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Abstract: Nanoimprint lithography has been actively investigated. This method can replicate a nanopatterned master
stamp onto a thin polymer film on a silicon substrate and so on. In this study, a square-shaped hollow piezoelectric
actuator is presented, which is newly developed. This actuator is used for driving a nanoscale stamp in nanoimprint
lithography instead of a conventional electric motor. The fabricated prototype actuator has 95 layers and side lengths of
23 mm and 18 mm for the outer and inner squares, respectively. By adopting a novel process instead of the
conventional forming process for fabricating a one-layer actuator, the one-layer is composed of four rectangular
segments produced by sawing a ceramic film with a thickness of 0.3 mm. The basic characteristics on displacement
and generation force of the fabricated prototype actuator are experimentally investigated. Furthermore, the displacement
characteristics obtained by using a PI controller are tested and discussed.
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Table 1 Dimension and general characteristics of
the fabricated hollow piezoelectric actuator

Item | Dimension C Fr | Ceramic

Layer

NO z (mm) (nf) (kHz) | t(mm)
PZT #1 39.12 386 57.2 0.5
PZT #2 39.35 107 29.7 1.0
PZT #3 | 34.5+0.5 1,294 533 0.3

Table 2 Design specification of the actuator for driving
nanoimprinting equipment

Actuator shape | Hollowed and Square type

Outside: 23 mmx23 mm

Size of Inside: 18 mmx18 mm
actuator
Height: More than 40 mm
.Generated More than 20um
displacement

Generated force | More than 10 N

Response time Less than 1 min
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Model Sampling time Resolution
PX1-6221 (NI) 41us/S 16bit
C23-B (LION) 60 1 s/S Snm

Displacement [um]
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Fig. 7 Hysteresis characteristics of the actuator



o} 7101 AA Al ="e] AeEEs M
A e Bas 15kS/s (=2F 60 11s/S)
} = }oﬂq, /\]Zﬂi /\16401]/\11: o]: 80
ps/sA E57 Aoj7l FHOoW, Real-time =&
S AR&Ete] Alolstgly] wiEell wue] wE Al
Aol ey delHE 7T & AMTh
2t Fig. 9l Uebdl 25 100ve] As
715 Foto] AFololHell QI7F A, SHA
o] ¢F 15usolal W5zl 300%°l Eatr]
of &gt Alojoll gk tAHA A|AEE T
sl717F FEJk. ®3 Fig. 103 o] UTofA
ol 100V EFHAIZTE fFofolgel 17k w o
Zollolg o] ApA| A el A3 A Bl 2 (1294nF)ol] <] &
AHsto]l LAHAA Iz FHAETL =5

ox ME L o LI

T Hed 22 2 A Al s A8l
oWz P HaToR Fo|7] 98 P-gain
& A7 ste] FEuks Al Y EEo] o
xS A ¥ o, Igains £HS F3F AojQ
e HaFoR sk WS ARSIt ©f

Holl gt el sz Aol ARg-s =

mz ggyel Fashd ¥rks 2R U,
ool whet 9ish o] eu|Z o AW o,

Aol A3, Fig. 110 YERH©], P-gain: 0.05,
I-gain: 0.001°14 & FHE 5pm=E TAS o
o 25um=E FAS W o 559 AAAZHIG
300nmo] k2] A el ok S 7FA = A4
sol AT AN YE Y= oAb
g A ] oz 9% grom wAed 5 9]

Ramp input

= PI ol
F control

AMP [ Actuator

Sensor

Fig. 8 Block diagram for PI control

AFololE 7| LE o] B AT 1019

Displacement (um)

Fig.

Voltage (V)

Fig.

Displacement (um)

Fig.

2124 Ak 100V, open loop Ol M2 St=0|0|Ef HF
25 O T T T T T T T T T T T 2]

\ —— Actuator Displacement |

0.0 0.2 04 06 0.8 1.0
Time (S)

9 Displacement waveform of the actuator at
100V input voltage

ol Mol 100V open IoopOﬂMOI OHE§ E
120 . ; . T T

100 L —u T TP TAn u

| —— Amp Output Voltage \

10 i 1 I 1 1 1 1
00 02 04 0B 08 1:0

Time (S)

10 Output voltage of the amplifier at 100V
input voltage

P-gain: 0.05, l-gain: 0.001
w0 ————t—T——r——T——T—7T—T7—

. S78H2 25 im: ]
8 |- — 2FHEE 5m

_1 J. J. J. J. J. J. J. . J.
0 1 2 3 4 5 8 7 8 a 10
Time (S)

11 Control of the displacements of the actuator
using PI control method



1020 MEs . ooz .

Fig. 12 Driving module using multiple actuators
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