HEAD- DI SK | NTERACTI ON SENSOR | NTEGRATED W TH SUSPENSI ON CROSS- REFERENCE TO
RELATED APPLI CATI ON 1011 The present application is related to co-pending,
co-assigned and concurrently filed Patent Application Serial No. (Attorney
Docket No. HSJ920030230USl), entitled "Disk Drive Wth Head- D sk
Interaction Sensor Integrated Wth Suspension,” which is incorporated by
reference herein. BACKGROUND OF THE I NVENTION Field of the Invention [02]
The present invention relates to disk drives. Mre particularly, the
present invention relates to a sensor systemfor inproving wite
operations for a hard disk drive (HDD). Description of the Related Art [03]
Figure 1 shows an exenplary hard disk drive (HDD) 100 having a nagnetic
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write procesascéheeierfornmed essentially "blind" with the hope that the
data is properly witten on the disk. 1 [04] Conventional approaches for
m ni m zing slider nodul ation include mnimzation of

BACKGROUND OF THE INVENTION

Field of the Invention

[02] The present invention relates to disk drives. More particularly, the present invention

relates to a sensor system for improving write operations for a hard disk drive (HDD).

Description of the Related Art

[03] Figure 1 shows an exemplary hard disk drive (HDD) 100 having a magnetic read/write
(R/W) head (or a recording slider) 101 that includes, for example, a tunnel-valve read
sensor, that is positioned over a selected track on a magnetic disk 102. As the fly-height of
slider 101 becomes smaller, the chance of slider 101 hitting asperities on disk 102, for
example, disk defects, particles, and/or lubricant bumps, becomes greater, resulting in a
higher probability of fly-height modulation, i.e., “slider jump-up”. When fly-height
modulation occurs during a write process, that portion of data being written during slider
jump-up can be lost because the data is not properly written on the disk due to greater than
expected write-head-to-disk distance. There is no current technique available for detecting
fly-height modulation during a write process. Consequently, write processes are performed

essentially “blind” with the hope that the data is properly written on the disk.




head-di sk interaction by, for exanple, reducing the take-off height of a

di sk, reducing the nunber of particles, and using |less nobile |ubricant on
t he di sk. These approaches, however, will reach their respective limts
for mnimzing head-disk interaction as slider fly-height is further
reduced. [05] Consequently, what is needed is a technique for detecting
slider fly-height nodulation during a wite process. Further, what is
needed is a technique for inhibiting a wite operation when slider
fly-height nodul ation is detected. BRI EF SUVWARY OF THE | NVENTI ON [ 06] The
present invention provides a technique for detecting slider fly-height

nodul ation during a wite process. Additionally, the present invention

provi ¢eq aoaebiiondk approaches obihinigizingvslide mpailatiéroinoid nsihingiestion of
fly-hei ght nodul ation I s detected. [g;} The advant ages of the present
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di npl e. According to the invention, the flexure includes a head-disk

i nt eract i oflydeinghois fulther mdogedt s a sensor signal when the slider contacts a

di sk of the disk drive. One enbodi nent of the head-di sk i nteracti on sensor
is an acceleroneter that senses an acceleration of the flexure that is
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accel eroneter includes a piezoelectric naterial Iayer and a conductive
mat eri al | slygng tehwatiteaprocessc hFirthenewhatsisandedgdis aftechniquedlor nghibidingfd axie e

and are each patterned.to_sybstantially corre nd to a top surface of a
back porti SH"“%@‘P“ hgn gf#eﬁgf%eﬁw%gﬁfst@?éﬁve or an addi ti onal
enbodi nent of the head-disk interaction sensor is a pressure

BRIEF SUMMARY OF THE INVENTION

[06] The present invention provides a technique for detecting slider fly-height modulation
during a write process. Additionally, the present invention provides a technique for

inhibiting a write operation when slider fly-height modulation is detected.

[07] The advantages of the present invention are provided by a suspension for a disk drive
having a suspension load beam having a dimple and a laminated flexure. The laminated
flexure is coupled to the suspension load beam and has a surface that is adapted to receive
a slider and a surface that is adapted to contact the dimple. According to the invention, the
flexure includes a head-disk interaction sensor that outputs a sensor signal when the slider
contacts a disk of the disk drive. One embodiment of the head-disk interaction sensor is an
accelerometer that senses an acceleration of the flexure that is generated by the slider
contacting the disk of the disk drive. The accelerometer includes a piezoelectric material
layer and a conductive material layer that are each formed as a layer of the laminated
flexure and are each patterned to substantially correspond to a top surface of a back portion

of the slider.



sensor that senses a pressure between the flexure and the dinple that is
generated by the slider contacting the disk of the disk drive. One
configuration of the pressure sensor includes a piezoelectric material
| ayer and a conductive material |ayer that are each forned as a |layer of
the lam nated flexure and each are patterned to substantially correspond to
a surface region of the flexure corresponding to the dinple. One pattern
is substantially a square shape. An alternative pattern is a substantially
circul ar shape. The piezoelectric material |ayer generates a voltage
between a top portion and a bottom portion of the piezoelectric materi al

| ayer when the slider contacts the disk of the disk drive that corresponds
to a magnitude of a force with which the slider c%ntacts t he di.sk
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di sk of thedriMesk drive. A pitch node of the slider can be detern ned based
on

[09] An alternative configuration of the accelerometer includes a piezoelectric material layer
and a conductive material layer that are each formed as a layer of the laminated flexure and
are each patterned to form a first region and a second region. The first and second regions
respectively correspond to a front portion and a back portion of the slider and respectively
corresponding to first and second surface regions of the surface of the flexure adapted to
contact the dimple. The first region of the piezoelectric material layer generates a first
voltage between a top portion and a bottom portion of the first region of the piezoelectric
material Jayer when the slider contacts the disk of the disk drive. Similarly, the second
region of the piezoelectric material layer generates a second voltage between a top portion
and a bottom portion of the second region of the piezoelectric material layer when the slider
contacts the disk of the disk drive. The first and second voltages respectively generated
between the top portions and the bottom portions of the first and second regions of the
piezoelectric material layer each correspond to a magnitude of a force with which the slider
contacts the disk of the disk drive. A pitch mode of the slider can be determined based on

a difference between the first voltage and the second voltage. Additionally, a first bending
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a difference between the first voltage and the second voltage.
Additionally, a first bending 3 node of a body of the slider body can be
determ ned based on a sumof the first and second voltages. [10] The
suspensi on of the present invention further includes a wite-inhibit
circuit that is responsive to the sensor signal by inhibiting a wite
operation of the disk drive. The wite-inhibit circuit includes a filter
circuit that condition the sensor signal. One enbodinment of the filter
circuit is a lowpass filter having a passband that is greater than about
20 kHz. Anot her enbodi ment of the filter circuit is a high-pass filter
having a passband that is |ess than about 2 MHz. Yet anot her enbodi nent of
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kHz and ab I'ter circurt can ter
having a pag d corresponding to about a pitch frequency of the slider.
For exanple, the filter circuit can have a narrow passband at about 200
kHz. Further still, the filter circuit can be a bandpass filter having a

passb?m'] %{efﬁéng@gfﬂntnﬁreﬁh% et i eREOH nMeheTRAAuALCA WRREINITbit Rirk&id¥haTis t he

slider. ‘For exa filter circurt can have a narrow passband at
about 1.6 Mpondlé es niad sansby sighdlebyf inhitéting: b rveritiet opecion boef the phskstbved Thet er
havi ng a passband that includes about 200 kHz and_about 1.6 MHz. BRI EF
DESCRI PTI ONvidte-imipibit prponitnmsiydey g filler sirewibrinat pondiuornAhs sensor (jgnaht eHDpy

way of exanpl.e and nat, by 1im tat] . | | ' i ch
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Figure 1 shoyg: 20kHE%EWhdther Shbddidehtver MBVIRg circiRds at high-pasdfiler havidpead;
1131 Figure 2A shows a side view of a slider, a suspension and a flexure
having a fipastband dhapisdess thamiait dddtzofY ehAnothereumbadien of dhafiliereqinit is a
according tb(?m Ipaess Riter rlrtmgl A \}/)gs% Andl Between about 20 kHz and about 2 MHz. Further, the
filter circuit can be a bandpass filter having a passband corresponding to about a pitch
frequency of the slider. For example, the filter circuit can have a narrow passband at about
200 kHz. Further still, the filter circuit can be a bandpass filter having a passband
corresponding to about a bending mode frequency of a body of the slider. For example, the
filter circuit can have a narrow passband at about 1.6 MHz. Alternatively, the filter circuit

can be a passband filter having a passband that includes about 200 kHz and about 1.6 MHz.

BRIEF DESCRIPTION OF THE DRAWINGS

[11] The present invention is illustrated by way of example and not by limitation in the
accompanying figures in which like reference numerals indicate similar elements and in

which:
{12] Figure 1 shows an exemplary disk drive having a magnetic read/write head;

[13) Figure 2A shows a side view of a slider, a suspension and a flexure having a first exemplary

embodiment of an integrated accelerometer according to the present invention;



4 [14] Figure 2B shows a top view of a piezoelectric material |ayer of the
first exenplary enbodinent of the integrated accel eroneter shown in Figure
2A; [15] Figure 2C shows a cross-sectional view of the first exenplary
enbodi ment of accel eroneter according to the present invention shown in
Figure 2A as view A; [16] Figure 3A shows a side view of a slider, a
suspension and a flexure having an exenplary enbodi nent of an integrated
pressure sensor for detecting dinple pressure according to the present
invention; [17] Figure 3B shows a top view of a piezoelectric materi al

| ayer of the exenplary enbodi nent of the integrated pressure sensor for
detecting dinple pressure according to the present invention shown in

Fi gur g18A; F[riT%Lﬁr]: 2Bi ghowe 3Gophdevs of «pizeeleedt i roatatialviagey of thehéirdti axsmplary
exenpl ary enbodi mrent of a pressure sensor for detecting dinple pressure
accor di ng teobodangiit 6§ Betintegmptadiacesieromsta showringiigured M “as view B [ 19]

Fi gure 4A shows a side view of a slider, a suspension and a flexure having
a second exenplary enbodi nent of an integrated accel eroneter for detecting
verti 5] adigireR€t ishows amderbss-sectignal chiewodd dfe et skemiplara cemhadiimentt ft he

present invention; [20] Figure 4B shaws a top vi ew.of | ezoel gctric

mat eri al |é9%qler8metqﬁéc‘]§égaga° g‘fé’ﬁ‘i??'étr‘wené'ﬂﬂé %H“t%lgf‘reta?ﬁzgaﬁ HE¥drat ed

accel eroneter shown in Figure 4A; [21] Figure 5A shows a side view of a
slider, a suspension and a flexure having a third exenplary enbodin?nt of
an i ntiéglr atfagiraddethomsmetide vipwrof dcslides; pisgspsnsien apg aflsxusiRving - ReAw a4t i on

Cop vi ow of MPORTEgBar BEin e R BHRT <y B B Ple il alesiif sy e

present invention;

[17] Figure 3B shows a top view of a piezoelectric material layer of the exemplary embodiment
of the integrated pressure sensor for detecting dimple pressure according to the present

invention shown in Figure 3A;

[18] Figure 3C shows a cross-sectional view of the first exemplary embodiment of a pressure
sensor for detecting dimple pressure according to the present invention shown in Figure 3A

as view B;

{19] Figure 4A shows a side view of a slider, a suspension and a flexure having a second
exemplary embodiment of an integrated accelerometer for detecting vertical acceleration

and first pitch mode of the slider according to the present invention;

[20] Figure 4B shows a top view of a piezoelectric material layer of the second exemplary

embodiment of the integrated accelerometer shown in Figure 4A;

[21] Figure SA shows a side view of a slider, a suspension and a flexure having a third

exemplary embodiment of an integrated accelerometer for detecting pitch motion and



enbodi nent of the integrated accel eronmeter shown in Figure 5A; and [ 23]
Figure 6 shows a schematic block diagramof a circuit for detecting
head-di sk interaction and enabling wite-inhibit followed by a data
rewite according to the present invention DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 24] The present invention detects head-disk interaction in an
HDD by using at |east one sensor that is integrated with suspension.
Slider notion caused by Head-Di sk Interference (HDI) is detected by using
a force (or pressure) sensor for nonitoring the force (or pressure)

bet ween the back of the slider and the suspension dinple, and/or by using
an accel eroneter for neasuring the acceleration of the slider. Both the
pressure sensor and the acceleration sensor are integrated with a

suspensi on bhadihgmagioh afitheadider dccendingdo theoppserhavendeial out put from the
sensors includes both air-flowrelated noise and wite-current-rel ated

noi se. Noise that is caused by air-flow typically has a very low frequency
conpongt , Figifte SB! @foswst Hasp 2ikvkiol a Plezssediiamateriat daye dfbthe whird esxemplaant
typically has a very high frequency, i.e., greater than 2 Mz.

Accor di ngl emboHangnt ef thetintegratadacerieroptes showmin Figeg déh@dconponent at the
pitch node frequency of the slider at approximately 200 kHz, and at the
first bending node frequency of the slider body at approximately 1.7 Mz,
whi | e 230 Higuge 6ahots agoemaeticridockediegramenf aosircaitrfor desegtimghend-giskiintegasting y

noi se caused by wite current. [26] Tables 1-3 bel ow respectivel - forth
si nul at i on and sbablmggyriterighibit &M tﬁ’@c%t%Fgfr}tﬁﬁc%’fﬁng f?ﬁ%ﬁ’(ﬁﬁ%‘?‘éﬂ%ﬁm“?‘%ﬁf a
slider and the expected force applied to a dinple of a suspension for 6

soft, mediumsoft and hard asperities onl\?,r %fk Tabl e 1: Slider/Lubrication
I nt er act i orPEBAHEIRBEHUGRIPTION OF THE INVENTI

[24] The present invention detects head-disk interaction in an HDD by using at least one sensor
that is integrated with suspension. Slider motion caused by Head-Disk Interference (HDI)
is detected. by using a force (or pressure) sensor for monitoring the force (or pressure)
between the back of the slider and the suspension dimple, and/or by using an accelerometer
for measuring the acceleration of the slider. Both the pressure sensor and the acceleration

sensor are integrated with a suspension having a laminated flexure.

[25] The signal output from the sensors includes both air-flow-related noise and
write-current-related noise. Noise that is caused by air-flow typically has a very low
frequency component, i.e., less than 20 kHz. Noise that is caused by write current typically
has a very high frequency, i.c., greater than 2 Mhz. Accordingly, the present invention
passes the frequency component at the pitch mode frequency of the slider at approximately
200 kHz, and at the first bending mode frequency of the slider body at approximately
1.7 MHz, while removing low-frequency noise caused by air flow and high-frequency

noise caused by write current.

[26] Tables 1-3 below respectively set forth simulation results of the expected acceleration of

the R/W element of a slider and the expected force applied to a dimple of a suspension for
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Fz1.5 MN Fx 1.5 mN Assuned 0.5 s risetinme, 5.0 s Duration: 6 ispeak
duration, and 0.5 .is decay. Results: FHVat R W 10nm 200 kHz oscill ation
Accel eration at RFRW8,000 rn/S2 Accel eration at dinple2, 400 nmis2 Stress
(x)200,000 Vmm Strain (x) 4.00 x 10" Force at the dinple0.6 nN 7 Table
2: Slider/Medium Hardness Asperity Interaction Force: Remarks: Fz1.5 mN
Fx1.5 nN Duration:1 us Assuned 0.2 s risetinme, 0.6 s peak duration, and
0.2 us decay.

soft, medium-soft and hard asperities on a disk

Table 1: Slider/Lubrication Interaction

Force: Remarks
Fz 1.5 mN
Fx 15mN
Duration: 6 us Assumed 0.5 s risetime, 5.0 ps

peak duration, and 0.5 ps decay.

Results:
FHM at R/'W 10 nm
Acceleration at R/'W 8.000 m/s” 200 kHz oscillation
Acceleration at dimple | 2,400 m/s”
Stress (x) 200,000 N/m/m
Strain (x) 4.00x 107

Force at the dimple 0.6 mN




Results: FHM at RFW5 run Acceleration at RRW26,000 M S2200 kHz and 1.7
-MHz oscillations Acceleration at dinple7,000 mis Stress (x)75,000 NNnim
Strain (x)1.9 x 10" Force at the dinple0.5 mN 8 Table 3: Slider/Hard
Asperity Interaction Force: Remarks Fz1.5 nN Fx1.5nN Duration:0.5
[isAssuned 0.1 ps risetinme, 0.3 s peak duration, and 0.1 s decay. Results:
FHVat R W 1-4 rum Accel eration at RRW30,000 ms 1.7 MHz oscillation

Accel eration at dinple8, 000 ns2 Stress (x)80,000 NNnmim1.7 MHz Strain (x)2
,0 x 10"1.7 MHz Force at the dinple0.22 mN 1271 Sinul ated accel erati on at
the RAWelenment is calculated to be between 8,000 to 30,000 nm s2

Table 2: Slider/Medium Hardness Asperity Interaction

Force: Remarks:
Fz 1.5 mN
Fx 1.5 mN
Duration: 1 us Assumed 0.2 psrisetime, 0.6 us peak

duration, and 0.2 ps decay.

Results:
FHM at R/W 5nm
Acceleration at R/W 26,000 m/s* 200 kHz and 1.7 MHz oscillations

Acceleration at dimple | 7,000 m/s’
Stress (x) 75,000 N/m/m
Strain (x) 1.9x 107
Force at the dimple (.5 mN
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1.7 MHz

Strain (x)

20x 107

1.7 MHz

Force at the dimple

[27]

022 mN

Simulated acceleration at the R/W element is calculated to be between 8,000 to 30,000 m/s’

(or 800-3000 G). The simulated force applied to a dimple is calculated to be between
(.22 mN to 0.6 mN.

28]

Figure 2A shows a side view of a slider, a suspension and a flexure having a first exemplary

embodiment of an integrated accelerometer according to the present invention. Figure 2B

shows a top view of a piezoelectric material layer of the first exemplary embodiment of the

integrated accelerometer shown in Figure 2A. In Figure 2A, a slider 201 is attached to a

suspension flexure 202 in a well-known manner. Flexure 202 is a laminated flexure, such

as disclosed by U.S. Patent No. 4,996,623 to Erpelding et al. or by U.S. Patent No.

5,491,597 to Bennin et al., both of which are incorporated by reference herein. Flexure 202
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202 is attached to suspension | oad beam 203, slider 201 is glued to flexure
202 and integrated accel eroneter 205. [301 Piezoelectric material |ayer
209 and the first and second conductive nmaterial |ayers 208 and 210 (not
shown in Figure 2B), which are forned on both sides of piezoelectric
material |ayer 209, are patterned so that these three |ayers correspond to
only the top of the trailing edge of slider 201 (i.e., the RRWel enent end
of slider 201). Wien HDI occurs and a force 212 is applied to the trailing
edge of slider 201, slider 201 typically noves in a pitch direction, as

I ndi cated by arrows 213 and 214. The resulting accel erati on conpresses

pi ezoel ectric material |ayer 209 caused by the inertia and rigidity of

netal |ayer 206. When piezoel ectr] terial, | r 209.1s conpresse a
vol t age di ConEAQls 8cSUBPCTSIONGRANDEAT AN, WTqugh %é@é?@& ggﬁ'}s@%{g’gi 8&‘6@’?% c
materi al | . 20 i : p pgﬁ: yfference is
easi |y det gﬁ}%{elan'ugpr?gg%&g\gﬁeﬁ Zﬁ%\%ynfa%{/%}a{t%gag aﬁé?%%ﬂ fé‘%%ec # %%%‘Zb By
nonitoring the voltage generated across piezoelectric material |ayer 209,
the accel eratio inparted to slider 201 b Dl .can_be determ,ned,
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enbodi ment Aofirs Ansulatser @P@&ab}"’é’?’sép'é 15 Wﬁ ‘P‘blm"’(%lﬁé Tj Hﬁlﬂ%ﬂ’ée?%ﬁé’é’@ﬁr e
accordi ng : p ' ' i S I Of Adfirst

pi ezoel ect Ee:%gﬁ ﬁg‘fse‘rfgﬁqﬁéi}éet?}é glg Hrﬁieb? igxfgﬁﬁp%aﬁéné%\é%aﬁlgﬁe)gplﬁ%ﬁe@i nt érér at ed
pressure seasducti{® matketal tdyen 908l isTirme roasfivyr msulateotayen07 osihp evell-lemovit

i nvention shown in Figure 3A, In Figure 3A a slider 301, is attache% to a
suspensi on téchaiquesearglois forneg fhm| for SXHAPIRERRPET Al RisEFelecEisomatenal Iyt 208 ed

such as Poly(vinilyden fluoride) (PVDF), is formed on first conductive material layer 208
as a film using well-known techniques. A second conductive material layer 210 is formed
on piezoelectric material layer 209 using well-known techniques and is formed from, for
example, copper. A second insulative layer 211 is formed on second conductive layer 210
using well-known techniques and is formed from, for example, polyimide. After flexure
202 is attached to suspension load beam 203, slider 201 is glued to flexure 202 and

integrated accelerometer 205.

[30] Piezoelectric material layer 209 and the first and second conductive material layers 208 and
210 (not shown in Figure 2B). which are formed on both sides of piezoelectric material
layer 209, are patterned so that these three layers correspond to only the top of the trailing
edge of slider 201 (i.e., the R/W element end of slider 201). When HDI occurs and a force
212 is applied to the trailing edge of slider 201, slider 201 typically moves in a pitch
direction, as indicated by arrows 213 and 214. The resulting acceleration compresses
piezoelectric material layer 209 caused by the inertia and rigidity of metal layer 206. When
piezoelectric material layer 209 is compressed, a voltage difference of a few millivolts is

generated across piezoelectric material layer 209, as depicted by voltage V. The voltage
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fl exure, such as disclosed by U S. Patent No. 4,996,623 to Erpelding et al.
or by U S Patent No. 5,491,597 to Bennin et al., both of which are

i ncorporated by reference herein. Flexure 302 contacts a suspension | oad
beam 303 t hrough a dinple 304, which provides a ginbal function. A
pressure sensor 305 is fabricated as an integral part of flexure 302. [32]
Fi gure 3C shows a cross-sectional view of the exenplary enbodi nent of a
pressure sensor 305 for detecting dinple pressure according to the present
i nvention showmn in Figure 3A as view B. Flexure 302 includes a netal |ayer
306 that is formed from for exanple, stainless steel. Afirst insulative
material |ayer 307 is formed on netal |ayer 306 using a well-known

techni que. dfffdrércel RSedslyi d@edt@l @King0d Well-kpswe dvdlta@indeteetio® adhdique. By
polyimde. A first conductive material layer 308 is forned on first

i nsul at i vemoajteringtie wpdtageygencraied dcragsquiszoetsctiiei maferialrayer 209 othaaecdieraign f or
exanpl e, copper., A pigz ctric materjal .layer, 309, such as PVDF, isS
fornmed on f$$§fedc@n§@gf ?@L%ﬁﬂébﬁcﬁ? Fé{?ﬁﬁrﬂlﬁ aéetﬁ‘:tf‘?q ACHEACH Fan PRI nown
techni que. ; W piss ib@dh-pe¥ SndRt PehiS fiftQ BERHed thd butput of

pi ezoel ect & I%?g@gga%ggéjggé n gf; wehﬁr-h%oém t echni(lsg]ue 1and [ sef or me}zll pfur(c))rn

for exanpl piezoglegifie rmatérisietagad 209 smdathe veoliagy edeté2fidn i devicer nitie ovess ecmtar
conductive material layer. 310 wusing a well-known _technique and is forned
from for &xrawgcs forsordak filtgeis ahthedritch frequensy ogghe sliderat t ached to suspensi on
| oad beam 303, slider 301 is glued to flexure 302 and integrated pressure
sensor 305. (331 Piezoelectric material |layer 309 and the first and second
condudi]ve Fipred Ashowayg eids v398 ofiadlide; @ syspensigthavia flexure havieg aBexemplanh ar e

formed on both,sides.of. pi ezoel ectric mater,jal.. |ayer 309, are patterned so
that  t hese CRRPEAEGEARInteRraled RIFSER ORI e Roine IR e ciording 5 i 35

inder st ood T RaL AT Arnc TEde 3R, RRTER k! Gl pRlerla o MHlliel oA o 0%
force 312 esgemplary embodiment of the integrated pressure sensor for detecting dimple pressure
according to the present invention shown in Figure 3A. In Figure 3A, a slider 301 is
attached to a suspension flexure 302 in a well-known manner. Flexure 302 is a laminated
flexure, such as disclosed by U.S. Patent No. 4,996,623 to Erpelding et al. or by U.S. Patent
No. 5,491,597 to Bennin et al., both of which are incorporated by reference herein. Flexure
302 contacts a suspension load beam 303 through a dimple 304, which provides a gimbal

function. A pressure sensor 305 is fabricated as an integral part of flexure 302.

[32] Figure 3C shows a cross-sectional view of the exemplary embodiment of a pressure sensor
305 for detecting dimple pressure according to the present invention shown in Figure 3A
as view B. Flexure 302 includes a metal layer 306 that is formed from, for example,
stainless steel. A first insulative material layer 307 is formed on metal layer 306 using a
well-known technique. First insulative layer 307 is formed from, for example, polyimide.

A first conductive material layer 308 is formed on first insulative layer 307 using a
well-known technique and is formed from, for example, copper. A piezoelectric material
layer 309, such as PVDF, is formed on first conductive material layer 308 as a film using

a well-known technique. A second conductive material layer 310 is formed on
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applied to the trailing edge of slider 301, slider 301 noves toward dinple
304 along the =z-axis, the inertia of the suspension conpresses

pi ezoel ectric material layer 309, resulting in a detectable voltage of
several mllivolts across piezoelectric material |ayer 309. Detection
accuracy can be further inproved by adding a | ow pass and/or high-pass,
and/or peak filter between the output of piezoelectric material |ayer 309
and the voltage detection device. The best center frequency for a peak
filter is at the pitch frequency of the slider. 1341 Figure 4A shows a side
view of a slider, a suspension and a flexure having a second exenplary
enbodi nent of an integrated accel eroneter for detecting vertical

accel er at i geezoelackricHayefr 308 tuspigt « welitkdewoftechingquel andas formedr fiomgfarexample,
present invention. Figure 4B shows _ .a top view of a piezopelectric material

| ayer of t f@PR&SCANRFCRREHSHiAHYe @W&&ilr}ﬁﬁq Oprﬁgcoqwgav%tvsdn%@e%ﬁ@%ﬁg@ er
shown in Fi ' e 4 | 04,1 : sion
lexure 402 S VLK S EHGuE he R RifCRip ok Rdhe RIAAE AngpaRae

cor respondi30Q it atthttedi tot agpaiska bad deamoddt, atiders3Ghdsnplued t&iftexose 302 and
Flexure 402 is a_ lamnated flexure, such as disclosed by U S. Patent No.
4,996, 623 tyegaisdnessyresenssr 30y by U.S. Patent No. 5,491,597 to Bennin et
al ., both of which are incorporated by reference 12 herein. Flexure 402
contacts a suspension | oad beam 403 t hrough a di nple 404, which provides a
gi mbal[33Jundi¢zonlecttic neterad] layenii9end Al iissanfdsbedndavaductive amtdria byem30pand  of
flexure 402. [35] ,Flexure in des. mefal | ayer 406 that is fornmed from
for exanpl é,losﬁ‘%‘]i ShoBE IR B Vich e foRues SESe RGELPT Biezgelgriric mgter)
formed on [ \ég]lﬂle- : %Hﬂl:n ' from
for exanpl gglegg?)%/’la%‘n@gaetég%dﬁ%r@% tg%sn uc%i ewrkax{lsgrl a Hllﬁgr?gl%'}%%ﬁ} I'fse%{ orr‘#éd on
first insulFaniry8Bl slyavs 4O0shibstantidlyacinallirhk shapedt patfeniifiglealdvagh sit fshootddbé r om
for exanple, copper. A piezoelectric material_|ayer 409, such as PVDF, is

fornmed on funderstood that alternative shapes can also be used. When HDI occurs and a force 312 is
applied to the trailing edge of slider 301, slider 301 moves toward dimple 304 along the
Z-axis, the inertia of the suspension compresses piezoelectric material layer 309, resulting
in a detectable voltage of several millivolts across piezoelectric material layer 309.
Detection accuracy can be further improved by adding a low-pass and/or high-pass, and/or

peak filter between the output of piezoelectric material layer 309 and the voltage detection
device. The best center frequency for a peak filter is at the pitch frequency of the slider.

[34] Figure 4A shows a side view of a slider, a suspension and a flexure having a second
exemplary embodiment of an integrated accelerometer for detecting vertical acceleration
and the first pitch mode of the slider according to the present invention. Figure 4B shows
a top view of a piezoelectric material layer of the second exemplary embodiment of the
integrated accelerometer shown in Figure 4A. In Figure 4A, a slider 401 is attached to a
suspension flexure 402 in a well-known manner. Only the portion of flexure 402
corresponding to the integrated accelerometer is shown in Figure 4A. Flexure 402 is a
laminated flexure, such as disciosed by U.S. Patent No. 4,996,623 to Erpelding et al. or by
U.S. Patent No. 5,491,597 to Bennin et al., both of which are incorporated by reference

12



conductive material |ayer 408 as a filmusing a well-known techni que. A
second conductive material |ayer 410 is forned on piezoelectric |ayer 409
using a well-known technique and is forned from for exanple, copper. A
second insulative layer 411 is formed on second conductive |ayer 410 using
a well-known technique and is formed from for exanple, polyimde. After
flexure 402 is attached to suspension | oad beam 403, slider 401 is glued
to flexure 402 and integrated accel eronmeter 405. [36] Piezoelectric
material |ayer 409 and the first and second conductive nmaterial |ayers 408
and 410 (not shown in Figure 4B) Fornmed on both sides of piezoelectric
material |ayer 409 are patterned so that these three | ayers correspondi ng

to the entire top side of slider 401 around dinple contact region 414
Figure 4B $hwmiw Fleaursadecontasty dsuspersieeload thepm 408t thrdugh al digiple 40 ovhichi | e

Figure 4B shows a sub tially,square shaped _patterning, it.should
under st ood pf‘h"\zﬁesa’i‘ £87 tafp{}‘él%ha%@%c e&ﬂoﬁegeg @é ! stlg .Cak cd & brﬁ%ﬁrglr pﬂ—géf
covers entigee,fcpy. Side of slider 401 and thereby provides a substantially

flat bondi ng surface on the top side of slider 401 for bonding slider 401
to flexure 402. Accel eroneter 405 detects the translation acceleration of

slider,401 dn the z-axis difrect] ' 1.9 | A e of
o1 i dor34loay e PR Bt BEE RIS gy i orsFRRbREsERER 87 A B
the inerti gnQiativlenAsSNeak 207 KOFGRHES 56 Snefii] 82R€ U6 king aiélBkh@im tealinitud 09,
resulting in a 13 detectable voltage of several mllivolts across

pi ezoel ect rahd isfiorencdafromagawrexaople, polydmideonA fist gerdiptivamasial layendps is

i mproved by, addj ng.a ] o ass andlor. hi gh-pass [.or peak filt ween
| roved Y20 a0a, Lo Ras A0 Sk SIS ARl 850 M Shom 1
devi ce. TQ?mBEI%E oS5k eA Fire%lﬂ'@dﬁ‘r’é/ rfafirial 149€AK09, i subie hs PV, i Rermididtsifirst
frequency of the slider. [37] Figure 5A shows a side view of a slider, a
suspensi on canductivé | matarial e 463 aast difiloh using rep Iveel lykremtyo ticheique.of Aasecond
. I ; \ ; .
| ntegrated c?)rcl((l:uecti%fg ?nnaﬁér?arl lf];y%rr 4C118tise (Erlmrég o%l It)iggoe ec%;rlicoﬂiygrn‘QOQ using a well-known
technique and is formed from, for example, copper. A second insulative layer 411 is
formed on second conductive layer 410 using a well-known technique and is formed from,
for example, polyimide. After flexure 402 is attached to suspension load beam 403, slider

401 is glued to flexure 402 and integrated accelerometer 4035,

[36] Piezoelectric material layer 409 and the first and second conductive material layers 408 and
410 (not shown in Figure 4B) formed on both sides of piezoelectric material layer 409 are
patterned so that these three layers corresponding to the entire top side of slider 401 around
dimple contact region 414. Figure 4B shows the patterning of piezoelectric material layer
409. While Figure 4B shows a substantially square shaped patterning, it should be
understood that alternative shapes can also be used. Accelerometer 405 covers entire top
side of slider 401 and thereby provides a substantially flat bonding surface on the top side
of slider 401 for bonding slider 401 to flexure 402. Accelerometer 405 detects the
translation acceleration of slider 401 in the z-axis direction and the first bending mode
amplitude of slider body 401. When HDI occurs and slider 401 moves toward dimple 404,

the inertia of the suspension compresses piezoelectric material layer 409, resulting in a
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bendi ng notion of the slider according to the present invention. Figure 5B
shows a top view of a piezoelectric material layer of the third exenplary
enbodi ment of the integrated acceleroneter shown in Figure 5A. In Figure
5A, a slider 501 is attached to a suspension flexure 502 in a well-known
manner. Only the portion of flexure 502 corresponding to the integrated
accel eroneter is shown in Figure 5A. Flexure 502 contacts a suspension | oad
beam 503 t hrough a di npl e 504, which provides a ginbal function.

Accel eroneters 505a and 505b are fabricated as an integral part of slider
501. [38] Flexure 502 includes a netal |layer 506 that is fornmed from for
exanpl e, stainless steel. A first insulative material |ayer 507 is forned
on netal | agectabovaisgagf severl milkivolinacrossghierogleetricEnatetialilayen 89 Dstectigrr

507 is forned from faor exanple, polyjmde. Afir conductive |la 508
s formed GROEGaN bR St ppron g BY addbne & fiv-pessablie ey, andpr ki e,
pol yi m de. ;Bi ' 2 . | | j ve
ot or ol 1 RReeRghE OppE of BicEhaltic MiRab S S0 IR, What UEketaEes |
from for ephRmeteentePRiuenup fora rakviilter ik apikie pitek fisyupmey off the stiderond
conductive material |ayers 510a and 510b are formed on piezoelectric
material |ayer 509 using a well-known technique and are forned from for

examh%gdc?@@ge 5 ASSHAT 2 CRRAVERW ¥ a"BHdRY, | AlsudpRU&HS aRd 0A Nk Hehoak Qhird

patte 0 be separate, as shown in Fi'gure '5B. A second insulative |ayer
511 i s for neemphiny smbodithent odaat integratet acdebrometye for det@dingrpitchl@btiorsiand a

wel | - known technique and is . fornmeq fro for exanpl.e, polyip de. After

fl exure 50Pepdingmof the, 52@@6@?@8’6‘3 tPg]]é%prfﬁenéé‘é‘fﬁng%, E}éﬂ‘%ﬂgﬁ SEB‘i’S AdoQ| ued

to flexure iel i R Rmplat dtbddifeht §t5h segond

conductive‘%%%8??§F%$%§g§§hgﬁﬁgfgﬁé arg paPt rned soet%at % e

respecti velagcal@ohtdd hdlvi th Figaref 3AnIn Bigakelsag la stidele3010% attiachet ogp a suspensibn

slider 501 around dinple contact region 514, as_shown_in Figure 5B.

Addi t i onal Iflexsre $02tin apell-knewp manner. Only the portion of flexure 502 corresponding to the
integrated accelerometer is shown in Figure SA. Flexure 502 contacts a suspension load

beam 503 through a dimple 504, which provides a gimbal function. Accelerometers 505a
and 505b are fabricated as an integral part of slider 501.

{38] Flexure 502 includes a metal layer 506 that is formed from, for example, stainless steel.
A first insulative material layer 507 is formed on metal layer 506 using a well-known
technique. First insulative layer 507 is formed from, for example, polyimide. A first
conductive layer 508 is formed on first insulative layer 507 and is formed from, for
example, polyimide. Piezoelectric material layer 509 is formed on first conductive
matenal layer 508. Piezoelectric material layer 509 is formed as a film from, for example,
PVDF, using a well-known technique. Two second conductive material layers 510a and
510b are formed on piezoelectric material layer 509 using a well-known technique and are
formed from, for example, copper. Second conductive material layers 510a and 510b are
patterned to be separate, as shown in Figure 5B. A second insulative layer 511 is formed
on second conductive material layers 510a and 510b using a well-known technique and is

formed from, for example, polyimide. After flexure 502 is attached to suspension load
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int e it g . i ——

pi ezoel ectric material |ayer 508 can be patterned as shown in Figure 5B.
Second conductive material |ayer 510 can al so be patterned as shown in
Figure 5B. When piezoelectric material layer 508 is patterned as shown in
Figure 5B, at |east one of the first conductive material |ayer 508 or the
second conductive material |ayer 510 nust be patterned as shown in Figure
5B. In any alternative configuration, accel eroneter 505a corresponds to
the front, or leading, side of the top of slider 501 and accel eroneter 505b
corresponds to the back, or trailing, side of the top of slider 501,

t hereby providing a nostly flat bonding surface on the top side of slider
501 for bonding slider 501 to flexure 502. The pitch node of slider 501

can be detected based th i fferen of ., neasured vpltages_ V. 1 and V2,
can 20 0T Beam Soddier S0, hiedih BERERSTR e TaRHeg Serb R RdEss0d s ol act o
based on the sumof voltages V1 and V2, i.e., V1 + V2. Detection

accuracy can be further inproved by adding a |ow pass and/or high-pass,
and/ of3Yeak heifirstemdiseeandeqongdnative maseral dayersd Kagad odPb ke pattesiadage thalleey 509

d the voltage. detecti ice. [401, Fi h t
G ‘agr am of “esperiselt corkssgonhp B dinat A obes 18581 BETF sfde YFREUR, 3, Bobed
i nvention. ghholr Sorflact NRPRNAS B, 1 A EhGRH ihhﬁ%ufessmttaqhﬁﬁnmy dr Wiltdmativeln

manner to a Tam nated suspension flexure 602 having an integrated
accel er onetpizoelacttior mpteeiak layer 598nsmr baquttened cast shavire ipriigeatSB. nviasondn.

Fl exure 602 contacts a suspensjon |oad beam 603, of whi.ch_.only, tion
s Shown | RORFIGHING TB210Rl BUGhSL GEHGIE BOBRITRRCHS SPOUT dBeF Bire ity hen
function. As L, (S . | ahri 'Lgtugg B at Bkt ol offthE R ket €
602, as d %@r%%%%g%g%nea@%a%ilﬁgéﬂ}&g%{gggﬁwggng acsce’lagroms?er0 and/ or a
pressure sepfdictivel Baicas lagas608 bedhalsesomd ddndpdtije Waemial Hayee 519 must be
head- di sk interaction event, slider 601 physi.cally_vibrates in a vertical

di recti on. pefteredas showman Figwre hBhda amsaltemativg capfignralion, aF‘Feé%{aP’éteséé,%a

detects t hec:orresponds to the front, or leading, side of the top of slider 501 and accelerometer 505b

corresponds to the back, or trailing, side of the top of slider 501, thereby providing a mostly
flat bonding surface on the top side of slider 501 for bonding slider 501 to flexure 502. The
pitch mode of slider 501 can be detected based on the difference of measured voltages V1
and V2, i.e., V1 - V2. The first bending mode of slider body 501 can be detected based on
the sum of voltages V1 and V2, i.e., V1 + V2. Detection accuracy can be further improved
by adding a low-pass and/or high-pass, and/or peak filter between the output of

piezoelectric material layer 509 and the voltage detection device.

[40] Figure 6 shows a schematic block diagram of a circuit 600 for detecting HDI according to
the present invention. Figure 6 shows a slider 601 that is attached in a well-known manner
to a laminated suspension flexure 602 having an integrated accelerometer and/or pressure
sensor according to the present invention. Flexure 602 contacts a suspension load beam
603, of which only a portion is shown in Figure 6, through a dimple 604, which provides
a gimbal function. An HDI sensor 605 is fabricated as an integral part of flexure 602, as
described above. HDI sensor 605 can be an accelerometer and/or a pressure sensor, also as

described above.
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vi bration and generates a correspondi ng sensor signal 606. The vibration
node of slider 601 can be either a single inpulse when, for exanple,
slider 601 contacts a hard asperity, or a periodic oscillation at the
pitch frequency of slider 601 when, for exanple, when slider 601 nmakes
contact with the disk (not shown in Figure 6) through an abnormally thick

| ubricant. Sensor signal 606 is input to a signal anplifier 607. The out put
of signal anplifier 607 is coupled to a filter circuit 608. Filter circuit
608 can be a high-pass filter so that | owfrequency noise is rejected. The
cut-of f frequency the high-pass filter should preferably be set to be
bel ow t he pitch-node frequency of slider 601 so that sensor signal 606

T ouToahea BRTE S d i BSilon el (Bl HASRED MHRLPM B NER R

el ectrical gpgiiRR. JEITRr @nsst BYS, g cKIHak Seck UnitegatedCaith btexues €02 edetedtis b |y,
the wite current has frequency content that isw?reater than 1 MHz

wher eas t heitsiticteandpienciatesadmiespmdingosgnsos signplb6fth yRew wibrasongnodsned slider
Thus, it i ferred t tot t-off f | fil t
(foquency PRKEAT B¢ iR SEIS e i (0 XA PEn inet 0L ehigeEAbad kb, ' © °
pi tch-mode f f g&ﬁ@éﬁé/sciliattiotl?} @é?ﬁcﬂ&?é@eﬁéﬁéﬁliﬁ@ 61 WnCRIFRkafplR Ol herPslider

| ow pass and pass rndatively, a bandpass filter can be
used that @pl yndkearsniatiswith sendk (abigstmiwnhaw Figgrepg@rthianghaan dhnegualhc thickAhen

a bandpass filter is used, it is preferred to seLec h itch de
frequency &ibricantdePerson signale6Qh: HuBayy | 2 Skﬁ“ﬁt?‘“&]ﬁh‘%ﬁ é[#al %Erﬂufﬂlﬁtgf S## and
filter circujf.~.60 n \ . i S i DR nadsifIet
filtored aArfErousrr e SHiBE plills, Finerchutbanain EAIRR pass Mk so
condi t i oneghd)oliftdq@Endyi fisish Is BRBted! MEhestgrl fraguenicy ulikehigh-pass filter stwudd
conparator circuit 609. Conparator circuit 609 conpares the conditione

sensor  si greferablytte set tor edeelasy therpitshtmedestieaugnoyaplyRiden 001 PR IREPTHGN t ude
o e oo e SSR38hesLABELIA R iy RSB PSR Bler
control |l er ;8dgit 608 can2BRMWeM i16®-pabipfiiied sd that cleoHicAloh¢isd Aenerated by the write
current can be rejected. Usually, the write current has frequency content that is greater than
1 MHz, whereas the slider pitch-mode frequency is a few hundred of kilohertz. Thus, it is
preferred to set the cut-off frequency of low-pass filter to a frequency that is between
typical write current frequency and slider pitch-mode frequency. Itis even more preferable
to combine both a low-pass and a high-pass filter. Alternatively, a bandpass filter can be
used that only transmits a sensor signal having particular frequency. When a bandpass
filter is used, it is preferred to szlect the pitch mode frequency of slider 601. The sequential
order of signal amplifier 607 and filter circuit 608 can be reversed, that is, the signal can be

first filtered and then amplified.

[42]  After the sensor signal has been conditioned by filter circuit 608, the signal amplitude is
input to a comparator circuit 609. Comparator circuit 609 compares the conditioned sensor
signal with a predetermined threshold value 610. When the amplitude of the conditioned
sensor signal is greater than threshold value 610, comparator circuit 609 generates a write

inhibit signal 611. When an HDD controller 612 (or a read/write channel that controls the
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16 wite process) receives wite-inhibit signal 611, HDD controller 612

i medi ately stops the wite current that is being output to the magnetic
head (not shown in Figure 6) so that the head is the proper distance from
the disk during the wite process. Additionally, HDD controller 612 stops
the wite current so that data on an adjacent track is not m stakenly
overwitten because sonetinmes HDI causes off-track notion of the wite
head. Subsequently, when wite-inhibit signal is renoved, controller 612
re-tries to wite the sane data to the sane |ocation. [43] Al though the
foregoing invention has been described in sone detail for purposes of
clarity of understanding, it will be apparent that certain changes and

modi fi cati avige nwe?:ﬁé recpivag writeehibiitsignal 61 iHDND nomtmlleséb%enmedlaw@ spnsdheled
clains. Accordin .. the, present nt.s be. c nsi d

L Pty at | So s g ACpERE Bk o RERRREE et {fon o TSR tiine oo
to the det [ t a

bt val ont SeaCistl S o fitm I A9E ATRAL INeRW) frdbilol ”@‘?@2?‘%% yPEBD,
suspensi on comrolker éil 2 Istoghs itheewrikooqrrens son that data wsienadjaent tadk isermlmhmkemjy a

dinmple; and a | am nated flexure coupled to t spensi on | gad beam the
f1 exure ha®VeyTHiens Gegayse S&H’é"b‘fr@a ré‘@’éﬁ/é;}gt@ai dBetiof, P, aﬂ'seuﬁ’frgégh%?éapt ed

to contact g £ |-ene _
sensor  out SHPTIRGHY. Svheh rife i gral 6 AR AR B rd BN Bk
di sk dri vesarde ddtaeo thespmesocatioaccording to cI a| m 1, wher e| n the head-di sk
i nteraction sensor is an

A

[43) Although the foregoing invention has been described in some detail for purposes of clarity
of understanding, it will be apparent that certain changes and modifications may be
practiced that are within the scope of the appended claims. Accordingly, the present
embodiments are to be considered as illustrative and not restrictive, and the invention is not
to be limited to the details given herein, but may be modified within the scope and

equivalents of the appended claims.
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slider contacting the disk of the disk drive. 3. The suspension accordi ng
to claim2, wherein the head-disk interaction sensor further includes a
pressure sensor sensing a pressure between the flexure and the dinple
generated by the slider contacting the disk of the disk drive. 4. The
suspensi on according to claim?2, wherein the accel eroneter includes a
pi ezoel ectric material |ayer and a conductive material |ayer, the
pi ezoel ectric material |layer and the conductive material |ayer each being
formed as a layer of the lam nated fl exure and each being patterned to
substantially correspond to a top surface of a back portion of the slider.
5. Thepsgpgigicon according to claim1, wherein the head-disk interaction
sensor Is a pressure sensor sensing a pressure between the flexure and the
di npl avigeietlaingsd iby the slider contacting the disk of the disk drive. 6.
The suspension according to claimb5, wherein the pressure sensor includes a
18 pi ezoel det ri A suspensicn for aglisk daiye, OIBBISENEEt i ve material |ayer, the
pi ezoel ectric ”%ts‘ﬁ%}%e%%iﬁh?%'a%rbe%quagfﬁlacﬁ%%fieu%& ve material |ayer each being
ela ’

formed as a | ayer m-nat e exure’'and each being patterned to

substantial |y ceragsReadlbarad coupbdce theispbnsidn 1dad Bead) ke flemiire amRbigda ng
to the dinple. 7. The suspension according to claim®6, wherein the

pi ezoshdaser adaptedt tor Tegpive Ay slider goder auréase ;adapled 4 ecoaptacivtl dimplepthsofleXush and
a botto ortion, af, the piezoelectric.material .l aye en . the sl der.

cont act iR Pk nieraiCR R Rl Fodtain Then HecobRalel $disk « op
porti Qfthedisk 4, bottom portion of the piezoelectric material |ayer

corresponding to a magnitude of a force wth which the slider contacts the
di sk of the disk drive. 8. The suspension according to claim®6, wherein the

pi e20el ect iy ¢, ool LAY S A, L the, CONMELL NS HIBE S el BT e is an
accelerometer sénsing an acceleration of the flexure generated by the slider contacting the disk of

the disk drive.

3. The suspension according to claim 2, wherein the head-disk interaction sensor
further includes a pressure sensor sensing a pressure between the flexure and the dimple generated

by the slider contacting the disk of the disk drive.

4. The suspension according to claim 2, wherein the accelerometer includes a
piezoelectric material layer and a conductive material layer, the piezoelectric material layer and the
conductive material layer each being formed as a layer of the laminated flexure and each being

patterned to substantially correspond to a top surface of a back portion of the slider.

5. The suspension according to claim 1, wherein the head-disk interaction sensor is a
pressure sensor sensing a pressure between the flexure and the dimple generated by the slider

contacting the disk of the disk drive.

6. The suspension according to claim 5, wherein the pressure sensor includes a
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9. The suspension according to claim®6, wherein the piezoelectric materi al

| ayer and the conductive material |ayer are patterned to be a
substantially circular shape. 10. The suspension according to claimb5,
wherein the pressure sensor includes a piezoelectric material |ayer and a
conductive material |ayer that are each forned as a |layer of the |am nated
fl exure, the piezoelectric material |ayer and the conductive material |ayer
each being patterned to forma first region and a second region, the first
and second regions respectively corresponding to a front portion and a
back portion of the slider and respectively corresponding to first and
second surface regions of the surface of the flexure adapted to contact the
di npl @iezbglectrinaaterinbtayss and aconductiva ghatesiat layenihepieapplspiaicmateréal fayesandthgi on

f the piezoel ' i al £i. |
Pop' porPIGATE R el Ot e AU R s o950 LFERe
mat er | heﬂnea/&,rsup&t@:ﬁiatllpﬁéoﬁééﬁléﬁa tPRk B ﬁ:gi&ﬁfbf@icsﬂ%xﬂfe doh@sptindlngds kheadimphe

second region o e piezoelectric material |ayer generates a second
vol t age between a top portion 19 and a bottom portion of the second region

of the pie I [ terial | h lid . ts the. di.sk of
the di sk drbve, Wiesprsioneoulib i SVOm: boBborlsactFORI oML e
bet we%gn%r s ﬁTVBHa%%ertﬁlv%sa @@(})o}d& PR RMRPEIiON Bf e ﬁél%el%btﬁ'di%tmﬁ&‘i’al Igepnd

regio the pi electric material layer each corresponding to a_
magni twicka thé slidet oomtactnitichdisihotthe sk dsiviedihe voliageogeneratddebetivedn thé tahportidi sk

drive, and wherein a piitch node of the slider is determ ned based_.on a
i 11 oro0i die URORBBATtioR BF iR Goclosiic AReT i A e SSRUNg, B  Bwt s of peice
SusPenGHoRn AR Hidifcdiiadk! A MkQr \BhRlih e first region of the

pi ezoelectric materral Tayer generates a first voltage between a top
portion and a bottom portion of the first region of the piezoelectric
material |ayer when the slider contacts the diisk of the djsk driyve,

th
second regifn ofTherrsprnsiparerrdgdo s G, heresy Rigzeslegiricdnaterial daysy an
vol t a4fe Q&td%t?vrk RatAR IR}QJr I‘}ﬁeoﬁ‘!atte:rne:d to be a substantially square shape.

9. The suspension according to claim 6, wherein the piezoelectric material layer and

the conductive material layer are patterned to be a substantially circular shape.

10.  The suspension according to claim 5, wherein the pressure sensor includes a
piezoelectric material layer and a conductive material layer that are each formed as a layer of the
laminated flexure, the piezoelectric material layer and the conductive material layer each being
patterned to form a first region and a second region, the first and second regions respectively
corresponding to a front portion and a back portion of the slider and respectively corresponding to

first and second surface regions of the surface of the flexure adapted to contact the dimple.

11.  The suspension according to claim 10, wherein the first region of the piezoelectric
material layer generates a first voltage between a top portion and a bottom portion of the first
region of the piezoelectric material layer when the slider contacts the disk of the disk drive, the

second region of the piezoelectric material layer generates a second voltage between a top portion
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and a bottom portion of the second region of the piezoelectric materi al

| ayer when the slider contacts the disk of the disk drive, the first and
second vol tages respectively generated between the top portions and the
bottom portions of the first and second regions of the piezoelectric
material |ayer each corresponding to a magnitude of a force with which the
slider contacts the disk of the disk drive, and wherein a first bending
node of a body of the slider body can be determ ned based on a sum of the
first and second voltages. 13. The suspension according to claim11, further
conprising a wite-inhibit circuit responsive to the sensor signal by
inhibiting a wite operation of the disk drive. 14. The suspension

accor dndg battonh portich3of theeseednd tegnwof the-piedvelsictriccmatetiak layercivhere sheaslider | t er

circuit conditiaoning the sensor.signal. 15. The suspension accardin 0

1 o mooniackhsrdin PRk AR 1 AaLANS SeEom VoURESS AEPe Ty T ens G RAHE Tefhe
passb | r :9&5]1 Qe g | ' to
cl ai m%%gp(gl@ﬁ;ésr é‘?dn@lf ﬁ)@&?ﬁ}% er i T cul ?I?S?s a %cioéﬁ_r ?%-a[@{s% (?f}{ﬁ?g{ré%‘ﬂgb\}?ﬁg%&iamg

passbaggdr tdutcon®spaddingt toanmadhinuitle 3f Mfgrce With Whieh shespidas camacethe rdikknef the
claim 14, wherein the filter circuit is a bandpass filter having a
passbaligk dsdewtih about 20 kHz and about 2 MHz. 18. The suspension according

to claim14, wherej ' PGl M oUlt. | . fig '
passband corresﬁgﬁﬁgﬁégﬁgﬁg%@%Pfgmﬁﬁ@%HSPéﬁ%ﬁgﬁggggﬁ%?ﬁéhgﬁ% é&%M¥%Qt$%e
suspeQﬁyq%nggggﬁnhagxbﬁdQbmgﬁg14, wherein the filter circuit is a passband
filter having a narrow passband at about 200 kHz. 20. The suspension

according to claim 14, wherein the filter circuit is a bandpass filter

having a passband, ortespendi ng.b 8, 3R 0 A REBHAORIPHG: i GIHE BRYodbetAc PodY
material layer generates a first voltage between a top portion and a bottom portion of the first
region of the piezoelectric material layer when the slider contacts the disk of the disk drive, the
second region of the piezoelectric material layer generates a second voltage between a top portion
and a bottom portion of the second region of the piezoelectric material layer when the slider
contacts the disk of the disk drive, the first and second voltages respectively generated between the
top portions and the bottom portions of the first and second regions of the piezoelectric material
layer each corresponding to a magnitude of a force with which the slider contacts the disk of the
disk drive, and

wherein a first bending mode of a body of the slider body can be determined based

on a sum of the first and second voltages.

13.  The suspension according to claim 1, further comprising a write-inhibit circuit

responsive to the sensor signal by inhibiting a write operation of the disk drive.

14.  The suspension according to claim 13, wherein the write-inhibit circuit includes a

filter circuit conditioning the sensor signal.

15. The suspension according to claim 14, wherein the filter circuit is a low-pass filter
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21. The suspension according to claim 14, wherein the filter circuit is a
passband filter having a narrow passband at about 1.6 WMHz. 22. The

suspensi on according to claim 14, wherein the filter circuit is a passband
filter having a passband that includes about 200 kHz and about 1.6 MHz. 21

having a passband that is greater than about 20 kHz.

16.  The suspension according to claim 14, wherein the filter circuit is a high-pass filter

having a passband that is less than about 2 MHz.

17.  The suspension according to claim 14, wherein the filter circuit is a bandpass filter

having a passband between about 20 kHz and about 2 MHz.

18.  The suspension according to claim 14, wherein the filter circuit is a bandpass filter

having a passband corresponding to about a pitch frequency of the slider.

19.  The suspension according to claim 14, wherein the filter circuit is a passband filter

having a narrow passband at about 200 kHz.

20.  The suspension according to claim 14, wherein the filter circuit is a bandpass filter

having a passband corresponding to about a bending mode frequency of a body of the slider.

21.  The suspension according to claim 14, wherein the filter circuit is a passband filter

having a narrow passband at about 1.6 MHz.

22.  The suspension according to claim 14, wherein the filter circuit is a passband filter

having a passband that includes about 200 kHz and about 1.6 MHz.
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