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A Study on the Disk Vibration Control by Disk Damper
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ABSTRACT

A practical implementation method of squeeze-film aeroelastic disk vibration damping and its practical design
performance are presented to provide a solution method to meet the tight TMR(Track Mis-Registration) design budget
of high-TPI HDDs. Most previous research results are mainly based on the component-level study in the 'open-cover
state' which is far from the realistic operation HDD condition. In this study, the squeeze-film disk damping effect is
widely investigated under the realistic drive-level condition of 'enclosed-cover state.' It is found that the proper
aeroelastic gap(s) between disk(s) and adjacent surface(s) to give significant vibration reduction in the enclosed HDD
operating conditions can be achieved not only by classical well-known squeeze-film damping gaps such as very small
0.0x-millimeter level gaps which are not practically implementable in mass-production HDDs, but also by a few 0.x
millimeter which is possible for designing realistic HDD design. The various experimental results including drive-level
PES are also presented to prove feasibility of the optimal disk damper design for 93kTPI HDDs.

L A&

HDD(Hard Disk Drive)= I&F3 A%
L9 O-g3ts M dEFHQL AY FA=2 1
3L 813 33 vt E3] 1Y = HDD e L
Ashxe F 7HA BEe At ¥Eshy
g5 ojor 3t A ZE, dolgr}t VEHE
Disk®] €F WFozo AJLx FUE A%
BPI(Bits Per Inch) 57} 7]&olx, & o} & 9
W e A L EE FUAIYE 71E(1-3]12A4
TPK(Tracks Per Inch) 57F7]&olth. TPl ZF7}ol
et 3-8 7hs e AA sl= 19 ]2 9] Data
TrackAtol 9] 3 )& Q1 Vibration-Induced Positioning
Error¢l TMR(Track Misregistration)©] 10 Nano-scale
9 olatz @A 3] o] 51 Ut 53] doE
Track-following Z 7oA TMRo| H&L n|X&=
8AE FoA 285023 A28 AFo] 73
T8 TMR 7|95 & e & 228 424
A H4].

g3 JFE Fo)7] 9% 7€ dA+E
ARd, AAE dza A5E GFvEA
2 AT SubstrateS AFE3FAL} Visco-elastic

"3 €% 7)& 9 Storage Lab,
» (yshan@sisa.samsung.com)
Samsung Information System America

363

Laminated H23E& o]§% d77F AARTHS5]
EARE 15 Ao A =etolB Ul Centrifugal
7] FF°l HES 20E B FXNE V5
23 AL Fole AEE  sHel
npA] 8o 2 Squeeze-film ®E AAE Tl F
F71 Y5t "2z Apole] A} A E
A7 AF wS AYsE Aol wE
HATH7-8]. 28t 71&Y AFE FE AA FH
3 e 2] HDD7} o}'d Component-level®] Open-cover
FejolAel AHEA FES IF P4 ZAHE
A7) A5t FAH R FAit HEol oEE F4
plolA R0 E E2 34 & Fgska it

B =%oAM= A Enclosed HDD 33
AejoA) 83| Squeeze-film Aero-clastic Z+4]
AHE € F UE S e BA Sz
)23 29 (disk damper)E T334 3.5” HDDY
Platterd 80GigaByte 93kTPI TMR t]Al¢l BEE
%% A2 HDD /ML oA & Boj A} &r}.

2. 93kTPI A A 27 2 TMR A A Budget

£ 1¥ 7200pm 3ALEE ZE 3.5” Disk
Drived] 10149 40GB/Platter A% 7] 2D %
AAWT 9} 0GB/ PPlatter A|2=®o] A HEES
HoiFm 9o




JAHY & d Y 20028 J(H 2

Table 1. Design Paramters of 80GB/Platter Disk
Drive System and Required TMR Budget.
Design Parameters 40 GBytes/P | 80 GBytes/P
Disk Speed (rpm) 7200 and 5400
Capacity (GBytes/3.5" Platter) 38.2 78.4
Areal Density (GBits/sq.in.) 29.5 58.6
TPI (kTP1) 57 93
Percentage Increase of TPl (%) 62
BPI (kBPI) 517 { 630
Percentage Increase of BPI (%) 25
Bit Aspect Ratio (BPI/TPI) 9.1 6.8
Track Pitch (uinch) 17.5 10.8
' __Track Pitch (um) 0.45 0.27
. TMR Budget (1sigma;nm) . |55 5012775 7.8 T
TMR Budget (1sigma PES,
counts of 512/TP) 14.6 14.6
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Fig. 1. Disk Vibration Spectrum of 7200rpm Disk
Drive Measured on the OD of Top Disk.
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Fig. 2. Typical Error Sensitivity Function of Servo
System which has the Bandwidth of 1100Hz.
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Fig.3. Disk-Vibration Damping by Elasto—Acoustic
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Fig. 4. Disk Axial Vibration on 7200 rpm according
to the gap between disk and disk damper.
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Fig. 8. Disk Vibration Spectrum of 7200rpm Disk

Drive Measured on the OD of Top Disk.
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Out) PES Spectrum of the drives with disk damper
and without disk damper in Head #3 of Outer
Diameter position.

Table 2 Averaged Overall, RRO, and NRRO PES with
disk damper and without disk damper.

Count| w/ Disk Damper | w/o Disk Damper Difference
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i oi| 07 | a7 |75 ,
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Fig. 7 Layout of Disk Damper and Disk Assembly.
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Table 3 PES Measurement Results for Full
Factorial Design
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Fig. 10. Main Effect Plot for Full Factorial Design.
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Pareto Chart of the Standardized Effects
({response is Total_OD, Alpha = .10}
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Fig. 11 Pareto Chart of the Reduced Model for Full
Factorial Design.
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