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The present invention relates to novel neutral layer compositions and methods for using the neutral layer
compositions for aligning microdomains of directed self-assembling block copolymers (BCP). The
compositions and processes are useful for fabrication of electronic devices. The neutral layer composition
comprises at least one random copolymer having at least one unit of structure (1), at least one unit of structure

(2) and at least one unit of structure (3)
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where R is selected from the group consisting of a C1-Cg alkyl, C1-Cg fluoroalkyl moiety, C1-Cg partially
fluorinated alkyl, C4-Cg cycloalkyl, C4-Cg cyclofluoroalkyl, C4-Cg partially fluorinated cycloalkyl, and a

C,-Cg hydroxyalkyl; Ry, R3 and Rs are independently selected from a group consisting of H, C1-C4 alkyl,
CF5 and F; Ry is selected from the group consisting of H, C1-Cg alkyl, C;-Cg partially fluorinated alkyl and
C1-Cg fluoroalkyl, n ranges from 1 to 5, Rg is selected from the group consisting of H, F, C;-Cg alkyl and

a C1-Cg fluoroalkyl and m ranges from 1 to 3.
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The present invention relates to novel neutral layer compositions and methods for using
the neutral layer compositions for aligning microdomains of directed self-assembling
block copolymers (BCP). The compositions and processes are useful for fabrication of
electronic devices. The neutral layer composition comprises at least one random
copolymer having at least one unit of structure (1), at least one unit of structure (2) and
at least one unit of structure (3)
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where R; is selected from the group consisting 6f a C4-Cg alkyl, C{-Cs fluoroalkyl
moiety, C4-Cg partially fluorinated alkyl, C4-Cs cycloalkyi, C4-Ca cyclofluoroalkyl, C4-Cg
partially fluorinated cycloalkyl, and a C;-Cs hydroxyalkyl, Rz Rs and Rs are
independently selected from a group consisting of H, C4-C4 alkyl, CF3 and F; R4 is
selected from the group consisting of H, C4-Cs alkyl, C4-Cg partially fluorinated alkyl
and C4-Cg fluoroalkyl, n ranges from 1 to 5, Rg is selected from the group consisting of
H, F, C4Cgalkyland a C4-Cg fluoroalkyl and m ranges from 1 to 3.
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% & 60% MMA -
THS: 2 BLBRhREHI

## R B Polymer Source 2 8 (124 Avro Street, Dorval
(Montreal), Quebec, Canada) (P8966-SMMA)Z # £ # X 4
22K-b-22K MMA-RX Z i (Mw A 44K % » # 1% (PD) 4 1.09)
5B PGMEAY UM R 1.5 8% E R i & &5 0.2%% % PTFE
&R iBE -
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KH6: RELR D ARY2

4% & B Polymer Sources: 8 (P2449-SMMA)Z & & &£ R4
18K-b-18K MMA-2 2 % (MwA 36K % » 3 & 1.07)%
@ »PGMEAY U M 1.5€ %5 & it & & 0.24% 5k PTFER
BB g o
W7 BERX W1
35 & (Finger Print) 3 & ¥ &

B RwERlIPHETAN R WX T4 BEHEBE
#WPGMEAZ # ¥ 20.7 wthiEm &R B X 9 A N A2 7 I
Bt HBRELHEELRBZERG60% MMAYT
R (A R T 1)E20% MMAY & B &4 (6 & % #2)
zZ wt%i% A A R e

£ % & B £ & AZ ArF 1C5D (a.% & AZ Electronic
Materials, Somerville, USAZ i R # E R a4 & % )X B >
255 C 1IN L B EE 5266 nm- BEM R FTHRS
%ﬁﬁ%%%%%z.’zﬁc¢ﬁm%zm BEBEE A
19 nm ~ B F # 52 # & &£ R 4 & & 1 (22k-b-22k

o1

MMA/STY) % & #1 62 # & & 4 % %2 (18k-b-18k)f& ¥ &
RBPLrahaBELEThzE  225CRRBE2GBEABEERER
240 nm- 21T L HARMRALER - RIFPH/ZHBEZ
P HUERETHREARAODEAARA DI RETHRE LR RRAS
hzaShad PEIRRBLETHERETTRAZIEALY
& R e
EIBEBIASARETAHIR2Z T HR S U E & 5 &R
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HEEXAATFTHARAREARBRL R Y ERYlza8EEnF
B HWKR/ZEHML/IS)mmt o SEEEXY2zHBEMEE
oL E AN ARHE—SRBEERZIPHEMAARES
HE KB BEMURELKREEARBZMHMEARMNBE
HBAKB R WETFTHRBREABRYW 2 AL BEREFAN T M
FBZABEE - R1F 28BHEFTEHE208 F%
MMAZ 60X H% MMAS B M2 R EB 2% 44 » F 4%

Br MRSz PMH o

® A1 BAH20%4-LH A EHABTHZIRAZH A
makey FHREZ B @E
PHER | BFRE Y| PHRERS | PHEBRS |5 P |50 Phy
BRHEH |REH T | WEES |HEE% |RLSEE | RL/SE £
$a ok MMA % %% 22k-b-22k | 18k-b-18k
bep bep
1 20 0 100 LR ¥
2 25 13 87 P P
3 30 25 75 & P
‘ 4 35 38 62 d M b4
5 40 50 50 Ty oM
6 45 63 37 P I b4
7 50 75 25 P P
8 55 88 12 o M BA
EE )
9 60 100 0 PHCBRE|PH - BF
FEE | SR
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E#8: HEF &2
R Rk

R E2YRIE AN B R R AL EDEHZ
4 MNPGMEAR B ¥ 2 0.7 wt%: B &M A ¢9 AN AR T4
Bt BRRALHWAE AL KRG ZERSG20% MMAYT
MRASM(AERTHIE60% MMAT B R &M (& R K H4)
zZ wt%iB A E R o

£ % & B L W A AZ ArF 1C5D (3% & AZ Electronic
Materials, Somerville, USAZ i R ## £ & & & ) B -
D55 C R M 14874 A K £266 nm- AR THERS
MRBEAEMBEHZE B 255 C PhME2EABRERA
19 nm - & £ & % B ¥ iEkl (22k-b-22k MMA/STY) £ ¢ &
BrLahaEtRmzh  225CRABM 2O GRBEREER
240 nmo R2F L HERHWALER - R2F X FTREXRE
THRERES Y b%ﬁkiﬁidzﬁq’we BEMARZAHZBESRER
4 o

E2B A B S RETHIZREMAEAT 1’@]41%&/\%
AEed "THaRR, MR TFTHEHOER - HPHRARE R
L/Stmbz FdM, KxaNBEIPH  KREXRHZ
HEEBAAREAHEAHM A BUNE R EZLERBZEA
FRAMBzEBREBE  LEFTREL LD AR
BEARN MRz ABEA Bt FHERBATTHEE &
AL RELRHEEZES °
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B2 A A% LHARHBETHZIROHZ B A
£

sy P HRE L2 gmE

FHEREME | BPRohRbH | THERZLY | THEBRLY b M E

L ¥ 2 MMA ¥ X% 3EE% 4EE% -
10 20 100 0 P
11 25 87 13 P
12 30 75 25 P
13 35 62 38 P
o 14 40 50 50 g
15 45 37 63 P
16 50 25 75 P
17 55 13 87 P

Pt B

18 60 0 100 PN

E#9

£ A B 40% MMA ~ 30% X Z % BR30% 4-Z M R ¥ H 8B T

RzEMHILRFTZE-—FTHRLSHEH ZHENPGMEAR

BP 207 wtaz2 B2 X WARARZPIPHREBELSY - B

BRTMHBREMZRE P 255C T 2N GEBEE B I

nm-° B #KEELERHEKR] (22k-b-22k MMA/STY) £ + ¥ B
L EHBRBELERYZ R > 225C B KB M2 EBERE A
40 nm - SEMB BB T HRBR RSV EA A D ETHRE L
Bz Eahmg -

T 4110

REBA: EHRFHRREE DB ALY (A2F Mtz ¥18%
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3 E M ) R 240°C F o # 2 minsA W A& 17.6 nmz & - 4 B
M i 4 % oA B B # & & (PGMB/PGMEA:70/30)i% /&304 -
smbBER BMEESEANALTS nm kEFETR
Bl z A K
7 #) 11

AR EAM B Y (A2 Mz B ISK B )L
A255C F R #2 minA B A 16 nmz it - & F MR LEH
% 8 # AZ AX2110P (8 B AZ Electronic Materials USAZ%
5 - Somerville, NJ)z & 3 # 110°C F# ¥ 608 X @ B H
120 nmpg - 45 st f 3 & A 193 nm Nikon 306 D47 44 & 2 20
mi/em?z B & A M AEEKXNE R R L - ¥ A 110°C F = &
£ o Mo 60F o 4 S E A AZ MIF300 (% A AZ
Electronic Materials USA /. 3 Somerville, NI)&& % 30% -
A& % Fx,\%«%:ﬁﬁa%lzmﬁx,\%«#h«aﬂii#ﬁﬁ" &R Lk i
A 255C F ik K24 4 (FT 29 nm) - £ CD SEM (Applied
Materials Nano 3D)¥ 4 & B » £+ T H 2 R ER S DRk
BAEpAaePHBEEMAAE A AL  KWETEREAR
gLl s e T il B ABFHBRAEES
B ZRBE -
TH12 BEEX

4% AIBN (0.4944 g, 0.003 mol) ~ 4-ZH A X FH BT M
(0.6543 g, 0.005 mol) . Z ¥ (16.54 g 0.14 mol)~ F £ &
¥ & F 85 (10.52 g, 0.105 mol)& 90 ml 2-T &1 & N & # £ &
ABBER  AABRBRAEE A BZ 2250 mUEMK P - £148
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/ﬁ'ﬁASOC/d?/écPlt
‘}%#‘F—F%/&f&%

ARABBABURFION &%

HHIIhre BRERASH LS
RMAEETFTEQRS L)Y - # 4
% B2-TEBRAEATFTEFTENAR L ALESOC
HBRAEERKFI637T gz HREEH L - R A
59% ¢ B A4 2 Mn% 10218 g/mol & Mw2 15854 g/mol » PD

ﬁ4§; %

EEg P
W E £ %

H1.55° B RASHWHFNPGMEA T 20.7 wt% 5 & A & A tb

BB o
A LAELLBRREYDZT AR R K2Z ¥ A H B YT B
14F 3 tb &2 B & -
HEREBER(ZEHAEREASG W HENPGMEAY 2 0.7 wt%ix

R)EBEHRNY KA L > 2B MN255C FTHRME208 - 8

BB L % A AZ EBR7030 (F M A B R A %) k308 o
B

ERENBEREE  -BRTHEK3ITP -

k3 BBt Rz B E
LA E LX) Facin 14
BER | anpy | AR CEVRY
nm nm
BB R Z AT 18.3 0.3 18.5 0.3
BB R 3.7 2.1 18.1 0.4
L4 & 14.6 . 0.4

*25K & A

Bt BB ERERAE - KM &
AARTH)TREHRER

HABmHI4m T > &
EBREWQREF% 4-TH A

8 % (14.6 nm) -
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BB ERMRAARYIAZREEZR(=FHAHRED
#APGMEAY 20.7 wt% B R)EB/BEHA Ny & B £ > 214
MN255°C F i #2448 - % H 18 %EE AAZ EBR7030iF 3% 30
HE kLR AMERARRLH-b-FLAAHE T EE)R
5o Bk (1.5 wt% o 2 R PGMEA ¥ )3 8 & 4 XA B &
40 nmZ B o BBEMN2SSC TR X2 U REKREXRD
2 # % . K £ CD SEM (NanoSEM 3D) % M & B ° & &
ARMALBANSHRBZIE - ARBIIELRAARFE
E O EMBHRBIEBRZIRTHER T -

BIRARHA AR D4 AHEER(=FHAHREDY
#APGMEAY 20.7 wit% B R)EFBEHnw &EA L 24
N255C T #2048 - LR BEERYEEHTRLALER
A R(ZXTH-b-F 4% & e 7o)k &*XRDERAS
wt% > 2 A PGMEA )% & & 4 A A 40 nmz & - BN
255C TR K2Rt Bt R hx R - -HRAECD
SEM (NanoSEM 3D)¥ # s & B - tbix AB M A £ R A F
S AR EE R Ak aHELHE - ARHILELEREAR
HEEHHIEMERBIEBBRZIRIHER & -
EHI13 (2B & &%)

B R & ER M MAZ ArF-1CSDE 4 7200 mm4R & &
b oo B @@ BB 2255C T E LS 0 A IF265
nmZz BEE - B ER2PHMEZFI4R T HE ARHZE (16
nm) % 4 # ArF-1C5DRt 2 T #F £ » 2 4% M 255C F ¥ 24
s - £ L@ BB EFRERA LR £ b AR A
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ARX3520 (JSR Micro)%& # B # 130°C F # ¥ 605 1L & 5 43
70 nmBg 42 A% - A Nikon 306 DIF R B L LB & - 3 Jo
115C TPEBi2 1442 - ¥ & B A F & E X % &8 (MAK)EA %
30 - EW200C 25 R BIL LR ERE - BH&ER
FHABDIZHELERWEAREANAREE £ LI
225C T i& kK 2% 4 (FT 40 nm) - &£ CD SEM (Applied
Materials Nano 3D)¥ o #f & B * R ¥ TH 2B £4 b kM
BB EAZXZRELERBHEAR Bt PHERDEANR
T ARBEBEERNZIEFRREEZRM -
EHl14 (L2 E & K)
z‘i%#*)i%a‘i # o AZ ArF-1C5D % # % 200 mm#R 27 & [
s B EH B 25T TR &L U E T 265
nmZ BEEE - KHER2THMEXFI4RE T HERAEY X E (16
nm) % # # ArF-1CSDfE 2 TR b » 2 % N 255C F M # 25
4 A LB LT EmEAE Y X d AR B Shin-Etsu
Chemicalz £ & & P & & # B # 100°C T it ¥ 608 L @ #
%90 nmBE B 48 A - A 193 nm Nikon 306 D% # 14 & % ot 5
R o mOOCRAKRRME - HAKLE R CHETEH
#3308 - A BB K& B A AT % £ ULVAC NE-5000N
Etcher¥ &2 2|28 A # B F A M (30-45 nm)» B w BB T #
B o K51 1 A AZ EBR7030 (PGMEA(30)/PGME(70))i4 #2 #
MEBEE HRELEBEDEAEDIZRELEWEREHK
AR L3 #»225C F ik kK24 48 (FT 40 nm) - £ CD SEM
(Applied Materials Nano 3D)¥ 4 4r & B * £ ¥ 7T & 2| &5 #
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EEEMHEREE AL LAEREBEMAAZIEA EH
EEE - Bt THEASDELARNR I B LEAEERZ
EHR R ERM -

[BEI X ERA]

B la-1cBac B # £ FH %k -

B 2a-2i " B M EHK KT & -

B 3a-3gBA A~ ER K KF & -

B 4a-4d85 5 3 AH L ok -
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#£1011348355 &P H £
FXFHEHEEAFHHAR04F10A28)

£ ¥HFEHEA

1.

— YT HRELY  RHAaAHdawAELARBREALRY
PHELUEEHANZRIB Y HEZEZ 88 EREKE
Y EYHFIFHEasYHhas

() 20— Rw&&#H (1) 28R7L8Y ZE2BAELRDYD
EFE S —BEHAWNzERL -2 -~ BA&EHEQZER
REVL—BEHROC)ZEL

CP \
e R 5 ~ Co-CeBHE A ~ Co-CeEARR ~ Ci-Ce¥H &
A E I K R Cy-Cs & rgéﬂﬁizﬁ ; Ry~ R3 A& Rs%% 3L 3

B 8H C-Culi &2 ~CF;RFaAa R z# s Ry E A &
H-C,-Celp & ~ C-Cs3f 5 St A 2 » B C,-Cs AL k& %
MR ZAH nfElEZESHEBEAN R AGHF- C-Coii
ARC-CsaAnAamzHEmAelZ38EMN > AL Fx%
PHEAALAHAH0E F%EAHSOE T %R BA X E L] &
H0E X %EH80EF % B X B A2RAEHISEF%E
HASE R %HE B 2 E A3 R

(i1) & & -
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WwH RKBlzasY EAFZERALRWEHLELEH

REAREWBREFERL LB PHE -
wHRBRlzach  ATZEAARDREPDLELEH

ARLEWBABFJIHRARAENRABBZABRER F 2R
BP MR -
WwHERBAlzasY EFZERALRDEHELCER
AR EmBBFHBRREN KR BHEES R T 2 % B
i E
WwH KBFAlzabtYh > EPZBaEnyHRx UM

(D 22 AL R D L2 HBLRDeLEIRARLAR
Flékz it 22 ERE LS K-

WwiFE KBlzwabdbHh HFPRHLEAEHC-Colr iz
B Ry R3ZARF I biE A dHRC-Colx B @8 i 2 #% 5
Rs#%ZE A BH-C-Celbt Ammx# > BEn=1; B R¢thE
BaH-C-Cohrhtamza Am=1-

Wi KBAlzmbsdd AvPzashas e (1) 24
REZHZHBESY -

W KBElzwmbY  EFZaa2ZnavrRBzed
(1) 28R LE B W EZRBEEEZWEE(RTH-b-F 4
AT B
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a) EEARLEIMABEFLRAIZIHREZER
b) MBI PHBEUAMBRTH FTHRE
c) AR IHREERMSALEBEZER
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10. %o

d) A% AR EFTHAEE

e) LU AMBBELRENMOARBIKEREH AT £
HHRBEZHRALEWERRKAZHA LR AaEE R

f) &% HEREERY BLABREZERHZIZASAT

B BEEHREE -

B RAIZ ko AR AmBBEGEBER U

TagRzBHzrgHuBHEBR: EFRZHAF 193

nmiZ E &4 %4 ~ 13.5 nm> 193 nm >~ 248 nm -~ 365 nmA&

. 436 nm o
11. 3% RKAIZ F ik > AP AmBAERNRED KM
B e
12. — L LEREHMABERZI T X Has
a) LEEARLEMAFEFRBAIZTHRREZER
b) ﬁaﬁgszqv'ti}%uﬁﬁﬁiiﬂﬁq"riﬂ;’
c) EEZRXBFITHELRHLAAMBEZIER
S d) £ZABEBEFITHABEABHBR KRG L LMRE - &

13.

R AEEEZZIBTHEE B

e) REBUALEEZIIBTHEE X -

f) #5%% kma

g) AU FTHELEENASRBL BB ERSE TN #®
BzaBERHERXEEHASHEEE S R

h) B2 %RBEELRY  HUEBSRIAXRHZIIZK[ET
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TaRIBHLAEMBHEAR S EF L 193 nmZ FHK
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