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Head Positioning System for High Areal Density Recording
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T. Yamaguchi, Hitachi Global Storage Technologies, Inc.

This article overviews head positioning systems for
hard disk drives to realize high areal density recording,
and describes major issues in the area. Head position-
ing technology can be divided into three categories:
quality of the positioning signal, including servo track
writing; reduction of disturbances which cause head
off-track, and disturbance suppression capabilities
such as high servo bandwidth. The major issues in
position signal quality are how to realize linearity and
how to write servo signals with appropriate accuracy
by using a servo track writer (STW). Push pin STW,
non-contact STW, media STW, self STW, and pattern
printing STW are compared. In the second category,
flow-induced vibration is dominant, and ways of reduc-
ing this are suggested. In the third category, several
servo controls are described, including phase stabilized
control with a single-stage actuator, dual-stage ac-
tuator servo, and feedforward compensation to cancel
selected disturbances.

Key words: hard disk drive, head positioning, servo
control, servo track writer, flow induced vibration
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Disk Motor

Fig. 1 Schematic diagram of an HDD.
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Table 1 Technical subjects for mechanics and
SErvo

1. Head positioning accuracy

2. Access time (seek time and rotational speed)

3. Robustness to environmental changes and
disturbances (shock and vibration, temperature, and
altitude changes)

4. Minimal adverse impact on the environment
(quiet operation, low-power operation, and low thermal
output)

5. New form factors (particularly smaller disk diameters
and an overall shrinking of product dimensions)

6. Lowest possible cost.
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Table 2 Three major areas of work on improv-
ing positioning systems

1. Position signal quality
Servo signal
Servo track writer

2. Reduction of error factors
Reduction of disturbances due to disk rotation
(windage)
Reduction of disturbances due to seek
Reduction of external disturbances

3. Increase of disturbance-reduction capabilities
Increase of servo bandwidth
Disturbance compensation by feedforward
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[Issues affecting quality
)1 Linearity
2. Servo signal S/IN
| 3. Sampling rate
‘ 4. Accuracy during servo writing
g 5. Head stability

Fig. 2 Position signal.

WETH%, HDD OMNERDAERIE, W Licvry
BHRITOBEROMBERD V27 4 LRI, B0t
WK v E2EBIAALTVWS, 27T, v 2EHAL L
WHEEIC B 2 REE, 24 Z20b00RE,
T L CERT 2MEDND 5.

Fig. 2 13, NEESIK>LWTEHRLI-bDTH S, AIE
RORICBOTEELZVWEER, ~y FEFT v 27 EDH
HUBTHS., 74+ RI2DE5y 7 ic—ERBRTER/
F—vEHLPLHEZAALTEBE, FO/F—vE~Ny
FBRHET A EICE>TNy KBS v 2o ENIT
THTOEPEHETELLIITE-TVE, Lo
T, HDDDAIERDZRICHE \WTIE, FIfHE & HERIZ—
LTOwAIEBbh s, B, HETIREHF Y FLEEE
Ny FOEREELTWADT, TOZ>0~y FOEHAH
SHUDRAIEL THE, MEBROEHCIFHELZ LS TE
oW, TOETRERHEINVIa—I N -7 EIFEL
Dl FIEEEBIER E OB OBEIIER TPV,

i, BE~NY N, bS50 FoEBRE vy — v
(INh%E I TIEMERES &S, MRS > T
5. FINEBEREESE, d5HLLOLF—FbS59 735145
M N ZEFERIFE TEXIAATENL L TRESHWL, L
Tt ~y F, NEESHENLLKNEE v+ OMEEE
=K bS5y 7 545 DMERIIOVWTHEDT 3.

3.2 [IBES

MEBESE, PS5y s BSEARIHEE, b5y 7 ATHE
B AIEIBRA S 2 208, BLUZOMOESR, SR
5. FELFEMEGD, ERNSAERHESZ 2EBICET
HAEBE SO ERE FBE, ERlt BLULERTH 5.
SEREE IZIXBIL 5 B LSB (least significant bit) 254 <
DOEMERLTVWENTHY, HDD OEESFHAE~» K
ORER LICE-> TEBMNIKELELTETHWS, HELE
BONBEAEELDOITNBLUVESDEE2EbE KBS
B8 L3 THY, HDD OBEEBE L LTERTEL 5 L
LR TV., NMEESOL S —>ORERIBRHHEETSH
3.

20

187

NI | -El ectronic Library Service



The Magnetics Society of Japan

5—Tp =0.98 um
0 Twr =0.43 . um

N /

ENEWARW

SNMVARVERY/
\/ V

0.5 1 1.5 2
Offset (um)

Fig. 3 Simulated position-linearity deterioration.”
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Table 3 Servo track writers

STW Advantages

Used in existing major meth-
ods, has to be used conti-
nuously.

Push pin STW

Remove in fluences coming
from mechanical contact at
push pin STW.

Non contact STW

Lower cost, positioning accu-

Media STW racy can be enhanced by
additional mechanisms.
Lower cost, some alternatives

Self STW to write more accuracy pat-

terns.

inti L t, al business
Pattern printing STW | ~0 o} €OSt, several busi

models exist.
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Data tracks

vibrations

Bias force,

Fig. 4 Disturbances influencing positioning ac-
curacy.
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Fig. 5 Servo control structure to suppress dis-
turbances.
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Fig. 6 Newly designed actuator and its charac-
teristics.
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