Assembly Breakthrough

KA

http://www.p-e-china.com/zhuanti/zhuannei.asp?newsid=75963

A RFERBII T 1B S M B AEAZKETFE
WEH B e

N T IRAFIE 7] B AR KRR 7 )2 IREEH, WE S N AT 1 FERIORL 1 3)
715 (DPD) BT . R BOLRWK B 43454 (DBCS) Bk T AR Bk
K EREATE MRS 2500 25 . /£ DPD 40, DBCS HIMBURLE &, ¥R
SR ERBFNSHEE R PRI T H— VR R R 40 %
DBCS #H7> B A . DBC kL2 ARG M4 AE ) e 12 BN N Fih AL ) 2 B ik
TR, PITIB JEAR G5 AL B B o v P 4t 3 1) JURE AT 2 G BE 22 2 [) 14 e 0 O HE e
ZHEER. IR AR TR, RO TR IRG M A e, K IUE
IRGEHE T CAANTT DL 380 56 BE KRG . O 73R, WE 7N AR IR BE Y
Tl B, RN, BRI 7 KB A 7 2R R B

At K% T “MOLECULAR SIMULATION #5: 41 #: 18 71: 1459-1465”
M H: Study of the stability of long-range-ordered lamellar structures for directed self-
assembly lithography, performed using dissipative particle dynamics (DEC 122015)

GISUELNESE
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSe

arch&qid=3&SID=3AxxFcEXrEmBukeTVBs&page=1&doc=1
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MAREAZERE R EHAR (DSA) EIFEAMERR

WA SR T —FioR] R B ORI A B AN E € [ B %% (DSAD il %
R HERAE R I AT WEFL N GUEZR T DSA FIf| Monte Carlo 4L
FUXUE 60nm [B]EE Al A BT AE . BT TCN S 5] ABAR R iR G 5 A1~ (TEEF)
IRk & DSA ENRIRIEURE, JFPPAl R TEEF FEFR LA BT AR .
B ARAERY, A 1931, SMO RERS (i DSA FIZSLHLIE 80nm fY9E LO [FIFE .
KRBT K R T “ALTERNATIVE LITHOGRAPHIC TECHNOLOGIES VII
% 9423”7 @ H : Directed Self-Assembly (DSA) Grapho-Epitaxy Template
Generation with Immersion Lithography (2015)
G SUELAZIEF
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&

qid=3&SID=3AxxFcEXrEmBukeTVBs&page=1&doc=10

5 DSA MR IADEZ]: F T 5E i B A dRJe x| AR AL

fE5E M BB Z] (DSAL) #, HRAEH S FESE (GPs), il
FOCZIE S EIERUN, ARG & ilid DSA IR R S 4. DSAL FHERE
Beit, WAk, WA EZD IR 1 DSA M EDEZ] . X118
DSA, WSt NGB D5E% GPs, HEERUL A RERGL I A ARiZfl, GP #E N
U AR R L B S B BUR AR BITHE, 513 GP Bl
T RIEDEZ], MEE S, R GPs 4E . MBI R R E B ATH
BRI 5 3 SCOURS I I . AR 2 SHORBAT B TH SR, WU N e d 17—
k. 10 DSA FURIADCZIBY e B B AR AR A . BTN BB iR AR S m) 6 Z)
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AR IR C R A K BUR: FAW DSA ki, i1 efe it
A AR A 7
MR 9T Kk R AE “2016 21st Asia and South Pacific Design Automation
Conference (ASP-DAC) Page(s):83 - 88 ” i H: Mask optimization for directed self-
assembly lithography: Inverse DSA and inverse lithography (25-28 Jan. 2016)
GISEET SIS
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7427993&action=search&sortT

ype=&rowsPerPage=&searchField=Search_All&matchBoolean=true&queryText=(%22Document%

20Title%22:directed%20self-assembly%20lithography)&ranges=2015_2017_Year

SE M HAZENZ (DSAL BB RIFAE R AL

7t DSAL #, #ffLi 5] FEIZE (GPs) [HEIEM. Kk, GPs 582
EHEER, R GPIARR M 2 2R i . JeH k. AV s B
GP JAR IR ) 75 ZAT A58 . AR, 274G GP BEHARTRARMEGIES
JIH GP 2 75 LR AT 2 AR B2 SO 1) jL. X - BE BT AN AR A g THT A —
SepkAR, BEFR NG T AT BER — SRR T R

MR KR AE “2015 IFIP/IEEE International Conference on Very Large Scale
Integration (VLSI-SoC) Page(s):80 — 85” i H : Physical design and mask
optimization for directed self-assembly lithography (DSAL) (5-7 Oct. 2015)

CISGECAZIEE
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7314396&action=search&sortT

ype=&rowsPerPage==&searchField=Search_All&matchBoolean=true&queryText=(%22Document%

20Title%22:directed%20self-assembly%20lithography)&ranges=2015_2017_Year
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http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7304349
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7304349
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A R BTSRRI FEGIK B 58 POSS ZEAR BT K TEI AR
SE ] B AR RE /G- R B-R o R EEE R B IR K E
Hh3E

Polyhedral oligomeric silsequioxane (POSS) ATA44 2l Ih T i B R4y
(BCPs)/MEE [ H2H%E (DSA) H:M. T KEEN %I (NIL) 8% K1
W HE ] POSS MBI LUE R ST 5 BCP S FEAHFR I B SR IR . SRR
LT B - H SRR A e (PS-B-PDMS) (1) BCP & H 2K 207 R 7S FE S I 1)
EHEHEFRE KRG BIZRMK POSS MEA DSA #2417 —/N K ik 2= Fih
J¥o PDMS H:AA AT 1) 7] OE I e PRV RS BE Y 1) POSS 4 RLKA% o
BCP IG5 it I AE & v b, AT A b 200 8 A 1) JB] S 8 4% 28 T AR AT i o
X A o) P A A Y 7 A 2Ot 20 B I O R ORI 7 T e A T AR AR, R ELRS
PAIE] I3 TR AR R . 2TV RTREA JLN R, BRI & M B ESiGE, 49X
KRNI BB HIE, GoRmAaRE, b= b, sUE & Z R RYRRT
HESMENEF ¥ NI

Y # i H : Soft Graphoepitaxy for Large Area Directed Self-Assembly of
Polystyrene-block-Poly(dimethylsiloxane) Block Copolymer on Nanopatterned POSS
Substrates Fabricated by Nanoimprint Lithography

[ SUEAEISE

http://onlinelibrary.wiley.com/doi/10.1002/adfm.201500100/full
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IS FH S it

IMEC BEAF AR AR: 193nm IR AR FEAREME

7nm

£ 2015 SE24 I3 ) SPIE e #E I BRI E, BRI HL 7t 52 ot IMEC
WA T — kT 2R A% (Directed self-assembly, DSA) T2 ) M Ak
. X IMEC [[ Tokyo Electron 1 Merck JL[FI-G/EH & H K, i —FER%%

71, AROEEE T DSA BRI, IF G M EUE .

15nm half-pitch

EFH gWiFH -
Imec Reports Breakthrough Results on Directed Self-Assembly at SPIE Advanced Lithography

2015

HRHEE B LT BT R R S 4K R BN AL

Rt BB TP el 1 & P e s B A BA 2 B 2 A L — o LR
AR IS EIEZINL,  FSA DO B AR RIZE B 1/3, KA ot B0 A in 145
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AN LR 2RI KTIE BRI &

YEZINLR R I N L5 B s B %% o Ot LB Ol 13 % AR 7T &
A, XS R B BIGPR I HERAR, W 5O Z1 4% 1 RS BE
KR GART B R XUER IR & = KO —, LI
WA I TR %8t . "IRARoR, EEFKERESELZIT, SGHIR
A TE R T 3 T 5K S SUR R FEXTIERR B 0, IR B 20 R Z4
ARIESZIBU A RRID R, S8 T BUA 98K R S50 I L (30 ) R, A ks
JEPURERAF RN TIR AL T HORCRIE, ARRAT) 2 B Tt oL, il
IO A SN R BRI %, B ATZ R % O 58 BRI/
A7

7= B ARRFAE :

o KIHIAR— U BN
o H B HA;
o PLC | LZd %, w3 H 32 7€ il
o 1] S b O 2L He 2
o KUFHINNIAE B, flihe 57 A
=i EEB AR
® 73¥f)): < 15nm;
o KIjZZLAME K UV LED;
o FEARST: 4 3F (Rl dD;
o JREPA: 2 JE~f (nlsEdi]);
o MR ~F: 5 X 0.090 Jesf (AT sz iD;
o [KENEJ: 0-25PSI ([ AZ¢E] 100 PSD;
o fREL: <5 EN
o ffi il J7{#i: Step-by-step Menu;
o [N 4Tz
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ERH L&A -

URHE H AR Y AR I B ZINLERTH 3 B 2 il il g 7
http://www.ioe.ac.cn/xwdt/kydt/201604/t20160407_4579811.html
IR

http://www.ioe.cas.cn/kycg/gkjcp/201204/t20120420 3559842 .html

7nm LZRE A EUV JEZINL=REIRTT

fii== ASML K& TSMC &R B EARATERAL EI T 85W 6, )5
RREFETHE] 125W. ASML Z HiHER 185W OLIRM EUV JeZIbL, JF ik
AT HE— PR = 2] 250W,

= Wafers per day capability: multiple NXE:3300B above 1,000 A3ZML
NXE:3350B demonstrated 1,368

NXE:3300B atcustomers NXE:3350B at ASML factory
1500

1400
1300
1200
1100
1000
900
800
700
600
500
400
200
200

Wafers per day

WpD: maximum number
of wafers exposed in a

100 24 hr period
0
1 2 3 4 5 6 7 8 9
NXE:3300B today 6 systems in 80W configuration, 2 in 40 W NXE-3350B ATP test: 96 fields,
One year ago: 1x80W, 5x40W 20mdJ/icm?2

BUER EUV CZIPL S S w2 17 70% 89 TAERS ], AR ] DAL H
500-600 AN Eh A, ML EERE R CEHRKME, (HIXmE A8~k .
ASML A EUV i H &5 Frits van Hout R/RILIEFE B EUV MAZIE 3 17Kk
1 2-3 8. BUEH T EUV SZINLS T, Tilih A4 IRaE B BT 7K.

i i3 B T2 7E 2018 4R EUV L2 F=8 1, Jmit ASML f

EUV SCZIHLAT BT FEAR Tom T ZRIBA

e
It

BIREUV LMLl 7 e HiR, Hib T ge M SaErg s, 23 H

C4ZWER, 37T 5nm M 3nm 5, EUV A[REIRFEE kI, ASML IEN
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5 4 5 T T s L A P i B RS TR TS
EH A, HEE EUV T2 E, TSMC Lt Intel EAHEZ, Uhil
TSMC B /R&TE 10nm T2 F#H EUV T2, 1M Intel R HEA EUV
T2, AR T HiE Sy . AR EUV T2 ERR IS, Intel t
27E Tnm 5 s BJEH EUV T2,
F B 1 -
7nm T2 REE % EUV RZINL™ Rt

http://www.pcpop.com/doc/1/1890/1890676.shtml

ASML #F SR EBEHIE 5 K EUV THAR

REWS BT RERTRLEREE 2 AR, Ak
B, GREEANTEIEREE ERC R RA M, SRR 2k ASML Fiit
82 FRHIERERK, FERRERL G E™ 10 20K, DUV HLECEA
1R 6 &, MiAK EUVHLE A BT SRS #H8UE 5 K% E
yeviia Y

# 7 fE, BEUVAHLG A IS GRH, HERIDE: F—tR 5 oK
o Ak, EHIEESPESAR T 2016 £ 1 FRH 10 2K, T
A, TR E AL 7 KIS, 10 FEOKLINE I B BAT 55
1M ASML #2129 AR RGN JLR A S0l 3 (138 ) S

& ASML HETAAIZ 2016 55 1 F=E U, 2938 13.3 1CBt, BRIRLAIL
42.6%, flitt 2016 55 2 Z=EWIRALI N 174CKTC, TBAIZEM/INEZE 42%. 1M
2016 4E55 1 ZE N B H IR A 414 30.18 1Z4KKJT, HHHE 2015 4 (1) 31.84 {LFK
TC/NIRAE IR

ASML T 2016 455 1 Z=HE H o R U RGY 248 TWINSCAN NXT:1980,
PASGH — AR R4 YieldStar 350E, JFoRiH{E EUV IR HAR R K JE
. W, 1% 3 H ASMLEUV R G HA R 1 RI12 36 505 THi
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T, RRE ks T N BT

ASML FEAMGDUV) i IR IEANL & NXT:1980 7E5 1 Z=5Eh 6 G i
Be, A= IR T B K 4,000 Frdd B KE . 405 BB ARAL T7 % (Holistic)
A Z=TF R o — AR & NE N R4 YieldStar 350E.

[ TWINSCAN NXT:1980Di = S %
Wavelength 193 nm
NA 0.85—-1.35 (variable)
Resolution < 38 nm (single exposure)
bk

Field size, for reticle with pellicle
Max X 26.0 mm
Max 'Y 33.0 mm
Single-

machine < 1.6 nm full wafer
(dedicated coverage

chuck)

BIIKGE

Matched-

machine < 2.5 nm full wafer
(to reference coverage

wafer)
30 mJ/cm? exposure dose

N 300-mm
GV

wafers, = 275 wph

96 shots

ASML 7R, RERAMEEUV)Z M HFRRLE 2016 FERFELMRML EUV RS04
PRI ZE AR, FEHELE 2016 GG A5 18T BRI 1,500 5 .

% 17 EUV ARG RRIE R RIEOE 1,350 v fh BRI
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ASML EUV HL&EREZH Tt #EF S Biw 5 KRR
http://laoyaoba.com/ss6/html/95/n-598395.html
TWINSCAN NXT:1980Di /= /{5 5

https://www.asml.com/asml/show.do?lang=en&ctx=46772&dfp_product_id=10567
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(EMBEAREEERD
(EMBEAREEARY) A d P DAL CHFIR P S50 R 53K 2
B ERES ., METFREABAHE LGSO RER TR H IR (A
), F201453A EXBF, 20145 HFF KT8 (RRERELHR) ,
201543 A Bk A (EMBAME &MY WA KT (2015F12 A & ARA A &
RA) o MBRENR., ZAhH A, » T i, EhEm. KBERE, XES
M. WRIIR S RAEAEM KR DR, AR AHE (ERBERELAR) .
(EHMBAREZEAR) RET L, —R“0QERHAAEME. HHEBFLE
A — & A —REREH% ., M TFHRAE KRG TE LA —
BTN, (EREREERR) WEN BEMAH L R fE 2, A%
FRAMBAFEROE LT K, REEREHL, M TR ERAH KRS
AR, BRI EMAE. AR REHE. HHTEEHE. TAHBEFTRSE
B, EEHEBERETEFTRORNERSRENS, HFHRRE-DFER
W, METARAE T @OGERSN. (EREREZLRR) £ RITH,
AT HRAAT; B T A PTIRGE 69 & 8 5 AT 4RE Kok A8 A 69 4L &5, HAT
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