; e3es’ @s] @A\ B' ~B8D6DT@=B" DATA STORAGE MODULE SUSPENSI ON SYSTEM The
Field of the Invention The present invention generally relates to data
storage devices, and nore 5 particularly to a suspension systemfor a
storage nodul e used in high density data storage devices. t he
Invention It is well recognized in the field of data storaﬁﬂMMﬁwmmmmmmw
desirable to increase the storage density and reduce the cost af,sf.orage in
information storage 10 devices. This is generally true for all types of

i nformati on storage devices, such as magnetic hard drives, optical drives,
RAM devi ces, and ot hgja7 A§PORBIGEMGHOLESUSHENSION SYQHEMET . |t becomes
increasingly difficult to squeeze nore I nformation | nto the storage

devi ces. Moreover, conventional technol ogies to nmake those storage devices
may be approachlng f undament al E;; E e 15 density. There are many
proposed alternatives to |ncreTllé elePor3fle fihBh nsity of storage devices.
Sonme exanpl es are Bmprmdtxi?vemhmgdnenaﬂ;smm%t@ﬁﬂb/ptpra@tdaﬁicres,l%mdmrd\/l croscopy,
Scanni ng Tynnel i.ng M crosco Fi e Scanni.n t.[cal

Vo oscapy o anttiaain ErgiEeRtet S eh fettiibetede el Rl ST Obosed

al ternatives ldaia siotage devicebenefits and detrinents. Some are extrenely
expensive to build; sonme are difficult to jnplenent; others have |limted or
poor resolution and bandwi dt h—w—‘lﬂﬁﬂiﬁ@r—ﬁgﬁf@ poor signal -to-noise
ratios. Even if ONRidwelbldespaBsd 4l thé field BEdRAGIMAL: thitGt ;S UeviaBIe talensi ty,

anot her maj or , hurdlﬁﬁnust gtlll be overcone. Specifically, the time

required to adiERase thesomge densitpandireduge thcpg At Wégelﬂénfgﬂ%“l(ms@{%l y put, a

storage dqgi C@edcdd! Thists/gehdrally #id BFall tfypéstofﬁxﬁ&%fauwamlag@&vﬁ&s lsgdy | eve the
stored information, no natter what it st orage densi In other words, in

addition to h.agwa&rtea?hgédawsqnﬂyaldgm%deqw aadwéyrm@rrqarm@kl y access the
| nf ormati on. kfarge&wé%étﬁa lt&céﬁésdﬁ&@as rycam E'to uébbemﬂen ul tra-high

density 30 storage device |ch provi des |n ease rage enS|ty whi | e
havi ng fast addemnation imtasthe ptdragé deviagat Moreawscqnserdeeﬁrtqcb@dogmdocl ai ned. The

ultra-density k3% storage devices may be approaching fundamental limits on storage
15  density.

There are many proposed altematives to increase the storage density of
storage devices. Some examples are Scanned Probe Microscopy (SPM), Atomic
Force Microscopy, Scanning Tunneling Microscopy (STM), Near-Field
Scanning Optical Microscopy, and Scanning Force Microscopy. Each of these
20  proposed alternatives has its own benefits and detriments. Some are extremely
expensive to build; some are difficult to implement; others have limited or poor
resolution and bandwidth; still others have poor signal-to-noise ratios.
Even if one is successful in increasing the storage density, another major
hurdle must still be overcome. Specifically, the time required to access the
25  stored information must be small. Simply put, a storage device’s utility is
limited if it takes too long to retrieve the stored information, no matter what it's
storage density. In other words, in addition to high storage density, one must
find a way to quickly access the information.
In U.S. Patent No. 5,557 596 to Gibson et al., an ultra-high density
30 storage device which provides increased storage density while having fast access
times and high data rates is described and claimed. The ultra-density storage

device of Gibson et al. is based on the use of electron emitters, which are made
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device of G bson et al. is based on the use of electron emtters, which are

made by standard seni conductor fabrication technol ogy, and which emt
beans of electrons fromvery sharp points. In one enbodi mrent of G bson et
al ., the storage device includes many electron emtters, a storage nedi um

and a mcro nover. The storage medi um has many storage areas, and the
electron emtters 5 are spaced apart to have one emtter responsible for a
nunber of storage areas on the storage nmedium |In one enbodi nent, each
storage area is responsible for one bit of data on the storage device. The
nmedi umis in GleaRdPd SMitInkictérFabritatic BAnbRPy, 2l WhRh Smitbshs s a few
hundredths of a mcroneter to a few mcroneters away. 10 Each field emtter
gener at es an &legzensdionpyeayshapy poiins.  Inpae pmbedimenjof Gibsen ¢tah, the in one of a
few different (ofat Qsvice ifciAilE nfl elbBR Umittdh, A3foYade MRl AU micR Stored in
the areas, w tsh %ne sf% atce repr esenttlmrrallg éﬁ%’gh og?gte aen anot h(_alr state
representi ng andvery Thetstoraghsedium hak aeny starapearnascandrtbeledoniomittéss a st or age
area, a signal i paIeal ' currents
depends on915a{eﬁs§5%tﬁg aerhélJl wa{e%@%{ggg&gr ea.* us,eplr)fn%t%?%idtrigag%hstor ed in
t he area can lthe steragt rindivme almone pgbodmmentpayol stomge ota is hespensipheafor cur r ent .

I nformation can Ptt nto the stora ar.eas, usi ng. t. | ectron beans.
The magni ¢ ude 267 OEat iy Rolek detieec IR BESpRLTRRIIEP ORI e et e

| evel to changkctidieensitters,sactds atfeve handvediiggenfamterombterdiadbwi t | npi nges. By
changing the state of a storage area, information 20 is witten onto it.

Li ke the el ecTPHAMERSA™8¥-s, the nicro nover is made by semiconductor nicro

fabricatiqo techni BahgFieldldnsitd gehdatbPatedlecto@ Béant fiftrefill WadlYQoraRelartin Wi t h
respect to the el ectron agfrywt#ﬁnrs or vice versa, Thus, each emtter can

access i nf or n§t% B PPOH fragnt giptes Iyong smbediment hingry inferatianis nedi um

Wth 25 hundr g@gedGh tHeheids anthone btaRlr&fréseRihg@MigH Bf shdrafédlérieht@nd/ or wri ting
information in parallel, the storage device has very fast access tinmes and

data rates. Té&PERsertg atlpw ity Mehen ppplagironbeym Gwrens beppbards A 83ee4%5% t en to and
read as it is : LhO %ﬁﬁm | 3¢ theSsi ' s &he storage
medi um to havé‘@%g%lg?“ét‘%é‘éeﬁg Tr;l:i)gtjliﬁo i%é%fﬁ%éspl) _aﬁ%‘ﬁ%?ds'?ﬁ% sst orage nedi um
and to havé néhe3euawfithasstorage aise Bhuscipforwationstared inthe ar¢secapbeareed by t he

storage nediu -1 R I el i Cc [ t on emtters
and the stor a@ga%ﬂé@%%%tﬁéhgg@%ﬁt ) @19 ﬁ‘@?’?ﬁ@‘ﬁ%ﬁ hlgswlﬁ!s?ggétéi red that

t he storage mégistomageaveas osihg/the pleciramibegthe THeamepnitadehif eachretpctrti s result is
difficult. ForB exannl e thedtm' cro iﬂ)}/gr ilst i gten edt éo FDyve tahg st orage
medi um sol el y OFHR FHie e pRAREELP PREse i AT st ERES s o NS SRS x- v pl ane) .
However, depenach og whiphrit ipéngesy/ By dingihgthe staw\w€n stofdge nea,imfprrivgioa t endency
for the m,cro.nover t%) .Hove t he storage nedi um outof plane (i.e., displace
the storadeé nBd’UMi% Yhe Z direction). Al'so, environmental factors such as
vi bration WaybCaUSEikethe(bwg&gﬂ&ié!ftt&s;[tﬁe Miitro mﬁvalimsderay\sf lelli’(ﬁﬂhdug@dt-or pl ane
novenent may be restricted by decreasing the out-o ane 10 conpli ance.
Conpl i ance ! oflsre bgR0n techigus ((he mrewomécaé@a*%%fmd&m Hifles, with

hi gher conpl i a3g&t RAOEIBGron ¥fiter£5rivided RS TRusIENE BRlHer ciQUBer , restricting
t he out-of plane novenent of the storage nedi um by decreasing the out-of

pl ane conpl i affermstiprfomagymper af storpge peasenthe pogpamedendYitthnce. This

decr eased ks N- Rhi&ls 6P HBhdRNCST e[FBYorEniftbts tdaling Ahd/bOvdtheahdahatioalf ect the 15
operation of the nenory device because the forces generated by the micro
nmover are typpaalldlythegpragedayioshaovegy faptacedssimpreand gt rafehal ance to suspend

t he storage nediu I I . rat:l f b D ne to out-of
pl ane conpl i ance ?ﬁ]gbsﬁ‘%%ﬁ%gﬁc Eﬁ%’?l o" §g§%l}éﬁfﬁ%§ht§gg%féﬁ?é§l@A suspensi on
syst em desi gnisshevel by hemsiemasovetseit isrdepitablecfoctherptoragemediwimi tb baveai nt ai ni ng, or
20 inmproving, the conpliance ratiq is.desirable..Su of the Invention A
micro-el ectr OP?FB?E:iﬁtﬁﬁ%g)é)meﬁ?ﬂ %‘géep@%nfioé es&’ﬁager%ﬁgb%%{ﬁ%ﬁlv%ﬂ% conpl i ance
and conpl i3anc enotiad indthe diketiclendrmel to Bel plahe Sf the RY4Ra blediummds thld support ed
within a frane. To.edslu port .t he m%l?s wi thin the (Lthama, a first. flexure

ext ends bet we8R"IH tance batwef the elefizon orpitters gpathe Sptaghmsdivm & nent i s

kept constant.




positi oned between a first end of the first flexure and the frane to all ow
angul ar novenent of the first flexure. 30 Brief Description of the Draw ngs
Figure 1 is a top view of a single rotor suspended within a frame. Figure 2
is a greatly enlarged perspective view of the area 2 of Figure 1. Fi gure
3is an illustration of beam novenent and torsion according to one

enbodi nent of the invention. Figure 4 is a top view of angle softening

el enents according to one enbodi nent of the invention. Figure Sis a
greatly enlarged perspective view of the area S of Figure 4. Figure 6 is a
top view of angle %%Bxfgi&'xﬂgdé‘él:@m&ﬁe@tﬁﬁ & fhefiGminbvaRakgh s@gieodi nent of the
invention. Figure 7 is a greatly enlarged perspective view of the area 7 of
Figure 6. Fi glpl@e@ch@vggﬁwemltewdléﬁcuﬁu PI g¥ampleothe micrg owetisied within a
frame. 10 Des W ng

detail ed descﬁfiﬂgﬁeg(r?ﬁogﬁetﬁ@ﬁoféf@?éx%@%ﬁﬁ%ﬂlﬁ@%&%f Fgg%gncemlugl made to the
acconpanyi ng diayintigsXWplate).f Bowevar, depending npaf the type of micwhinoverj s shown by
way of illuystratjon e od| Ny tion may be
ract i ced. it et By BEE by REREREn ek B At fchnsm U B LT o
and struct ur alofqﬂanbQ@l,d&bla@&magemgmydlbmmrméez dmbtlmn)t Attepartl ng fromthe

scope of the present ent 0 | ow n det d, desc tion,
Cheretore. s ShGrosmBLIE RIS 3 IR g e an s oo telite "o ¢ he
present i nventm®emesnt. defi ned by the appended clains. 20 One enbodi ment of a
hi gh-density storage ule 10 is illustrate 2. Storage
nodul e 10 i ncl udes V4% %W‘E‘?’eﬁ’ﬁﬁf‘ﬁaﬂ}e&ﬁ%‘lﬁw%yd{;c@ﬁsg%&?P‘Hgo PABr 12. Rotor
12 i's bounged by hatn%ete&nﬁdﬂ@er%&rstb%é@@mhliﬁthels@iagemﬁnzo and right
edge 22. The front face 24 of rotor 12 defines an X-Y plane, with top edge
16 and bot t om™¥§® with highepsnmplignqenganiag Jesniepistance temoysrpent. Sloweyer, 20 and
right edge 22 ré’étﬁc%@%e"&u% B- ]%115}% rXov@iﬂeﬁt of E{e%%ageml&flb}pﬁecféﬁlﬁ%ﬁéz I's formed
froma storage nediimthat has a plurality of storage areas 26 for data
storage. The Subehpjencpomplbaneg ofterrois gedesrepted in-plangeamplianesndhist a plurality
of states to { ke 14 i s spaced
fromrotor edéigegg%g&ﬂl péﬁl% gmgfl% g%aypngdgﬁ%e@%%gfm tgffg‘%ﬂ% i nventi on,
rotor frang 14psétienefitoamelnorydeGee bepause thefercos-gengrhatachby thRmtieono 12 i s moved by
a mcro-nover or ac 2 ed on a back
face of rotor "%Ze Ia%%%isclg{hém%v wr]slr?%t %ﬂpﬁe,&m&gcarl%if%orc]l\ﬂeorsuﬁgfgg}egener| cally
illustrated i rstongluEeﬂmin m(aAﬁann&exzhlJ:Temﬂ{eﬂ thedatiosuftin-pland totomt-nbplsnech as top,
bottom left, alh ﬁ“l nt ap d baaﬁl " 'rggre relative terns, and shoul d not
be construed égm iqne t"atcf’ﬁ‘ﬂ 2")4% Bigh e Pessiblen ALTUSRERSIGR SYSfrE st or age
modul e 10). Rak€ign wRich fcfedfep tHelifglané Edmplianddtvitile miaaitinihg, By a suspensi on
system conpri sed of extern fl exures 30 and internal flexures 32 which

i nt erconnett 3TPHYYS 119° apesiratio 5 Aegirable4  F| exures 30, 32 are al so
referred to herein as beans. Many MEMS devi ces use thin-walled mcro
fabricated beans or flexures tQ support npveable masses within their
systenms. The flexures supply Inveption e npyeabl e mass and
conpliance for theamRgs- é&%%ﬁaﬁma"@ev‘i@e%%ﬂa@&@&ﬂ?lﬁ@ of ten

desirabl e to have a suspension system 10 which provides high conpliance in
the X-Y plane cemnhq@pmréicembmcarﬂ%@) Thedevicsvincdusiep e maneablemasdi r ect i ons out  of
the X-Y plyane (o] ;0a] ola50) o tends to
mai nt ai n rzgtor @dh\e\n@%ﬁl n t Ws%@gﬁ?ea%ﬁ Pjggilﬂlt?t at eésggie%?tﬂre?&r%peratl on of
t he menory de‘@xfcedsuehweehsmmgsmdéhqfnarm ahreangtesofterangelement ibe acconpl i shed
in nore than ng e increased
by al |l ow ng f§§51§6}%gp@t§ﬁ%r$ﬁrsggﬁ%@*h% ﬁrﬁétlh-bmrgg& tﬁgﬁFJn ﬂ) wr?l%ul? as the
beans fl ex tha;ovemmdofmelﬁmtﬂmshorter in the axial di rectl on, Whl ch in
turn leads to a decrease in the inplane conpliance. Conpensating for this
axi al shortening has the effect of increasing the in-plane conpliance. In

t he suspenei on syst em shown Brief Be n of the Drawings

Figure 1 is a top view of a single rotor suspended within a frame.

Figure 2 is a greatly enlarged perspective view of the area 2 of Figure 1.



20 1 and 2, the short coupling beam 40 between coupling bl ocks 42 has the
ef fect of conpensating for axial shortening of external flexures 30. The

i n-pl ane conpliance of the suspension system my al so be increased by

all owing the ends of flexures 30, 32 to nove angularly. Even a snal

angul ar novenent in the range of 0.5 to 1.0 degrees at either or both ends
of flexures 30, 25 32 can increase the in-plane conpliance of the device
significantly, wi thout a proportional increase in the out-of plane
conpliance. That is, the in-plane conpliance increases, while the

conpl i ance ratio i $;gm DisahMRrRlonol bEAARGRmoAL 1HA%EEn SURIkgNG beam 40 in
Figure 1 provides a snall degree of angular deflection for external

fl exures 30, pmeeimbipdinent of thegeventiorgul ar def |l ecti on woul d 30 provi de even
greater conpllance | i t hose shown in
Figure 1 tend to haJé%hbgﬁ%ﬁhlgpgh%@%%gﬁgﬁﬁﬁa&n&{§%§&§®§35 ave reduced
in-plane to om&ﬂn@hmfehﬁnvemompl iance ratios due to beamtorsion. As

referred t hereln re intende i ncl ude those
beans. havi i hei ohF I derenk e SaeCr s MRt TS i ghEg: o - Thi s
phenonenon |s desc Figuedb iMattdSp view ef afglesoftenihg gethentsSaccordingfuo adotier
cross-sectional rg.%{?egcgnﬁﬁatl on of a high aspect flexure is 5 shown under no
| oad (Positi orf™RPUMER GRYPHSke and out-of plane |oads (Position B), and

under in-plane, outigte PisaLeatenlh@edhedipebtiRdiew dtakd drkONofDigurds. a | ong,
hi gh aspect beamis_ tlexed in-plane and out-of plane or sion occurs in

the beam The torSIF&‘F“OQ:’G’M%P\@%ﬁf‘t‘Hlé‘B’@HOtPﬁéuWé’éﬁ?de@é“fh%%m?vm st with
respect tojgts axial plane. Because the notion of rotor 12 puts the beamin
torsion due to 10 the NONgQEri "msotqﬁépfémrédg,%ga,mh%cerrent of rotor 12,
the beami s tendency is to Tlex rom Positron C (illustrated in
Figure 3) toward t ﬂlp&ﬂowﬂwﬂeslﬂe(i\éesﬁ@tt@ti Oﬁ@év@feffeﬁ embogdiments, desirable to

have the great I si bl e.

However, the ggén%#%rslglgagg)tt%%c?gﬁ%%}mg gecrg(eég‘;s%l Mg %@?éortgosfr)%%s present in

the beam as deswhichésshaiwoby wayof iustration spealﬁismhocgmemts tompich thace ratio, it

:Nf] desi rabye tlﬂve‘ﬂﬁfx{ ey be &Q&m@&aﬁ‘lﬁo Bé)ﬁnsdleg%?h th%P%hé’r‘é‘inbﬁ&nféké AgyCONPl i ance
il e maxim zing I‘h-"pl ane conplT ance. W I n-plane comgl i ance,

out - of pl ane w&mtthmdahéﬁwcmdmmldgbab@amyntagbaﬁihéa::mﬂmbut depaging t han one way.

For exanple, the torsion and out-of plan i a of . flexures 30, 32
may be decreas‘g’d“%SWBP?‘Igﬁpﬁée“?H‘é'ertt@Hgbﬁeg#l E‘gdﬁﬁq‘f‘f@ﬁﬂ PYSY. The t or si onal
and out -of pl aﬁaeieamlnba:acbetamymailmubgsdhwm@lebqueafméptes@el ection of the
suspensi on system. é‘}? the device illustrated in Figure 1, the
torsi onal and B{fat ge ébﬁh‘?ﬁ‘ﬂ“ﬁ‘ﬁﬁ CIg}mst | exures 30, 32 are reduced by

al i gni ng tdge flexuoaseﬁeodt&é’ntlonaﬁtgﬁiaeﬁsuy@wm%snioauleftbmllumtemu@ounteract t he
torsions created as the rotor 12 |s displaced al ong the Z axis (that is,

when 25 rotor Figuresd andi2 Steregs mpdulsdingiydes  gotes 12254 adp ' The greatest

counteraction s@%ﬂoﬁﬁgrbt%r?@m&&el@ %&ﬁd%ﬁﬁtsﬁ%e gleqwo@tam%qﬁ@tse oriented to
axially point a dpoint of internal” flexures 32 as shown in Figure 1.

However, countlef %Flzgﬁnd)lﬁgftt Béeet23r @@ﬁ@ntéﬁ@ 2410k poterclRidefings anReYl esser ext ent
when t he nt er J res 32. Th
L 3%% 0 t ob § er na{l b‘?@@(iﬂﬁgggg%’:gulﬁﬁhﬂeﬁ s h%ﬂj . e

the position S suc that the axis of

ext er nal fZSeXWﬂstﬂBa@ldlrmh@dse& glignbdwith therhraxis. f Frestufaee2437 retonBibier e al ong
the |l ength of i f in-plane,
out - of pl ane gﬁ@?&?%ﬁé gecrg?%@ﬁ éh%ggasf tﬁ%%?ﬁl}' Pl &aggé)%le{g% f a?‘lel ative
ternms, requirewragebdhasteiaggareds 2bdsoongetaicallyaete 1momftaapthhrehtye§ul t for a

partlcular app tion. ln enbodi ts o he invention .described herein, a
suspensi on sysst E%?‘i %Pﬁéeé‘t?t%%&wamm@% A Morsﬁ@eggés Sl%‘fcd gEor kétl o of the
supporting fl edggsds, 18020and 22¢ 1€ amethboditdneof tRelineentign abtoRtramei £i ng t he
archi ot e (S8 aHORPAIBCHE, BRBnEnRERELLE VP ByeFierSEoy e Eo 1 of e od To
herein as a praitiaby2d, kmeurne)ybwom enmuit@dtwamﬂface%mﬁ&qa the systems

i n-pl ane conpliance. The device, of 8 gures 4 and 5 is simlar to that of

Figures 1 and OPPosif frant ilqsez‘*pé\r@gmswavqrﬁé 1Stﬂ?é°f§&h3é11‘t“§‘faé‘i’de‘ﬁé:égufﬁjhber s. As can
be seen, the gxk&deddbreln, 8¥dei6im1 REnAGRh 9§ @?'%&&nvﬂeh*hg?h@ fARehAI ek t eni ng

el ement 50 at one end of the flexure. he enbodi ment of the invention
shown in Figures 4 and 5, angle softenlng el enents 50 include a rigid
(non-flexing) coupling block 52 secureé to one end of flexure 30, and a 15
secondary flexure 54 extending fromcoupling block 52 to frame 14. As
primary flexure 30 is displaced by novenent of rotor 12, the end of flexure
30 attached to coupling block 52 is allowed to nove angularly (as opposed
to belng flxed to frane 14 as. |n Flgures 1 and 2). As discussed above, the

Y o ~rN " S




secondary flexures 54 may be different for elenents 50 and 50' depending
upon the desired performance characteristics. In addition, angle softening
el enents may be provided to internal flexures 32 if desired. The effect of
angl e softening elenents 50 is quantified in Tables 1 and 2 5 bel ow. Usi ng
a non-linear finite el enent nodel i ng package (CoventorWareTM avail abl e
from Coventor of Cary, North Carolina), the conpliance of a systemlike
that depicted in Figures 1 and 2 (Table 1) is conpared to a system using
angl e softening elenents 50 as depicted in Figures 4 and 5 (Table 2). As
can be seen frMmeRGe teffid, TR QYETROL be GRIUMEDSs d FinilA3h 8n the dvefaricases st udi es
thus far a 10 20% i nprovenent 1 n conpliance ratio was found. The bendi ng
force requi r edrientaiinsgd|thecsoragednedul an end of a flexure in the

Sauat fon: For cex =R 3* B aRfe b GFBEFNF LYy (SRR 70 % 00 11

Young' s nodul uwsmptigediof extbraaldflegaresdhemnittintefnal frexntes 32 whishint¢rbenngctaxis, L is

the | engt h of the. be Xel S di spl.ac nt, of .the. end .of the beamin the
X i recti o dRF AR ghdle 1 EhERBEITRE ballerdtR SR o bl S5 M
mechani cal tr avislyaMEBISalevisés usé s walted rhictodfabrivaed beantfordlexgrksd tance in the x

the. equat| one. RUEETAESIEBINE: WG e syia T8 TCSHELAPONDONRYPBE der | ved
for Ithedf or CegoﬁgdmsbéanCM§i&}ﬂoa@h@ﬁﬂlcgﬂ'&@merﬁa(s@&mva}hﬁﬁﬁ ﬁquati ons f:an ]pe
easily derived, by those skilled in the art, 25 using the principle o

super posi ti on of kA8 C‘b‘éeéi%b%q’éﬁ‘? %@Fé‘,deﬁpli’woéﬁ’reia\?ﬁm%%" PRY | oaded beam
integratiopy may ovmihgcn &a@um& h exte ?ﬂﬂc (if-plaBd sbrifhéd) andB&hani cs of
Mat eri al s" by Muvdi and McNabb. By inspection mp this equati on, one can see
qual i t ati vel y, compliange iivections putynf thegk-Yaplgneew-abplans compliangle a smal | angl e
at one end of 1 ecoh@ﬁEﬂc@Ez{lioQ&ﬁQ%d MaihGHUGRr 116 ithA A X WplhR g 30 fromthe
beam As noted above, Table 1 shows the perfornmance of a suspension system
like that ill Jadilitategbetienoreragion esthe mgmaryXevisal cul at ed usi ng non-1i near
finite element 8 LRd. e far b di splacenments of
rotor 12 al ong theldgeg%%&gr%%ﬁé%éﬁs@wgﬁ?a b%ag%%f\%&%éﬁﬁ@%{éctgﬁr equired to
di spl ace tite root way.aFgicxampleliis-phne eomplione mdydeanasased hiealioping for ng _
e SRR bR IS AR 0 g ance et
adequat el y 1 | Ibgsdnieashesertimehe aRiandi , whichiin men leddstded camthviar its entire
d ly ill tidn hdirectia i ddstdne debeaak [ [

range when consi deri t he,symmet.ry_.of .t he devi ce. TABL

1XYZFxFy FzkxkyPErg € Q%?fwme W%%éhﬂ%%@fﬁﬁ%%é@sfgﬁg%&%sz%1753026924

542931654052690835 980 17397080003032 8060308100600, 1000 61 manag el Onanas00. 114
. . nan ana .

0075728na 78702 A8 41 66‘!"{‘28‘1111‘7%%2%ggg%ﬁ%&&'ﬁ@%’?‘i&%%‘?@é@%&%&@gz%nazooo.

1578270429na7 Q4344 nadT0 axial 3D3eriAE BNakeehild) AdAne 3DABLE 2

| mpr ovenent XYZFxFyEzkxkykzk~JkxkzJkyk~Jkxkz/1ty000. 100589nana5890nananana55
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Although long, high aspect flexures like those shown in Figure 1 tend to

have high in-plane compliance, they also have reduced in-plane to out-of-plane



Al t hough the storage nodul e 10 has been described above with respect to a
single rotor 12 supported by frane 14, in practice a plurality of rotors 12
may be supported by frame 14. A storage nodule 110 having an array of
rotors 12 is 10 illustrated in Figure 8, although finer features such as
angl e softening elenents 50 and 50° nmay not be seen. Although specific
enbodi nents have been illustrated and described herein for purposes of
description of the preferred enbodinent, it will be appreciated by those of
ordinary skill in the art that a wide variety of alternate 15 and/or

equi val ent i LRt atlaRsue Al yeithahSth. £ ARNCEYMENE HARpRYIAGSeS My be

substituted for the specifrc enbodi nent's shown and destribed w t hout
departi ng fronbeame adupmledto inbledpthewdrsms mvengtheight toPhdtheatwisoh skill in the
chem cal , rrechgniociall ellﬁc; ro-tnrec[hasnihcx%l e gl et rciriga wh nrole conpyrer arts wil |
readily apprempgfé“{l%%{?' ﬁegrﬁﬁ]’%Sem plﬁvghtnl%ﬁ ﬁsay be ?}h‘p enented in a very
w de 20 vari et Figak 3eitwitdéhaeoidss-sechional repp¢kntotidn of @ high aspecefekack ko cover any
adapt ati ons_ or ,vari ation f.the preferred enbodi nepts dj scussed herein.
Thereror o ¢ oAt B8] (ortEn ARk R PIoRF 8 U BRPRBHOBE |5 it od only by
the cl a: s and(PbﬁﬁorﬁH),l hilicﬁdldrﬁleﬁ ia-pldhe) @O-bf-plakk and \Wréidn logflﬂp&i{‘m ). )Sis A f

m cr o- el ectro-nmechani ca evi ce _conprising:, a veabl e nmass(12); a frane
(14) for suppo?n]?’f‘%é“&hﬁép%g“é‘m(‘igf’fe &-P%@%@WE%I@G{ BWFSIBAEHSThg bet ween

the mass (12) @BBeddeTHe/t6Bn 6dcdhts evemthoddh tABdath doRf AR wiROwRh RERIRE (50)
operatively positioned between a first end of the first flexure (30) and

the frame (14)toritspxialRlang Rgcaurqihe motionoidrion!2 pits thabeam indprsiondigfoe (30}. 2.
The devi cejpf lﬁlaﬁiofe&t)miﬁ@%s%g{%ng?ﬁﬁg&hﬁnﬁﬁfr&&mﬁﬁe%ﬁ%@éndéég)is conprises a

second flexure (54} having ae ' less than a length of the'first flexure
(30). 3. The d@iesbadkfram tiec Rpsition h illugtiated fireFigure Ghtowardthe Pesit@- | ength i s

S%or less of the fAsrn%EedfaBS%l,th & dedQhediGRg td have the greatest in-plane to out-
of-plane compliance ratio possible. However, the compliance ratio is often
decreased by the torsions present in the beam as described above. To maintain a

15  higher compliance ratio, it is desirable to decrease the beam’s torsional and out-
of-plane compliance while maximizing its in-plane compliance.

As with in-plane compliance, out-of-plane and torsional compliance may
be affected in more than one way. For example, the torsional and out-of-plane
compliance of flexures 30, 32 may be decreased by shortening the length of the

20  flexures. The torsional and out-of-plane compliance may also be reduced by
careful selection of the suspension system geometry. In the device illustrated in
Figure 1, the torsional and out-of-plane compliance of flexures 30, 32 are
reduced by aligning the flexures 30, 32 in such a way as to effectively counteract
the torsions created as the rotor 12 is displaced along the Z-axis (that is, when

25  rotor 12 is pulled up or down by the micro mover 28). The greatest
counteraction effect is achieved when external flexures 30 are oriented to axially
point at the midpoint of internal flexures 32 as shown in Figure 1. However,
counteraction of the torsions are also achieved the lesser extent when the
intersection is not at the midpoint of internal flexures 32. Thus, the position of

30 the external flexures 30 is such that the axis of external flexures 30 intersects the

internal flexures 32 somewhere along the length of flexures 32.



4. The device of claim2, wherein the second flexure (54) has a

| ongi tudinal orientation generally aligned with a |ongitudinal orientation
of the first flexure (30). 5. The device of claim?2, further conprising an
angl e softening elenment (50"} conprising a third flexure (54) positioned
between a second end of the first flexure (30) and the noveable mass ( 12).
6. The device of claimb5, wherein the second and third flexures (54) have

| engths less than a length of the first flexure (30). 7. A data storage
nodul e (10) for a data storage device) the storage nodule conprising: a
rotor (12) having aAéﬂaH'bé‘Eéchf’th@Balﬂﬁh@ B [IPIRRCoR B PPank 20 torsidA8l St Orage areas
each being in one of a plurality of states to represent the data stored in
that area; a f¢upRliapces,)bothgn gbsolusg andyrelativesermseriequires a balpecing cffctorand 11 a
plurality of s alsitdbl ¢ cftont R&nRbiinRhisbym@f secondary
fl exures (54) Fﬁ?@ﬁaétﬁtafr?gqé\nwtiﬁﬁra%%ﬁlag?ﬁgﬁﬁggéfgcf‘g’te lc1)rsle g‘? the primry
fl exures (30), invérgiondesonbailtherkinp risnspensicarsystere isolesaibed hisk allews the0, 54)

ext endi ng bgtween.t he r.ot (.12) .and the franme 4) .to suspend the rotor
Syl P ¢ P bt i oot o (I Redeed b B BUBRSEY (1'% T 7
wher ei n the pr mifhizirgnkk iadeaoe of tyrsionsebeumpBanc@0, 54) are m cro-fabricat ed
beans. 9. The data stora ule (10) of claim7, further conprising a
rigid coupling blodR f?(’)‘éﬁg?iag&gtf‘ ?“%‘%’J‘SI PsmArehitgctiieds o p i i nary and
secondary fl exallo®s ah 3t &) flexidf.304alstichendd af hesdin® pedstinidgy Acxds)abl e rotor (12)
within a frane (14) to provide an inproyed conpliance ratio.conprising the
teps of : ext CHATSApELAH BRinerEyotibe BRIeLS - RAE FOPBBTES ORe GRHGEEn t he Tot or
(12) and the friaimReé44id 5 RRENIRE (0 hitol PRuRS 1 @2, ofitHlaepans stakigg @k ural ity of
primary flexures (30) to npve angularly as the rot oreﬁ&lZ) noves, by coupling
a secondary f | @RFrefCrnennuEbeie & tee Si horexemahiprretalpramedidsde (30) and
the frame (14) i adfoering Aerhert5b at¥3k bndSHlie Alire. AYthe cAibbdintdfl, - AUE

of the invention shown in Figures 4 and $, angle softening elements 50 include a

-

rigid (non-flexing) coupling block 52 secured to one end of flexure 30, and a

15  secondary flexure 54 extending from coupling block 52 to frame 14. As primary
flexure 30 is displaced by movement of rotor 12, the end of flexure 30 attached
to coupling block 52 is allowed to move angularly (as opposed to being fixed to
frame 14 as in Figures 1 and 2). As discussed above, the angular movement of
the end of flexure 30 increases its in-plane compliance. At the same time,

20  because secondary flexure 54 is essentially a short length, high-aspect beam, it
has relatively low out-of-plane and torsional compliance. Thus, the influence of
the poor compliance ratio characteristics of long high-aspect ratio beams is
minimized. The length of secondary flexure 54 may be adjusted for particular
applications to achieve the desired compliance ratios, with the realization that as

25  the length of secondary flexure 54 increases, the out-of-plane and torsional
compliance also increases. According to one embodiment of the invention, the
secondary flexure 54 has a length that is approximately 5% or less than the
length of the primary flexure 30 with which it interacts.

More than one angle softening element 50 may be used for each primary

30 flexure 30. Figures 6 and 7 show angle softening elements 50, 50’ positioned at
both ends of flexures 30. The construction of angle softening elements 50, 50 is

like that described above in reference to Figures 4 and 5. The lengths of
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The bending force required to displace and rotate an end of a flexure in

the x-direction and about the z-axis, respectively, may be determined using the
equation:
Forcex = (12 E L/ L*)(x) — (E I,/ L3)(2,)

15  where E is Young’s modulus, Iz is the area moment of inertia about the z axis, L
is the length of the beam, x is the displacement of the end of the beam in the x
direction, and ?, is the assumed angle of the beam about the z-axis.

The mechanical translational stiffness kx (the inverse of compliance in
the x direction), and the mechanical angular stiffness may be determined using

20  the equations:

kx=12EI,

k6,=EL, /L’

Similar equations may be derived for the forces and stiffnesses along
other axes. These equations can be easily derived, by those skilled in the art,

25  using the principle of superposition of known beam relations, or by derivation
using loaded beam integration methods, which can both be found in
“Engineering Mechanics of Materials” by Muvdi and McNabb. By inspection of
this equation, one can see qualitatively, or by calculations for a given beam, that
even a small angle at one end of the beam can greatly reduce the reaction force

30  from the beam.

As noted above, Table 1 shows the performance of a suspension system

like that illustrated in Figures 1 and 2, calculated using non-linear finite element
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TABLE 1
X Y Z Fx Fy Fz kx Kky kz kz/kx kz/ky
0 0 Ol 0 0 761 na na 7610 na na
5 5 01 140 153 753 28 31 7530 269 246
10 10 0.1 282 308 731 28 31 7310 259 237
15 15 0.1 428 466 697 29 31 6970 244 224
20 20 0.1 580 629 654 29 31 6540 226 208
25 25 0.1 739 798 606 30 32 6060 205 190
0 0 01 0 0 761 na na 7610 na na
5 0 01 140 0 757 28 ma 7570 270 na
10 0 01 281 1 746 28 na 7460 265 na
15 0 01 427 1 728 28 na 7280 256 na
20 0 0.1 578 2 704 29 na 7040 244 na
25 0 01 739 3 677 30 na 6770 229 na
TABLE 2
% Improvement
X Y Z Fx Fy Fz kx ky kz kzkx kzky kz/kx kz/ky
0 0 01t O 0 589 na na 5890 na na na na
5 5 01 9 88 584 18 18 5840 326 330 21% 34%
10 10 0.1 181 179 571 18 18 5710 315 319 22% 34%
15 15 0.1 277 272 550 18 18 5500 298 303 22% 35%
20 20 0.1 379 370 524 19 19 5240 277 283 23% 36%
25 25 01 489 475 494 20 19 4940 253 260 23% 37%
0 0 01 O 0 58 na na 5890 na na na na
5 0 01 90 0 586 18 na 5860 327 na 21% na
10 0 01 181 O 579 18 na 5790 320 na 20% na
15 0 01 277 G 568 18 na 5680 308 na 20% na
20 0 01 379 0 554 19 nma 5540 292 na 20% na
25 0 0.1 489 0 537 20 na 5370 275 na 20% na

10
In Table 2, the performance of a suspension system like that illustrated in

Figures 4 and 5 is illustrated. The non-linear finite element modeling shows that

9
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2 M &, 10%: g: supportLd by frame 14. A storage module 110 having an array of rotors 12 is

10  illustrated in Figure 8, although finer features such as angle softening elements
50 and 50’ may not be seen.

Although specific embodiments have been illustrated and described
herein for purposes of description of the preferred embodiment, it will be
appreciated by those of ordinary skill in the art that a wide variety of alternate

15  and/or equivalent implementations calculated to achieve the same purposes may
be substituted for the specific embodiments shown and described without
departing from the scope of the present invention. Those with skill in the
chemical, mechanical, electro-mechanical, electrical, and computer arts will
readily appreciate that the present invention may be implemented in a very wide

20  variety of embodiments. This application is intended to cover any adaptations or
variations of the preferred embodiments discussed herein. Therefore, it is

manifestly intended that this invention be limited only by the claims and the

equivalents thereof.

10



. 1D8, 10% () - & 10%’ () - & 10%&' () - KKKKKKKeF?:
Mh" & 108, 109 () - & 10%& () - & 10%& () - & 10%& () - & 10%&' () - & 10%&' () - KKKKKKEF
2. MVh"]
. 1D8, 10%&' () - & 10%& () - & 10%&' () - & 10%&' () - KKKKKKKLi J+; & 10%&' ()- & 10%& () -
& 10%& () - & 10%&' () - & 10%' () - & 10%& ()- & 10% ()-LL LLLL6I J+; &Vh" ]
- 1D8& 1098 ()- & 1098 ()- & 109%&' ()- & 10%& ()-LLLLI LOA) L, Li J+: & 10%& () - & 10%&
()-8 109% ()- & 10% ()- & 10%& ()- & 10% ()- & 10%& () -, L/ LALBL<L=L6i J+
&Nh

“he 100 () - SERLREAMEDIS. (V& 10%& ()- =L?LALELGLI LMLPLi J+: & 10%! ()- &
100& () - & 10%& () -Mmieeletyo-Boch@uedl A3vice coORPRSINE - & 1008 () - PLSLXL[ LAL L6i J+-
&Mn" |

- 1D&, 10%& () - & 109" TB¥E2Y) ¢ 100& ()- LalcLglkLmlqltLi J+: & 10%& ()- &

1008 () - & 10%& () -aSbrabA) e pfOM the mass (IR () - & 10%& () -t Lwi] LLLLGI J+
&MN" |

108, 109& () - & 1094 T)e8ers G ersndipebatgen the s AP pd e Bame (R 4 o 100& () -
& 1008 () - & 10%&' (dn-asglt SRRNifE eleme¥50) operajvelymsifignet betwetrsi ﬁrst caef |

&, Tob () - &, 158N felghe Gojpiic b K b b gy S --]& RO

- 1D&, 1098 () - 8exUOEAROY,) - & 1098 () - & 109 () - LLLLLLLLi J+; & 10%& ()- & 10%& () -
& 1098 ()- & 10%&' ()- & 10%&' ()- & 10%&' ()- & 10%&' ()- LLLLLL6i J+; &\h" ]

. 1D&, 109 () - & 10%& ()- & 10% ()- & 10% () - LLLLMVVM J+; & 10% () - & 10%& () -
& 100& ()- & 109%& (ThelevieodE clam &, Wievdn thy asgld @FEning clameniA0BEQnpriged o

]
s 100w () albeiifitgbn iy B ot i iy O ARG, S 1O 67

3Lf &10%& ()- & 10%&' () -*M-M MM M MOMKM X8:

&MVEs' 10%+&' O/oh % 10%+&'

e 10088 () - NN ST i 2 b O S Byl e BN e 10V O

)i -&s' 10%-&bfthe L 7885’ 10948&s' 10%6-& () - &' 10%& () -&s' 10%-& (

)- 85" 10968 () - &' 10%& ()-&s' 109%& () - VM MoMNDMOMRY T(

*)j| &' 10%& ()-&s' 10%& () - &s' 109%-&" ()-&s' 10%& ()- pM M MMM MDY T(

*?vjlvlvl(%/lsvlvlj\./locyd'& 4) - &sThe@etiée df kclais 2, Mol the setendlfliang' (§4)-h&sa IbBgitudingl) - &s' 10%+-&' ()

*)j| &' 10%6-& %5”“&%“"16%‘2"( fligned ith a longitudinal orfsptation of the first flgxure (30)-e<+ 10068 ()
_MVMVWM | ) 2Y&s' 10%-& () - &' 10%-& () - &' 10%& ()-Y T(

:_2&] |(3945 &;O(i/%-gd-é)i) ﬁg}d_cg&%m % 10%-&'% anglesoi{emnégleégnt&%d_& ()-&s' 10%

%)j | &s' 109%6-& @mpﬁsmg@%w f(e)(ur&:$541686t&nédbe&8eeﬂ|@%o&hd SndMEMAIAVHERGreT (

fmsmogo;&}éﬁ &5 0% () - 85" 1098 () - &' 10%E ()- &' 10%€ ()- &' 10%€ ()

“)j| &s' 10%& ()- &' 10%& ()-8' 10%& () &' 10%€ () &' 10%¢ ()- &' 10% ()

- MW | ) ?Y&s & 0%& 10% Y T 1096-& () - NN
NNNNN_ ?Y&s' 10/&&5 @‘Gé}é‘)éf ’éé“’%@“&é"%‘ ‘Tﬁ‘?&k‘"ﬁ)ﬂ"%&' %h)j% £)-&s' 10%-& () -
&s' 10%& () - Nmmmmvenm of the first ﬂexure (30).

*)j | &s' 109%& ()-&s' 109%& ()-&s' 109%& ()-&s' 109%& ()-*N- NONANSN<N@DY T(
*)j| &' 10%&' ()-&s' 10%& ()-8&s' 10%& ()-8&s' 10%& ()-8&s' 10%& ()- &' 10%& ()
- @NCNFNKNONSNXN _?WA d4ta storage module (10) for a data storage device, the storage module

*)j | &s' 10%&|\f("¥"}P§§§§OOM ()-8&s' 10%-& ()-8&s' 10%& ()-&s' 109%& ()-&s' 10%& ()
- XN N N' NcNgNi 109%+-8& ()-&s' 109%& ()-8&s' 109%& ()-Y T(

*)j| &' 10%+&' () - gMkebioNd Riviidy g bl plivaisy dfiiatadrap atess (25); Gis'stbBige-&eds) - &s' 10%+-&' ()

71 as' 109 T VATt i e e RRSER b rorstip s sy

a frame (14);
a plurality of primary flexures (30); and

11



T(

)i|&s' 10%& ()-8&s' 10%& ()-8&s' 10%& ()-8&s' 10%& ()-8&s' 10%& ()-8&s' 10%& ()
- NNNNNNN_ Y T(
*)i| &' 10%&' ()-&s' 10%& ()-8&s' 10%& ()-8&s' 10%& ()-8&s' 10%& ()-8&s' 10%& ()
- NNNNNNE 1) 2Y&s' 109%-& () - &s' 10%-&' () - &s' 10%-& ()-Y T(
*)j | &' 10%& () - NNNNNNN_?Y&s' 109%&s' 10%&' () - &' 10%-& ()-&s' 10%& () -8&s' 10%
+& () - &s' 109%& ()-&s' 10%& () - NNNNNNORY T(
+&

j

) e 109 () - et AOEG ] yE R dlRet (o Sech o VSREMERY) T 1 oee ()

- NNNOOOO ?Y T flexures (54) interacting with an end of an associated one of the primary flexures

)i | &' 10%& () &S 10%& (- &S’ 1OV {)- &S 10%&A{ )= &S 1Q%E (): &' 10%6&
Db 1) v el30h g5 et by b 1Sty 3P40 3¢f didind Beffen e 0
*)j| &' 10%&' (QerQTY 0l he Bade PMESS shiFnEse LOGKER)(WithBrthd B3ME(1H).- &' 10%6-& () - &S
C10%& () - &s' 10%-& () - &' 1004-& () - - OLOAOBO, O<KOURY T(

*)j | &s' 109%6-& () -&s' 10%6-& ()-&s' 10%-& ()- &' 10%4& () - <O?QACEQ OKOOCdDY T(

%) | &s' 109%-& 8) - &sTHeGRtastofdge EHINEUORL{JaiRs, WBIGiSHeprigmlBUs&otdants’ 1006-&' ()
- COROUOZO® Ca G Q. 2Y . .

*)j| &' 10%& L5 esd‘é@@&"’(”j“?’&f*‘%é‘)ﬁﬁb‘i")“‘-s&s' 10%-& () - &' 10%-& () - &s' 10%-& ()
_e0hG O OnOr G 1) ?Y&s' 10%& () - &' 10%& () - &' 10%& ()-Y T(

*)j | &' 10%& () - O 0000 ?2Y&s' 10%-&s'. 10%-&: () -&S'.10%&'.6) - &' 10%+-& () - &S
0 ()- as' Do o e orags s (G filtpdrotiBrs 4ifpd boubing O O

*)i | &s' 109%& blockasitionedd5e))beter dtaRiogijteEinBy et sedonOBPOBRr; P<P=PaTG T(
*) ] 1o+1o+1o+&§3% 410%& () - 3LOGI0%& ()- 3810%-& ()-

33610%-&' () - &T8% &' () - =PQRRXRRS8S| [: TG T( *)j 310%& ()- 31 109% ()- 3
109&' ()- 3109 ()- 3s10% ()- 3L10%&' ()-8SzSSTi TTT|[: TG T( *)j 3! 10% ()-

R T
3s@10% () - VehNiproved vimplinge r@icompOsingthestedso® 3 10% & ()- @ 310% K & () -

3Z10% K & ()- 3&10% K& () 10100VWK XX2VYY] [ ALLQj % G- 3&10% K
& ()- 39@El0% K & P?/‘"%&Wc% °§'PF?‘?V%]§§'&%@%%?$§’§§§%@/?K%(*)e

& ()-fY&{ZZ[ trpiné(14)}aril0] & 10UK&' ()- 3& 10% K & ()- 3&@10% K & ()-S

3&S&F 10% K & () - 3&P10% K & () 3&S# 10%.K & () -[\.\ O TVLIA MW W\ | obU410
3LS10% ()-y10 K 5 ak”‘é%’fb‘&%ﬁp?ﬂ“%ép&@%%ﬂ%%‘ﬂ%?ﬂﬂ% K & ()-

327 10% K & () angulafl§ a¥thg Fatdr(12) @novesIH ottty @ kecotdafil &AM (§4) beGRELMBOR' () -

39f MLOY®&' () - 0%& () - 39f Z10%OR: () =27 ;. p s |[:bU4l0 3 3I,810%& ()-
30@10%W& () - °@%iﬂ%§&%-f?%@?%‘ﬁ‘% frametMhosk: ()- 3@0%& ()- Normal "
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

Par agr aph Font <6! *w4 >BF<MSVYs] bdf hj | nprt vx| AT"s  =>?@\H =LA} ( $k( - 2x7>CvFrJ
K&K5KJ KUKi KuKKKKKKKLL, L=LPL_Lt LLLLLLLLMVF M<NDIWNp MMVIVVIVMIVNINF N@NXNg N~NNNNNNN
NOO- O<O00eOr OOO=P8STVoWY[ \ ?_s™ BCDEFGH JKLMNOPQRSTUVWKYZ[\ ] *_" abcdef ghi j kl m
opgr st uvwxyz{| } ~6Ti mes New RomanAri al Couri er New'h Root EntryWrdDocunent @G

" #$UR' ()*+,-./0123456789: ;
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

12



