. Dkt. # 2005-018.01 PATENTS 1 Method and System for
, R i.cul ar Magnetic Media Metrol ogy [0001] R
- Dkt. #@Q&lﬁggpﬁons This application is a continuati one‘%‘ﬁ"EIQITS
U S. Patent Application Serial No. 11 /432,730 filed
May 11, 2006, by WIlliamVan Drent, entitled Method
and System for Perpendi cul ar Magnetic Medi a Metrol ogy,
Methdd@nd iSysteds Y6 EPSfpendihilllr Maghdtie NMedAlgetdess) N by
reference Initsentirety. echni ca reld The
present invention relates generally to the field of
nmetrol ogy and nore particularly to the field of a
metrol ogy systemfor magnetic nedia used for
[0001] ielatedqa pplisations Shisiapglicptioni|a @atinyabion iy SyPaest v,
in magnetic recordi ng technol ogy, increasingly higher
Appliciion Stefsd No.43 /863 23(0kled Mayp1€D0006, Il BkilliHnh Wk DEdndentitled
what is known as |ongitudinal recording techniques.
: . : . . . . ool
Meth o AP e e PRt et Ploathid Mol MARIRE Allitslonge o
. - SW tched between in parallel ,and anti-parallel to
Whld‘t‘?lg‘cﬂﬁi’%r@it‘?%}ﬁeqeﬁ“ 'r%f%retnr"?é P eBURI%d i s noving in
relation to the surface. Al though increases in areal
[0002] Jeachinidad Fieltl TregpiegeritGoveeiore edhtesaiearyallyetar the fiel dvof
for the | ast several years have been achieved wth
metrolo@pUatdifidia |par$i&ﬂﬁﬂ§rﬁ1&tﬁ§e fiblH df% rﬁ@ﬁbﬁzg?c%yts% f(%lﬂxglagnetic

super par amagneti c | I's begi nni ng Imt

..Cca Ities of..this kind of recording. As a result,
medla%é?‘g%%%?%t@egfh Toloiarol8 $s bej ng agopt ed by many
manufacturers to find ways to further increase areal

[0003] gRagkground Preyiouslynin magaetic msordingdechnlegndnofeasingly
' "lying down" as it were, in sanme plane as the disk or
higherrdegadehsitieshbrae beert Sterdd &8 dakedri@@isi®s what is known as

“perpendi cularly" in the magnetic
longitudinal recording techniques. As seen in Figure 3 (Prior Art), in longitudinal
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 yeér 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
p_erpéndicular 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.



surface. This enables nmuch higher recording densities.

| 05-018. 01 PATENTS 2 [0004] Perpendi cul_ar
Dkt#%b%@i?'ﬁ enabl es the use of nmedia wth higher PATENTS

coercivity. The wite heads used to record data
per pendi cul arly nust generate nuch stronger nmagnetic
fields as a result. The higher the coercivity, the

[0004] {m&ﬁeﬁ%l_@ﬁm !réabraiﬁsiggér@ab@&%e e bERR WiflehighSs C(#(%rgl?titgr. The

he mediumis to ccunb to superparanmagnetic e
write Badsths8d B4 oo ] B Rdp el s iy e gl stronger
conventional nethods of nmeasuring the magnetic
magngsicdisdds pea regult. The dighardheneoéraivifgy theemione teroslly stabrle and
per pendi cul ar recordi ng applications, as they may not

therefdraytheduislilell¢ e ARANGNIS td Sirdcdn to Ppil%nﬁgxﬁaﬁh eFB&t at
hi gher coercivity media. [0005] Perpendi cul ar

T ¢ rdj | 8. i N Qnsi st at _|least a.
nigher SEREALAR TEEb L BLARHLY 1005 5! e BopleSit Big poans tht
upderlayer (SUL). To switch magnetization in the
many %’g&ﬁéﬁﬁi\’éﬁﬂl%ﬁlal maetheds phmeayeing thempgnetie properties of
per pendi cul ar magnetic field has to be applied. As
recordirgemetlin fragbednad{qute forAsdrpendicalap @6 QR A€ siblicaliidng, as
disk drive, this is done wth a mcroscopic single

ey RSN e ST e 0 O Oy

di SUL 12 functions as a magnetic flux feedback path for
mediay he SPT head, practically doubling the field of the
head by the nmgnetic inage effect. [0006] For disk
[0005] {Respendicilarireensdinig tediatypidallyrromsishohaisleast o paripendishlar
head on a spin stand is not practical. At this point
recordBfplaeedsd h QoHIRNEANIR JRIRERGEPFEUIL)TRERRtch magnetization in
the perpendicular recording layer, a sufficient perpendicular magnetic field has to be
applied. As seen in Figure 5 (Prior Art) in a perpendicular hard disk drive, this is
done with a microscopic 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.



properties such as MRT and HR for inmedi ate process

f I q4 These properties need to be neasured
Dkt'#gzﬁgg?ﬁg'?clzur acy and repeatability (both fracti onsﬁ%iﬁyrs

percent), over a large area of the disk, and it has to
be done quickly (of the order of 1 disk per mnute).
For this purpose a macrdscopic recording head is a

Curregoard feolongitadinadDihacréscdPREdiOR SndibubAhENTEes 3ol saneHlle
art for |ongitudinal macroscopic di sk nmeasurenment ‘uses

macropRYpiE K 5 2 SRR R LB HERGT aC ook alelt 2510 migrometer
he.di sk. . The head is not actually flying, it is ]
from tbs ?ﬂsﬂﬁ ﬁﬁs&eﬁ igngt actaaléy hmgd it igy p@ﬁl&l@@ed%crymr@deueynmed
tracks are nmeasured, an outer dianeter (OD), mddle
distancé. dipptiedly I tvbykseae memered|ianmaiter dipntef (ADK.m{d00 @lameter
For a perpendicular tester with a macroscopi ¢ SPT

(MD)md;@lelg(gﬁgnegégqmpﬁgckunderI ayer is too thin to
function as a nmagnetic flux feedback. The soft

derl ayer js, typjcal. | ess t han icroneter _thick
100071 65°% e Sulat Siet it e ameopt o F PP dead e sofiay
is orders of magnitude larger. Wthout the flux
underlageriisder thinr toUghction asamagrietic fver fpedididu The softgmeleriayer is
field strength of a nmacroscopi c perpendi cul ar SPT head

typicall lessithan @nicPifie @R YhiER bnleh&REMSTah ot \WeFy Whi RSN a core
perpendi cul ar nedia. This is particularly’true as it

. . r.t:he ' eaf,s, er civij t
ot RSSO A KR R e
r?,%‘ ever smaller magnetic bits. Furthernore, for a _
perpe sueneticdield pirengthiaf ermagropeanie peyperidicilan SPE hised is
. able to not only switch the magnetization, but also
limited, ainedr inag riok bk @aohilyito enaughite chaphipeweidRxd Medla. This is
remanence, typically at least 2.2x larger than
particl@f &l ddit is expected that over the coming 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 magneticinspection and measurement

equipment. However for perpendicular testing and inspection equipment this

approach yields insufficient magnetic field perpendicular to the disk.



[ 0008] The principle of a macroscopi c head residing

r on one side of a disk has worked in
Dkt. %ia@sgﬁg'lﬁl ongi tudi nal magnetic inspection and IL‘E%ENTS

measur enent equi pnent. However for perpendicul ar
testing and i nspection equi pnent this approach yields
insufficient magnetic fidld perpendicular to the disk.
[0009]0Risclg6uz® 05 Ifktéhtddn PATENTS 4 [0009] Di scl osure of
I nvention The present invention conprises a system of
[ I a i le., for, th .
The Pl o L el £ D S BT Fjte sflred ppls suttable
P films with a, perpendicularly oriented ,maqnet ic
or the megsuremynt f Bragnehe PsgRrERs phmagaetio thindilmsesithement
of magnetic paraneters of the recording |ayer whether
perpendicnbirlyeosaited magleticlragatlin(dldypr. iThepyeten tan pegonaat h
the recording layer(s). [0009] In an enbodi nent shown
meas SRNRRSH K
B AR Ly PR oE G st
uf fi gi;ent nmagni.tud ta neti z erpendi cul arly
underzﬁyg?f étgpigbﬁ e %F?:*&F&Feﬁﬁeﬂ%g@? r%ﬁrélrﬁ?l??%%- used for
magnetic data storage i s shown. The enconpassing
[0009] g embprimenrichosimin Rigade bari sncorapqesirgeahacfosaopick e
00 and one or nore coils 02. The yoke 00 is situated

recordig hed04 capableldiden OREnERENBENFicAR ?iegds éﬁsdéﬁ%ﬁﬁ%a%ﬂimde

one side of the nmagnetic recording nediumO
ST ; nethc pole P2 is |ocated on
to mag el F e i RO Y B RATREE R Briniedod e oo herfor
of her side of substrate 08. Magnetic flux_closure .
magnefjcidatq plorageisshowma d e epeemprRsBg madeseepifiecprdingihead 04 is
film substrate and any other thin filmlayers
comprizned s mtyokaull axgl dfeomniore cit 08k The yioke 00Hg BRthted 1R Stk
will
way that one magnetic pole P1 is located on one side of the magnetic recording
medium 06 on substrate 08 and one magnetic pole P2 is located on the other side 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



reside partially inside the enconpassi ng nmacroscopic
rdi head 04, as opposed to traditional systens
Dkt.#{ﬁ@?-(ﬂg magneti ¢ recordi ng heads nounted on o LENIS
of a platter or recording surface. [00010] The
magneti c recording medium 06 is noved |aterally or
rotated through the enc®npassi ng nacroscopic

presefia0uAU e FBRE 00ATHE bt Scedd cdiliRs ehile gﬁg?ﬁ%o#g to be written in

alternating magnetic field is generate

n assi ng.nmacroscopi.c recgrding ,.he 04 e
the pofRERTBRRR e BB HE Bl By Ro e b6 T 1o e
t he QOi|(S% 02 Dkt. # 2005-018.01 PATENTS 5 present
that magaghe fluelgme inmhievedswithoemompassingsmaatpsedpic recording
transitions to be witten in the perpendicularly

head ®f itestighl xﬁﬁ%ﬁ\ﬁld fecbRIAE ehdBuAEIyEAL) Gy 8kd QBubddRe 08 and ,
the fact that nagnetic flux closure is achieved with

. ' . di . head 04
eansifEREERARSLAALIEE! BR080E LAR0EH0ay R 08 Bl pp bt
ns can be witten on nmagnetic

) 08 and, transiti \

sides ?éc%}%rllﬁ%ﬁ?ﬁe ﬂ%@?%ﬁiﬁ?‘ﬁéh%&m}elt%%tt ed on both sides of a
substrate 08 of a disk at the sane tine. [00011] To

[00011dval uaTe evhkatmdrahhgngtiopeperttss of the heagragieebidt ding medium
recordi ng nedium |ayer 06, it is subsequently passed

i r e
ey O B Ry PRs SR PP ERed 805 B feorl ek Here the
transl ated into vol.tage changes. K The voltage, changes
magnef g, eitiss Tyl e oGV iy wre Ans ot into voltage
processed i nto nmagnetization nagnitude i nfornmati on. By
changem jpervigliage chnnges e eitbisegueéntly wimspliiahany digitidedgriche
recorded information with the read head 05, a
proces3dl intoufl@g0étizaR@ AL B MIBIRASR By Paryied BldWhedfield and

subsequently reading the recorded information with the read head 05, a multitude of

- magnetic parameters can be determined.



' Dkt. # 2005-018.01 PATENTS 6 [00012] Brief
I pt.hon of the Draw ngs [00013] Figure 1 is a
Dkt. #?ﬁﬁ%hg?m drawi ng of a side view of the rracrosccfpﬁ’fEENTS
recordi ng head of the present invention. [00014]
Figure 1A is a schematic drawi ng of a conputer system
operating the perpendi @l ar netrol ogy system of the

[00012)r eseBriéfMWestirigtion 6OMHIBlawidBy € 2 is a schematic
rawi ng of a cutaway Vi ew o e Mmacroscopi c

d
ecor g 0 h resent jnventi.on. 0016 .
[00013|'i:i gur gjlglgr(e gre]i%%rsck?{rﬁaglc rgw&g}gf,@P@ ary f& eiﬂac%(ﬁséopm
longi tudinal recording technique of the prior art.
record[“lﬁ)giaﬂ ofthqpresentiisventigthemat i ¢ drawi ng of a read head
of the present invention. [00018] Figure 4Ais a
[000143 chenaFigarell Avis Agcldmanotrayirgidfedidmptite@ bystefre@serating the
head of g‘tmhe present invention. [00019] Fi g%;re 5 (Pri org

£ )90 ' i f . LNgl e pole tip wite
perpelﬁielg%la%?n %ﬁ@sgf%tb%rﬁtﬂfgﬂé’gg?&* n%l’%‘lfir?)gl "6 Is a schematic
op view of _a disk platter being tested by the )
[00015§)r esentIBHRY 21 2 %%enr RPVipg gl reuhaway yisye phiha macroggopic
view of a disk platter being tested by the present
recording/berd ohthe[fge8a2jinFerdine 8 is a schematic top view of
an enbodi nent of the macroscopic

[00016] Figure 3 (Prior Art) is a schematic drawing of the longitudinal

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.

100020] 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.



recordi ng head of the present invention. [00023]
] is a top view of an enbodi nent of the
!Dkt#gggggg%abic recording head of the present i nvet4 BRINTS
Dkt. # 2005-018.01 PATENTS 7 [00024] Figure 10 is a
top view of an enbodi nent of the macroscopic recording
head of the present invénhtion. [00025] Figure 11 is a

[000241 0P Vi EigRd 1043 LITpOAEWRSHan BAhOSRARIt O HRE Hell doPRadcording
of the present invention. [00026] Figure 12 is a

enmat i t si de view of an enbodi nent of the
head(%%@?ﬁ%%%%ﬁ%&Feﬁﬁgding head of the present invention.
00027] Figure 13 is a graph of an hysteresis curve.
[00025 00028%18111‘@3111 i a1topi Hew efeineembpdimemaenseapiorecofding head
test steps perforned by the present invention.
of the pfi38ROInvEhGmMm.e 15 is a graph of results of tests using
the present invention. [00030] Figure 16 is a graph

foill ' ‘ ] l.eFiogure 1.7 | '
[000268 raph %ig{'% ﬁiu%t% r%@ ?éqea 'ﬁ?@? J‘ﬁ%ﬁ?ﬁhgggé‘%[oé 56%%‘ b#&erni O?éhe
is a schepmatic cutaway side view of an enbodi nent of
MAacrogqepIC 1ReETHEE é‘ﬁ?é OfgéeoPFﬁSﬁ’@t Ke&BLER- t he present
i nvention. [00033] Figure 19 is a schematic top view
[00027bf an KEghodihient graphtdfentactassiepicve.r ecor di ng head of
the present invention. [00034] Figure 20 is a

[00028F ChematibGresS1 48 2VdcR¥hiticr¥PrSBRARLAR kS5t QfepsMerformed by the

present invention.

[00029] Figure 15 is a graph of results of tests using the present invention.
[00030] Figure 16 is a graph of illustrative 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
'inacroscopic 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 embodiﬁents of the
macroscopic recording head of the present invention.

[00035] Figure 21 is a schematic side view 6f a poletip of the macroscopic

recording head of the present invention.



‘ macr oscopi ¢ recordi ng head of the present invention.
[ gure 21 is a schematic side view of a

Dkt.#&@ﬁ%—ﬁf ng the macroscopic recording head of t FATENTS
present invention. Dkt. # 2005-018.01 PATENTS 8

[ 000361 Detail ed Description of the Invention As seen
in Figure 1, the present8invention conprises an

[00036NCOMD&ailag D@ﬁﬁﬁi@@mﬂhenﬁ@eﬁﬂbﬁg head 04, having a
yoke 00, an one Or nore col . Each coil 02 has
s s EHEER ARG S RCR AR S -
gure 1, the nmagnetic nediumis a hard drive disk

recordtﬂl& east 04, hawing ageke 800md pagion gneregeds 02. Fashaod (ghas

medi um | ayers 06 on its top and bottom surfaces,

electriedl icbonighionk 2210wl dilndrivat fed gbhethtia giBa daicgREdS) In Hee
not have recording |ayers on both sides. Typlcally

emboctéﬁfénf %&(]ﬂ iR @1@5@' 1 P S g‘ngggﬂ'{?etdtt 19' rflfa{ﬂ lcl'll1 e 1§k glatter,

eposi ted ov a substra a SO

er pendi cul ia have SULs 1
here dﬁmﬁbéﬁ ‘1{%?&958 REREQInG Hﬁgﬂandliagﬁrsdlﬁi qreitsian aed boom
have a substrate 08 conprised of al um num and sone
surfacémebthaughiishoaldbedotmbithab togkakesices Thelopict dant recording
i nvention can al so be used to neasure the rmgnetl C

layers Bh®io@H Lides, Bf epl@é]lﬁ?fhe ﬂ%@éﬂﬁﬂ infddli @i 198! ﬁlmlayer
magnetlc tap s or cards. [000371 In the odi nent

deposfPe) Iy sarea%%g%wﬂﬁ“ M BB A SR

medlalglgSI de enco ssing nmacroscopic recordi n% head 04

¥ S @epcﬂ@e parpendiqegar hardidisk drigeiserioes 09 have
deV|ce 09 is rotated through enconpassi ng macroscopic

a substrated)8dionagptissabiof aluminum and some have a substrate 08 made of glass.

The present invention can also be used to measure the magnetic properties of other

perpendicular media, 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.



04 while an alternating nmagnetic field is generated by

i ng macroscopi c recording head 04 as t@g@.r
Dkt. #?@JW applying a current to the coils 02 on S
00. As wll be seen below, both enconpassing

macroscopi ¢ head 04 and device 09 can be positioned
and noved in a variety & ways by transport nmechani sns

[00038J t hOllN1thd@f@r@i1¢:é‘ﬁb‘f~ﬂt@|F1 196051081 didi@al FIRBbresent

i nvention. Dkt. # 2005- . 01 'PATENTS 9 [00038] Wth
e LR AR ARGy o A o2

mputer control. Conputer %ﬁtem 52 _communi cat es
Comawat@rﬂy@r ﬂm@y@wm%bw& 9 ¢rde acqaigition andanalpg interface
anal og interface nodule 50. In conputer system 52,

module 61 frotompiiterayetenh 50,5 cosiedl doftveaaibogsitsed fifconfigure the
operation of the present inventi on as descri bed above.

operahgg’\rﬂfrtﬁb PEANR]Intiod & ecﬂ{%vé n Mr%rrggféﬁ-nag%; 2 sent

to data ach|S|t|on and an og |nter
ac [ and analo erface nodul e
over Wﬁ%ﬁ%‘ﬂ@ﬂ@ﬁ? é& E‘a?%%“rq“éﬁleo @Al dnterigge mﬂwé? 30. Data
Cbnputer system 52 sends instructions to activate

acquisigionradideanmbog intedfatomadet@b@ trdeslates, &appeiptiate, the control
enconpaSS|ng macr oscopi ¢ recordi ng head 04. [00039]

paraméietd, Confipiitied by dterd(52 datds REHULEHAL @bc@lﬁg’c@é}ﬁ aK motor 11 to
|nterface nD ule 50 translates control ameters

rlate voltages to drlver 4a tlate
rotate 3&}]? e e ocr%%% SSHbggﬂ]ﬁﬂog SRIHEE 8% ][a‘?aﬁig& ead 04,

nd also receives and translates S|gnals returned by
[00039ﬁn‘pl i Stdkindggure b datirigdsiien apd analagingerfaceisodaled0

In the enbodi nents shown conventi onal inductive read
translabsadstio paraneteshimmwend apprdpiae vekagdsad driveritga & initiate

wi || appreciate that nagneto-resistive heads can be
writes Bj @Hc@Bpassing macroscopic recording head 04, and also receives and
translates s.ignals returned by amplifier 05a from read head(s) 05, when data 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



- well. As test data is read back in from read head(s)
X acqui sition and analog interface nodu
Dkt#??@%@%%?%s it into digital format and sends it g%&ﬁ&NTS
conmput er system 52, via input/output bus 58, for
anal ysis by analysis software 54. Data acquisition
and analog interface nodQle 50 is able to use signals

systent 52.Rothe daRdaiquifiabn SR, ardsiiahi ped n\ltiRSIAACE card

24 to correlate these processés wth the actual disk

. o 1 I 09 a yiime 00 . In the .
with sfi¥ten ReihpubSith B, Abe it SO be 358 st S peside
.., running the WndowsTM operating systemfrom M crosoft
insidejog Oué?ége sempaerLTystenmRe. Inghe @g%mﬁ/meouﬁ shavenTshigho

system 52. For the data acquisition nodule, any high

perforapeed USH déioncilleha DatLBiathsabichDTH8RE, isanedibut stBet cards
and output capability can be used. This card could

from Igeﬁ_% gg%islii’ﬁ?&il,chaﬂ{maﬁ gﬁ.ﬁd‘ eﬁ%n?fé ?%ra]ﬁ%% g‘c%]@@)bg gu\%e d g}s W81 Those

I ment s ‘'shown, I gh pef
. called a ta Translation DT9836, is used, but other
skilledag,the artrﬁygﬁ?lfﬁlfe&l&?? gﬁ%ldé{}?%ﬁ,t copfig@atrns abeompater systems,
the like could be used as well. Those skilled in the

buses amd intitfhcamudedéesdral sdfttani frograns cambé uged atithang defiating
conputer systens, buses and interface nodul es and

from tR@5IOMRI oF tRE pacaRie GRS, P&e&a%ﬁlﬁf’é’%diﬁ%%laéd Is b @Brivers

the scope of the present invention. For exanple,

additional, controls and drivers , can be, i npl epent ed
can bediPnER0 BEIE PpinllSrttnatE mbsh ERrdciesrmbeterb n.
000411 Returning to Figure 1, a sufficient current is
(0004135 | é&etpgupgéo gp.@bg sg]fflaelhtecmn@agp]iwcbtq the coils 02 of
macr oscopi ¢ recordi ng head to generate nmagnetic fields
the en&hnpaﬂgingmugtscbﬁidleémm% headrtd geﬂmgﬂé&hiégﬁetic fields strong
I a

transitions in the nagnetic recording nme

enough to perpendicularly magnetize transitions in the magnetic recording media

layers 06 when device 09 is partially inside encompassing 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



| ayers 06 when device 09 is partially inside

i ng macroscopi c recording head 04. The
Dkt-**gﬁ@@@ﬁ@ﬁf of device 09 in gap 28 between magnet ifc*TENTS

poles P1 and P2 of enconpassi ng nmacroscopi c recording
head 04 results in magnetic flux closure through al
the layers that may be ¢n device 09. [000421 Turni ng
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(Prior §5p0 i1l b Ratol #ESVE Wmiioiin fharGtdRe magneic
. ...09 conprises magnetic recording nediumlayers 06
field inyHiegnagnetic thin ddmorecorsiing layer suhgnefickecording mesliimiyers 06.
on both sides of an alum num substrate 08. In reality

The fieldilfisix1pied 18trk Svidledioiesd @ SUTBDNAA L ARe kY 1WA Ylux
shown in Figure 05 (Prior Art). In disks manufactured

f Or. icul ar.r rding techni que SUL, 12,1
feedba gl BB b B RFSIfilR Pnc BRI b dSeisets,
... PATENTS 11 path for the magnetic field flux indicated
Wﬂtt%yem%dlwlﬁ%gﬂa 4. Tiys pahapcement effegiiis ons of tim fagtorar t ) |
it is known that use of an SUL 12 significantly
contriterthrgnicethetabdlitystgneteirecortiirgd dyess with glgnebeecitify. THd higher

recordi ng | ayer, magnetic recording nedium | ayers 06.

coerci g 1 S Fr R oA Sy i SRt ERBR0 Iy T et et
netic recordi dium | ayer 06 do not .djsturb the
such “ﬁ%ﬂ?ﬁéﬁnﬁ@%"e Friatile af Prucng N her sasRRERdslBnt of f oot
is one of the factors contributing to the ability to
[00043]ise r dt shalitkdgbd ngterddhaii thie sglepolectie moiteitegd Fhehown in
hi gher coercivity, in turn, requires that systens
FigureSU (i@ Ati) §s REESEIpit BV 8BE cOMpUs&Ttd &etﬁﬁoséilfﬁ@size of the
e

mat eri al s, nust be ‘capabl e of "produci ng hi gh
presengm%ttf.o& PLEhlSther way, the size of a single pole tip head may usually be
measured in micrometers, while the encompassing macroscopic recording head 04
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 macroséopic recording head 04

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



[00043] It should be noted that the single pole tip

j d 30 shown in Figure 5 (Prior Art) is
[ﬁd'#ﬁﬁ@iﬁggggic in size conpared to the nacroscopicfyyggﬂTS
of the present invention. Put another way, the size
of a single pole tip head may usually be neasured in
m croneters, while the ghconpassi ng macroscopic
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here works much like a mrror inmage of a single pole
having dithile aaoértidy cduchsastellatried 9ih dimabaet i€or® stiRionOdteel or
Art), albeit on a much Ilarger scalé. In Figure 2,
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| aced parti al i nside, the gap 28 between magnetic
bel ed tppedeg Yorurgsnts i Hesione Fraterisec apd @nnégmgjm@g' also
head 04. In the enbodi nent shown, yoke 00 of
be used mdnpadsiragenids.r oscopi ¢ recordi ng head 04 is nade
-from Hi per CoTM 50, manufactured by Carpenter.

[00045H per GaTe afhbculiaRntd sq{bm%{yoé% g%QQ atsB18-e0ko %ﬁ%ﬁoft 2

cobal t - vanadi um soft nmagnet’i I'loy that exhibits high

.Jagneti c ,saturatio magnet.i zati qn | 4 ki, | ogauss),
magnigidicilatect (ip ot FRSE gD B i it op esiioried, to
force, and low A.C. core | oss. Yoke 00 could al so be
have tywg@é l[easbivepotesi Bl and Ravapppsieratiapther opet faresng sugsp 28.
as electrical iron or magnet iron, silicon steel or

[00046er mergill in b P ok barlb'lbd@e oCI M RN Bﬂtﬁhaw liegiedtion, yoke 00
i nvention, all of these should be |am nated to redlce

of enccg-ﬁg%ss% ﬁfh'a}&ci)ﬁictljggor‘fﬁﬂg heatt 4 Ghb B&ﬁﬂ&lﬂ?&lﬁﬂg B ns of
a 20 x 12 millimeter core 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



' be used with such materials. [00045] In the
' ts shown, yoke 00 is also sized to be
Eﬂd'#g@&gﬁggﬁftude | arger than a typical nagnetic siﬁ%ﬁgéﬁng
pole tip head, and as nentioned, to have two at | east
two poles P1 and P2, opposite each other, and form ng
a gap 28. [00046] Stilll3in Figure 2, for purposes of

coil arbluhd &lladlet @brtls Highed indiulcRince hente k@e@OmPRE voltage to drive.)
enconpassi ng macroscopi ¢ recordi ng head 04 has b%en

bl ti. havi ng di mensigns .a .2 12 milijpeter core

In the oI BIRIR EPT ik f deforniing by shF b8e ffhve a
tapered to 2x6 mllimeters with a 2 mllimeter gap

homogegeonp fighl distrdfntinmeverrrangedbat is shghtipwiden dantthevsidth of
and 150V/ 20A drive avail able per coil 02. This yields
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gap. To optim ze the magnetic field for a particul ar
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mMacrogeopiaesetding h?&é? eg ¥onins dinsnaipny shapes, Gad prepeshgecan be
where the field is proportional to the current. It
construgted veiklsouti devistaseirohetirescope ot gt priesaitliavéntedd. An
i ncrease of gap 28 should be acconpanied by a
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mai ntai n per mance. I n tHe enbodi ments shown,
core ,.dipensions are further determn b he maxi mum
* has begRnPRli I Pesinenay s BeGIoRaP i se eIy heastpb adionate
PATENTS 13 coil around a larger core has higher
magnetigdigddsnlady pivaheperatietshaveeey the apragodissipated power of the
: t he enbodi nents shown, a poletip PLT size is
head oftei temnaasirbinenb eydle adof belader & 3-INDJRBEBA the Padameters

di stribution over a range that is slightly w der than
of the 88 s‘@qﬂ&ﬁce%at is applied in the measurement process. Generally speaking,
in order for a metrology system to accurately 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.
- 100048] 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



the read head. In the enbodi ments shown this resulted
read wwdth and a 6mmwite wi dth. Those
Dkt. #ggxfpé%&?n]the art will appreciate that enconpaé??ﬁ%NﬂS
macr oscopi ¢ recordi ng heads of varying di nmensi ons,
shapes, and properties can be constructed w thout
deviating fromthe scop# of the present invention
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for short durations nms) has been app |e
enc assi crosc i c recording head 04 to generate
media, 3 &ﬁggI%agW%V: aPePhRC f cal operation, however, the

average di ssi pated power of the head over the
[00049%heasur g B9wte Higurss6,ine tppigel applicatioyyndsaspassirg
the paraneters of the field sequence that is applied
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gnetic, fields that saturate the er pendi cul ar
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generating fields at | east twice as high as the
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Still in Figure 2, it should be noted that since
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does not have to be built as a flying head. Instead,
on both pidea pf Hevice09eand in 31 sectdre pehitmichossthet a ol ofE9 datao
be tested in a particular category, such as thin film

pin epne s ) S A M e
of the magnetic recording medium layers 06.
[00050] Turning briefly to Figure 7, sectors 40 are shown written in track T3 of
a device 09. When sufficient field is ainplied 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 -



di scussed bel ow, the present invention can also be

est other perpendicular nedia, such as
Dkt'#:?ggﬁ'g{lg'gitape or cards. [000491 Turning now to FE%EEB]TS
6

, In a typical application, enconmpassing macroscopic
recording head 04 is used to test the magnetic
properties of a recordidy nediumby witing three

consecg.l]'c’ci@@lﬁﬁhigﬂer b bR Qc?er%hﬁ‘ uRHl frRces %%tegﬁgbis%%k@ﬁ@

a” device . As can be seen, device
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exanple, as an inner diameter |ID, a mddle dianeter )
be equgbiaathg figld streagthiiratirefiast epto fub thwangstepecovoekbbeldpposite
medi um | ayers 06 of device 09. In the enbodi nents
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device 09 and in 32 sectors per track, so that a total

' I | l.ed { are
neededlo el BBl o SRITRRUYERL LB - BSGH O o
he netic recording nmediuml ayers 06. [00050} ]
[00051% nj niyetyrnie” BoW &o Figie &, thosg skilorlgndbe artevdhappreciate that

witten in track T3 of a device 09. Wien sufficient
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hatched areas indicate nagnetization pointing up and
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In"the enbodi nents

fi.e may.be varied. In the enbodi ments shown, for
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use a large AC wite current, enough to fully
shapediiyresprd awigles tnagk avidth. idteaneatively, mohe trickkcoulditeevtibien

enconpassing wite head. The next wite of all 32

with afi eat&mpadding ha@@rdw%?h&mrgpeaqg a0k B DRtk W IR rrower track
field strength in the opposite direction-usually a
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device; Cctg'ghé p?)giti\gongrllg OF glsco?npt]aisgirﬂ%rmggr%gggig refzciro?:ldj%gsltléaedn 4t_-, rc])’r
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



predeterm ned increnent. In the enbodi mrents shown,
he wites would use Dkt. # 2005-018.01
Dkt'#gﬂﬁw?é(ﬂ 15 consecutively higher magnetic field PATENTS
strengths until the 32d wite of 32 sectors 40, which
iIs witten with the highest field strength. This field

strength would typicallyse be equal to the field
reducesédBpalittentd ih REsisi thade W édrﬁiuclﬁmg rhR@ridhy/ §1§8§‘Q§fﬁ%ﬁk‘ hdving

e opposite in sign. Inth y it is possi

b
. r much magnetic field strength is needed
alumu? v\})?tgﬁtetc' media when, after each wite, the

tors 40 are read back. [00051] Returning now to
[00053h gur eRgurningste Hgute % dhie embipsliment shotvnalupids aat e
that any nunber of variations of the recording

encompatdifg Rtaceascopee tieefting head D4devd ah b@ﬁjun@ﬁ@mﬁlﬂ?a spindle 24,
present invention. For exanple, instead of three

In thlsteh%f:ﬁmeyt ciregiflceD@j 1s§n9§nte3\% a :Ehu?c WS sg]arnggfre ﬁn‘ggﬂzfﬁ—\d—g%{]ces

sing an €nconpassi ng nacroscopi ¢ rec
to reco d a w der track w dth. Alternatlvely
de"lcerpg 5512119 ATGOBWPARING MRArrowopic msordingheaddéng
recordi ng head 04 shaped to have a sonmewhat narrower
[000541 r ack TwindihgnoSi twi Figutes,10tanel 11, ac tiisoimbeidiineat, lehack$assing
can be varied by the positioning of the device 09 or

macromgldo&%bfdlagmgm i§ BRI TS $gta%8@)9f58 th

both. In addition, enconpass

di d al sg, be |.ement ed
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of devices 09. [00052] Simlarly, enconpassing
locatiopg enciuégsi 9. e dus ¢niydinant, the vwving stage iF tandc spitdie24

have nmultiple poles P1 and P2 in one yoke, as seen in

constithtgomet I’kﬁ OIS polGRFRASSTh TDh SRGLISEPH the! L€ Wil 'afiﬂremate
head 04 has three sets of poles P1 and P2 created

that thH ‘?1'1&9111 d?ogh%wrp §n % o?)r}n‘%ﬁg& AhBb&En8lts could also be

enconp g macr os

placed on the back or the front without 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
fecording 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



recordi ng head 04. Those skilled in the art wll
Late that enconpassing nacroscopic recordi
Dkt'#%@gé'%ggﬁian be constructed with varying nurrbersqlc’)‘&%ENTS
pol etips PLT per armw thout deviating fromthe scope

of the present invention. The nunber of poletips, and
their size, may be varied to concentrate the field in

used t8& @@é%iahﬂ%?&@%aﬁi@ﬁgﬁpe setOfdr Peiferdticild ENbRlinkDy reeling
reduce eddy currents i'n disks of conductin
the A RbS 0y SHETaEE SR Pl (BTSRRI 80

shown depicts an enconpassi ng macroscopi ¢ recordi ng

passesitbaeughlenesdpassingmagrescopia regardling bgachgcl end past 4 read head
this enbodi ment, device 09 is nmounted on a chuck or

05. spindle 24 which rotates device 09 inside gap 28 of
enconpassi ng macroscopi ¢ recordi ng head 04. [00054]

ur ni | Ol nd.11, .in | Sy L EN

tooose] 0l HeuLLPERR £ 8 R0iMof of b GERECE firesent

. pounted on_ a movi ng stage, 07 so that, enconpassing. .

mvenﬂmtxsége&m; én meteh enenpresnMagEgscppicgaeding bead B4 is
wite at various |locations on device 09. In this

stationanp add rdavice G%hie romavéd hssdandsr éndndigpie8lkeacRBeads 05 are also
constitute one type of transport nmechani sm Those

e skidls i i . ' i :
post HR g it R 5530 1AL R i oscopic
alsp b | aced . on t he, back the front wthoyt |
record i Ren i e PRPARE ki Gpablee pruLaRa WIdR/Snts width on the
Simlarly, in this enbodinent, a linear translation
magnesicggeongiag oadiemdayer Qgef devicaed by neans of a drive

mechani sm (notor and | ead screw or ball screw, or a
[00057] | nearinWgarg 9,HWdred, dl AaBbIAHENIERAR Fe6hBSIRBle moving

(crossed roller bearings, ball
stage 07 transport mechanism is shown. In this example, encompassing macroscopic
recording head 04 is moved over device 09 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
operatipn 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



beari ngs, slide nechanisn) is shown. Linear stages are

the art. [00055] In the enbodi nent shown in
Dkt. #EB@%@@% encomnmpassi ng macroscopi ¢ recordi ng %%EEMS
is showmn with a different transport nechanism In this

i npl enentation, device 09 is placed on a conveyer-like
mechani sm such as novingg stage 07b which noves device
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recordi ng hea In this exanple, device 09 m

tic tested. Those skllled |n
Samer?%?%?ﬁr%qﬁeaﬁgéggﬁ 8%??1'5%‘11 he present invention can

so be Dkt. # 2005-018.01 PATENTS 17 used to test
[00058&nd i nipibetenkaghintent shewa indigutedt, apefipendiprogrm executing in

recording by reeling the tape as device 09, forward

a compiiidr baattvling @rrofifRkSngInhdabedpierd @REiIn2aVae409 used to
passes thrcl)%gh encorrpagy ng mac?rioscom c recordl ng head

t h Uk ni
select (e B0H<RAS! T B8 B0 SR g R Bl it st that o
vention is shown, in which enconpassing nacroscopic
used tp g&%ﬁrafilﬂ@ oplyMEJawillk exequie fastrrthan asegaencethapdetermines all
rotated. As can be seen in Figure 8, read heads 05 are
magnedlcymrapesdirs. ingairppses «ftiltstedtadry and moetimitation, ghé eodld
yoke 00 of enconpassi ng nmacroscopi c recording head 04

conﬁg%l.irieack hi teﬁf%g:t] : nbf enrliacg%n e lggré'l é}%gﬁﬂc E]%cl é@ead 8%t0

of de 00057 In Figure 9, howev

deternfipe Sl ST G che b i g eten B e firtos fiaips 0D, and all
transport nmechanismis shown. In this exanple,

parameteed aplisior the middlestamieter MEL d ditmipeh eédlffbtenlscallflglﬂations
over device 09 nmounted on a spindle 24. Stationary

of test bfid@neasurement sequences can thus be configured and computer controlled.
[00059] Returning now to Figure 2, yet additional implementations of
encompassing macroscopic recording head 04 can be illustrated. In Figure 2, yoke 00
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 imf)lemented 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.
t00060] 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



heads 05 are used to read back the recorded results
5 sis. In this inplenentation, enconpassi
Dkt#gg@?gg%g%ic recordi ng head 04 has a yoke 00 shaﬂg%TEPQS
have one set of poletips PLT that are narrower than
that of Figure 8, but can still wite a single track
at a tinme. This reducesl®?nductance and thereby
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currents in devices 09 having al um num substrates 08.
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connectigy Wi‘thd”ﬁa‘g a5 tp ceducgnaien a8 depictathanFigure 4 Withnthe
and readback sequence is executed. Enconpassing
additioraof thectgticmagneticfield 105 8UIOR isshergbrichtéd b reduce noise.
appropriate position for the next read head 05 and a
ecor dihp; [ t. #
fo0061] 06 G PP BT ERTE iy W IHE RO s 2 EXEEHO B P apidar that
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for different read head ot to,
SULS 12555 A gpaggs ety P%%gh#égag rHEgneticotntpdon it stadevaEr
. In the enbodi nent shown in Figure 9, a software
time. Iptesys ahspreing inrdia, reach regioputf SUIC b2 goed initm gncompassing
enconpassi hg nmacroscopi ¢ recording head 04 is used to

macro§c®p@Siechfting B 02 %d thBHIowhidd & i’éacpl?égéi (%Bé 'Eg'gh with

i mpl ementation, a sequence that 1s use term ne

wll execute faster  than equence t hat .
encomiietnd RackbechpSiidies 208 Pt Eoff e irrpyeneas reggnetic
! illustration and not |imtation, one could configure
field magjremaip padentiabe encugh endistpdssihd 2reach bswoPUE 12 passes
recording head 04 to determne only MRT on the inner

througtii exretrirasdiBg anakcrbb@patif @brdingiteler040R typihi 8UL 12 has a
' paraneters only for the mddle dianeter NMD. A nunber

preferi@ll dHdrk QiGN GRPIAMEAL HARS and it may be that each time SUT. 12
.passes through encompassing macroscopic recording head 04, the magnetic domains
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 read
~ 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



of test and neasurenent sequences can thus be

.Dkt. #%gaﬁjpgghfd and conputer controlled. [00059] Ret]gé%&%‘s

gure 2, yet additional inplenentations
enconpassi ng macroscopi ¢ recordi ng head 04 can be
illustrated. In Figure 2, yoke 00 is shown as one
pi ece having an upper agt 03a and a | ower arm 03b

similafB@eRdinthe 8RER wa ,%pgl?higﬂi@é& caReat o fltéatifgdhered@ fRlds in
pl ane as gap 28. 1n alternative enbodi ments, ~“yoke 00

. can [ emented. wi th ar 03a_apd. 03b_as_two.
relatiofd} rPad hORERBISER thds toighed 8P @Plis efila frfing from
entire head and device 09 can be inserted conpletely
layers suelyagAUE 2o Ap layernothen dhars hspiecondsng fayiergthagretiarecording
Al ternatively, center 29 can be a gap filled with a
medivgatayer 06.iIguthd samenoay BRGAHaey FRivershabe dlel BUedgtéd fo dork
magnetic material other than the core materi afg.

with alr8R989hq W5 Lo, EEE)EH &8 BLS 511 &H%%iz% Is%%ﬂ selggﬁ%(gthe}: n

[
usi ng enconpassi ng macroscopi ¢ recor Wt h

devices 09 having soft underlayers, SULs12, is that

recordinglayersant ati on of the SUL 12 may cause noi se when
bei ng read back by Dkt. # 2005-018.01 PATENTS 19

[00063¢ onv entibnaferenesinbweao Bgurd 18, andgstdresistomive iz ehswahin
noi se, the present invention also incorporates a

which REAgRMEREONRANS ShOvnS e erBERAhGs ARY ugneﬁf: 8l P40 shown

in~ connection with read head 05 to reduCe nol se, as
epi_ct in Rigure.4. W¢th the additjop,of the static
o the fizBHF e s MfRictiad Bboveg i af ebirobi Wiageens Tnvention to
reduce noise. [00061] Still in Figure 4, in nost of
measuge thegupgnatic propesides of hgtrecordingpedinmg layers 06w deviees 09.
are so magnetically soft that their nagnetic '
~ For a mageaiciyisodresis 168 obh pelserii@ilar ilat&iall hakastizatitn is
spinning nmedia, each region of SUL 12 goes into
measuf & B refhce of a perpendicular magnetic field. In the embodiments
shown however, a perpendicular field is present durihg 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. Atstep S1, transitions
with maximum excursion are applied. This is called the negative saturation step. At
- step 52, transitions with sall 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



macr oscopi ¢ recordi ng head 04 and then towards a read

Even with enconpassi ng nacroscopi ¢ recordin
Dkt. #ﬁgggroggolur ned of f, sone remanent magnetic fi e|1?ﬁ",l;§9]g[$
remai n and may be enough to disturb SUL 12 each tine

SUL 12 passes through enconpassi ng macroscopic
recordi ng head 04. A typilcal SUL 12 has a preferred

SL, tra@itRiNs 3t MmhRinkl® MRk c@Hsich ArskppRad ThisTBYalRe dhat
each time SUL 12 passes through e%%onpa55|ng

positfESAF R g, RN o TG 65t Sathmemir chitay comsen out

when the area of the disk noves away, the SUL 12
of phage irnalh the fllowingstaps afibe sequrasicer r ed i n- pl ane
orientation, but in a randompattern 13. This random

[00065pat t erTurkdng PROAFEFigsrd 06,54 illastriGoh 8RdnkaRFe@entsbne on
top of the perpendicularly recorded pattern. The

: Lerni t.h UL seens .o . be the.cause
longitdRAPECRRRE LM Sy LRI s funE S bl R Ep o Fer
contributing factors to the noise problem applying a
sector AW tofte ¥ AR e downlevhen ovritesrWeorsur eaa dislobesafion DL.
in such a way as to mnimze the randommess of the
In Figuredi6e tai writtoomirent pat iseditoakefbblthd Gaagpeas SEA@nipdssigat
noi se significantly. [00062] Figure 4A, for exanple,

macro%%o?}i’@féc@fcﬁﬁg%‘é’dtdlecr 2Es E'Ié% dﬁ%’@@@i&% ﬁglg%: tﬁgﬂ%ﬁzﬁéﬁs are

ds 10 nE€ar the re
di fferent di,rection has a, Dkt. #, 2005-018. 01 PATENTS
often s Wayes, 5&09 G pHaTre aves éhe‘a’ﬁén%wealém PN RASEIEE:
current or alternating current fields in relation to
macrogeepir vserting depdddsannehvsite onrlengitedinal stealid, | hawwever
signals comng from |ayers such as SUL 12, or |ayers

encomPhfifig htRPodcBpid REOFdlhBheh@RrBBALRG! lebul£6HBWRG: similar to
nmedi um | ayer 06. In thé sanme way an arbitrary wave

those s3I ]@Tig{lge ?&SM g¢ rﬁo%e\%ﬁtlége_is 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.

100067] 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.



with a read head 05 can al so be used to reduce or
I d signals fromother recording |ayers.
Dkt'#[aé%@%ﬁs\i’th reference now to Figure 13, an hystpéms
curve is shown, in which nmagnetization, Mis shown on

the vertical axis and magnetic field His shown on
the horizontal axis. As2pentioned above, it is an

[00068Pbj ect AQUidc8sddl S@nekiive MiilPR; rgh?e 1ABESUES] sbhtSvare 56 can be
magnetic properties of the reco ng nedi um| ayers 06

09. I
used (Lo REE ST n dbes PEF Br RO va bf BARFSR  b° wrid e frgand
the presence of a per bendi cul ar magnetic field. In the

measugerpeRfi. raitexamyt pattexnspangwendiriad aa splecidied above, as

present during vvr|t| ng, but not during reading. This

can thé ftpqueicyGiatichqgiRitins. T idtdleeftavar8 BBREA GRolHRARed M8 6Becify
sectors 40 in a track T are witten with varying

the walve§ %]?é b elgér%ﬁ(}@ ﬁégeﬁk {OWed nsgf Crn grng?rzoe & ??ﬁ%%llﬂg

nmeas as see

In Figure 14 t fleld excursmns FE are shown_ on t he
head Of a5 well gs ghepumbies of pite passasitp g ada heiesea &
: are shown on the right. At step S1, transitions wth
Similartgxdomtrol enfiurese 66 can beappd ite dpecifyi theirmimbdd ddesd passes, and

negati ve saturation step. At step S2, transitions

this, mVﬁlhli‘ }ﬁa’?ﬁﬁ{s tﬁé‘&é"t&‘rﬁlﬂaﬁgn OF PAS{HeEr Al %Bllﬁg of ﬁ%’llnieﬂgr. Further,

his‘is al edap05|t|vewr|tesep

controfﬁﬁgﬁ?c%hisp%?&y%éeﬁa oin Saersdotiest ‘frzaia' i

of positive field excursions occur with each
conjunglieis agtledatagdquisiden pnd eneleginterfade moduled)d, @traltsoftiveare
| ast sector, step Dkt. # 2005-018.01 PATENTS 21 SL,

56 can hisaRshd inﬁﬂ:ldMlh IR CHORS th Ghdlv SHEHY BhASHGIH fedRPAiERE used
This is called the
in various types of media tests.

- 100069] With 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 S, 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.



positive saturation step. The phase of the first step

byl osite or 180 degrees out of phase to I
Dkt-#ﬁh?flr'@%ﬁ-ﬁg steps of the sequence. [00065] Turni ngzl‘ahigéﬂ%s

to Figure 16, an illustration of neasurenents done on

| ongi tudi nal recordi ng nedi um by anal ysis software 54

using two transitions pes sector is shown (one up and

[00070pne _dogun) MP%%I&VQD}}?&eM}’)QPETVOf?Bk@ odicak bk @gerke %nfanﬁ or both

In Figure 16,” a wite current is used to create the

. ransi tions. . Enc assi .macroscopi ¢ recordi ng head

s1desté£u%f18%{:oer§ce§1&~ e%?gw{ﬂ%fil ts these transitions are
often sine waves, not the square waves shown in Figure

[00071}6. Enbwming siomyto Figuradbdban bestandhata benser 80, coareot
wite on |ongitudinal nedia, however enconpassing

MounteABIOSEOPH frok€ pol@ipRPURatertbni BeEaHaé@stldis recording head
somewhat simlar to those shown in Figure 16, and as

04. Ser3BL 9%‘681'1 Bg%ethlgﬁngpé%lnlsg £5PuSe! lr’?iegguﬁr{ hﬁe?:r'n%fép%dp%?&es, ora
can be reduced, generating a trapezol wav
. approximating the square waves shown In Figure 16.0 .
Proxmrl%omrdI%w Immepgwrag the distanaref il drahovednaggstic recording
sector, one up and one down. Those skilled in the art
mediumi lalyeafifiraci mbgnetiafieldssehenr s messurirgrthe thaghepielfield, or a
sector can be used or nore than two can be used, if

combidefid 8red the neasurenents done using the present
invention, a read is done after a wite in a later

evol utd on of ,the. spindle. [00067] Turn.ing now to |,

100072700 M58Y RriEioREu nlire ahsinenthel iR will

points 45 in the remanence curve shown there and the
come tgpaigichig erie sMilled irethwsart s wihdcts this inpiengiohtpeatains having the

controlling the system of the present invention. Dkt.
benefitiof280 bedbhindslpfBdikttd $n 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.



22 [00068] As discussed in connection with Figure 1A,
control software 56 can be used to configure a nunber
of different types of patté%hs to be used for testing
and nmeasurenment. For exanple, recording patterns can
Ckﬁnﬂ? vari ed as specified above, as can the frequency of
= such patterns. Control software 56 can al so be used to
speci fy_ _the wave shape of the recording pattern to
“ﬂﬁﬁéﬁ@é#ﬁﬁ§é$ng macr oscopi ¢ recording head 04, as well
as the nunber of wite passes to be nade before a read
occurs. Simlarly, control software 56 can be used to
speci fy the nunber of read passes, and this, in turn,

oer I t . : | L _
t E’e rre% %‘Eﬁgu %’ h 3’:& é}ﬁg%lgl?lfj ggfurs ’?War% can %@%ﬁ *) §/¥ Bbice
i fferent, nedi a speeds, fqr reading or wijting or both. .
used {05 PeEBFRHIRUEF orPRing dhg deviee hruingakic ﬁ’diteah?‘é(%a magnetic
i nterface nodul e 50, control software 56 can also
recordingdnedising layer bigerens theclevaresalsmhitiagasofousddriayes positioned
nmechani snms used in various types of nedia tests.
belowl PRAAN M R cHRfiRE BRCRURPMYES thi &I&Q)miﬁ)ﬁﬁ :
additi%%al enbodi%ents of yeﬁco%%%%sing cro%copic
recording head gﬁ a%F ihomn. [.n these enbodin’gntﬁT
yOREHPRICHHSHsine Sepd gamuypispting i gfonpulercfiie, s
between arms 03a_and 03b. Wiere a shimsS, is used, it
macrosgepigaesqrdingihoad eompyigingsa yolot amdaenagnetic fiold generating
gas, a liquid, a non-magnetic material, a materi al
elemeft fargdnkadtinidh® ntQiretidiietd, ithe yoRAHa SO firsk E’na&'ﬁeﬁd pBle capable
enconpassi ng macroscopi ¢ recording head 04 is

20,
. Wi f or 1.5 A]
of bei 3 BRIl b B0 et R Be SHPRS AR A B P e B e
oke Q0 can be shaped, tq have a nunber  of ps Gl .
capably Heeines RASHIOTES opResBethe Hrsbmagrebigipels wgg Peloi 2 pecond side
scope of the present invention. Simlarly,
of the elevmeptegpasitioning 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 the magnetic field between
the first and second magnetic poles to create perpendicularly magnetized transitions
~ in the magnetic recording medium layer when the device is positioned between the
 first and second magnetic poles and the transport mechanism effects movement of

‘the device and the yoke relative to each other; and



macr oscopi ¢ recordi ng head 04 can be cl osed at al nost
all points, leaving only ggﬁiZS W t hout devi ati ng
fromthe scope of the pres i nvention. Dkt. #

2005- 018. 01 PATENTS 23 [00070] Still in Figure 20

pol et ok e.taper n_one,or

PR s il pReirRER by Bhe e s/ iBe RBviRP g read blement

[00071] Turning now to Figure 21, it can be seen that
commyinjeating with thedransporinmechandsmmneibe seadrelemeps kanislging the

PLT of enconpassi ng macroscopi c recordi ng head 04.

transitions @écofled Y the ntadrHROPR ree6#iAL heh@intdSezridls for processing
nmeasuri ng thermal pr opertl es, or-a proximty sensor,

S [ t of PLT above
andaLg@h%fﬁghggﬂgggﬁ éﬂgﬂégf d@%ﬁ or a magnetic
field sensor for neasuring the nagnetic field, or a
conbi nation thereof. [00072] Many nodifications and
ot her enbodi ments of the invention will conme to mnd
t2 oneTh&kydteth ofiClahm lantheteinthe gbké b shapesl gatthatrthe first and
pertains having the benefit of the teachings

second rlﬁéét@tfcgpdlgs hdGea Qﬁﬁgﬁ'xﬂﬂhﬁg%%dgt'ré’&swﬁﬁg drl¥ie magnetic

asso d draw ngs. There It 1sto
nder s ood that the invention is not to be limted to
TeCOIqIfg 2y la¥€Enbodi ment s di scl osed and t hat
nodi fications and other enbodi ments are intended to
be included within the scope of the appended cl ai ns.
Al though specific terns are enployed herein, they are

usied | Tha@sEeaardfClans Id%@félﬁtthé’ %oﬁ@ﬁsss?lap@& b¥ tRAGHB #rst and
for purposes of limtation. ai ms

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 is shaped so that the 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 is a laminated yoke.

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

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



What is clained is: 1. A netrology systemfor
nmeasuring a nmagnetic propeha¥ of a device used for
per pendi cul ar recordi ng, device having a first
si de having a magnetic recording nedium | ayer

t ereo th devi ce.al.so .havij a sof.t under| aye

oBor &1 Sheay ieEl AR hraaticie Sobp Gurther Cum Bty arms

the systen1conpr|5|ng a macroscopi ¢ recordi ng head
spacedmpauhiront ¢avl athehtceforompsingle gaphhrongl mdddopiecdevice can be

recordi ng head conprising a yoke and a nmagnetic field
Compg@@@rlggéﬂagi el ement for generating a nagnetic field,

the“yoke having a first magnetic pol e capable of

bei ng positioned above the first side of the device

and a second magnetic pole capable of being

p03|t|oned opposite the first nmagnetic pole and bel ow

a%secohbe sysem ¢fClaim lgavhezein thpgolse Sinthergompadses theo arms

first and second nagnetic poles providing nagnetic

formifiwweit@gars end Roanghed be a0diiinta;a IBcdti@NSFat FroiR ehaniriagap.
capabl e of communicating with the device and with the

macr oscopi ¢ recordi ng head, the transport nechani sm
capable of positioning and novenent of the device and

t rel ative to each othe rrent applied to
ﬂg magResysem; ¢ Qaggr?e gf: g urhey goumprises a gas filled

macroscopi ¢ recordi ng head, the current being
enclosukf i ci ent to generate the nagnetic field between the

first and second nagnetic poles to create

per pendi cul arly magneti zed transitions in the

nagnetic recording nediun1|ayer when the device is

fhoe TRESRem G alm®, wheifih iRl shias PRl Ritatsha liguid

the deV|ce and the yoke relative to each other; and 25
filled enclosure.

12.  The system of Claim 9, wherein the shim further comprises an

enclosure filled with a non-magnetic material.

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 plurality

of first magnetic poles positioned above the first side of the device.

15.  The system of Claim 1, wherein the yoke further comprises a plurality

of second magnetic poles positioned below the second side of the device.



a read el enent positioned above the first side of the
device, the read el enent communicating with the
transport mechani sm and the2% ead el ement translating
the transitions recorded by the macroscopic recording
head into signals for processing and analysis of the
magneti c property of the device. 2. The system of
Caim1l, wherein the yoke is shaped so that the first
amnl sdbenpsterypttladmpb vehereinghe drpatspertohedranismduether
wi de track width on the magnetic recording nmedi um
compkB¥€E mator Ihemsy figehedevidedaially aMirit @ispindle. yoke is
shaped so that the first and sécond magnetic pol es
are capable of witing a narrow track width on the
magnetic recording nmediumlayer. 4. The system of
Caiml wherein the yoke is shaped so that the first
ahtt  seheapstrRYRlasmp, Mheraindhe pransporpaeehasisma faxther
the gap between them accommodates the thickness of
comptises aevitoefdranogingeideuleeite Incalljalsyghgatlof C aim 1,
wherein the yoke is a |lam nated yoke. 6. The system
of Claiml, wherein the yoke is a sintered yoke. 7.
The systemof Claim1l, wherein the yoke is a solid
core yoke. 26 8. The systemof Caiml, erein_th
yBke i RETeR S it raphe Ssnsert 500 U Agh
other to forma single gap through which the device
compriaes Hmovebhpitege for mngingt thed marosdopiciesvadingthe@tdan melstion to
wherein the yoke further conprises two arns formng a
the di¢d € gap and connected by a shimat a | ocation apart
fromthe wite gap. '

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

read head positioned above the first side of the device.

20  The system of Claim 1, wherein the read element further comprises a
first read head positioned above the first side of the device and a second read head

positioned below the second side of the device.

21.  The system of Claim 1, wherein the read element further comprises a
plurality of first read heads positioned above the first side of the device and a

~ plurality of second read heads positioned below the second side of the device.

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

static magnetic field positioned in relation to a read head to reduce noise.



10. The systemof Claim9, wherein the shimfurther
conprises a gas filled enclosure. 11. The system of
Caim9, wherein the shimf4fther conprises a |iquid
filled enclosure. 12. The systemof Caim9, wherein

the shimfurther conprises an enclosure filled with a
non-magnetic material. 13. The systemof Caim9,

wherein the shimfurther conprises an enclosure

f 281 ed The systammeffaleimd, mdreseinghe oedrbelemeah futtther comprises a
materi al of the yoke. 14. The systemof Caiml1,

field géresried Byhe coibsewicrsd bpa difitPEingest Fosiohidd irl dlatdn to a read
irst magnetic pol es positioned above the first side

e s S RS SR 9 P A b

ol es positioned bel ow the second side of the device.
recorgg mediuph éayyist em of Claim 1, wherein the transport
mechani sm further conprises a notor for noving the
device radially about a spindle. 17. The system of
Claiml1, wherein the transport nechani smfurther

COLPT | $RS sPstBMLACIRRh I'Ugﬂe%ittﬁg iéﬁ%lvvé%gﬁeh{ ﬂtﬁ‘hﬂgéryco%m&s an

a path. 18. The system erein

t r.ansport ani.sm further, conprises novabl e stage...
alternpips chigict ke Bpratiat Graeag Hraadorhares aad gubilize
. to the device. 19. The systemof Caim1, wherein the
- signalsgathing éreenlayfens other thanthd megnetic reartling aediosi tayened
above the first side of the device.
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 reduce and

 stabilize signals coming from layers other than the magnetic recording medium layer.

26.  The system of Claim 1, whetein the yoke further comprises a coil for

generating the magnetic field.

27.  The system of Claim 1, wherein the yoke is shaped to meet at a

- plurality of points other than between the first and second magnetic poles.

28.  The system of Claim 1, wherein the yoke is shaped to have a plurality

of gaps filled with a material different from the yoke material.



20 The systemof Claim1l, wherein the read el enent
further conprises a first read head positioned above
the first side of the devic® and a second read head
positi oned bel ow the second side of the device. 21.

1

Thg sy f O a-ml, erei N, the read el gnent .

{ 69 her gy, SRk Tng Poper R il fompyises

positioned above the first side of the device and a
software jog1spegifying aaespreling pattpeniosthe saacrpesepic meptding head.

second side of the device. 22. The systemof Caim 1,

wherein the read el enent further conprises a static

magnetic field positioned in relation to a read head

fl\g(}.r e dTﬁg ﬁg‘&gﬁle%f éellgim%' W}%fei]ﬁ él?é cg(gﬂ;rlgtlteg i"ﬁ_.'t‘lmeél F%Ilngrises

ereint rea enent rrses a
enerated_hy a coil powered hy a direct current
Soffwg%f‘s O FBRGEING & EeEaneR terepehibian of Haarecordingpagtern el the

stabilize signals comng fromlayers other than the
macromgpitrecordiwg beaklng nedi um | ayer. 24. The system of
Caiml, wherein the read el enent further conprises an
alternating current field positioned in relation to a
read head to reduce and stabilize signals comng from

| ayerspther th t he eti.c recordi png .medi um | ayer.
8 TR e o Il 20 Fheiare s (o Hule JUger aRtioes
further conprises an arbitrary wave shape field
softwager fgn gperifying enyavecshape foi the reconshing pettdrn tv theduagoasgpic
stabilize signals coming fromlayers other than the
recordiB@ebtc recording medium|ayer. 26. The system of
Claim1, wherein the yoke further conprises a coil for
generating the magnetic field. 27. The systemof Caim
1, wherein the yoke is shaped to neet at a

32.  The system of Claim 1, wherein the computer further comprises
‘software for specifying a number of write passes to be made by macroscopic

recording head before reading of the transitions by the read element occurs.

33. The systém of Claim 1, wherein the computer further comprises

software for specifying a number of read passes.

' 34.  The system of Claim 33, wherein the specified number of read passes
permits the determination of thermal stability parameters of the magnetic recording

medium layer.

35, The system of Claim 1, wherein the computer further comprises

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



plurality of points other than between the first and
second magnetic poles. 28. The systemof Caiml,

wherein the yoke is shaped 3b have a plurality of

gaps filled with a material different fromthe yoke
material. 29 29. The systemof Caim1l, wherein the
conputer further conprises software for specifying a
recording pattern to the macroscopic recordi ng head.

306. Thdhsyystem of Claimi Ipnvdtereinhtbeebmyiuter fothmrtcemprises a data
further conprises software for specifying a frequency

acquik®lon! &REAMLb g Ani@bfabdhd REOTH ddgniBahiahin tw%tﬁ?ﬁe macroscopic
nmacr OSCOpI c Tecording head. 31. The sys emof Claim

nthe c er, furt rises, software
fecorf%%ﬂg ‘ff’é% ‘i/?rﬁﬁs%o %@hﬁ’fﬁﬁb af‘a?‘f"? @Eﬁ}e&tng pattern
to the macroscopic recording head. 32. The system of

Claim1, wherein the conputer further conprises
software for specifying a nunber of wite passes to be

mBHe bYheBostestOCRim3EcAhdtdia tn@e&npafc@ff@rﬂ@a@ibﬁﬁmﬁks
the transitions by the read el ement oOccurs

sofhn}%i{egfo‘f %ﬁ&n%%%a%\é I’pe@ﬁi%'ifﬁ lé[lCSI ?lcﬁﬁgp H gx’i n%r%ntl gl?e’:' cl;latg aacqmsmon

npri ses

e The system of Cl ai m 33, vvhereln t he
and a&lﬁ@)& lleeéga m@vle@pdrt@@@ dfsemehe traspprigneehanism.
determi nation of thernmal stabl lity paraneters of the
magnetic recording nediumlayer. 35. The system of

Caimi1l, vvher ein the conputer further conprises

fsgéf t WaT§| of tert! Wl%ﬂ'h ﬁgvﬁeP&Hrtﬁé bb¥e & sHEpEbA0 HAGE Yone-sided

profile at poletips tapered toward the magnetic recording medium layer of the device

~to concentrate the magnetic field.
39.  The system of Claim 1, wherein the yoke is shaped to have a two-sided
profile at poletips tapered toward the magnetic recording medium layer of the device

to concentrate the magnetic field.

40.  The system of Claim 1, wherein the computer further comprises

- - software for specifying the operation of the macroscopic recording head at a plurality

of duty cycles.

41.  The system of Claim 1, wherein the macroscopic recording head further

- comprises a thermal sensor mounted thereon.,



30 36. The systemof Caim1, wherein the conputer
further conprises a data acquisition and anal og
interface nodul e for comundkating with the
macroscopi ¢ recordi ng head, the transport mechani sm
a the read el e t. 37.. The system of C ai m 36,
wﬂ rei ﬁ@sf@m@m\mh th‘éﬁubfgrwa@@gcor&%mcmq%@gﬂtﬂad further
comuni cating positioning instructions to and fromthe
compatbaa Peoxinsity samsor anslrded tlogeont erf ace nodule and to
and fromthe transport nechanism 38. The system of
Caiml1l, wherein the yoke is shaped to have a
one-sided profile at poletips tapered toward the

neti.gc recordi nedi um | ayer of the device .to
e et e eESBEOT B & ot Shfhe SnCroR PSS e Grips head further
Claiml1l, wherein the yoke is shaped to have a
compriges 8 imghetigifisld benser mpwirged pereaper ed toward t he
magnetic recordi ng medium | ayer of the device to
concentrate the magnetic field. 40. The system of
Caiml1, wherein the conputer further conprises

soft ware f MH.ying the .operation.of .the ,. .
ik oo (B P RPE Gt Ralti PG e P Jek iy st plateer
.cycles. 41. The systemof Claim1l, wherein the )
havingghe saagiatic reerding mgdheadayearamihe firsh pigieianganpther magnetic
thermal sensor nounted thereon. 31 42. The system of

recordingi ediunieregion thbeedmrl 8de.0pi ¢ recordi ng head
further conprises a proximty sensor nounted thereon.
43. The systemof Caim1, wherein the macroscopic
recordi ng head further

45,  The system of Claim 1, wherein the device is a magnetic tape.
46.  The system of Claim 1, wherein the device is a magnetic card.

47.  The system of Claim 1, wherein the transport mechanism is capable of
moving the macroscopic recording head and the read element in relation to a

| stationary device.

48.  Anapparatus for measuring a inagnetic property of a device used for
perpendicular recording, the device having a first side having a magnetic recording
medium layer thereon, the device also having a soft underlayer positioned below the
magnetic recording medium layer, the apparatus comprising:

a macroscopic recording head communicating witha computer, the

macroscopic recording head comprising a yoke and a magnetic field generating



conprises a magnetic field sensor nounted thereon. 44.
The systemof Claim1l, wherein the device is a hard
drive disk platter having 3he nagnetic recording
medi um | ayer on the first side and anot her magnetic
recordi ng,.medi um | ayer on. the second side. 45. The
meané?%i BERORLIRS AR tRkiel i the ke Beyingen st agghisihale capable
tape. 46. The systemof Claim1, wherein the device
of being positimgreel abovedhe first 8id éldfethe detvire afd Lhadond Imagheicpole
the transport nmechanismis capable of noving the

capaHI@lﬁf B&ﬁﬁ@d@iﬂ(ﬁ‘&@lﬂ%ﬁ!%it@ BRE AR I difeticGle §h& BRI ia@ec%r}d side

relation'to a st nary device. 48. An apparatus f

asuring a .magnet i r.operty of devi ce used for,.
of theJ¥ice thenPPORER dhR Brokang wweond e sanat polesprodiding
si de having a magnetic recording nediumlayer
magnefie flsearclogute thievigbdhedevichavi ng a soft under| ayer
posi ti oned bel ow the magnetic recording nmedium | ayer,

t AgosRiRaiat Bed SRsTRIn It Mgt Rr PREITERP hRd HeeRIbitbBadevice
comrmuni cating with a conputer, the Tmacroscopic

relati%e%%%iﬁ%’&g@%ﬁg&&f&@’g@%&a- yoke and a magnetic field

eneratin ans r geherating a magnetic field,
t he yoke having a first magnetic pol e capable of
bR IRRRNS 4er APRIEIE apgrent lodheimagneficdield generatiag glerent of the
and a second magnetic pole capable of being
macrqsospicirecadingphesd, tthe tineefhi beihg wafivinicopeheras thdrlagnetic
a second side of the device, the positioning of the

reld s PSSO ol SR L o Pesa
magngg%/e;e Qilsiiiging iII the ﬁggriletticor%icgrgdigg ?neggii/il.en agter g;he.tnhtﬁe device is
positioned between the first and second magnetic poles; and

a reading element positioned above the first 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 property of the device.

49. A method for measuring a magnetic property of a device used for
perpendicular recording, the device having a first side having a magnetic recording
- medium layer thereon, the device also having a soft underlayer positioned below the
magnetic recording medium layer, comprising the steps of:

pbsitioning a first magnetic pole above the first side of the device and

positioning a second magnetic pole opposite the first magnetic pole and below a



relative to the macroscopic recordi ng head; a neans
for applying a current to the magnetic field
generating el enent of the 3¥acroscopic recording head,
the current being sufficient to generate the nmagnetic

fjeld tween the first and second. magneti c pol to
second Gif o0 e Fen LUPERVIGE ToREgIAbE DT SRl Ry EReof the

magneti ¢ recordi ng medi um | ayer when the device is
devicppsi ti oned between the first and second magnetic

pol es; and a readi ng el enent positioned above the

f ldc%ﬁn? iaﬂa_rﬁévihg%g AV R in kBRtIbAAG kY fir® ic pole and the
communicating with the positioning and nov nt “unit

Sean@pd the.re gjng el ement translating the transitions
é@8$ﬁ§5fﬁ % he macroscopi c recording head into

signals for proc§s§ing and anal ysis of the nmagnetic
pgoperating efmagretivdiald between thenfshend serondeasgnetigpales to
magneti c property of a device used for perpendicul ar

creatd p&PeiR@lartyMagdavii£R] hansifona il tHeShaghétec Ra¥idifig@nedium
magneti c recording nediumlayer thereon, the device

layer AmA %@We@ﬁe‘ﬁi's é(ggi{ioﬂg&l BER@«?&{ ant Rl ea%ﬂu%'t{} Wi H?st and
magnet i ¢ recording nmedrum Tlayer, conprising the steps
of : positigning a first magnetic pole above the first

Secongirﬁégléﬁtlctﬂ?ge%@%}dce and positioning a second nagnetic
pol e opposite the first nmagnetic pole and bel ow a 33
stransidtisg thee rhnditienslinto signalof arrpeuiasingegrbinaly$ik ok the
closure through all layers of the device; |ocating

magqéﬁgﬁmyérggof]kt!ﬁg ddevdece in relation to the first

maghet' c ‘pol e and the second magnetic pol e;
generating a magnetic field between the first and
second magnetic poles to

50. A machine readable medium for storing programs for use in a system
for measuring a magnetic property of a device used for perpendicular recording, the
device having a first side having a magnetic recording medium layer thereon, the
device also having a soft underlayer positioned below the magnetic recording
medium layer, 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 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 for:
directing the positioning and movement of the device in relation to the first

and second magnetic poles;



create perpendicularly magnetized transitions in the
magneti c recordi ng nedium | ayer when the device is
positi oned between and noveld relative to the first and
second magnetic poles; and translating the transitions

into signals for, prac i ng and_ anal SIS of the |
nBEHERHRE Brapenetic éﬁ iﬁ' ﬁ@eﬁrssen AespRhmagnetic poles to
readabl e nedium for storing progranms for use in a
creatssyatpendicharymragnetingl transigioat i ther magnétyc tlcoadidg\rhedium
used for perpendicular recording, the device having a

layer WHe%tthé 'd@@lc@%’ BBQH%HQ&@)@%%@%{/ ?%gﬁrggéﬁl?t o gi%?gﬁé/t?cr poles; and

her eon, evice al so
S|t|one belom1the magneti.c.recordin di n1|a
andlgng the BpRAHgns intp s for Aroerss applysis of the
connunlcatl with a conputer, the nacroscopic

magnetic pretrarty deomgsr i si ng a yoke and magnetic field
generating el enent for generating a nmagnetic field,
the yoke having a first magnetic pole capable of
being positioned above the first side of the device

a $eC etl ol e ca

ook ¢ TS M mdR Gl e R ARG o s 35 e st
a second side of the deV|ce t he p03|t|on|ng of the

readaplergedisym of elimbraghereinctheonagroseanie retiondingshyset is eneasured
flux closure through all layers of the device, the

in cenpiheg@e®ns for: directing the positioning and novenent
of the device in relation to the first and second
magneti c poles; 34 generating a nmagnetic field
between the first and second nagnetic poles to create
per pendi cul arly netized transitions in_the magnetic

ord ﬁ%ﬁ%ﬁ%@é ##&S@é@q@@ 3 %&bﬁm

between the first and second magnetic poles; and

- readable medium of Claim 50, wherein the macroscopic recording head is not a

flying head.

53.  The system of Claim 1, the apparatus of Claim 48, or the machine
readable medium of Claim 50, wherein the device is partially inside the macroscopic

recording head.

54.  The method of Claim 49, wherein a macroscopic recording head
-includes the first and second magnetic poles and is measured in centimeters, and the

device is partially inside the macroscopic recording head.

55.  The system of Claim 1, the apparatus of Claim 48, the method of Claim

49, or the machine readable medium of Claim 50, wherein the soft underlayer



translating the transitions into signals for

processi ng and analysis of the magnetic property of

the device. 51. The system3 Caim1, the apparatus

of Claim48, or the machi ne readable nediumof Caim

50, wherein the macroscopi.c. recording head js neasured
provifgs a dhirendh tor @anerwe@@giik BIngayRpwrite gperations to the

apparatus of Claim48, or the machine readable nmedi um
magnetic Ga@irdirgmedhandayertane dessmes popvideraaetwdi paghifenthd s

not a flying head. 53. The systemof Caim1l, the

; | . j medi um

R e i R G S o

t he macroscopic recording head. 54. The net hod of

Cl ai m49, wherein a macroscopic recordi ng head

includes the first and second nmagnetic poles and is

mé&sur €de bystemnappatabus methdd omenadhing readiablepaedivan of Claim

i nside the nmacroscopi c recordi ng head. 55. The system

55, whiérefd fHeedd eldifierdipafhal ldérr@;ﬁ:is@ ahmi%gnagﬂ‘@idmélﬂ %sﬁfoned in
Claim 49, or the machi ne readabl e nedi um of C ai m 50,

relatif8 Shihd REPRIfeyAORELBYE T 0or BRAVIGRS, @ return path

nagnetic uring norma ite operations
to the magnetic recording nmedium Il ayer and does not
provide a return path for the magnetic field during
nmeasuri ng the magnetic property of the device. 56. The
syAt enTheppten; asparatis) atethod e eiidhing sradableemegidinn f Claim
of Caim 55, wherein the read el enent further

56, wRAER! ih2Stath BhhbGc ABINS: A p&pendREdr PREBuLR all layers of the

device.

58.  The system, apparatus, method or machine readable medium of Claim
56, wherein the static magnetic field extends longitudinally through the soft

| underlayer.

59.  The system, apparatus, method or machine readable medium of Claim
56, wherein the static magnetic field further comprises first and second static
magnetic fields, the first static magnetic field extends longitudinally through the soft
uﬁderlayer, extends through the first side of the device and does not extend to the
second side of the devicé, and the second static magnetic field extends longitudinally
through the soft underlayer, extends through the second side of the device and does

- not extend to the ﬁrst side of the device.



relation to a read head to reduce noise in the soft
underl ayer. 57. The system apparatus, nethod or
machi ne readabl e nedi um of 3@ aim 56, wherein the
static magnetic field extends per pendi cul arly through
| ayers of the device. . The ste ar,at us,
T80 nod Bf SHelER) ABPREHBREhAg A M RNer e fegpectfum of Claim
wherein the static nagnetic field extends
59, wheneip thedfirsthhg sedvraligihtit heignefit fieldvdaténd kmgittdlinallyethrough
system apparatus, nethod or machine readable medi um
the sd¥f ublié@idYerifa ¢ M’% %Jtﬁnﬂcﬁ}é&lo?@gnet ic field
further “conpri se t and second static nmagnetic
fields, the first statlc magnetic field extends
Iongitudinally t hrough the soft underlayer, extends
through the first side of the device and does not
efl-endThesysiem, sppardus intkthod orltke dmchine readableheedium of
second static magnetic field extends |ongitudinally

Claint 58, etlgheintie$edtic MASREH@HEH mBXhEAESrahAOa1EEs bh& magnetic
second side of the device and does not extend to the

domagﬂggﬁe | 1&he% ?ﬁtqg‘Lc&ﬁé ¢e. 36 60. The system

arat us, chlne readabl e nedi um of Cl aim
59, mhereln the first and second static nmagnetic
fields extend longitudinally through the soft
underl ayer in a single longitudinal direction. 61. The
s§st enThappaeatafClaim i htit appariisrd Caine 48 ghd abdthod of Claim
medi um of ~ C aim56, wherein the static magnetic field

49, Hg?l@}ﬁé&uﬂ{ Lh Qi?{%' %eﬁﬁ&ﬂ‘ | i

Or?he SO g ayer e systerﬁro eglfl \ gi:@rtyls
quaratus of Cl ai m 48, the met hod of d ai m

magne remanence.

63. A metrology system for measuring a magnetic property of a disk for a
hard disk drive, the disk including a first side, a second side, a magnetic recording
medium layer for perpendicular recording, a soft underlayer and a substrate, the first
side positioned above the second side, the magnetic recording medium layer
positioned at the first side above the soft underlayer, and the soft underlayer
.positioned above the substrate, the system comprising;:

| a recording head including a yoke and a magnetic field generating element for
.generating a magnetic field, the yoke including a first magnetic pole positioned
above the first side and a second magnetic pole positioned opposite the first magnetic
pole and beiow the second side, the first and second magnetic poles providing the
magnetic field to extend perpendicularly through all layers of the disk to create

perpendicularly magnetized transitions in the magnetic recording medium layer;



49, or the machi ne readabl e nmedi um of C ai m 50,
wherein the magnetic property is nmagnetic renmanence.
63. A netrology system for J#asuring a magnetic
property of a disk for a hard disk drive, the disk

|n | udi ng a flrst cond, side, a magnetic
PRE MeekAT) @zferpt?t8§ § thedisk seiakive d eardse prg
soft underl ayer and a substrate, the first side
pesead elesarrdipwsiicried abevertbie Srsteide foe tranghatinigdhe transitions
recordi ng nediun1|ayer positioned at the first side

into sBRANEfdriPros&isin ﬁ% of 3 ibe 8O ﬁop@%ﬁr | ayer

p05|t| oned above the S bstrate he s sttem’conpri si ng
netic fi

ecor ead clud in
EF A e Sol e B ot Prand: 3 P gt REigR B et el e
the yoke |nclud|ng a first magnetic pole p03|t|oned
duringgwymal arite eperationretodhe naagnetisacording miediyallayer and does
positi oned opposite the first magnetic pole and bel ow

not ptdVedé e eefan Patle fort the nhagredticandd SeerpimeRantid thelahgsetic
prOV|d|ng the nmagnetic field to extend

pro p&$ypend|cularly through all layers of the disk to
create perpendicularly magnetized transitions in the
magneti c recording nmedium |l ayer; 37 a transport
nmechani smthat rotates the disk relative to the yoke;
and a read el enent positioned above the first side for
t 6ans| The sgsteimeoftClaim 68} wherein the raiogdimgsheadris a macroscopic
processi ng and anal ysis of the nagnetic property;

recormgr}@aﬂ thﬁﬁssiﬂ&%su&'éwﬁ{ &éﬁfﬁﬁet@f@‘éhﬂecﬁe AidiEE Wa g:g?tlﬂﬁ} thsi ! the

netic field flux during normal wite operations to

t he magnet E} rd| ng nmedi um | ayer and does not
A FERACdE Y d:’lég #path for the magnetic field during

measuring the magnetic property.

65.  The system of Claim 63, wherein the read element includes a read head
and a static magnetic field positioned in relation to the read head to reduce noise in

the soft underlayer.

66.  The system of Claim 65, wherein the static magnetic field extends

perpendicularly through all layers of the disk.

67.  The system of Claim 65, wherein the static magnetic field extends

longitudinally through the soft underlayer.

68.  The system of Claim 67, wherein the static magnetic field includes first

and second static magnetic fields, the first static magnetic field extends longitudinally



64. The systemof Caim63, wherein the recording head
is a macroscopic recording head that is nmeasured in
centinmeters, and the disk i¥partially inside the

macr oscopi ¢ recordi ng head 65. The systemof C aim

ei n, the read eI rea
oS kRt 8PS PR Rt B o %m?%a%w%%h the
read head to reduce noise in the soft underl ayer.
first sideard sloesmet extend o 85 seshud side, ahd the mqmdrma;mmagnenc field
field extends perpendicularly through all layers of
extent orfiekdin6lly tHioRiphthb @Hfthnd@kl@Px@% RtheWnarle IdhgdifRiinal

static nagne |c fleld ext ends ongltudlnally hr ough

direcf, A4 MU ATIT sodii e RUMA N ol B Pt

second statlc nagnetic fields, the first static

magnetic field extends longitudinally 38 through the

soft underlayer in a single |ongitudinal direction,

ef9.end¥he bystaghoft Glimfas; stheséitiehaBrhtidapspritaic Rld efielibhizes

the second side, and the second static magnetic field

I rlayer in

R R R e S

t he second side and does not extend to the first side.

69. The systemof Caim®65 wherein the static

magnetic field mnimzes randommess of a nagnetic

ddhai nThesysem ofiClatme 68pWhetrid¢he aygneti¢ profiérty symhgnetic

of Claim®63, wherein the nagnetic property is magnetic

remanf¥BNENCE.



