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Effects of process parameters of UV nanoimprint on reproduction accuracy
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(1. School of Chemistry, Sun Yat-sen University, Guangzhou 510006, China; 2. Sinopatt Technology Co., Ltd., Dongguan 523808, China)

Abstract : Ultraviolet nanoimprinting technology, characterized by its high resolution and efficiency, is a research hotspot in
micro/nano manufacturing. The replication accuracy of this technique is often influenced by the coupling of multiple process param-
eters, such as baking time and imprinting pressure, and the underlying mechanisms require further investigation. The influence of
different baking times and imprint pressures on the quality of UV-cured imprinted patterns was systematically investigated through a
full factorial experimental design. Combined with film thickness measurements and scanning electron microscopy characterization,
the morphological evolution of microstructure arrays under various process conditions was quantitatively analyzed. Experimental
results indicate that baking time exhibits a significant linear regulatory effect on film thickness, with a highly linear negative correla-
tion, suggesting that solvent evaporation is the key factor governing film thickness variation. Fourier Transform infrared spectrosco-
py analysis indicates that the conversion rate of C=C double bonds approaches 100% when the curing time reaches 10 s. To ensure
process stability, the curing time was ultimately set at 14 s. The baking time significantly affects the fluidity of the imprint paste,
thereby determining the filling effect of the pattern. At 40 s, the paste exhibits strong fluidity but poor interfacial stability. At 70 s
and 80 s, the fluidity decreases, which can easily cause pattern depressions and height loss. At 50 s and 60 s, it is beneficial to
balance the completeness of filling and structural fidelity. In terms of imprint pressure, pressures of 300 kPa and 400 kPa are condu-
cive to improve the pattern filling rate. However, when the pressure exceeds a certain threshold, it may cause elastic deformation of
the mold, affecting its service life. Considering various indicators, the optimal process parameters determined in this study are a

baking time of 50 s and an imprint pressure of 300 kPa, which can made the height replication accuracy of the microstructure reach
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99.9%. The results of this study provide theoretical support and reference for the process optimization of UV nanoimprint technolo-

gy

Keywords : ultraviolet nanoimprint ; microstructure array ; baking time ; imprinting pressure ; replication accuracy

SN R EDEAR (UV-NIL)FE y — Fi 5 o B
R R R A Tl N A M S T 0 (e TR I ok
ST LA S A 1y e 25 U B ) I 4 R
A0 PR A A 58 A 3 78 TR A 1 2
J Z IR ) 220 e [T Ak , S B A A 45 4 1 PR SR 5 75
HAL RS AR E T IR AR PERE 5 T FEdE .
R GEC 2B A R 2 AT 56 BIR 1 4 LA S8, Tl UV-NIL
i HUKASTE S BRIE S 7% BERE A 10 nm LT
ARAIE R, X —BORAE A SRR DT Ak 5
SEOCHE R A AR 550G oo R A i A b s i B
. B G R IS LS (AR/VR) 7R ER
B O G R R R S R P PR A R, s 1R E
R AR SEAS B A K 254 il i 75K H g B
SR, UV-NIL 75 52 P R A ATS ok B A 7 42 o | ik
B R A ] 7T 2] ol A1 47 25 DR SR A PR A, TX B A
R EAR A P AR AR A7 i, 2 T WT T Y
HR

B LR PR, [ P9 Sy 3 R SR AR ) 42
R B ) B R REDL AL 507 RITF I T RS,
USRI SN R BN KB R B 5 T 2R e . JH
A A5 P RS SR A R AR 25 5 U T AR B
w R HE 2R R R e (PDMS) AR EN &,y (&P
TS S0 F IR A R BB T Al 5 U= R G
WFFE T 5406 B AR B v R Ry g 5 S5 3 1 b
TAES R B S0 B 52 W) 5 PN SCI 4538 i ABAQUS
P EAG SRR IIE , A B F BT B8 (A i
AT AR VL ) 29 60%, A7 R A B4 K 451 403 5 Jiang
GO 2D [ A IS | T A s o O T A I [E]
BT R Ak 12 AR ZS AR ARG Ty, — kil
YU PR UESS Ry 55 B , S B6 UE 3207 1k nl sk S A Al i e
IrP e EE R FLEE o TP RHMAEREDT S5 1, Shirai
SRR BRI ACRRE i B) SEPAASE B X R ) FLAT Y 3
M, o AR, T AR 1 R s/ it ke
TRA -3 [ S A AR AR ) 5 B S A 45 Li A
i 1 QK IR BRI FE T 5 S AL BT i 50 64 7 55
112, e BRG] AL A5 B2 m] (A RO A R A 7]
I 2 o MRS I [ AR BEASE ) 5 Zheng S5 BIE5E T
SO R T BN A v s B ) f S A2 A AR A
A M 5 T A ) e S 5 A RO AU R

R R e S EIEREE )2 L R g =
FERL, M 3k /N 23 a2 BB LY K R
B IA B AE BT AL 5 PR vy T EU S
TR EHRE A2 TAEE D TR T 28
P R A BB B o SEPR B RSN R EN SRR Y
KIE O B0 A7 22 1 R 2 AR [ ] 2, it el ) 5
FEER RT3V g T2 240, s ma iR 4 i
Sl A AR 3 R ke s A e T e
HJ2 2 OCF 35 2 AR OS2 RS BE 52 ) A A
) BIEFE A R R, A C 1) BRAIL ) A PR L 4R Ry
R

SR AR SR FH W T A S PR s TR T 0 ) 4
BN, B 5% 88 T ML I msf ) ek 1 B e R AR £k 1Y
SO, D R 8 A1 [ A RS 18] e B3R r s o ALt
A B VE AR , 76 LS L 2 I 2 R B S B ()
T A28 SREm B Al 454 1R
DR ASCRN 44 7 S 1 BE (SEM) A5 R AE T B, o i
IIRTAN TR T 25 40T ot W) A 4 o P B L e
FATE AR OO0 , R 7T L Bsf (1] 5 1 B T X 48 MR B
S RS B VR AR , faE— D N 7E R i 2
BL o AWESE R R AR ED T 2 S50 (e b 4 (it 3
WK 5525048 R, A R T BORTE = 30 B
Zh ] N H
1 LIES
1.1 EZRA#

58 A1 [ Ak i P B B 2R 450 T 94 R T R A
1262E , Wi R AR B AL BHRHE A R A 7 5

=R NG = IR ER(TMPTA) : 46 95%,
Vg e AR AR A FRA F

3-(F L P Tt 420 PR 3 — P AR 2 ik o (KH-570) «
alifE 98% , LI HEAR R 2R A AT BRA 7 5

1-F2 L0 O L 2R I R (651 & 57 184): 4l Ji
99.27%, LA B 2B A A R A 7 5

2-F2 - 2- B N IR OG5 | 4590 1173) N B
HH ik 1% W2 i (PGMEA) : 41 99%, 1 32 v kA Ak
BHEABR AT

2,4-Z LA R (O6 5] %58 DETX): 2 i
99.84% , L iFHEAR R 2R KA A FRA 7 5

Xf ISR L BE (OG5 &K EDB): 4 i
99.86%, |- ifFHEA R 25 BHE L A BR A F o



158 AR

2026 4E, %5 54 4 55 6 1

1.2 EBMERLE

SIREAIL : KS-S100, P B IR i -3 45 A A7
R

JiE8JEE4X . FR-pRo VIS/NIR (370~1 020 nm), i35
AR AN S5 (i) A FRA

L HNEREIHL : GD-TX-012-1, ZR MOCAE AN B
ARG FRAA T 5

1 B4 T AN %(FTIR)Y : Nicolet iS50, 36
R R B A ]

SEM : Apreo2C/xflash detector 630 m, 3¢ [F FE 2k
KHRBHE A
1.3 XA &
1.3.1 %4 E R B i o ] 4

S HM AL R BB 2 g TR EAR R O
G| RN S RN VU S 20 43 Rh B o AR B2 FH 1 i A 4
P RS , Hegi i g | AR IR BT, 47 B TR
FR A TS 22 Gk P B 5 TR, TR T il 356 A A 45 41
SRS R AT RG] & A M IERE T gk
IR 28 554, i — D3 AL S MR ) SR B T
PERR ) 3% KH-570 5 TMPTA ., KH-570 h &4
W4 C—Sifl, HEERe = T C—C i, A Fl FHE T+
2 RE  [R] B A 3 AT A 5 ) A AT RIS 1 3R 1T
il , DT ok 20 i D 3t R v B BB TMPTA 5 47
ZAVE R C=C XU, A B T L N E A AR P
B v E S IR 1 D 4 6 A, & H A Rk 1) A A i i
51 &R H 1841173 \DETX 5 EDB, 7E £ /M
WOR T REME R | B IR R A H R EER G, SEHR
Hog AL, 0 ] PGMEA, ] T8 4 443 7E
TR R 51 8, I T PR IR R RN, DA e TR
TZEMER.

LHNE AR DL 1 IR e b5l 4% o o

SE Ly L BIERR AR BOGE | A& RS ERR B
A 90% HYBC HL IR G T2 0 T 44 30 min, ffiH 72
GV AR 5 Bt i LA I AR BR 40 4, R iR R P14 TR
GG E =Sk, 3 T4 10% 1L H
VSR G 75 25 N BE SEAT Mk 8 BN ) — I e A e
L, LA R O RIE S L e . 2 e A
BN PSR 48 h, &40 /MR A5
R ITHRAE 0.2 pm AL IE et g , 155
T A BTG TN s TR TS (PEA) 8 4M AL FE BRI, R 3¢
4 —fAiFk N PEA.
#1 EHELENRI S

Tab.1 Formula of UV-cured impression adhesive

Component Code Mass fraction/%
Epoxy resin 1262E 31
. . TMPTA 4
Reactive diluent

KH-570 6

184 0.5

. 1173 0.5
Photoinitiator

DETX 0.5

EDB 0.5

Solvent PGMEA 57
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Tab.2 Design of full factorial experiment

Experiment number

Items
1 2 3 4 5 6

7 8 9 10 11 12 13 14 15

Baking time/s 40 40 40 50 50 50
Imprinting pressure/kPa 200 300 400 200 300 400

60 60 60 70 70 70 80 80 80
200 300 400 200 300 400 200 300 400
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Tab.3 Target graphic parameters

Height/pm Top width/pm Bottom width/pm
2.52 1.87 2.26
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Tab.4 Main process parameters of UV nanoimprint

E
No. Wavelength/ poxzepljizj\eV . ExPosure Heating temper-
nm 5 time/s ature/°C
cm )
1 365 631 0 76
2 365 631 5 76
3 365 631 10 76
4 365 631 14 76
5 365 631 50 76
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Fig.3 FTIR spectra of samples at different curing times
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(b) Front view at
baking time of 80 seconds

(a) Oblique top view at
a baking time of 80 seconds
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(c) Oblique top view at

(d) Front view at
a baking time of 70 seconds i
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(e) Oblique top view at
a baking time of 60 seconds

() Front view at
baking time of 60 seconds
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(g) Oblique top view at
a baking time of 50 seconds

(h) Front view at
baking time of 50 seconds
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(i) Oblique top view at
a baking time of 40 seconds
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Fig. 5 SEM images of sample surfaces with different baking times

(j) Front view at
baking time of 40 seconds
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Tab.5 The average height and replication accuracy of each group of samples

Test serial number

Item
1 2 3 4 5 6

8 9 10 11 12 13 14 15

Average height/pm 248 252 253 247 252 254
Replication accuracy/%  98.2  100.1 100.5 98.1

216 251 251 1.80 208 231 160 179 2.11
999 100.6 858 994 99.7 714 825 915 633 710 837

[re— e F

(a) 200 kPa

(b) 300 kPa

(c) 400 kPa

9 BB 60 s A [E] R BT R BORE AL F 10 SEM K]

Fig. 9 SEM images of sample surfaces under different imprinting pressures with a baking time of 60 seconds

2.5 AR FRBESIAREMIE A%
DA s (R SA451] , 45 PR 28 457K - 19 42 RS 534
LS 22 i L= () 2= (7).

A, = W x 100% ()
Ay = Ayt A5+ 4 x 100% (3)

3

A, = W % 100% (4)
A, = w x 100% (5)
Ay = % x 100% (6)
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R = maX{A—Bl’ Ay Agss A—B4’ A—BS} -
min{A_Bl’ A_Bz’ A_B3’ A_Bw A_BS} (7)
o Ay, FTR R AL I A] K 1) - 34 52 1)
K ;4,8 ERER S Hx dh iy E IR RN
&=
P A BRI, Lk 6.
*6 EHEEMESHE

Tab. 6 Average replication accuracy and range
Y%

Average replication accuracy
Items Range
Level 1 Level2 Level3 Level4 Level5

Baking time ~ 99.6 99.5 95.0 81.8 72.7 26.9
Imprinting
pressure

38 SR 22 4B TR LIS R ] AR 25 26.9%
JEERFE 1 B9 2R 11.9%, & I8 SL 56 % 250 I
AL Je% T B X6 A2 A T 118 5 W B Ay S 3 S ) A o
KB R R 22, TN HR B e 7 52 M AR T3/,
WENZE . ST 52 kS Bk & BLE
7K 1 27K 5 0952 TS BEAR IR R 99.6%.99.5%
95.0%.81.8% H1 72.7% , - PLFFEE FRE#a %y, Horfk
1S IR B e, R K s RENE K
ZK- 3 1952 RS BEARIR M 83.4%.90.6% F195.2%,
Bl 338 RS2 A B 20 s, 7KOF- 3 S e K
Vo LA UL WT S A T 24 A G ]
I 1 5 EENE Sk 3, dE— B 5 G S2br T 24 4R
Ko T BB B R L i e T 2 38O
BFA] 50 s HEEB 17 300 kPa, IGHSE, AF 5 & kS B Al
i£99.9%.

3 Zhig

(1) Bk A5 Bsf ] 55 5 52 I vy B 2 M A O (R=
0.998 41), Ul B T4 A 2 42 il B 1) S BRI -

(2)2Z: 120 °CHE#E 100 s )5 , 7 365 nm 2841 IR
S5 BESEIN N 631 mW/en? [ S41E T, a5 B Akt
] K, R B[RS H C=C KU A S 471 068 128 457 ok 5753
AR E] 10 s )5, FRE IR LA TR .
LA EIEREMBR 2R KN T2 EE M, S e
HMELETTE A 14 s,

(3)TELI %38 2 800 r/min . 517 30 s HbJ% i s
120 °C S 22 AN AL B [A] 14 s B9S2 50 4014 R, AR SCHf
SE A R ANIK R ED T2 S HC MR B[] 50 s
JEEIH 77300 kPao i A% il 75 0 (R AE T 4 1
W5 T 300 25 52 3, oK DL W S e B, 52 DK B 0T 58
99.9%.

83.4 90.6 95.2 11.9
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