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1 CONTAM NANT REDUCTI ON SYSTEM FOR DI SK DRI VES BACKGROUND OF THFW (s

NVEN?ICN Techni cal Field The present invention relates to
contanlnant reducti on systens for entrapping condensed contam nants within
an encl osure of an electronic device such as a disk drive assenbly in
whi ch a di sk head is disposed. Description of the related art Many
types of electronic devices feature a housing wwth a closed interior having
at least one critical conponent |ocated within the interior which would be
-adversely affected by condensed voltatiles generated within the cl osed
environment. For exanple, a typical- disk drive in a conputer assenbly is
housed in a box or cabinet which contains the head-di sk assenbly, one or
nore power supplies, electronic circuit boards, or like
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SPECIFICATION

TO ALL WHOM IT MAY CONCERN:

BE IT KNOWN that we, Don R. Gillis, a citizen of the United States of
America, residing in the city of San Jose, California; Andy M. Homola, a i
citizen of Australia, residing in the city of Morgan Hill, California; David H.
Jen, a citizen of the United States of America, residing in the city of San
Jose, California; and Erhard Schreck, a citizen of Germany, résiding in the

City of San Jose, California, have invented new and useful improvements in
a

CONTAMINANT REDUCTION SYSTEM FOR DISK DRIVES

of which the following is a specification:
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2 conponents nmaking up the drive assenbly. The head-di sk assenbly, in
sparticular, is isolated within the closed interior in order to exclude

ai rborne particles and |i ke contam nants which m ght danage the magnetic
media or other fragile surfaces. In use, nodern disk drives often operate
at hi gher tenperatures than did the ri-or art drives. For exanple, a

typi cal internal operfag $gs m ght be on the order of 70[err]C
Thus a greater tenperfa EE%
tenperature surrounding tﬁ

exi sts between the anbient

Ad the tenperature of the interna
conponents. A higher operating tenperature Ieg
the various file conponents of the drive head and subsequently to a higher

ds to hi gher out-gassing of
concentration of gaseous material g ,i é‘ﬁl d [ Wien a di sk
drive is deacti'vated and the air M 6”& ﬁ&'@@‘a‘.‘@%@@?@“

1.  Technical Field:

The present invention relates to contaminant reduction systems for
entrapping condensed contaminants within an enclosun_'e of an electronic
device such as a disk drive assembly in which a disk head is disposed.

2. Description of the Related Art:

Many types of electronic devices feature a housing with a closed
interior having at least one critical component located within the interior .
which would be adversely aﬁécted by condensed volatiles generated within
the closed environment. For example, a typical disk drive in a computer
assembly is housed in a box or cabinet which contains the head-disk
assembly, one or more power supplies, electronic circuit boards, or like
components making up the drive assembly. The head-disk assembly, in
particular, is isolated within the closed interior in order to exclude airborne

- particles and like contaminants which might damage the magnetic media or
other fragile surfaces. In use, modemn disk drives often operate at higher
temperatures than did the prior art drives. For example, a typical internal
operating temperature might be on the order of 70°C. Thus a greater
temperature differential exists between the ambient temperature surrounding
the housing and the temperature of the internal combonents. A higher
operating temperature leads to higher out-gassing of the various file
components of the drive head and subsequently to a higher concentration
of gaseous materials in the file environment. When a disk drive is
deactivated and the air within the enclosure cools, water vapor and gaseous
components of the type described tend to condense. Condensation of
these materials at the head-to-disk interface within the disk drive can cause
severe operational problems and limit the useful life of the disk drive.
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wat er vapor and gaseous conponents of the type described tend to condense.
. Condensation of these naterials at the head-to-disk interface within the

di sk drive can cause severe operational problens and limt the useful life
of - the disk drive. ' - 3 -

One previously attenpted solution to the problem of condensation within

di sk drives has been to use a chem cal dehum difier or desiccant within the
encl osure. This expedi ent does not elinmnate problens in all cases,

however. In the typical installation, the desiccant canister which holds

t he desi ccant nust be changed at reguPar I nterval s and the desiccant itself
can becone entrained or otherwi se carried by the circulating air within the

closed interior, ga uaﬂe{}iguslpeaﬁgﬁﬁa't&f 8Bfutibf t6 ﬂ‘?ecbro‘ﬁﬂénl? of BSndBrdhafiors Ur f aces

within disk drives has been to use a chemical dehumidifier or desiccant
within the enclosure. This expedient does not eliminate problems in all
cases, however. In the typical installation, the desiccant canister which
holds the desiccant must be changed at regular intervals and the desiccant
itself can become entrained or otherwise carried by the circulating air within
the closed interior, causing the desiccant to react with the media surfaces
of the disk head to the detriment of the smoothness and integnty of the
media surface.

Peltier type devices have also been used in the prior art in a varisty
of different applications within the electronics industry. The typical Peltier
effect device has a thermocoupled 1unctlon and conductors for oonduchng
current through the junction. The ]unctlon is housed in a module that has
two opposing surfaces in heat communication with the respective sides of
the junction so that, upon passage of current through the junction, there will
be a temperature differential between the two opposing surfaces of the
module. These devices have been employed in heating and/or cooling
applications for elec’crieal and other equiprnent. Typically, such Peltier
elements dehumidify air by condensing water vapor within air flowing
through a defined air passage and 'are dependent upon maintaining a
controlled air flow for their effectiveness. Vapor drains have also been
utilized in the prior art. These drains are filters that absorb specific
_substances. They can become contaminated quite easily, however, and
lose their functionality. ' |

A need exists, therefore, for a contaminant reduction system for an
electronic device having a closed interior and at least one critical component
located within the interior which is capable of effectively trapping and
containing condensed volatiles present within the closed interior.



of the disk head to the detriment of the snoothness and integrity of the
,edi a surface. Peltier type devices have al so been used in the
prior art in a variety of different applications within the el ectronics

i ndustry. The typical Peltier effect device has a thernocoupl ed junction
and conductors for conducting current through the junction. The junction is
housed in ‘a nodul e that has two opposing surfaces in heat conmmunication
with the respective sides of the junction so that, upon passage of current
through the junction, there will be a tenperatyre differential between the
two opposi ng surfaces of the nodul e. These devi'ces have been enpl oyed in
heating and/ or cooling applications for electrical and other equipnent.

Typi cal ly, such Peltier elene dehym.di i "
within air flowng thr ougﬁ‘%9%5?%%£H%E%@ﬁﬂ@%a§€%n%ﬂ’é&ﬁ’ﬁ%
mai nt ai ni ng a cont r ol dimplesih 'dekignvandasconberiical ¢ hranufacturess. Vapor dr ai ns

have al so been utilized in the prior art. These drains are filters that
absarb specific substances. They can becone contaninated quite easily,
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or a contam nant reduction_systemfor an ectropni ¢, deyi ce, hayi ng

closed interior and cRon-eRegificol @?i@@ﬂsﬁmm g@!ﬁge@bﬁﬁ’ ntﬁ?f@by
interior which is ca &“ﬂ e biflioR 'stbsate! ai ni ng condensed
vol atiles present wt |{r’1 t écﬁ%&;@ﬁ I nt%frtli.'g?.?’e ol _ -

A need also exists for such a system which effectively traps
undesirable condensed volatiles and which holds the trapped substances
through capillary forces in a getter material in order to prevent the
condensed volatiles from again evaporating.



-4- A need al so exists for such a contam nant reduction system
«Which is sinple in design and econom cal to manufacture. A need
al so exists for such a contam nant reduction systemwhich is non-specific
to the condensed contam nant bei ng absorbed, thereby preventing

contam nation of the absorption substrate.. A need al so exists for
such a system which effectively traps undesirabl e condensed volatil es and
whi ch hol ds the trapped substances through capillary forces in a getter

material in order to prevent the condepsed volatiles fromagain
evapor ati ng.

SUMMARY OF THE INVENTION

The contaminant reduction system of the invention is intended for use
with an electronic device having a housing with a closed interior and having
at least one critical ooinponent located therein which would be adversely
affected by condensed volatiles within the environment of the closed interior.

. The contaminant reduction system includes a thermoelectric heat transfer

. element located within the closed interior of the electronic device. The

. thermoelectric heat transfer element is selectively located for condensing

. volatiles present within the closed interior at a predetermined location within
the closed interior. A getter material is located within the closed interior of
the electronic device for permanently trapping and maintaining condensed
volatiles which are condensed by the thermoelectric heat transfer element
at the 'predetermined location within the closed interior of the electronic
device. B

Preferably, the contaminant reduction system is used with a disk drive
assembly having a housing with a closed interior. A head-disk assembly is
located within the closed assembly which would be adversely affected by
condensed volatiles generated within the assembly. A Peltier element is
located within the closed interior of the disk drive assembly for condensing
volatiles present within the closed interior at a desired condensation point
within the closed interior. The getter material is located within the closed

 interior of the disk drive assembly at the preferred condensation-point for
' permanently trapping and maintaining condensed volatiles which are
condensed by the Peltier element. The getter material is preferably a
permanent getter material comprised of microporous metal. Most
preferably, the permanent getter material is a sheet of microporous sintered
metal such as sintered alumina having interconnected pores, wherein the
pores of the microporous sintered alumina make up at least about 50% of
the total volume of the getter material. The permanerit getter material is
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-5- SUMVARY OF THE | NVENTI ON The cont am nant
reduction systenlof the invention is intended for use with an electronic
devi ce having a housing with a closed interior and having at |east one
critical conmponent |ocated therein which would be adversely affected by
condensed vol atiles within the environment of the closed interior. The
contam nant reduction systemincludes a thernoel ectric heat transfer

el ement |l ocated within the closed interior of the electronic device. The

t hernmoel ectric heat transfer el enment é]s selectively |l ocated for condensing
vol atiles present within the closed ihierior at a predeterm ned | ocatian

W thin the closed interior. A getter material is |ocated within the cl osed
interior Vi for s n t ' nd ,mai nt ai ni ng.
condénsed \ﬂ)q ﬁ%@wg a%néégﬁ%%%!%‘ﬁgéﬁg ﬁﬁeﬁ%gmﬁ%@?‘ﬁ%& ﬂeat transfer
el .ement at votetilgetsskey heldi yecagilzey foroed withinithe pbres@f esemidroperousr  of the

el ectronic .
material.

Additional objects, features and advantages will be apparent in the
written description which follows.
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devi ce. Preferably, the contam nant reduction systemis used with
a disk drive assenbly having a housing with a closed interior. A head-disk
assenbly is located within the cl osed assenbly which woul d be adversely
affected by condensed volatiles generated within the assenbly. A Peltier
element is located within the closed interior of the disk drive assenbly
for condensing volatiles present within the closed interior at a desired
condensation point within the closed interior. The getter nmaterial is

| ocated within the closed interior of the disk drive assenbly at the
preferred condensation point for permanently trappi ng and mai ntaini ng
condensed vol atiles which are condensed by the Peltier elenment. The getter

material is preferably %ﬁ%ﬁﬁ&%@mﬁﬂéﬁbﬁ%bﬁj\“ﬁﬁwi sed of m croporous

netal . 'Most preferably, the permanent getter naterial Is a sheet of
m croporous sintered netal such as sintered al um na having interconnected

Penct”about 500 of TRAvel lnekufEs BefioVapbiieacsde orlo SyifuBA i'er 7 0
getter nuteri dorthdin the appended claims. The invention itself however, as well as a
preferred mode of use, further objects and advantages thereof, will best be
understood by reference to the following detalled description of an
ilustrative embodiment when read in conjunction with the accompanying
_ drawings, wherein:

Figure 1 is simplified, schematic view of a disk drive assembly
featuring the contaminant reduction system of the invention; and

Figure 2 is a simplified, schematic view of an experiment performed
to illustrate the heat transfer effect achieved with the Petier element which
is used to condense undesirable volatiles present within the closed interior
of the disk drive assembly of Figure 1.

st
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-6 - non-specific to the condensed vol atiles being trapped with the
«condensed vol atiles being held by capillary forced wwthin the pores of the

m croporous materi al . Addi ti onal objects, features and advant ages
will be apparent in the witten description which follows.
-7- BRI EF DESCRI PTI ON OF THE DRAW NGS

-8-

DETAILED DESCRIPTION OF THE INVENTION

Turning to Figure 1, there is shown in simplified fashion an electronic
devics, in this case a disk drive assembly, designated generally as 11. The
disk drive assembly 11 is comprised of a cabinet or housing 13 having a
normally closed interior 15 and having at least one critical component
located within the closed interior 15 which would be adversely affected by
condensed volatiles within the closed environment. In the embodiment of
the invention illustrated in Figure 1, the disk drive assembly 11 includes a
disk stack 17 mounted on a spindle 19, the stack being arranged for
contact with the head-disk assembly, designated generally as 21. While the

- invention has been described with reference to the disk drive assembly 11,
it will be appreciated by those skilled in the art that the contaminant
reduction system could have application for any electronic device having a
closed interior with critical components which would be adversely affected
by condensed volatiles. For example, the principles of the present invention
could be readily adapted to micromachining technology, high technology
sensors, and similar fields.

As has been mentioned, newer disk drive assemblies operate at
higher temperatures than did the prior art devices (typically about 70°C).
These higher operating temperatures lead to higher gaseous emissions of
the various file components of the disk drive, thereby contributing to a
_higher concentration of gaseous materials in the closed interior of the disk
drive housing. Condensation of such gaseous materials, among other
areas at the head-to-disk interface, can cause severe functional problems
within the system.

The present invention overcomes these and other problems present
in the devices of the prior art by producing a preferable location at which
condensation of the volatiles will occur. This solution leads to a drop of



The novel features believed characteristic of the invention are set forth

1 n the appended clains. The invention itself however,
preferred node of use, further objects and advant ages thereof,
understood by reference to the follow ng detail ed description of an

as wel |

as a
Wi | |

best be

I l.lustrative enbodi mrent when read in conjunction with the acconpanyi ng

drawi ngs, wherein: Figure 1 is sinplified, schematic view of a disk

drive assenbly featuring the contam nant

and

reducti on system of the Invention;

Figure 2 is a sinplified,_gchematic view of an experiment
performed to illustrate the heat transtfer effect achieved with the Peltier
el ement which is used to condense undesirable volatiles present within the

closed inter{,QorObrdstfire” withirf the/ CiGkede iHtdrior %t {Heddevicd housing at a

particularly desirable location and reduces condensation at other critical
locations within the assembly.

The present invention makes .use of a thermoelectric heat transfer
element (23 in Figure 1), which in this case is a "Peltier” element, in
combination with a “getter” material. The Peltier element 23 can be secured
to the housing sidewall 25, as by a suitable adhesive, such as an epoxy
adhesive, for example. The Peltier element has a hot junction on the side
in contact with the housing wall 25 and has a cold junction which contacts
a getter material 27. Electric current for activating the Peltier element 23 is
obtained from a power' supply through wire leads (not shown). The
thermoelectric heat transfer element operates on the principle of
thermoelectric (Peltier) cooling by actively transporting heat enérgy by
means of current carriers. As has been briefly mentioned, Peltier effect
devices have a thermocoupled ]unétion and conductors for conducting
current through the junction. The junction is housed in a module which has
two opposing surfaces in heat communication with the respective sides of
the junction so that, upon passage of current through the junction, there will
be a temperature differential between the two opposing- surfaces of the
module. The flow of heat energy causes a net temperature gradient to
appear-so that the temperature at the cold junction is lowered and the
temperature at the hot junction is increased. The thermoelectric cooling

_element has the advantage of having no moving parts and is relatively small

in size. Peltier elements are widely available from a number of commercial
sources. An example of a commercially available Peltier module that may
be used to practice the present invention is the Melcor "Frigichip" miniature
ceramic Module No. FC 0.6-66-06L.

As current is supplied to the Peltier module, the thermoelectric
cooling element 23 effectively transfers heat energy from the getter material

TeTay g
r e
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- 8- DETAI LED DESCRI PTI ON OF THE | NVENTI ON Turning to
Figure 1, there is shown in sinplified fashion an el ectronic device, in
this case a disk drive assenbly, designated generally as 11. The di sk drive
assenbly 11 is conprised of a cabinet or housing 13 having a normally.
closed interior 15 and having at |east one critical conponent |ocated
within the closed interior 15 which would be adversely affected by
condensed volatiles within the closed environnment. In the enbodi nent of the
invention illustrated in Figure 1, the_qhqk drive assenbly 11 includes a

H sk stack 17 nounted on a spindle 19, the stack being arranged for contact
with the head-di sk assenbly, designated generally as 21. Wile the

i nvention has j ' ' Y E: nbly 11,
1% 11 De. appebd 4ETRUBPEN LSS, Syid halits e b B olHoat SoRSRETY Y
reducti on syst defusesthe heat/to thegnmhient environmentrby naturak canvectiare vindhishavi ng a
.closed interior with. criti onponent LC | d.be adversel y. affected
by condensed vB’P&t'ﬁaéEﬂB&f’a&fa?ﬁr@e&mﬁeﬁ@#ﬁﬁ?’i‘%@@é%@“ﬁ% F‘gg B _
itrWﬁnt:on COU'QediEfafeﬂagﬁtl'nM _ﬂ#rdk?s_édlt gmteriorrmcbiedeteﬂn' ; mghpaimgw?_eﬂai 93 '
echnol ogy sensors, and sinmlar fi - \ as, been nentj oned,
newer di sk drg9@%@3@@‘?8@6@%@%@%@@@%@?&%9@% 4 t he
prior art devigRscibdetPinteor of 46 disk’ i, 'ohb)can actively and in a controlled
manner (allowing for power optimization and cooling temperature needed),
generate a cold area where condensation is preferable.

The Peltier element is preferably located in contact with a "getter”
material within the closed interior of the disk drive. By properly selecting the
*getter" material, the condensed volatiles will be trapped permanently in the
material at a desired location and will not be released, even whén the disk
drive assembly is turned off or heated up in a nonpowered-up state through
external heating.

The getter material used in the practice of the present invention can
be any material which effectively and permanently traps condensed volatiles
at a predetermined location within the closed interior of the electronic device
without becoming filled or saturated. Preferably, the getter material is a
micropdrous absorbant material, such as a microporous metal. Example
metals- include, for example, stainless steel, brass and alumina. One
preferred getter material is a thin sheet of microporous sintered alumina. |

Microporous sintered metals can be prepared in known manners.
For example, microporous sintered metals can be prepared by first mixing
together a quantity of bondable or sinterable ceramic powder, or mixtures
of different ceramic powders which will either bond or sinter together with
a polymer binder. A pore former is also typically mixed with the powder or
powders and polymer binder. The pore former can be any suitable solid
that can be removed by leaching, melting or pyrolysis. The pore former




These hi gher operating tenperatures |lead to higher gaseous enissions of the
.various file conponents of the disk drive, thereby contributing to a higher
concentration of gaseous naterials in the closed interior of the disk drive
housi ng. Condensati on of such gaseous materials, anong other areas at the
head-to-di sk interface, can cause severe functional problens within the
system The present invention overcones these and ot her problens
present in the devices of the prior art by producing a preferable |ocation
at which condensation of the volatiles 44J1 occur. This solution |eads to a

drop of _ _ -9- vapor pressure
within the closed interior of the device housing at a particularly

desirabl e | ocghayiAciadéla ibrbaROr ARtV Hilersht sii-Riblieatingproperties. The
polymer binder may be any thermosetting or thermoplastic resin that can be
readily mixed with ceramic powder or powders and the pore former. The
self-sustaining body is then consolidated to a shaped size, for example, by
pressure compacting by die pressing. The shaped body is then elevated
to sintering temperature to form a porous sintered ceramic body with cells
~ and interconnecting pores therebetween. The sintered ceramic body has
- smooth walled cells formed by the pore formers and pores with rounded
edges which interconnect the cells, the rounded edges forming transition
points between the cells and pores. '

The cell and pore characteristic may be controlled or affected by the
deformability, size, distribution and location of the pore formers and the
type, distribution and amount of lubricant used and also by the type of f
consolidation process used, the composition of the sinterable or bondable '
ceramic powder, or mixture of those ceramic powders and the type of
polymer binder which is used. The ceramic powders, as sintered to form
the ceramic body, should form a continuous, uninterrupted void free and
dense sintered ceramic matrix interspersed between the interconnecting '
voids and pores.

It is possible, according to known techniques, to thus provide a
ceramic body including a range of sizes and/or shapes of cells such that
either the size range is uniformly repeated throughout the ceramic body

" from one section thereof to another or the cell sizes are randomly arranged
and positioned throughout the body. The specification of the bondable or
sinterable powder used as the starting material depends upon the
application in which the ceramic body is to be used. However, alumina
(ALO,) may be used with appropriate sintering aids or binders such as, for
example, calcium alumino borate glass. Also useful as a sintering aid for
alumina are magnesium oxide and/or calcium oxide. A typical composition
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| ocations within the assenbly. ‘The present invention nakes use of a
‘t hernoel ectric heat transfer elenent (23 in Figure 1), which in this case
is a "Peltier" elenent, in conbination with a "getter” material. The
Peltier elenent 23 can be secured to the housing sidewall 25, as by a
sui t abl e adhesive, such as an epoxy adhesive, for exanple. The Peltier
el ement has a hot junction on the side in contact with the housing wall 25
-and has a cold junction which contacts a getter material 27. Electric
current for activating the Peltier eLq nt 23 is obtained froma power
supply through wire | eads (not shown). “The thernoel ectric heat transfer
el enent operates on the principle of thernoelectric (Peltier) cooling by

actively tra o ' has been
Br i of 1y ment ChRad sl s k0N obRANS pBlcbl s 805 \ABfs fhtend” 0 Pand
conduct or s f Al,0g with0:2 weight percamt MdO addéd.t Ap examplel aluominatis A168G i on i s
housed in a npdul e .whi ch.has .two pQsi s faces i.n heat ni cation
with the resﬁg'@me\?%g& %\@gﬂ? q%ﬁr@?#’@ﬁ'%#@%fw %M&ff‘%@%m current |
t hrough t he pitvertequivalenbhsources are Aisoavaitaieecornmerciallyf f er enti al between the
two opposing surfaces of the nodule. The flow of heat energy causes a net

tenperature gradient to appear so that the tenperature at the cold junction '

is |owered and t hehd ShEpRU2EIeR bdidsh BoRsisting BT the polyiner bindeEasdthe The
t hernoel ectric cooling el enment has the advantage of- having no _noving parts -

and is rel at Piptargble patamic powderare typically fired ia admacetabath simofitha | abl e from
Pel t1er nﬁﬁuﬁgﬁﬁ‘ﬁéﬁ'ﬁ‘.?ﬁ@é“ﬁi'%ﬁ‘#\%'?@Eﬁhﬁﬁm;gb?;ﬁ?ﬁ‘?h% o e he
Mel cor " Fri-grenamic beodyi aAsrtbecpoiymet binsden burnd offi-the cerasaicopewder
. particles move toward each other densifying as the particles sinter to each
other. Typically, the green body is placed in.a furnace which can be
controlled to vary the rate of increase in temperature per unit of time. When
the sinterable ceramic powder is substantially alumina, the temperature of
the furnace, for example beginning at about 150°C is raised to abodt 600°C
at a rate of about 10°C per hour to 30°C per hour. This step effectively
calcines the green body. No special atmosphere is needed as sintering of
the alumina will occur in air. At the point where the green body reaches
600°C,'any meltable pore former should have melted out or vaporized and
most, if not all of the polymer binder has burned off. Further details of the
preparation of such porous ceramic materials of the general type envisioned
for use herein can be obtained in the literature, including United States
Patent :No. 5,045,111, issued September 3, 1991, to the Carborunbum
Company and United States Patent No. 5,137,634, issued August 11, 1992,
to Alcoa International Limited. '

The operation of the combination Peltier element and permanent
getter material of the inventiori' can be further explained with reference to
Figure 2. In Figure 2, an experiment was carried out in which a metal box
29 having dimensions of approximately 10x15x5 cm was provided having
two silicon wafers 31, 33 in contact with the wall of the box, each of the
wafers having a temperature T1. An additional silicon wafer 35 was




As ‘current is supplied to the Peltier nodule, the thermoelectric cooling
;element 23 effectively transfers heat energy fromthe getter material
- 10 - 27 to the housing wall 25. The housing wall thus serves as a heat

sink and defuses the heat to the anbi ent environnent by natural
heat is conducted away fromthe getter material 27 and a cold
area is generated within the closed interior at a predeterm ned

In this way,

condensation is preferable. By selectively locating the Peltier el
within the closed interior of the diskagrive, one can actively and in a

controll ed nmanner (allow ng for power "~

needed), generate a cold area where condensation is preferable.

mounted within the closed interior of the box on a Peltier element 37 having
a temperature T2. At the bottom of the box 29, was placed a Squalane
reservoir 39 into which several drops of Squalane were placed in order to
saturate the box volume. The Squalane is a saturated hydrocarbon which
is intended to simulate the production of gaseous volatiles within the closed
interior of the disk drive system.

Experiment No. 1

Silicon wafer 35 was maintained at a 13 degree lower temperature
than the remaining wafers 31, 33, through the use of the Peltier element 37.

T1 = 61 degrees
T2 = 48 degrees

After 15 hours, silicon wafers 31, 33 had adsorbed nothing and
silicon wafer 35 had adsorbed 26 nm of Squalane. Assuming a
measurement inaccuracy of 0.1 nm, silicon wafer 35 cooled by the Peltier
element absorbed at least 260 times more condensed volatiles than did the
warmer silicon wafers.

Experiment No. 2

The silicon wafe_r 35 was removed and the Peltier element was turned

off. The temperature of the remaining silicon wafer 31, 33 was measured:

T1 = 61 degrees
T2 = 61 degrees

After 15 hours, silicon wafers 31, 33 had adsorbed roughly 0.3 nm
of Squalane.

convecti on.

poi nt where

enent

tim zation and cooling tenperature
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Thé Peltier elenent is preferably located in contact with a "getter"
,material within the closed interior of the disk drive. By properly

sel ecting the "getter"” nmaterial, the condensed volatiles will be trapped
permanently in the material at a desired |ocation and will not be rel eased,
even when the disk drive assenbly is turned off or heated up in a _
nonpower ed-up state through external heating. The getter materia
used in the practice of the present invention can be any material which
effectively and permanently traps condensed vol atiles at a predeterm ned

|l ocation within the closed interior of #he el ectronic device wi t hout
becoming filled or saturated. Preferably, the getter material is a

m croporous absorhant naterial, such as a m_croporous netal. Exanple netals

include, for exa ' expeiment showed that by praviding eng) eaal saot iprthe Hoxi er r ed
e onor ous. rlume, &%ﬂgyﬁﬁeﬁgspreggﬁeg | n%g}v\éﬁ?’ ﬁn%ﬁﬁﬁe*lwgg exanpl e,

M croporous sintered neta

m croporous stRvaperpressure withisythe box closed interisy. Byappropriatelylowedagher a

i ' : L C di f f t
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bi nder. A poreliminated The caldsareapshaves likers leaklinthe boxtinteorwherethe powder s

amoved by 1 SRR ey BREgetd b e n G B o o erem oS °°" °°

like a passage for the vapors to escape to the outside.

An invention has been provided with several advantages. The
contaminant reduction system of_'the invention utilizes a combination Peltier
element and permanent getter material to permanently trap undesirable
gaseous volatiles which have been condensed within the normally closed
interior of disk drive system. The getter material pérmanentljtraps the
condensates even when the drive is tumed off or heated up in a
nonpowered-up state through external heating. There is no desiccant
requiring periodic emptying of a desiccant canister. Because a vapor drain
is not utilized, a filter is not present whose efficiency would depend critically
upon the throughput of an airflow through the closed interior. Also, the
permanent getter material is not specific to the substances been absorbed
and therefore does not become contaminated or loss its functionality over
the normal life of the device. Once the condensed volatiles are trapped
within the getter material, they are held there by capillary forces within the
pore structure of the getter material and cannot re-evaporate. Unlike
current vapor drains which are known to be specific to certain organics and
molecular weight materials, especially the lower weight organic (e.g.
toluene), the getter material of the invention does not re-release such
entrapped condensates with time. The invention could also be easily
applied to other fields such as micromachining technology and high
technology sensor environments. '
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‘may include a lubricant or may have inherent self-lubricating properties.
sThe pol ymer binder may be any thernosetting or thernoplastic resin that can
be readily m xed with ceram c powder or powders and the pore fornmer. The
sel f-sustaining body is then consolidated to a shaped size, for exanple, by
pressure conpacting by die pressing. The shaped body is then elevated to
sintering tenperature to forma porous sintered ceramc body with cells and
i nt erconnecting pores therebetween. The sintered ceram c body has snooth
wal l ed cells fornmed by the pore forners aqg pores with rounded edges which
i nterconnect the cells, the rounded edges 'férm ng transition points between
the cells and pores. The cell and pore characteristic may be

Cocat on ot tho por e NN e iyetfiof 8 ech el sttt And HescrBef My,
lubricant used areferaheetda préferréd pmbotiinemtsowilldai uriderstood by thoseeskilledhe

conposition of te, 3l It HdVariodt RS nform and detail may be made therein

without departing from the spirit and scope of the invention.
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ceram c powder, or mxture of those ceram c powders and the type of pelyner
*bi nder which is used. The ceram c powders, as sintered to formthe ceramc
body, should form aW{rupt ed void free and dense sintered
ceramic matrix interspersed bet e i nterconnecting voids and pores.

.t is:possible, accorGy m E\t\“?hni gques, to thus provide a ceramc
body including a ra’ng?\“\ /"er shapes of cells such that either the
size range is uniformy repeat ed throughout the ceranic body fromon BEEN
section thereof to another or the cell sizes ape randomy m@SHEEEH&S_ =1
positioned throughout the body. The specificat &h of the benda IREMACED.. '
sinterabl e powder used as the starting material depends upqp -
application in which ' .i.s to be used. However, alum na
(Alferr]derr]) my &h&g@mgﬁ%wri ate sintering aids or binders such
as, .for exanple, calciumalumno borate glass. Also useful as a sintering

aid for alum na are nagnesi um oxi de and/ or cal ci ym oxide. A typica
conposi ti on 19" K contaminant reduction system for an electronic dblice o# the type

having a housing with a closed interior and having at least one critical
component located therein which would be adversely affected by
condensed volatiles, the contaminant reduction system comprising:

a thermoelectric heat transfer element located within the closed
interior of the electronic device, the thérmoelectric heat transfer element
being selectively located for condensing volatiles present within the closed
interior at a location within the closed interior;

_ a getter material located within the closed interior of the elgcuonic
' device for trapping and maintaining condensed volatiles which are
condensed by the thermoelectric heat transfer element at the location within

the closed interior of the electronic device.

2. The contaminant reduction system of claim 1, wherein the getter
material is mounted in contact with the thermoelectric heat transfer element
located within the closed interior of the electronic device.

3.  The contaminant reduction system ‘of claim 1, wherein the getter
" material is a microporous sintered metal.

4, The contaminant reduction system of claim 3, wherein the getter
material is microporous sintered alumina.

This Sheet Has Been Reilaced
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- 12 of a solid state phase sinterable ceram MQN
.percent Alferr](err] wth 0.2 weight percent MO a mt\m‘al um na
is A16SG commercially available from The Al um numi(ljm“)“m“m X

(Al coa). Cther equival ent sources are al so avail abl € <cormmretci Al 1.

The shaped "green bodi es" consisting of the polyner binder and the
sinterable ceram c powder are typically fired in a furnace to both burn off
't he polynmer binder and to sinter or bond the cergmt= I=T ‘por ous
cer a?ri c body. As the polymer binder bygns off,- tk&@%?@*#‘f %ﬁ@?ﬁ particl es
nove toward each other densifying as the particlgs si nREPLA ach ot her.
Typically, the green body is placed in a furnace Ich can be controlled to

vary the ratg, of AkohfMiRantTedREBS E%t%ﬁ?ﬁﬂiFH Brive ﬂseﬁr‘eﬁif%f r?é% t teh?g of the

sinterable ceram c powder is substantially alumna, t

furnace, for haviaga bousing with yclesedhiptasior aad[havinp@ head-diskeassemblybout
600 C at : q‘m&ﬁ . our. This
st eE)ere; 1‘ ec1z:i [ {%ﬁ/é%{:g'leﬁl?les vg&@é?gﬁ&@g@%‘y @é&e&fegy gph‘gﬁ%gﬁ&g% I s needed

as si nt er i nggenenates withinthedisk drive@ssembly,thaicontasiinarit eeduzitioh sydteme t he green .

body reachesggig@hghb]'c, any neltable pore forner should have nelted out or
vaporized and nbst,Sif not all of the polyner binder has burned off.
Further details of the preparation of such porous ceranmic materials of the

et udi ng” Uni oc SFBBE st loog o 58 eissod Fusiar e dhakcave, 1601 o

t he Car bor unassembly, the Peltier element being selectively located for condensing
volatiles present within the closed interior at a desired condensation point
within the closed interior;

a getter material located within the closed interior of the disk drive
assembly in contact with the Peltier element at the desired condensation
i point for trapping and maintaining condensed volatiles which are condensed
by the Peltier element, the getter material comprising a thin sheet of
microporous metal.

6. The contaminant reduction system of claim 5, wherein the getter
material is a thin sheet of microporous sintered alumina having
interconnected pores, and wherein the pores of the microporous sintered
alumina make up at least about 50% of the total volume of the material.

7. - The contaminant reduction system of claim 6, wherein the getter
material is non-specific to the condensed volatiles being trappéd, the
condensed volatiles being held by capillary forces within the pores of the
microporous material. |

This Sheet Has Been Re
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Conmpany and ‘United States Patent No. 5,137,634, issued August 11, 1992, to
sAl'coa International Limted. The operation of the conbination
Peltier elenment and_pernmanent getter material of the invention can be
further explained with reference to Figure 2. In Figure 2, an experinent
was carried out in 29 havi ng di nensi ons of approxi mately
10xI5x5 cm was provmunmmlg'mﬂ E licon wafers 31, 33 |n contact with
the wall of the box, each o e swakers hawngat P
additional silicon wafer 35 was
- 13 - nounted within the closed interior 88 -t he __ el enent -
37 having a tenperature T2. At the bottom of the ibe T was placed a

order To satirate Ehe Homodtiiet SR, rEboRY PamiafitRnf okt PuiioRCghe 1
whi ch generated within a disk drive assembly of the type having a housmg witha
’ closed interior and having a head-disk assembly located therein which
would be adversely affected by condensed volatiles generated within the
disk drive, the method comprising the steps of:

-locating a Pettier element located within the closed interior of the disk
drive assembly, the Peltier element being selectively located for condensing
volatiles present within the closed interior at a desired condensation point
within the closed interior;

locating a getter material within the closed interior of the disk drive

assembly in Lcontact with the Peltier element at the desired condensation

" pointfor trapplng and maintaining condensed volatiles which are condensed

by the Peltier element, the getter material comprising a microporous metal

having interconnected pores which provide a capillary network within the
metal;

operating the Peltier element to cool a selected region of the closed
interior of the assembly where condensation is desired, thereby condensing
undesirable volatiles onto the getter material whereby the condensed
volatiles are trapped within the capillary network of the getter material.

S. The method of claim 8, wherein the getter material is microporous
sintered alumina and wherein the pores of the microporous sintered alumina
make up at least about 50% of the total volume of the material.

10. The contaminant reduction system of claim 9, wherein the getter
material is non-specific to the condensed volatiles being trapped, the
condensed volatiles being held by capillary forces within the pores of the
microporous material. .
I —
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is‘intended to sinulate the producti on of gaseous volatiles within the
s closed interior of the disk drive system '

Experiment No. 1 Silicon wafer 35 was maintained at a 13 degree
| ower tenperature than the remaining wafers 31, 33, through the use of the
Peltier elenent 37. Tl = 61 degrees T2 = 48 degrees After 15

hours, silicon wafers 31, 33 had adsorbeggnothing and silicon wafer 35 had
adsorbed 26 nm of Squal ane. Assumi ng a neasurenent.inaccuracy of 0.1 nm
silicon wafer 35 cmN’HAMINAnNTF&EDUQTI@NeSMSTEbbEGRUéISIéDRI&@& 260 tines
nore condensed vol atiles than did the warnmer silicon wafers. -
Exper i ment ARSTRACT The silicon wafer 35 was renoved and the Peltier

el enent was turned off. The tenperature of the remminin SI| C fer 31,
33 was neasur ed® contaminant reductlrcr)II)l system is shown for a Elsk drr}ve gssem &q) ving a

closed interior (15) and slider disk components located therein which would be adversely
affected by condensed volatiles generated within the assembly (11). A Peltier element
(23) is located within the closed interior (15) of the disk drive assembly (1 1)soasto
condense volatiles present within the interior at a desired condensation point within the
closed interior (15). A getter material (27), such as a microporous sintered alumina, is
located within the closed interior (15) of the disk drive assembly (11) at the condensation
point for permanently trapping and maintaining condensed volatiles which are condensed
by the Peltier element (23).

Fig. 1



Tf = 61 degrees T2 = 61 degrees After- 15 hours, silicon wafers 31
*33 had adsorbed roughly 0.3 nm of Squal ane.

- 14 - The experinent showed that by providing one cool spot in the
box- vol une, everything preferentially condenses on that area, thereby

| owering the vapor pressure within the box closed interior. By
appropriately |l owering the vapor presng? wi thin the closed interior, the
saturated atnosphere is elinmnated. Thefcbl d area behaves |like a leak in
the box interior where the

) 11

- | S

N
N
\/l
. ! |
Qn
on
N
-
\.J

1

~le~ ™~ e
-n -
A W W A W A

Ll

[
” .
PR .

| % ARRIARX XX KKRN KA

QN

9

Fig. 1

2 & S

] e O /T I
I 1
! b I
! 0 !
! 0 0 0 !
! 0O O 0 0 1
! 0 0 I
! 0 0 0. .0 1
! 0o | 0 - |
i




vapor is actively extracted fromthe box. In other words, the cold aﬁ‘%’bﬁqo -6
acts.li ke a passage for the vapors to escape to the outside. An 100 ¢
‘invention has been provided with several advant ages. The cont am nant
reduction systemof the invention utilizes a conbination Peltier elenment
and permanent getter material to pernanedtly trap undesirabl e gaseous

vol atil es which have been condensed within the nornally closed interior of
di sk drive system ; i t capdensat es
even when the dri ﬁaﬁ?@mwwjﬁ%@ﬁm%*%%m -tp state

t hrough external heating. There is no desiccant requiring periodic enptying
of a desiccant canister. Because a vapor drain is not utilized, a filter is
not presenqvovaaﬁﬁquéEmend critically upon the throughput of
an airflow through the closed interior. A so, the permanent getter nmaterial
is not specific to the substances been absorbed and therefore does not
beconme contam nated or lose its functionality over tthe normal |ife of the
devi ce. Once tBE [MOKNOWNGhyiowe! Db R. aGillis, acgikees ofi the iUnited Stg@ted bLAmerica,
material, they are held there by capillary forces within the pore structure
of the gettesidingniretheatityaofl Sandosd, CaliferniqoAndy M.UHbmoba, calcitizen of adwstratinai ns
whi ch are known to be specific to certain organics and nol ecul ar wei ght

mat er i al s, resisiing: imtHeycityhof Mangan \BEllg KaliforgianiDavid Hy . Jenoh witizen, oft the Jpiteder
material of the invention does not re-release such entrapped condensates
with tine.Staigs af Amexicas rresidingdndhe 6itp ©f a8 Joge, a Galiferaiag andErbards Sehregk, auch

as m cromachi ni ng _t echnol o and .hi technagl o nsor _environnents.
citizen otg Germany, res% ing in the gﬂy o%%an Jose?%lafi?ornia, have Iinvented new and

useful improvements in a Contaminant Reduction System for Disk Drives of which the

following is a specification:

- [is St
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-15- - Whil e the invention has been particularly shown and desﬁr’h}@éﬁio".(,
wth reference to a preferred enmbodinent, it will be understood by those , P
skilted in the art that various changes in formand detail may be nade \W
therein without departing fromthe spirit and scope of the invention.
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.. A contam nant. reduct i on systemfor an el ectronic device of the t%ﬁe
Ravi ng a housing with a closed interior and having at | east one cr

conponent | ocated therein which would be adversely affected by condenseotlpogu
vol atiles, the contam nant reduction system conpri sing: a

t hernoel ectric heat transfer elenment |ocated within the closed interior of
the electronic device, the thernoelectric heat transfer el enent being

sel ectively | ocat ehNPAMBPPANTREDUCPION SYSTEVMSFOR DK DRIVES Cl osed

interior at a location within the closed interior; a getter
mat eri al IBAGKEGROUND OF THE INVENTIONr i or of the el ectronic device for

trapping and maintaining condensed volatiles which are condensed by the
t her noel e(RechnichEbField r ansfer el ement at the | ocation within the cl osed
interior of the electronic device; and wherein the getter materi al
is a mcropordihe prasemr memmrelates to contaminant reduction systems for entrapping
condensed contaminants within an enclosure of an electronic device such as a disk drive
assembly in which a disk head is disposed.
Description of the related art
Many types of electronic devices feature a housing with a closed interior having at
least one critical bomponent located within the interior which would be adversely
- affected by. condensed voltatiles generated within the closed environment. For example,
a typical disk drive in a computer assembly is housed in a box or cabinet which contains

the head-disk assembly, one or more power supplies, electronic circuit boards, or like

REPLAGEMENT sHEET

05 JAN 1998




2 i The contami nant reduction systemof claim1, wherein the getter
material is nounted in contact with the thernoel ectric heat transfer

el ement |located within.the closed interior of the electronic device. 3.
The contam nant reduction systemof claignl, wherein the getter material is
m croporous sintered al um na. 4. A contam nant reduction systemfor a

di sk drive assenbly of the type having a housing with a closed interior

12 gt Gt bl sy e i st O 8

t he cont aisolued wieltiti Ctheoolosats timteriopnipr orfengo exclude airborne particles and like
contaminants which might damage the magnetic media or other fragile surfaces. In use,
modern disk drives often' operate at higher temperatures than did the prior art drives.
For example, a typical internal operating temperature might be on the order of 70°C.
Thus a greater temperature differential exists between the ambient temperature
surrounding the housing and the temperature of the internal components. A higher
operating temperature leads to higher out-gassing of the various file components of the
drive head and subsequently to a higher concentration of gaseous materials in the file
environment. When a disk drive is deactiva-ted and the air within the enclosure cools,
water vapor and gaseous components of the type described tend to condense.

Condensation of these materials at the head-to-disk inte;féce within the disk drive can

cause severe operational problems and limit the useful life of the disk drive.

i
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- 17 - S_%mliglﬂﬂ,-ﬂ_eﬁﬂm—Jocat ed within the closed interi g%t the
di'sk drive assembly, the Peltier el enment: bejng.selectively |ocated fdorvsy
condensi ng vol at ml hin the cl obcREFPLACEMENT SHEER desired
condensati on pomi‘m\mmﬂw osed interiof; —— ey materi al

| ocated within e closedirfterior of the difkj}diive Séﬁﬂbl ‘fn contact
with the Peltier element at the desiregscond ansalzi%rmgb flor] trappirng and
mai nt ai ni ng condensed vol atiles which are copdensed hy the l¢ier elenent,
t he getter i al ising a sheet of njcroporous netal. | 5. The
cont gm’ namgémﬁ@w hof claim4, wheleirpa—the-sheet—efdni croporous
metal is a sheet of m_,croporous sintered al um na, having interconnected
pores, and- wheh Spptapyirant seductign systempfor ag sdectionicsdovicer eljths) type havinglee up

at | east about 50% of the total volunme of the mcroporous netal.
housing with a closed interior and having at least one critical component located therein

which would be adversely affected by condensed volatiles, the contaminant reduction
system comprising:

a thermoelectric heat transfer element located within the closed interior of the
electronic device, the thermoelectric heat transfer element being seledtively located for
condensing volatiles present within the closed interior at a location within the closed
interior;

a getter material located within the closed interior of the electronic device for
trapping and maintaining condensed volatiles which are | condensed by the
thermoelectric heat transfer element at the location within the closed interior of the
electronic device; and

wherein the getter material is a microporous sintered metal.

2. The contaminant reduction system of claim 1, wherein the getter material is
mounted in contact with the thermoelectric heat transfer element located within the

closed interior of the electronic device.

3. The contaminant reduction system of claim 1, wherein the getter material is

microporous sintered alumina.

4, A contaminant reduction system for a disk drive assembly of the type having a
housing with a closed interior and having a head-disk assembly located therein which
would be adversely affected by condensed volatiles generated within the disk drive

assembly, the contaminant reduction system comprising:



6. . .The contam nant reduction system of cl
material is non- 4 condensed vpl : ,r dpped, the
condensed vol atil es bei ng _he ~capillary rces within the jpores of the
ni cropor ous met au“mml\‘uigm‘h%mam nant reduct}i of 9syANeBH or] 4 di sk drive
assenbly of the using with: osed interiof gnd having a
head- di sk assenbl ¥ | bcat ed t herei n'whi¢h_ wodl d be adversely afif ected by
condensed vol atiles generated within the di sk—e+-vwe—assenhly, ithe :

>

getter = -

cont am nant redugtj.on st em conpr.i,,si ng: .. .a Peltie | ement .l.ocat ed
Wi thin the cl odblclin clefgpt [esieRvithin dkiploped interiongitfne disk A1 AP enent
bei ng selectively | ocated for condensi 28 vol atiles present wthin the

cl osed i nttBe Peltichelementhsing seledivebhlosated forromdensing yolafiles presens ddthin fheer i or ;

closed interior at a desired condensation point within the closed interior;

a getter material located within the closed interior of the disk drive assembly in
contact with the Peltier element at the desired condensation point for trapping and
maintaining condensed volatiles which are condensed by the Peltier element, the getter

material comprising a sheet of microporous metal.

5. The contaminant reduction system of claim 4, wherein the sheet of microporous
metal is a sheet of microporous sintered alumina having interconnected pores, and
wherein the pores of the microporous sintered alumina make up at least about 50% of

the total volume of the microporous metal.

6. The contaminant reduction system of claim 4, wherein the getter material is non-
specific to the condensed volatiles being trapped, the condensed volatiles being held by

capillary forces within the pores of the microporous metal.

7. A contaminant reduction system for a disk drive assembly of the type having a
housing with a closed interior and having a head-disk assembly located therein which
would be adversely affected by condensed volatiles generated within the disk drive
assembly, the contaminant reduction system comprising:

a Peltier element located within the closed inteﬁor. of the disk drive assembly,
the Peltier element being selectively located for éondensing volatiles present within the

closed interior at a desired condensation point within the closed interior;



AT

~18:  * a getter material located wwthin the closed interior of the
di sk drive assembly in contact with the Peltier element at the desired

condensation point for trapping and maintaini ng-condensed volatiTes which

are condensed by the Peltier elenent, the getter sing a
sheet of m croporous material which is non-speci Il@ BI Uﬂwmnsed
vol atil es being trapped, the condensed oI atiles pillary

forces within the pores of the m'cropo ous mat eri al .

a getter material located within the closed interior of the disk drive assembly in
contact with the Peltier element at the desired cendehsation point for trapping and
maintaining condensed volatiles which are condensed by the Peltier element, the getter
material comprising a sheet of microporous material which is non-specific to the
condensed volatiles being trapped, the condensed volatiles being held by capillary

forces within the pores of the microporous material.
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