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Dual Stage Actuator System for High Density Magnetic Disk Drives
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ABSTRACT

This paper presents the design, fabrication, and testing results of a dual stage actuator system for a fine positioning
of magnetic heads in magnetic disk drives. A novel rotary microactuator which is electrostatically driven and utilized as
a secondary actuator was designed. The stator and rotor electrodes in the microactuator was revised to have the optimal
shapes and hence produces much higher rotational torque compared with the conventional comb-shape electrodes. The
microactuators were successfully fabricated using SoG(silicon on glass) processing technology, which is known as being
cost-effective. The fabricated microactuator has the structural thickness of 45pum with the gap width of approximately
3um. The dynamic characteristic of microactuator/slider assembly was investigated, and its natural frequency and DC
gain were measured to be 3.4kHz and 32nm/V, respectively. The microactuator/slider assembly was integrated into a
HDD model V10 of Samsung Electronics Co. and a dual servo algorithm was tested to explore the tracking performance
of dual stage actuator system where the LDV signals instead of magnetic head signals were used. Experimental results
indicate that this system achieves the tracking accuracy of 30nm. This value corresponds to a track density of 85,000
track per inch(TPI), which is about 3 times greater than that of current hard disk drives.
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Fig. 1 Dual stage actuator system. The microactuator is
sandwitched between the slider and suspension
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Fig. 3 Microactuator with saw-shaped electrodes, where
g, and 6, (r) are minimum fabricable gap length
and maximum angle to be tilted, respectively’
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Fig. 4 Design of a circular frame saw-shaped
microactuator with pads for wiring
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Fig. 5 Schematic view of RFMA(Rectangular Frame
MicroActuator), where g,,*, 6'(r) and 6, are
minimum fabricable gap length, maximum angle
to be tilted and required angular displacement of
microactuator, respectively
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Table 1 Specification of a designed microactuator
(‘including pads). ‘w’ and ‘w/o’ mean ‘with’
and ‘without’

Item Specification
Driving range | +lpm@30V
Natural freq. 5kHz/10kHz (w, w/o slider)
Actuator size | 3.1x1.5mm%3.3'x2.3 'mm’
Total size 3.9x2.9x0.455mm’
Gap/height 3um/45um
Vertical preload | 20mN (2gf)

4, 5.1 AQA FEde "ie} o] HFd o]
B & 25759 (differential driving method) 2 2
T&3t7] A8l AR AFE 4 MY FYgo=2
& wjA gt Aq7)A 44EF st YA
AR dFol, 283 FAHI 93H A%
Az} Aol Zhzh 4@ Agel AvtE) Fig 6
o] SARFofl wixd 59 H=e nHA L A
28 AFzoln ARE 549 He=es &8l
og 1 79 H= A5 4 /e AFs=el. 3
Az 2 &geld, 281 =8 AUEE Fig 6 9
= B oA He upe) Zo] AFoojEHe] A
473 A IS FA ¥v FdT 2Z¥Y F

g olgate] AFW=2 AASAT

=

MR

zE
3. ofo|3 = YFol|o[E{ 2 H|xt

7]&9] ufo]mE dAFoly ARUYHogE
IBM ¢ 34 =349 * 3 UC Berkeley ¢ HexSil %

¢ 5ol Atk 2 F F& EFHES B o
TFZ2EE AFRE F Jde v AR Z2AH27)
E338l2 £ &3 H(aspect ratio)?] 7FE-S A
a717F golA] @2 dAHol Utk Hexsil ¥
LPCVD & ©]&3}7] wEo 17t A3tu]go] &
859 o] =¥ A} ZEAAVL EFF g@Hol
At AFoME F2EY ¥ TIHHE1:19),
A7te] Azulg, Ao folA S #3fe

o
o=

=3

L.

178

SoG(Silicon on Glass)& AH&-§+ A|ZHH-& o] 43}
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ZEH 7|9 7|8 8%FE AAE 4 vk Fig.
72 AFFHE|Y,

(d

Glass Cr @ Au

Fig. 7 Fabrication process flow. (a) Anodic bonding and
CMP. (b) Metal deposition and patterning. (c) PR
patterning and Si deep dry etching. (d) Glass wet
etching and drying
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Fig. 8 SEM photograph of a fabricated microactuator. (a)
Overall view. (b) Undercutting of glass. (c)
Springs. (d) Stator/rotor electrodes
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Fig. 9 Assembled p-HGA(microactuator Head Gimbal
Assembly). (a) p-HGA. (b) Magnified view
showing wiring
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Fig. 10 Assembled p-HDA (Microactuator Head Disk
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where v,,, vy, ¥, and vy, are excitation signal, () )

driving voltage, bias voltage and control signal

for sample and holder(S/H), respectively Fig. 13 Dynamic characteristic of microactuator/slider
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assembly. (a) Frequency response. (b) Step
response
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Fig. 14 Configuration of a general-type dual-stage
actuator
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under consideration
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Fig. 16 Block diagram of the tracking controller for
microactuator subsystem
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Fig. 17 Simulated one-track step response (a) without and
(b) with preview filter
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