WD 03/ 038815 PCT/ CA02/ 01673 SYSTEM FOR MEASURI NG AND ADJUSTI NG PI TCH AND
ROLL IN A SUSPENSION Field of the Invention The invention relates to a
syst em amaormeibssds f or measuring and adjusting the pitch Pcanchoemid73angl e
in a suspension for magnetic readers for disk drives. The systemincludes a
| i near advaSYSTEM FQRMEASURIDG ANDADJ EYRINGNPIRCHAND RO IL N heat
treatnent system and control al g%bl é&ﬁ%t&neasure, adj ust and correct the
roll and pitch in a suspension. S ONind of the Invention Magneti c
recordi ng hard drives include conponents enabling data to be read from or
witten gidof fHedhvagtiglponeti c di sk. More specifically, hard drives utilize
head gi nbal——assembties (HGAs), also known as head suspension assenblies
(HSAs) to suppbe inventicmistitesde @ syssemdad sjethad for G@ésmmnmadwsmg tha@itelbt at i ng
di sk urfa result of.the 1 ting
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t ant anount |rrportance that, the alignment between the slider and rotating
di sk sur pyssen jagd qonire] slgoyithies e aisdegenpdistnandc epichhe relb|asd aricdsin a

Col | ecti g@gg Wigferred to herein as suspension head assenblies or

suspensi on ese 20 devices include an air bearing head slider assenbly
nounted to a suspension system The suspension systemis made from
separate parts including a nount plate, | oad beamand flexure having

fl exuse Baokgroandlode invehiigures 1 and | a. The slider (not shown) is
configured to the flexureg&ﬂtir the i.gnnment of the flgxure is determ ned

to be within Magnetiferodin fiaﬁese@ u#ﬁémap?@qwbmg Ha 19 peis3Ad e t h
respect bpwm%nrwa%taa g&gﬂaﬁ bise naéredgp%&fww Qﬁ?d aﬁvés%l% h%ch‘%fn%a'lEd in

two directions nanely b tting or controllirng the rol ch of the
fl exur e assemblies l(HGspealso tkmowhe asthead . su‘ﬁh@smnmsmbhcﬁerﬁHSAa)eo spporon| y

referred . to as the.pitch static .attitu d the raoll sta ttitude
R | amelhers iR Tosp ool B oBE dBR: S Alse sl Gighe ho
assefbl y cpke tﬂ?@xmﬁtlys B@t%k@”th@%o%tﬁh@eﬂlsﬁ edefabé Oéﬁdofhenﬁlﬁd‘e?' RAd PRE tvarilgl by
control of the lasér welding process genera used durin assenbl y.

However , paiemeter§ which aifeetiihe pmraglqnfbetW@n the slider and rotating disk surface, it is of

tantamount importance that the alignment between the slider and rotating disk surface is

precisely maintained within acceptable tolerances.

Collectively referred to herein as suspension head assemblies or suspensions, these

20  devices include an air bearing head slider assembly mounted to a suspension system. The
suspension system is made from separate parts including a mount plate, load beam and
flexure having flexure arms as shown in Figures 1 and 1a. The slider (not shown) is
configured to the flexure after the alignment of the flexure is determined to be within the
desired tolerances. The alignment of the flexure with respect to the mount and hence the

25 disk surface is set or controlled in two directions namely by setting or controlling the roll
and pitch of the flexure arms with respect to the mount. These measurements are

commonly referred to as the pitch static attitude (PSA) and the roll static attitude (RSA).

The PSA and RSA can be controlled to a certain degree during the assembly of the

suspension by proper selection of matching parts and by control of the laser welding

30 process generally used during assembly. However, after joining the parts of the
suspension, the load beam section is bent to create a gram load, which in the final product

will push the slider against the hard disk. This production step can create unpredictable



suspension, the | oad beam section is bent to create a gramload, which in
the final product w Il push the slider against the hard disk. This
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control gﬁgfovenents that obviate the need for adjustnment. For exanple, US
patents 5,832,764 and 6,011, 239 descri be | aser based adjustnent nethods

using an inf r%&?sﬂné gﬁﬁﬁo&%pﬁﬁﬁﬁe g{hé %t@ﬂﬁ ﬁ@&%@lﬁt&%‘h{s%ﬂib%d mBfogeat of

the | aser stress ieves t changes e spring constant of
t he | padacchdrgoal bendingl nletiads ad pherass comtyob mspramemerdisi that hbviRSAhancedOA.
Mechani cal. bendi ng methods on their own typically use a gripper or

wedge- | i RGUSTEREure to twist the flexure arms instead of the | oad beam The

main problemw th this t hod _of justnent | he.accessi bility of the
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to performthe twsting an endi ng not all suspension designs allow
this acetesssirtidves the nietaly Whrchphehiges thevringtdonstamtaifiibelloaded fleturé andilved not

al l ow both acti.on of, . tw Sti bending to be perforned at the sane tine
whi ch? mabf:’a}l? ﬁ?gtlorlsﬁé‘dé}a]‘s\&‘g? h&ﬂﬁngiﬁ%‘br. thm appl i cabl e. One solution to the
appl i ed 1 ot neEhEiEH petme STt eBrar e R AT B FRRSBGRAGEF e
control | eghnfre to IRk YnddREuré Widd iead st the MHdNEkahe e B8knfRbbIERAWAR dhiRSA

adj ustment. One di sadvantage of the needl e probe nethod, however is that

it is sl owdrodaef adjustraentibihe agesseibiity of the grmppisdpdhd BexusadMars weeiftedly,
Further still, in.hoth needl e.an L pper _adj ustyrent .machi nes, more than
one o5 Btpets relir Ao B et g th PBRL ALK T R 0P Py BsRoling s
as aisesgtip tof périem @@l dvidiikiang beatimgeard nok ahadtispalsiopedsigig. allow akider to
have a permnent angl e change, . re-,bendi(gg_ and over-bending is often
required amp@hlhf}ak@pthq;w@blemow@}@)ﬁw anethodhis thpfi it floes not allow both action of

twisting and bending to be performed at the same time which may limit the adjustment

algorithm applicable.

One solution to the use of grippers is the utilization of four needle probes which

20 can be applied to the flexure at four separate locations and independently controlled to
apply both twisting and bending required for PSA and RSA adjustment. One disadvantage

of the needle probe method, however is that it is slower as it has more movement to

complete for one adjustment.

Further still, in both needle and gripper adjustment machines, more than one

25  adjustment may be required before achieving the desired PSA and RSA as a result of the
cold working nature of mechanical bending. In order to have a permanent angle change,
re-bending and over-bending is often required which takes longer to complete and which

may result in angle drift over time after the adjustment.

Thus, there remains a requirement to be able to efficiently adjust suspension
30 alignments to produce stable alignments. More specifically, there is a requirement for
equipment and control systems which effectively measure, mechanically adjust and align

suspension systems in an automated process using heat treatment.



may result in angle drift over tine after the adjustnment. Thus, there
remains a requirenent to be able to efficiently adjust suspension 30

al i gnmentwotog/opssetiuce st able alignnents. Mre specifical |l pCTid»®r016473 a
requi renent for equipnment and control systens which effectively neasure,
mechani c Shinymadgjofthe Bn@néibhgn suspensi on systens in an automated process
using heat treatnent. -2 WO 03/038815 PCT/ CA02/01673 Sumrmary of the

| nvention | n &caaoddance witl thetiheertiougetiiereots, prohided ai ssefoordaechsarisy ahém f or

measuri ng_and djusting the roll and pitch.angl es of a suspension for a
ragnet | ¢ Mikdioe S Bl oG PUTSPRAIE) B o BVPREHO dRire MaERec ARG T
conpri si geeRidh ﬁiﬁ?ﬁﬂeﬁ%%%&&stéﬂ%ﬁﬁbﬁ%ﬁ@ for advanci ng successive

suspensions to a neasurenent and” adj ustrnent “position; a measurenent

sub-system for - 1. i I : r rns;
an adjyust ment sgﬁhg{/&sﬂdgﬁﬁ gbgﬁte(%%a%ﬁsc%gﬂf@j %(g}r%g?ﬁ S;a ﬁ%fssrlg?ﬁu?fﬁgﬁ%&t @hgangl es
of 10 the fl exuneasarement andadj@stingmtepdsition,over - al i gned position; and, a heat
treatment sub-system for applying a heat treatnent to the flexure arns

when in the alignetasreovdr subsygteed fgrodéternoning Tthe el sdneinpiddts angle effethabl y

i ncludes a contrﬁl‘ al gori t hm having a dat abase of heat treatnent
paraneters for i Sng the heat treatment systemto apply a specific

heat 15 treatnment to the f]lexure arns.in the aljgned or oyer-aligne

posi tion where meadwﬂv?lmSU%%%?mtfmﬁlmn@éﬁ]%hﬁn@%sfgs5?15 pad Pfé%‘ta“ﬁgeé ment
on the basis of HEASKIEdhOld anfiignkd siVer-agHADoshiBn O, embodi ment ,  the

adj ust nent system i ncl udes four needle probés for applying a bending force
to the suspensi ofidy aRSr - BsY 1 hieatirbARER @M thOYRkire 20ma! | gned
position. In anotﬁear e oorlll neng}?&ﬁe aﬁ?&:‘t%entas%tem I ncpuélesurlgour

gri pper arns forwhgmphyhegignethendvarglifoedmsitont he suspensi on to nove the
suspension to the aligned or over-aligned position. In a preferred

enbodi ment, t e kesi¢m tatsegiraferdblisinstudes 4 nentud edgaithadevingladatzppd bEbea

treatment parameters for instructing the heat treatment system to apply a specific heat

15  treatment to the flexure arms in the aligned or over-aligned position where the control
algorithm may select a specific heat treatment on the basis of measured roll and pitch

angles.

In one embodiment, the adjustment system includes four needle probes for

applying a bending force to the suspension to move the suspension to the aligned or over-

20 aligned position. In another embodiment, the adjustment system includes four gripper
arms for applying a bending force to the suspension to move the suspension to the aligned

or over-aligned position.

In a preferred embodiment, the heat treatment system includes a laser that applies a
heat treatment in the heat treatment zone according to predetermined laser parameters

25  selected from length, width, laser power and time.

In accordance with another embodiment, the system provides a method of
adjusting the roll and pitch angles of a suspension for a magnetic reader for a disk drive,

the suspension having flexure arms comprising the steps of:
a) measuring the pitch and roll angle of the flexure arms;

30 b) determining if the measured pitch and roll angles of the flexures are

- within a pre-determined specification;



heat treatnent in the heat treatnent zone according to predeterm ned | aser
paraneters 25 selected fromlength, width, |aser power and tine. In

accor dancwowssssanot her enbodi nent, the system provi des aPr#tdaod0os73
adjusting the roll and pitch angles of a suspension for a nagnetic reader
for a disk driveg) thédsigspensssonsioavtor ddjested pogitionm ifCheiickiand/ok kel st eps
of : a) nmeasuring the pitch and roll angle of the flexure arns; 30 b)
deternining if the nedélfdhpfleryse ames 1569 OW Q4 FRESIRIPKe | exures are

within a pre-determ ned specification; -3 W 03/038815 PCJT/ CA02/ 01673 c¢)
endi ng the suspehsi onhaldingthedexae aampdaiths gdivsted pesition apd 2ppiyingra heat|

angl e of the fl exur e qLmelSahe naltke AmERPRILLE AN silhohShTho fekie

flexure arns in the adjus position and applyin reatment to the
flexuse arns to relieamsbanili ng stresses in the flexure® 5 arns; and, e)

hol ding the flexure arns in the adjusted position for a tinme sufficient to

all ow the fl exur® ar nioldiagclooflexubs arafs iDekeadjpitedposition foe a Bisdufifidedtitgur e 1

is a perspective view of typi cal suspension in accordance with the prior

10 art; Figure 1 a isalg)r‘i"@ﬁ@é?‘%‘ie&ém%t‘h tic diagramof the distal end of a
suspensi on showi ng details of the flexure and tongue in accordance with

the pri O'Bri’erffljesﬁji&%r?oﬁthiefl)ﬁwﬁg%em“ c perspective diagramof the

adj ust e i d roll adjustnment machine (PRAM in
accordance w fFigueé ieapespentive visiv ohetypi®! byspersiorom; acFprgames with the pyior
schenmti ¢c_perspective di agram of the measurenment, adjustnment and heat

treat ntalstj of a PRAMwith a suspension being adjusted in accordance wth
measur onont . A1 niREte ieateriees e A He et RN
one enbodhs®ing defailk BEthe MeRiel 208 tongue in accordance with the prior art;
Figure 2 is a schematic perspective diagram of the adjustment system of a pitch
and roll adjustment machine (PRAM) in accordance with one embodiment of the

15  invention;

Figure 2a is a schematic perspective diagram of the measurement, adjustment and
heat treatments of a PRAM with a suspension being adjusted in accordance with one

embodiment of the invention;

Figure 3 is a flow chart showing the measurement, alignment and heat treatment

20  process in accordance with one embodiment of the invention;

Figure 3A is a representative 3" order polynomial regression curve shown fitted to

a raw data set of delta roll and probe displacement values;

Figure 4 is a graphical representation of the measured and alignment positions of a

suspension head for positive and negative roll and pitch; and,

25 Figure 5 is a flow chart showing the communication between the laser, controlling -
computer, and pitch roll adjustment machine in accordance with one embodiment of the

invention.



Figure 3A is a representative 3rd order polynom al regression curve shown
fitted to a raw data set of delta roll and probe displacenent val ues;

Fi gure 4 we oa/ogssaphi cal representati on of the nmeasured anaCaldAYMoBITs
positions of a suspension head for positive and negative roll and pitch;
and, 25 Degailed Bescriptiof lofhechnaeitishowi ng t he communi cati on between the

| aser, controlling. conputer, and pitch roll adjustnent. nmachine in
accordance wi tiie §pigabdtPHEhtuspensiorel 0 is sy sckgmaticaliygn figusesdigany a.

PCT/ CA02/ 01673 Detail ed Description of the Invention The desjign of a
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t ongue 23hown). fThe flerureessenibly N8 ifdledegrtworfeeyiitgnary® 8ay 18tnamd & bangae SRiter .

The tongue 22 is.at the distal d 10 of fl.exur I TS a b and i

par al | el CHHE OF ﬁ’r?gdWEﬁ rﬁﬁ’lona1>§%§r Bpunne %gﬁiéf'a eﬁ%%eéédﬁ\a}%?ﬁés‘tqﬂle@ur e
assenpl y offleksrerimunt g4l 188 andds Bhragedoapaionsiudifg #isséfihe @Batrdfloddieagent r al
| oad beam 16 at connection 16c. The | oad beam 16 al so i ncludes a dinple

16b (a sdieflespigasseadily b8 &t moantethtogandibigsed pgaingt thadistat endf thoesntigbload 16)

t hat provyigdes ' - R Lih i,de | e pitch
and 1ol | Psfe 6 af bORTLUdPHEL, Thlod e 185H1s) Tatid 316 TRETTNE, Lsdi? D)
The pit cBplsdriztl proatision udehe( 4 ermingt thelldadsieain D6)athiti prodeed REAhbafmeunt

suspensign are _the pitch and roll angles of the flexure arns relative to
t he nountforptﬁatsedefz*? allgyameyamant ihherdich 2 er}i En AT e et eradyi n
accordan | ; i | [ : HS| | st

aut or%gt [ cad}ényéfﬁteagﬁggsrsg%aéggf Hg&flﬁ:@fs t?ﬁg{t ﬁ;;t?? ié: K%dmr%ﬂ@zg%g#gﬁg? h?ﬁé) ? f gxur e
arns of auspespemsicdhe pitchemdtroll bhgeastbefiexure armhelaive detheamounhplate2l®. t ongue
22. The PRAM as shown in Figures 2 and 2a generally includes a |linear
advancenent syltepitchnetd shiwmdjestment! arachipg PRAMY N ragcadarge r with othe

suspensi ons through .. . : . .
P mvention 1s agprecmon instrument used to automatically measure and adjust the pitch and

roll angle of the flexure arms of a suspension prior to the assembly of the slider on the
20 tongue 22. The PRAM as shown in Figures 2 and 2a generally includes a linear
advancement system (not shown for clarity) for advancing an array of suspensions through
the PRAM, a measurement system 32 for determining the misalignment of a suspension,
an adjustment systeni 34 for adjusting the roll and pitch of a suspension, a laser heat
treatment system 36 for heat fixing the adjustment of a suspension and system controllers
25 and algorithms for control of the system, all of which are described in greater detail below.
The system controllers and algorithms include the appropriate hardware and software
enabling communication between the PRAM 50, a controlling PC 91, laser controller

software 93 and a laser controller and laser 90 as shown in Figure 5.

30  Linear Advancement System
In order to enable the automated processing of suspensions, multiple suspension
heads are held in a linear advancement system. Individual suspensions are mounted to a

loading plate or jig (not shown in Figures 2 and 2A for clarity) and are successively



the PRAM a neasurenent system 32 for determining the m salignment of a
suspension, an adjustnment system 34 for adjusting the roll and pitch of a
suspensi owWQ oa/osseser heat treatnment system 36 for heat fiPCrHgAoRe1673

adj ust mrent of a suspension and systemcontrollers 25 and al gorithns for

control afivdnbed ®ystdandahtough awhdastiremicat driscljushachtipdsigioa® rrthd @RAN ibel ow.
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processi ngasfremespdisimes positibnh Bpind ts 35ppostinorasurbmantsadjusemérglpdsition €. | | near

advancenent system |Individual suspensions are nounted to a |oading plate
or jig (not skAawheimedsu@uieasaduamdnt?podition &, ahe tlpgdiagnplae eorgir deasiveeél y -5
WO 03/ 038815 PCT/ CA02/ 01673 ., advanced .towards and throygh a measurenent and
adj ust neMWHEs # dpgm pni 19 16l BIGROYRY PI2fe IR QbR SHICBROR &5 RS R SHUPHAR ar ¢

That is, 389 RNé@YorPin SOSASRHARN bEBAYR dlsinS BRUBBIA A 1226Y 2RSS 990N the
PRAM from 1) a pre-measurenent/adjustnent position A to 2) a

measur enmegidinsidhaidatumrpin folsi A ilifer Bnaddd pushed)theilgad Yeamda saisethe Mlekund)amss ment
position C. 5 At the asurenent / adj ust.pent posi tion B. the | oadi .plate
e R i T A T O N e S AL
sSuspepsi eRpbidand @fott Bt BRI BinctidR B nof\alpak @ eHe 4djuRtBée nidtss from bel ow
to clanp tﬁe nount plate 12a of a suspension 10 against the datum pin 30b.

Alifter pin 30d pushes the load beamto raise the flexure arns a specific
anount dependi ng on the specifications of the specific suspension. It is

10 i npor hadkuleMeROSRitdnds the lifter pin action is not a part of the
adj ust nent net hod. "Measurenent System 32 After clanping the nount plate of

a suspensi on ddier ehmping th¢anountplaie 80 suspensipe agamsishe dawm piarkdbaal thet nent
position B, and with reference 1o FEiqur.e measurenent, 15 system, 32
Poasur oo RsTPERH SN A FRRN GRelta T ARG stoTRAS Y FTRELL ReRIREdL %60
to deser gidiemin medsufcs TR toll sndgiedssathy fRrsRGrab of fige sisbaisione(BirIB o of
alignnment or ms- alignnent of each suspension. Position sensors (not

shown) mégsgnmetifedjusimeny iingrcssery Apsgles e relslive (degige ©f fliggment or mis-
alignment of each suspension.
Position sensors (not shown) measure the roll and pitch angles of the flexure arms

to quantify the amount of flexure arm misalignment.

20 After determining the roll and pitch angle of the flexure arms, the system control
algorithms (Figure 3) determine if 1) the alignment is in specification which triggers
moving to the next suspension (Box 60b), 2) the alignment is out of specification but
within a tolerance range which can be corrected (Box 60c) or 3) the alignment is out of a
tolerance for adjustment and will be rejected (Box 60b). Measured misalignment may be

25  both positive and negative for both roll and pitch.

The measurement system is preferably an optical measuring device (preferably
using reflective laser light) mounted in a location relative to the suspensions such that
measurements can be done at any time during the adjustment process and that enables both

roll and pitch to measured simultaneously.
30

Adjustment System 34

With reference to Figure 3, if the measured angles are measured as being



to quantify the anount of flexure arm m salignment. 20 After determ ning
the roll and pitch angle of the flexure arns, the system control

al gori t hrwo(oBiogasne 3) determine if 1) the alignnent is i nPESpaoRooasi on
which triggers noving to the next suspension (Box 60b), 2) the alignnment
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corrected ( 60c the@gl({(gnment Is out of a tolerance for
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as being - 03/ 038815 PCT/ CA02/ 016 correctabl e, the adjustnent

syst em 3nsryctathe loser @gntmil@acmu%lrouglhearr appropriadie pom@wwagp@émknﬁdwstment
specific Box 60 t he
[ IEI)I tial ?ﬁevé)gverslﬁw a? gt%’Pe(’JIE-%fdl aé%%%‘n%t @%é 6%6 %lggh oﬁﬁﬁagwgﬁgggf%gn val ues

descri bed bel 0 34a 4 34d ve to
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( Box 160d)oveerRiB344-U davigg @e&mmammsmzroemmasgahﬁt thedlexti@airme g8fHaBbN of
the | aser required for a given bend novenent. The PRVMS file will instruct
t he | asethecBispensiangto mave pibheld the SEPERBRS Fyaten ib aragmicstst inosition frr heat

R
adj ust Weﬂﬁlcmrlﬁigermealé m@h/eamseshowppmﬁgrteh 2 hAd Izmb/avhlahi wentaetathel fleawiengmseed| es

34a’', c', 34d' .agai he fl exure ar 18b of the suspension
to nove gﬁaa%ﬁ QoS! PORLRRH ?Iaﬁﬁve\;%wﬁqﬁlwvép ergﬁ)f &Rl PESSYHE PBROSHE at

treaygent, (HRox\eA0RN- d1fEF!ﬁ‘o@bf AR BAmBH o B¥antiffe, 3n Ghé BRSH tl§a¥% A;\?o’%]tﬂr@: rbiine

probes (including needl e probes~as shown in Figures 2 and
cont act thé pittlesngle amrrn@sum@atbatahtghmentommo&'omgpmly@nxeisumnnab@u%aawd bel ow

to appl yd?rgcti%lnl &)ngﬁce e Ef\lse)s(llfrreear?rpsp\?v?thltnespeciﬁcation prior to heat treatment. It is
important, as will be explained in greater detail below, that the alignment arms may
overcompensate for misalignment. That is, and for the example of measured positive roll

20  and pitch angles, the alignment arms may bias the flexure arms to a negative roll and pitch

angle prior to heat treatment.

Further still, the adjustment system preferably enables two bending steps termed
overbend and backbend to be applied prior to heat treatment. Overbend bends the
suspension past the zero position to a position where the suspension may begin to

25  elastically yield and release stress energy. At the point where the suspension begins to
elastically yield, release of the overbend pressure (through heat treatment as detailed
below) may result in a properly aligned suspension. However, as the proper alignment
may not be realized from the overbend and heat treatment, backbend, which bends an
overbent suspension back towards the zero position may be required to achieve a stable

30  alignment where stress energy in the opposite direction is released.



15 to the nmeasured direction of msalignnment. For exanple, in the event
that a positive roll and pitch angle are neasured, the alignnent arns
woul d appWe oa/opssessure in the negative direction to placecTrlaotbersre arns
within specification prior to heat treatnent. It is inportant, as wll be

expl ai ne@caTRa@BNEBydehd6l bel ow, that the alignnent arms may
over conpensate for m salignnment. That is, and for the exanple of neasured

positive rol | AX¥rané afhé @lRd aRgdIes ard b6s1ﬁd>ﬁegnmemrr@mﬁe AHynheAs ldstrehédtexur e
arns to a negative roll and pitch an prior to heat treatnent. Further

still, tHsatmenbistapphied igyhe &ﬁatmeeif @maﬁgﬁléﬁé?olaégf POl PAhedlespre aws e d
OVerbe”d §Qd1ﬁaﬁ#ggc{éﬂtté]%@e%eatﬂé"s&rﬁg g‘ﬁh‘t% bépth*éeéﬁ n}x{eﬁ%ﬁﬁ@‘@% BHPaid bends

the susperision € Zero posi 05|t on where spensi on
may begi mpéomﬁéﬁeaingqtatteml zhgphyd emdi depand eh ahs mea!;ured; snieghignopent Atd ik bpoi nt

where the sus(g&nm on q)ag el astically yield, release of the overbend
pr essur e SEEFHFOITGM hdad %H?a%nfd&“amsed bel ovv) may result in a

properly allgned suspensi on. However, as the prope g may_not be
real i zed fromAlifE hedcFebmentathe aligament @&%W’nu%gbkﬂgﬂh Q{Tﬁﬁ?‘r@kﬁrﬁ‘ér@@‘an

over bent aﬁégfﬁ? a%fmobﬂm &9%9&; {doe 1 Rloth Qﬁﬁ;efdt&e b@ﬁ%e h@ears gtthé 68sihg

achi eve able 30 alignnent where stress energy he opposite
di r ect i orforices. Tak bakle, timd wWDLPR/allg $8 055sPCT/ CA02/ 01673 ~ Heat Treatnent
System 36 After the arns and needl es are positioned to correct the
al i gnoent , | agdterHesat trebinemmt ntrhntmd:asumppht eydstdnm Rheldasasathesuspensine (BOx

(Figure of one o t h of a, 18b.in order

ol fove oAB) afd x825 %fp%ﬁai‘m R I R R N
heating Ratdsedr (BHPEOLEHIY depend on the measured m salignnment and wll
be selected froma dat a ase of heat treatnent patterns. After heat
treatnent, the alignnent arns continue to hold the flexure arns (Box 60Q)
for atime to allowthe arms to cool to room tenperature before rel easing
the bi asid@irof RIoGghms'he holding time will typically be 0.5s. 10 After

| aser treatnent,” the neasurenent system 32 rel eases the suspension (Box
60h) 1&and veri fl’hesontmi agorghme fior thBoxea®@enesniniL, rdjuatnapn §4 and hedttreathentt he

suspensi kU systems hclide datiba eBsoéf g%gsufrsemgnt adjustment and heat treatment values for
use in selecting appropriate adjustment and heat treatment patterns. Primarily, the actual
measured misalignment values for a suspension are used to select specific adjustment and

heat treatment parameters.
20

Measurement, Adjustment and Heat Treatment Algorithms
With reference to Figure 4, the measurement system measures the value of roll and
pitch angle misalignment, X for a particular suspension when it has been fully biased
against the datum surface. When the linear advancement system signals that the
25  suspension has been fully biased against the datum surface, the measurement algorithm
obtains a measured value X. The measured value has a roll and pitch component, which
may require pitch increase, pitch decrease, roll increase or roll decrease. In this example,

both roll and pitch are positive.

The measurement system has a resolution that will define a discrete number of
30  misalignment values within a particular range of anticipated misalignment values, thus
defining a database of measurement values. For example, the tolerance range of

misalignment values may be from +- 2.2 degrees at a resolution of 0.2 degrees thereby



Control Al gorithns 15 The control algorithns for the neasurenent 32,

adj ustnent 34 and heat treatnent 36 systens include databases of

measur enewo,03asi8ust mrent and heat treatnent values for usecCrrcAebecsi ng

appropriate adjustnment and heat treatnent patterns. Primarily, the actual

nmeasur ed defiisiag i iPndBordetev ahlues fdrosach afuthpepichoandaradl pamadhetens sell66tdispetei fi ¢
asur enent, . Adj ust

adj ustnent and heat t/Ejreat ent aneters. 20 ngrr%b and
Heat Tr egfeﬁﬂﬁf’mﬁwtég?q fRYM ?WP’E%B?’@H@@F‘PBW grrent Vatre e s e
syst em ngaguieRtd DAuY it @b tréé%ggio%f‘d? th® hdeadhréRet &y KR alsi HOWR M Fighrd 7 @

particul ar suspension when | een fully biased against the datum

sur f ace. aWven $heMormearlessddisercteneaitessyay eva pragiahmed Hato theemeasusersednsi on

has been ,ful | i ased agai nst .t he um surface, the surepent . al gorithm
obt ai e Saibart RRERES: SR R SohY Ml bt M 7 it Bre
conponenbf midilighmenBalues @t o fartidll &lypd eI @ase@sion] t ch decrease, roll increase
or roll decrease. In this exanple, both roll and pitch are positive. The

nmeasur enent SWHteropiasing 4 esabwbd Ghishinaimet | Jangefthd align@bscalgbethii RaRr  of
30 misalignnment values within a particular range of anticipated

m sal i gneeterming|the shysi¢al soordutatasi thy the diexmisaarms diBaraust beaneyad tpaprigsgo For

exanpl e, e | era r ) | nt _.val . I At 2.2
CuormLe SIS GhEHCRRRA" 87%s HoslfoRathARFy AUSRIRY, BEhi8 Vel
PCT/ @02 hdfigdmededdling, tigerd & dtsresspbilingbéted phosicstanbrdidatéshfer pligaherand r ol |

paranmeters or 100 discrete neasurenents for the conmbination. Thus, an
act ual niteatepQiRtiemef thgalignment syptemeearesspritds do thesregolytion pEthe measyemgnt hi n
t he resolcyt i [ | -4 50.
Vore or Tl Bt dndEREUASIRR Y SHEE SRR be Meortlofif afFubt

dat abase cdadanth. Hpwavet, ifthe eswlutionot eath sysemeadiffeesnentiwosyrsthernrs aahdsarf t he

typical range ,of msalignnent values for a particul ar..type of suspension.
Af ter  obiIEAsHTAY MisHhERE R PP B P U ENRE! CoPTddient al gor | ¢ hm vi | |
determ ne the_physical coordinates that the flexur sgarms 18a nust be noved
to prfor to HE5tPRYFIEal FRASEINAEE &RAYRC the ZA0aBRTERR nP < M RiveiRempensated

Accor di ngh¥tioh Qho®AGE p&iB&T €t &s described above, overcompensation or overbend may be
required to allow for a relaxing of the flexure arms towards the zero position 52 after heat
treatment. A second measured value X’ may be aligned to position Y’ as shown in Figure

4 prior to heat treatment.

20 The values of alignment coordinates within the alignment database for a given
measured misalignment value is determined on the basis of trial and error for a given
suspension design and heat treatment pattern. Different batches of the same suspension
design may require modification of the alignment and heat treatment databases. Generally,
for higher measured misalignment values, a higher overcompensation may be required.

25 Under most circumstances, however, overcompensation and backbend are not required.

Furthermore, depending on the measured values, the system will determine
primary and secondary adjustment parameters to determine the manner in which the
needles 34a' - 34d' contact the flexure arms 18a. For example, the system will select one of
four types of adjustment, PSA increase, PSA decrease, RSA increase or RSA decrease

30  based on the measured values (Box 60) in order to determine whether to hold the bottom
or top of the flexure. If both the PSA and RSA are to be simultaneously adjusted, a
primary adjustment is selected. If the primary adjustment is +PSA, the secondary is tRSA

and vice versa.



10 m salignnent value, there is a correspondi ng set of physical coordinates
for alignment. If the resolution of the alignnment system corresponds to

t he resolwbiosn3ssis t he measurenment, for each di screte nea®eraAwROH73 gnnment

val ue, there may be a correspondi ng alignnent coordinate. However, if the
resol ution of Adwedetephin@iy the ptliafyeadindtmenti@orosxampteet REAY ele Distemrelatains ed

m sal i gnment may correspond to only one, ali gament coordi tg, 5 The

physi cal MEoBrESheRdRs Rﬂ?‘aﬁ’ea@ﬁ%mfé datg JEom jdofatabase fon, AR§ HfeRd
posi ti Onpre%m?.\b‘ég R frd ﬁ y 3r o{a'ér Eﬁwﬂqﬁﬁe'u@@@w«af nfexwre@nrﬁsnsmee @'

over bend require to allow for a relaxing o | exure arns

t owar ds Bk;mrmmlkycxmtd:mmmdﬂméfpbsnomeﬁm thase é&SﬁemluesACkbezmhth setamay dd val ue
X ma be gedto position Y in re IANels to a

treat Péeél nging,, e t B‘F pﬁf?%rﬁs‘hg’ﬁo§e&uﬁa‘r"g@d\‘/ﬂ& hteﬁéh%lﬂag

dat abasea& AStnfend iV AoverbaRilsesheRb&al Apuviatt. T 'd&:oh&ar?eidjﬂs%é}ﬁ% @mﬂdae

basi s of tr| al and error for a given “suspension design and heat treatnent

pat t er n. uphg ddatagenerbied dioas ansitharipelymameal susiseitsi on  design may require

nodi fication of the alignment and heat treatnmgnt databases. Generally, for
hi gher neasur Elperimentaldyntdrs been du@grmlaedwthgheﬂ @a&r@owgmsadtcum frtsfyrllbe
required, .25 Un r ances Mever . .overconpen
backbendpgplg‘%gaju?t&faflaﬁ(g ?FL?I’ %e@oﬁ%r}oéma pen({ltnt\f;/)r (t)}he ?% n(?fae su}usdnf\:/nél ues,
the 3yst graviddsldesieies fosiles withouTRlowiagddows eN6listioadifud PRAM ROk a8RIQITS €0
determ ne the manner in which the needles 34a’ - 34d' contact the flexure
arms 18aPracsssingumes eequired byyihe epntigl|algesithmcin particyar, o Huerdey ﬁelsynemlal

adj ust meg @rveptﬁ'%ie'nfb%"s A Lg% gﬁﬁ&g%%?bet@%@h g@@%@%@d@@ﬁﬁ%ﬁ Sthe 30

based on the neasure va 0X rnord r o hol d
t he bot t probealisplaepment dfliie id]ﬁstmlbﬁtsybfﬁemboth the PSA and RSA are to be

sinmul taneously adjusted, a primary adjustnent is selected. If the primary
adj ust ment i s FBBAxaniple, aS&'é@ﬁtbarp}blynSnﬁﬁ/kurmﬁr‘éaﬂeoﬁ/e}RSA -ROAWPSIB/2038815
PCT/ CA02/ 01673 After determning the primary ad] ust ment (for exanpl e
+RSA)S  t ReAsipablrinesioapercoring eap}@gmmr@ss&q S %‘dﬁe&?@ﬂ%ﬁyﬂﬁfawﬁr om a

dat abase g Ry SodARBPof MiESY %?é Y ?é?ﬁ’?&ts% ¢ éhspthntvepduder
pol ynom aft B%meveﬁ*evﬁ%%%‘.'dlg@acsur edo+RSA juv l?eg}%an ng{ me grﬂ{i’n ©
det er m nédet imehsirguomidaligmaerft oralueh@ska)HeSA putalh ve s rolDffoer atdiebst (séats pols.be

The range of delta is preferably in the range from 0 to 1.2 degrees for most suspensions.
From the equation of a polynomial curve,
20 y=#Ax’ +Bx’+Cx+D

where A, B, C, and D are the fit parameters determined from the regression analysis, y is
the amount to bend and x refers to the measured pitch or roll delta. With reference to
Figure 3A, a fitted 3" order polynomial regression curve is shown fitted to a raw data set

of delta roll and probe displacement using Microsoft Excel.

25 Similarly, a second order polynomial regression curve is obtained for the
secondary adjustment by repeating the above steps with historical data wherein 3 fit

parameters are obtained.

It is also understood that other fitting algorithms may be employed as determined

by those skilled in the art.

30 Furthermore, for suspensions where heat treatment is required, additional heat
treatment parameters are required to determine the location and intensity of the heat

treatment. In one embodiment, it is preferred that the location of heat treatment on the
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5 utilized depending on the particulars of the set-up including whether the
particular adjustnent is an overbend or backbend adjustnent. The secondary
adj ust mrerwoiog/0348m | ar usi ng data generated from anot her poryter0H73curve
fit. Experinentally, it has been deternined that a 3rd order pol ynoni al
curve fi flek@e aithe 18r1i8bHEheaBY) ikssubedividad thta répishsqfatesxampley 6 ocgios) clicate fi t
for the secondary adjustnent 10 provi d&s desi,raﬁ%e results w thout o}l OW ng
down t he UHBIAE PYAMSTers fog cpeiorion may welnde Varying tedassr RgWey MY RRftidfed by

the cont gk, gheardstyhdn iaé ﬁ&eﬂﬁaghﬂ Sl Bwer Bmtts br PoSiionP8F WRAMeR kontat Wighih ! ¢

denonstrates a good relatio I p between the neasured m salignnment and the
probe di spihacgmenlasd poler add nsmbenof byetmisesfoe thexstpbwer af hedaser ded

| ynoni al f h,of +RSA. - RSA . +PSA and - 15 PSA is obtai ned b
per T or m AGTRETEF DHER FESY (0 R SR SRR Tba TR Bt e BRVEE Y

bet ween Eb@rdﬁfaﬁé@%fd%%&'aﬁ@%Wéi%o@ﬁda?i@@f&%&ﬁfe@ﬁﬁt system for a given
suspensi on ver sus e neasured m salignnment value (delta) for pitch or

rol I from at IgaglicBtedathe 1RRL Rb& - treafihént'sH0EM HplieehtsPedific REAT RS ARENM thn the
range fromO to 1.2 degrees for nost suspensions. Fromthe equation of a

pol ynoni #ie fexuvearmsio thetroatmex 2onedstemminedion the basis ghtridband errerhén yarious
par aneters

bana ana eioPBrERe 5 it Fpd B8R RE S AP Ryl chrfiprt B R PRt U

Fi gune 3fkeatnent sy@em3nit dedekeantbnt NgthbtefseHagsiiii6le Gulevitor Sf Sgpnaréd,t t ed
to a raw data set of delta roll_ and probe displacenent using M crosoft
Excel . 2Battgrai(origntafiony seauyigspsed aumbsr girasses) lases powss anstthe ppsition of BBt ai ned

for the Ly, | y repeating the above steps with historical
dat a V\herlae%?ﬁ& rgtaS%g%clrlj%%rgtBQ%}s&pare obtained. It is also understood that

other fitting A@%aﬂgfﬂetd?g@fo?%r%atbt‘?eaﬁ%h%eﬂe %’é‘?’?ﬁ%&% '&?ﬁ%%df’ﬁf%ﬂ{é%s%r B! €d 10

the art. 30 Furthernore, suspensi ons I'S required,

addi ti onalidthesd th¢ l@gthentrepmeatrdhe beadareidie ulypiedlly dxeehaeo sima iddethe
|l ocation and intensity of the heat treatnment. In one enbodinent, it is

pr ef df r edengHuwill typicplY sanee froBt L-RdB- t r eat ment on the -10 WO 03/ 038815

PCT/ CA02/ 01673 . . . . .
Pattern- The heat treatment pattern or orientation may be varied to include single

or parallel heat treatment zones which may be angled with respect to one another. Vertical

or

horizontal heat treatment patterns may be more appropriate for different adjustment

20  coordinates.

Time, Number of Passes and Scanning Speed- The time of heat treatment may be

varied to alter the time of heat treatment of the flexure arms. The heating time is typically

0.5 s which may vary depending on the number of passes and the scanning speed of the
laser. The number of passes, that is the number of times the laser is fired at a given

25  position, can be varied. Typically, passes may be varied between 3 and 10 passes. For
example, a 3kHz laser with a scanning speed of 80mm/sec making 4 passes may be used

determine the specific heating time over a given pattern.

Power- The power of the laser may be varied to alter the temperature applied to the

flexure arms. The power is typically variable between 0.9 and 1.18 W depending on

30  materials. Wire type materials (such as stainless steel) require higher power (1.1W-1.18W
typical) whereas wireless type materials (suspensions comprising lamination layers of

stainless steel, copper with gold coating or polymers as well as trace suspension
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flexure arns 18a, 18b (zone 80) is sub-divided into regions (for exanple, 6
regions). Heat treatnent paraneters for each region may include varying

t he | aserwpmsesssahd nunmber of |aser pul ses as well as thecwupee/ows | ower
limts or positions of the |laser contact within each region. Laser power
and nunbessemblita@SA )@k S -carsaspansiose(F @R))verquot lave poavee(0.&ihd V). nunber  of
pul se cycles for the region, respectively. The upper and lower limts are

t he coordi nafgaire® shppera sohemhidoveverhemndfin icomniumicatian lprotecpldretwen the

i ndi cated, the | aser heat treatnent, system applies specifjc heat
treat rrenge‘ttéreaFWélt Eqsé&iﬁdecoéﬁtr ef ?{) F@Fe%WQQi‘}%P%?H&F%M it thee
basi s of 11t @ntdNer &k 9é.r1«sé oWl the TR IR SeLind! d3Rdd M¥RitioAaaad

dependi ng on the particul ar aracferistics of the heat 10 treat ment
systefn tdhbotheht comtedting nomputeadieard thentasericnniodlles sgBiverst 3 Thefconirplbingar ea,

pattern (orientation) canni ng speed, ..nu r, of sses,, | aser wer .and
t he posi %?IBH‘HST et ﬁgo sf:%cgseafngﬁc eFiuﬁSSruggo Z(faiarﬁobaéxgp%%pgl\a,ilai\ it {m&ﬁeé dea for
heat treqsBE90. TOR HeltQrdatfdntBeP418d béndd ahd FRdivRY idstiecticasatalieand frohfiihd and
the length of treatnent. The beamw dth is typically fixed at 0.5 nmm and

the 15 lasegantiailey softpsre@d.ly range from 1-2 nm Pattern- The heat
treatnment pattern or orientation g/&z be varied to include single or

paral | el heat In pprafereedt enzlondementhHYIK fitgp apeprepgee Hy Wie laser sepfealier seftware

anot her. gyertic [ izontal h reat nent _pagtern y_. b I

por abr 1 2 Svhaf T Pl AL B oo fithe SRR R L SBF ViR P
Passes aPdmSaailedesSibed thd et ¢otroliér the dharhéteddtize ahd painieters tafice@dt o
alter the tine of heat treatnment of the flexure arnms, The heating tinme is

typi cal | ynayocontan iy &h 13aparymsters deplifmeneatissn dhenapentiiMKofilgnageb sobied t he
i t T St f
i e ¢ RoBfigECotire! MinnciRTBlises b dBHGRIEh, BleBRRERy, 18 pdvier, MENGUERET D1

passes neyd hmeymisdcelthneetsdento3ramnfir #hilp asslaag, 1Biagth asdk heiphtenf patt&kiltl firgser
with a scannin pe q{of (?Om‘d sec rrakir} 4_&?%{5%5 may be used determ ne
the dpecPPsiton iaﬁ§ t $qoedigdtes and drstreppalation o thepis™ The power of the
| aser nay be varied to alter the te%grature agé)lie(g to the fl >iur arns.
The power is typREEACPINSFHER Bpfween dheasr qpniroler Pl an CWB‘EE%?IHFH% enthe30

mat eri al gron s @féa‘ﬁﬁ%a{rﬁfe%joﬁa! the CSMpePS1 HiPhalr@SRsilee9b) require higher
power (1.1W1.18W

The PRAM 2L software controls the PRAM 92 as described in Figure 3.

20  Other Features

Other features may be incorporated in the control algorithms including “self-
adjustment” algorithms which may modify either the alignment coordinates and/or heat
treatment pattern based on past experience with a particular batch or type of suspension.
For example, if a specific batch of suspensions is being consistently treated and is

25  consistently being re-measured with an out-of-spec roll or pitch parameter, the control
algorithm may correct for this by more or less alignment compensation or more or less
heat treatment.

More specifically, if each bending and/or heat treatment fails to adjust the
suspension to the target pitch and roll, the degree of misalignment will be recorded in a log

30 file. If the number of failures reach a preset number (within a certain resolution), the
control algorithm may, based on the trend of the failures, update the database by

increasing the laser power or increasing the amount of over-bending or back-bending
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typical) whereas wireless type materials (suspensions conprising |am nation
| ayers of stainless steel, copper with gold coating or polyners as well as
trace susweorvsiosssis - 11 WO 03/ 038815 PCT/ CA02/ 01673 assenblPCaacA0T80973 and

fl ex-on suspensions (FOS)) require |lower power (0.9-1.1 W. Figure 5 shows
a schemadisplacsreéntioawhoprode andrasetithatdubter pnod B éodpdaridween the heat
treatnent |aser and controller 90, the contralling conputer 9&, he PRAM 92
and the |aseffyalahltﬁvépmonss,@fa‘(welf%t}oq&sreglﬁsmpltgfhef Prdagreso+Pd § and
sends in Clil / dat t t r.oll 436k | aser
controll 21?& ?o?%%a%r%eg 3? Q?%e&%é%%%'t‘[ ol ?‘?%sgﬁﬂ o%u%dq‘?snégqg?tsrgﬁs%%o@&gn%pg

r ecei ves partistilar gtpeasfssugpdnsionptheRR AMOi® ihhimlly sseup danthe glattéoulaansdspehsiser 90.
The heat treatnment | aser al so sends and receives instructions/data to and
from theYPaser controller software 93. In a preferred enbodi nent, HWK

files are prepapie Y nbN&idiidgedars It fl@:jécﬁﬁstﬁ@ﬁtw{@f Sreathfnd AaMBSdeC dr lhlge user

defines the laser firing paraneters and i's stored as a prns.dat file.
Prms. dat sfspessordtyperdateeta aedtd thel ragressigroenved is eequited, atdawdkctypicaklly regsirand

paraneters to fire and ma ntain up tg 1 aranet e i pel udin attern
fil ename aﬁ?—‘ﬂ\tﬂ(sof P'Ieg?fa{‘}e?l,apo tgg‘? the?fu © top%e I€ le%cijoro&’edmsg %-‘Itl
activati Qhlued. FseibliiRH TGN htAIRARADhtteriRiKddOa8Aed bR MealtandRiror and

m scel | aneous data to transfer while marking, |ength and hei ght of pattern
to filfe, fromsameens kenwledgexacanired frosb deyahenies PeaviPud digpeeasmentopajtersniosf t he
pattern. ot‘ﬁefﬁfs-ba{sio (gnnecti on between the |aser controller 90 and conputer
91 enabl es e ransfer of prns.dat files fromthe conputer 91 and | aser
control |l er 90If ddieeRRANDRA sssptiisiér, éniciaindet-ap sindl loalitRRAM Hidy 8 repsedipied i n
Figure 3. 20 O her Features Qther features nay be incorporated in the
control & §BIOdbeHAN MAc| udi ng "sel f- adj ustnent” al gorithns which may nodify
either the alignnent coordi nates and/or heat treatnent pattern based on
past experience with a particular batch or type of suspension. For
exanple, if a specific batch of suspensions is being consistently treated
and is 25 consistently being re-neasured with an out-of-spec roll or pitch
paraneter, the control algorithmnmay correct for this by nore or |ess

al i gnnent conpensation or nore or |ess heat treatnent.
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More specifically, if each bending and/or heat treatnment fails to adjust
the suspension to the target pitch and roll, the degree of m salignnent
will be rwoosasssisn a log 30 file. If the nunber of fail eCegCARA3a
preset nunber (within a certain resolution), the control algorithm may,
based onwHAT ISCLAAMED4AST ai | ures, update the database by increasing the
| aser power or increasing the anmount of over-bending or back-bending -12

WO 03/ 038815 PCT/ CA02/ 01673, di spl.acenment on the. probe and reset .th
counter once P System fryapeaguring d.adjusing B‘éerfé’ﬂcﬁ‘?g H‘\tg{}é“%lﬁ%ﬁ 3 FERERSHHSIOT

requiring pi t el BSREARS R sclaBioR%aving Mxbhedfas e6ptiGht: 0. 2 degrees.
In nmeasuring and adjusting the roll and pitch of a parglcu ar type of
suspension, the PRAMis initially set-up for the particular suspension 5
type. |If there is ndinexiaslyvamegmgat mbfsyptemhler adyansingsnedesava suspenstons e a

dat abase for the suspensian type,. d to create the regression curves is
required, and mﬁ||HF?‘F@EP%?“P%@WPPE%Eﬁﬁ%ﬁ‘“50 pi eces to nmap out the heat
treatnment patterns required for the m salignment values. Establishnment of
t he heat treatment apadds@ei®ni Subcsbtenion detelining thle raN dné pitoh agglel of khEr om a
user's know edge acquired from devel opi ng previ ous heat treatnent patterns
for other suspensil§i¥eams;data exists for a suspension, initial set-up and
calibration nmay be required prior to a production run. -13 WO 03/ 038815
PCT/ CA02/ 01673 WHAL Adﬁxs%éit'\/s%@-§y§enllfoﬁrémm@%enqﬁ@sme' R aRe padh usti ng
the roll and pitch anglfes of a suspension for a magnetic disk drive, the
suspensi on havi ng fahgrsioftha flasure erms fosinradigned ¢1 vennlignbdpositiorydnds ub- syst em
for advanci ng successive suspensions to a 5 neasurenent and adj ust nent

positjon, a measurenent. sub-system for .determ ni he roll .and gitch angle
br "1 exure: ar oot RO SR SR poffeedennt 47 67 Bl ng ' he
roll and pitch arms when in the aligned or over-aligned position.

2. A system as in claim 1 wherein the system further includes a control algorithm

having a database of heat treatment parameters for instructing the heat treatment
system to apply a specific heat treatment to the flexure arms in the aligned or over-

15 aligned position.

3. A system as in claim 1 wherein the control algorithm selects a specific heat

treatment on the basis of measured roll and pitch angles.

4. A system as in claim 1 wherein the control algorithm selects specific alignment
coordinates for the aligned or over-aligned position on the basis of measured roll

20 and pitch angles.

5. A system as in claim 1 wherein the control algorithm includes a database of
alignment or over-alignment position coordinates matched to specific measured

roll and pitch angles.

6. A system as in claim 1 wherein the control algorithm enables adjustment of the
25 heat treatment, alignment or over-alignment coordinates for a series of suspensions

based on post heat treatment measurements of a suspension.

7. A system as in claim 1 wherein the adjustment system includes four needle probes

-14-



angles of the flexure arns to an aligned or over-aligned position; and, 10
a heat treatnent sub-systemfor applying a heat treatnent to the flexure
arms wherwpr3wodss1al i gned or over-aligned position. 2. A sysramoasida’a cl aim
1 wherein the systemfurther includes a control algorithm having a

dat abase of héeat applgiag e Bending doret @b Thé euspension Uetre\@ theesudpaisionr @atheent
systemto apply a specific heat treatnent to the flexure arns in the

al i gned or oveéhgnedpraveypligneddesitipln. 3. A systemas in claim 1 wherein the
control algorithmselects a specific heat treatnent on the basis of

measur ed grol | anddh Leth aRgh §SwhdeinthS YGhaMeASsystint [RIued M%@ha AR

control algorithmselects specific alignnent coordinates for the aligned
or over-al i gndar podiyingonbemdingdolbagd shokuspension éol mord the2ispendiopi tocthe

angles. 5. A s?/.ste as | nl.cl gi m.?. wherein the control algorithmincludes a
dat abdse of IE@?&&V%?I%\? POEPYnment position coordinates matched to

specific neasured roll and pitch angles. 6. A systemas in claim1 wherein

the contrl algeydtéhmsenalitifs | adhdisih TB& he@f tréalifient 2y steinchidesaesdr , that
alignment or over-alignnment coordinates for a series of suspensions based

on post heat tapRlfsneReatnEeERevnEnths heat HeaimepbAencoaccording, ta \peedsiarminedn
claim1 wherei J i pe probes -14 WO
03/ 038815 PCT. /l %&%@?B@g@?&ﬁ%hmfﬁ%}? gﬁ?‘% ,g& t}efﬂgslserrlé%&%rr %lgiet?%g't he suspension to

nove the suspension to the aligned or over-aligned position. 8. A system
as in cldom 1 Avyestesn as intpdaiad) whemrarthe dopgthemli2unbhudes four gri pper arnms  for
applying a bending force to the suspension to nove the suspension to the 5

aligned qr, over-aligned pasition..9 A.syst as in claiml wherein the
heat Pr egtlmsntA @Sf%‘?“g?ﬁ ’i"ncgl e?gge}nat%?"“?tﬁéiﬁma}prﬁm'es a heat treatment in
the heat treatnment zone according to predeterm ned |aser paraneters

sel ect ed 1br omA greinhas i dliifh 9 Wa&RMn ROYEr povebrlid 0B-1.100. A systemas in claim
9 wherein the length is 1-2 mm

13. A system as in claim 1 wherein the control algorithm allows the flexure arms to

cool for 0.5-1s before release.

14. A system as in claim 1 wherein the control algorithm determines both overbend

15 and backbend coordinates.

15. A method of adjusting the roll and pitch angles of a suspension for a magnetic

reader for a disk drive, the suspension having flexure arms comprising the steps of:
a. measuring the pitch and roll angle of the flexure arms;

b. determining if the measured pitch and roll angles of the flexures are within

20 a pre-determined specification;

c. bending the suspension to an adjusted position if the pitch and/or roll angle

of the flexure arms is/are out of specification;

d. holding the flexure arms in the adjusted position and applying a heat
treatment to the flexure arms to relieve bending stresses in the flexure arms;

25 and,
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10 11. A systemas in claim9 wherein the wwdth is 0.5-1 mm 12. A system
as in claim9 wherein the | aser power is 0.9-1.1 W 13. A systemas in
clai m 1 vwerogiossstfie control algorithmallows the flexure &CmaCcAoe/o01080l for
0.5-1s before release. 14. A systemas in claim1 wherein the control

al gori t hm det er ra. nheldhigt the feanteearths ihStharadjstedkimsitbncoadimatseficieh to A

nmet hod of adjusting the roll and plt?fg angl es of a suspension for a
magnetic reader f 8O the lgXUERarRs 1o €9 suspensi on having flexure arnms
conprising the steps of: a. measuring the pitch and roll angle of the
fllexure ggns; Abme@igd %g mahﬂﬁms ?uﬁﬁ@?c@iﬁﬁﬁﬁﬁg%emtélﬁ@f@Hﬂez{s@ﬂlﬁ%ﬁﬁ kR aRd t he
flexures are within 0O a pre-determ ned specification; ing the
suspensi on tor%lha%ifsusﬁﬂad fresuietdrong tp fdetemainsi if dhe Serorrmopte withltke Pt t he
flexu%e ar s |st/are ecification; d. holding the flexure arnms in
the atljusted BESTPAG Spaeﬁ gl ying a heat treatment to the flexure arms to
relieve bending stresses in the flexure arns; 25 and, -15 WD 03/038815
PCT/ CA02/ 01673 e. holding the flexure arnms in the adjusted position for a
time sufficient to allow the flexure arnms to cool. 16. A nmethod as in
claim15 further conprising the step of re-neasuring the pitch and roll
angles of the flexure arns to determne if the flexure arns are with the
pre- 5 determ ned specification. -16
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