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Wafer-level composite mold for large-area nanoimprint lithography
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Abstract: In order to solve the problem of producing large-size and wafer-level composite flexible mold
at low cost and high throughput for the large area NIL, this paper systematically investigated the theo-
retical model, numerical simulation and fabrication method for a large-size and wafer-level composite
flexible mold with double-layer structures. Two models regarding the peel off demolding and the air
bubble defects generated were proposed. Furthermore, the influence factors and laws of the peel de-
molding parameters for separating the replicated composite mold and the master mold were revealed by
numerical simulation by using ABAQUS software. A manufacturing approach was presented to repli-
cate the large size and wafer-level flexible mold with two-layer structures. Finally, a 4 inch full-wafer
composite flexible mold was fabricated by using the proposed method and a 10. 16 cm(4 inch) Si mas-
ter. The studies in the paper are valuable in providing a theoretical basis for fabricating large-size and
wafer-level composite mold, and offer a feasible and effective method to replicate large-size and wafer-
level composite mold with low cost and high quality.

Key words: large area nanoimprint lithographt; composite flexible mold; anti-adhesion; peel off de-

molding; wafer-level

Y5 B #3:2017-07-18;f&1T H#7:2017-09-09.
B4 A . FEHRRFFE4E % BIIH H (No. 51375250, No. 51775288) ; 7 &5 i B340 45 A A % 1135 H (No. 13-CX-18)



EAR) S FPNE ALY NEREID A U - RE g /g SN B 895

1 3 7

T A ) 3t e AR S SR — AR BEOR (BT
U5 H AR A W BE ST R AR A B A5 e P %
b A TR Y Al AN O B L Rl 4 A Tl S (R oK
ZEAl) S Tl ) 3 R B A% s 8 R R AR R
Attt A ] 3 K T FRURL AN 45 4 1 T 2 R ke A R S
AR A 2 45 07 i G an DAL 6 5240w i 67
Ar R LED. & 8 9% 58048 ' 27 4% 11 e 200K BH RE Ha
A BT — AR R T AR s BT S R B B
B MR A5 NS5 T ) OB Tl Ak B
(A AR 3 2 R T BB 4 DK 5 A R L I R AR R
PR n] 52 M i 36k S 24 i 2 AR Bl S T i
F18y — 0 [ o e X A L 2 4 I R R 5% A0 B R R
)

4 >k JE Bl 9% %I (Nanoimprint Lithography,
NIL) 2 — i 42 09 4 oK il & 75 v 8 ol i s B 4
B2 1 e T S E AL . NIL 82 AT R #5532
S22 T — 8% Z (Next Generation Lithogra-
phy. NGLYHA , HAT & 43 A 3 B AR A CE bR
KAL) VEA 7] 46 i 7E 2K - 19 NIL L A% 52t 2%
P 52016 2 28 IR — > B0RE 20 A 2B 7 R YRR L
Hodw 2 AR AE T KR 2 2% = 4E T an 454
il 3 B BE g LA K 3R P IS 0 BB Ak, 0 2 A
TR B (B 52 A OB AR R ED T2 2 AT
FEAEP-# SR 2 th R th 50 A B i 5 1
A IR I S Rk (B R 4 K BN A A R R R g
KIEEIE #98 A 2013 Jig i [ By 2 5 44 % K (In-
ternational Technology Roadmap for Semicon-
ductors,ITRS), JF gk fE7E ITRS # &l 11 nm #1
Sub 8 nm 7 £, KRG K s BT AE © & 80
M LED FEEAL | 5 % )% i £ (Hard Disk Drive.
HDD) o 85 K FHRE G AR 8% 8 L3 45 g 1 L i
T mi A8 B MEMS/NEMS 46 AR 22 45 88t 7
HE I A T AR H R

BB LT H 2 R [ 20 52 2R L Y
LM REAAAKAENREEN T EERZ
— B H Y E D R 0K B L L EDE AR TE
RS, REENAAMIRAREEIT R Z
T BRRE L, SR T AT R BIF 9 435 R 0 S B g R 1Y
5H eSO 2 A L, BUZ B A POsE 1L AE K
FRG K TR EIE AR rh 7 H SIS s 64 0 3R B K

(¥ 7 IV RES ™ o AN TR) T 4% St 40 oK T BNt ] 1 B
L (i A7 &35 AN ST BB A, 1 i) oK 1 B2
oK F B R RS 15 48 2 5 ORE L o 3 T i 1/
22 P PR X . (1) p T A 0k 45 A4 A B B o (B
TN 22 A A 45 K 2 T 3 R 280 5 R AR L A R A
(10 BB 7 38 DR T R 1 s X 52 5 (2 X6 F i [BA] 2%
Cili i BUE) S & BB B2 ), — D5 T 3 i 1 0 4k
AR (1 XE JZ 5 — 5 ol A e AR AR o 25 R R A
A GAFAEZE R . XS T AR i B G RE S il T4 fiE
S5 K A e TG X, BRI G BE L A
X o L BR300 5% F 4SS 5 K T %) T o B 4 £
e il TR S BAT R Ak [RTE L 0 ik B0 IS A
AR IR T EL AR By B0 IR R A 0 5 9 4 E KB
L5 s (DX TR A R R4 = (B2 2
B BORLRL Y DB J2E AN S 2D Z2 18] 19 45 & AN A2 1
WA A v A AR TR TR RN S TR o B L
S WO AR O W, 8 2 IR R A 5 (4) SRS
S A OB B S o A 7 AR T I B B o L
Pe o AER N E & HORER A il i # b A 5 7 R
T U 2RI 28 T BE A O 5B R S B
M2 A BB HAF ARV 2 B B . [ I, 6 W R B
BB AS IR (R 52 T o 20 fof 2 255G L AS 1 52 7 i
NN WSR2 ¢ B SR IPNTTRSAR P AR
TE TR V2 N A e KO3

AR SCEEXF H AT AR SR Sz Al TR
ST il 181 25 XU 45 e Ll s O e T 4 il AR 48
MBS, HAL T 2 E OB B R R B
S R ABAQUS TR B SLER14 , 5 3L
JZ A OB A A | o 29 52 O L i
18 f5e R LA S AR 2R CRRAE B 2R 58 L) T i T %K
(EABEUL L 48 7 RO SH 52 ome HL 32 i i 5 11 [
FEFI DA TE Y LA 5 4 ) — B R RS A B 90U &
A PR AR BAS il 35 7 1%, IR S T 4 inch W A
A2 G PRI B S e . A SO ST 4S
RNRRGHE G BB AR 2 B E T B Al
I PR T — ol F AR o i A ) 3 R R T o B 20 XL
JZ 2 A B R S AT 05

2 oM EAR
2.1 ESTmEARE

S8 2 B AL 5 9 52 5 OB 5 REASE 9 A 23 25
CBEARE) Sty O 52 A BORE L ) o i ) e T B2 A1) T



896 e KE TR

5 26 &

EZWER . —J7 B s R R A O R
SCHEJZ FNEE 2 AN e K A2 0 B 5 93 — 7 T AR IE
IR 2 FRE AN BE H BRG B, JC G2 I A i 7 v
NEERE BB IR . O T B AR X 28 H bR, 0 Z0 R
XUZ A PR SRR 3 A WA 2 A S B9
R A A AT Sy HEAT A R R A

B 1 RUR B A OB 5 R T
“Ha T B B R B B 1) B RRE
A OB H AL B R SR R -EDE R R =R
SRR AL T 1) SRR #1840 52 5 B AL
Ji AR 3z fi Y 48 T X BB R B R B . O T
{8 T BE 0 B R RL (4 2 57, U2 S5 B H 5 B
A ) 42 fl DX 38 BT A IR 42 fk

E————

() Z RSN B

(a)Schematic diagram of

(b) BB i P 7 ]
(b) Schematic diagram of

three-layer structures demolding process

P18 I U AR R 2
Fig. 1 Schematic diagram of peel off demolding

PR 1 T - T 25 fio % TG A B ERL R L R A
Wy A ST 22 () R R T T T fh A T A R B R
WLl
W=7r+r—":, (D
Hrpoy My MR IR 1 PR 2 1) 3R
BE» Vi e WK 1 AR 2 Z [ i LI RE
FE L b ET T RS B T R F LR

F= iTtWEa]?, (2)

2
Hod  E R m iR 1 fiR 2 B R0 284
PERCHEE o ARG ME R, E B E ] IR E T
2okt
%20_75[(1;31#?)_‘_(11—22#%)] 3)

H L E L E o 50 2R 1 IR 2 19
PR SRR 5I0RA

W2 0 G OB B S S R RDE 22 22 ) R K
Mo Fro R R G R WKL Z 5 B2
(B RIRG B 1R Fos s B T 8AR 2 A OB H L) &2
il o 8 ) IR ASE A 0 2 LA 54

Fp, > Fo,. D
BEE R T A AN R R 25 48 . Hh T 3 ok 3 T
1Y ROT TR RN, B4 SO B EDE 2 5 BEBE Y
FE Al TR R i K TSR R MRS BUE 2 MR 42
i 1T R, S BRI J2 R0 BERE 22 (8] (44 B 7 52 48 %k
T R I T A A
DL H TR RGN K R B )3z A () i 25 4
FFLAE G548 A B8] o R AT HAR 23 B F e
2.1.1 BRI A EMEMH
REBURRAE DY 0 26 i 25 44 B 3 JR 30 T 1%
FE N o BB 525 ol B 42 i B K B L,
FE fll DX 8 1) 9 FE A B W S #8)2 5 DR JZ2 19 322 fik
S, MEDE 2 5 B 2 8] 0 32 fil AR S, 43
H
S..= LB, (5)
S;;=(1+2aP) LB. (6)
X [ 44 2 T2 i, R Hertz #2 fil #8580 AT
AR 2 i e A2 E S T TR e Ak A A
DX 3y T R ke A A8 AR A Al X3 o AR o G
(5) F O FCA R (2) AT LLA5 21 9 4> 518 19 KS B 71
I3 3R .

3 7
F12: {? W12 E12 LB]
l’ (7)
Fzgz % Wg;Eﬁ(l‘i‘ZC{B)LBJ i

Horp W, 2 3 7 2R B 2 22 (8] 1 RS B 6B Wy
S U J2 FREAS 22 8] 8 B Rl » B 2 S 2 R
T2 Z IR 25 A S e A i L oy R R R A RE A 22
[E] A 25 G B PE R L

A (O FNCT) AT IAR B X F M L AT 45
P A BREASE , X2 52 6 2SS L 8 T ) PSS 10 25 A2

Wi, E,> (14203 W,y Esy. €))

2.1.2 BBHEEMAILELH

TR I by LA 5 4 L 18 5 A 1) J 300 o0
T mEAME T, BOE 5N d. RS R a0 42
il XS A BE SR L, SERE R B, SR S EIEJZ K
PRI S, FNEDE 2 5 B2 8] (0 B2 il 1 AR S,
53 .

812:14B9 (9)
_ | L nd’ LB
523*[4+01] T.T, (10

P42 i T L P9 R B 7 23 5310



55 4 101 22 LTI S RTH ARG R T B 20 it I 2% 52 5 e L o 5 897

a1
2

F,=

%nngElzLBJ
1)

_ xd’LB)7
= L Lb]

i1 2O R QLD AT LA 3 6 T LR JL A 25
FA) B BRASE B2 52 SR L I DI H) JBE A 1) 25 1

1 d*LB
W12E12>[Z+a] TEI‘ITWBEZS. (12)

HRAE LA L5387 o BT RS A i LAl R AR 25 4
) 3 TR R RN 5 B A s L IR J2 R B A
Z 1] AR B O A 1S K. A SR A AR R B A K
B EIE 2 0 S 2R Sy — A B A B A IR
O3B WA AT A5 M AT L T 2B A4 f T £ K A
fiE » [7) B 348 10 =2 78 23 TR 23 422 fk T A RS RS i
2.2 HitkbE

AR TN RO B HL iy il 3 - KRR B & 3K
Lo 15 3 B v 25 5 7R AR R 2R X S A
IR AT BE B W 2R = A i OB AN BB e 2 R
B s 25 T SO B B9 A SO AR SR
2 We) T i 3 1) 52 ORI JB et RN ]

02 G BPORSE L ) 3 o R e AR R B R
RV T PS5
2.2.1 HAHRBALIHIEP LG

X TA SR 1 5 A OB AL i T2 R B
WFRHEIERETEER AW Z )G B 2 E 5%
(EEMTEEDIE )2 R G Y210, 0 345 2 18 w5 )7 =X
R BRI it i o7 X0 % F 2 & s 2L i i i HAy
B e, AN ) 0 i e 7 2R 23 77 AR O TR Y R
B BlnE 2 PR iR AR 2R 56 L A SR 2R
PRI J2 [ B A TR 42 b A v oy 1 AR M £ F 6 B
FIRY BTN A A R T B A BB 2 S 2
Z 0] I X DA AT 235 b HE B, 30K S B0H i 1) )
R A OB EL S E B Y 2 2Z 8] 77 A S B
J S T R A R AL R A

3 1
?T[Wzg Ezg [I + a]

B2 SPAr R o SRR

Fig. 2 Parallel overall coverage of the support layer
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Photo and SEM image of the compound
flexible mold fabricated
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Fig. 13 Comparison of composite flexible before and after use
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