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Z B KA (Multiple-pattern lithography, Multiple patterning technology)
JE R — B L R R 2 B0 S B LR, RS
e ATE 2 HARE b 2 TR SRR — R R AR AR FEAIR kI
F¥ (RIDCZ TEERENSHD [ SN FER TR, 2 EERBHEAR
BARBR EEAWE, =&, UEMNES, HdowE - AR L 72
B2 1

FLAE 1997 4F, RJ.B. Steven ifth / XEEIEEA, BT HAEW A Rb %
RHIEN RS R M, 345 7 TS 2 A A . Intel 25 763 22nm =
TEPRA T WEEEHA, RIS T 60nm [HIFERIEE . XUE EIEH AR R
KM, BN EUV B BT C 2B AR

U A AR AT 4 TR BE 3 B (pitch split) FEARFAAIFE 22 E] (pitch division)
TR /T W3R T 200062 — i) — )6 %) —h %) (litho-etch-litho-etch, LELE)
TZ, MjEE MR T ZN M5 E 5 (sidewall image transfer, SIT) T.Z,

H RN B X E T (self-aligned double patterning, SADP) AR
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B ok . 35 7 A% % & FLH2 (Thomson Reuters Scientific) 2
ThomsonInnovation 43REHMHHEE Kz HB 2016 £ 8 [ 23 H), oiridiz
K T 1% /A i TDA (Thomson Data Analyzer) 43#71 1 .
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WORKS) HiE 1), %F|5 K US3507654A (Production of precision silk screens by
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B, BTSRRI 2.1,

22 2.1 BFF0 8 R A,

5 | BRER AR F5 | BRER AR
Hard Mask Layer Hard Mask Layer
Photoresist Pattern Spacer Pattern
Fine Pattern Exposure Process
Contact Hole Underlying Layer
Double Exposure Double Exposure
Self Aligned Contacts Self Aligned Contacts
- Sacrificial Layer NPT Positive Photoresist
! ez Dielectric Layer 6 KA Amorphous Carbon
Side Wall Line Width
Active Area Critical Dimension
Thin Film Exposure Region
Pixel Defining Layer Negative Photoresist Layer
Mask Data Pattern Silicon Nitride
Photosensitive Film Side Wall
Photoresist Pattern Etching Target Layer
Material Layer Imaging Performance
Double Patterning Technology Double Patterning Process
Spacer Pattern Projection Beam
Hard Mask Layer Hard Mask Layer
Fine Pattern Pattern Decomposition
Self-aligned Double Patterning Vertical Mask
2 W [T Line Width 7 H prtbia Material Layer
Phase Shift Mask Sacrificial Layer
Contact Hole Critical Features
Alignment Mark Multiple Patterning
Heat Treatment Lithography
Thin Film Pattern Element
Sacrificial Layer Contact Hole
Side Wall
3 2 Gk BR Spacer Pattern 8 FEHE I Double Exposure




F I RN TE R EIK 2016 SFHE A
1 Hard Mask Layer Circuit Pattern
Photoresist Pattern Phase Shift Mask
Fine Pattern Photolithography Process
Insulation Layer Photosensitive Substrate
Line Pattern Photosensitive Film
Self Aligned Contacts Photoresist Film
Contact Hole Critical Dimension
Sacrificial Layer Hole Pattern
Gate Electrode Dielectric Layer
Active Region Position Accuracy
Side Wall Latent Image
Memory Cells Conductive Layer
Thin Film Base Plate
Exposure Process Light Shielding
Circuit Pattern Phase Difference
Manufacturing Methods Line Width
Lithographic Process Trim Mask
Exposure Region Critical Features
Design Layout Layer Forming
Semiconductor Substrate Semiconductor Wafer
4 FHIE Mask Data ? s Photoresist Pattern
Exposure Tool Reticle Stage
Light Beam Transparent Substrate
Hard Mask Layer Fabrication Process
Drawing Data Contact Hole
Mask Stage
Word Line
Exposure Step
Manufacturing Methods DG
Exposure Region RS-0
Exposure Tool TR
Vertical Mask WOt
Semiconductor Substrate i HRL TR
I Line Pattern KA
> ZEBL Light Beam 10 oL XHZE
Mask Data JeE e
Exposure Dose JGERRE
Drawing Data JGEAT R
Latent Image LR AR
Hard Mask Layer SIBAT
Light Shielding
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% 2.1 MR T TACRS L 2

F5 FIAH FLAHEEX ERHE

Semiconductors And Electronic Circuitry -> Semiconductor materials and

1 U11-C04D processing -> Substrate processing for semiconductor device manufacture -> 279

Lithography (photo-, beam-, etc.), masks, techniques, exposure and alignment ->
Masking techniques for microlithography

Refractories, Glass, Ceramics -> Semiconductors [general] -> Semiconductor
2 L04-CO06A processing [general] -> Semiconductor processing - patterning techniques 500
[general] -> Semiconductor processing - mask design and manufacture

Semiconductors And Electronic Circuitry -> Semiconductor materials and
processing -> Substrate processing for semiconductor device manufacture ->
3 U11-C04El Lithography (photo-, beam-, etc.), masks, techniques, exposure and alignment -> 469
Photolithography for semiconductor mfr. -> Apparatus and method for

photolithography

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

4 L04-C07 . . . .
processing [general] -> Semiconductor processing - etching processes [general]

331

Refractories, Glass, Ceramics -> Semiconductors [general] -> Semiconductor
5 L04-C06B1 processing [general] -> Semiconductor processing - patterning techniques 277
[general] -> Semiconductor processing - resists -> Patterning of resists

Semiconductors And Electronic Circuitry -> Semiconductor materials and
processing -> Substrate processing for semiconductor device manufacture ->
Etching; chemical treatment for semiconductor manufacture -> Etching
techniques -> Etching to produce finer details

6 Ul11-C07D1 246

Refractories, Glass, Ceramics -> Semiconductors [general] -> Semiconductor
7 L04-C06 processing [general] -> Semiconductor processing - patterning techniques 210
[general]

Semiconductors And Electronic Circuitry -> Semiconductor materials and
processing -> Measuring; positioning for semiconductor technology ->
8 Ul11-F01B3 Measuring; testing (including sorting) for semiconductor technology -> Film 173
parameter measurement for semiconductor processing -> Measuring using image
recognition

. < = = .
9 LO4-E Refractories, Glass, Ceramics -> Semiconductors [general] -> Semiconductor 165

devices

10 A12-E07C Polymers, Plastics -> Polymer applications -> Electrical engineering [others] -> 153

Circuit components -> Semiconductor devices, integrated circuits; resistors

Printing, Coating, Photographic -> Photographic materials and processes ->
11 G06-G18 Photographic processing agents and steps [others] -> Image formation by 150
exposure to ionising radiation, light etc.

Computing And Control -> Digital computers -> Data processing systems -> For
12 T01-JO7B2 industrial process control -> Computer control of manufacturing/industrial 143
machines and Quality Control (QC) -> Semiconductor manufacture control

Semiconductors And Electronic Circuitry -> Semiconductor materials and
processing -> Substrate processing for semiconductor device manufacture ->
13 U11-C18B5 Multistep processes for semiconductor device mfr. -> Multistep processes for 143
manufacture of electronic devices other than transistors per se -> Complete

manufacture of memory

Polymers, Plastics -> Polymer applications -> (Electro)photography, laboratory,

. ~ . . .
14 A12-L02B2 optical [other] -> Other photographic materials, processes [exc. (film) support; 137

binders] -> Compositions for making printing plates or electrical devices* ->
Compositions for making electrical devices

Refractories, Glass, Ceramics -> Semiconductors [general] -> Semiconductor
15 L04-C12 processing [general] -> Semiconductor processing - insulating and passivating 136

layers [general]

3.5 o i B X 7 A
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LR FRBE AT Gk b, A3 Mz HEA BT 15 Al 4.1 Fos.

0 50 100 150 200 250 300 350
HYNIX SEMICONDUCTOR INC _ _ _ _ " : 316
TAIWAN SEMICONDUCTOR MFG CO LTD _ " 143
SAMSUNG ELECTRONICS CO LTD _ : 114

INT BUSINESS MACHINES CORP S 94
ASML NETHERLANDS BY s 70
GLOBALFOUNDRIES INC s 63
NIKON CORP m— 56
CANON KK e 5]
TOSHIBA KK e 53
HITACHI LTD e 63
UNITED MICROELECTRONICS CORP  msssss, 53
SEMICONDUCTOR MFG INT SHANGHAI CORP  meesssssss 51
FUNITSULTD s 39
TOKYO ELECTRON LTD s, 33
MICRON TECHNOLOGY INC =~ mesm, 34

LHRIRBEA

K 4.1 ZEEREHEARLH EEZRFA

W12 SR AT (HYNIX SEMICONDUCTOR INC) #if L FIH AR 316
MLFE—, HREN 13.9%. TRHEHAE AW B ARG IE A A
(TAIWAN SEMICONDUCTOR MFG CO LTD) 1 & FIH AR 143 4, HEEM
6.3%. HEZEE =M =2 M T (SAMSUNG ELECTRONICS CO LTD) #iIf5 &FI#;
AR 1144, HEER 5.0%. HEAF 15 BT RHGILE LA 1276 41, HEER
56.3%. VL B BoR Z AR B S AE USRI A R SR, 1B A TR
FEAR .

4.2 EEHE AR A&

GriT % B HOR EEEE AN T RIS, AT TR S
ANBANZBEEHEARNZNS, FEANTRPEANSERBLHARES, WHEE
ENCNZ @ N o RS ik

42 BoR T ZEEBHEARMET 15 2 EFIBNELR FGKEA L.
WIS ZEEATUER, E4@ (FUITSU). IBM. HA. (HITACHD. f:f
(CANON) #J& T 1E1Z M 78 LU OB o

ZAAR TR HiE & % i ) £ A" (HYNIX SEMICONDUCTOR
INC) M 1995 4EA FFUG HIE L F], #8 2006 4F it N KELF G, RERE,
£ 2008 FiL B HHiE mlfa, LR HIE BT AR5
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GLOBAL FOUNDRIES 7£ 2009 F 74 JF 46 g i 5o R T BB A, £ 2012 4
HIERIAS] 24, RYFEHFERRZMAA.

GV SR HE A F (TAIWAN SEMICONDUCTOR MFG CO LTD) M &
11 1993 SFFFUEHIEM L F], G — B DU HE B4R RFZ AR 1%
BEPE, 7E 2009 fEFFAEHIVE R BT, 7R 2013 SRR, HRZEREERES
NP
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Patent Assignees vs. Priority Years (earliest) - 1990-

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

ASML NETHERLANDS BV 1

CANON KK 1

FUJITSU LTD 1

GLOBALFOUNDRIES INC 1

HITACHI LTD 1

HYNIX SEMICONDUCTOR INC 1

INT BUSINESS MACHINES CORP 1
MICRON TECHNOLOGY INC 1

NIKON CORP 1

SAMSUNG ELECTRONICS CO LTD 1
MICONDUCTOR MFG INT SHANGHAI CORP
TAWAN SEMICONDUCTOR MFG CO LTD 1
TOKYO ELECTRON LTD 1

TOSHIBA KK 1

UNITED MICROELECTRONICS CORP 1
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4.3 FEHFEABARN

T2 B N BRI L7 B A2 0 32 B R NSRRI AT X B b, 35
B2 HE NPIBEAR A J), AT 2347 25 B AR R R skns . B 43 BR T 2
BRI 15 2 BRI FERE AR LE .

BAR KK 2 SR A F (HYNIX SEMICONDUCTOR INC) W%
[¥172 UL1-CO4D (3R B Hi g - > S ARBPRLRIIN L - > G B it Sk
BULER - >6%) Garl, WARE, W, BR, BRBRIRE - >HEH AR RO
Z1D L04-CO6A (Mif KAFKL, B, FREE - > FAE U] - > A L F )
- >IN - BUBALHOR[H ] - >2F S0 T - #E R TH A diE ) A0 Lo4-
CO7 (M KARL, B3, WS - > FR[H ] - >4 FAIN L] - >S40
T - WZ TZRFED . HAaTs AR U1-Co4D. L04-CO6A 12 HoAm AL
W T LB 2 AR .

Be4h, UL1-CO4E1 CGEGAARMNI R 7~ FLEK - >4 SRR L - > 3% &
HIEHAACEE - > 6% OBHL, R, B, BR, BRICRIXE - 544k H
> - AT 6D &M IR 2 AR L —.
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Patent Assignees vs. Manual Codes

A12-E07CA12-L02B2 G06-G18 L04-C06 L0O4-COBAL04-COEB1 L04-CO7 L04-C12 LO4-E T01-J07B2U11-C04DU11-CO4EU11-CO7DU11-C18BEI11-FO1B3

ASML NETHERLANDS BV

CANON KK 4

FUJITSU LTD 1

GLOBALFOUNDRIES INC 4

HITACHI LTD

HYNIX SEMICONDUCTOR INC

INT BUSINESS MACHINES CORP 1
MICRON TECHNOLOGY INC

NIKON CORP 4

SAMSUNG ELECTRONICS CO LTD 4
MICONDUCTOR MFG INT SHANGHAI CORP 1
TAWAN SEMICONDUCTOR MFG CO LTD 4
TOKYO ELECTRON LTD 1

TOSHIBA KK 1

UNITED MICROELECTRONICS CORP

o 0 o o o o o o) ® | o0 o
o o0 o0 o o (7] 2 0 o
0 o o e e 0o o e—— o
o 0 o 2 o o o o o o ® o ©
o o o o e o ® o
SRRl I IXR . T XE
® o0 o © o o o o ? o ©
o © o o0 o o o o () o 0 o0
o —9 | —9 —F—+—1—9 @ o
o o ® @ @ 2 0o @ o ® @ 2 o
6 © o 0 9 o0 o e o o 6 © o o
6 06 o © 9 9 2 © e 0 2 © o0 ©
@ 0 o o o o o o o o o o
© © o o o o e o o © o o0 o
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K 4.3 2 EEEEAR LA 2 HEAERXT
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4.4 FEBFNE1ESHT

Il N A 23 BT 2 5 F il NG/ B & R 115 0 EAT X L 2 b, i UK IR
HE N R B AL BRTRE T BSCHF AR S5 B4, Wik
4.4 ZHEATT S0/ A 7LD BREE NG TEM L.,

MEHER], ZEARMEEERENAZ . DA R EERR 4 A
INIEAEAK SR R o A 36 KU ST H B

B RMEERE S, HipEHT (RENESAS ELECTRONICS) 1EA4&1E#
0435 H AL (HITACHD . NEC. =35 #iF (MITSUBISHI ELECTORIC)
HLREE .

BoAKMEMERE S, BM 2EEMEMEZ L, 405K g

(INFINEON TECHNOLOGIE) #1 GLOBAL FOUNDRIES # 1. 1fi GLOBAL

FOUNDRIES X 5 AMD A &1F.

Ubah, G ARG AT (TAIWAN SEMICONDUCTOR MFG CO LTD).
=} (SAMSUNG). INTEL %52 m) ({1 &R =S i1, 5HABHMR A &
E.
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m DIIIJ
i o
ww

& QLOBJ\LFOUNDRIES INC (ﬁg) v

(INT BUSINESS MACHINE - (91)) .
RENESAS ELECTRONICS ... (16) ADV Cl
& -

ON TECHNOLOGIE... (12)
-

=]

(HALSH SEIEONDICTO.. (1)

MITSUBISHI ELECTRIC C... (13) @

% HYNIX SEMICONDUCTO!

{ TAMVAN SEMICONDUCT.... (143) )

DONGBU ELEGTRONICS ... (12)

DONGBU HITEK CO LTD (25) | SHANGHAI INTEGRATED ... D

SAMSUNG ELECTRONICS... (114) | ASML NETHERLANDS BV (70) 9
UNITED MICROELECTRO... (53) )
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1. EF5: JP05886804B2

E R 42 FF : Producing resist composition used for producing semiconductor apparatus,
involves cleaning apparatus for producing resist composition with cleaning liquid, and applying
cleaning liquid on evaluation substrate by spin-coating

EF| R N: BIYAIIMAY; IWABUCHI M; OGIHARA T; OGIWARA T

LH#A: SHINETSU CHEM CO LTD; SHINETSU CHEM IND CO LTD; BIYAJIMA Y;
IWABUCHI M; OGIHARA T

H#EH: 2013-09-02

#E: NOVELTY - Resist composition used in a process for producing a semiconductor
apparatus, is produced which involves cleaning an apparatus for producing the resist composition
with a cleaning liquid; applying the cleaning liquid on an evaluation substrate by spin-coating after
removing the cleaning liquid from the apparatus for producing the resist composition; repeating the
step of cleaning and the step of applying until the change in the density of defects having a size of
100nm or more on the evaluation substrate; and producing the resist composition.

USE - The method is useful for producing resist composition used in process for producing
semiconductor apparatus (claimed).

ADVANTAGE - The method can produce resist composition stably capable of producing resist
composition whose coating defects are reduced. Additionally, the method for producing resist
composition can more accurately measure the degree of cleanliness in an apparatus for producing a
resist composition than a conventional method. A residue generated in the previous production
process in the apparatus for producing a resist composition can be cleaned and removed until the
change in the density of defects becomes a predetermined value by using a defect detecting
apparatus. Since coating defects of the resist composition obtained are reduced, the resist
composition can preferably be used for liquid immersion exposure, double patterning and organic

solvent development, and the yield of semiconductor apparatuses produced can be improved.

2. EHHS: JP05913191B2
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LR 4FR: Forming resist under layer film used in lithography process, involves applying
composition including organic compound having aromatic unit on substrate and heat-treating resist
under layer film in atmosphere having specified oxygen content

LR KRB AN: FUII T; KOORI D; KORI D; NONAKA S; OGIHARA T; OGIWARA T;
TACHIBANA S

LFFMA: SHINETSU CHEM CO LTD; SHINETSU CHEM IND CO LTD

H#EH: 2013-05-08

#E: NOVELTY - Forming a resist under layer film comprises: applying a composition, for
forming a resist under layer film containing an organic compound having an aromatic unit, on a
substrate; and heat-treating the resist under layer film applied in an atmosphere whose oxygen
concentration is > 10% at 150-600° C for 10-600 seconds after heat-treating the same in an
atmosphere whose oxygen concentration is less than 10% at 50-350° C.

USE - The method is useful for forming a resist under layer film used in a lithography process,
which is useful for forming a pattern on a substrate such as a semiconductor substrate (all claimed).

ADVANTAGE - The resist under layer film has excellent filling/flattening properties, high
durability and etching resistance so that unevenness on the substrate can be flattened even in
complex processes such as multilayer resist method and double patterning method, and forms the

fine pattern on the substrate to be processed with high precision.

3. FHS: US9093457B2

% F] &4 #K : Method for fabricating stacked microelectronic packages for multiple
microelectronic devices, involves removing selected portions of unpatterned paste layers between
neighboring sidewall conductors on each package during patterning

LFEHAN: GONG Z; GONG Z T; HAYES S M; VINCENT M B; WRIGHT J R

LFMA: FREESCALE SEMICONDUCTOR INC

H#EH: 2012-08-22

$E: NOVELTY - The method involves separating the panel stack into partially-completed
stacked microelectronic packages and patterning the unpatterned paste layers to form multiple
patterned sidewall conductors interconnecting the microelectronic devices (38) included within the
stacked microelectronic packages. The selected portions of the unpatterned paste layers between
neighboring sidewall conductors on each stacked microelectronic package are removed during
patterning.

USE - Method for fabricating stacked microelectronic packages for multiple microelectronic
devices, for semiconductor die carrying integrated circuits, micro electromechanical systems
(MEMY), optical devices and passive electronic components.

ADVANTAGE - Mechanical sawing can be performed in a highly efficient manner, and the
trenches are formed as a linear cuts extending entirely across the case of panel stack such that

fabrication can be performed easily and effectively. The microelectronic device panels are bonded
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together using double-sided adhesive tape such that the relative positioning of the microelectronic
devices which are embedded within panels can be maintained during processing and after

singulation into discrete stacked microelectronic packages.

4. FFE: US8782570B1

H F] 2 #R : Method for implementing physical electronic circuit design with multiple-
patterning techniques, involves coloring fixed objects in electronic design with color based on result
of coloring routing tracks colors with primary number of colors

LHFKBAN: ARIFIN T, CHEN D; CHEN J; GEROUSIS V; HUANG Y; KIM S A; LI J;
ZHANG S; ZHAO G

HFIMA: CADENCE DESIGN SYSTEMS INC

H#EH: 2012-05-07

#E: NOVELTY - The method involves using a processor or processor core to identify (102)
a constraint for multiple mask designs of a multiple-patterning lithography process for
manufacturing an electronic design. Multiple routing tracks are colored (104) in the electronic
design with primary number of colors. The fixed objects in the electronic design are colored (106)
with a color based on the result of coloring routing tracks with primary number of colors. A color
conflict is improved in the electronic design based on a characteristic of an object that exhibits the
color conflict with another object.

USE - Computer implemented method for implementing a physical electronic circuit design of
an electronic circuit with multiple-patterning techniques.

ADVANTAGE - The fixed objects in the electronic design are colored with a color based on
the result of coloring routing tacks with primary number of colors, which enables to minimize color
conflicts and reduce design rule violations, and thus ensures a multiple-patterning clean layout, such
that the electronic circuit design satisfies applicable multiple-patterning constraints on creation in a

simple, economical and time-effective manner.

5. HHS. US8772102B2

ERH 4L FK: Forming self-aligned contacts on e.g. semiconductor device that is used in
fabrication of e.g. CPUs, by forming sacrificial gate structures for transistors above substrate, and
forming etch stop layer above substrate and gate structures

RPN CHIM

HFMA: GLOBALFOUNDRIES INC

HEH: 2012-04-25

$E: NOVELTY - The method comprises: forming sacrificial gate structures (30) for spaced-
apart transistors (33) above a semiconducting substrate (101); forming an etch stop layer above the
substrate and the sacrificial gate structures; performing an angled ion implant process to implant an

etch-inhibiting species into less than an entirety of the etch stop layer; forming a layer of insulating
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material above the etch stop layer after performing the angled ion implant process; and performing
a chemical mechanical polishing process to expose a portion of each of the sacrificial gate structures.
USE - The method is useful for forming self-aligned contacts on a semiconductor device such
as transistor including p-type FET and n-type FET, a planar FET device and a non-planar device
such as FinFET, that is used in the fabrication of advanced integrated circuits such as CPUs, memory
devices and application specific integrated circuits.
ADVANTAGE - The method is capable of improving the accuracy and reliability of the self-

aligned contacts formation on the semiconductor device in a simple and cost-effective manner.

6. THS: VN40733A

R 4HR: Method for forming semiconductor structure, involves performing negative-tone
development process so as to remove portions of negative photoresist layer to form double patterned
negative photoresist layer

EF) KB A: CHENP; GUY; HU D; HU H; WU K; WU Q

L A M AN : SEMICONDUCTOR MFG INT CORP; SEMICONDUCTOR MFG INT
SHANGHAI CORP; TENCENT TECHNOLOGY SHENZHEN CO LTD

H#EH: 2012-03-12

#E: NOVELTY - The method involves performing (S203) exposure process to form first
and second exposure regions in respective positive and negative photoresist layers. A positive-tone
development process is performed (S204) to remove first exposure region to form first opening. The
second exposure region is etched (S205) along first openings to form second openings through
photoresist layers. A negative-tone development process is performed (S206) so as to remove
portions of negative photoresist layer to form double patterned negative photoresist layer.

USE - Method for forming semiconductor structure (claimed).

ADVANTAGE - The single exposure process and single photo mask are used to form double
patterned structure in the negative photoresist layer, by forming first and second exposure regions
on respective positive and negative photoresist layers and transferring the pattern of positive
photoresist layer to the negative photoresist layer, thus the process is simple with high accuracy.
Hence the manufacturing cost is reduced effectively. The development processes are performed on
respective negative and positive photoresist layer so that there is no interaction between the

development processes, thus the processes can be easily controlled with good topography.

7. HHS. CN103227152B

ER|ZHK: Method of forming static RAM (SRAM) device using sidewall image transfer
techniques involves performing etching process on hard mask layer through patterned hard mask
layer to define first, second and third fins in semiconductor substrate

LR EZHA: LICAUSIN V; RIKOSN V

% A M A : ADVANCED MICRO DEVICES INC; GLOBAL FOUNDRIES INC;
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GLOBALFOUNDRIES INC; GLOBALFOUNDRIES US INC

H#EH: 2012-01-26

#E: NOVELTY - The manufacturing method involves forming a patterned spacer mask
layer above a hard mask layer that is formed above a semiconductor substrate (220). The patterned
spacer mask layer is comprised of first spacers, second spacers and third spacers. A first etching
process is performed on the hard mask layer through the patterned spacer mask layer to define a
patterned hard mask layer. A second etching process is performed on the hard mask layer through
the patterned hard mask layer (222A) to define first, second and third fins (202,204,206,208,210,212)
in the substrate.

USE - Method of forming SRAM device using sidewall image transfer techniques.

ADVANTAGE - Enables device designers to finely tune the design of SRAM devices if
desired. The fin width of the P-FinFET devices and N-FinFET devices can be varied to tailor
threshold voltage values for such devices on individual basis, leading to better threshold voltage

matching. Provides for precise control of spacing between transistor banks on the SRAM device.

8. THS: TWI509669B

HF]ZFR: Method for patterning features e.g. trenches in material layer utilized during
formation of e.g. storage devices, involves performing etching process through etch mask on
structure to define features in structure

FFRBA: LICAUSIN V; RICOSEN V

% F] L AN : ADVANCED MICRO DEVICES INC; GLOBALFOUNDRIES INC;
GLOBALFOUNDRIES US INC

HEH: 2011-11-28

$E: NOVELTY - The method involves forming a first set of spacers (114A) adjacent to a
mandrel (112), and a second set of spacers (118A) adjacent to other set of mandrels (116A). An
etching process is performed to selectively remove the mandrels such that an etch mask is defined.
Another etching process is performed through the etch mask on a structure (110) to define a set of
features in the structure, where each spacer of the first set has a width same as a width (118AW) of
each spacer of the second set. The structure is designed as a semiconducting substrate or a material
layer.

USE - Method for patterning features e.g. fins, lines or trenches, in a structure i.e. material
layer, utilized during formation of integrated circuit devices e.g. CPUs, storage devices and
application specific integrated circuit (ASIC) device, or in a semiconducting substrate of a FinFET
device (all claimed) using a multiple sidewall image transfer technique.

ADVANTAGE - The method enables performing the etching process through the etch mask
on the structure to define the features in the structure such that the features can be patterned in the

substrate in a simple manner.
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9. HHS: US8560998B1

HH4HFR: Computer implemented method for routing electronic circuit design for double
pattern lithography, involves using processor to perform C-routing for electronic design using high-
level routing generated from global routing

BFRHA: RAISS; SALOWES

HFIMA: CADENCE DESIGN SYSTEMS INC

H#EH: 2010-12-29

#E: NOVELTY - The method involves performing global routing for an electronic design
to generate a high-level routing for the electronic design. A processor is used to perform C-routing
for the electronic design using the high-level routing generated from the global routing, where the
C-routing provides color seeding for space tiles in conduits using a marking including a first color
and a second color in which a space tile comprises a region that provides an allowable area for
introducing routing path. Detail routing is performed based upon the color-seeded space tiles from
the C-routing.

USE - Computer implemented method for routing an electronic circuit design for double
pattern lithography.

ADVANTAGE - The method implements the track assignment spacings to match any required
distances, which are not dependent and/or constrained by grid-based distance requirements, thus
allowing the tracks to be assigned with spacing distances that are specific to the current routing and

process requirements instead of being locked into a fixed grid having grid parameters.

10. £H5: US8671368B1

LR FR: Computer implemented method for routing electronic circuit design, involves
routing electronic design by identifying probes, and processing probes by checking whether probe
reaches intended destination with appropriate color

LFRBEN: RAISS; SALOWEJ S

LHMA: CADENCE DESIGN SYSTEMS INC

H#EH: 2010-12-29

#%: NOVELTY - The computer implemented method involves receiving a color-seeded
layout for an electronic design with first color and second color to color several routing tracks. A
processor is used to route the electronic design by identifying probes through space-tiles which
identifies an area available for routing in the electronic design. The probes have sub-divisions of the
space-tiles, and are associated with several colors. The probes are processed by checking whether
the probe reaches the intended destination with appropriate color.

USE - Computer implemented method for routing electronic circuit design.

ADVANTAGE - The efficient routing of the electronic circuit design is achieved for double-
patterning lithography without the occurrence of any error in the layout decomposition. Efficient

routing of electronic circuit is achieved under low cost.

26



REBIRANTEREIR 2016 SE 5 MBH

11. EH5: TWI496192B

R 4HR: Method for patterning e.g. material portion or structure of semiconductor device,
involves removing pattern using etching process to leave final pattern comprising remaining portion
of material layer that remains on sidewalls of pattern

EF KB A: DUNN S W; HETZER D

FFMA: TOKYO ELECTRON AMERICA INC; TOKYO ELECTRON LTD

FH#EH: 2010-11-23

#E: NOVELTY - The method involves preparing a pattern (122) in a layer of radiation-
sensitive material (120") using lithographic process. Critical dimension (CD) slimming process is
performed to reduce CD to reduced CD. A material layer (160) is conformally deposited over the
pattern with the reduced CD. The material layer is partially removed using etching process to expose
a top surface of the pattern. The pattern is removed using the etching process to leave a final pattern
comprising a remaining portion of the material layer that remains on the sidewalls of the pattern.

USE - Method for patterning a substrate e.g. material portion and structure of a device e.g.
semiconductor and electronics device, base substrate structure such as semiconductor wafer, and
layer on or overlying base substrate structure such as thin film.

ADVANTAGE - The method enables increasing normality in excess of 0.26 to provide
increase in substrate throughput for double patterning process and decrease in substrate defectivity,
which affects device yield. The method enables providing freeze process to create a protective layer
extending partly or wholly through the pattern, thus protecting the pattern in the layer of radiation-
sensitive material from subsequent lithographic processes such as coating, exposing, developing
and slimming processes, thus freezing the layer of radiation-sensitive material to form a frozen layer
of radiation-sensitive material characterized by the reduced CD. The method enables reducing

ultimate feature size that is printable on the substrate in an effective manner.

12. £F5: TWI443448B

EF|4ZFR: Method for composing polygons of mask levels into target pattern of polygons to
be formed on substrate, involves generating plug pattern to be printed on substrate as specific mask
level to remove enabling pattern from substrate

LHFKRBFN: ATKAR P N; BAIDYA B; BENKATESAN R; HOOKER K J; HU B; JEONG
S; KIM S; OGADHOH S; SINGH V; VENKATESAN R

LRI A: INTEL CORP; ATKAR P N; BAIDYA B; HOOKER K J; HU B; JEONG S; KIM
S; OGADHOH S; SINGH V; VENKATESAN R

H#EH: 2010-06-25

$E: NOVELTY - The method involves receiving a design layout defining a target pattern.
A sacrificial enabling pattern increasing regularity of edges to approximate diffraction grating is

synthesized based on target pattern. A grating pattern to be printed on the substrate with exposure
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wavelength is generated as specific mask level. A plug pattern to be printed on substrate with
exposure wavelength is generated as another mask level, such that sacrificial enabling pattern are
removed from the substrate while retaining the target pattern on the substrate.

USE - Method for composing polygons of mask levels into target pattern of polygons to be
formed on substrate.

ADVANTAGE - Since the plug pattern to be printed on substrate is generated as specific mask
level to remove enabling pattern from substrate, the improved double-patterning process can be

achieved while reducing the number of false violations.

13. HH5: US8455364B2

LR 4HR: Sidewall image transfer method for fabrication of semiconductors and integrated
circuit chips, involves forming sacrificial mandrel by patterning portion of lithographic layer
consisting of planarization layer

BFIKHAN: KANAKASABAPATHY S K

HFMA: INT BUSINESS MACHINES CORP

H#EH: 2009-11-06

#E: NOVELTY - A lithographic layer consisting of silicon containing antireflective coating
and a planarization layer overlying the antireflective coating is formed on a substrate. A sacrificial
mandrel consisting of a portion of lithographic layer is formed by patterning a portion of
lithographic layer using photolithographic process. A microstructure is produced by using the
sacrificial mandrel in a sidewall image transfer process.

USE - Sidewall image transfer method for fabrication of semiconductors and integrated circuit
(IC) chips.

ADVANTAGE - The litho stack is used to define and form the sacrificial mandrel for avoiding
the necessary high temperature processes and enabling usage of very low temperatures for the spacer
deposition process. The lower temperature atomic layer control and conformality enables usage of

atomic layer deposition (ALD) or multilayer deposition (MLD).

14. £H5: KR1603346B1

+ F| 4 # : Multiple pattern-forming process, comprises coating a first positive resist
composition, applying a resist-modifying composition, and coating a second positive resist
composition

LR KB A: 110 M; NISHI T; WATANABE T

LR A: SHINETSU CHEM CO LTD; SHINETSU CHEM IND CO LTD

H#EH: 2009-08-05

$E: NOVELTY - A multiple pattern-forming process comprising: (a) coating a first positive
resist composition comprising as a base resin a polymer comprising recurring units adapted to

increase alkali solubility under the action of acid and recurring units having lactone structure onto
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a substrate and baking to form a first resist film; (b) applying a resist-modifying composition
comprising a basic nitrogen-containing compound; and (c) coating a second positive resist
composition on it and baking to form a second resist film.

USE - The process is useful for forming multiple pattern (claimed).

ADVANTAGE - The process forms a fine size pattern.

15. H5: KR1442876B1

R4 FR: Forming pattern comprises coating a composition comprising copolymer having
lactone-, acid- and carbamate repeating units onto substrate, exposing film to radiation, baking,
developing, heating, and coating a composition comprising solvent

LHRHN: HATAKEYAMA; HATAKEYAMA J; KATAYAMA K; OHASHI M; OHSAWA
Y; OSAWAY

LR A: SHINETSU CHEM CO LTD; SHINETSU CHEM IND CO LTD

H#EH: 2009-08-04

#E: NOVELTY - Forming a pattern, comprises: coating a first positive resist composition
comprising a copolymer comprising recurring units having lactone, an acid labile group and a
carbamate structure and a photoacid generator onto a substrate (10) to form a first resist film (30),
exposing the film to high-energy radiation, post-exposure baking, developing, heating, coating a
second positive resist composition comprising a solvent containing alcohol and an optional ether
onto the first resist pattern-bearing substrate to form a second resist film, exposing, post-exposure
baking, and dveloping.

USE - The process useful for forming pattern.

ADVANTAGE - The process: provides pattern, without deformation of the first resist pattern;
does not narrow or widen the size of pattern; and reduces the pitch between pattern features to one

half. The substrate can be processed by a single dry etching.

16. £F5: TWIS09442B

EF|4FR: Method for routing interconnection of integrated circuit using double patterning,
involves assigning alternate lines from array of routing tracks to be placed on photomasks such that
adjacent tracks are associated with different photomasks

LR KB A: GEROUSIS V; NOICE D C; SEZGINER A; SWEIS J; YAO S

LHMA: CADENCE DESIGN SYSTEMS INC

H#EH: 2009-07-16

$ ZE . NOVELTY - The method involves determining an array of routing tracks
corresponding to metal lines oriented along a preferred direction. The alternating lines are assigned
from the array of routing tracks to be placed on photomasks such that the adjacent tracks are
associated with different photomasks. The wires are routed for integration circuit along the tracks

and results are output by storing the results in computer readable medium or displaying the results
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on a display device.

USE - Method for routing interconnections of integrated circuit (IC).

ADVANTAGE - The interconnections of integrated circuit are routed using routing algorithm
which minimizes cost function. The router does not allow routing configuration in the layout that

cannot be successively manufactured with double patterning.

17. H5: JP05573356B2

HF]4FR: Forming pattern comprises coating a composition comprising e.g. copolymer
having e.g. lactone unit and base generator onto substrate, exposing the film to radiation, baking,
developing, heating and coating a composition comprising solvent

L H KB N: GATTAYAMA G; HATAKEYAMA; HATAKEYAMA J; KATAYAMA K;
OHASHI M; OHSAWA Y; OSAWA'Y

LFIA: SHINETSU CHEM CO LTD; SHINETSU CHEM IND CO LTD

H#EH: 2009-05-26

#E: NOVELTY - Forming a pattern, comprises: coating a first positive resist composition
comprising a copolymer comprising recurring units having lactone as an adhesive group and an acid
labile group, a photoacid generator, and a base generator onto a substrate (10) to form a first resist
film (30a), exposing to high-energy radiation, post-exposure baking and developing; heating the
first resist pattern; and coating a second positive resist composition comprising solvent onto the first
resist pattern-bearing substrate to form a second resist film (50), exposing, post-exposure baking
and developing.

USE - The process is useful for forming pattern.

ADVANTAGE - The process enables a double patterning process of processing a substrate by
a single dry etching, leading to improved throughputs and avoiding the problem of misregistration

due to stress relaxation of the hard mask during etching.

18. &FI5: JP05353816B2

EF|4FR: Pattern forming, comprises coating first positive resist composition onto substrate
to form first resist pattern, applying resist-modifying composition to first pattern, or coating second
resist composition to form second resist pattern

L F & B AN: GATTAYAMA G; HATAKEYAMA J; 110 M; KANAO G; KANO T;
KATAYAMA K; KINSHO T; LIO M; NISHI T; WATANABE T

LFMA: SHINETSU CHEM CO LTD; SHINETSU CHEM IND CO LTD

H#EH: 2009-05-25

$E: NOVELTY - Pattern forming process, comprises at least: coating first positive resist
composition onto substrate and baking to form first resist film, exposing to high-energy radiation,
post-exposure baking and developing with alkaline developer to form first resist pattern; applying

resist-modifying composition to first resist pattern and heating to modify resist pattern; or coating
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second positive resist composition on it and baking to form second resist film, exposing to high-
energy radiation, post-exposure baking and developing with alkaline developer to form second resist
pattern.

USE - The process is useful in pattern forming (claimed).

ADVANTAGE - The process: maintains and retains the first resist pattern satisfactory even
after the pattern modifying treatment and second pattern formation; ensures double patterning
process of processing a substrate through two exposures and a single dry etching; and provides

desired hole pattern and fine feature pattern.

19. EF5: US8024676B2

HF| 4 FK: Substrate e.g. workpiece, processing method for de-convolving lithographic
process parameters during e.g. single-patterning procedure, involves performing corrective actions
when confidence data is not greater than confidence threshold

HEFRBHA: CARCASIMA; DIXON D

HFIAA: TOKYO ELECTRON LTD

H#EH: 2009-02-13

# B : NOVELTY - The method involves creating a mask including a multi-pitch
scatterometry target (M-PST) masking pattern, where the M-PST masking pattern is aligned in a
direction. Confidence data is determined using a neural network model, output parameters and/or
input parameters. The confidence data is compared to a confidence threshold. The developed M-
PST pattern is identified as a verified pattern when the confidence data is greater than the confidence
threshold. Multiple corrective actions are performed when the confidence data is not greater than
the confidence threshold.

USE - Method for processing a substrate e.g. semiconductor substrate, workpiece and LCD,
using multi-pitch scatterometry targets (M-PSTs) for de-convolving lithographic process parameters
during single-patterning (S-P) procedure, double-patterning (D-P) procedure and double-exposure
(D-E) procedure that are utilized to control a transistor structure.

ADVANTAGE - The method enables processing the substrate in an effective manner using
multi-pitch scatterometry targets (M-PST) that have critical dimension (CD) and sidewall angle
(SWA) sensitivity to exposure focus variations, exposure dose variations and post exposure bake
(PEE) temperature variations. The variations can be de-convolved, so that the individual
measurement process variable contributor can be identified. The M-PSTs can be used during double-
patterning (D-P) procedure, double-exposure (D-E) procedure and single-patterning (S-P)

procedure, so as to control transistor structures in an effective manner.
20. EHS: JP2012514762A

HHR4ZHR: Formation of microelectronic structure involves applying shrinkable composition

to patterned surface, heating composition to form conformal layer of the composition on patterned
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surface and over the feature, and removing of conformal layer

LFHFKRBAN: CLAYPOOL J; GUERRERO D; GUERRERO D J; LIN Q; PULIGADDA R;
SMITH B

BFIMA: BREWER SCIINC

H#EH: 2009-01-07

#E: NOVELTY - A microelectronic structure is formed by providing a precursor structure
(10) having a patterned surface including raised feature(s) having two sidewalls and an upper
surface; applying a shrinkable composition to the patterned surface, where the composition covers
the feature sidewalls and upper surface; heating the shrinkable composition to form a conformal
layer of the composition on the patterned surface and over the feature; and removing some of the
conformal layer to yield a pre-spacer structure comprising the feature and remnants of the conformal
layer against the feature sidewalls.

USE - Method of forming a microelectronic structure.

21. RS US7846756B2

LR ZFK: Semiconductor device i.e. non-volatile memory array, manufacturing method,
involves etching hard mask features to form other hard mask features, and etching underlying layer
of substrate using latter features as mask

EF)&KBAN: CHENY; MAXWELL S; WANG C; YEN BK

HFIMA: SANDISK 3D LLC

H#EH: 2008-12-31

#E: NOVELTY - The method involves forming a hard mask layer i.e. silicon layer, and an
imprint resist layer over an underlying layer of a substrate (100) in an order, forming features over
hard mask features, and forming a spacer layer over the features. The spacer layer is etched to form
a spacer pattern and expose top of the features. The features are removed. The hard mask features
are etched using the spacer pattern as a mask to form other hard mask features. A part of the
underlying layer is etched using the latter hard mask features as a mask to form a set of lines in
communication with a memory cell.

USE - Method for manufacturing a semiconductor device i.e. non-volatile memory array.

ADVANTAGE - The method allows forming the features on the hard mask layer at a
sufficiently low temperature using nano-imprint lithography, thus avoiding damages to the resist
features. The method enables avoiding the need for forming and subsequent etching a bottom anti-
refection coating (BARC) layer, thus simplifying processing during manufacturing the

semiconductor device while avoiding uneven erosion of patterned features during the BARC etching.
22. BHS: US8080443B2

EH4Z4HR: Semiconductor device i.e. nonvolatile memory array, making method, involves

etching mask feature using spacer pattern as mask to form another mask feature, and etching
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underlying layer as mask using latter mask feature

EF KB A: CHENY; RADIGAN S J; WANG C

BFIMA: SANDISK 3D LLC

H#EH: 2008-10-27

#E: NOVELTY - The method involves forming hard mask layers (300, 230) i.e. dielectric
anti-reflective coating (DARC) layer, and patterning a hard mask using a spacer pattern (502) to
form a hard mask feature. Features (402) are formed over the mask feature. Spacer layers are formed
over the features. The spacer layers are etched to form the spacer pattern and expose top of the
features. The features are removed. The mask feature is etched using the spacer pattern as a mask
to form another hard mask feature. An underlying layer (200) is etched as a mask using the latter
mask feature.

USE - Method for making a semiconductor device i.e. nonvolatile memory array.

ADVANTAGE - The method enables depositing a spacer layer at a sufficiently low
temperature to avoid damaging of resist features. The method enables forming a bottom anti-
reflection coating (BARC) material by performing a liquid phase deposition over and between the

hard mask features to make a semiconductor device in an effective manner.

23. RS US8209656B1

HH 4 FR: Method for decomposing hierarchical design layout region of semiconductor
device into two mask layouts, involves selecting decomposition solution to reduce number of split,
where split occurs when geometry is divided into segment

HH K A: HUCKABAY J; QIU Y; UPPALURI P; WANG X; ZHANG T

LRI A: CADENCE DESIGN SYSTEMS INC

H#EH: 2008-10-14

$E: NOVELTY - The method involves iteratively examining different decomposition
solutions for a design layout region to assign sets of geometry segments to a set of mask layouts,
where the geometry segment is in conflict with another geometry segment according to a design
rule such that the two geometry segments are assigned to different mask layouts at a computing
device. The decomposition solution is selected to reduce a number of a split, where the split occurs
when geometry is divided into two different segments that are assigned to the different mask layouts.

USE - Method for decomposing a design layout region i.e. hierarchical design layout region,
of an integrated circuit e.g. semiconductor device and electronic system, into two mask layouts to
fabricate a routing layer e.g. polysilicon layer and metal layer (all claimed) in multiple lithographic
exposures.

ADVANTAGE - The method enables searching for conflicts to performs a determination of
whether a valid solution exists for decomposition problem for the design layout region such that the
design layout region does not decomposed within manufacturing constraints if conflicts detected,

thus optimizing objective function in an efficient manner. The method enables assigning the
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geometries in a group of collectively-assigned sets to different mask layouts so as to minimize the

number of splits in the geometries of another group in an efficient manner.

24. RS KR1523951B1

R4 FR: Forming fine patterns of semiconductor device involves forming first patterns
separated by space/forming capping films of material with first solubility in solvent/forming second
layer with solubility less than first/forming second patterns

ER|KBA: CHOE S; CHOE S U; CHOI S; CHOI S W; GANG Y; KANG R; KANG Y;
KIM H; KIM HH; YOON J; YOONJY; YUNJ; YUNIJY

FFBA: SAMSUNG ELECTRONICS CO LTD; CHOI S; KANG Y; KIM H; YOON J

H#EH: 2008-10-09

#Z: NOVELTY - Forming fine patterns of semiconductor device involves forming first
mask patterns (120) on substrate (100) such that patterns are separated from one another by a space,
in direction parallel to main surface of substrate; forming capping films (130) formed of first
material having first solubility in a solvent on sidewalls and top surface of patterns; forming second
mask layer (140) formed of second material having second solubility which is less than first, so as
to fill space located between patterns; and forming second mask patterns corresponding to residual
portions of second layer.

USE - For forming fine patterns of a semiconductor device (claimed) used in the manufacturing
of highly integrated semiconductor devices.

ADVANTAGE - The method repeatedly forms fine patterns at intervals of a fine pitch by using
a double patterning process, thereby overcoming a resolution limit of existing exposure equipment.
The method forms fine patterns of semiconductor device without using expensive deposition
equipment. The method forms fine patterns of a semiconductor device using a double patterning
process, by which etch mask patterns are formed with a doubled density within a predetermined
area by using a chemical reaction without using expensive deposition equipment. The

manufacturing method is simple and cost-effective.

25. EHS: CN102656515B

EF|4ZFR: Method for processing image data in lithography manufacturing process, involves
performing multiple exposures to image objects in area of substrate by controlling several SLM to
write several partitioned mask data pattern in parallel

BFKBHA: LAIDIGT

% F A A\ : PINEBROOK IMAGING SYSTEMS CORP; PINEBROOK IMAGING
TECHNOLOGY LTD

HEH: 2009-12-14

$E: NOVELTY - The method involves processing a mask data pattern to form several

partitioned mask data patterns corresponding to different areas of a substrate. One or more image
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objects (3301,3303) are identified in an area of substrate to be imaged by corresponding spatial light
modulator (SLM). A parallel imaging writer system is configured to image objects using evaluations
points which are selected along edges of objects. Multiple exposures are performed to image objects
in area of substrate by controlling several SLM to write several partitioned mask data patterns in
parallel.

USE - Method for processing image data in lithography manufacturing process of integrated
circuit (IC), computer generated hologram (CGH), printed circuit board (PCB) and for large imaging
display application such as flat panel displays. Can also be used in manufacturing of active matrix
liquid crystal display (AMLCD) TV and computer monitor displays.

ADVANTAGE - The lithography manufacturing process is performed without using mask, so
that the mask cost and associated issues are eliminated. The exposure tools are enabled for mask-
less exposure that exceeds the throughput requirements. The improved process window ensures
better lithography yield. The accumulation and use of the exposure dosages from each exposure
provides a feedback mechanism to allow the imaging writer system to adaptively adjust imaging
profile at the boundaries of the object being imaged and at the same time ensures that the total target
exposure dosage is maintained. The creation of the stitching path allows to create an image with
reduced amount of artifacts. The compact SLM imaging units can be optimized locally for better
illumination and focus corresponding to its own exposure area, so that a better process window is
ensured in each exposure area of the SLM imaging unit. The entire process window is improved
globally using optimized contributions from the SLM imaging units. In order to achieve the intended
alignment accuracy and precision for the array parallel imaging system, the method decomposes the
alignment scheme into several accuracy precision levels in cascade. The desired accuracy precision

level is achieved.

26. EH5: CN102656514B

EF|4ZFR: Method for processing image data in lithography manufacturing process, involves
performing multiple exposures to image objects in area of substrate by controlling several SLM to
write several partitioned mask data pattern in parallel

EHKRHA: LAIDIGT

L FBA: APPLIED MATERIALS INC; PINEBROOK IMAGING SYSTEMS CORP;
PINEBROOK IMAGING TECHNOLOGY LTD

H#EH: 2009-12-14

$E: NOVELTY - The method involves providing a parallel imaging writer system with
several spatial light modulator (SLM) imaging units. A mask data pattern to be written to a substrate
is received and is processed to form several partitioned mask data patterns corresponding to different
areas of substrate. One or more objects (3301,3303) are identified in an area of substrate to be
imaged by corresponding SLM. Multiple exposures are performed to image objects in area of

substrate by controlling several SLM to write several partitioned mask data patterns in parallel.
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USE - Method for processing image data in lithography manufacturing process of integrated
circuit (IC), computer generated hologram (CGH), printed circuit board (PCB) and for large imaging
display application such as flat panel displays. Can also be used in manufacturing of active matrix
liquid crystal display (AMLCD) TV and computer monitor displays.

ADVANTAGE - The lithography manufacturing process can be performed without using mask,
so that the mask cost and associated issues of concern are eliminated. The exposure tools are enabled
for mask-less exposure that exceeds the throughput requirements. The improved process window,
ensures better lithography yield. Moreover, the accumulation and use of the exposure dosages from
each exposure provides a feedback mechanism to allow the imaging writer system to adaptively
adjust imaging profile at the boundaries of the object being imaged and at the same time ensures
that the total target exposure dosage is maintained. The creation of the stitching path allows to create
an image with reduced amount of artifacts. The compact SLM imaging units can be optimized
locally for better illumination and focus corresponding to its own exposure area, so that a better
process window is ensured in each exposure area of the SLM imaging unit. The entire process
window is improved globally using optimized contributions from the SLM imaging units. In order
to achieve the intended alignment accuracy and precision for the array parallel imaging system, the
method decomposes the alignment scheme into several accuracy precision levels in cascade. The

desired accuracy precision level is achieved.

27. RS TWI416263B

HH|4FR: Double pattern forming process comprises coating first positive resist composition
onto substrate, exposing resist film to radiation, rendering first positive resist pattern and coating
second resist composition on first resist pattern

LH KRB A : HATAKEYAMA; HATAKEYAMA J; KANAO G; KINSHO T; NISHI T;
OHASHI M; TAKEMURA K

LR A: SHINETSU CHEM CO LTD; SHINETSU CHEM IND CO LTD

H#EH: 2008-09-05

$E: NOVELTY - Double pattern forming process comprises: coating a first chemically
amplified positive resist composition onto a processable substrate; exposing the first resist film to
high-energy radiation; rendering the first positive resist pattern to be applied upon subsequent
patterning of the second resist composition; and coating a second chemically amplified resist
composition on the first resist pattern, prebaking the second resist composition to remove the
unnecessary solvent and form a second resist film, and exposing the second resist film to high energy
radiation in a second pattern.

USE - The process is useful for forming a first positive resist pattern and a second resist pattern.
The double pattern is useful as a bilayer resist and a mask.

ADVANTAGE - The process, combined with the immersion lithography, is able to process a

finer size pattern in a simple manner. The double pattern forming process is simple process
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management without complex steps as the technology of processing patterns to very fine rules as
required in the manufacture of latent semantic indexing featuring higher integration and faster

operation.

28. RS US9070448B2

R 4ZHR: Method for pattern formation in e.g. NOT-AND (NAND) flash memory element,
involves etching substrate regions, simultaneously, using spacers that cover sidewalls of mask
pattern formed in substrate regions as etching mask

FHRRBAN: KIM B; KIM B S; KIM D; KIM D C; KIM M; KIM M C; KIM P; KIM P S;
KIMT; KIM T C; KIN M; KWON O; KWON O [; MIN J; MIN J H

FFMA: SAMSUNG ELECTRONICS CO LTD; KIM B; KIM D; KIM M; KWON O; MIN

H#EH: 2008-08-11

# E : NOVELTY - The method involves forming spacers (350A,350B) for covering
sidewalls of respective mask patterns (320A,320B) formed in respective regions (A,B) of substrate
(300), simultaneously. The mask pattern (320A) formed in substrate region (A) is removed. The
substrate regions (A,B) are then etched using respective spacers (350A,350B) as etching mask,
simultaneously.

USE - Method for pattern formation in semiconductor element (claimed) such as NOT-AND
(NAND) flash memory element.

ADVANTAGE - Patterns of various widths can be formed easily using the double patterning

process at reduced cost and productivity can be improved.

29. RS US7915171B2

EF|4ZFR: Double-patterning method for forming integrated circuit structure of e.g. transistor
region in electronic device, involves forming pattern in photoresist, where pattern has structures that
are close to trench structures of another pattern

LR R AN: SIVAKUMAR S; TINGEY M; WALLACE C H

LRI A: INTEL CORP; SIVAKUMAR S; TINGEY M; WALLACE C H

H#EH: 2008-04-29

# B . NOVELTY - The method involves depositing a photoresist (206) e.g. positive
photoresist, to a semiconductor substrate (204), and forming an integrated circuit (IC) pattern (208-
1) in the photoresist. The pattern is protected from actions that form another IC pattern (208-2) in
another photoresist (215). The latter photoresist is deposited to the former pattern. The latter pattern
is formed in the latter photoresist, where the latter pattern has structures that are close to trench
structures (212-1-212-n) of the former pattern to cause scumming of the latter photoresist in the
trench structures.

USE - Double-patterning method for forming an integrated circuit (IC) structure of a transistor
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region and an interconnect region in an electronic device.

ADVANTAGE - The pattern is formed in the photoresist, where the pattern has the structures
that are close to the trench structures of another pattern to cause scumming of the photoresist in the
trench structures, thus exploiting the contrast and dissolution properties of common photoresists to

increase the resolution capabilities of current patterning equipment used to form the patterns.

30. THS: US8082524B2

HH4FR: Computer-implemented mask patterns determining method for manufacturing e.g.
semiconductor wafer, involves utilizing photo-masks to print one wafer pattern corresponding to
target pattern during multiple-exposure photolithographic process

LH)RBAN: GLEASON R P; LIN T; MOORE A J; OLSON B W; RISSMAN P

LHFIBA: GLEASON R P; LIN T; LUMINESCENT TECHNOLOGIES INC; MOORE A J;
OLSON B W; RISSMAN P

H#EH: 2008-04-15

#E: NOVELTY - The method involves arranging an initial photo-mask corresponding to an
initial mask pattern to print a wafer pattern corresponding to a target pattern during a single-
exposure photolithographic process. Two mask patterns are determined based on the initial mask
and target patterns, where the patterns include features, which are overlapped together proximate to
a critical region in the initial mask pattern. The photo-masks are utilized to print another wafer
pattern during multiple-exposure photolithographic process.

USE - Computer-implemented method for determining mask patterns to be used on photo-
masks in a multiple-exposure photolithographic process for manufacturing a semiconductor wafer
and an integrated circuit. Can also be used for manufacturing a micro-electro-mechanical system
and nanoelectro-mechanical system.

ADVANTAGE - The method decomposes the initial mask pattern to facilitate lithographic
processes with increased resolution or decreased critical dimension for specific wavelength of light
and optical path and improved process control, thus increasing manufacturing yield of the

semiconductor-wafer and reducing cost of the semiconductor- wafer.

31. RS US7713818B2

EF|4ZFR: Preparing semiconductor device e.g. diode involves forming first photoresist layer
on underlying layer followed by patterning and rendering the pattern insoluble to solvent; patterning
second photoresist layer; and etching underlying layer

BHKHAN: CHANM

HFMA: SANDISK 3D LLC

HEH: 2008-04-11

$E: NOVELTY - Preparation of semiconductor device involves forming a first photoresist

layer over an underlying layer; patterning the first photoresist layer to form a first photoresist pattern
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(111); rendering the first photoresist pattern insoluble to a solvent; forming a second photoresist
layer over the first photoresist pattern; patterning the second photoresist layer to form a second
photoresist pattern (211) over the device layer; and etching the underlying layer using both the first
and the second photoresist patterns as a mask.

USE - For preparing semiconductor device (claimed) e.g. diode containing nonvolatile memory
array.

ADVANTAGE - The bottom anti-refection coating layer has a thickness of 15-30 nm which
improves the performance of the photoresist by forming a sharper resist contrast after double

patterning.

32. THS: TWI427428B

R4 FR: Forming pattern, comprises applying positive resist composition on substrate, heat
treating obtained resist film and exposing to radiation, heat treating exposed resist film, and then
causing to crosslink and cure with heat/acid and heat

EF)&KBHAN: HATAKEYAMA; HATAKEYAMA J; KANAO G; KATAYAMA K; KINSHO
T; OHASHI M

EFIBA: SHINETSU CHEM CO LTD; SHINETSU CHEM IND CO LTD

B H: 2008-03-05

#E: NOVELTY - Process for forming a pattern, comprises: applying a positive resist
composition onto a substrate to form a resist film; heat treating the resist film and exposing it to
high-energy radiation; heat treating the exposed resist film and developing it with a developer; and
then causing the resist film to crosslink and cure with the aid of heat or of acid and heat, where the
resist composition comprises a polymer comprising recurring units derived from optionally
substituted hydroxyalkylnaphthalene and recurring units which become alkali soluble under the
action of an acid.

USE - The process is useful for forming a pattern.

ADVANTAGE - The process: provides half-pitch fine-feature pattern through double

exposures and a single dry etching; and reduces the pitch between patterns to one half.

33. A5 US8208121B2

EF|4ZFR: Alignment mark for use in optical lithography, has pair of areas overlapping on
each other and comprising set of periodic structures formed by mark lines extending in set of
directions, where directions are formed at pair of angles

LF&¥ A: BUNEN F G C; TENNER M G; VAN K M; VAN KEMENADE M;
WARNAAR P

LFMA: ASMLNETHERLANDS BV

H#EH: 2008-02-01

$E: NOVELTY - The mark (AM) has a pair of areas overlapping on each other and
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comprising a set of periodic structures formed by mark lines (ML) extending in a set of directions,
where the directions are formed at a pair of angles (alpha, beta) with respect to a scribe lane direction,
which is parallel or perpendicular to a scanning direction, and a range of one of the angels is 0
degree to 90 degrees and other angle is from minus 90 to zero degree. The mark lines are formed by
multiple sub-segment lines extending parallel or perpendicular to the scribe lane direction.

USE - Alignment mark for being formed in a scribe lane of a substrate (claimed), in optical
lithography during manufacturing of an integrated circuit. Can also be used in imprint lithography.

ADVANTAGE - The mark enables better reproduction of alignment on the substrate to allow

better overlay for double patterning and exposure.
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Self-aligned quadruple patterning integration using spacer on spacer pitch splitting at the

resist level for sub-32nm pitch applications
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