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» Key advantage
Capability to make 2D/3D
nanostructures with a low cost

The advanced semiconductor industry
IS the largest market
DRAM Meta lens

m Kioxia/Canon/DNP g'él\N/lD
- UV-NIL based volume

production line of NAND

flash memory is on-

progress

IProcess technology/14nm
Half-pitch Direct Patterning

| KIOXIA
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High-variety middle
volume production

Polarizer for
display

http://www.eizo.co.jp/

HD interconnection

substrate for
mobile terminal

equipment
http://www.apple.com/jp/

Distributed

laser
http://nanoplus.com/

ASIC
Wiring for interposer

feedback (DFB)

Nanoimprint lithography (NIL)

Large area molds SCIVAX, Sibaura(Toshiba): ‘machine
made b EBL.are : , Obducat, EVG, SUSS .
very expensive E
E [/ |

mold size : 4 ~ 8inch

j| Large-area wafer-level | w Mold is the most critical

Cost-down Nanoimprint system | element (middle-volume
by large- production

-usually made by electron

beam lithography

area NIL

E m Wafer-level custom-made master mold is unreallstlc
- 1 miliion dollar for 3 cm square-sized mold !! :
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High-precision and high-throughput wafer-level NIL and mold fabrication

1. Low-cost wafer-level NIL mold 2. Large-area bubble-free NIL

@ Ultra-high-speed electron (UHSEB) system @ Rapid bubble-free UV-NIL
world-top-level throughput and an excellent
cost performance (point beam)

Low-cost wafer-
level fabrication
of defect-free
submicron
(>50nm) pattern

8-inch <Mold/ substrate laminating system for UV-NIL in PF
< UHSEB prototype > (2 Master and replica mold fabrication
(@ Design and fabrication of mold for I|thograph-y
RLT :
Dimensional |
change . -
. J y

Target: to develop a novel wafer-level lithography with a higher resolution than i-line stepper and laser Writing5
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- Low-cost mold is key to industrialization

- For low-cost wafer-level NIL mold

<The design concepts and capabilities>

F AT ERRE fRRFE
B REE D% fE RKEREFRAEFR(ENER
100/%) - Max. TuA

AT-URERMOERE KEiEREFA &S (miE10045)
-10 mm AA74—JLF

AEvUA-N-ayN BRI EBEEEE XS REYATA (YY)

y Sk A #A1E)
7M1 VEREBFEIDEMRE  SREREXIGY T MIT7 (k&
FEE3001%)

NI-VEERIEADRE BEH—LE-IL PRI
BRREH—EE-IVRERE  ER)I-UXIE0YT Iy

BREEFE—LfiEEE (UHSEB)

<Prototype installed at AIST Tsukuba-east>
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UHSEB/%8E

8 in wafer Writing time:14hr 20min

(conventional high-speed EB system:55
days. 1/100)

80 nm L&S 10 mm field
- Target resolution: 100nm <

Field size: 10 mm, min. width:300 nm - dozens of micometer-scale patterns
Micropattern: beam current = 200 nA, area dose =120 uC/cm?, beam step = 50 nm
Nanopattern: beam current =10nA, area dose = 150uC/cm?, beam step = 10nm

S
®© XKEEI1—IR, @ KEK (-1uA). ® 100nmLANDOINI—-IINTRE
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ZEP520A
CSAR62 (AR-P6200)

GL1400
14wt%-20wt%

MMA(8.5)MAA Co-polymer

Copolymer 8.5EL6

O RABLIARF

LR

mr-N 2401-2410

NEB-22 (RRIZIE L)

HA+EA>, Styrene Methyl Acrylate (SMA)., —Ai%#Y o-F LY
ZED-N50 (n-Amyl acetate)

ALLRESIST#! QX k74— R o-Fi LY
DEREE RE, TYFMEIZHE N TZEPS520AL B LD M RE

T —F2TR%t, BIR(- 4.5um), 3DFEE ZED 50
AFIRUEL:75—98% MIBK:IPA=1:2
ARV LVEEAFILE SR (MMA) : 2—25%

BRIEE (A0 L) MIBK:IPA=1:1
ZLEETFI)L 90—95%. (Methyl Isobutyl Ketone)
AFILAZH)L—E (MMA) - A3 51 )LEEHEESY 5—10% KIZHERTERL

EV, DUV, Microresist technology, agueous alkaline development TMAH 2.38%
(E%)

ERIEE, (EF1EIRE

11
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RIERIEEDBEBIRET : KEK/RE—-IR. YA

8 inch CSAR62/Si
F SR : #) 8HFR

YT RY © HEEREE, -V FRTh

-5 nAT 4.6H
‘50 nAT 16F5M

1 00nAT S8HEFMH

*1pA
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ZEP520A/Cr/glass

FIRI-VDHDIMTICENTERRE

ZEP520A/Cr/455% 5 X ( 50mmx50mmx1lmmt)

13
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FI)0L—F4>0
cm2ifY D' /0 EREF

JE1#A0.92mm. yV4ZR0.7mm. 7VEE0.28mm

K-V En-MEEiEE
(ZEP520A/Si)

WERER ¢ ERETEN245R/cm?2 = 0.585//cm?
BEITU7ATH—ERELEEBNERK,
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FHVWESAWDIDT s N5—>HE

FHEEBLI A M)
R—ZX &MU
150 nm
10nA

L&S TR/ —2

500uC/cm? 700uC/cm? 900uC/cm?

1500uC/cm? 1700uC/cm? 2100uC/cm?

1100uC/cm?

2700uC/cm?

18
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500uC/cm?2
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UHSEB&fBEBEREZAVV=Mix and Match’'0tA (H¥2'50nm)

- SEOERE
[NPFO93] ELS-F130AN Ultra High Speed EB (UHSEB)
- 130KV, F/PE—LE 1.7nm (@ 130kV) - 50kV, 1~1000nA. 400MhzDAC
5pA~100nA. - RAE.H®KEBEXFO2GHICEKRE

- IRTE. PRONPFIZERE

47303 )1 ZDHE/S5 -V inT *50F /A=FLANIVINT

‘81 YFIIN\EMEICT1H THE
SUXA=-ID5H5T30F ) NNF-YDIMT (RILULYAFTOMix and Matchh RI &E




a2 AIST

NIVFAT =)\ 1

| W=Lip
BFHEORBREBUYIII1EE 2 BZHWT, inch ~ nm A-
F-DIWFAT-WEINI-Z0 T %1TD.

B EBL Conditions

Substrate: Si, 4 inch

Resist: ZEP520A, 60 nm
[27d Layer, Small pattern]

[1st Layer, Large pattern]
Tool: ELS-F150

Tool: UHSEB
V.. 50 kV V,.: 150 kV
Beam Current: 1 nA

Beam Current: 100 nA
Field size: 5,000 pm square Field size: 100 pm square

Dev.: o-Xylene, R.T., 60 s Dev.: ZED-N60, R.T., 60 s

' Overlay }

| Layout & Pattern:

§ 4 inch A E ®|3
I . LN
5mm(], 184 chip
5mm
€y @
w200nm
./
£ @
= ] p50nm
e w<20 nm
¢——>

100pum
21
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HHEFSSR - KHER}

4 inch

:

[E

A

5mm[l], 184 chip

v

5mm

@ Total Exposure Time

5 h 20 min / 184 chip

1mm

<
<

5mm

»
»

B um ~ sub pm A=-Y-0/INT-VEZAIN-TY DD T1=IL R DL EELICHEE T BE
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2mm
EI\
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@ Total Exposure Time

1 h 42 min /184 chip

D EIEEECSHEHE/ Y-V OFRELUERESERS D HEN A
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Result - Overlay accuracy & Total Process Time -

@ Overlay accuracy

4 inch

A

£ 52 17 chip % 5Hf

@ Total Process Time

(Large pattern)
5 h 20 min

v

-+

X error [nm] Y error [nm] X error [nm] Y error [nm]

X1 20 -10 Y1 -10 -20

X2 20 0 Y2 0 -10

X3 10 -10 Y3 -10 0

X4 0 -10 Y4 0 -10

X5 0 10 Y5 -10 10

X6 -10 0 Y6 -10 10

X7 0 0 Y7 0 10

X8 -10 10 Y8 10 10
X9 -10 0

XX L [nm] YX L [nm]
Ave. 7.65 7.65
30 19.93 16.87

(Small pattern)
1h42 min +

(Dev. & Load etc.)

<1h §8h/184chip
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FIA=H AT =D —RT =) I
DOE (Diffraction Optical Elements)

FITHAFH NPF 130kV

S, L--BHARELEBEHFEEL(E 3K/ - T H i
NPF EBFE-LAUYISTrE3F-VI - EFE-LBHEL--E-LAIBEIICLEZT V-7V EH

REEDDOENT-INAT DB
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FIRA=HAT=INIL—AT—)liE

E#3.5um GL-1400L-S Rk

F—X—fEE RSl AR

—{E @D /8% —> : 500um X200um
f&ifdl: 100 um

10nA, Dose

B
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FIA=H A=V I —RF =) iEE
DOE (Diffraction Optical Elements) Di#iE#5EER

DOEEIAIEAN-ATA-F YD OIRIEIEEZ XL,
130KVKIETD
BEEESRG
INADZEE 60 min

UHSEB
10nADISZE 4.5 min

BEEEZ1EULTYS

HEEWEER SEMEIREHE _ .
FRICEWT, EEH

<DOENT=IY YT > Y (N QAT
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NA9OX=9RT=VIL—-ATr =)}

(a)
B, WEEFE o $02050E

412 F ZEP520A/Si, 50nA

:

Ef

(b)
%, HERRE : 14 BE

412 F ZEP520A/Si, 50nA
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@ Uniform density distribution @ Non-uniform density distribution
low high
. . <€ >
Nanoimprint
Residual mold mold
_layer I Resist ‘
thickness bstrat e Irrmr—
substrate
(RLT) — substrate
substrate _
Uniform RLT Nonuniform RLT

Viscosity resistance )
Etch-transfer — hard to compensate by Non-uniform RLT map
|0ng pressing V. Sirotkin et al., Microelectronic
Engineering 84 (2007) 868

Pattern profile after residual layer

) . : removal etchin .
<Cross-sectional view of 9 Considerable

UV-NIL process> Undercut degradation of
etched patterns

Y Tsuiji et al., Journal of Physics:
Conference Series 191 (2009) 012010
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ﬁ Original pattern cavities

Complementary pattern cavities Bij: f1lE/\Z—>
Area| V' Areall Arealll Ay pattern density EE

Contact surface

d,.=d; xR
e R= (Amax/Amin)'l

min

1

Mold

BEIE—{LE0D 3 DEE : = Aij+R*Bij

BESMICEADSY., 2B/ -UBETE-I ROBHEEII—(LTIFE
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BRI — (LTI FDIRIEII—{E3hR

Original mold

I CE mold

(*) Hiroshima, Jpn. J. Appl. Phys. 47 (2008) 8098

For a given mold
design and conditions,
the standard deviation
of the RLT was reduced
by 1/4

35
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JU—RT -Vl L 3E /T —EE—IV ROEIAME

Duotone EBL

onverted by
STAMP
program

Original pattern CE mold pattern

. : EB resist
Ni electroforming

Ni master mold

ern/Si

36
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