WO 99/ 66498

PCT/ US99/ 13440PCT WORLD%%A?EWRWOPTY spl N S :'f.

of te

ey ANTERNATIONAL APPLICATION PUBLISHER UNDER TrE pATHNI SRR Rl Freaty e

spi n| Stdnternational PatentClagsification fi: ng (11) GiléHhatiokal Publi@ash NabaI bl | es W9@9d166498

i n cONPUGEIB 5ASS] Fi6E}29/02, B23Q 1/38 Al

Over the past decade, har

di sk{drive storage capacities have ihcr gd4® nternational PublicationciPpget: i (23 IDbopmbei19995(23.12.99)

incrgase 1n storage capacity has resulted,
advah@irintemstivhal dppligation Nudbey:e| o p rRET{US9Y/ 134401
r ead I.te head el nt... Thi q
e Rd et ptas Dy TR omg ek o]
virtpally all of the read heads

advap@edPriovitg Bat ogy heads, require acceptd
The ¢l ect PPP80% har ac iEPrsPPRE768) he r Fad

known in the industry as an el eg

I ncof JOrApblesnta NDOVER) DNSTRUMENT CORPORATIONWHI Ch raurd £8

r ead| head [V§{US9n208 dlanders Rfiad; |P.QfrBoy 200, Westhorm t
I ncl pdes M?)‘é%’&ls)posi tioning stage and a
The plipabvedtsrdt! GREENIS Phikp, S | 1 G0E Qi
test|the MHygiem] A 02043 adrm&mrmatm%gﬁajgﬁl t‘;%o

M part, fromtuhe raprdty 5
ésinbegigmited Stageen UL CA,iANy CBHU, BE, IN, JP, KR,

e R st i
gto ol af ‘g&t » CY,
manuf gt ur ed, "and c’%n'y B N P
nce - testing. 10

hbigxg are qualified on what is
ey bt st device
_ expirdiod B theOfhie 104 j‘érhﬁtending the
| Oon  claims and to be plpelilishedt ivhd Swdtt|of Ye receipt of
m cr opretoni ng st age.
phi sticated el ectronics which
ugh the electrical qualification

of the reﬁ"dﬁﬁg‘?a‘b esveores M7 Q1591 (US). TOWNSEND, Jays been demandi ng, the notion
requ| r emenf@*h ~'€P§a§|sgﬁf’?te*wﬂt°éiﬁﬁé?s%have only recently pushed

the | éniAlgent:0PARYRVAGH | 58m;t @R Yol BY Stewart, Ex-
t wo Bt age cirmge iPler, $3\Staecived:, \BostahaMh Y2 10D(US). St $
posifioning stage and a m cropositioning $
the pata is 20 stored along a spiral
spac| ng between tracks is as dense

As stated above, a
of a coarse
tage. In a conputer disk drive,
track on the disk. The radial
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(57) Abstract

Spin stand platform having split
axes. The platform includes an air
bearing spindle stage (16) supporting a
test disk and constrained for motion in a
plane on a surface along a first axis. A
micropositioning stage air bearing (12)
is provided which is constrained for
motion in the plane on the surface along
a second axis orthogonal to the first
axis and the micropositioning stage is
adapted to support a read head element
under test. First and second actuators
move the stages to desired locations. At
the desired location, apparatus removes
air from the air bearings to lock-down
the stages to the surface at the desired
locations. It is preferred that the air
tgearings be vacuum preloaded and that
linear motors be used to move the stages.
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: which mimics the motions of the read head in an actual disk drive. The motion

platform usually includes a coarse positioning stage and a micropositioning stage.
Thé electrical tester also incorporates sophisticated electronics which test the read
15  head element. Although the electrical qualification of the read head element has
always been demandiﬁg, the motion .requirements of the electrical tester have only
recently pushed the limits of available technology.
As stated above, a two staée motion system typically consists of a coarse
positioning stage and a micropositioning stage. In a computer disk drive, the data is
20 stored along a spiral track on the disk. The radial spacing between tracks is as dense
as 10,000 tracks per inch (tpi), currently, and as dense as 30,000 tpi is planned in the -
future. In order to qualify the performance of the read head, it is desirable to have the
| capability to move the head in discrete motion increments which are two orders of
magnitude (10%) less than the track spacing. At 10,000 tpi, this is a motion increment
25 of 1 pinch (25 nanometers). These fine motions are performed by the '
micropositioning stage which typically includes a piezoelectric crystal which expands
and contracts in response to an applied 'voltage. This device has a very limited range
typically on the order of 10 pum, so that it is necessary to reposition the entire
mi_cropositioning stage in order to test the read head at different locations on the disk.

30 Most electrical tester configurations require a full range travel of 100 to 150 mm. In
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2 P 15 ?4,400 r%m.' A coarse positioning stage moves the read head to a first test position

and the read head is commanded to perform an adjacent track erase, in which all
magnetic information on the disk is erased for the test track and for the adjacent inner
and outer tracks. The read head is then commanded to write a stream of data to the
disk of some finite length, typically less thah a full rotation of the disk. The

20 micropositioning stage then moves the head “off-track”, usually to the position of
what would be the next adjacent track to verify that the magnetic information from
the test track cannot be sensed from the adjacent track. The micropositioning stage
then moves the head across the test tract in discrete motion increments as small as 25
nm to correlate the intensity of the magnetic data on the fest track to the radial

25 position on the disk. In many newer heads in which the read and write heads are not
co-located, this test also determines the relative spacing of the read and write
elements. The coarse positioning stage is then moved to subsequent test points and
the above steps are repeated. At the end of the test, the coarse positioning stage fully
retracts to the load position and the read head assembly is exchanged for an untested

30 assembly.

In order to optimize the total cycle time for the test sequence, it is highly

desirable for the discrete motion increments of the micropositioning stage to be
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of positional stability. The 25 .. typical stability requirenent for_ the

coarse positi oni figsisablgyforithe qogrsppsitigpingstage tmhave a 1st mode natural frequency in
excess of 1 kHz.

Due to the continually increasing storage density of disk drives, the testing of

20 read/write heads currently in development will require levels of position stability that
is difficult to achieve with current technology. In addition, constant price pressure
due to a competitive marketplace is requiring increases in manufacturing throughput.
As aresult the spin stand plétform now needs to move the read head under test more
rapidly while at the same time providing a high level of positional stability. The

25 typical stability requirement for the coarse positioning stage is to have no more than
+10 nm of variation in position over a period of several seconds. An additional
requirement is that once positioned, the coarse stage must be extremely rigid so that
reaction forces from the moving piezo stage and imbalance forces from the rotating
spindle induce very little motion (in the form of vibration) in the coarse positioning

30 stage. The relative position of the read head with respect to the spindle must remain
stable within the =10 nm band; thus any motion of the coarse positioning stage will

compromise this level of performance.
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conmput er disk drives. Summary of
the I nvention I n one aspect, the spin stand platform

i ncl udes an air bearjng spindl t ; . . .
' In gne a%lpect, tﬁe gpig%t%.nd platform includes an air bearing spindle stage

10 supporting a test disk and constrained for motion in a plane on a surface along a first
axis. An air bearing micropositioning stage is constrained for motion in the plane on
the surface along a second axis orthogonal to the first axis, the micropositioning stage
adapted'tb support a read head element. A first actuator is provided for moving the
spindle stage to a desired location along the first axis and a second actuator is

15 provided for moving the micrdpositioning stage to a desired location along the second
axis. Apparatus is provided for removing air from the spindle stage and the |
micropositioning stage air bearings to lock-down the spindle stage and the
micropositioning stage to the surface at the desired locations. In a preferred
embodiment, the air bearings for the spindle stage and the micropositioning stage are

20 vacuum preloaded to hold the stages rigidly in place at the test position. In another
embodiment, a quick dump valve is provided to supply air to the air bearings which
results in rapid operation.

In another aspect, the air bearings include a large central vacuum region to
_create high preload force and small vacuum regions proximate the air bearing inlets
25 for rapid removal of air from the bearings.

It is also preferred that the first and second actuators be linear motors.

Brief Description of the Drawing

30 Fig. 1 is a perspective view of the high stability spin stand platform of the
invention. ' '

Fig. 2 is a bottom view of a micropositioning stage air bearing.

4
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Fig. 2 is a bottomVview o oning stage air bearl
4 test position, the air is removed from the air bearings and the stages are vacuum

preloaded directly into contact with a granite surface providing exceptional rigidity.

15 As will be seen below, techniques are disclosed which allow the air to be purged from
the air bearing very rapidly. Also, because the air is removed from both stages, there
is not a relative height change between the disk and the head under test. The vacuum

- locked stages of the invention provide the required stiffness of greater than 1 kHz
which traditional stacked stages cannot.

20 With reference now to Fig. 1 a high stability spin stand platform 10 includes a
micropositioning carriage 12. Those skilled in the art will appreciate that the
micropositioning carriage 12 includes a micropositioning module (not shown) such as
a piezoelectric actuator and a read head under test (not shown) will be carried by the
micropositioning module. The micropositioning carriage 12 moves along a single

25 axis under the control of a linear motor 14. An incremental position encoder 15
responds to the position of the carriage 12.

An air bearing spindle carriage 16 supports a magnetic disk (not shown) for
rotation. The air bearing spindle carriage 16 moves along an axis perpendicular to the
direction of motion of the carriage 12 under the control of a linear motor 18 in

30 response to an incremental position encoder 19. The carriages 12 and 16 ride on a
smooth, flat granite base 20. A steel support frame 22 supports the granite base 20,
typically through a pneumatic isolation system. The support frame 22 also supports a

5
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lock down technique makes this split axis cdnﬁguration viable. As will be discussed
below, the design of the air/vacuum bearings which use a large central vacuum region
15 to achieve a high preload force and small vacuum regions within the air bearing pads
to facilitate the rapid removal of air from the bearings contribute to the high
-performance of the spin stand platform of the invention.

Figs. 2 and 3 show the air bearing surfaces used on the high stability spin

stand platform of the invention. As background, an air bearing is formed when

20 pressurized air is introduced into the gap between two flat plates. In order for the air
bearing to support a load, there must be a positive pressure in the region between the
flat plates. Because air has very low viscosity, the gap between the two plates needs
to be very small in order for the surface friction between the plates and the air to
restrict the flow of the air, thus creating a pressure differential. Typically, the gap is

25 on the order of 5 to 10 pm. This very small gap also requires that the plates be flat on
the order of 2 pm. making the air bearings difficult to manufacture.

The pressurized air in the gap between the plates has a natural tendency to
expand resulting in an increased gap. As the air expands, the air film pressure is
reduced which reduces stiffness of the air ﬁlm'. Because a stiff air film is desirable,

30 the gap must be reduced. This reduction is accomplished by introducing a force

opposite to the film pressure. This mode of operation is referred to as “preloading”
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What differs in this air bearing design from conventional air bearing designs is
15 that in addition to the large central vacuum regions 30 and 34, the small regions 32
and 36 are included between the inlet orifices 38. In addition to preloading the air
bearing, these regions also help to evacuate the air film when the supply air pressure
is turned off. This configuration facilitates the rapid “lock down” of the bearing of
the invention. Without these regions 32 and 36, the air film would have to be
20 “squeezed” out from between the plates. The addition of these regions significantly
reduces the time for the system to achieve full stability after the lock down is applied.
It is preferred that a pneumatic “quick dump” valve 50 as shown in Fig. 4 be
used to supply air to the air bearing carriages 12 and 16. Supply air is turned on and
off electronically using a solenoid controlled air valve (not shown). In order to
25 overcome the restricted flow of a solenoid valve, the quick dump valve 50 is used at
the air inlet to the carriage. The quick dump valve 50 employs a moveable rubber
seal 52. The moveable rubber seal 52 opens and closes a large, free flowing exhaust
port 54 in the valve. As long as the supply pressure at an inlet 56 is higher than the
pressure in the bearing (and in an outlet port 58), the exhaust port 54 is closed. As
30 soon as the supply pressure drops (when the solenoid valve is switched off) the rubber
seal 52 opens the exhaust port 54 allowing the pressure in the air bearing to drop

rapidly. The quick dump. valve 50 thus allows the solenoid valve to be remotely

7
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configuration V|qa“El) be di scussed bel ow, the design of
t he air/vacuum beari rifjse symemfuheuuentmrg@rmedcsrfaicuodcmnegMoﬂn TKEMOVIngt o
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beari ng pag parts, no Wegy aflgﬁ‘f’lr‘?‘l“é‘gg maiptepance in ﬁ%ﬁg o\f%tfbréﬁapo? P{)Pr?rf?‘fléc
bearings contri bibg, ?eﬁt'b?c&hﬂ&hents This is axﬁijbf SdvaRihge o%r ltnBﬁoﬁ Bﬂaﬁes%ﬁ@ﬁiuse
platformof the i venlon gs. 2 and show the air
bearing surf acedeadsertwsrant nalling glemcnabndrmgywhp]meqmre both lubrmaann apd perfastion
of the invention. rAs background, an air bearing is formed when 20
pressurized air FBaf "rﬁ‘?‘ﬁduced into the gap between two flat plates. In
order for the air - é:e noﬁ%éhfwioh%ﬁﬁ'&l&}rzuc‘%nﬁ@ﬁ%ehﬂ@cfr%dwl%tltl%dqs to
positive pressure in th region between t | at pl ates. Because
air- has vy | ovmovethesatriages Yeargllé tbelemﬂiommmmmmtomcbby pesitien encoders 15
to be very small i the ,syrface frigtjon, | at e and

_ |n10r er far ? tvveen é&o
the air 0 19 Ui greyal ahg dpsitsg, IofatioRett s apidly emored fropythe of hsakng o
differential . Tyildighhie ﬁl&?uﬂﬂgvhﬁﬁgé wl-Hch 1oks ﬂqlé%aﬁ{a%% 19%&18%&& grﬁﬁﬂe] m

This very smal |- gap al so req | at es
order of 2 [err]base20kiAbthis tumefine pmammmlwsﬁnéﬂts atelmad&)byranuémpbunemng
The pressurized

' in th bet t he t h t t end t
expand resulti ngf%%’%“ﬂaﬁafmgf’@% lec&\afn%%qu a e 3‘3&% %t#ﬁraaa ‘Sﬁeﬁﬁﬁé’ °
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Because a stiff alr filmis désirabl he gap nust be reduced. This
reduction is acmﬁmlm@hedamblixmkwuﬁphignmmwo msec ofthentqypwmpéettoa t he

Ll mpressure. TR R his BerrOntt i tkebstional, 7 8Ven Miofe draRiafic 34 that the linear

motor driven stages 12 and 16 offer faster move velocities than leadscrew stages of

the prior art that they replace. The data shown in Fig. 5 was taken with stages 12 and
20 16 moving at a peak speed of 350 mm per second and with an acceleration rate of 0.2
g. With these move parameters, a full travel 100 mm move and settle (including
brake release, move and brake reengagement) take 600 msec as opposed to 1.0 to 1.5
seconds for a leadscrew stages in the prior art. It is thus seen that the high stability
spin stand platform of this invention provides the capability of both increased
25 positional stability and higher throughput demanded by the marketplace.
It is recognized that modifications and variations of the invention disclosed
herein will be apparent to those skilled in the art. It is intended that all such
modifications and variations be included within the scope of the appended claims.

What is claimed is:
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16 stage and the micropositioning stage are vacuum preloaded.

17 3 The spin stand platform of claim 2 further including a quick dump valve to
18 supply air to the air bearings.

19 4, The spin stand platform of claim 2 wherein the air bearings include a large
20 central vacuum region to create high preload force and small vacuum regions

21 proximate air bearing inlets for rapid removal of air from the bearings.

22 5. The spin stand platform of claim 1 wherein the first and second actuators are
23 linear motors.

24 6. Air bearing comprising:

25 a substantially flat plate including a plurality of spaced apart inlet regions into
26 which air flows; and |

27 a vacuum region disposed between the inlet regions.
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2 1. Spin stand platformconprising: 3 an air

beari ng spi W1 99/664%8ge supporting a test disk and constrai ned PEIUSBYINA 4

in.-a plane on a surface along a first axis; 5 an air bearing

m croposi tioning stage constrained for notion in the plane and 6 on

the surface along a second axis orthogoqga/( the first axis, the

m cropositioning 7 : stage adapted t sdﬁbort a read head el enent; 8

a first actuator for nmoving the spindle stage to a desired | ocation al ong

the first 9 axis; 10 a second actuator for noving the

m cropositioning stage to a desired |l ocation 11 al ong the second

axis: and 12 apparatus for renoving air fromthe spindle stage

and the m cropositioning 13 stage air bearings to | ock-down the

spindl e stage and the mcropositioning stage to the 14 surface at the

desired | ocations. 15 2. The spin stand platformof claim1l

wherein the air bearings for the spindle 16 stgge and the

m croposi tioni ng stage are vacuum prel oaded. 17 ) The spin stand

platformof claim2 further including a quick dunp vajve to 18 supply

air to the air bearings. 1& b;4u The spin staryd platformof claim?2

wherein the air bearings i¥icludesa | arge 20 =central vacuumregion to

create high preload force hnd s | vacuum regi on¥ 21 proxi mate air

bearing inlets for rapid rapmovalsgof air fr l j
. W

FIG.4
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