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Electrostatically-Driven Polysilicon Probe Array with High-Aspect-Ratio Tip
for an Application to Probe-Based Data Storage

Jong Up Jeon®, Chang-Soo Lee", Jae-Joon Choi’, Dong-Ki Min" and angryeol Jeon™

ABSTRACT

In this study, a probe array has been developed for use in a data storage device that is based on scanning probe
microscope (SPM) and MEMS technology. When recording data bits by poling the PZT thin layer and reading them by
sensing its piezoresponse, commercial probes of which the tip heights are typically shorter than 3pum raise a problem due
to the electrostatic forces occurring between the probe body and the bottom electrode of a medium. In order to reduce
this undesirable effect, a poly-silicon-probe with a high aspect-ratio tip was fabricated using a molding technique. Poly-
silicon probes fabricated by the molding technique have several features. The tip can be protected during the subsequent
fabrication processes and have a high aspect ratio. The tip radius can be as small as 15 nm because sharpening oxidation
process is allowed. To drive the probe, electrostatic actuation mechanism was employed since the fabrication process
and driving/sensing circuit is very simple. The natural frequency and DC sensitivity of a fabricated probe were measured
to be 18.75 kHz and 16.7 nm/V, respectively. The step response characteristic was investigated as well. Overshoot
behavior in the probe movement was hardly observed because of large squeeze film air damping forces. Therefore, the
probe fabricated in this study is considered to be very useful in probe-based data storages since it can stably approach
toward the medium and be more robust against external shock.
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Fig. 1 Device concept of the probe-based data storage
(PDS); (a) Schematic view, (b) PDS module after
packaging
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Fig. 2 Principle of domain imaging by piezoelectric
deformation of domain’

oFelM Fled we 2ol, AHHA %

T FRAGI7Y B, Fe 2 H =
SARLEAN 1 BF HFo
o AR ABL 279 =27 2
2t A& ZAE 2 ¥ (cantilever)2] WY &
ZAEE BEE ALEE AN F
(tipyel ¥+%, WBEHHI} PR e
B "old e At A7F EX

, g3 azlo] dehy 2 WA moel
Fe uE £ ey st Hojoh E BF
o] whoiQl =olQl Alolel]l Yoy A3 FAEL
AAEY FAY, AHHE FLT 8400
jol8] A Z2HE PZT ¥habe ghavt
olvel sjAEHS FTo} slMx Y
o AANEEEE FHY FZo 9% o
AAS7] faiA ZarEdE 1 SAYE

-Y-LéJEl

mln frojo @ o o ro

o op

RO

_E
_Y,‘i

OEE

R=RA)
ko

o
)

2 o 42 (o ox
g
i’:

s oot
2 HE
Anj

to b "
2 on

T

ofit oot Ok oo rh L oZ 10 o iU W Ao 2 wo ap O
=

[s]
Hog Aoldtr] A WFoolg slFo) zF
o} #of et
23 7|2 Z2Bo 2HH
F~%4 nm 2719 Fe dojE HEE e

168

AT} SN HE 7]E/A448817] dfME =2
B mdo Y 454 § €3 utjojdgt
T ojer Fict ey, JE T2HY AL ¥
o xEol(tip height)7t + um(%F 3um) o]stol7] o
Foll Fig. 304 B uie} go] T2 u o] B4
glaw)e}t PZT 9] &% A (bottom electrode) 7+l
FAZ £ Qe AAQHo] Lo g b
olH HEE Rt & sHAE9 SN HZ 7/
AAE7] AliMe © golrt & ZEBE AMgs
of wtjojel AgaW Alole] 2AsE FA7 Y
o JgE AAsAk gtk a8y, 7|E FAY

He o848 Z2¥ Az He 2 AFFA
__/\-ML LS pm o]z\]-_/} rﬂ h—_o]e 7u_ Eib‘.,}

A ol Bolstz] G} E3 7)|E WY A4 o
o] BEV} dolg %@01 At} Fig. 4 = 7]
2B 7z F sy d8 TAF ot Tz
B §HYL FEHoZ Aojd}y] %’461 PZT &
T Zn0 Z°] §7 Fddyde gxstn
=2 88 A3 o 3L HE B :Q'FS]-7]7}
olgr& °a‘ F At WebA, PDS o A A
& AdMe 33Y eI GAAA 9L B3E
WX 8 ¥ FolE ZE NEE FAWEo) A
gojof Fth B AFdME ZWrYL o|&%
Z28 ARYYPS ALstuz gich 2= ¢ =
BHO AM2E A7 94y Ay g Ay
& ol g3t Za HagfEe dYd wEd =
3 F35te] et é‘Oﬂ HiE] 7] AEs
72 @ AEE, § W9 g 2 F33}H G4

e SHoA o]F L ztm gt

o

4L

offt W

=
=

Electrostatic forces
Tip
(height ~ 3um)

Cantilever

Fig. 3 Elecctrostatic forces generated between the probe
body(cantilever) and bottom electrode



AFY - ol FF - A& - V¥

AF5E  EIALIHHA AW A6 =

Piezo Electrode line

Top & bottom :
resist;

electrode PZT or ZnO

Isolator,
Si0, Boron diff.

— | |
SSeon ] - D

Fig. 4 Schematic drawing of a conventional probe

3. B2 Al X Z2eef A ¥ HE

3.1 A
Fig. 5 © & A7A ALstaz st Z2H
o] Fxolty, ZaHo EA 2 €& Y My

o=z A zteH :LEH"*(glass)"ﬂ A AL
Zgr 2A49¢ 737 Tﬂﬂf z}Z}t 150X 180um?,
lum o] & 7159 ©H 9 AAY gole 7
Z} 5x5um% 15um °o|t}, S J|BolE T2H9
3um 9] WAL T3 T B PEFEEE EE
ATo] FAHEY B TEp: Yz 7)g A9
A e FH4 he FH7EE ol &t
dgoz FEHIY FANYE o]&T FHH

& PZT'? znO" & o] 4T ¢A FEHad n &)
TR0l of¢ Ndg AHE #n oy FHud
g0 Q& T2 FEAY YA AFdE T
A EY. &, £ Tgdo A ASNEH: 7w
ol A= T2 H EH) Z}Z]Gum)ol ZTzp 2
Aol wWA v =f¢ 2] wiEdl, 3% 34
o A5t §719 272 IE FH(squeeze film
effectyoll o @B o] FoistA ot o]& s
3t7] flal) Tz H e A Aol 5x8xium’ o] A}

7ty & 60 /N AT Table 1 & &8 A
2 zZzz2v AA%S Fag Ao}

Table 1 Designed specifications of a polysilicon probe

Specifications Value

Stiffness 1 N/m
Displacement 1 um

Gap btw. electrodes 3 um

Driving voltage 15V

Tip size 5X5x15 pm’
Cantilever size 150 X 180x1 pym®
Array 4x8

169

Electrodes for actuating

Glass

Poly-Si probe

Fig. 5 Structure of electrostatically driven polysilicon
probe
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Fig. 8 SEM images showing the fabricated poly-silicon
probes. The tip radius is about 15nm
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