L Dkt. # 2005-018.01 PATENTS 1/35 Method and System for
Per pendi cul ar Magnetic Media Metrol ogy [0001] Rel ated
-+ Dkt. %@%’Qﬁ-@]ons This application is a continuati on BATENTS
: U S. Patent Application Serial No. 11 /432,730 filed
... May 11, 2006, by WIliam Van Drent, entitled Method
= and System for Perpendicyygy Magnetic Media Metrol ogy,
MethbHGrd SeiieR o PRpedticild Magdli8/ NRHR REbfbE, N BY
Brence tnmi1ts entrrety. [OU0Z] Technrcal el d The
present invention relates generally to the field of
nmetrol ogy and nore particularly to the field of a
netrol ogy system for magnetic nedia used for
[0001pBebded iApplantioas dihds ayeplida6on 33 a Bantgnatiordof ISy Potest v
in magnetic recordi ng technol ogy, increasingly higher

Appligmﬁlg@"l densl Ubes: gy &30 Gl Hiag"18 @, Hg il e BSdi%entitled

t i1s known as 1ongitudinal recording techniques.
S in Fiqgure 3,(Prior Art), .in lqngitudinpal..
Metndd i s Frsbribrattie MagtnicMediradifulong, B ctirloswe of
_.switched between |ying parallel and anti-parallel to
which isdnefitpetated erginiyi referemes indtstemtivelyd i s noving in
relation to the surface. Although increases in areal

[0002PEadidicAISFiefd TRaptdsePhvRRioR GlateLyde¥alP & tHRMfidldVBf
for the last several years have beeh achi‘eved wth

[ i nal chni if.1s bhelieved that the .
metrol QR B AR parkiE AP TR el oo RRHSHEF piefith i Gagnetic
.capacjties of this kind of recording. As a result,
medlap‘é?%’eﬁ%ﬂ?@w’%ﬂdlﬂé[éb?@ﬁ@ngs bei ng adopted by many
manuf acturers to find ways to further increase areal
[0003]d Bagk ¢ sourdPravesysdy)dih end gavetic eé@frdhfytechmt)gﬁﬂnofeasingly
e

"lying down" as it were, in sane plane as t di sk or

highe BRI drisitRaHAS Bech B84 bR ﬂfdfi@@é’ﬁgﬁg what igknown as

Iy
perpendicularl'y"” in the magnetic surPace.

longitgg%gel_l gé%)_r ?phg:t’gi(f%%%rgesr.eﬁg ggénni% I«qgﬂ_?é 5 I(Igr?(ir Ei'(ts, in;itongitudinal

recording the magnetization on the recording medium is switched between lying

parallel and anti-parallel to the direction in which the write head is moving in
relation to the surface. Although increases in areal densities of nearly 100 per cent
every year or two for the last several years have been achieved with longitudinal
techniques, it is believed that the superparamagnetic limit is beginning to limit the
capacities of this kind of recording. As a result, perpendicular recording is being

| adopted by many manufacturers to find ways to further increase areal density. In
perpendicular recording, instead of “lying down” as it were, in same plane as the
disk or magnetic surface, the bits are recorded “perpendicularly” in the magnetic

surface. This enables much higher recording densities.



_ 2/ 35 [ 00041 Perpendi cul ar recordi ng enabl es the use of
media with higher coercivity. The wite heads used to
Dkt. # 20@-Q1%3k a per pendi cul arly nust generate nuch PATENTS
stronger nagnetic fields as a result. The higher the
coercivity, the nore thermally stable and therefore,
the less likely the nmedi gmgs to succunb to
f ..
[0004? gg‘gﬁ%‘%&“%geﬁ%%&ng ehgﬁ%s ?ﬁe ugg %Ecélasr’{gﬂnlé ?lt{gqﬁeg QE?Iﬁzlngty The
s that of t he conventional nethods of
write %g@a Hp fq W@O daet p%rpﬁﬂépfé&%rﬂxégl@r gengals el sirenger
may be |nadequate for perpendicul ar recording
magnafip fieltdsenesulisThe highenthe aetcibay eheuhdiechermally stable and
magnetic field strength to switch the higher

r [
e L e e
cordln r ,and,a soft netic underla er (.S
highe#-Hiaf, prspn %fﬁéﬁ%ifiﬂéﬁlﬁs SR epet S e e, this ndins that
recording |layer, a sufficient perpendicular magnetic
manyfaféhe comeertivnabmetippls efdnedmrigstheimagiagicreopertis iofr
Art) in a perpendicular hard disk drive, this is done

recordinbnédidi A P56 fi deqihRALE pRAd didilak RREIdiNgG 'ag§l1&?cﬂﬁ1s3gs

at near contact di st ance ~(of the order of

|s Si t SUL.1 ons
they P RRERFLsukich el bt BLlsEtrotelR 1 R B Serfvity
_practlcally doubling the field of the head by the
meo'llff}mgneti c image effect. [00061 For disk testers in |line
wi th production machines, a flying SPT head on a spin

[0005]s Penskridicuiaf r@bﬁﬂihg&ﬂédm/%\ypichllﬁ cPodistiofQn foalee gér}ieﬁhdlcular
know t he nmacroscopi ¢ magnetic = properties such as MRT

recorcﬂﬂg lgﬁi .fa91rd A mgi %&1@%@ {lﬁg‘g‘gﬁ&ggﬁﬁ% S‘Iﬁ?% etization in

ies nee h grea rac

N ETM R N T

qui ckly (of the order of 1 disk per mnute). For this
appligou lrz‘-’!ﬁﬁggrl}] an Fgpre S Bpibr ArBdoragpergendiadlarhaad diskddrive, this is
done jv(i)th a micr.oscopic single pole tip (SPT) write head 30 at near contact distance
(of the order of 10 nanometer). In this situation, the SUL 12 functions as a magnetic
flux feedback path for the SPT head, practically doubling the field of the head by the
magnetic image effect.
[0006] For disk testers in line with production machines, a flying SPT head on a spin
stand is not practical. At this point one needs to know the macroscopic magnetic
properties such as MRT and HR for immediate process feedback. These properties
need to be measured with great accuracy and repeatability (both fractions of a

percent), over a large area of the disk, and it has to be done quickly (of the order of 1

disk per minute). For this purpose a macroscopic recording head is a good solution.



: Dkt. # 2005-018.01 PATENTS 3/35 Current art for
i tudinal macroscopi ¢ di sk nmeasurenent uses for
[nd-%gﬁﬁ%éﬁibﬂacroscopic heads of 2.5 mm wi de, positP%H@&nB
at approxi mately 25-100 mcroneter fromthe disk. The
head is not actually flying, it is positioned to a
predeterm ned distance. 3fypically 3 tracks are
Currdf gt fon gt gi i€ ik bghdheudisg 1
urr(I\/D) and 1?%ner %Iﬁglﬁetog@(ll D trg%ﬁ}&b goﬁ‘% SFgIrEE)SJmpe
er pendi cul tester . with a croscopi.c SPT write .
macrfieoREc Hords o 0 i B paitned GPPHPTIREFIY AHOOD SRiczmeter
a magnetic flux feedback. The soft underlayer is
from tlypdliskl Tlye hegskistriodactuably dlyomgtibis pidsitzinedrid at predefeoméned
can not carry the flux froma core that is orders of

distari®d Wg%idﬁﬂ%/ BarLRE ard¥lehauld! ieohiiddidRedPaok) tiRNE Riameter
L, the h

t he per pendi cul ar magnetic field Strength of
a_nmacrosgopi ndji cular SPT head is Ilimted, and
@”E”ﬁﬁgﬁﬂ8?r gg%%%ﬁgﬁgggg%Ven wite the perpendicul ar
media. This_ is particularly true as_it is expected
[0007} figr agrespendisules testy withasmaereseartic SPY wiiiteheade s soft
in order to enhance thermal stability of ever smaller
underfagirgs tao ik o frictiohesmhegndtar flax forbads qbRiseftli@sdglayer is
to function properly, it has to be able to not only

typ1c%wg]%§§]thtaﬁelhm5@8ﬁl%%érztﬁ{dkosﬂtd {iebe Bl Gl I?O’rqra.{'r\fftq)}/lfg:ffé%{j??/m a core

enough to achi eve naxl muim remanence,
.at ] east 2.2x l.arger an coercjvity. [0008] Th
that ig,prdexs af TP IR Y @gﬁﬁeuq@sdi@%wg t Q‘Eﬁjbﬁ'ﬁeﬁ%ﬁhe
one side of a disk has worked in the past for
perpendigil4umiagadtinfie)d etieagiinspeotaconscapid prepsutienlan SPT head is
equi pnent. However for perpendicul ar testing and

limitedN8RE %dgpﬂibt%% ttold¥el wiRRRhEe ?@:gzéﬂcﬁéﬂﬁr media. This is
i nsufficient magnetic field perpendi cular to the disk.

particgﬁrly gug %Q ?t_ig %%pgzjfec? @L‘%ngrrgr t}ﬁe/ c%?ning years, coercivity will creep up

in order to enhance thermal stability of ever smaller magnetic bits. Furthermore, for a
macroscopic tester to function properly, it has to be able to not only switch the
magnetization, but also to drive fields high enough to achieve maximum remanence,
typically at least 2.2x larger than coercivity.

[0008] The principle of a macroscopic head residing altogether on one side of a disk
has worked in the past for longitudinal magnetic inspection and measurement
equipment. However for perpendicular testing and inspection equipment this

approach yields insufficient magnetic field perpendicular to the disk.



[0009] Disclosure of Invention The present invention
rises a systemof nmagnetic wite and read heads

cQ
Dkt-%%é%a@ﬂgén for the neasurenent of nagnetic proper}?ii\@NTS

of magnetic thin films with a perpendicularly

ori ented magnetic recording |layer. The system can

performa neasurenment ofi/gpgnetic paraneters of the

[00091 £ROAELNS JfANSEntiBRt her or not a soft under layer
'S S underneath the recording |ayer(s).
000 I n .an enbodi nent sho in Figure 1, an )
The peFREOR SR R RABPORE G0y Een SLgEal e Nad doul e papfipsuitable
of generating perpendicular fields of sufficient
for thpegasticrieenttaf magmetidc prepertjes op emginetic dninyfilmegmithiaz abl e
recording |layer on a surface used for mnmagnetic data
erpepldiAGEy beieARAMRAaglBf: RBSRITRASSjeR! RSH QR Herf
P precordi ng head O4gji:‘rs corrprigg%) of a oske 00 ﬁfiogrﬁlea
or _nmore.coils..02. The yoke .00 is .situated.ipn such
meas{iierii of TR SRErrE R PR rer i Y s b st o dofa sof
of the magnetic recording medium 06 on substrate 08
undeglayenidIragneaseat podeneath thejreeqrding loyer(e ot her si de
of magnetic recording nedium 06 on the other side of
[0009F Ihah et dithenbBlgm@hiin Fidur 1, gh eattfpidsing taerstepie be
achi eved through the magnetic thin film substrate and

N . . ; . wite .
recor 8 b0 08{ M1 4L ARl MG BBl AL DELIAIBN i
i nside the enco ssi ng macr.oscopi.c recordi ng head 04,

to magge%mg%fdpenaar iy MaghsEranle secondinglayehery 8 Suegeronged for
recordi ng heads nounted on one side of a platter or

magneiécdaii shorage if stwevn [ THROARbmesinggnatrbscapée tacdidigg head 04 is
medium 06 is noved laterally or rotated through the

compABEPIPAFELN) HRE LAS &P Phdre BALDS I TIR A PE shied iftlsuch a
the sane tine an alternating nmagnetic field Is

R TR e .,
mediLfrﬁ rOr6egrt1 SItll())stlt'ar;Eea 0(8: ginld(oi)e rgggn%iitc.poil#e 1238 (1)35 l-oggl-’i.doo]h tﬁ')ég%}’:gsside of
magnetic recording medium 06 on the other side of substrate 08. Magnetic flux
closure will therefore be achieved through the magnetic thin film, substrate and any
other thin film layers present. During the write process, the magnetic medium will
reside partially inside the encompassing macroscopic recording head 04, as opposed
to traditional systems that have magnetic recording heads mounted on one side of a
platter or recording surface.

[00010] The magnetic recording medium 06 is moved laterally or rotated
through the encompassing macroscopic recording head 04 while at the same time an

alternating magnetic field is generated by the encompassing macroscopic recording

head 04. The magnetic field is generated by applying a current to the coil(s) 02



5/ 35 present around the yoke 00. This process causes
na&netic transitions to be witten in the
Dkt. $2¢005e0i-@ul arly ori ented magnetic recordi ng medi GATENTS
| ayer 06. Due to the fact that magnetic flux closure
Is achieved with enconpassi ng macroscopi ¢ recordi ng
head 04 through nmagneticsygsordi ng medi um | ayer(s) 06
t 0. r It M .
presclBbr Ryt 2 ke ok Pl dRocesr Db b BRR A ol p LB Aen in
si des. of substrate 08 of a disk at the sane tine.
the P?Wnéﬂulariv evsntedpagnaticraeprsing medwar 1ayeE 06 Dyg ko the fact
magneti c recordi ng medium |ayer 06, it is
that msahreequibn tlpsyreds achibyedwithadndeapaBihgmasesoopio recording
Figure 4. Here the magnetic flux changes induced by
head b ?m%%ghn& gfier &6LaihEANSAiRhE Fye s Poy 24 bsttAt8088Rd ,
©a T%e_vp tagggghénaes érg s%%éequ ﬁﬁ%g anﬁ???ﬁeﬂfangg
transi]%:qﬂlgfc%\é gm?tQ%os rg?zi:geqsﬁ: ggﬁ@r}a%&n%%aﬁtgjpz atg{eg%rb6q8ga%cti %Idl%oth
subsequently reading the recorded information with the
sides pbadubsizate 08 of a dith af thedemeftimemagneti ¢ paraneters can
be determ ned. Dkt. # 2005-018.01 PATENTS 6/35
[0001110001 2T R a@hiatPeRE FriaBhbBEpRipdriies aﬁwrﬁggne[tfé%é&hm%medium
e e

Figure 1 is a schematic drawi ng of a si vi ew of t

croscopic recordi head, of resent..i nventi on.
layer P Gh 3 BB inuSiRTT TR Berd OF R el EE i ape
sgsten1operaping the perpendicul ar netrol ogy system
magngfic flyx chpagesinduaedhy thamovomprsdiFarpiransiated igfo voltage
schematic drawi ng of a cutaway view of the nmacroscopic

changes Chich sigadiadangts dlesubps@pamitly amphified and [d0g6%6d, and

Figure 3 (Prior Art) is a schematic drawi ng of the
proceés%HQh{dJH{a%ﬁEtization magnitude information. By varying the write field and
subsequently reading the recorded information with the read head 05, a multitude of

magnetic parameters can be determined.



recordi ng technique of the prior art. [00017] Figure 4
is a schematic drawi ng of a read head of the present
Dkt. # 208938 [ 00018] Figure 4A is a schematic dr alWHEEDHS

anot her enbodi nent of a read head of the present
i nvention. [00019] Figure 5 (Prior Art) is a schematic
drawi ng of a single polegtip wite head of the prior

(00013 . | BORE BesFiBHibf of the DhanaRgi™! i C LOP view of a
sk p present invention.
00021]. Figuyre 7.is a schematic top view of a disk .
[0001%1 at t FIEBEY g § Sdieaentis, TRHANE OF @St VIeHThS Bicroscopic
[00022] Figure 8 is a schematic top view of an
recordimgddiaderftthe present imwentiseopi ¢ recordi ng head of the
present invention. [00023] Figure 9 is a top view of

0001 enmbagl rants Qf &H@nﬂﬁ%%@éﬁrﬁ%" 6f & 859ty sid Qhting th
{ ?f;e pr esent inveantion. Dkt . # 2005- Olg. 01 ESATE% ting the

7/,35.[00024] Figure 10.is a tqgp view of an enbodi nent
perpefigis RetP Iy oRrIen BE PRt HBYE R o pr esent

i nvention. [00025] Figure 11 is a top view of an )
[0001%nhodi Higurede ra@sé@pmc depwing ofg hdaway olew péthpr meerascopic

i nvention. [00026] Figure 12 is a schematic cutaway

recordingeheutiltid pARefiiBOehti®At of the macroscopic
recordi ng head of the present invention. [00027]

[0{)01(%:]i gure F%g:%.ule% (Pri8k %EB 6 s ¥E gfa%fln% ofthy Fdngitudinal

recording technique of the prior art.

[00017] Figure 4 is a schematic drawing of a read head of the present
invention.
[00018] Figure 4A is a schematic drawing of another embodiment of a read

head of the present invention.

[00019] Figure 5 (Prior Art) is a schematic drawing of a single pole tip write
head of the prior art.
[00020] Figure 6 is a schematic top view of a disk platter being tested by the

present invention.

[00021] Figure 7 is a schematic top view of a disk platter being tested by the

present invention.

[00022] Figure 8 is a schematic top view of an embodiment of the macroscopic

recording head of the present invention.

[00023] Figure 9 is a top view of an embodiment of the macroscopic recording

head of the present invention.



[000281 Figure 14 is a schematic representation of
test steps perforned by the present invention.
Dkt. T%@Rﬁz@%& gure 15 is a graph of results of testsPASENYS
the present invention. [00030] Figure 16 is a graph
of illustrative test neasures. [00031] Figure 17 is a
graph of illustrative tesgysgreasures. [00032] Figure 18
g a s t4i ' 1ew. of ' . .
(00024F 7 AR J0e SNDE Ry B R LM e Pl ERIRA B Db Checording
i pyention. [00033] Figure 19 is a schematic top view
}mad8?t IERPYANHEHOTBf t he macroscopic recordi ng head of
the present invention. [00034] Figure 20 is a
[00028k henathigureildds aiteprvidw bfen entbodiiment suaofostdysic recording head
macr oscopi ¢ recordi ng head of the present invention.

of thelR03RlinFa:HH£ 21 is a schematic side view of a
oletip of the macroscopic recording head of the

resent..i nvent.ion., Dkt. # 2005-018.01 PATENTS .8/ 35
1000264, 503 G B AP SERBRIEE B 519 ol PBROANSH & the
in Figure 1, the present invention conprises an
macrasgepiepasyiding heast obibepiresent éooerdiong head 04, having a
yoke 00, and one or nore coils 02. Each coil 02 has

[00027 ect I Fgalre 8RN GLAPHIS A2 hi&tefestQidrvEr i ver for
generating magnetic fields. In the enbodinent shown

in Fig t. net | ¢ medi i S ard drivye di
fooozs % Sl s 8 RS ferlE PR e et ARl G TBy the
medi um | ayers 06 on its top and bottom surfaces,
Preseq InKeRdPNi t shoul d be noted that some devices 09 do
not have recording |ayers on both sides. Typically
[00029]he r eFigudenf i draph oSresul®ghebistusiny thef presertapeention,
deposi ted over a substrate 08 with a soft underl ayer

[000303U- 12pi ANl 18%S RERGIEYE Mlustrative test measures.

[00031] Figure 17 is a graph of illustrative test measures.

[00032] Figure 18 is a schematic cutaway side view of an embodiment of the
macroscopic recording head of the present invention.

[00033] Figure 19 is a schematic top view of an embodiment of the macroscopic
recording head of the present invention.

{00034] Figure 20 is a schematic side view of two embodiments of the
macroscopic recording head of the present invention.

[00035] Figure 21 is a schematic side view of a poletip of the macroscopic

recording head of the present invention.



medi a have SULs 12. However, some perpendi cul ar hard
di sk drive devices 09 have a substrate 08 conpri sed
Dkt. 200 3%Hum and some have a substrate 08 made of PATENTS

glass. The present invention can also be used to
measure the magnetic properties of other
per pendi cul ar nedi a, sucf/ss nagnetic tapes or cards.

{OOOSngO?’7bek%lécf‘ﬁe§&ﬁ#&%ﬁﬁ%é%tﬂoﬁ Figure 1, device 09

I'S nou ; be seen, device 09
is.pasitioned partially jnside enconpassing . )

As sepRiff E}&% 1 cthegirgoat @V%@m QAR EBETCAGIPEET RS Fcescopic
P1 and P2. In this enbodinent, device 09 is rotated

recordimgchegd Odnbavipgssyolg (thend seepironpecarilsi(2gEadachil has
while an alternating magnetic field is generated by

electrRAFQIMRBHAY2TRES OST APiver fcfr%“eﬁfefgt 8R4 @ds Th%he
result of applying a current”to the corls 02 on yoke

0. will he se bel ow, ,.bot h,.enconpassi .
emborlgneffhelin n BE4 SN e B S L e sty dighaltter,
and noved in a variety of ways by transport nechani sns
here dgvigedi® havieng megneid resprding meshpen bfyerhie6 pn és éop and bottom
i nvention. Dkt. # 2005-018.01 PATENTS 9/35 [00038]

surfaddb fditHorighrie Sle@ulaBY ARed HgtsBmbAlevicd3| 19cto AbAg @ Pe@rding
the present invention is shown as it is inplenented

| QIpAL I nut ; e I
ayerst BB 3,005 L o SRR B RHRLE BByt i i e
acqui sition and analog interface nodule 50. In
dePOSét@aﬁmere A substralg 0§ with oaﬁcrfbuné%rﬁftw%é?-i%ll pewgndisular
configure the operation of the present invention as

mediadescr $kbd1 2 idvwev&o ndme lpepperaliailaer Bart diskelrive davddes 09 have
i nput/out put bus 58 to data acquisition and anal og

a subdtft€D8 86 pTRAY :o? aRfninkah fnd Q6 ﬁv%ia%b%&qt@@%Qgﬁ of glass.

interface nodul e 50 transl ates, as appropri ate,

The pfiGe Suenih 5o EobieySPd K tants Taobransh g opgisgeg other
devi ce 09 inside enconpassi ng nmacroscopi ¢ recordi ng
perpendigglaganedia, such as magnetic tapes or cards.
[00037] In the embodiment shown in Figure 1, device 09 is mounted on a
spindle 24. As can be seen, device 09 is positioned partially inside encompassing
macroscopic recording head 04 between magnetic poles P1 and P2. In this
embodiment, device 09 is rotated through encompassing macroscopic recording head
04 while an alternating magnetic field is generated by encompassing macroscopic
recording head 04 as the result of applying a current to the coils 02 on yoke 00. As
will be seen below, both encompassing macroscopic head 04 and device 09 can be

positioned and moved in a variety of ways by transport mechanisms without

deviating from the scope of the present invention.



[00039] Still in Figure 1A data acquisition and

ana interface nodule 50 translates contro
Dkt. %3@%& kK to send appropriate voltages to dri vePABENTS

toinitiate wites by enconpassi ng macroscopic
recordi ng head 04, and al so receives and translates
signals returned by anpl by 3§r O5a fromread head(s)

[00038P- wh %1’:?1%?(31‘13 ed 53 to F{élg& its ég'mé)(g{s?ﬁgfeﬁn %E re%ent

convent i onal uctive r res

those skilled in the art w | preciate
m"enﬁ’ﬁ&ﬁéf‘ﬁo‘fv@ﬁséi aso@m@aa%teéaﬁlt% &0 ErPn OmREtetr §¥ptem 52

data is read back in fromread head(s) 05, data
comragyicathstaven igmet /anghuddusiSitte date ecqusitibe abd anakigsingdréesce
it into digital format and sends it to conputer system

modu':}gﬁ() VIr@cdrﬂEH%ér%?Eﬁi’ﬂ 5D USeed] shRivadR8b Ysslhs%dt% c@ﬂ r%' the
software 5 a acquisition and analog interf

i S ble .0 _Us fro ncoder
operafip it prisgf entifn o7 %ﬁﬁ‘irﬁ’&%ea%? e Y effagﬁ%lete%% gte sent
processes With the actual disk position of device 09
over igpupfgutputbus pPtwdala dcquisitiore mpddinseg interfirrmodle58MData

conpati bl e personal conmputer running the WndowsTM

acquiSiHeh ainldnghaby, %Irﬂ@ﬂfﬁé&ﬁb%léfwﬁﬁslat&s USeGhpaSpE AP Rbntrol
Dkt. # 2005-018.01 PATENTS 10/35 system 52. For the

pu 8, T LRI SR SRS B bULHO 0y

can be used, This card coul d reS|de i nsi de or out si de
rofateégﬁmﬁ & ingisle eneppasing Racraraspis FrsArdinghead 04a hi gh

performance USB device called a Data Transl ation
[000393T9836 Stiilsn Bguke Tyt dathhequisiicdsand anatoPahiarface module 50
Transl ation, National Instrunments, or the like could

transiB@s Qéﬁ&oﬁéaﬂ’éﬁké‘celgﬁ Os¥nd .rb{ﬁ]fqgte' \Fbl{s%%s & H 10h4 dda to initiate

appreci ate that feren I gur at 1I°ons of comput er
writeq ) SO P e b G EBEORIC CHOUE R UTt Vg A SecTEes i
translg’rf@ﬁ :si;rgqa r:;g&%d: nven;ilggr OSiofrror?er?egglheead(as,? 8|5 tvlvlr?gna Iciata is read.
In the embodiments shown conventional inductive read heads (05) are shown, but
those skilled in the art will appreciate that magneto-resistive heads can be used as
well. As test data is read back in from read head(s) 05, data acquisition and analog
interface module 50 translates it into digital format and sends it to computer system
52, via input/output bus 58, for analysis by analysis software 54. Data acquisition
and analog interface module 50 is able to use signals from an encoder (not shown)
associated with spindle 24 to correlate these processes with the actual disk position of
device 09 at any time.

[00040] In the embodiments shown, an IBM compatible personal computer

running the Windows™ operating system from Microsoft is used as computer



. can be inplenmented for the various transport
ani sps descri bed herein. [000411 Returning to
[md'gﬁé&}glﬁ01a sufficient current is applied to t heP’
02 of the enconpassing macroscopi c recording head to
generate magnetic fields strong enough to
perpendi cul arly magneti zgyt3sansitions in the magnetic

systehP5L g:gk i gadiR ujsﬂYcﬁ'{ ﬁlogﬁlé"’gﬁg h@%ﬁ%dqgultﬁuﬂgﬁ%ﬁb ldrd

I nsi enconpas I ng nacr oscoépi I ng

it SO BRSSP S AR 2 B BB e

head 04 results in magnetic flux closure through all
inside heolitsydr ompater spsteined o in tevérobodBner{tOSigxt2d, adnigh ng

briefly to Figure 5 (Prior Art), for illustration
perfoPHaRESESB cﬁﬁlceedﬁ[l@(ﬂ] 9014 ITe¥hAQhti bR E)T@g% @J‘uéefd 9&? oftRrlcards
02 of a single pole tip head 30 used nof mal

ndi cyl ar cor h| vi ew,, devi
from PRV SR NefRal izt mﬁhﬁégf—' Rt g el Those
whi ch are coated on top of a soft underl ayer SUL 12
skilledin g #rtsvilieppseciate thﬁmiiffﬁaamts@bégumt@n@ ®f compuger systems,
substrate 08 is orders of  magnitude thicker than

busesshelintérfadel rgudeled and Boftorardptograhk dhPetusBBMItRGI I SGating
for perpendicul ar recordi ng technl ques, SUL 12 is

from g%?é%ﬁf?%oﬁ’ Eli 7 Ig%g =1 A %Iflljl(s: re%%%%!en agﬁ tic|n 1 %c?noéolg :a%docﬂtlvers

[ d| flux |ines 16 As seen in Figure 5

can be }gF‘P § ¥0r. thevaripns fanepaxt aaisnaﬁﬁegsﬂbg@ herein.
significantly enhances the nagnetic field in the

[0004hegnet Retuimimg fo Figuret o stiffigienayenrennimgpplied to deoedlsi@ of
medi um | ayers 06. The field flux lines 16 are

the eﬂ@bgg%gélﬁg%a&o idrecBRfin ghﬁ&l?é ﬂéﬁﬂ—: gt ic uméﬁ strong

ck™field rough magnetic cordlng ayer

0 _not . di rb the itt, endi cul ar bits
enougfogPertitasiculreli Pepraine renfiEn bR e atrecrding iedia
contributing to the ability to use recording |ayers
layers {6 whgn greice O8és pantially ingide ehicgimgassing macroscopic recording

head 04. The placement of device 09 in gap 28 between magnetic poles P1 and P2 of
encompassing macroscopic recording head 04 results in magnetic flux closure
through all the layers that may be on device 09.

[00042] Turning briefly to Figure 5 (Prior Art), for illustration purposes, an
expanded view of the action of one coil 02 of a single pole tip head 30 used for
normal perpendicular recording is shown. In this view, device 09 comprises
magnetic recording medium layers 06 which are coated on top of a soft underlayer
SUL 12 on both sides of an aluminum substrate 08. In reality substrate 08 is orders of
magnitude thicker than shown in Figure 05 (Prior Art). In disks manufactured for

perpendicular recording techniques, SUL 12 is used to provide an efficient return



coercivity, in turn, requires that systens such as the
resent invention used to test such materials, nust

Dkt-’ggo%@a%@]e of producing hi gher magnetic fields. PATENTS
[00043] It should be noted that the single pole tip
wite head 30 shown in Figure 5 (Prior Art) is
m croscopic in size conpgr/eg to the macroscopic size

path Rl thBfhaghlc6E 801d HIR¥ SAHIARd n@;humg-;%. AP el Fioffe 5
of a single pole tip hea usual Ty be "nmeasured in
. M craoneters, ile the enconpassi.ng croscopi .
(Prior. A 181%@%%%3418@&? a?%éﬁp?g%lgmﬁcaﬂ@ sriances the magnetic
typically nmeasured in centinmeters-a difference of
field in(the @Ragrtetic thimfilnh nemrditigieyei, nrgnetic mreotdimganediunoiayers 06.
10E12: 1 in magnetic core volune. [00044] Turni ng now

The fleRd ff1QUNes 26 atd Wﬁ%ﬁp?@acﬁﬁm hatng nt%x@ 'fgﬂggﬂ&g %oevr\]f?r fsljﬁ)c() n

macroscopi ¢ recording head 04 in the

her ks ch like a m,rror i.nm of si ngl, ol.e

feedbrck gttt oaeh fagnslic retordiog iR [Bygn P g Tobrigipfd the
. Art), albeit on a nuch larger scale. In Figure 2,

writtegepgrpendgular ditsid. Thigremhiapcementredfeatyisrmagi afithe fackors 06
and SULs 12, on either surface of substrate 08, is

contripliaagdo ige &&iﬁg 1 u1§iSied6rding 1RBs %ith HEh¥e&erfRAREThChigher
pol es P1 and P2 of enconpaSsi'ng macroScopi ¢ recordi ng

head. 04 e i ho oke .00 of
coerelife ot e aE ETRRREAR A S AR IR PGS e han paggbro oot
from H per CoTM 50, manufactured by Carpenter.
such 1ppiesiads, Myst freicapaleiof protreing highey soagretigfietdst ENTS
12/ 35 cobal t-vanadi um soft magnetic all oy that
[00043]xhi bi Itshougthberngteet ihat dat singleipote tipagriethoadt BOshdkn in
(24 kil ogauss), high D.C. maxi num perneability, |ow

Figurds @Priof %E)qg‘éﬁﬁg%gﬁﬁc ift @Qelcgﬂﬁpgréa t(ﬁ g{eemh%ﬁcoq\fg rgﬁe W the

coul d al so om nat er | aving sim
roperties, such as electrical iyon or, magnet iron,
preserdi i EROTE Ft Angrhel JepyEheicies ohe SHEHPTRAE Mt eriiisyally be
of the present invention, all of these should be
measyragiim miewpneterss iile thedycomprsaing macrdsdeeporeeording head 04
Sintering and annealing may al so
of the present invention is typically measured in centimeters—a difference of 10,000
to 1 in linear dimensions or on the order of 10E12:1 in magnetic core volume.
[00044] Turning now to Figure 2, it can be seen that encompassing macroscopic
recording head 04 in the embodiment shown here works much like a mirror image of
a single pole tip head 30 such as that shown in Figure 5 (Prior Art), albeit on a much
larger scale. In Figure 2, device 09, having magnetic recording medium layers 06
and SULs 12, on either surface of substrate 08, is placed partially inside the gap 28
between magnetic poles P1 and P2 of encompassing macroscopic recording head 04.

In the embodiment shown, yoke 00 of encompassing macroscopic recording head 04

is made from HiperCo™ 50, manufactured by Carpenter. HiperCo™ 50 is an iron-



be used with such materials. [000451 In the
enbodi nents shown, yoke 00 is also sized to be orders

Dkt. %3005&53#]t ude larger than a typical nmagnetic si nlj’
pole tip head, and as nentioned, to have two at | east
two poles P1 and P2, opposite each ot her, and form ng
a gap 28. [00046] Stl I 114 m5F gure 2, for purposes of

cobalt-YhHsditad bow nﬁ%gneﬁgtaﬂb @?\git%g&:ﬂgtsﬁi ﬁ %9829 aturation

enconpaSS|ng oscop c recording Ras been
i1t hayi nensi a 20 x 12 mlli or.e
magnghgafion M égﬁorgﬁv?ﬁ)ﬁ%@-ﬁoﬁ&%m B?F&r‘%bb'&l)’ele"t"}’ DL
tapered to 2x6 millineters with a 2 mllinmeter gap
coerci¥@.forae, amd domvoilCrenite losroWioke 60 icbwldddsdhe enadb(fBomunaterials
and 150V/ 20A drive avail able per coil 02. This yields

having s%i‘ihfﬂd Fobdreiksl sﬁEh a8 BREQIAMBbA 0¥ BofSsilifor Qt%el or
gap. timze t erragnetlcfleld or a particular

permg fi%? gﬁ@% iprChRe of B2 st TR dn i ion, FRer bie shpuid

core area of yoke 00 will increase the |Iinear range of
be larainatashiesesiduge rddy susptintbe opti. ipterdag 2l atnealing geay also
where the field is proportional to the current. It

be usedd Withadwd agsiRsse the nmaxi mum attai nable field. An
increase of gap 28 shoul d be acconpanied by a

[0004%) PO g pRAL 'bBE{!(rﬁ&?t@ sﬁgwﬁhgoﬁ‘eﬁ@@g, a‘fé 95’&1 E)Iot%ei;"s of

na nta in performance
di mensi ons are further determn d the maxi_nmum
magngt%dta daergtharey tiariea] rregpsticaingl apglatng fzg tioned, to
PATENTS 13/35 coil around a larger core has hi gher
have twlaicleastdeyo peles €1 redd®, oppesiwoddchgehé) addifvening d gap 28.
t he enbodi nents shown, a poletip PLT size is

[0004tget er kARG lﬁ%&ﬂ%ez s&ac\(ﬁllﬁstr Eﬁf‘ﬁ@ﬂ&ﬁgﬁhﬁbﬂ a?foke 00

istribution Over a range that is s

o en e S SR e s o o

wi dth. Those skilled in the art will appreciate that
a 20 xdAgoitbmetdrmgre area with a 40 millimeter long coil and a pole tip tapered to

2x6 millimeters with a 2 millimeter gap 28. In an embodiment shown, coils 02 have
100 turns and 150V /20A drive available per coil 02. This yields a maximum field of
approximately 20,000 Gs in the gap. To optimize the magnetic field for a particular
gap 28 and write width, three dimensional magnetic simulations may be used, but
typically an increase of core area of yoke 00 will increase the linear range of
encompassing macroscopic recording head 04—the range where the field is
proportional to the current. It will also increase the maximum attainable field. An
increase of gap 28 should be accompanied by a proportional increase of all head
dimensions to maintain performance. In the embodiments shown, the core

_ dimensions are further determined by the maximum switching frequency required (a



nacroscopic recordi ng heads of varying di nmensions,

Qﬁ? and properties can be constructed w thout
Dkt. 48% from the scope of the present inventi opATENTS
[00047] Still in Figure 2, power as high as 6000 watts

for short durations (1ns) has been applied to
enconpassi ng nmacroscopi cj3yggording head 04 to generate

coil af[ﬁgﬂf& g Ef &brl%as g‘l%l%évf\e Fﬂrl&@#ta:? 25 &e edd RGNS, oita%g %o drive.)

aver age |SS|pate over the
ur ement c cle is. of order of W base
In the aﬁa%%tﬁéh Wiof PPl Eglefazg éﬁ‘ﬂféﬁ@@”ﬁ#ﬁty fhe gﬂpéﬂavea
in the neasurenent process. Cenerally speaking, in

homogedeousd Heldalisteintiongwes pshege that dccdightlyelider ¢isdn tHeewidth of
recordi ng nmedium | ayers 06, enconpassing nmacroscopic

the réa8HYLE! NEHAGRM b MnTe80shdven BSs 2R BrelGn 38NSHAT Rad width and a

magnetic fields that saturate the per pendl cuI ar

recordJ ctice, . this t ui res
emm 5N TRl R BE sl epriiel R cactpmesding

coercivity of the recordin nedlun1layers 06. [00048]
macrgeppic ﬁeﬁpr[dilw heads ofivarg ithameionst depehaand phegerties can be

enconpassi ng nacroscopi c recording head 04 is orders

const@ictégAitHoud el RS frdaRe ScdpeifaRb peéRAl BiveRAbR. i P
wite head used wth perpendicul ar msdla and is

apabl [ S
o004 5020, SeindBOES % pORsY Fo Mgl RO TN aFott Eedgnd o
it can be sized to fit the tthkﬂESS of nost nedia to
has bgsa appliegdo encampassing magroscapigsegrding drad 84 te Benerptq m
di sks with al um num substrates or disks with gl ass

magnstibfitidat és typfisaldpedrativen, Diotveviér 200 vOkge QlissHATENPSwer of the
14/ 35 di scussed bel ow, the present invention can al so

head &fer4Be %ée@uhﬁﬁém’&yﬁ is BF Fgeetglgigf B#§I15Wegés%d cﬁ#ﬁﬁ% Patameters

rragnetl c tape or urni ng now t | gure

ok e B PR e ST i ST TS
in ordglr" (f)oprear ;nleirzlggfy says;een(’:l?cra g::cr:g‘ately test the recording medium layers 06,
encompassing macroscopic recording head 04 needs to be able to generate magnetic
fields that saturate the perpendicular recording media. In practice, this typically
requires generating fields at least twice as high as the coercivity of the recording
medium layers 06.

[00048] Still in Figure 2, it should be noted that since encompassing
macroscopic recording head 04 is orders of magnitude larger than a typical single
pole tip write head used with perpendicular media, and is capable of generating very
strong magnetic fields, it does not have to be built as a flying head. Instead, it can be

- sized to fit the thickness of most media to be tested in a particular category, such as

thin film disks with aluminum substrates or disks with glass substrates. As will be



medium by witing three tracks, T1, T2 and T3 on both

surfaces (if applicable) of a device 09. As can _be
Dkt-%%@?,’owﬂi ce 09 and enconpassi ng macroscopic rec%AaEﬁﬁrS

head 04 are positioned so that the tracks are

witten, in this exanple, as an inner dianeter 1D a

m ddl e dianmeter MD and apy/ggter diameter CD on both
e e Gy TR O AN R0 O el P penlibular

.bot h si des of. device 03 and in 32 sectors per track,
medig such a5 MANGHG ARG 0N @B A%at a  points, conmonly cal | ed

sectors, are available for analysis of the magnetic
[00049) oper Twesingaiow he Figigrd irca tygrcal dippdjcatioti, encdmpessdng

06. [00050] Turning briefly to Figure 7, sectors 40

macr(%%ﬁ}r)ﬁcrf@%d\iﬁé hE&DN04 B (deBTK tds? tRE ma%n@ﬁ&’ E‘E@pe@ﬁes W& hecording
sufficient field is applied to sw t’ch the ‘magnetic

.|l ayer he hat che i hdi,cat.e tization.
medigg A ori s eciterte T aond BaSh ol AR il e oablebqt o
_pointing down. In the enmbodi nents shown, the strength
device f9.thecatplomegane deviek 89 aagl dpeompasding macnogchpic recording head
enbodi nents shown, for exanple, the first wite of all

04 are3Ros3R6Act So tHat thiolthksUfe writtd, ¢ tHiC eXbinp®, 64 hhH eRter diameter
enough to fully magnetically saturate the area of the

k i s t i ' t .
1D, o e 5, A5 SOERTBIRS AN IR TAESAA cecoraiog
.predetermned |owest field sitrength in the opposite
mediypiayarp §f of §ggice P9¢ln %lea@oqiaatengmhoa%éh@ttm%ﬁ@ae p@itten

be too lowto switch the nedia being tested. The

on bothhsides vf dévdcodd ainld indltsectorsipempatly soisleata totgdloé92 data
magnetic field strength, in some predeterm ned

pointd, BSAERGY call 8d b88oRMPE LR M ﬁﬂ%%lys@?&ﬂh@fmé%%tic properties
wites would use Dkt. # 2005-018. 01 ‘PATENTS 15/35

consecutively higher netic field strengths until
of the FRESERJeirEIng BRAGIMIGREBIE. 40, * whi ch 19 wei it en

with the highest field strength. This field strength
[000501oul d Typmingbtigfly be Figynal7, sastarhdOfire shbven rerigieh intrackd3 of

first wite, but the waveshape woul d be opposite
a device 09. When sufficient field is applied to switch the magnetic layer, the hatched
areas indicate magnetization pointing up and the clear areas indicate magnetization
pointing down. In the embodiments shown, the strength of the magnetic field may be
varied. In the embodiments shown, for example, the first write of all 32 sectors 40
would use a large AC write current, enough to fully magnetically saturate the area of
the disk inside the encompassing write head. The next write of all 32 sectors 40 then
would use a predetermined lowest field strength in the opposite direction—usually a
value that would be estimated to be too low to switch the media being tested. The

third write of all sectors 40 would use a higher magnetic field strength, in some

predetermined increment. In the embodiments shown, each of the writes would use



in sign. Inthis way it is possible to ascertain how

much rmanetic field strength is needed to switch the
Dkt-#r%[m%ql n, after each wite, the sectors 40 ar B S

back. [00051] Returning now to Figure 6, those
skilled in the art will appreciate that any nunber of
vari ations of the recordsnpgspatterns can be used
W fi 'gi?éfi %;E lkga 1@ WARSHRESE Me 3V S UT-3258Etors 40,
Conseexgyn%?}g? [ nslf% ocffﬁtﬁr ee gtrhgéﬁgl E]lt'llfelj-jTB, pgr s?’lz e, O{%NOO
..tracks mght be witte usi n . en assin .
whichis wrten Eh F@b‘%ﬁ%@ﬂ% SoRE. %3@@3 sRengiagrauls typically
wi der track width. Alternatively, nore tracks could be
be equalito e field strerayth émtenfias viritg, e dbe tiavgshwadwodlshapeposite
to have a sonmewhat narrower track wdth. Simlarly,

in sigh @ tAlAG8PRNG pBksibREo baG 1IN GBN PRI FhA BRI A8t th i
o Slgposi ti oni)ﬂgﬂoP@tsﬁe 8§vi ce %9 or trC}e po%ri%ti olni ng rg:?g ®

co Sk n croscopi.c recordi.ng, head 04,.or both,
need 1 AT A T dRE BER Gl fes <AL P LR dpR e et RisgerR back.
04 can_also be inplenented with a gap 28 that is
[0005H; zed Returainguewtiodigiedk teass skilledanitbe artogill gopesiafe that
Simlarly, enconpassing macroscopi c recordi ng head 04

any nGaibebef vaasdris SR rérimgepdttdrhé plrEb® Q&b withoabdetiating
in one yoke, as seen in Figure 18 where enconpassi ng

i Okd] d. t
from [ BrERFAB FertREP T BSheBRC IR0 RS BP0 BB o
arm 03 of _enconpassi ng macroscopi c recordi ng head 04,
tracksRigdyd %§ RYILeRy Ysing AR CRFIMRRISINGBIFEErape r??ﬁitgillng head 04
enconpassi ng nmacroscopi c recordi ng head 04 can be
shapeddo sécond taewtideir tttackarigith gA termbtivslyoinqre teickpsoul BIBE yertten
armw t hout deviating fromthe scope of the present

with dn%ﬂ%ﬂﬁ%f@smgg@g headha BRfell tBShav%g&dsotnl?&lrﬁatﬁ;}aﬁ‘gower track

may be “vari o concentrate’the field in specifi
i S e RO TS ST
devices(llj9ccr)]r t?lse pdoisistli(osnirr:g \Qf glglconillagsrgl{]gugair%k:‘,gé;iitrgcsorg?ﬁg head 04, or
both. In addition, encompassing macroscopic recording head 04 can also be
implemented with a gap 28 that is sized for a specific thickness of devices 09.
[00052] Similarly, encompassing macroscopic recording head 04 can be
constructed to have multiple poles P1 and P2 in one yoke, as seen in Figure 18 where
encompassing macroscopic recording head 04 has three sets of poles P1 and P2
created by using three poletips PLT on each arm 03 of encompassing macroscopic
recording head 04. Those skilled in the art will appreciate that encompassing
macroscopic recording head 04 can be constructed with varying numbers of poletips

PLT per arm without deviating from the scope of the present invention. The number

of poletips, and their size, may be varied to concentrate the field in specific areas and



[00053] Returning to Figure 2, the enbodi nent shown
depi cts an enconpassi ng nmacroscopi ¢ recordi ng head 04
Dkt. #& '@¥&Q%njunction with a spindle 24. In this PATENTS
enbodi nent, device 09 is nounted on a chuck or spindle
24 which rotates device 09 inside gap 28 of
enconpassi ng nmacroscopi cig/gsor di ng head 04. [00054]
reduct iy \Srdts 1 dRGH AR dHCoflllcthly nldlefifli S BRI IR Having
encomnpassi ng nacroscopic recordrng hea IS shown
mounted on a_poving stage 07 so that enconpassing
alumipyrp su %ﬁ?@spggording head 04 can be positioned to
wite at various |ocations on device 09. In this

[00053hhodi Mattyningdo Kigriragd, shagmbOdiraent showrdilepiis an
constitute one type of transport mechanism Those

encorﬁitﬁhésﬁr@%nia@rés'&@pﬁﬁ%c&‘dhﬂg RER! GLhHEIn c‘oﬁﬁgﬁn&ﬂ&% WIRN 'a@?indle 24,
stage 07 shown on the top in these enbodi nents could
.al s e ed .the back or the front s thoyt
in thif g opfingh e 1 855 of hehlfk ob APindlt oL ARG rotates
. Simlarly, in this enbodinent, a linear translation
devicg 03 iresidp gre 28 o6 epearnpagging macraseepicgcardingsherd 8. dri ve
mechani sm (notor and | ead screw or ball screw, or a

[00054] near TiRhDig nék W Figurks M@ anhd JU) iahteerBSdiainténcompassing
(crossed roller bearings, ball bearings, slide

i -' [ r ! '
macr RSt AP BB A Ry S
[ [ di head 04 i h
encor SR 3 PRB B eSS o G o oo
i mpl enentation, device 09 is placed on a conveyer-Iike
locatiometua diesive SAcn thds embodignersf thgenOVingvta g0 awk spitelie 24
09 laterally inside enconpassi ng nmacroscopic

constit §le QU t??g he ﬁgm%ort e dhBhSrEXMIRE Skillda\h ¢% A3 Wil r«?ﬁate

a magne card device being tested. Those skil

the atrt will appreciate that {he present ipventio an
that th S ¥iis fieee 07 SBons Brheoab mniisn Sbermeniuaiq glop e
and i nspect magnetic tape used for perpendicul ar
placed en dheibagk oythedeontrgithout deviating from the scope of the present

invention. Similarly, in this embodiment, a linear translation stage where the carriage
is moved by means of a drive mechanism (motor and lead screw or ball screw, or a
linear motor) along a linear guidance mechanism (crossed roller bearings, ball
bearings, slide mechanism) is shown. Linear stages are known in the art.

[00055] In the embodiment shown in Figure 19, encompassing macroscopic
recording head 04 is shown with a different transport mechanism. In this
implementation, device 09 is placed on a conveyer-like mechanism such as moving
stage 07b which moves device 09 laterally inside encompassing macroscopic
recording head 04. In this example, device 09 might be a magnetic card device being

tested. Those skilled in the art will appreciate that the present invention can also be



the tape as device 09, forward and backward on reels
sg that the tape device 09 passes through
Iﬂ“-%ﬁ@@hﬁg§@1ng macr oscopi ¢ recordi ng head 04 and pgéﬂﬂgﬁﬁ
read head 05. [00056] Turning nowto Figure 8 a top
vi ew of an enbodi nent of the present inventionis
shown, in which enconpasgimg nmacroscopi c recording
used ERAY 044 et ApAOR gB U AT, BEERYIcRI &g Y recling
ositjoned in a stati.on nner. In Figure 8, yqke
the tagg aafdeaﬁ%gﬁp frrsyag aRA AR EaRR £n TPl 8p dhAighR s AFI09
shaped so that it is capable of witing a wi de track
passesithitdughrertchenpassiggenaarosmepar dicotding dicadh0f aypdrpadta ofad head
device 09. [000571 In Figure 9, however, an enbodi nent
05. Wth a configurable noving stage 07 transport
mechani smis shown. In this exanple, enconpassing

Cros ic recqrdin ead 04 is ved, over device 09
tooosgp et Bhs A5 A Fiste S Eon YignS et Saho et o bE grgent
) used to read back the recorded results for analysis.
inventigntip skownpinewhithancompassing mas eswmpinwcputing piead 04 is
recordi ng head 04 has a yoke 00 shaped to have one
statiofgty @id geviet 0P ss fdtell NAL ca Be Bas MVEIEutd® Fedd Bbadd 05 are also

Figure 8, but can still wite a single track at a
posidbh B8 i I h 8RB RRE AN 48055, e BE BRrBEL BB epecopi

levices 09 having al um num substrates 08. In this
recorgws&tﬁaﬁl%l,s S]é?%ﬁ%@ﬂ Hds ﬁwbﬁg ebpriings vids Hgclhuadth gn the
noved to the position where the radius of the center

magnefic padoeding MRediuns laygnab of detire 0Padi us of the center
of one of the read heads 05. Then a recordi ng and

eadba | | i
[00057] G AT | ﬁ%r, ﬁfg gg%o&ﬂmeﬁﬂ QR Q%hflggrable moving

nmacr oscopit recor 4 1s noved to
soge PESESTR B EesPOSUEn 00 LURIEK (850 head 02,400 8, i
recordzigg?{eg%i%ﬁg miﬁzggir dégi/cg %9 mounted on a spindle 24. Stationary read
heads 05 are used to read back the recorded results for analysis. In this
implementation, encompassing macroscopic recording head 04 has a yoke 00 shaped
to have one set of poletips PLT that are narrower than that of Figure 8, but can still
write a single track at a time. This reduces inductance and thereby increases speed of
operation and also reduces eddy currents in devices 09 having aluminum substrates
~ 08. In this embodiment, encompassing macroscopic recording head is moved to the
position where the radius of the center of poletip PLT is equal to the radius of the
center of one of the read heads 05. Then a recording and readback sequence is

executed. Encompassing macroscopic recording head 04 is moved to the appropriate

position for the next read head 05 and a recording and readback sequence is executed



again and so on. The sequences for different read

heads 05 do not need to be the sanme nor do all read
Dkt. 128808 have to be used. [000581 In the embodi feATENTS

shown in Figure 9, a software program executing in a

conmput er controlling enconpassi ng macroscopic

recording head 04 is useg/89 select the sequences.

again, lélsso oAl T qiﬁ%ﬂgé%[w ANeSeh aﬁ%ﬁéb? Ad ncd n%@ﬂ ¥5BEthe

IS UuSse etermne on execute

faster a nce that determ nes all rmagnetic
saine Qo Qﬁ@tl]e“{eég hﬁﬁas %ﬁﬁ%%@éb%\“sq ‘lustration and not

limtation, one could configure this inplenmentation
[00058F enc dnplafssrinbgdhamtcﬁwmpi in FFiguor Yiampftverd pidgtam executing in
determine only MRT on the inner dianeter ID and the

a co @Ir ccﬁ‘itﬁﬂﬁﬁ En% 3th acrd%@élﬁ@é&{ral dhd @ ist3ed to
i ddl e di ame I\/[}9 nber of differe

nfiqurati of ., test .and asu uences c
selectfifgeqfieng ﬁ?‘&ﬁ’rl it s sl e P
Returning nowto Figure 2, yet additional
used forgstermineatily MREwilleneons fasemndenaciequengs that delsraningg all
head 04 can be illustrated. In Figure 2, yoke 00 is

magnstiophradseteRCF oI pﬁﬁ:d&@ybﬂﬂlu@ﬁatiﬁﬁ @hdafdﬂla%eatwiﬂ ofle kOURY
arm 03b around a center i n which center 29 is in

conﬁgbﬂg eﬁj%gﬁ’\ aﬁﬁ% I%g %%ﬁc?n‘lgl\&@é] I'rgarcfnb?t{.}éﬁ rgggg%gr%ﬁ&[cf 04 to
deterr%q\l\ﬁge éﬁff t E@%ggﬁéers ! hat %gi]’?l}sg@eli( tﬁ]gngg}éqtigrr 8Dg and all

conpl etely through enconpassi ng nmacroscopi ¢ recordi ng
paranietad ddy {a the mmidtie/dlaynetecMIRrA 2Qndan of déffaregbyorifigdrations
with a gas or liquid or non-nagnetic material or even

of testMrd ' RaSBIRRIk Qe L{'@‘ﬂ:@ e?{e’?'ﬁl%h)%rcohﬁ Ardd8n& 065 guter controlled.

mat eri al . [0006 rence n W to FIgur , one

00054152, ol “S'a]%w'ele?%gvsi‘#ay?@%ﬁw%ﬂﬁ@ iR

SULs12, is that the orientation of the SUL 12 may
encomppgsiagroigeswipinrdserdiggriead Maek beyillDiirated. Eoﬁguoq& ke 00
PATENTS
is shown as one piece having an upper arm 03a and a lower arm 03b around a center
29, in which center 29 is in the same plane as gap 28. In alternative embodiments,
yoke 00 can be implemented with arms 03a and 03b as two separate pieces so that
gap 28 extends through the entire head and device 09 can be inserted completely
through encompassing macroscopic recording head 04. Alternatively, center 29 can
be a gap filled with a gas or liquid or non-magnetic material or even with a magnetic
material other than the core material.
[00060] With reference now to Figure 4, one factor in using encompassing

macroscopic recording head 04 with devices 09 having soft underlayers, SULs12, is

that the orientation of the SUL 12 may cause noise when being read back by



19/ 35 conventional read head 05. In order to mnimze
such noi se, the present invention also incorporates a
Dkt. %3@9\5&%91 magnet or simlar static magnetic fiel BATENTS
in connection wth read head 05 to reduce noise, as
depicted in Figure 4. Wth the addition of the static
magnetic field 10, SUL 1) /35 thereby oriented to
converfaF Rt o8 e ) inhiniide Sodihsdnt BrgBpl ifontion
.are so magnetically soft that their magnet.ic ,
also igporpprates %ﬁer@aﬂ%@fy@ft&mt@rémlar ftplie maghetie g‘te]éi B in
spi nning medi a, each region of SUL 12 goes into
connastioorpidls séathhearh0’ tsrolpice npsecrsddepctedad Figuradd Wiblethe
towards a read head 05. Even with enconpassing

ad ditiIRCHABE SRt rhﬁ%x?e"tﬁi a4 heasy 942tié"f}{é?ébf&fient§8'¥8 reduce noise.
remanent nagnetic field may renmain and nmay be enough

dis h L 12, each ti 1 asses ,thr.ough
foo06 ) or,o SEn et 8 et o et 2 ROt 0.t i that
SUL 12 has a preferred orientation in the plane of a
SULs dR gke saawgnetigally st thestheinolagnetie ogentationds nphsfeble over
t hrough enconpassi ng nmacroscopi ¢ recordi ng head 04,
time. I RsAREMPinitindan®dias eadlrdeiiéh SKEULA 2afcRs Ritb@hkympassin
ori ented perpendi cul ar. Then when the area of the dis

! : [ [ ir.
macrdIRYGHE BRI Aok atd RO AL B e BRAY 08 £ e
pattern 13. This random pattern 13 appears as noise to .
eNCONPRSSINEAN2FOSEORIS recaﬁg%heeﬂd Hrferped agfgmrae Fefppyent magnetic
recorded pattern. The random patterning of the SUL 12
tield mepmambin dred triwy leserseighf totdistunlo SER. 12 mhitene SULNIR passes
there may be other contributing factors to the noise

througl‘é giﬁ&tﬁﬁga 3R ﬂd&%s@oﬁﬁ%&orﬁﬁxﬁh@a&@ﬂ%?ﬁcéﬂ Rhd138as a

locatton in s a way to mnimze

t he randommess, of .t he magnetic, domain ttern of

prefer; o gHBRERITRY e Pl Har cec i bttt oci Bl 2
Figure 4A, for exanple, illustrates how the use of

passessévrengh eseempessing grsréssopicalederding head 04 Hbe meaghetie sipmains
05 but applied in a different direction has a

in the SUL 12 are briefly oriented perpendicular. Then when the area of the disk

moves away, the SUL 12 domains fall back to their preferred in-plane orientation, but
in a random pattern 13. This random pattern 13 appears as noise to the read head 05
on top of the perpendicularly recorded pattern. The random patterning of the SUL 12
seems to be the cause of the noise. Whether or not there may be other contributing
factors to the noise problem, applying a small static magnetic field 10 near the rea'd
location in such a way as to minimize the randomness of the magnetic domain
pattern of SUL 12 appears to mitigate noise significantly.

[00062] Figure 4A, for example, illustrates how the use of several static

magnetic fields 10 near the read head 05 but applied in a different direction has a



Dkt. # 2005-018. 01 PATENTS 20/35 simlar effect. In
ane way, applying direct current or alternati
Dkt. %%9(?56%8 i elds in relation to read heads (05) Q@%NTS
tends to reduce or stabilize signals comng from
| ayers such as SUL 12, or layers other than the
recordi ng | ayer- rmgnetl Qp/egording nedium |l ayer 06.

smulellrbff&? mnE s%(qiﬁX V@%égﬁﬁiﬁgéeWrén%?%hfefﬂt%g?&éf&@ %glds in

work Wit can be use
reduce li,ze signals, from other record| ng
relaﬂ%%iﬁeﬁdolr‘ﬁ@%g@@ aj§a ‘ﬁ’nFlgF%Feéh’&s % stabilbzertignnla cg@ﬂngaﬁom
hysteresis curve is shown, in which magnetization, M
layers suchhem#illo A2t drdayerstotived thamitlse m’edrahingr]a!yérewrﬁ‘lhg]heﬁd-ieberding
shown on the horizontal axis. As nentioned above, it

medit lﬁﬂeﬂj% e& thddarhd&al ra?ﬁﬁ‘[‘]fttét?\é)fgfénégi{hﬁﬁel%@§gﬁ§d td&ork

rragnetlc propertles f the re um | afers
resi,s lo

with AT G b BF pir T RERESE o Spbiira a0 BB e

the presence of a perpendlcular magnetic field. In the
recordimgdayerent s shown however, a perpendicular field is
present during witing, but not during reading. This

[00063lype ofwirRasfer@iteow o Bigdlik@ 3 v I9FRAeHS QuhROR shb®hein
sectors 40 in a track T are witten with varying

iRl RPN A ML HE L g R s
gure 14, the field excursions FE are shown on the

on thq ]é‘?ltlzon’fﬁl ¥fipphs Beationed abeg, it is g hiosh pb Heepresenidavertion to
are shown on the right. At step Si, transitions wth

measurexhewmgetia psopertias of dpplecedling hhetiim lagibdseld drhdevices 09.
negati ve saturation step. At step S2, transitions

Fora magheﬁgﬁygteﬁsggeap%@a%r BRASLILE nR{taSS, ?r[a%x%g%ticﬁgis

ap05| e wite step

meastip 18 ¢ BHeeSeol LegPeR C&ﬁ?rgggal@ﬁcf:@%ﬁpﬁﬁfﬁeleﬁ&%w@
showr? Lox?v%?rleg,l E\l/ Ie)elfpleild?cu?;(rcfﬂerlcsl IIE? Ir)]rsesent during writing, but not during
reading. This type of measurement is called a remanence loop. Here sectors 40 in a
track T are written with varying field strengths, which allows magnetic remanence
measurements to be made, as seen in Figure 14.

[00064] In Figure 14, the field excursions FE are shown on the left, in steps and
the resulting remanence curves RC are shown on the right. At step S, transitions
with maximum excursion are applied. This is called the negative saturation step. At
step 52, transitions with small excursion of opposite phase are applied . This is
called a positive write step. In the embodiments shown, at least one, but typically

two transitions are recorded on each sector 40. Increments of positive field excursions

occur with each subsequent write step, such as that at step S6. At the last sector, step



occur with each subsequent wite step, such as that at
step S6. At the last sector, step Dkt. # 2005-018.01
Dkt. 4 $.0121/35 S, transitions with maxi num fi el BATENTS
excursion are applied. This is called the positive
saturation step. The phase of the first step S1 is
opposite or 180 degrees mywns of phase to all the

SL, tr{aﬁéi]ciBM‘, PGS HeRSmAn p@m SRANEBS yre %ggﬂ@&] THHGE Eeg&mw

o Figure 16, an illustration surenments done on
... ongi tudi nal recording di.um b al ysi s software 54
POsItyESAIatigN pieRnSNE POAE ‘b‘g?‘e fg%t(ﬁté? g?és epsﬁéﬁéﬁg%?ﬁa out
one down) when wites Woccur on a disk |ocation DL.

of phase teiajiuthe fallowimgmtepeolidnerseqiericei s used to create the
transitions. Enconpassing macroscopic recording head

[000681 Creqt@es; I@@‘P%Jrlé'l@f arelIABtahe s & thaRirbneRE &k on
of ten sine ves, not the square waves shown in Figure

o e GRS SRS SO0 0L R e

macr oscopi ¢ recording head 04 produces results _
sectorsig haat(ose wipl aad ene dewos whehowmitphWrpenur enpedisk herasion DL.
nore voltage is applied to coils 02, the rise tines

In Figt@a 16ea Wattdcaeteng BRe:8dd Rbcraate’thp eZ@kHins VIBV®@mpassing
approxi mati ng the square waves shown In Figure 16. 0

0

macr Q0RO B SHERo BR HAIR LD s e
wi || appreciate that as few as, one transition per

often gipgves et the sqdag %?V‘?Foﬁ?‘@wrhﬁhﬁgﬂée tanEngonaasging f
desired. In the neasurenents done wusing the present

macrdsaveintreandirg heab0d sarchon evrdtietaat loagittdiral nedda,| however
revolution of the spindle. [00067] Turning nowto

cocon§ U SRR K1 Sl AAENOUTHECA
those SR&Gh 1 F?gfurte q%, fahglagsfng%nvoq?ag%% applied to coils 02, the rise times
can be reduced, generating a trapezoidal wave approximating the square waves
shown In Figure 16. 0

[00066] Shown in Figure 17 are two transitions per sector, one up and one
down. Those skilled in the art will appreciate that as few as one transition per sector
can be used or more than two can be used, if desired. In the measurements done
using the present invention, a read is done after a write in a later revolution of the
spindle.

[00067] Turning now to Figure 15, in the embodiments shown, the number of

points 45 in the remanence curve shown there and the spacing of the fields can be set

by software controlling the system of the present invention.



by software controlling the system of the present
i nvention. Dkt. # 2005-018.01 PATENTS 22/35 [000681
Dkt. #20Q%-&8&sed in connection with Fi gure 1A cont rBATE
software 56 can be wused to configure a nunber of
different types of patterns to be used for testing and
measur enent. For exanpl g2 /mgcordi ng patterns can be
ried the f
L0006t S AR RBELL R Co RN P Fidfle 1% HREGH EIRYd po can be
eC|f t he shape of the recording pattern tq
used %@%g e PAY! rQics‘g%B‘fe@t Fm&imgemﬁetag)wedafgr fshipg and
as the nunber of wite passes to be nade before a read
measwepurtd. FoSexarhpld, yecocdimigrmttesnsd tarebevaited anseeifiskabdve, as
speci fy the nunber of read passes, and this, in turn,

can tHR& e%cgl&? sH& éﬁéﬂ?@t CORr8f sctfhfaﬂe@%ra&ﬁ'aﬁ&@@héé&% s%me

Furt contr ol tware can speC|

dlfferent ee s, for reading or witin
the whte shang offft r%??faf PR R ERT PRI AP Bgeciran
i nterface nodule 50, control software 56 can al so
head @b md wdbat theriumgbemafrwrits passes tadba mede befayas readnepus
mechani snms used in various types of nedia tests.

SimildrBY @EAEoV¥dfwhRS 35 @R i foRpeLiGpfiR: renbePBEread passes, and
addi ti onal enbodi ments of enconpassi hg nacr oscopi ¢

r 0 t i
this, 11’1 ?l?(l% %Sﬂgltgﬁﬁegpeg 1%11%}%)3163%;1{3 tﬂernbaef %Fab‘ia’l@ oq" tﬂg IIILEhCh& Féu'ther
betmeen arms 03a and 03b. Vhere sh|n1S |s used, it
contrel gatthere can sprckiv ¢itigrenimmedip saﬁedﬁa% reagdiag os wapting opboth. In

gas, a liquid, a non-magnetic naterial, a materi al
conjunndtiver withatats hequisitenmideanadbg hﬁéﬁa&ﬁmoduld 50, cbhgul @ftware
20, enconpassing macr oscopi ¢ recording head 04 is

56 car?gl%\@eﬂéﬁ ﬁfﬁsﬂx trlalc % E%ﬁguF ‘&ra St rRSbhafifd 15 used
gap ose s In the art w reciate t

. OO can he shaped to have a nunber of gaps C

mvarﬁ"’ﬂﬁgyp% }t€5%ap 28 without deviating fromthe

scope of the present invention. Simlarly,
[0006%nconpXéith reference now to Figure 20, some additional embodiments of

encompassing macroscopic recording head 04 are shown. In these embodiments,
yoke 00 is shaped to have either a gap G1 or a shim S between arms 03a and 03b.
Where a shim §, is used, it can be filled with a variety of materials, such as a gas, a
liquid, a non-magnetic material, a material other than the core material, and so on. In
Figure 20, encompassing macroscopic recording head 04 is shown with two gaps,
gap 28 (used for writing) and gap G1. Those skilled in the art will appreciate that
yoke 00 can be shaped to have a number of gaps G1 other than write gap 28 without
deviating from the scope of the present invention. Similarly, encompassing
macroscopic recording head 04 can be closed at almost all points, leaving only gap 28

without deviating from the scope of the present invention.



nacroscopic recordi ng head 04 can be closed at al npst

| points, leaving only gap 28 w thout deviatin
Dkt'#?@ﬂ#)@w kcope of the present invention. Dkt. PXTENTS

2005-018. 01 PATENTS 23/35 [000701 Still in Fi gure 20,
pol etips PLT of yoke 00 can be tapered on one or both
sides to further concentyptsg the magnetic field.

[0007{%}3007 1 ]Stle;’lBlrFlgg e.n%yv p%?et@ﬁtqiet(}e ke do cca?\rbebtgpgﬁlﬁrhr{ 8& or both

sensor one or nore

., PL enconpassi ng macr gscopj ¢ recordi ng head 04
Sldesé‘égéf Shergensgmrae t eFl‘?@WHFf]@&wsor for use in

nmeasuring thermal properties, or a proximty sensor,
[00071)or us&urningeaswrtd Fguree 1dit chnbe seat tHRAt & sahant&0, can be
magneti c recording nediumlayer 06, or a magnetic

mourfb &b o8 '?ﬁ%o%géol L TRg eﬁgﬁnﬁgﬁﬁ%l‘%&ds@b ic r@orfling head

conbi nation t 00072 cations an

oS S D5 b s s ik GO S o

pertains haV| ng the benefit of the teachings
proximitysensen fomusetia rheaseginigribe déstanéepofl IAE abewt: whgnetic recording
associ ated draw ngs. Therefore, it is to be

meditRdey &0 er htﬂﬁén%r{elﬁi% fiellY 8o For! &eﬂﬂmtég’tﬂ%emhgﬁ@tfcqféla Qra

t he speC|f| c enbodi nents discl osed and t hat

ifi ns and ot her enbodiments are intended to
Comb%l%%&tﬁg%gg within the scope of the appended cl ai ns.

Sﬂ speC|f|c terns are enjglo yed hereln t hey are
[0007fused i Manyyswelificationg and stherrmbediseenta of the ipvemipmull
for purposes of limtation. Dkt. # 2005-018.01 PATENTS

come Béfridhd t€bak BRilMbidh the afltaiwteeh klsis invention pertains having the
benefit of the teachings presented in the foregoing descriptions and the associated
drawings. Therefore, it is to be understood that the invention is not to be limited to
the specific embodiments disclosed and that modifications and other embodiments
are intended to be included within the scope of the appended claims. Although
specific terms are employed herein, they are used in a generic and descriptive sense

only and not for purposes of limitation.



1. A netrology systemfor neasuring the magnetic
properties of a device used for perpendicul ar
Dkt. # @ﬂ&ﬁﬁ the device having a first side having}P«éT?al\TIS
magnetic recording nmediumlayer thereon, the system
conprising: a macroscopic recording head comruni cati ng
with a conputer, the nmexgmgcopic recording head
Claing®MPrising a yoke and at |east one nagnetic field
— generating elenment for generating a magnetic field,
t.h oke . having a first nmagnetic pole capabl e of
VthH%EWénE%§$tioned above the first side of the device
havi ng a nagnetic recordi ng medi um | ayer thereon and a
s beAmdetmelggg sy stenplyirenezspaivigethe indgrietig ppopértiesntal device used
opposite the first magnetic pole and below a second

for petpefdRlildr RecHaE Qh(le HE@ic® %V‘(ij}?%ﬂ itne Se Beﬁ‘sﬁn? iarrﬁE%Igé”{ﬂE

second nmagnetic ~ pol es provi g magnetic fFfux closure

o AR e SRR B oo o

macroscopi ¢ recordi ng head, the transport nmechani sm
capabl & ngFcrogsepic iespidiag haad rewensricatiig wiid aeampetesnde
the yoke relative to each other; a current applied to

t hecrmgopicirecdridehgheahesaprisihged poRNindAt leAg one magnetic field
macr oscopi ¢ recordi ng head, the current being

L A DL LRI e B RL B

rpen a neti ze

recor di.ng di a ] ayer ,when the device_ is positioned. |
beREREHC PA qaipﬁé{e %fﬁ)&%@%ﬁanﬁg@h@fq @eﬁgﬁfe%d%P? ﬁﬁedewce
yoke and the transport nechani smeffects novenent of

t hevidg\i megaetit tekerding enediliat layer theremcimadt herondamdgnetic
Dkt. # 2005-018.01 PATENTS 25/35 at |east one read

ebSIERAbABIRQY BefhShoEtiGhed HEpGSH e HaMhAghAid I8 8hibelow a
e Ron ot

recording nediu ayer th the read”el e

CQTHA SR b e Vc\fetvpcef trflee positioning of the first and second magnetic

poles providing magnetic flux closure through the device;

a transport mechanism capable of communicating with the device and
with the macroscopic recording head, the transport mechanism capable of
positioning and movement of the device and the yoke relative to each other;

a current applied to the magnetic field generating element of the
macroscopic recording head, the current being sufficient to generate magnetic
fields to create perpendicularly magnetized transitions in the magnetic
recording media layer when the device is positioned between the first and
second magnetic poles of the yoke and the transport mechanism effects

movement of the device and the yoke relative to each other; and



transport nmechani smand the read el enent translating
the transitions recorded by the macroscopic recordin
Dkt. 20993 signals for processing and analysis JPATERTS
magneti c properties of the device. 2. The system of
Caim1, wherein the yoke further conprises a yoke
shaped so that its firstypng second nagnetic poles are

capabl g @f,\ tfeQ@ é?em\%g%b%@& E&&@" Hifle ?Q\é‘cg ﬁa{?fi?l%rhe hfnetic

recordi ng ne stem o

wher ein the yok urther c es a yoke shaped so

t Fegorsling medl g’r}’& T Eaerspny b ??éf ?1€H‘68¥@§n§}1€ﬂ‘63§5%wh the
of witing a narrow track width on the nagnetic

r ranspbnh gnevhdnism ding dre redd eldmersitsarahatifg tBedaransitjons
wherein the yoke further conprises a yoke shaped so

t pabrdd$b 'tlﬁeshaéf&ce;ﬁ%%&r eicﬁnﬁ%lgﬁal@rfgr?es §ng and

apart so that the ap bet t hem ac t he

th| kness .of the device n sured. 5. The system
%V%f?ﬁ? fhe Wﬁgpg?%p{qure %{g[pnﬁ%ﬁae conpri ses a

I am nated yoke. 6. The systemof Caim1l, wherein the

yoke frkheatysteompf Caisn b wherelr b quelf‘erther coThprisgsst ke

of aim1l, wherein the yoke further conprises a solid

CEHepeHoahaBits ThSt H)PEROhEmidRitINpblesfiecebable BEwrakes a
- further conprises a yoke conprised of two arms spaced

t h th h
SRR R R B B REPlftoB el fpdaPer %4
2005-018. 01 PATENTS. 26/ 35 9. The system of d ai m 1,
wher ei h esyyereof Glainel, whergin ey oke futther comprises a yoke

shaped so that its first and second magnetic poles are capable of writing a
narrow track width on the magnetic recording medium layer.

4. The system of Claim 1, wherein the yoke further comprises a yoke
shaped so that its first and second magnetic poles are spaced apart so that the
gap between them accommodates the thickness of the device being measured.

5. The system of Claim 1, wherein the yoke further comprises a
laminated yoke.

6. The system of Claim 1, wherein the yoke further comprises a sintered
yoke.

7. The system of Claim 1, wherein the yoke further comprises a solid
core yoke.

8. The system of Claim 1, wherein the yoke further comprises a yoke
comprised of two arms spaced apart from each other to form a single gap

through which a device can be completely inserted.



Dkt. $20Q5:015:03.

conprised of two arns formng a wite gap and

connected by a shimat a |location apart fromthe

10. The systemof Claim9, wherein thRATENES
further conprises a gas filled enclosure. 11. The
systemof claim9, wherein the shimfurther conprises

a liquid filled enclosufg/asl2. The system of Caim@9,
wher ei ' : i :

(111 o Rreo SRl o CLRel SRIRE BRAYAL PG SoibRcs o yple
Adaimp, erein the shimfurther cqnprises,k an )
eﬁ%‘PB%lé?‘ég?WP QMQ?W%W? BeP ARt spnaccied e shifgrat a
the material of the yoke. 14. The systemof Caim1,
wheerigom apimg fymkeahé writegapconpri ses a yoke forning a
plurality of first magnetic poles. 15. The system of
Caim ' e q

Form e 8 R e R e o BliGes o
Sﬁﬁtinwaf Caim1l, wherein the transport mechani sm

f UrthEPO%8fpri ses a motor for noving the device
radial%y about a sgindle. 17. The system of Caim 1,
wher ei H. The systens pbelaimdc wanredmthieshitrefurthryepripgises a liquid
notor for nmoving the device linearly along a path. 18.
Thitebypdlesnref claim 1, wherein the transport nechani sm
further conprises a novable stage for noving the

e OsEEE SERL) A TR Ty Red BB
CnciGaure ANI6d With a non-magnetic matenial, o COMPY1S€S

13. The system of Claim 9, wherein the shim further comprises an
enclosure filled with a magnetic material other than the material of the yoke.

14. The system of Claim 1, wherein the yoke further comprises a yoke
forming a plurality of first magnetic poles.

15. The system of Claim 1, wherein the yoke further comprises a yoke
forming a plurality of second magnetic poles.

16. The system of Claim 1, wherein the transport mechanism further
comprises a motor for moving the device radially about a spindle.

17. The system of Claim 1, wherein the transport mechanism further
comprises a motor for moving the device linearly along a path.

18. The system of claim 1, wherein the transport mechanism further

comprises a movable stage for moving the macroscopic recording head in

relation to the device,



a read head positioned above one side of the device.
The systemof Claim 1, wherein the read el enent

20
Dkt. # 20Qn@18. ]orrpri ses a first read head positioned BASENTS

one side of the device and a second read head
positi oned bel ow an opposite side of the device. 21.
The systemof Claim1, wyengin the read el ement

furthegg Zlg{?; IsBE of @Iﬁwi,%#\ér%éﬁgﬁl fJehd %lé'n%%ﬁ afnﬁﬁgrscomprises

posi tion ove one side o evi ce an

“pluraljty, of second, read heads .positioned bel ow an
ofbﬁ%%A heAd pagitioned Aboveias siae of she FRESystem of O ai m
1, wherein the read elenment further conprises at

| east 2B&hetusten ofdGlaghile whicedid the séad edamdnt furtledrabinprises a
to a read head to reduce noise. 23. The system of

Chipdt Fedd hohe P%Ei@ioh@& ab8&dofRt SRR thAIBLNEE af@IREESRPreal head
field generated by a coil powered by a direct current

posL%ioqi% 1n relatiQQ t. Z read .head to reduce and
sPRYHPNSd Peloyhal SPESRR e C6 MRS 5WFS ot her than t he
magneti ¢ recordi ng nedium |l ayer. 24. The system of '

d ai m 21. Thesystam ohelaioal véhergbmthefraad Blemend fprtheepmprises
an alternating current field positioned in relation to

aa phaalibeadfiit réQUNeRIAitidiledbidveneisgdabfthe ¥y e and a
fromlayers other than the nmagnetic recordi ng nmedi um

I o S f i erein t
e R R e LT
field arranged in conjunction wth a read head to Dkt.
#1eXj0%- 018. 01 PATENTS 28/ 35 reduce and stabilize
signals conming fromlayers other than the magnetic

22. The system of Claim 1, wherein the read element further comprises
at least one static magnetic field positioned in relation to a read head to reduce
noise.

23. The system of Claim 1, wherein the read element further comprises
a field generated by a coil powered by a direct current positioned in relation to
a read head to reduce and stabilize signals coming from layers other than the
magnetic recording medium layer.

24. The system of Claim 1, wherein the read element further comprises
an alternating current field positioned in relation to a read head to reduce and
stabilize signals coming from layers other than the magnetic recording
medium layer.

25. The system of Claim 1, wherein the read element further comprises

an arbitrary wave shape field arranged in conjunction with a read head to



recordi ng nmedium |l ayer. 26. The systemof Caim 1,
wherein the yoke further conprises a yoke having at
Dkt. # 20050848 coi|l for generating a magnetic field. BATENTS

The system of Caim1l, wherein the yoke further
conprises a yoke shaped to neet at a plurality of
points other than betweem ke first and second

[ . t j rej e
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plurality of gaps filled with a material different
f Fesprdimg modipen Brial. 29. The systemof Caim]1,
further conprising a conputer arranged to conmunicate
with t2e ThespsanpfCliiea o whogpih Gadyolwhietthcn cof@rises a yoke
conputer further conprises software for specifying a

'R IR RALLEFM | ke Eggor di ng head.
30&%%3@%/st em o(? ﬁqﬁegngﬁwgﬁ | %ﬁ(t: Eglgcorrput er

furthe nprises ftware for specifying a frequenc

for 1 epetieISgReRt of GEimeh oYty (Baooke Kurther qammprises a Yoke
macr oscopi ¢ recordi ng head. 31. The systemof Claim
2shapadepeneettathe plurabity of pbints hidver tlearphéteesn thofitskand second
for specifying a wave shape for the recording pattern

t@la%hgﬁcﬁa}égpscopi c recording head. 32. The system of
Clarm1, further conprising a conputer arranged to

e AR, SRR R -
aped e $0u8 ot ambielBaps Fllod wilh s makal different fom the
yoke material.

29. The system of Claim 1, further comprising a computer arranged to
communicate with the macroscopic recording head, wherein the computer
further comprises software for specifying a recording pattern to the
macroscopic recording head.

30. The system of Claim 29, wherein the computer further comprises
software for specifying a frequency for repetition of the recording pattern to
the macroscopic recording head.

31. The system of Claim 29, wherein the computer further comprises
software for specifying a wave shape for the recording pattern to the
macroscopic recording head.

32. The system of Claim 1, further comprising a computer arranged to

communicate with the macroscopic recording head, wherein the computer



by macroscopi c recordi ng head before readi ng occurs.
3. The systemof Caim1l, further conprising a

3
Dkt. #20050180Tar r anged to conmunicate with the macr dRAEENIS

recordi ng head, wherein the conputer further
conprises software for specifying a nunber of read
passes. 34. The system aofg/G5ai m 33, wherein the

SP&fhdY c%%;?rg%g g?ﬂﬁfaré ?&%pg?lgillﬁglsatrﬁﬁﬁﬂg S whife pagses to be made

det er m nat t her mal y paranmeters
netic recordin di ayer. 35. The system of
gﬁg PATOSCORG ‘Iﬁ’é‘?“ﬁﬁg@??‘g ig]ﬁé?r & reasking PEFUTSy 1 anged t o

comuni cate with the macroscopi c recordi ng head,
wher ei 83.tIhe systepubE€laifnil, fhthecanppiisiag aswhhpaice afranged to
specifying a plurality of nedia speeds for reading

RS Wit 8 widbthe G ¥ el ifT&or ogiH@aa; whidfdiR¢he cotrﬁputer

conprising a conputer arranged t conmuni cate w

t ' ' head and a t t
TR R BaAPERare K5 MERPARB AT I ICERRY BESHeEe and

with the macroscopic recording head, the transport
mechan?s ihespstisheob€labosid, wdherely thespedbied memnber of read
wherein the conputer further conprises a data

apApdbSpérinAits tHEME AN TrAk of OTHIEHNEA bidbdlity gdhatReers of the
macr oscopi ¢ recordi ng head, the transport nechani sm

asoh B0 ELRTR B IO 1 2L, e YaLem o

software_for communicating positioning instructions to
and f romibRéyesinot Glafnils Pasitber comprising agormpeer aganged to
nodul e and to and fromthe transport nechanism Dkt.
Heo2iomniXbge GAthPAREN Gos@PiStecording head, wherein the computer

further comprises software for specifying a plurality of media speeds for
reading and writing.

36. The system of Claim 1, further comprising a computer arranged to
communicate with the macroscopic recording head and a transport t
mechanism capable of communicating with the device and with the
macroscopic recording head, the transport mechanism capable of positioning
and movement, wherein the computer further comprises a data acquisition
module for communicating with the macroscopic recording head, the
transport mechanism, the read element and the computer.

37. The system of Claim 36, wherein the computer further comprises
software for communicating positioning instructions to and from the data
acquisition and analog interface module and to and from the transport

mechanism.



38. The systemof Caim1, wherein the yoke further
ises a yoke shaped to have a one-sided profile

conpr
Dkt. % 2003:01401s t apered toward the magnetic recordi RYTE

medi um | ayer of the device to concentrate the magnetic
field. 39. The systemof Caim1l, wherein the yoke
further conprises a yokegg/ghaped to have a two-sided

profi| 8g afdQlsflh B CLARE SPhd8 d JIAE FIRABELd Fipri es a yoke
e P

recordi ng medi um layer o e t0 concen

t he netic field., 40. The systemof Claim1l, wherein,
tgléawngﬁqgf& e %%ﬁ%ﬂéﬁé@a at gletipitapeied twprd the magnetic
speci fying the operation of the nmacroscopic recording
heagrdingamegdium ddyier pf die destige toyonesntrdte. thd neagaytit firldof
Claim1, wherein the macroscopic recordi ng head

furt hego cESESS of SHIRRER th Sz%'k@i '
a thermal se ssor Ongﬁﬁ% t her eon.% 42. fﬁrﬁt}e@g% ?nyéc?%gy()ke

C,aima, .wherein the macr.oscopi.c.recordi head .
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a proximty sensor "nounted thereon. 43. The system of
aesording mgdiven Hyehef thecdeydesoipi concerdoatdithe niagastic field.
further conprises a macroscopic recordi ng head havi ng

a nmagngl. Thefdyeleth oSERSHN 1, bR hE ReARANer Aftthel R8mprises
systemof Caiml, wherein the device further
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of, daiml, wherein the device further conprises a
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41. The system of Claim 1, wherein the macroscopic recording head
further comprises a macroscopic recording head having a thermal sensor
mounted thereon.

42. The system of Claim 1, wherein the macroscopic recording head
further comprises a macroscopic recording head having a proximity sensor
mounted thereon.

43. The system of Claim 1, wherein the macroscopic recording head
further comprises a macroscopic recording head having a magnetic field
sensor mounted thereon.

44, The system of Claim 1, wherein the device further comprises a hard
drive disic platter having a magnetic recording medium layer on both sides.

45. The system of Claim 1, wherein the device further comprises a

magnetic tape.



46. The systemof Claim1, wherein the device further
rises a magnetic card. 47. The systemof Caiml

cQ
Iﬂ“'ﬁﬂ@ﬁ%p¥&@he transport nechani smfurther conprisgéjgﬂ¢rs

transport mechani smfor noving the macroscopic
recording head and the read elenent in relation to a
stationary device. Dkt. 3 /2805-018.01 PATENTS 32/35

48. An WalelP ' r '

of o degh o el pFCUTREE AR A0 I ARAREkh cBRRrsEeS
devi ce havipng a first side having a nmagnetic recording
nERENTHCSFE t her eon, the apparat us conprising: a

macr oscopi ¢ recordi ng head conmunicating with a

conput é7., Thehwystam of €3dupl, ovhereor diertgaispad: medprisihdgrther
yoke and at | east one magnetic field generating neans

f %m?@i@@é @Ha'ﬁ_gp@rt ARG hisen fdr%gving}ﬁe)ﬁ@&@o% i@cdrding head
firs magneti'c pol e capabl e of be€lng positioned abov%

the.fjrst si.de of .t he devijce avin magneti c

- 208 0 Fra T IeRGRt mgdrtionly agtrlonety BSnd magnet i c
pol e capabl e of being positioned opposite the first
magneti c pole and bel ow a second side of the device,
the positioning of the first and second magnetic
pol es providing magnetic flux closure through the
devi ce; a positioning and novenent unit for
positioning and novenent of the device relative to
t he macroscopi c recordi ng head; a neans for applying
current to the magnetic field generating elenent of
t he macroscopi ¢ recordi ng head, the current being
sufficient to generate magnetic fields to create
per pendi cul arly magneti zed transitions in the
magneti c recording nedia | ayer when the device is
posi ti oned between the



first and second magnetic poles of the yoke; and at
ast _one readi ng el enent positioned above a side of

I
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positioning and novenent unit and the reading el enent

translating the transitions recorded by the
macroscopi ¢ recordi ng hggdsi nto signals for

PSS o A el

perpigyfile* HEBEng: thegbyjsn IF R L SBF QRS 1 ReeUf eeording

having a first side having a magnetic recording
medimediayer theyem, theapparatusongmpsising: t he st eps of :
positioning a first magnetic pole above the first side

of theadR¥dr6&op Méb&%ﬁ% R %&ﬂnenﬁrﬁe&mig u&h@@arﬂﬁhter the
Iayer t hereon and p03|t oni ng a second ~ nagneti c po

osite the fiftst netlc ol e secon

SO SpiedcopditnSRP b fothae vty o lFed EiORggic fild
through all layers of the device; locating and noving
t Beniating angansiet genesatinga mmgricticdieldmibayoke having a &inet
the second magnetic pole; generating nagnetic fields

t maghetit poRatapabiéi stledid PodTRENE! hBSEE thelfaBsdillé 8thd device
the magnetic recording nedia | ayer when the device is
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tr slat he tran3|t| ns into signals fo
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the devi ce. Dkt. # 2005-018.01 PATENTS
second side of the device, the positioning of the first and second magnetic

poles providing magnetic flux closure through the device;

a positioning and movement unit for positioning and movement of the
device relative to the macroscopic recording head;

a means for applying current to the magnetic field generating element
of the macroscopic recording head, the current being sufficient to generate
magnetic fields to create perpendicularly magnetized transitions in the
magnetic recording media layer when the device is positioned between the
first and second magnetic poles of the yoke; and

at least one reading element positioned above a side of the device the
reading element communicating with the positioning and movement unit and
the reading element translating the transitions recorded by the macroscopic
recording head into signals for processing and analysis of the magnetic

properties of the device.



34/ 35 50. A machine readabl e nmedium for storing

rogranms for use in a systemfor neasuring the

Dkt-%ﬁ@%émgbmpr operties of a device used for per pendPé[ﬂEMS

recording, the device having a first side having a
magnetic recordi ng nedium | ayer thereon, the system
using a macroscopi ¢ recqyizgg head conmmuni cating with
a conmputer, the macroscopic - recording head conpri sing
a yoke and magnetic field generating elenent for

geperat i magneti.c f.ield, the yoke having a first
e ethid fer Teas NG M MBERSHS PIOSErIBRIA Stvteor
first side of the device having a magnetic recording

perparelicuwlar teageding hidveatsvi@nbadngecinstisidaduaetriga poigaetic recording
capabl e of being positioned opposite the first

medjﬁﬁlﬂﬁ?&ﬂ mepéﬂrgcmrgﬁ{ime%t cnd side of the device,
the "positioning of the first and second nagnetic

Payer so st FRE R arkue gl e 1he st N B,

for directing the (i)osi tioning and novenent of the

dbevieg o magettin teoarding mrdifiry ey eniigreracond pasitinainiga second

pol es; generation of magnetic fields to create

pefagestt puledppositadhetit efhdrietidPold /M® belov & B€cond side of the
magneti ¢ recordi ng nedi a | ayer when the device is
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for processing and anal ysis of the magnetjc )
pr oper lor@dng and gaoviag ithe.device in relation to the first magnetic pole
and the second magnetic pole;
generating magnetic fields to create perpendicularly magnetized
transitions in the magnetic recording media layer when the device is
positioned between and moved relative to the first magnetic pole and the
second magnetic pole; and

translating the transitions info signals for processing and analysis of the

magnetic properties of the device.



Dkt. # 2005-018.01 PATENTS
34/35

50. A machine readable medium for storing programs for use in a system for
measuring the magnetic properties of a device used for perpendicular recording, the
device having a first side having a magnetic recording medium layer thereon, the
system using a macroscopic recording head communicating with a computer, the
macroscopic recording head comprising a yoke and magnetic field generating
element for generating a magnetic field, the yoke having a first magnetic pole
capable of being positioned above the first side of the device having a magnetic
recording medium layer thereon and a second magnetic pole capable of being
positioned opposite the first magnetic pole and below a second side of the device, the
positioning of the first and second magnetic poles providing magnetic flux closure
through all layers of the device; the programs comprising programs for directing the
positioning and movement of the device in relation to the first and second magnetic
poles; generation of magnetic fields to create perpendicularly magnetized transitions
in the magnetic recording media layer when the device is positioned between the
first and second magnetic poles; and translating the transitions into signals for

processing and analysis of the magnetic properties of the device.



