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magnetic transducers carry electrical currents that generate heat in the heads.

The temperature rise in the heads is large because the heads have a small surface
area in relation to the amount of heat that. is dissipated in the magnetic
transducers.

15 The magnetic transducers typically have a higher coefficient of thermal
expansion (CTE) than the slider substrates. As temperature increases, the
magnetic transducers thermally expand at a greater rate than the slider
substrates. The thermal expansi;)n causes the pole/shield tips of the magnetic
transducers to protrude with respect to an air bearing surface of the slider -

20  substrate. At higher temperatures, the pole/shield tips are closer to the media and
the pole-to-disc spacing (also called transducer-media spacing or fly height) is
reduced. If the pole-to-disc spacing at lower temperature is not large enough, the
protruded pole/shield tips hit the media at higher temperature. |

To avoid transducer-media contact at higher temperatures, the pole-to-

25  disc spacing at lower temperatures is kept relatively large. This large pole-to-
disc spacing at lower temperatures, however, undesirably limits the electrical
performance of transducers, particularly the areal bit density (gigabits per square
inch) that can be achieved.
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OF THE | NVENT |2nPesring syrface that Wseélpaﬂ%n fedatiqe é%ﬂmﬂub%@te amhqug i cul ar,

this inventi oRufekad ReperatutdndrsiRRer at ure conpensation of pole-to-disc
spacing (fly height) of heads in disc drives. BACKGROUND OF THE | NVENTI ON

Wien a disc drive fddigena} dsaiues a@tbeoﬁ'ﬂwﬂhbecam apparet Withhpemaflire ri se.
In particul ar revidvesRh@followiak d6ailed ARBAFIH A th SAfespdRdinB rabiads used in a

di sc drive.
'sc drive, RIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates an embodiment of a disc drive including a head with a
first deposit that includes a temperature compensating air bearing surface.

FIG. 2 schematically illustrates a cross-section of a head before lapping.
FIG.3 scherﬂaﬁcaﬂy illustrates a cross-section of a head after lapping.
20 FIG. 4 schematically illustrates a cross-sectional side view of a head at
room temperature flying over a disc surface.
FIG. 5 schematically illustrates a cross-sectional side view of a head at
elevated temperatures with pole tip protrusion flying over a disc surface.
FIG. 6 schematically illustrates a cross-sectional side view of a first
25 embodiment of a head that includes a deposit with a compensating air bearing
surface.
FIG. 7 schematically illustrates a cross-sectional side view of a second
embodiment of a head that includes a deposit with a compensating air bearing
surface.
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20 : DETAILED DESCRIPTION
In the heads disclosed here, pad-like surfaces at a trailing edge of a head

substrate are made of a material with a different coefficient of thermal expansion

than the substrate and/or magnetic transducer layers. The pad-like surfaces
generate an additional compensating air bearing force on the heads. This
25  additional force increases lift (upward, force) of an already high pressure region
or decreases suction (downward force) of an already low pressure region. This
can beneficially compensate or correct pole-to-disc spacing when changes in
temperature occurs, With the use of the ﬁads, the pole-to-disc spacing is

temperature compensated and a narrower pole-to-disc spacing at room
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magnetic transducer, but not necessarily limited to that region. Preferably, the

initial pad height level is lower than the air-bearing surface (ABS). The size,

20  shape and geometry and materials of the features are selected in such a way that,

as temperature changes, either due to ambimt temperature change or due to

heating of the magnpetic transducer, the thermal distortion of the feature changes

the altitude of the pad level relative to the adjacent air bearing surface level on

the substrate. This in turn will create additional air-bearing pressure and will

25 increase total lift for the head and temperature compensate the pole-to-disc
spacing between the pole tip and the disc surface.

FIG. 1 illustrates an embodiment of a disc drive 100 including a head

110 with a deposit that temperature compensates pole-to-disc spacing. Disc

drive 100 includes a disc pack 126 having storage surfaces 106 that are typically
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20  section in FIG. 2 is near the trailing side 209 of substrate 201 along a central

plane perpendicular to an air bearing surface 222 of the head 200.

The substrate 201 is preferably formed from an electrically conducting
ceramic material, such as a mixture of aluminum oxide (A1203) and titanium
carbide (TiC), referred to in this application as “AlTiC”.

25 A basecoat material 202 is deposited on the trailing side 209 of substrate
.201. The basecoat material 202 is an electrically insulating material, typically
AlLO3 with a CTE close to that of substrate 201. The basecoat material 202
forms a bond to the substrate material 201.
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a t
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201 is prefera formed from an electrlcaly conducting . ceramc
mat eri al , sucﬁrﬂ@t@aﬁﬁefﬁf‘ﬁﬁé"qﬁﬁl\@ $RRSAIm oxi de (A1203) and titani um

20 For clarity, electrical leads and contacts, formed from Cu, Au, or other

metals or metallic alloys in a conventional manner are not illustrated in FIG. 2.
An insulating overcoat or topcoat layer 210 is deposited on the top of all
the transducer 214. Overcoat layer 210 is typically also made from Al,O3 with a
CTE close to that of the substrate 201. Overcoat layer 210 is planarized after
25  deposition to expose electrical contacts (not illustrated) for the coil 207 and read
sensor 205 in the transducer 214. 4
After the head 200 is formed as illustrated in FIG. 2, it is lapped to shape
the air bearing surface (ABS) 222 that flies over the magnetic media. This

lapping is explained in more detail below in connection with FIG. 3. s
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typi cal | y al secevsslewifirrospechi® 8 swhistrdte 201 WOV their kesessionds typigallysmallése substrate

201. Overgpat .| 0,1 ' : Ik O expose
el ectri cafg)cotr}\'f“gg‘t%{so%%o‘fdzléi ]P{'J%F?%% ég%u ?Icl)ér@f{ %%geg%iﬁﬁ%ﬁggggb ISroqe%::f{d sensor
205 in the tramsshiebdsrwithixspegifto dlre subsiratecedge B0witical foohasd pereymppceystrated in

FIG 2, it | SaJJ\daiQ R galltec(l) “fﬁ@rﬁs recession” (PTR) 224. The dashed line 217 shows

where the edges of all the layers would be with zero recession. For clarity, the

magnitude of pole tip recession 224 is exaggerated in FIG. 3 as compared to an
20  actual head.

The head 200 illustrated in FIGS. 2-3 does not include a pole-to-disc
spacing temperature compensation deposit, and the problem with thermal pole
tip protrusion in a head like head 200 is illustrated in more detail below in
connection with FIGS. 4-5. '. .

25 FIGS. 4-5 schematically illustrate a cross-section of a head 403 ﬂyingﬂ )
over a disc surface 440 at room temperature (FIG. 4) and at an elevated
temperature (FIG. 5). During disk drive operation, electrical power is dissipated
in the disc drive, particularly in the transducer 436, and the temperature of the
head 403 increases. The temperature of the head 403 itself and/or of the



the air bearing surface (ABS) 222 that flies over the magnetic nedial JHi 2004
| apping is explained in nore detail belowin connection wwth FIG 3. 2 1

JUL 2004 V\S{Rg@/ 105134 -7 PCT/ US02/ 14379 Throughout this a Ilcatl on,
reference A8 used in one Fi gure that are the sarf¢T 5’321“(4? rence

nuneral s used in another Figure desigpate the same or conparable

features. FIG 3 schematically illustrates a cross-section of the head 200
illustrated 5 in FIG_ 2 after pi ng _has been perfor C(gs the head 200.
During the pr&aesdycer I‘é?ﬁ'plbﬁgﬂﬁﬁ iy dyigher, dhan; s ?lgE 222, the

substrate 201@@%&@&&&&0 tBQ?aégeZQ&unQQﬂheae&&lpai’eﬁQn tﬂé&maa@eenmed at

different rates due to their fferent nechanical and chem cal
properties. Fretgtive tasthewnad size oF 1y beadi40%t r ates the typical positions of the

various |ayers relpfel (YEEstdT al SiBstddel40D QA bﬂ@nswdepsﬁte&w&)s 482238f ter 10
| apping. T p| cal lzé the | ayers_ 202 and 210, whi a@ g*e A1203 or ot her
mat eri al s, aré Qrédee fmically iferent from, gug Augther.) Yoy BP MAEHSLC 510 gre

t hus recesseqlew{chaye@ssla%hs&@erme hhR{RgE @IEs, aﬁlamsmmguxyfeﬁmz,zzz of
substrate 201. talli net | c | ayers 203, 204, 212 {nglgn Egset
t ransducer 21&316114@05‘1"%60""?’@ EsSdltheie Weﬁsé‘fiﬂ%"fn?rbsupf‘@t% gt 201 but
their FSCGSfSI ﬁ{#chﬁrg*evwmﬂé oy Itdmévdl&nmanbwaa%m#wlwgoz%a@% | ayers. The
magni t ude of the rec on o neti es shields.with respect to
t he substrat e é‘&ﬂ‘é"e’f% %ﬂ)ﬁ@iﬁg §t8qai§awc\@no%aﬂmypr§ cal | ed
"pol e tipipecarshapdo fﬁxE’i[B)iﬂi&stoﬁhﬁemmémbdrmdmﬁmmmeceme t he edges
of all the la W t h ze recessi. t he
magni t ude of 4??%‘*"?88@?&6%“2’2 qum@?ﬁ&g%g?tﬁcgmlﬁ&#f r “%s conpar ed
to an 20 act gatoniptasly lobhwith elvhtédt2ad tehip&hﬂu&tasdllmsn:aﬁdl @FIR53Tigoes not
i nclude a pole to d] C|n at.ure nens and the
problemwith £ #Eﬁ% 5”5 WS??%? ‘% © Fﬁe tgaaaq‘ﬁlr%& ]ﬁﬁpgfzoo i's
illustrated i BTRpre detail below in connection with FIGS. 4-5. 25 FIGS
{0 schermti call Y IS e BpSh SRR g AL G 1o oV @
t enperature (Ef@lbsﬁhte M i sogthdi she golieiskield pprotgsiapn at dlighet roperatingpower i s
emper at ur e of " EREH R a5 HE B MR s e bl %4r9ﬂ§ﬁié§ﬁe4ﬁ§ada283t "
itsel f and/ or 434. Thisexgandiod id orf)@dakly constrained by the adjacent substrate 401,

basecoat layer 402 , and overcoat layers 431, 410.

20 During drive operation, the head 403 flies above the spinning magnetic
recording media surface 440. Over all operating temperatures of the drive, the
pole-to-disc spacing 438 needs to be kept low enough as required for reading
and writing the desired high areal bit density. The head 403 should not get in
contact with magnetic media surface 440 as illustrated in FIG. 5. The pole-to-

25  disc spacing 438 is primarily determined by the shape of the air-bearing surface
422 that is patterned into the slider substrate 401. The performance of the
transducer 436 depends primarily on the distance between the recording media
and the pole/shield tips of the head 436. There is thus a need to reduce pole-to-

disc spacing to improve head performance, and a conflicting need to increase



WO 03/105134 -8 PCT/ US02/ 14379 transducer 436 can be significantly, hjgh
than the overall disc drive tenperature due to the |arge anount 3f1hkﬁl%m|

di ssi pat ed { ransducer 436 relative to the small_ si t he head
03 & ea
403. The C%;s] olﬁgl}substrate 401 and of various deposi tPgi Ié}{/‘g% 402, 436,

5 410, 431 are typically different fremone another. Typically, the
magnetic netallic layers in transducer 436 have |arger CTEs, and

insulating layers 402, 431, 410, .have | ower Es. Al these.layers are
grown on subsPalefediso tPacigt t%e?é’oldnﬁiaﬁ 5 %r%o?%r?ém%lr?ﬁafne&“ g t he vol ume
CC):;'Et heflayter Stefhgekaturéd & illdddted ROFIGNS.  transducer 436. Due to the different
TEs of materials vari ous head, |.ayer 0t shape of .t he head 403
distorts at el evaf feiipRBat F‘B‘%‘"ﬂ‘ﬁg 2 W&‘fcfrpqﬁgcags °8h PTPMR) 437 that
I'S plr efelnt ?t teithpﬁﬁmfeeﬂ?ﬁg adbeve aamg'gxheltiushécm agarfica #0Gilluétrated véiluced or
conpletely lost with el evate t erature.as,illustrat at FIG 5.
The chang® O¢xagg?p§te% Wﬂgli”éﬁspg‘?gﬁg‘ré ‘%gqfaﬁ@?l%efo@g %8t 8FF &2 gqlgs t her mal
P|TR (T£ PtTE)ingﬁ?than@T E59 Qff fhbemagnetii mediaoxirthee | 4PerBEGAG2 shoB1, 410 are
close to at _of suypstrate 401, so, that.the pole/shiel f rusi on at
hi gher oper at ?"H“g‘f‘a“f’é&&&? S tansfucer 430 %hgh'é’lpfﬂgtf/n (Smg%g%%s %’% (E# t he

met a![ lic | Sygths vﬁ]lﬁmbrqa‘rtﬁeluxfaﬁdm;bﬁ@% Thiesmek ppmetailic lageromhd theeall y
constrai ned b e .adj acent trate ] : , and
over coat | ay_e‘?{’§“tlaﬁ%rlt,ﬁgﬁbe. ﬂ?ﬁsqﬁ‘lsﬁl lpllée tar‘?% 8%1' g(e)rp(gféétg f%ﬁt%m% %é'%{?elgg%MB flies
above t hel®pi tanksdigernagngdsiibly dleecel adirsigphotekisist 9sedf ascewildisgilat@y e al |

operating te r.at S t he drive e -1 0- di L 438 needs
to be kept Igﬁ?@%ﬁpsagtfagﬁﬁfeféagP%’ﬁ%e%O ?%ﬁ ‘%Sﬁé&\l}&f ﬁe?ﬁ%?ﬁg desired
hi gh areal 3I $urfderioRtay highbreteinparatu (BIGs 139 tha ahwwomgtemperafured Bt ddt Wi t h
magnetic nedi g .sutface 440 as bl ] ThE Righ&ict 0 25 disc
spaci ng 438 i’ f)Ftirf‘ng??vi'/n ﬁefz%ﬂé%géﬁ‘gt“tﬁﬁsgh%ﬁg%@lS%’% gﬁal r- gari ng
surface 422 inbdii surfacepiOtathigled tampeaturdse sl i der substrate 401. The

perlorTenge o M il T ORRSPE % R kgD bBaele! nce

bet ween t recor 'a an tipS of the head 436.

There is thustodaveegedd electrieal pedorpanas. Atthe simedinesy theibagd 403 Hapdorséiye head

performance, it hdbOiH dohfilibiGvifhihdobnl iy @b medik 18001200 03/ 105134

to-disc spacing at lower ambient temperature (see FIG. 4) is not large enough,
the protruded pole/shield tips at higher temperature (see FIG. 5) hit the media
20 - causing thermal asperities. This results in magnetic instabilities and

contamination leading to tribological problems, and eventually a head crash. To
avoid head-media contact 435 at higher drive temperature (FIG. 5), the pole-to-
disc spacing 438 has to be large enough at lower texr;perature (FIG. 4), with
undesirable effect on head electrical performance.

25 It is difficult to keep the pole-to-disc spacing low enough over the
operating temperature range without having head-media contact. This problem is
solved, as explained below in connection with FIGS. 6-17 by a head and
transducer design in which one or more deposits along a trailing edge of a head

include compensating air bearing surfaces that change position relative to the



pol e-to-disc spacing to avoid head crashes due to protrusion at hixgh JUL 2004

tenperatures as illustrated in FIG 5. FIG 4 shows schematically a
t ransducer oom operating tenperature flying above a nmagnetic
medi a surfgvé%g/ 3‘{I lustrated with 5 exaggerated roug%ﬁ@@@.’z’lfﬁgﬂ G 4,

the transducer 436 does not contact the-hi ghest points 439 of the magnetic
nmedi a surface 440. FIG 5 shows schematically the sane transducer 436 at
hi gh operating t erature. st .0 vol.u of ..th ransducer 436 is
Forreq by et SPAFER s ReUte. sifoe, 5 9% ot 1 ool ekl BRI ge Cres.
Due to the | angegersfikE cohpenmitiap ldeositsoate triarked withea &ipled apsdidfcerfoand possi bly
al so of cured Qhot.orte%i EJL sed as coil insulator, the pole/shield tips of
transducer 436" DFBFFITEURBHIE Wi th respect to the air bearing surface 422
at hi gher tenperatBiG § sdhématfzplly Histradds o cross-seetiopslr ideuview (dfleaGirsd) . . Thi s
effect kno as. T-.PTR pl ac e transducer 436 cl.oser t magneti c
nedi a surfadce eﬁlkmfmt??@ﬁ%ag%toé élf%lfl&rdgsg.%nx%suf és‘#fﬁ’g vf}lﬁoi“:}iﬁsducer 436
has to fly | ow, Thd lead 3@ winlilat o Helxb200ehhveever, haad 364 alsgmokidasloae brr | cal
performance. At the s time, the h 03 _has.to0 | yi under all
conditions w WS%?epﬂ%%@%i ORf Iayuaﬁlglﬁéﬁ%gtoﬁg sﬁl@mtg.zai'?lxtfﬁé' %(H[‘]eg to-di sc
spaci ng at | owed-vaitd mptetit evapelocer 302 iy sleng &-kdaterlige and padially hidden enough,

t he protrudedﬁggllﬁ &Wh@lsrféwtiﬁ% %tisg}}s&ﬁorﬁl&ggg]m}%teure (see FIG 5) hit the
medi a 20 causi ng thermal asperities. I's results in magnetic

i nst abi | i tlides and Tkeosibsiwt 201 dmelidesndi substiate 4ir ibbaving giucfade 22o0thkiens, and

eventually a r . oj.d..he qrﬂn& 2 4C 4 ..l gher drive
t enperature (g?%g@)a?é‘?ﬁ‘eggéfﬁwg&% 1L"sac spg%?aﬁgagﬁg@%ﬁaas%?%&%%% arge enough
at | ower tenpéphilhe magretiGiransiiycend @ ifincludide ertueed R€3, 805, 8064, 220 2hzed el ectri cal

per for mance. gclibed!iy F?(:_‘v n.;i—@g%r}ji%ﬁoﬁteﬁ%ﬁﬁg meuaglﬂlgtes#e%ogi e xff]%ﬁﬁdcng | ow

enough over the opera rature range wthout havi ad- nedi a
contact. Thi s typmsdirderhasiaspolestip 320d(hidden feorp Vigivrie FIG ) dvet isrsperodhapsett i on wit h

FI GS. 6-17%cby h :an leSk: 10 ing N . e deposits
al ong a tr?Lgi I fﬁﬁlél glgddé&og“ggﬁ]ggﬁwfaﬁg?lﬂgi&%;ﬁ%gﬁ 'ato%'nmg;a?ﬁ%}ag?{ ng surfaces
t hat change péenopitshA0t atezpositiened glopgsidena wrip\hiead whish inoludey 4 B 1ole

PCT/ US02/ 1437915 3 odfd 266!Able fp 226 hdd AVRRE EdHR0BYS fiRGRted iMFIISCRs, 6- 13, 16, 17
descri bed bel ow, various” tenperature conpensating deposits are marked

with a stippled apfrshdapnsit 30bmeludesraeompensetingieinbiering arfagh306the, 6
schemati cal | Y chanbdsHitftideSrelafveth ASubiitie 'af MRhring! sfacd X9WaPlemBerhtifeS t

20 increases. When the pole tip 220 increasingly protrudes as temperature

increases, then the compensating air bearing surface 306 changes position
relative to the substrate air bearing surface 222. The compensating air bearing
surface 306 generates a temperature compensating lift that lifts the head 300
away from the disc surface 302 to compensate for the protrusion of the pole tip
25  220. The temperature compensating lift stabilizes the pole-to-disc spacing 304.
At least some of the deposits 301 have a coefficient of temperature -
expansion (CTE) that is greater than a coefficient of temperature expansion of
the substrate 201. Depending on the compensation characteristic needed for a
particular application, an additional deposit 301 can also be included that has a



5 enmbodi ment of a head 300 for use in a disc drive such as disc drive dodUL 200
in FIG 1. The head 300 is simlar to head 200, however, head 300 al so
i ncludes o re deposits 301 along a trailing si a
substrate gsg)l@h?srﬁ% G 6, the read-wite magnetic tra%?ﬁ@g@ﬁ%& i s along
a centerline and partially hidden f+mview The viewin FIG 6 is offset
fromthe centerline, 10 The substrate 201 includes a substrate air bearing
surface 222 tha enerates a first .|if or . for etendl ift the
head away fro‘fﬂeéﬁlfg % Wﬁrg@re Wl%e%gn&sf ctﬁ?nr gng%fu%’g?n% 2 (i ncl udi ng
features 203, te&@&am%%paﬁﬁﬂpftﬂéﬁbmtezﬂ)escrl bed |n FI GS 2-3) is deposited
along the trailin S|de29 Th a le tip 220
(hi dden from vi ew qT‘ﬁ OTRS P %a}mlfshtgf gapg gsp@ie“a“% g aena{?ﬁe?ldl sc surface
303 by a pol eastcmppﬁr,smatsuaaabdihjﬁa%ﬂoftfmpemlﬂ@oapans(onnhat thegoenter theh a301 ar e
posi tioned_al on head whi ncI ole 12, ~a core
206, a pol ® t?°|885§ 8%8”“8“6&5“{3 EPYESIOR © gg‘ﬁ '? d“°?‘p3a°9 {“ . 2-3. Each
deposit 301 |apphcmieﬁs aepoafmenmtbelﬁrgmadofthemen@tmatefsahn@om that changes
al titude relatlve spbst rat r tenperature
PR 40 Th W SehfaoRR A b2 6Pmatda 3 o

20 increases. NCreasi ng as terrperature
i ncreases, t hejmtﬁﬁmaommﬂmmmmth;mtenﬂlaeEarl exgmpler f aleposB(®1 cdanrhges position
relative to the s tral.e Wating air
bearing surf gee é’lo‘gnef@tnréastggﬁ1 ﬁcg%%?a%?}gl%%o ér?;sra%teﬁ? 1ft that lifts
t he head 300 aml\m:yglierﬁmtﬂa‘ermus&dl@wpﬁmabmthsbepdwwgate for the
protrusion of the I r g lift
stabilizes the polhgg %fé]eggéa} ég%‘i Jé}%it%%ﬂa%?édgatﬁbggmmo?%ﬁg deposits
301 have a coedafed ovithre dlaﬁoltdeldtp@oﬁmm(@LC)eﬁpadmnd likeTEptingRgevides gr eat er
than a coeffiy g@@gar ARE0S the substrate 201.

Dependi ng on %ﬁ%ggpcghlga on H{‘ig?ngcterlésﬁh(r:&%}aeded for a particular

appl i cation, an addft7 schainatirelodinstrate B cess-sedtigenl gide view efde§caat has a WO
03/ 105134, 5 1l emfefrhddelia] g@iz%tﬁa?ﬁ;fcﬁla&s'a%osafszi%pﬁ@&wg%@s@%& on that is

| ess than a cbetticient o erature expansion of the substrate 201. In

sonme appl i cat substzate 30 eThedset304s mdaré@ﬂletbeadprmem the deppdt308 | such as
copper, that Wﬁeaa £95§ ]]:dle;tfd st al asilie R Gk ek, %men@ aaisosmmz iss greater

than a 5 coefficlent nperature expansi on of magneti ¢ transducer

302. In ot her deppsitef @b?nziﬂ%botld@btﬁgﬂ theadzd %Wnﬁé‘e%ﬂﬁ%éemf"‘ $HeiSsane

material as tigoReh Gt busobiea01oRAR ikt G FEAM. 08 oERRMkRREuERT T om one
type of materl onbi nati on of two_or re materials. For exanple,
a deposi t280 1hqggqq3qpeand 320 are substantially similar. In FIG 7, the head 322 is placed

closer to the substrate 201. In comparison with FIG. 6, a compensating air

bearing surface 324 on deposit 322 in FIG. 6 is in closer proximity to the

it

substrate air bearing surface 222. This closer proximity enhances the
aerodynamic interaction between the compensating air bear surface 324 and the

25  substrate air bearing surface 222.
FIGS. 8-13 schematically illustrate bottom views (substfate air bearing
surfaces) of various substrates that include deposits 350, 352, 354, 356, 358, 360
along the trailing sides 362 of substrates 370, 372, 374, 376, 378, 380. The

deposits are shaped as pads and include compensating air bearing surfaces



formed of a | ower CTE material, such as a nickel iron alloy, up tq step

|l evel 308 10 and a higher CTE material, such as copper, above the 3t il 2004
| evel 308. ferred arrangenment, the first conpensating air bear

surf ace 306‘&(?%3?10&%%& ed with a dianond-1ike coating (DEEY ﬁ’%‘ém

di anond-1i ke coating provides inprowad-friction characteristics and
increased durability. FIG 7 schematically illustrates a cross-sectional

side view of 3. 15 odi_ment _qf ead 320.that .includes a deposit
3957l ong SERRG B GeotGPer rebeettred, vl S6 Boie Raah¥3008ES & T ar
to the head 3GObsthhieveiyexaring hefackespastehpeddtie inmedsesa ThS pdilsi can deyrosi t ed

al ongsi de the i,{e head, ile.t OSht 2 1s . deposited,al ongsi de
both the read® epe{?j EEnef haesv%ﬁénk%eégggs.e’&rﬂg’ %%ﬁgygﬁstoffgﬁlﬁ%@&%e osited on

t he basecoat 282angslar (FIGstlpatlipsoidal EHIG. 9Y .cross sedtiher ete.y; sqremanshavé he 20 heads
300 and 32Q ar, u ) imylar..ln FlLG 7.t head 322 is placed
closer to '(tghe h%ﬂ%f??%’{ilgg%g&f.b&l ﬁl’gg %aern%l%ng?]pﬁsstuﬁzilpﬁhﬁg,pags l&%’Fré‘?—;nsati ng air
beari ng surf aphc@ih aritidepothe sutBges IV0FBTR, 374, 6i(FIC: 180910, dipym mity to the

substrate air [ . : ' |4 oxi 1d: nhapces the
aerodynamc in ‘gﬁ{fctpgc??\eu%%ﬁge&na% ﬁ%ﬁgg%tgrsp%rqg%ﬁa%l\g{naép E%t%%%a(;esrﬁr%?(gc‘e 324 and
the 25 subst (BIGS. a2.r 3pearin nyitiarthaer @aRletdlt BShe gepbSitaidiyeradflcal | y
substr at est nate; byl BB 2 Bl AL Do) AT gk CL0 e
trailing $i0dedrag@ncenBIbashilbustratedsio F3GH 8-1372, 374, 376, 378, 380. The
deposits are shape I I a4 kg surfaces
2302004 o 1 TE PR el e agRuROn R e, SRS bl o
appear ance) t lsatalldhawge thyensh theoslidercthigkieswint odirdetion pampevdiculetctoghe beari ng

surfaces as t ¢URRIAbwE Gn FIRA SASE This HiGnRARS: ﬁ@ﬁdéaaa/farg%% hedl SRk & geOnetry as
shown in Figs 8, 9, 10, 13 (posts of cirtcular (FIG , rectangular (FIG
10, el | i psoi d&ptter Fmtzol thyrmet expansiondy resmpvaleaf ghejheat Slomytgpnsdvgsraegdn r enches 357,
359 (FIGS351l, 12)pip RNARNERsPA %a?ﬂrbfzﬁfbb@d@e aitNe SutRY-td2@isc Pl aced in
cavities in the substrates 370, 372, 374, 376 (FIG 38, 9, 10, 11), in
cavities that seactngsap fimationofiesession of aalimize deposih alopgs Tailing §dse af deposi t ed
layers 390  (lleGRbsirdi@: In¥80h. 1404 vertibalaYd 404 Scpresbid suffh@-16- AR kRkREYa i N the
deposited layers 390. The deposits are preferably, deposited in closed
proximty to EHeEoRehsmetndca horpoptah Ay fo@ romeyents secpisionsafy e mive F| Gs. 8- 13.
I 'n one pref er Qe flA08R MR AMjacchhQbSRROS Bebringfirfack IR mic?Sifiched Four 358, 360
go all the way. through the slider thickness 1n a directjon perpendicul ar

e
to the 20  different heéad configurations (labeled CSS, ID, MD and OD) are illustrated in
FIG. 14. As can be seen from FIG. 14, the alumina deposit increases the lift of

the adjacent suhstrate air bear surface that is already a high pressure region. The

substrate air bear surface-to-disc spacing changes with temperature due to the
movement of a compensating air bearing surface on the alumina deposit.

25 FIG. 15 illustrates a graph of substrate air bearing surface-to-disc
spacing as a function of protrusion of a metallic deposit along a traﬂing edge of
the substrate. In FIG. 14, a vertical axis 408 represents'surface-to-disc spacing in
microinches, and a horizontal axis 410 represents protrusion of the metallic

feature relative to an adjacent substrate air bearing surface in micrometers.



views shown in FIGS. 8-13. This arrangenent provides a |arge heat 9 40,_0 2004
better control thermal expansion by renoval of the heat fromtrans uce
region. 15 illustrates a graph of substrate air bearin

surface- tOVJ,:I @(:Ios]lspam ng as a function of recession of Pgﬁmg?zﬂfﬂq’ﬁa deposi t
along a trailing edge of the substragg- In FIG 14, a vertical axis 404
represents surface-to-disc spacing in mcroinches, and a horizontal axis

e e oyl SR e S e Sl 2 2o
zgni iagulr3 Zt isce) 2 ﬁl((} 113bak eth HeS&en fiob) FIMDIi;m]fb ﬂﬂ)lhcad@osni deusiseatheduction FI G 14.

0 pos increases the lift of
t he adj acent ﬁh’ftaglﬁf@%é'iﬂ?mﬁ%ﬁlf ?rg]a(%%} ﬁgt e% Y A PR PATSE® FF8AR- pressur e
regi on. The smbsﬁlfsaite aﬁlbbarheﬂicewdifscaqmemg)ehhnges vifhaeinpgatafeatuges Wit h
t enper at ur e to nmovenen satl earj ng surface on
the al unin Jg?vteme’f@fﬁfz@lp%?hﬁ %@ a? oﬁrﬂée%ﬂe%%#l ‘288% rate air
beari ng surface t oAdding a f&pmom@eamlmgfedgwtﬂanmrdjearmgcmrfmnhmw a netallic
dep05|458al ongé{a [aﬁl i.n ed ea8t %Fggggﬁaggsﬁ%&}%tﬁem s "F. "alélhléy a \éertl cal
axi s repr ey> &hd a
hori zont al aXiugre&dlof &xprlﬂ’seﬁaxsalpaadn highi presswré regien, nehadebnease dfabg ur e

5L 2004 vio 03768358 Ry B R, BlenEEL IR T el il b S 2
conf i gur attbonsegidnaheyl provi@SSeatdr Benmitistithvel) pokerte-disk lsmmgmwdfqawre\ﬁﬂﬁ 15. ‘As
can be seen from El tal li suction of

t he adj acent sueb r@ géght &%gvg{rmsa%?fbg%e&ﬁ%gﬁh&gﬂgfa?eo%%%?e trhFg%/(\)/wpressure
regi on. The gpuiosbn dhiecainibearipg avrfaser Thecwcdand - éthasl, dpmasmg thechsustis wi t h
tenperature d W, f cifal bng Eﬁg‘g g surface on
the netallic g‘gﬁéoéé}laﬁm%g%éﬁp Z%Hgg#levgaét%‘?fg&gﬁm e l?ral ?dr?g bl(Q)f an air
bearing surf a@mmmacmamthmammbh@f itdieepming the closqpodnt, ﬂlh‘mhm*?leeto't o-di sc
Spaci N i ! W DI IR VBNl s WIRHSEIE o flre i 187 a1 Bt cady N o
pressure iegion, rease OF 1 suct1on ressure region.

| ncreasi ng t heensitivity odrvexte adammeeamyesmgwhaghé'ggldrbe sipglap '@gfh@ shE9der ovi de
greater sensi X S f SALHERY Wi t he

vari abl e hei gtﬁ{t\bgfﬁ%{ov\gﬁﬁ%&?gt degsg gm%(%ﬁf:gle?% sﬁljé'leo bae}éorréemt he cl ose
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FIGS. 16-17 illustrate a bottom view of a head 410 with deposits 412

arranged alongside a read/write transducer 414 and a deposit 416 arranged on

the read/write transducer 414. Adjusfment of the compensation can be provided
25 by providing different heights of the deposits 412, 416, as well as by use of
different materials for the deposits 412, 414.
An optional electrical heating element 418 can be deposited on the
deposit 416 to provide heating. The heating deposit can actively control the
thermal response of the dep'osit for a desired pole-to-disc spacing.



sensitivity curve to alumna recession which would be simlar to Zh?.th%MQQ
node of pole-to-disc spacing adjust, increasing the pressure of

al ready hi ure region. Fig. 15 shows the sensit] curve to a

| ar ge netaﬁﬂ?%ﬂ@ﬁ§ ure at the trailing edge of the cadxﬁb%¥%@?%n on the

air bearing. This feature changes 20 jaj-e-to-di sc spacing by the second
node, increasing pressure of a negative pressure region. FIGS. 16-17
illustrate a bottom vi ew of 410 MAI 0S ar ranged

al ongsi de a read/ \Mlﬁepgs“?l"%‘hged’aﬁ%r EWHE%G@%‘ "K‘fée’&nﬁ?sé‘??g‘@d on the
read/ write trafe eoseicedfatt of Ak ﬂi&érr(ﬁxalhdﬁé ovd@@agaﬁm@ﬂs:atpbﬁﬁbn@aauche provi ded
25 by providi 05|ts 41 416, as well as by

ffe. t hei.ghts t he de
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el ectrical heatavitgisahitie®mi subh& wanthbewllefose bat oPe oheall depadging 416 to
Feaponse. oft t AR 1 Bpes 6 e s Fpet B it Lo Brkiebespesue SuL 2004
WO 03/ 105134 Reg‘lbwsaﬁ/eénjﬁsmeraxﬂxﬁmmsm figh alierbg eﬂpﬂﬁoﬁ&;ﬁfﬁhﬂ dgmterial with
| ar ge t her mal on in the t ansduc rt of the sljder (including
overcoat) and & &ﬁaﬂ@ OBLEPPT 31 BH* LUTORPST S gtb"’{[)‘ﬁ oo o1 asian ideRRodenti ¢ h ¢ he
subﬁtrate aiL}hec&ssl sln@, ﬂmﬂb«:ﬁaderﬁddnenaQMcWIﬁ diiey usba\tbxtsmdlcg:dm | :ced lﬂ t
such a way Wi be, t he ver.a ring 5 surface tha
is the cl osestl%tleg PRSP aémg’Lﬁ‘?a agléftsel?"%edfrs%' & hi ghest pressure
regi on betMeen t heDspositeon dmobvmdatareg&hanrbegmcbdhelbn@idee)fpmﬁnm mat eri al
"ndependent o S8R plok 8P Ao el ROt S e WP RASRIRAF) | £l T oy
used for shi elmwnympmm’mngahe dapﬂmfmetfeanamﬂ*henrmmmum EiGed? fical |y
o7ect o0, Tor ittt of SoDERSSILS el BRaRUFIGARY <0 o7, C2n Do Pl aced
addi tional advant agesdgymdna\ai lregd (AH0R for fal disci dive i(100) commrised a eitisiratg t he depth
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di fferent e| ght l'ace ari ous n-sunmary, ead (300)
for a disc dr |Svda°(31m> ﬂ)@bﬁphapstb@fb’mdlscaiuefacel(wx 2% that geheatsuibst r at e

(201) include r surface
(222) that i ssfs i c]ﬂh@%eﬁ Eﬁ%g)flélgoggo s?':saaszéél ace%%g%% Jra(%)@t%t generates a
first lift. TW@P%@%PI‘MOI@)W@@&%) Tbemaalemgmducgr (Bo2ahethpde (302) that
is deposited;al ( ducer (302)
has a pol e t@(ﬁmgﬁgahﬁ Sﬁgcgde?ag%g?e@&% Sﬁll(r%;?&3 30-521%’ yg&gg& glgr#g%gg( 303) by a
pol e-t o- d|2§c <$R40. The head (300) also compnses a ﬁrst deposit (301) deposited along the

trailing side (209). The first deposit (301) includes a first compensating air

bearing surface (306) that changes position relative to the substrate air bearing

surface (222) as temperature increases.
It is to be understood that even though numerous characteristics and ~
25 advantages of various embodiments of the present invention have been set forth
in the foregoing description, together with details of the structure and function
of various embodiments of the invention, this disclosure is illustrative only, and
changes may be made in detail, especially in matters of structure and
arrangement of parts within the principles of the present invention to the full



20 (304). The head (300) also conprises a first deposit (301) dep?iﬂ?@t 2004
along the trailing side (209). The first deposit (301) includes fi
conpensat i @/15)513«Eea” ng surface (306) that changes pqsition relative to
the substrate air bearing surface (222) as tenperatur & G4 Rs. 1t is

to be understood that even though numerseus characteristics and 25°

advant ages of various enbodi nents of the present invention have been set

forth in the foregain esgri.pti.on, together th detailg.of the
structure and u%b%‘%gﬁgd(c)l?y @‘5r¥%ﬂsg@%§g}eﬁ‘ﬁ?ﬁ gwélfe fepras i i 96, this.
di scl osure i s appénded claiiris\aee euphogsedafet exarhysle)ghes partignlah depostiemby vatet ai |,
especially in tt.ers of, strycture and. arrapge t parts wmthin the
princi pl es of eendlﬁl oL 1pe i PRTASHIEY SRP cguqnhgorfﬁ:% efglwgﬁi%@%% 03/ 105134
PCT/ US02/ 1437 Substdhfialtyxthe semei fonkitioadliedwithout Bepadiing SOmghdspinitlandBeupe Ng of t he

terns in i chethe appended.clains,are expressed. For exanple, the
parti cul a\rM%depc’(g et‘gve“ag“ 3%? )?ubsﬁazfieaﬂgiiuh%wpaf aﬂé’r‘?‘i’%“f‘"&é‘%@’pﬁ?cati on for

t he head whi |'cubstiatetcan takegny of vadduakhownd shapdshdaptelaforuse wnithid godédolt y wi t hout

departing from.th irit d_scope 5.of ,the invention. The substrate, and
in particul ar rﬁfsrt%eﬁjg‘?lgé Seer;'l\?e?ang SSEPPSReRtion | dgngait. uB‘gaﬁtP&t Slthongh e o any of
vari ous known pséferred smhddipeatsl déscuibed hereini arddeacribed @-comedii @owitpakdrd g
tenperature cqg L I p4ion,.. although the preferred
enbodi ment s dglggé???gégy‘ﬁgrbg?ﬁﬁgérléetedd@s%?élg%ié@%fﬁ ﬂé%#n@%@%??%’%ﬂ hard disc
drive, it 1| lthdpessppnvsoiien @u bbypplidwetiek mhgretic duives bechas tenidvalile t he

t eachi ngs of i ty I 0 ot her .pagnetic
drives such a;d%rcge%?/a Fszg%%dggﬁgndg&%’g%gﬁe%% ?%g%ettodrp?l\?e%l,v% ape drives
and magnet o- opithoutdepayting fromi thirsnope ahdispirit ofithe reseminvketiacope and spirit of
the present invention. 2 1 JUL 2004 - 16 WHAT IS CLAIMED IS: 1. A slider,
conprising: A substrate including a substrate bearing surface, the
substrate also including a trailing side; a transducer deposited along the
trailing side, the transducer having a tip; and a first deposit deposited
along the trailing side, the first deposit including a first conpensating
bearing surface that changes position relative to the substrate




bearing surface as tenperature increases and at |least a portion gf tEﬁ
first deposit has a coefficient of tenperature expansion that iség 2004
than a coefficient of tenperature expansion of the transducer. 2. The
head of Claim1 wherein the tip incfe %i'ngly protrudes as tenperature

| ncrease‘ﬁHMarg g ity Stg.conpensating bearing surface generates a
t enper UT‘e—CUTTpE'rTsaﬁ—n'g—I ift that conpensates for the protrusion. 3. The

head of O gi m2 ygL.ei n tBe; ﬁ{g)erat ure conpensating lift stabilizes the
ti p-to-disc spacing. i He, ‘Lﬁfﬁcdl Lk olE LA 885G, PRI 01 ©f
the first demttraf&@safs&%fcmaaﬁgt £ ol GARGT ST € exXpanst o 1

greater than a coeffi Gl gal.0f &%@E@&uéforﬁxieﬂgsgpﬁlqrngt Q?% syhgtrate.

The head of Qpéﬁgdﬁcgyrﬁg\% QNPELSif)fy @ second deposit I's deposi ted
along the trailing,stdeafdpbas: de FBQ?E&’.{ Gi19Rb Phe LEMSY AL UL £ XQ:%@S' on
that is nDre Ehant a agRefht 'Chﬁ@iudlngte%pe%ﬁEgEe E&RG 1 ng fring
substrate. 6.gsdhdeeaghnf @1@:&&@ HO8 iR CAMMYY1 SN2 §ﬁ&0% pdE Qtfsét

that is deposmé&cir@l oG- fhe tdAl Lélﬁkgax%ltqgea&%cbéés@s 6081 LiCl RO
tenperature expanynon dehatehieS lr@sstt haBpdkitcoafdd CientoJafe £t eNRSY at&fe
expansi on of t&merdRstEabLpankiochhenheats QfrdtakMBaher &idk eliheegecoNd
deposit has atdieattural @aghrdshent 6aiddd@rshe@uddrat differs from a hei ght
along the trailing side of the first deposit. 8 The head of Claim1l
wherein at 2l.eaht Bed®rdf A aQh th@hbiést tiiepay tinBasasi &S fret 8deHf
tenmperature expanse@peddidirel Singf&aiedy, t han acgeef fifdentcpeheapaipt ure
expansi on of bberinpgsetfidel IANSHUESE . a9 tehPerdtoad HonPedkt dingvher el n at

| east a porti ehadfcdftenkatss radepasi protsdsaoped of the same material as
the pole tip. 2 1 JUL 2004 - 17 10 The head of Claim1 wherein at |east a
portion of 3t.hehéi hebhd d€paiatimcanpihesesn Ccappetempdrdtiaehaathpehs&t aign 1
wherein the fillst sahddngasitige alib-to-disc spacing.

4. The head of Claim 1 wherein at least a portion of the first
deposit has a coefficient of temperature expansion that is
greater than a coefficient of temperature expansion of the
substrate.

5. The head of Claim 4 further comprising a second deposit
that 1is deposited along the trailing side and has a
coefficient of temperature expansion that is more than a
coefficient of temperature expansion of the substrate.

6. The head of Claim 1 further comprising a second deposit
that 1s deposited along the trailing side and has a
coefficient of temperature expansion that is less than a
coefficient of temperature expansion of the substrate.

7. The head of Claim 6 wherein the second deposit has a height
along the trailing side that differs from a height along
the trailing side of the first deposit.

8. The head of Claim 1 wherein at least a portion of the first
deposit has a coefficient of temperature expansion that is
greater than a coefficient of temperature expans1on of the
magnetic transducer.

9. The head of Claim 1 wherein at least a portion of the first
deposit is formed of the same material as the pole tip.



bearing surface is coated with a dianpnd-like coating. 12.The hea@ ofjyL 2004
Claiml wherein the first deposit is partially enbedded in cavities

formed in the substrate and partially _protrude past the trailing side of
the substrate. 13.The head of O ainT1}Werein the substrate has a top
Substrate r e i e trat j r_hearing, . surf nd t he
first depoé:dt'Eg%g%gg%cﬁgtfgiflﬂ%iﬁ%%elgu%%ﬁ% sle)c Suff g%%a‘?n Zfa %ﬁg g’rlfsdter of
Claim1l wherein the first deposit IS deposited on the trailing side of

Lhe substraterdSull NAACalill & Ml IheLRLY 0BT KRbetERONS {5
enbedded 0" ayl b £%,.£000E § N LREGSPRS! ke, by The ERM o118 ot 10

S
wherein the first deposit I's deposite on e nmagnetic %H?Hucer. 17. The

head of O abmrile hild e SQTRr &suﬂgfﬂg ‘ﬁlee GELE Ef&@ég'ﬂg 18l g@ﬁiai .
deposited on LRBeaddd Sitn ¢eRISELs AS-nERE | e%&eotu EQJEéLaﬂghg%ggﬂa first
deposit is shaperidfe ph@EMRe lH2R§ Ik Ns 1 FUPRL Al 48 A Sl T der,
conprising: a head asSenbly I ncluding a substrate MAtﬁ a bearing surface,
the substraterhaclydiangod tdidiihi NY $imdee AN tde tLaNSIUCES ﬁ%ooal teg al ong
the trailing gigerrdhe dh-@RsdUcEEpdlavicnd el | Pubddihdaeans ,f 0L geNey ating
a tenperat ur esaerReNsabhig did t ritdat sephpensakesndr Wi Pedr QhkUsigh and
at | east a poehbotratd tibespeans has a coefficient of tenperature
expansion that is greater than a coefficient of tenperature expansion of
the transduaerhe20siihRrs| béercnfind ai MyAS-aher @hd t herdd p depekeasifgly
protrudes as Heppeidddiica tREreasesngnsiddesmeasssdytragenerating includes
a first conpensating bearing surface that generates the tenperature
conpensat i ng.lrhét hexd . dheislimden whekdiai Bht9 FURSE eddbddie tianpRbadALE
conpensating ihi&édviddiali FozRsd art itpet ®alsdtalagge surface spacing. 2 1 JUL
2004

16.The head of Claim 10 wherein the first deposit is deposited

on the magnetic transducer.

17.The head of Claim 1, further comprising:
An electric heating element that is deposited on the
first deposit.

18.The head of Claim 1, wherein the first deposit is shaped to
form a trench in the substrate.

19.A slider, comprising:

a head assembly including a substrate with a bearing
surface, the substrate including a trailing side and a
transducer deposited along the trailing side, the
transducer having a tip; and

means for generating a temperature compensating lift
that compensates for tip protrusion and at least a portion
of the means has a coefficient of temperature expansion
that is greater than a coefficient of temperature expansion
of the transducer.

20.The slider of Claim 19 wherein the tip increasingly
protrudes as temperature increases and the means for
generating includes a first compensating bearing surface
that generates the temperature compensating lift.

21.The slider of Claim 19 wherein the temperature compensating
lift stabilizes a tip-to-storage surface spacing.



- 18 22.The head of Caim 19 wherein the nmeans for generating igfl ujﬁﬁ ?0
first deposit that has a coefficient of tenperature expansion th 1i 004
greater than a coefficient of tenperature expansion of the substrate.

23. The head of O ai m 22 wherein the nEars for generating includes a

second depogi imLhaleqlss Gepeshifd gl QiRLthg ddAl %L&%}SEQF dehas;

coefficient of,Leqpses atyr%iﬁgggjg anthak . is Hg%&eg{ a%})e g.f %c:@e%] (

t t RBOS t .. rein

ate anggt u;epo%éfaﬂegﬁ}ﬁggﬁgg%ond%@%gﬁf Sé'u%s ag%%g ﬁ%’? at?hceo sf?%e@m ertleal as
2 :

the pole tip. 25. The head of alm wherein af | east a portion of the
first deposit conprises copper. 26. The head of Claim22 wherein the first
conpensating aht Hegaridw suaiAceri safaatad wid hyafli aggpd-Jdke, cpating.
27. A head for jacOidds dbi VEacdr@MPALSING: enSubstraig,dicbyding 3 sybstrate
air bearing syrh@feng t hailad S 2APedst 0af I Lo@¥Llc Al SGAND AL, GReT at es
a first 1iftexbiigs IDSIHAL 6 Al 8O-d NI N Be ££i@ilehRI oF dQmpRr tic
transducer dep@sid£dbralogngnd idsiabkéng side, the magnetic transducer
having a pole tip that is spaced apart fromthe disc by a pole-to-disc
spaci ng; and.anhsehedd igr deposi 2 deResihesk alQRg hhgot I IdMEnsi €erste t he
first deposit appetividisngoret@tdsv@nbosihe n@ﬂt@rbgﬁrasn&heSﬁéi@Cﬁpand having a
tenperature coefficient of expansion that is greater than a tenperature
coeffici entsoffthexpanai off @hikh@2sulfireahe at28.cHRe heaghaficdl aifm @fe
wherein the nmeiakt idepdepesedmpricegasssped.i ft in a high pressure region of
the air bearing surface. 29. The head of Caim27 wherein the netallic
deposit decleases headcihifortliaima 220WHairesaUkRer eirel QfompBRs &t indoeai# Ng
surface. 30. Theahitas safrf&kai s Zhanbareith tahaiambddlikedepasitg.conpri ses
copper .

27.A head for a disc drive, comprising:

a substrate including a substrate air bearing surface
that is shaped to fly over a disc and that generates a
first 1ift, the substrate also including a trailing side;

a magnetic transducer deposited along the trailing
side, the magnetic transducer having a pole tip that is
spaced apart from the disc by a pole-to-disc spacing; and

a metallic deposit deposited along the trailing side,
the first deposit protruding relative to the air bearing
surface and having a temperature coefficient of expansion
that is greater than a temperature coefficient of expansion
of the substrate.

28.The head of Claim 27 wherein the metallic deposit increases
lift in a high pressure region of the air bearing surface.

29.The head of Claim 27 wherein the metallic deposit decreases
suction in a low pressure region of the air bearing
surface.

30.The head of Claim 27 wherein the metallic deposit comprises
copper.





