;e3e QLLMNRNP6PT QS° FWO 03/038815 SYSTEM FOR MEASURI NG AND ADJUSTI NG
PI TCH AND ROLL I N A SUSPENSI ON Field of the Invention The invention rel ates
to a syseodedstiet hod for neasuring and adjusting the pi PERWCAYALTS ol

angle in a sus

and heat treat

correct the roll and pitch in a s

Magneti c recor

3

pensi on for magnetic readers for disk drives. The system . #"
i ncl udes a SYSEEM HORMBASURINGAND ARJUSTING RERCHsANDeROLANING ust nent

ment system and con thns to neasure, adjust and
%Qgtﬁgisgﬁw 1lo Background of the Invention

di ng hard drives include conponents enabling data to be read

fromor meiddéfafie ifRveatioat ati ng nmagnetic di sk. More specifically, hard drives

utilize nead’g I nbal assenblies (HGAs), also known as head suspension

rassenblies (

nvensiog yplatss to ¢ pysHam aa%rr@tf(@ frameasuring apd gdiastreoe itey t o

the 10t ablangdhgts i34 55on 5 RabRl thadils RERIAELOALEKTLIADE] veen

sur e various-‘paraneters whic

raf fect tliveeat raﬂeamahemnsﬁ&hm/e@rﬂndabnﬁeﬁxbmdeystmdarf ot pkinfgt dmakh@u tieai@eent i t | s

of tantanopunt

i nportance that the alignnent between the slider and rotating

di sk surfysem pad spriEelsalgpgrithmsnoameaniréy adinst andcegstesbite roll and Riteh. in a

Collectlmgf%

suspensi on
nmounted to a S
parts includin

ﬁferred to herein as suspension head assenblies or

ese 20 devices include an air bearing he assenbl y
uspensi on system The suspension systen1lgmm8 m separate
g a nmount plate, |oad beam and fl exure havi arns as

showv i nBackguowmsd Mﬁmdn&emlonThe slider (not shown) is confl SWP‘%‘U to t he

flexure after. t he aI of .the flexure is determ ne e wi.ithin the
Magare refhuiag g b be

desired tol er

gotic r yYesdnelpde.cqmpanspis qpabling ¢ 134 {Fm rpunt

and hencg \hferd® 9&&&@&1‘ ?ﬁegnc'cﬁsks %orﬁ%g@&ﬂ%élyf hge & és"&?nli‘%b he4d kil gw t g}”a”e' y

by setting or controlling

r ol itc the exure arns

respect assemlbie:srr(ﬂﬁAs) Télss dmmyasusr dherd tsmspaneioo oassembljesr €ABAs)E do tsupmnt he

and.the r ude (RSA e PSA and

pitch stati¢ atti o] stati tti
s’ can. GRSttt GIHGR) 1 clooe SROHY dgheastains AiskiHeeGec Abn Joouk qiribe
SUSPENSI QBseDPrdXiRRG! betRb&E (the r}o&tlngadlﬁb | raPRrha @Rd slmér Cand gk @Jnofub e

| aser wel di ng

30 process general |y used during assenbly. However, after

j oi ni ng pamamptarsmhldi afifent tMmembetweh:e theosiifleheathrosasingidisk susfabe it is 06

create a

Che-har dagfebiPont oriBidfhel Ml EpinghloeiRE AL s et pactéiflnig Bof siefgge 897 1"

03/ U388 1&6853114;
continues to

oIR8 hahaREREbIE folefafcdeSA and RSA and accordingly, there
e a need to efficiently and effectively adjust the PSA and

RSA for angl egogefieelgireérey td H@eﬁra@%hiﬁéﬁﬂoﬁ)h@&ﬁﬁs‘éerﬁbl‘i’é% orlsuiphiibgs, Msbods of

adj usting the
met h¥ds &W

PSA and RSA include |aser based nethods, 5 mechani cal_bending

icep Arsdedgsancainbeasing hepd slideraasembly mousted; tatacsusprasionesyistemy The

ad] ust rTesm:spenswn system is made from separate parts including a mount plate, load beam and

25

30

flexure having flexure arms as shown in Figures 1 and la. 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
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
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

R
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For exanple, US patents 5,832,764 and 6,0l 1,239 describe |aser based

adj ust nent nethods using an infrared | aser to heat spots on the | oad beam
regi on. WR0¥e388150f the | aser stress relieves the netal, WaTEAZPEIZes t he
spring constant of the | oaded flexure and load 1 o beamregions and thus

t he PSA changdRSA.thdvBSAamidRS A aad dtcuydinglyh detse oontinlaes to beva negpiocefficigntige a

gri pper or dge-like feature t w st the flexure ar i nstead of the | oad
beam Tr?éldr%f%‘;g}s?lx mlég-»ﬁ e S A nd HA Horans e%ﬁl?‘l?é"’c‘??eﬁi’ the, g{%?%gdgg%qssi lity
of the ggt%’pr_)pers to the flexure. More specifically, grippers require direct
accessibil'ity to the front end of a flexure in order to have a good 15 grip

to performt iIEt‘gHﬁH;&ﬁg)tdﬁe%? %ﬁ%@hg%@%ﬁt‘i d RdA %ﬁ%ﬁ@é‘ﬂs&%&%&irﬂgﬁo@i' ow

-this accessi bi m wi t s met Is that 1t does’ not
al | ow banéchasicabbendingt methbidngndpmbctmsrdintrgl iprivecnpents thatrelviste thépecslafoe ti ne
which may,.limt the adjustnent al gorithmapplicable. One solution to the
"use of "b‘H@F’g' is the utilization of four needl e probes which zo can be

T ol 1 ed t dranmREDIsally RS § RS0 S o Adl hgod SRtsrPedesh prpATASIRaEsA
adj ust MeRttho &gl ﬁaﬂmfgdags%rmhéab@pdi@@mr{% 195@%%%&9%@9%\6%&1 erhat it

is slower as it has nore novenent to conplete for one adjustnent. Further
still, istresotehievasabié metalowhych phanges tijewspting wonsta loif treslpadeir flextubaandoloed 25

adj ust mrent _may. be require ef o chieving the desired PSA and RSA as a
resu‘l%t oeaﬂfgg@Bfa"ﬁgﬁ“Ef}}?gPSgAhﬁf{gsgf mechani cal bending. In order to have a
per manent an change, r.e-bending and. over-bending is often requit.ed which
t akes | onger%C}@&WPEF%J‘%H’%%%WW%W'% ya‘ﬁalaegrﬂ?ﬂef 7 &F ge—51 fre

after thga@rl SiviBinthe AU arhiiSinSteh® BRINS103d 'RAM! TREBMin tpRotiEmabie tie
efficiently adjust suspension 30 alignnents to produce stable alignnents.

Mor e speavethpd of hgjustiieat is the accepsibility efbatgrippers ée) thepfiexure. dMarespatificllysy st ens
whi ch effectively. asyre ‘ ani cal adj.us, nd al.i gn, suspensi on st ens
o iRt s RIE D O bl a DO B HSBET u WBader
of tRe |HULHS iRMoRFThEANARE snd’ BehdingGRar AANSIE sidelsibReddsipne MlloW thik her e

is provided a system for neasuring and adjusting the roll and pitch angles
of a susiseessibiiifyf dmotherrprablam ovith Blis methed, is ttha it degsennti allowhbethragtion @fur e
arns, t . t risi : l,i near van n ub-system.f o

advanci @‘S}:’f‘ cagls@sllge\?lgp1 &S p%%?rgor@ s t S&n%ag’geu?}r@r%}e%ﬁ 1clér?§a ya'd'?’ﬁs%‘r@ﬂi“%%%%i on;
a measurggarithmsapplisgdé.em for determning the roll and pitch angle of the

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.



flexure arns; an adj ustnment sub-system for nechanically bending the roll
and pitch angles of 1o the flexure arns to an aligned or over-aligned

posi ti onw@nilg3sgusheat treat nent sub-system for applyi ng aPGE&LAR/NPBEES nent to
the flexure arms when in the aligned or over-aligned position. The system
al so pr eSwnmhaky of thel Ingtestion cont rol al gorit hm havi ng a dat abase of heat
treatnent paraneters for instructing the heat treatnent systemto apply a
speci fi ¢ heatInlfecbrdansareith the ihveatibh,ethereeis grosided atdysteal fogrmeehsoring and
over-aligned position where the control algorithm my se| ect, a, specjfic
heat treibusEnAg B folecandhdich oanglesa ol e 3SPEISIon; for 3i magnelicy ﬁg.dq‘%’ dh%
embodi Melperkidf HUINGTIKER arttStE W4l LbiBAsihgur needl e probes for applying
-a bendi ng II’?orce to the suspension’to nove t suspension to the aligned or
over 20 al | aned DRt bfanck R QS A RIUERLing (fE:o8dI¢ ShBRLoRY RS &1

i ncl udes four gripper arns for appl’ying a bendin orce to the suspension
-to nove the suspesasiremehtoaridadjstmenedsiton;over - al i gned position. In a
preferred enbodi nent, the heat treatnent systemincludes a |l aser that

appl i es a heat farmeisuesmerit nsubhgstemaiort deteriniming therrell sandopitihnangle of the
predeterm ned | gser paranmeters 25 selected fromlength, width, |aser power
and tine. In accGrH&REESwi t h anot her enbodi nent, the system provides a

met hod of adjusting the roll and pitch angles of  a suspensjon for_a
magnetic reader 2P@AIugmEns gubtpysiem forimechanicalbnlengingthe rolhand ailchraneles of

conpf4 sing the ; g I o) nd rolidl angle of the
f|eXLdl’e arns; 3gﬁf§)éx g% %rrr%)tﬁiraﬁgﬁg?éd?ﬂeotvgngglg%iegg)ogllﬁ?ghﬂghd roll angl es of
the flexures ar i1 Dl - ' il Lon-. - (038815
Pt a0l 01673 &) ieh i Anrb At ARIE Bty TRZE el B 1o the KR Lol

pi tch and/ or rolwheangtie aifgneder dvepaligiedgrosiiions/ are out of specification; d)
hol ding the flexure arns in the adjusted position and applying a heat
treatment to Thesystetxulse prefemblyoincidesy eomtl digogitihh hasings datatiabeof heature 5
arnms; and, - e) holding.the flexure arnms in the adjusted position for a
time sufWeadment paramglersofpr Reryqtiag fhe hgstnigeatmeniopisteniq applyess enqCH?q BFRtof the

Dr aw g Stratﬂyﬁtetolﬁg ng)é?clugéra ERRER hECalih8dVoP fover-Al¥dHed HosRISRRERRS Ak Ldhtrol

accordance wtht
algorithm may select a specific heat treatment on the basis of measured roll and pitch

angles.

In one embodiment, the adjustment system includes four needie 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;



10 art; Figure 1 a is an underside schematic diagram of the distal end of a
suspensi on showi ng details of the flexure and tongue in accordance with the
prior artWOP/E8E 2 is a schematic perspective di agram of PEREAQHP1983 nent
systemof a pitch and roll adjustnment nmachine (PRAM in accordance with one
enbodi ment of tlhke 15 endingnhé guspehsignite aRaadjwtel pasitemmpifi the pétcls ped/or rell

di agram of the neasurenent, adjustnent, and heat treatnents of a PRAMwi th a
suspensi on bei ng adj gegePfithe %%&ﬂ'gﬁdé/g{ﬁi‘{"ﬁo FRECEICRYMrent of the
invention; Figure 3 is a flow_chart showi.ng the asureggﬂt, alignﬂent and
heat treatment 39 prdeklae the feews aapt i e Hivied posiuRn AhePRlyIng pcheat

| nvention; Figure 3A dSifed $QUESAIAA hiffs I‘éli@%dﬁndﬂ'% HRQGWEs3h heBERRST ON
-curve shown fitted to a raw data set of delta ro and probe di spl acenent
values; Figure 4 is amgsapdj cal representation of the nmeasured and

al i gnnment positions of a suspension head for positive and negative roll and
“pitch; and, 25 Fj)gur choldingthe fldxomw amann tlsehasisteyl pdséiondions tineasiffonernitdao ween
the |l aser, controlli gﬁlﬁco%ter, and pi tﬁh roll adjustnent machine in
accordance with one WP ERFUBATRHE GO/Vent i on. -4 WO 113/ 038815

PCT/ CA02/ 01673 Detail ed Description of the Invention The design of a

typi cal BpRppesirfiftiohlof the PrawthozChematically in Figures 1 and 1 a. A
suspensim—nggrr‘a'i‘l"y—i"nt‘l—ud'egé a nmounting assenbly 12, a central | oad
beam 16 and aFiguexliisea pgspastivy vie®. of thivpirelisispensicnsinaebordanice wittcthedeor a
nmount plate 12a that s provides the attachnent point of the suspension 10
to the af'fn of a hard drive. The central |oad beam 16 has a spring 1l6a for
connecting the | oad bheam 16 to, t he nmount,. pl ate a and far providing a gram
oad for ca tofieunTa 1€ A ietsfis, “ERBR irBith & 8 il oot SbthEEn
shown) . éﬂ%ﬁ'iﬁ% gXHNELo RS BeRirY and tongaé HoRSotdahcd Wik tedrivr @R; 182, 18b and a
tongue 22 in the center of the flexure region 18 for nounting a slider. The
tongue 22 is ploutd12 idllaSkRémAndpdreheefivd HRSHINE o kB adlBitmedB8y sl of & pidhal | el
to the |ongi tucﬁ nal axis of the central [oad beam "The flexure assenbly 18
i s nmount andl troll aadiudtinaste thaghiae ndPRAMY idi aecqrdases with tane emhediment @4dtheeam 16
at cg nection 16¢c. The | oad beam 16 al so includes a dinple 16b (a
sem 4;he'rrﬁvglétllolbrotrusi on at the distal end of the | oad beam 16) that
provi des a gi gbal unt for the slider to all movenent in th i.tch and
For | axes. Al P28 HhpqrBmalid BerbascivE gaprals of R UEMsnl el BhuPluaid The
pi t ch st RédtQraatthérits!d€ o PRAM avith & Qubpenkidhi Beidd hdjuttee ih RSErd@iceawiipensi on
are the pitch and roll angles of the flexure arns relative to the nount
pl at e 12emippdiment efithginyepédt; adj ust nent machi ne (PRAM) 50 in accordance
with the invention is a precision instrument used to automatically neasure
%Méf}@é‘n

and adj ust t hEigyre 3Hs arflpw ehart shyyiag dhe measurerasnir dlignment gnd e efton

prio bo ¢ Oplto'agsse}ﬁ %@J@é%cgtviﬁ%%eseh‘lbgﬁfme%? of iR 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.



20 tongue 22. The PRAM as shown in Figures 2 and 2a generally includes a

| i near advancenent system (not shown for clarity) for advancing an array of
suspensi wa0visRoIIgh t he PRAM a neasurenent system 32 for padeCanziwihg t he
m sal i gnment of a suspension, an adjustnment system 34 for adjusting the
rol | andDetailed Descriptidis¢ithe Inventionl aser heat treatnment system 36 for heat
fixing the adjustnent of a suspensjion and systemcontrollers 25 %rid
al gorithms fofhecdsstenf agypicalsuspensiom0ag shoyn sghemsticaly yEgures Jetdilg- gr eat er
detail below. The systemcontrollers and al gorithns include the appropriate
har dwar e and Acbsrensien dfgsnerad]y desindasicmensmegmsseplly t2ne congiahlged bgam

trollj I t-H0l sof : I t d
Vaser ool G LRA e BRI P6 N En AR Ty 12 A0 L AOEL HAEPELAT 27
re hel 4 T L near dvancamenl system Lndivi dusl Shspensi ans are. gount ed
toa Todarhbem 26 Ban SR (6o CHBREE s e dho RopGrPIRE 2R 639 and
ar e succfs %a&%x%a gran lodCror/ {331&%%5 snidy/ @epawrﬁ %@aﬁgmﬂﬁgﬂéetfc%@( @t and
ment and adj ust ne 0

t hrough a rmeasur t posi n Bin"the PRAMin a manner
whi ch i sshommThenflexuee assembfhig irickydestwaflesyreaims U8pelihi ol hHtoagse 22 in

tiall d dth h PRAM f n, 1 ) )
sequent | oLl BRI ot 1 b RS b s 22l G
Posi {g oo BN aek hiths3822 1BOSHA TERIMIS NS Bd BAEHRAE AkisRFThE EotraClos Hbnt he

{
measur enent / adj ust nent position B, the loading plate or jig is noved -
t owar ds Bhaifieume pisemBbI &ismiduntddao mpd hiasgrl against the distaleend o leencsingnal logd near

ol at o 1250501 15 8 pRre 166 gD 1R oeeiS T8 e R oS e TAB ol s

pushes tdpheti®dprtAaion & thaidstalteha ofltRX 1028 bREMEl A thAgRbViIlEs AFHbY iependi ng
on the specifications of the specific suspension. |t is to inportant to

not e t hator theslider taxallqy moyemenhin; the peh andyepdk axss. AHdhessjpasts peenprefesathng.

Measiy e”@ﬁ%e @’l ?tﬁﬁf@sg’gteglgg‘,ﬁé g?t'c{f‘%itiﬂ Queklife (P2 tanB'J@g glta?ifc afticalle AREOR) 6f

agai nst umopin he nmeasure an ustnen ositron B,

and w t hsuspémsictneethepitch ghid eolBanglesrofalsd fl exwenirnisTeRyist emhd Zhommeplitei2. t he
roll and pitch of the flexure arnms of the suspension (Box 60) to determ ne

i f adj ust ment Thé piteh esRiakyll kAfsEnan mbchifel(PRAWE) d0gineacdirddke gwitktheor m s
al i gnnment of —each suspension. Position sensors (not shown) neasure the roll
and pi t cHVERINS agrecisign msEumert yseddo ayomatsallyfrpcasyre andpdiist Be mickadde arm

el i N L ' . I
e, (rone€0r e M PEETbY Rekpkiod hibe & oRlslerbipadife Qladrdf b exure
al i grorentongse i22. SfhecPRiAMt asoshovm dh Figingg e saindo24a rpgnérally hiaclndest aslisqaensi on

(Box 60b 2) the alignnment is_out of ecification but. wwthiin a tol erance
Fange whi<bRRESREnD & s (R Shen B,00) b AOvEnC i en ) hHPeons orogeh o
toler ancﬁnefﬂiAﬁghqﬁédgﬁ‘Eﬁmeﬁﬂﬁys‘Mrﬁ b2 sr Beﬁérﬁﬁﬁiﬁg thBR%sPBRhentVeES WsBbhsion,

m sal i gnment may be 25 both ‘positive and negative for both roll “and pitch.
The neasyr ediisimeny systemi 3 freddgustibp ytheymolbjpnd gatich red aas auspegsiesva taser heat

f | ' ive.|. | i.ah d i | i i
t e suspsarBiLo st e REmerEnutl e Slhin S & b5t b i S Rbmtalf ey {he ©
adj usd mesrd aﬂF@@tﬂﬁﬁ feubntibPof 10 8&SE, MSWHIEH hreaseseritel G gicateraaai bedw.
y.

si mul t aneous . _ _
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



30 Adjustnment System 34 Wth reference to Figure 3, if the neasured angl es
are neasured as being -6 WO 03/038815 PCT/ CA02/ 01673 correctable, the

adj ust mrewO9yaI881R 34 i s activated to adjust the roll and pcramoangi’es i nto
specification (Box 60c). The hold position is cal cul ated based on the
initial idadtdiaonaiddiangdhugiBaxmdasuramenicandaidpsanent positiohd mothe PRAM\ial ues
descri bed bel ow. At Box 60¢, the alignnent ar 34a, . 34b, ,34c, 34d. pove to
a prel i nt manperowkich ivkngyn gt thegrte dhabis: aheray gﬁ%mg%ﬁ@n%‘iaeﬁzs SeALGHRER ti ne
(Box 60d i S i ch g i a of

t he | ase%d‘?ggﬁ re b %Fﬂeaplgfﬁ@g?\r%@emé k%v@rgrﬁeéﬁféﬁ %@d}é%ﬁf ?f’%ﬁ(\%\} BI’ E(ls %fstQ ruct

t he | asemeasunémaitiadjus@dent positighBaind ap Py opost-ataswementtidjatment positikn C.

*Adj ust ment involves two nmain steps, bending or alignnment (Box 60e) and heat
treatsyrent ( BoAt Ghé )méakiirermeaf/sdjesnment podii@ Be sth@ doatinlg Plate foe jigljiu stovedt
system 34 advances upper._and 10 | ower ar 34a-d havi ng need| eg 34a',, 34b',
-34c', 34tpWardrad Aatum B J0paitl Sedppuntplate 1231 grsushsasion dpRifsitnditimmile and

ol d ¢ el aslop Bin? Y6 A1l bERW G BRSHbURDILN2NGRE shafABRTD (BoX

[
60e). The al'ignnent arns nmay gripper system i ne prob I ncl udi ng
needl e pagabess thesdasiropm BOb.FA ¢jtterpin30dpisita)theviiad thearnrio aase thedlekiirexaume ar ns
18a at the contact positions from above.and belfo to apply an alignnent
pr essur e? GPEHLE ameunt, denepding.on, (he, gpeqifications, pf en?“fﬁﬁﬁg%‘f‘?@ﬁ?s‘.lorﬁo 1
exanpy €, irhfbridABtoSiRE hat 1haUifRr PRSIcliby & oPh par a8 tHel ddaplbuAdd InfetRd® Neasur ed,
the alignnment arnms would apply a pressure in the negative direction to
pl ace the flexure arnms within specification prior to heat treatnent. It is
inportant, as will be explained in greater detail below that the alignnent
arnms may or msalignnment. That is, and for the exanpl e of
measur edl\%\égﬁhﬁﬁ\%ﬁ}gﬁwg% and pitch angles, the alignnent arns nmay bias the
fl exure arns Aftencheyatg the mout plate opatsespeasigh egpnstahe datuhepin Y0beat thent .

Further still, the adjustment syst refera enabl.es t bendi n t eps
ormed otteriment A GURLERR Rodtigh HBr il Fpsns B Rzl fi e Bemueen

Over hend s e 32 tiéasaiés RIRNOIPAh PR & tBe FREkrePims lof ARe E&F&]M(de%o)%er e
the suspension may begin to 2s elastically yield and rel ease stress energy.

At the pdetamingaf adjusteestispacrsisary bessdmn the relatise idegiek yofyalighaent ol mase of
t he over bFnd pre sycéeuégehrpugh heat treatnment as detail ed below) may result
in a proﬁé’%'fn;l/ %P Sn d u%lf?)gﬂ'si on. However, as the proper alignnent may not

be realized from.the overbend and heat t.reat.nent.. backben ich bends an
over bont - cuspERalioh SRR B8RS pikatle M U E iR AREREBF melfiitt A
achi eve @ giaabihethdanduhOsxureviar Qisaligieséhtenergy in the opposite direction
i s rel eased. WO 113/038815 Heat Treatnment System 36 PCT/ CA02/ 01673

Aftepothe ar W&l‘_ﬂﬁ@eﬂéﬁﬁﬁﬁ%&l@ﬁ@llm& ipitcR agEle o IRONERRE afhE th¢ byl Bbntrdlaser
heat treatnment is applied in the treatnent zone 80 (Figure 1 a) of one or

bot h of elgerithmes (Figusr s datemning 8h 1) thoptignmens is dni speeifications whichstriggprsi ed by
the ali gnmweg o {2 r(e%ﬁéus%%%%ilbn Iﬁgx %Ogg?f):m&% fali i b eg)tf?{p@ciﬁgﬂlé)gf M A

depend o measur éd “mrsal I gnient sSel ec om a abase of

heat treatitiink tqledahes age Mhichr cahdatcotieaad (Bok 60¢)he 3 Ithgaighnienaiisout ofnt i nue
to hold the flexure arnms (Box . ) -
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



60g) for atime to allow the arns to cool to roomtenperature before

rel easing the biasing forces. The holding tinme wll typically be 0.5s. 10
After | a%ed03/0388tsnent, the neasurenent system 32 rel easesPCiiEAISEHENSI ON
(Box 60h) and verifies the alignnent (Box 60i) and re-aligns and retreats

t he sus pmmicmble tHe apostmemtrsystelBo34 GoctiGtied .to @djukt the rll gad iphthlmnglss ime
control rlth for the ne rement 32, ad tment 34 and at t.reatnent
36 systeSrPE’ PRI LB o ORBASEY B 3n%%§§mnef§emlcu a@ﬁu%qs%rw ﬁ}?dlmf@itreec#l@&t ment
val ues f&ftalHé@af Bo?%b%ﬁ& la"tht b3 QPﬁélaﬁJ%sﬁgh%fu!g?'aEscﬂ@gd 'BF!% tﬂt

patterns. Primarily, the actua measu m sal 1 gnment values tor a

suspensi tha aligemegteuims 34a,614be B4 3ddinhove tady pretimenry pusitnhe;atlot toe@miaetihg

‘par a te s 20 Measure t ust t. Treat orlth Wth
Pef erenc SBSI?—%“@BPE"%WH}L%H t‘%g@ﬁ%‘ é@ﬂ@ @@@rgk‘ﬁfn’éa‘gﬁ?tg‘g%@ﬂ r‘?f’@"‘éf Fol I
and pi t cheafifg!pattsinSed therla&mreq&freh%raa Ei%ﬁ ibeHd %ov%Hx%B?nﬁieOPRMSeﬂlé vilpas

-been fully brased agai nst the datum surface. We | 1 near advancenent
syst em singfrdt $he laser condroplsr 3 sheongh an Mmmccfmnﬂuywbilm éadkagd]mmem he

measur ey g el e SRl o el e TR P R R Pa P 86 o

t | | | In thi | e,
Mboth rol | aRgRRLaRET Fisdies 4 ”“d?ﬁﬁ ﬂ@&é‘ﬁ}eah%‘/ﬁ 3 34 GURFES UBPSF 886 Ut | on
t hat 1M | lowdehinite3 A-dhBahEhe@dd BRET 344, 4R, Bidalp hﬂ@trmetﬂemlelaﬁﬁs 184, N8B o

particul ar range of anticipated m sali gnrrent va ues, thus defining a
dat abas ethefsusaeasian derginvevand iodd theosuspsnsins systenhen ta@bme@tml; @ositing dorlieat

msalig degr.ees resolutio

degr ees thHerepy y %‘S? 6@[@7 5@%%“\5%6‘?9 %?3 n?yﬁ “i(?rdtﬁI eCIpch(%’gsval ues
for eac mmﬂudlhg npedle brcmad a$ shdwip&i Bigatesrs agd 2A§)®vlﬂ¢fﬁ cotice theasxrenents for

t he conbl nation. Thus, ctual msali nrrent value will be considered as a

di scr et el &3t the cantact Host“I‘fE‘s P@R‘iec?ﬁd(?fe MhiO 3pRhSH dlgatent DEcsBYE aRPOSHOWN | n
Fi gufse 4oage %dh@&g)n%f his xﬁ{heﬁﬁrlec;reex‘éﬂ' pHE5n HRY \Qﬁhﬁ{af’g ;%E”E%E’ rbfft 0 the
measlr ement b dat abase epend on the resolution of Sur eren

syst em aand/ mtchtatmglet arp mmlsureda,rtge abfnmers akhg worit apdy ageedsore ia thantgaciue ar

type of ensi o Af.t er obtaining a nmeasured m salignnent val ue, the
al i gnnen ‘rezgpﬁ’értf’t Avenihe ha’&r‘ér%’lﬁe‘g’(‘ e Spﬂ‘??’él‘lc&%ﬂn oB8F & ﬁ’ziﬁ“ege%tmf‘t tlhds

flexure ﬁwma;kﬁaasrwmt b@%xﬁi&lh%@ ih g%ﬂep(iettaﬁ BE&w, EHa?%é“%Hémﬁé’lﬁeﬁnﬁnmE?
measured m sal i gnment. Accordi ngl for each di'screte to~m sallgnme

val ue, t W@muﬁnaatc @vrrmsphmulnemg ‘Blet 1s;fanqb tigrsthe &k aropler afi nedsesd fpositiak irglhnent .

If the r i_an, of e alignnment s m corres dstothe Iut on of
t he irzr)easur '*éntang]reéirthee g&?’éstlga%é ﬁ}eﬁ HUEST ?f&@d}eg%ﬁf& 1 af’ﬁé’r‘t may be
a corresmgmjpnﬁgtahegmmen@,oordi nate. However, if the resolution of each
systemis different, two or nore val ues of measured nisal i ghrent nmay

correspond t OFgrHey sﬁnetha,'dd_ﬂﬁffﬁéﬁt sySteidprofRiDly ERablECtRBSIdRY sepPleinaat es
may be the zero position 52 or an overconpensated position, shown as

posi t i oreverbend sk beckbend dbobe appliest @mpéﬁslmat dreatmensy Evedredd nbﬂyldbethe

reqU|red r el axi of the flex

oot orptbBerlonCpast dhe el pBHAY 180 Rdfinhn WhEE e bR ek el 'S | gned
to pmsi telmchly Fteld andvielbase i@ enefgr Athet ;szmhte@her% rtg@tsigpRhsiod Beding tyal ues
of allgn oordlnates within the alignnment database for a given neasured

msalig %IYiRld, Elegss of Hhe oyebend peessursi dhrepgh thieal trastenest P&) idefaged g
given s E

the san?ﬁ"ﬁ‘g p*e‘% SR BT BRoherGPAign ShiFRbioR HoREhr. S WBR BRLGIGE D
heat treatymot bdatalizad dom (thmevabbryl arlicbhedtl tegagmenty backbend, nwlslahlt@ndmeaﬁ

val ues her overc ensation may be.required. 25 Under

et ot et SapRios g‘gﬂ/té’u’”@é‘#p'@ﬁ 20 BT SETLMB K DR FEAMIreA © FHUEVE dcittled.

Fur tfer n@fg%meﬂ?ﬂﬁ&@'sﬂ@ss%e W{@Bﬁ% HRCHER is rfdgscystem wi || determ ne
primary and secondary adj ustnent ranmeters to determ ne the manner in

-whi ch the needles 34a' - 34d' contact the flexure arns 18a. For exanpl e,

the systemw ||l select one of four types of adjustnent, PSA increase, PSA
decrease, RSA increase or RSA decrease 30 based on the neasured val ues (Box
60) in order to determ ne whether to hold the bottomor top of the flexure.
I f both the PSA and RSA are to be simultaneously adjusted, a primry
adjustnment is selected. If the primary adjustnent is +PSA, the secondary is
+RSA and vice versa. -9
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WO 03/ U38815 PCT/ CA02/ 01673 After determning the primary adjustnent (for
exanpl e +RSA), the system obtains the correspondi ng primary adjustnent- data
froma davabaseissfsor +RSA whi ch has been previously gener atre€t/dama33 d
order polynom al curve fit of nmeasured +RSA val ues and experinentally

det er m nHeatlresineassystems6f or t hose +RSA val ues. Qther data sets may be 5
utilized depending on the particulars of the set-up including whether the
particul ar adjafiet MRNErohs afd nR¥EES ared peditibradkioetsiread jthes igmhent T hgersheandar y
adjustnment is simlar using data generated from anot her paqlynom al curve
fit. ExpBeatmentisappliedip thexgeaiment 208¢ 8P (igtts k) af one ar bpth phte fexpieAsmsal
curve fi t he | . adj st t 1 1 al-neur fit
-for the ise%gl’;lg airaymggﬁ nggér;{f%? tﬁ% Sg?%v?@ggd gjéétlhrga {g&ﬁ{egggwg?%fr?ggt T\s{-'l%ovm ng
down § hesmpHicahdating phttérncappRAdIveid depesd oh ttho inepsiwed assaligninenesnd edlliibeed by
t he contral algorithm In particular, a 3 d order polynom al curve fit
-denonst r stlededirgyadlatabasg oiheehirprtHentRIEAShe neasured mi sali gnment and t he
probe di spl acenent of the ad{ ust pent system For exanple, a 3 d order

pol ynomi al cuf\V&T heat teeatimenss thepadignmenpisiims, oghing ip halg theflexureimgi (B by
perform @ﬁggafopglti}‘r{égmaﬁbwrtﬁgﬁﬁﬁsﬂoo&og% oftf (A efaﬁﬂé%%ﬁir@?eléa)éﬂl?th&ﬁfa‘éﬁlgf It
bet ween t probe di splacenent of the adjustnent systemfor gi ven
suspensi torcaseThelboltiing tmeawiil gpicallg bk Ofsnent val ue (delta) for +pitch or
roll fromat |east 6 data points. The range of delta is preferably in the
rangeo f rom 0 tAdtel 1&er agataent,fthe mestremeapeystano 3. refeasey thhesuggmsibn qBoaf a
pol ynom al_ curve, .20 y=Ax3 BxzCxD where A, B, C, and D are the fit .

par anet PUEILYer R e Ay RnRE Regr o3k ed f%rﬁ%\@%ﬁs?%d? rgjrepls PREUSRABEIAR: ifo bend
and x rehggegsa?p(ggﬁmrred pitch or roll delta. Wth reference to Figure
3A, afitte order polynom al regression curve is showm fitted to a raw
data set of delta roll and probe displacenent using Mcrosoft Excel. 25
Simlarly, a second order polynom al regression curve is obtained for the
secondar } y repeating the above steps with historical data
wher ei n §°ﬁﬁ?p§§5§ﬂn{é’%£rs are obtained. It is also understood that other
fittimng al gor Tharsntralyalgreithmp [forythe neesstementnd ) adjusyment 34 eand tiehtl teghtmentt he

art. 30 rt hernpre, for suspepsi ons where heat treatnment is required,

200 1 ondb OGRS AP e SHEDEE ShEIEREeTaD AR P UK LR YEHES RScat i on
and i nt eggd hb’se@éctih@%p Bhiate! RAsHREt -and he@NBeRMEAD AR s PHFnaHgf rRefansied
that the location of heat treatnent on the - 10 V1' O U3/ U3881s

PCT/ CA02 heagired flisdignmentrvaduci o a $@perstanare88d fossedagh sphicficiaijustment andgi ons
(for exaggl G{nﬁgi ons). Heat treatnent paraneters for each regi on may

i ncl ude Eft&leﬁ'é“ APDCETS power and number of |aser pulses as well as the

upper_and lower limts or positions of the |aser contact within each
regi &h. Laser power and nunber of |aser pulses are the set power of the

| aser’ ang BRSSP Trchent Riydrihg™ " espect i vely. The upper

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



coordi nates of upper and | ower boundaries for each region. As indicated,
the | aser heat treatnent systemapplies a specific heat treatnent to the

fl exure avow3/astshe treatment zone determ ned on the basi #CofcARI&EI73 and
error. In various enbodi nents of the invention and dependi ng on the

parti cul definimgricdisdretst valsesofor tdaeh hdathe Jpiwht andatalie parasigsreny 100 edibwrete
treatnment paraneters may involve_selection of t.ine, area, ttern

(orient a’t“iebsh'fe,m%’ﬁ%ﬂf?ﬁitli‘f’gc%éﬁ}mnaﬁ%t‘mé‘f’t_“ﬁh@ésé ,g“mﬁrgé’raﬁ‘ﬁo‘%@r efoasidprgd

posi ti onaof qisBRtd @IS withinf the rBIARN I hMREArGRER Wystdh8R-shdWE iR PR ar heat
treatment on the flexure armis defined by the | asér beam w dth and the

| engt h oés bpediOravibre hdesh edisarete dvaludssmiay phec ptdgyaringédntt the. Beasurementt he 15

‘length will, typically rapge fram1-2 mm Pattern- The at,, treat nent

pat et n tatobget DR g e i aUang epipingt AT wis ph AR T e
treat m%nbf@%ﬁﬁ%nmémG«Blu@@vor%aar&hmywmug&ﬁ%ﬁ.t to one another. Vertical
or horizontal heat treatment patterns may be nore appropriate for different
adj ust ment 20 AGRPTBIAFhES: mEabRed MigRfRnRInt RARRESh@RHlgRaaRNAIBSrBRESAN The
time of heat treatnent fay be varied to alter the ting of heat treatnent of
t he fl exdeternzinerthe filysidabaedrdipates rthatithe flgpursadrimg IBa5nust ici robvadalp mraaryto

d di n t he nupber, of ,passes and t he scanni,n eed pf th .aser. The
ooy ofed NetallBeml RREE, @ e R w N s e aN, Watod bR, B b 48R [ Ven
25 pesi t hidlighmbntbRIR thepdlis al ydtHetpdiding BADTPRy B daBrdirmitésefdr REEWREN. § and

10 passes. For exanple, a 3kHz |laser wwth a scanning speed of 80mi sec
maki ng 4thsaesdutionggt the aljsementslystem qparespands e dhe fesolyben phghermeasutpmant, g

gi ven patte - e ' . 1er _the
Cerpor ot 1ircach, SFRAGE imekfe RRBlenent DEE gk BBY 3% UL B0ndRe Bibhel P
bet ween Oodidinaw. Hoh@vel, dfcthe nelohgionrof3Fachreystdrh ad diffevint,etwioypremoRrdt edluedl of (such
as stainless steeli requi re higher power (1.1W1. 18Wtypical) whereas

Wi r el essMegsiEedmisaligament maysoarspasddo eBlynealighment RoRENN¥E | ayers of
stainless steel, copper with gold coating or polyners as well as trace
suspéhsi on - 1The physicgsgapsdinatss mey badhe @erp position 33 bl Oyercyunensated

fl ex-on ' egqul . 0 e ' shows
2 sohomp oy areliEat sl ¥TAEUER O Blou Mo rbetsdioh oF oy By b ot
| aser aneeqoived tcodllosw fQG, retalimgasinhe Aeture grmotgirds the kerot pusition/AY £ier hoat t he

| aser controller software 93, As gﬁomn, tﬂe PRAM 92 recei ves and.éends

i nst r uct IMEHEIALRSEORS Msatyied Kalue SnRaYi e Hipned ippesiionY a5 shavin g
control | grriepid Maf Gesd@ent!Ne control ling conputer 91 al so sends and receives
instructigns/data to and fromthe |laser controller and | aser 90. The heat

treabgrent | asghe 3hfiRs S MignMaft ESHInYRS willih tHE bligRRddadAatal #81da Tf t he

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.



| aser controller software 93. In a preferred enbodi nent, HWK files are
prepared by the |aser controller software 10 93 where the user defines the
| aser fi Wa@3/pBBEIeters and is stored as a prns.dat file. PRAMAAAL678I | es
describe to the laser controller the characteristics and paraneters to fire
and may cont aAfiendeterminidgphe primbpr &ljustnkntdforgexpaipteer RS A), Ithersysten{ bibtkins

filenanme), object nunber to fire, nynber of pul ses per tiyation, |aser
frequenc ?ﬂoé%eél?onﬂﬂ\_ﬁel"?mﬁ%’r wdiugimept %I_ﬂ Qm ﬁe&atﬁl?aéﬁégq ﬁﬁgg‘ué"\(‘li%t lgxstlbeen_ _
transfer Pébfoh@ly?ﬁgx‘a&&frdn?ﬁ B0 dIgh a1 SlrvE#E bERRadiRed FRSA YalResR@di tion

in X ande coo nates and degree of "rotation of the pattern. A serial
connect | etpebietonedy deteemimeddold poditiaisl for tiBGe 2R Ac vaipes: E1th@ldagmsdtd may bhe

‘transfer qof prns.dat files fromthe cogputer 91 d laser, caopntroller 90.
The PRAVDtzeloftrnaiae o the perilaproluins o5hp g bidnge §hethef g, marastlasy

Q her FeadjudtRnCsNar oveBinl ' DadRbendCadjReREROTAS @é’cohﬂar?m%ljl%ﬂéﬁtqg sfhilRr i t hns
‘including™"self adjustnent” algorithns which may nodify either the

al i gnnenesiepdateigerearated fany anothes aolynpwial eprve fat t ern based on past
experience with a particular batch or type ofr suspension. For exanple, if a
speci fic bat cExprinsensgbyn itihos beersdeserimigedwata 3T endar polynemial duavedfitifor the

consistently bei.ng re-neasumned W th.an out - of ec_roll _or pitch paraneter,
the cont PEFADY HUPHEHE A3 5r Pudd ResvRemit cye T for 8 pesohodly, siystie
CONMPENS aproRitied dediRbR: 1REullsfithdif dlowih€ abWR fie op¥pdtRndTekd PRAM hy a rédultastch
bendi ng and/or heat treatnent fails to adjust the suspension to the target

pi tch anprogessing times trayired by therrentral glgasithmyin partieulpis @03 derder polynprdal3o

resai uti Sy TSREhaBhe] Fepll P9 GRRL BeilefT e AUFNEES PLbERC SRR, [,

updat e t p@beddisphasmeityofittiRcaidpatmeg siykteml aser power or increasing the amunt
of over-bendi ng or back-bending - -12 WO 03/03881 PCT/ CA02/ 01173

di spl acenent ®or étuenps, b anitr peBabmMideuBRUDE @icleCeREA, iRSAPEPS £dnd Typi cal
suspensi ons have specifications requiring pitch of 0 degrees 0.2 degrees
and O deBP8ds obinedibyoperfogmingee polynamial ASRIESSIQN En T8N $8FSSHEN ttHRe) CBIVE and
pitch of i gul | I,So:bL oM L =p for
Phe par t F ool et (4 pRon il SPR Bt Byefit Mo gt SlloloEEhat?
adj ust methe/ hesstirddr mhligriert atahlea@eltd)ofor t:pétcls vs peols fom tiyleast ddata pointsr eat e
the regression curves is required, and will typically require about 50
pi eces t SheEangeqf deltads peeserap éafh?efﬁﬂgep§9‘ﬁlé)rtﬁsl~£ degressdar mept UBRENSIORS| i gnent
val ues. Establishnent of the heat treatnent patterns is determined by trial
and error andFin thegauationsedra polyipsnipbeee.acqui red from devel opi ng previ ous
heat treatment patterns for qther suspensions. If data exists for a
susp&hsi on, initial=sedxup Bnd €atibrati on may be required prior to a
production run. -13 WO 03/03881 S WHAT IS CLAI MED | S:

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

-10-



PCT/ CA02/ O1G73 1. A systemfor neasuring and adjusting the roll and pitch
angl es of a suspension for a magnetic disk drive, the suspension having
flexure avOw3/eIBAPY i sing: a |inear advancenent sub-system POT/G@2ANIBNg
successi ve suspensions to a 5 neasurenent and adjustnent position; a
neasur enfiedurs anss )8, ¢8b {2wne @6) Brsubrlivided o regidnsdfod epainple, AnediensyfHeade

fl exure arns; an adjustpent sub-s stem mechani cal | y bendi t he roII
and pit cHeatmgniRargpetersor P%@@oaﬁw g ugﬁ Va'fyl%@’ﬂ lager power %ni1 'g‘m

POSi ti ONfas@Nfhised Qs chhle%t thE %'atlo@thﬁlY@ of 'ﬁb&ﬂﬁn@@ﬂl—%' 1883 @orﬂ@&twﬁtl{lﬁ at ment

to the flexure arns when ms?%eal or over-ali posi tion.
syst em asachrregioni bastr \pbwceamd hmab@ye;ft kasnrfmlrlseh@re th@cslet:q)ewelaof:thctlamr and

'algor|thmh at eof heat tre par amet e for.instructing
Fhe b MR B s SOUTRRF Siepbicp. e RRiveRr TR P PRLIoNST RS pifelel oyur o
arms in &J&ﬁdlﬂhﬂe%?@bﬂf aﬁd’%ﬁveﬁoﬁldaﬁ@@ﬂn@@cﬁi fepR: 3. A systemas in claiml
‘wherein the control "algorithmselects a specrfic heat treatnent on the

basi s of measugqryibAkd, HO%set hed tRAGhER sydlemPpplisd §haSfi¢ Refi! thlalh tVVeere'n

the control algorithm’ seFects specific a?ll gnmg5 coordinates for t
al i gned the fleware-asminis gm thet tmasn«tnt@maﬂetmmnd;bwi medvfaswreﬁmaienﬁ emo. Irﬁmaramd pitch

angl es. A.syst e S cla rein Ol’lth | udes a
dat abase ‘B?OCHM%@W@&? B}vegb%}a'gq %"d’ﬁﬂg oﬁotb Efl 5§ ﬂfaﬁt paies i&“hgﬁato
specid i crremashl Sfhtdm) theahdht me*aﬁﬁerﬁr}ﬁlr@ﬁete@ m Sﬁﬁéleénsérécth& oF ainfe, lar¥dier ei n
the control al gorithm enables g?({iust ment of the 25 heat treatnent,

al i gnmenPatEﬁm eﬁr@ntaapnbﬁwmngcs@ nuabessoffpgses, latar pewenandsthe p@ﬁgomgthbased

on post nments of a suspension. 7. A systemas in
claim 1 eraéhh‘fi gsénus §é{5 system i ncludes four needle probes -14 WO

03/ 03881 PCT/ 02/ 1673 0 di ng for.c o the suspension to
nove the susp eaf)eat‘:(?éilﬁifatqgeﬁéﬁmgronc}g%ﬁe’é‘f §Hads 38@??‘% l%theg Q%A%E%tem as
in cl ai nvidtifaad @hduehgm SrésshBRNThe Beds WidfiCisugsisaly Aked bi 08&hmPa¥BthEOr
applying a bending force to the suspension to nove the suspension to the 5

al i ghed spedelltapicgherngo§Pm bAmm. A systemas in claim 1 wherein the
heat treatnment systemincludes a |aser that applies a heat treatnment in the
heat treat menPatisireThe beat &ﬁeﬁ@l@bpﬁtﬁ@'ﬂ@ﬁ origntgtien F@é’ebﬁ Wdrf@tlmlsdes%h&lét ed

nr i o Tre L Bepl el RS gRab HFEne vl RARGER A% SRR 1 oo

s 0.5-1lormm 12. A systemas in cIa|m9 V\/nerein t he Iaser power is 0.9-1.1
W

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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H JKL hgdspgs?o‘%s to]tge/igaréf)t pitg'}g) 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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about 50 pieces to map out the heat treatment patterns required for the misalignment
values. Establishment of the heat treatment patterns is determined by trial and error and
10  from a user’s knowledge acquired from developing previous heat treatment patterns for

other suspensions.

If data exists for a suspension, initial set-up and calibration may be required prior

to a production run.
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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
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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 1s/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,

215 -



10 10 10, =10%&’ () - Lt YuuuvOv5vevaB7@

101 =10%&' ()-LZ109%& ()-!LsG'10%& ()-LsG' 10%&' ()-3 $10%& ()-L4"109%&' ()-46v7v8
vOV[ vj vvrRomdWIReAR () - &9z109& () - LG 10%&' ()-"&10%& () -9, ECT/CA02/01673

109&' ()-s910%& ()- 10

10Pwwwwwwx [ xx dEmdY 1fding $AO Tigkr} -arth® 38 the adilOR® popiibh st @)tim@%@fficient to

109& () - xx~yyy9zszaBnN 1099% 109%& ()- ,$F"10%&' ()-Fs!-109%& ()-9mlO%& ()-!LZ"
10% 1 & () - 109%&: () -dlopthe flexwrg eig oAC81109& () - L/ mLO%&: () - - i 109%& () -

31 +S109&' ()-L) Z10%&R' ()-"3(Y"10%&' ()-{4]|||}} }'}"}avk@o 10 10

10=F10%& q ) - SRE IR h-ct Bl ' o . i i

Feses1008 () - o dier g it (Y MMRe domprising (he sspeof iy megeyring e P and | 1 00
() - 481098 ( )roll&ah@bes of )the 82096 afths ¥¢ etero@nkiB theofldxege aimd ae with the pre-
s$10%&' ()-f!H3"10% L& )(:gé-fsrrw%&' ()-!'@Fy10%& ()-s10%&' () - %bj "?VK@ FF7s10%&
"()-P 13 105@%&%”(‘}@ ' SPPGSIBRON ) - FL- 100@' () - +109%& ()-

) 10%&' ()-jopgrbCl z10%& ()-Y 109%& ()- !'&10%& ()-s&l0%&' ()- 10 10

10=10%&' ()-SbC! z10%&' ()-Y 10%&' ()- |=109%& ()-Y109%& () -

| 109&' ()-993"10%&' ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"
"Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Headi ng 93] c"A "Default Paragraph FontK!#,/52?GZR] eo7s! zq

WAA?I | [ espyr STUWKYZ[\ ]~ _i>-?h w #E\Y! p"' $$&*-./ R

467 =4@ Bl C&EYE JIVMRhUWY| | “acdf hG #1 npr Lt 6vPwxsz{"} Y] “abcdef ghi j kl mmopqgr st uv
wxyz{|}~6Ti mnes New RomanAri al Couri er New'h Root EntryWrdDocunent Q

I"#$9R () *+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

-16 -



