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i nyention relates to a slider-suspension assenbly for a data
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(57) Abstract

An integrated transducer-electronics interconnection suspension (12) for a disk drive having a high data transfer rate generally above
(15) Mbytes/sec between the transducer (9) and the read/write clectronics. A suspension (12) supports a stider (10) to which a transducer
(mhlqwnpdmdmdmhsﬂ:esnda(m)hclosepmxhnltymthedkkmﬁm.Anintegmmdmsduwr—elecumicsinmonnec&on
- suspensgonmalaqlimhemmhavingelecuiwlyconducﬁvemaspartofthe‘mucuneandcomwcﬁngthemducer@)wiﬂ!the
» :padlwr}u:.eleckonms.lteunsupporthighdmmzt‘ummbehveenﬂwuansduccr(&!)andthcmadlwritec!ecmnicsbypmvidingmeans
for avoiding sudden changes in the characteristic impedance of the traces to minimize signal reflection on them. The width of the traces
mshagedaqcodhglymwmtabmmchmgeah&emlmpedandecmwdbymboﬁhgm.apemxesandoﬂwrmechaniml
obstructions in the suspension. Changes in the traces direction are gredual to avoid signal reflection. Also, a patterned electrically
conductive back plane may be provided in the laminate to better control the trace characteristic impedance. Where a trace crosses above
abackplaneopening.lamalcxmiasfmmﬂwuace’ssideedysamformedﬁooompmsabeforﬂ;eresﬂﬁngimpedancechange. In
ﬁdt;t:on.. ﬂ;els traces and bonding areas are grouped by signal type, with sufficient spacing between the groups, to minimize cross-coupling

signals.
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the actuator arm controlled flexibility in pitch and roll notion of the
slider relative to its direction of notion on the rotating disk, and
resi stance to yaw notion. In conventional disk drives having air-bearing 30
sli.ders, the suspension provides a |load or force against the slider which ]
S corrpensated by the force of the.air-bearing between the slider's air-
bearing surfacevewskbdee di sk surface. Thus, an air-bearing SpéShssiotasn
mai ntained in extrenely close proximty to,” but out of contact wth, the
data surface of the disk. The suspension typically conprises a | oad beam

35 which is nounted at one end to the actuator arm and a flexure S
el ement whi ch isxﬁﬁaﬂﬁmdﬁa@-ﬁﬂt@rﬁdiéé 18RekcBinEchfor SRPERGRN ARd Whose
gi nbal area supports the sli g ﬁﬁc Bgvides the resilient
“spring action whi ch bi ases the s er toward the surface of the disk.

This spring TcgctloanEgW des fl exi b|||ty for the slider as the slider
ri des on the 40=2 f air between the. air-bearing surface and the

rotating di3k. Al so, the ginbal provides roll and pitch flexibility
needed for the sliderthis inventjos gelapgstireadildfersgnénepeion aenblva faniapdatai on
I s described, fomecording disktdrigce, Moreasmitdamderty,Utke iPedntiddoreihtddto/&b. An
exanpl e of a intefRYE NebRbctibh B! itREkcdihiGctioh Neuspédsion FUSARASIOE diSk

described tn 45 griv@$3vORes Sigh. data R3bnsdle- rade &Bwéekfa transducer and the VO
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2 noa conventr onal air-bearing slider-suspension assenbly,
the slider I S nechanlcally attached to the flexure el enment of the
suspensi on by epyekaround Arthondjng. The el ectrical connection between the
transducer and the read/ wite electronics is made of twisted wires

whi ch run the | engthodfk &ives aiwe istpenionostorapeddbdzas ahat axilbizd ¥y deasthe
fl exure el esent ca@drddaeable disk @ithOd®ncentitc elads wwhciksheonmitingatie Stiogedtddn,
or .ul trasoni cal ly +bodacert @or head) #diCrddadnd dueLEriipBdi vigr Aiga5a0to RAES
| ocat-ed on the Sli-d6fs AMRENGMaty/ RBansducer positioning actuator connected to the
. transducer for moving it to the desired track and maintaining it over the
track during read and write operations. The transducer is attached to a
20 slider, such as an air-bearing slider, which is supported adjacent to the
data surface of the disk by a cushion of air generated by the rotated
disk. The transducer can also be attached to a contact-recording type
slider. In either case, the slider is connected to a support arm of the
transducer-positioning actvator by means of a suspension.
25
The suspension provides dimensional stability between the slider and
the actuator arm, controlled flexibility in pitch and roll motion of the
slider relative to its direction of motion on the rotating disk, and
resistance to yaw motion. In conventional disk drives having air-bearing
30 sliders, the suspension provides a load or force against the slider which
is compensated by the force of the air-bearing between the slider’s air-
bearing surface and the disk surface. Tnué} an air-bearing slider is
maintained in extremely close proximity to, but out of contact with, the
.. data surface of the disk. The suspension typically comprises a load beam,
35 which is mounted at one end to the actuator arm, and a flexure element
which is attached to the other end of the load beam and whose gimbal area
supports the slider. The load beam provides the resilient spring action
. which biases the slider toward the surface of the disk. This spring
action provides flexibility for the slider as the slider rides on the
40 cushion of air between the air-bearing surface and the rotating disk.
Also, the gimbal provides roll and pitch flexibility needed for the slider
to follow the dish surface. Such a suspension is described, for
instance, in assignee’s U.S. Pat. No. 4,167,765, An example of a
conventional slider for use with such a suspension is described in
45 assignee’s U.S. Pat. No. 3,823,416.



of suspension is a conposite or |am nated structure conprising a base

| ayer with patterned electrical |eads formed thereon and an insulating 10
cover layer, as described in IBM Techni.cal Disclosure Bulletin, Vol. 22,
No. 4 (Septenber 1979); pp. 1602-1603 and Japanese Kokai Nos. 53-74414
(July 1, 1978) and 53-30310 (Mar. 22, 1978). In the |am nated suspension
descri bed i n Japasegesokokai No. 53-74414, the slider is epoxyﬁaﬁl%%m;p
the | am nat ed suspension and the transducer konding areas.are soldered to

15 the electrical |eads formed on the suspension. Assignee's U S. Pat..
No. 4,761, 699 describes a | am nated suspension for use with a
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data at vey hi requenci es I'sS requirenent i s par |cu te susé’?ﬁm al 40
in the transm ssion of nearly rectangular wite signals or where t he

connection di stance PITRPYE Uor Patnsiuntd?6-423 dpsERibeR ¥etaansthen svoedpf ve.

The characteri st%“i‘ﬁ?f%&&?ﬂ?éstﬁn fon wWpe méth @aorrgativer prpepeTedslidars i Eed yhim
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pl ane. #31r t hausgEneion B aC BRataC Rikiisilel SheeBEIRNRL1ANS bEhde@ AUSItA! sides to
patterned metal layers and having hinge regions. Portions of the-
laminated suspension near the hinge regions are bent such that the _
suspension supports the slider in a manner to prevent the transducer from
contacting the disk surface. Thus, the stiction problem associated with

30 the negative pressure slider and the disk surface is eliminated.

One of the problems with disk drives using the conventional
suspension or the laminated type suspension is that the ill-defined
. characteristic impedance of the electrical conductors prevents reliable,
35' high data-rate transfer between the transducer and the read/write
electronics. For instance, in disk drives with a data rate greater than
approximately 15 million bytes per second, a large bandwidth is required
between the transducer and the read/write electronics for transmitting
data at very high frequencies. This requirement is particularly critical
40 in the transmission of nearly rectangular write signals or where the
connection distance is large, for instance 5 to 6 cm in a 3.5" disk drive.
The characteristic impedance of a twisted conductor depends partially on
the wire diameter, the insulation thickness, the number of twists per unit
of length, the tightness of the twists, and its proximity to the ground
45 plane. Furthermore, the characteristic impedance of a. conductor
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3 normal |y does not remain uniformover the | ength of the
conductor due to ' changes in its shape, in its spacing from ot her
conductors, or in-the area adj acent to.the trace. These changes are
usual ly required to accommpdate : mechani cal obstructions in the
trace's path. Kooogagasopl e, a conductor may 5 be narrowed | poHEBss0aenas
or changed in its direction to accormpdate 3 openi ngs and corrugati ons
in the suspension, or holes in the suspension used for nechani cal

al ignment. The characteristic inpedance of a conductor may al so be
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| nt ect|on, .
suspensi on. The “BHEA°E Nt %qnggcétlc’ég B W%ﬁ%ngo? Raggicular
traces can then tHee 2§ tFORe}IBY FeRtAH VTG A LFFTE ORI back pl ane under
the traces. 25 Anot her problemw th disk drives using the
conventional suspensfie present inyentive saiwemabedbeyperdispdsbmavidingt thet t he
twisted copsluct GofawasrLasidigctrically bemsabeivtftrdues ng theelavdmedcitunecud of
the suspensi on- shi dRkpasien D! ¥he FhHiges of the tPideB| £ dddise@ScoShwida doept
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i nt egr at ed suspéleTon.of > resent | nven
9 P the trace impedange is to provige talnogle% :!'::Pgagﬂ} %:Smductive back plane in

20 the laminated structure of the integrated head-electronics interconnection
susperision. The characteristic impedance of selected portions of the
traces can then be adjusted by removing portions of the back plane under
the traces.

25 , aAnother problem with disk drives using the conventional suspension
or the laminated type suspension is that the twisted conductors can easily
break off during the manufacture of the suspension-slider assembly. This
problem arises since the soldering and twisting of the conductors are
normally done by a machine in the automated manufacturing of the

30 suspension. The integrated suspension of ‘the present invention eliminates
the breakage of the conductors by including them as a part of the
suspension’s laminated structure. It thus facilitates the manufacture of
the suspension and lowers its manufacturing cost by improving the yield.

35 Disclogure of the Invention

The invention is a data recording disk drive having an integrated
- transducer-electronics interconnection suspension to support high data
transfer rates, for example rates greater than approximately 15 million
40 bytes per second, between the transducer and the read/write electronics.
The integrated suspension is a laminated structure having a base or
substrate layer and a first electrically conductive layer formed on the '
base layer. The suspension has a gimbal area to which a slider is
attached. At least one transducer is attached toc the slider for reading
45 data from and writing data to a disk surface. The first electrically



t he breakage of the conductors by including themas a part of the

suspension's lam nated structure. It thus facilitates the manufacture of

t he suspension and |lowers its manufacturing cost by inproving the yield.

35 Di scl osure of the Invention The invention is.a data

recordi ng di sk drive having an integrated transducer-el ectronics

I Nt er connect i oWwOosgagasasi on to support high data t ranspetceodmasos f Or

exanpl e rates greater than approxinately 15 #illion 40 byt es per second,

bet ween the transducer and the read/wite el ectronics. The .
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el ectrically i négd%&%i}q FUE nab WCRaad BF stpintess b0RhAGT, B yamhde. The

base layer is prg rably. made ofba na, anot enbodi nent of
t he inventi on, thagsee ]ragf’/rermaf's %P EEENT el ectrically conductive

| ayer and an electrically insulating |ayer between 10 the first and the
second el ectrically B’bﬁoﬁf@f?#édlﬂegjﬁent Phcthecprpsent inventicnynehiecehapes |94yer
may be nadé of theiehéarsicalt ersicegtare evarhed dpgmel areas to dompamsatd dgr Isagdsn nay
be pol yam de. changes in the characteristic impedance of the traces. The characteristic

impedance for a section of a trace depends on, among other factors, the
dimensions of the trace section, its proximity to adjacent traces, and the
material surrounding the trace. In a typical suspension, sudden changes

20 in a trace’'s characteristic impedance are usually due to variations in the
trace width to accommodate mechanical obstructions in the path of the
trace, larger width of the bonding areas, or in areas where the trace
changes its direction. Thus, an object of the present invention is to
make the changes in the trace’s characteristic impedance as gradual as

25 poasible to prevent signal reflection along the trace.  Where the width of
the trace muét be narrowed in an area, for instance to, accommodate a hinge
or an alignment hole in the suspension, the change in the trace width must
be gradual to avoid creating hard signal reflection points in the trace.
The gradual change in the trace width results in a gradual change in the

30 trace capacitance and inductance and thus in the trace characteristic
impedance. As a result, any signal reflection along the trace caused by
the narrowed portion is avoided. Such a reflection-free interconmection
between a transducer and the read/write electronics is critical in a high

. data-rate disk drive. The same technique for controlling the trace

35 characteristic impedance applies.where the trace terminates with a bonding
area having a width larger than the width of the trace. The sudden
increase in the trace width as it becomes the bonding area would cause a
reflection of electrical signals transmitted along the trace. This
reflection, however, can be minimized by gradually increasing the width of

40 the trace near the bonding area to achieve a smooth transition in the

' trace characteristic impedance in the region near the bonding area.

8imilarly, a sudden change in the direction of the trace also acts as a
signal reflection point. The reflection problem can be avoided or
significantly reduced by keeping the width of the trace constant across



In a preferred enbodi ment of the present invention, the shapes of 15 t he
electrical traces are varied in sone areas to conpensate for sudden

changes in the characteristic inpedance of the traces. The characteristic

i mpedance for a section of a trace depends on, anong other factors, the

di nrensions of the trace section, its proxinity to adjacent traces, and the
mat eri al surrowoediéragesbhe trace. In a typical suspension, sudeewgBsngss 20
in atrace's characteristic inpedance are ussally due to variations in the
trace width to accomopdate nechani cal obstructions in the path of the
trace, larger width of the bonding areas, or in areas where the trace
changes its dirggd it@fh add¥§, selBcOibhetde Slaibd@fPERSHMab e e84k, §.4.9 the
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possi ble to prevent si gnal reflection along the trace VWher e dth of
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be ‘gradual 3to a¥giugtEreesk ithy a*ramsg?fg ﬁ&?thre’éfbraécatni glesatGatdy jogndursive hé@‘
The ¢t adual charkpee; rprefrrably cerRardt Yecpreed betyepm the daael Javex kadigbdei n t he 30
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avoi ded or ¥

const ant &(9!‘ OSS:Ln the race ca.pac1 meg the aperture can also

PCT/ GB96/ 00290 compensated for by widening the width of the trace in the area directly
above the aperture. In yet another embodiment, one or more lateral
extensions from the side edges of the trace may be created on each side of
the aperture to locally compensate for the capaciténce reduction caused by

25 the aperture in the back plane. Thus, the characteristic impedance of the

trace is maintained generally constant in the region above the aperture
and any reflection of signals along the trace caused by the aperture is

minimized.

ondlng

30 Similarly, thé back plane provides an additional means for
minimizing signal reflection along a trace which has a wider bonding area.
In this case, the back plane is partially removed under the bonding area.
The partially removed back plane effectively lowers the capacitance of the

. bonding area and therefore compensates for the additional capacitance due

3§ to the area’s larger width. As a result, the characteristic impedance of
the trace does not change abruptly as the trace width becomes wider at the -
bonding area. Aany signal reflection along the trace due to the bonding

. area is thus minimized.

40 Another object of the present invention is to avoid reflectiomn
points at the ends of a trace where the trace is connected to a transducer
or an electronics module. Using one or more of the above techniques, the
shape of the trace and the pattern of the back plane, if one is provided,
are chosen so that the characteristic impedance of the trace region near

45 the electronics module is substantially equal to the output- impedance of



5 the turn and by selecting the radius of the inside trace edge,

i.e., the I nner radius, to be the sane or greater than the wi dth of
t he trace. I n anot her enbodi nent of the present invention,
the lam nate 5 structure of the suspension further has an electrically
conductive back pl ane, preferably copper, |ocated between the base

| ayer and t he WO96/42080ectrical traces. There is al so an el ecPcrGabénozse

i nsul ating | ayer, pref erably pol yam def between the back plane and
the electrical traces. The back plane provides additional neans for-
controlling the 10 -characteristic inpedance of the trace so that the

reflection of eltbetalieckdonics modude gn o, cam abophi chiange éal.the luratdie case where
an el ectrical tkchgfacteristic impsaandetls AROURAIL ARE cbitetidd £d1€ndatketbantR,
for exanple, Wheh&1@ANana any rePRctithCof Si&RAY! thefe 19 niRiMUePENSE A1 U106 he
the aperture ef IGELINE e sc ippadhUIERE dhi etrgb@rr@go%r heil! £CARAGHIAD G0l LN

trace and i turn {NC] EaS6s b ar act er

portion of {]he FpaT SUCStRfRial ln s ¢h outpeg Q’P%el a? ng ¢ SRR =°
mini m zed by | o®iRiHge AV sHIPI NG e‘ilﬁét‘é’ge?tt Gper §pd.  Furthegmone, j¥hexg HhRe
trace across it cherachexistie %"Fﬁ??e?%\ POYRFYFEIEM ReRE one of ity emdas e
directly bel ow Bhéferent drom ghatt af thhaitheny endn-2péryperwiidthilofirthantpage’s end
with the |ongit oegivals #vel gifdbrdnip the ascece widiH és rgkdusely tapdred Jetoesm €O

20 in ide t a6 enaaRatbisd 86 Proviak Ne gi@fial thahay én tthe +2REY thicEals@lsO
be conpenggidaded O mig, Ung SR B ofl SR abd1€o l¢h@ClRpbdhnkhe area
directly a8 &\ésnéme@asattuﬁ%nwexs 1L NES nEliRpslgTent . one or nore
| at er al ext ensi ons omt de edges of t he trace may be created
on each side of the aperture_to IocaII conpensate for the

capaci t ance reducti of® GaBEEFETIRP FHodinepf ety b‘éér/t‘ﬁ"re@r?"r?dtﬂ’é’ﬁﬁ"&ﬁn h Fequired
Thus, the Ehar adieh itseiemissign kendeldph foRche electricpl) tgages %Faifh’tté‘ieﬁé(fhie"ed
gener al | y const antringmiziag rayicrnssisows ing detyrent theeread and wring sigyals.
reflection of swhead shalsosgeabiva suppoetsCanree chanyodeh eramp@uder) @he Scead traces of
mninzed. 30 the transduc&isThtdbhdtped toghidek | ansepy avipdesivas. atdis weiwal

means for tPadlsThrAd BRoudhd rsahn&ew ectd QBa@1oNg che LhAGRy \Ma_wéahé& Bead

wi der bondig aLEfees and thd Wri &a%@é%f etP&Q&o%éé‘% NI Joved
under the bondi fG,8r 68 ¢ny sugpentiSn & abGTBY $daRack,PLARg ikl
| owers the capacgiiance of THe “-g r ﬁsat es
for the addltloﬁﬁ Sﬁp‘ﬁiﬁ"t anbEYLRe 3 gtaﬁ'éa F&?‘géfa‘iﬂs Bés a

result, the chaf"&%‘teeFFas‘lcharlenfféH&?fééve 9r°“"ed ang ﬁé’a? £ BEEsEWReE hange
abruptly as therefustéomioft thepexosfeounliifie roeqyesnhhe read angypridentioartsh. Any
signal ref2%ction along the trace due to the bonding ~area is thus
mnimzed. Brief Descripti £ the Drawings '
The invention will now be described, by way of example only, with
reference to the accompanying drawings, in which: '

30 Fig. 1 is a simplified block diagram of a prior art magnetic
recording disk drive for use with the integrated head-electronics
interconnection suspension according to the present invention:

. Fig. 2 is a top view of the disk drive of Fig. 1 with the cover
35 removed;

Fig. 3 illustrates a plan view of an integrated head-electronics
interconnection suspension of the present invention having electrical
trices, bonding areas, and transducers or read/write heads mounted on a

40 slider. The slider is attached to the gimbal area of the suspension;

Fig. 4 is an enlarged view of a bonding area depicted in Fig. 3:



40, Anot her object of the present invention is to avoid reflection
points at the ends of a trace where the trace is connected to a transducer
or an el ectronics nodul e. Usi ng one or nore of the above techniques, the
shape of the trace and-the pattern of the back plane, if one is ‘provided,
are chosen so that the characteristic inpedance of the trace region near 45
the el ectroni cswo®édzo8e i s substantially equal to the output i f
WO 96/ 42080 7 PCT?%@%@E@’O

6 the el ectronics nodule. Thus, an abrupt change in the trace
characteristic inpedance is avoided at the connection to the el ectronics
modul e and any ref| eethon of1uskaiiah o B8lafaded It biT A8 binpar SLilel Bldekiod 1S
characteristic ifIgedABRG:HQs dhlC1iBACCF LA DL 1dsS Lhansducer en 185
made substantialgu;_LFgequ?%taE?_the out put’ 1 npedance of t he tTansauler*s o°
mnim<ze any signal reflTection at that end. Furt hernore, where the
characteristic inpedance of the trace region near one of its ends is
different flomthat &9t 4t Acteckirdal MHgvidfeaniigtevrated handt elaveroniend

regi ofis are dif fiBEefRonngasion spspengicit hevisg gr hasenLagert adce Bt biztanbe Rohdieot 16k
two end regions tracgsrovi de a gradual change in the trace characteristic

| npedance. Thus, any reflection of signals due to the inpedance
di fference between tReg! s80R &Mdct RABORI ek DEMHY ThZEfared nead-electronicd
preferred grbodi;gedleofed: ién hﬁ'&p%ﬁéﬁ:kege;ﬁ SRLERHRY; a1k eqléhraeéi‘i?n 1
transm ssi on baqgmlqwnf.% i grclane%%r‘lrc%t traces is further achteved
by mi ni mizi ng any Crose coupl i ng T ¢ (FASFEAP L ATRSRPT t e signal s.
Wiere the suspension_supports nore than one transducer, the read traces of
the transducers are S%ngéd‘st perHenahyiey ®fcthe irtegtated IHeed- cligetronies t e
traces are groupetersppidcsiin, suspensidudi vitbnan kbditspmdi elpcheicattn chitickt £ad b2k
traces andli he wilanecbétveenthefeliohericannedtsscand ke Hask 18Fer, i@ aR 24l onal
wi dth of the suspensiedligathsalNQAFNEPEE bbeweer HneeelehOrichDTTacRURMd Rie back

plane;

na
hi gh

Fig. 7B is a sectional view of the integrated head-electronics
20 interconnection suspension depicted in Fig. 72 having an additional
insulating layer on the electrical traces and a patterned back plane; .

Fig. 8A illustrates an'alternate embodiment of the present invention
in which the base layer comprises an electrically conductive layer and an
25 insulating layer between the conductive layer and the electrical traces;

Fig. 8B is a sectional view of the integrated head-electronics
interconnection suspension depicted in Fig. 8A having an additional
insulating layer and an additional electrically conductive back plane

30 between the electrical traces and the base layer;

Figs. 9 and 10 illustrate alternate embodiments for gradually
changing the width of an electrical trace near a narrowed portion of the

_ trace;
35
Figs. 11, 12, and 13 illustrate alternate embodiments for gradually
changing the width of an electrical trace near a bonding area:
Figs. 14 and 15 depict the plan views of a trace having a turn in
40 its direction; '

Figs. 16 and 17 illiustrate the preferred embodiments for locating
the peripheral portions of an aperture in the back plane relative to the
trace where the trace is located above the aperture;

45



bet ween t hem Li kewi se, the bonding areas for the read traces and the
wite traces are respectively grouped and spaced for even further
reduction of the cross coupling between the read and wite signals. 25

Brief Description of the Draw ngs ' The invention will now be
descri bed, by way of exanple only, -with . reference to the acconpanying
drawi ngs, in wwobé/s208d Fig. 1 is a sinplified bl oggelimgiosgs of a
prior art magnetic recording disk drive for use with the integrated
head- el ectronics I nt erconnecti on suspensi on according to the present-
I nvention; Fig. 2is atop view of the disk drive of Fig. 1

with the cover 35  pi@M¥e(k a plan view of a wildi@d sectidnUst Al @8ceriBhRRrNdLW

of an integratedqohpad SdieliOBbérlure in the lHALRAMMIECti ON suspension of the
present invention having el ectrical traces bondi ng areas, and

transducers or read/wite heads nount ed f(;; slider. The sI ider is
attached to the gi nbir9arda'dPsTREssaHFe %ﬁrﬁﬁ ‘embostnest ‘or lateraheg‘te%%s an
enl'arged vi&gw offTam fBACEIFY Adees aémnc%le&tlrwahtg“%m both sides of an apepgure

96/ 42080 in the back plane; PCT/ GB96/ 00290
7 Fig. Sillustrates an enlarged view of the ginbal area
depicted in Firgg. 30Si20Wiglgn tview D £l @brdilg e UEEH Scthe tHadk @1anéind

bondi ng areas i bartially delbddCin @RS @bdion undsr ‘bonding pad; Fig. 6Ais a
sectional yjew of an integrated head-el ectronics
Fig. 21 illustrates a preferred embodiment for the removed back
plane depicted in Fig. 20, but where the width of the back ﬁlane portion
under the trace is changed gradually; and

15 ' Fig. 22 is a plan view of a trace having bonding areas at its ends
for connection to a transducer and an electronics module, the trace width
is gradually tapered between its end regions to avoid an abrupt change in
the trace characteristic impedance. '

20 etailed D iption - Prior art

Although the integrated head-electronics interconnection suspension
of the present invention will be described as embodied in a magnetic disk
storage system, as shown in Fig. 1, the invention is also applicable to

25 other magnetic recording systems, such as a magnetic tape recording
' system, and to magnetic random access memory systems wherein a
magnatoresistive element serves as a bit cell.

Referring to Fig. 1, there is illustrated in sectional view a
30 schematic of a prioxr art disk drive Of the type using an integrated head-
electronics interconnection suspension. The disk drive comprises a base 1
to which are secured a disk drive motor 4 and an actuator 5, and a cover
2. The base 1 and cover 2 provide a substantially sealed housing for the
disk drive. Typically, there is a gasket 3 located between base 1 and
35 cover 2 and a small breather port (not shown) for equalizing pressure
between the interior of the disk drive and the outside eavironment. A
magnetic recording disk 6 is connected to drive motor 4 by means of hub 7
to which it is attached for rotation by the drive motor 4. Magnetic
recording disk 6 has a data surface 8 for data to be written to and read
40 from. A read/write head or transducer 9 is formed on the trailing end of
a carrier, such as a slider 10. Slider 10 may be of an air-bearing type
or a contact recording type. Transducer 9 may be an inductive read and
write transducer or an inductive write transducer with a magnetoresistive
(MR) read transducer. The slider 10 is connected to the actuator 5 by
45 means of a rigid support arm 11 and a flexible suspension 12. The



I nt erconnection suspension having a base |layer and electrically conductive’

traces; Fig. 6B is a sectional view of the integrated

head- el ectronics 10 i nt erconnection suspension depicted in Fig. 6A
havi ng an additional insul ating layer fornmed above the electrical
traces; Fig. 7Ais a sectironal view of the integrated

head- el ect r gni C¥©96/42080 | nt er connecti on suspension w th an adBE¥ABMI029

el ectrically conductive back 15 pl ane betwken the electrical traces and
t he base | ayer, and an additi onal electrically |nsulat|ng | ayer
between the electrical traces and the back pl ane; Fi g.

7B is a secti onatuspensjionflt providase gridesthah fontecthdch nyges $h@@lider 10 onto the

i Nt er connect i on darspsmsacen 8 deNid ededr@itd gisk/ A. hautng eeracidhtdonnd disk

i nsul ating | ayerarage} lt8e @lreed hbectl 4 ldodses il aBeskDatdteh A Ksab@1@na the

Fig. 8AillustrajRgadr ) LBISALE SPRAGIFRN by (herdags &Blcd Eé{ﬂ“hbéu} (e,

i n which th bas kdUse HQRRL '16%%&1%?%5&1&9' c\i-onP ﬁ%& V%ur rg 300,30
e

25 _|nsu ati ayver t e_con trica
traces; the ré/a%/ % V%lgg ey 2Eeey :égn% i %Xt%ft ?nnfigsd? ted
head- el ectronics |nterconnect|on suspensi on depicted in Fig. 8A

havi ng an additional Figure 2 is3 foRt viey ¢fapbe iakerian ofdehe fimkafiriveowithi thel | vy
conducti ve back guvane 8énovedhendddiustitatas b bettrgl detedt abe amdpdnséodgewhich

| ayer ; 10 providedsi §Fore abkhkOslikbtII0r s erdel ierdoaird ewdbaisxent shéor
gradual l'y - susP i bR Ghaly N2 w&we&fmm eshﬁ%f sGSdenb IACEudRCRY tle NRNLE QWBGR
-port| on of the Watrous Eﬁéﬂ%ﬁsl Yy as described in a b eeﬂélu élzpaéiﬁg é1§67 765.

il Tustrate alterp; ,%ab&dg é;.i Oglsgra%uﬂésya gimbalel géﬁgnéig@ wci %gagi

an el ectrical tr £ %&1&% & Rgt%l 208 goll ag it ri est%s & 84 PgATing-

depict the Ian
Figs. 16 afd 17 ';'lqe| ﬁ?ﬁr%‘f‘@cf??effﬁ“bf‘bﬁkr PYe o AT SRR bris| OSRTTRG 1nto a dapp

per i pher al port i Ted-Racksgigape by usienth arpid £heation 2af Crpeqsairy 1y itk in an

electronics module 15 located on arm 11. This module can also be placed
on the side of the arm. The signals from transducer 9 travel via
electrical conductors 17 to the electronics module 15, which sends and

20 receives its signals via electrical conductor 19. In the conventional
embodiment shown in Fig. 2, the electrical conductors 17 between the
‘transducer 9 and the electronics module 15 are made of twisted wires, each
having an electrically insulating cover. Typically, the insulated
conductors 17 are soldered or ultra-sonicallg bonded at their first ends

25 to the electrical bonding areas (not shown) of the transducer 9. The
conductors are then twisted and soldered at their second ends to the leads
of electronics module 15. An alternate implementation for the suspension
may be a laminated type such as the one described in assignee’s U.S. Pat.
No. 4,996,623. 1In this type of suspension, both conductors 17 and

30 canductors 19 may be formed f£rom an electrically conductive layer that is
a part of the suspension’s laminate structure. The assignee’s U.S. Pat.
No. 4,996,623, however, does not disclose any means for providing wide
frequency bandwidth interconnection conductors in the laminate structure.

55 The above description of a typical magnetic disk storage system, and
the accompanying Figs. 1 and 2{ are for representation purposes only. It
should be apparent that disk storage systems may contain a large number of

. disks and actuators, each actuator may support a number of sliders, and
each slider may have more than one transducer. In addition, a typical
40 disk storage system may have multiple laminated suspensions, each

including one or more of the embodiments of the present invention.

45



trace where the trace is | ocated above the aperture; 45 WO

96/ 42080 - PCT/ GB96/ 00290

8 Fig. 18 is a plan view of a wi dened section of an

el ectrical trace | ocat ed above an aperture in the back plane;

Fig. 19 illustrates a preferred enbodi nent for lateral extensions 5
fromthe side wogesess¥ an el ectrical trace on both sides of @ FHREHdYS €
in the back plane; Fig. 20 istm plan view of a bonding area
wi th the back plane partially renoved in the regi on under bonding
pad; 10 Fig. 21 illustrates a preferred enbodi nent for the
renoved back Detailpd aRecippid 6f the mniréntid®d, but where the width of the
back pl ane portion under the trace is changed gradually; and 15

Fig. 22 is a plan vi ﬁ&e‘%;g%%% %ﬁﬁ Eavéﬂlgaﬁgwtgg 130 &! %g@érdhﬁc% ﬁ{l‘l&onne%ﬁ;ﬁn

for connection to atra | ectFonics, go e
i s gradual IC% SeTREE 18t ‘ng%rﬁd”f‘vgﬁ? Shs*% 8“5\? P4 ndh
the trace char a@PWg}%p?%%éﬁc@d a #§1l POFEiCR| 4% "B@sﬂsPﬁ‘ﬁlBﬂ P°"‘F‘t°f‘o?1 Art
‘Al t hough t he i nhagreagibahcargacidett o8nia08 Yonvhichoiiider Rdnissathscked end a

mounting base 26 at the other end for attachment to a rigid support arm of
an actuator (not illustrated). The suspension portion 21 further includes

-an aperture 29 near the mounting base 26. Aperture 29 may be required to

10 form a hinge which provides flexure to the suspension. The tail-
portion 22 extends from the mounting base 26 toward the actuator (not
shown). The transducers or read/write heads 28 are attached to the
slider 27 for reading data from and writing data to the data surface 8 of
recording disk 6 . A plurality of electrically conductive traces 24 are
15 formed on the integrated head-electronics interconnection suspension
connecting the transducers 28 with an electronics module {not illustrated)

" located near the actuator end of the integrated head-electronics
interconnection suspension. The electrically conductive traces 24 run
almost the entire length of the suspension'portion 21 and the tail

20 portion 22. Each of the electrical traces 24 has a bonding area 31 at one
end for connection to a transducer 28 and a bondid§ area 32 at the other
end for connection to the electronics module. The bonding areas 31, 32
have a generally larger width than that of the traces 24 to facilitate
wire or package pin connection to the bonding areas. Figure 4 illustrates
- 25 an enlarged view of a bonding area 31 or 32 and a portion of a trace 24.

"~ Although the gimbal area 25 is illustrated in Fig. 5 with one slider 27
attached, it may have more than one slider. Two transducers 28, each
capable of reading data from and writing data to the disk, are attached to
the slider 27. Although two read/write transducers 28 and one slider 27

30 are shown in the illustrated embodiment, a different combination of
sliders, transducers, and types of transducers may also be used. The
transducers 28 are electrically connected to the bonding areas 31 located
in the gimbal area 25.

35 The integrated head-electronics interconnection suspension is a
laminate structure having a base layer and a first electrically conductive
layer patterned to form a plurality of electrically conductive traces on
the base layer. Fig. 6A illustrates a sectional view of a suspension of
the present invention having electrical traces 36 and 37 formed on the

40 bage layer 35. The base layer 35 is made of an elastic and electrically
nonconductive material, such as alumina, from which the integrated head-
electronics interconnection suspension is fabricated. The electrically
conductive layer 34 is preferably made of copper or gold-cladded copper,
and for instance by a deposition process, on the base layer 35. The

45 electrically conductive layer 34 is then etched to form electrically



of the present invention will be described as enbodied in a magnetic disk
storage system as shown in Fig. 1, the invention is also applicable to 25
ot her magnetic recordi ng systens, such as a magnetic tape recording
system and to magneti c random access nenory systens wherein a

magnet oresi stive el enent serves as-a bit.cell. Referring to
Fig. 1, there wo%dd20mtrated in sectional view a 30 schemgddeidbofo®’ | OF
art disk drive of the type using an integrategd head- el ectronl Cs
I nt erconnection suspension. The disk drive conprises a base 1 to

whi ch are secured a disk drive nmotor 4 and an actuator 5, and a cover

2. The base 1 andndvéfe 2rd¥ed\dedesA sﬂ;ﬁ}@%lfﬂmyﬁrﬁg@é g e aiQ QLQr dég%e

di sk d Typiz e e 0! n 8 3 e
di sk r2l ve. aygl ﬁaédrxt d Relelceio ggt&%& 2% kie%g&e igg&? ey pge.é
t

bet ween t he |nter { t?n%hn«g Eaid: ?fttr tH9 L35 Fep%ited
magnetic recordl q’&l & 3 nné"&?eﬂ‘st’ba‘&??\}éy?ﬁ)?ﬁ)r‘“an hl?yarﬂéé(ﬁ% o8f hub 7
to which it is EP? é‘ﬁ%‘a‘a‘r‘%r"rr‘iﬁ atdieheqrrie materiay csughtagr alming domteidcover the
recor di ng di sk SlerEriepldsrages (fof mrotecting tiattrates Boomwanaen coorancn, eackos0
from A read wortddimndherlatinans dteertude ivith @hh@ded stifmeksai | i Nng end of

a carrier, such as a slider 10. Slider 10 may be of an air-bearing type

or a contact recordi Pl PR snbvd Nadbes p?eﬂ?yedb&cﬁ%@ﬂeﬂg%y% 1&6adadd

Wi te trangiucep: fo.at og%gtigzsgﬂrge&%esaaeeéwsgfcsmgthr&gggua L olgsd St'ﬂ,ge

(MR) read transggc&r The..s 1S _conn or

e
means of .a rigi éjupeg)ermdmm 1Lh A 5‘?““’5?158@?%?%al’fcmf‘?'néle‘:é"“lly
VO 96/ 42080 ctive layer 40 and a second electrically insulatimptme}ogggo

9 susp&heFBHcaldy sopduchie davaradl ig prefersbinimede OFf groppehand Magtare 10
onto the dermedsen the dage 85 vhany coworiy guokts kangnaieni oy degeei tdnon of
the disk 15 grocess. t Mee @leateicalllpringulating aayéh el disSpreBefibla L ansleabtic
speed, and the material such as alumina, silicon nitride, or polyamide to provide _
electrical insulation between the electrical traces 36, 37 and the second
electrically conductive layer 40. The second electrically conductive
layer 40 forms a back plane which may be patterned to allow better control
20 of the characteristic impedance of the traces 36, 37. Fig. 7B provides a
sectional view of the integrated suspension depicted in Fig. 7A with a
patterned back plane 40 and an additional electrically insulating cover
layer 38 above traces 36, 37. Similar to the_laminate structure depicted
in Fig. 6B, the additional insulating cover layer 38 is added to protect
25 the traces 36, 37 from damage, corrosion, or to provide the laminate:
structure with enhanced stiffness.

Figure 8A illustrates yet another preferred embodiment for the’
laminate structure of the integrated head-electronics interconnection
30 suspension of the present invention. In this case, the base
layer consists of a second electrically conductive layer 45 and a first
electrically insulating layer 46 formed between the conductive layer 45
and electrical traces 36, 37. The electrically conductive layer 45 is
.. preferably stainless steel and the insulating layer 46 may be of a
35 dielectric material such as polyamide. Fig. 8B illustrates yet another
preferred embodiment of the integrated head-electronics interconnection
suspension. This suspension has the same laminate structure as depicted
. in Fig. B8A with an additional electrically conductive laver 47 forming a
back plane between the first electrically insulating layer 46 and the
40 traces 36, 37. The added back plane 47, preferably copper and may be
patterned as in Fig. 7B, provides additional means for controlling the
impedance of the electrical traces 36, 37 as does the back plane shown in
Fig. 7a. 1In addition, an electrically insulating layer 48, preferably
polyamide, is formed between the electrical traces 36, 37 and the back



actuator 5, which is typically a linear or rotary voice coil notor (VCM,

5 noves the slider 10 generally radially across the data surface 8 so

t hat the read/ wite head may access different data tracks on di sk 6.
Figure 2 is a top view-of the interior of the disk drive with the

cover 2 renoved, and illustrates in better detail the suspension 12 which
10 provi des WOPEH2080t 0 the slider 10 to urge it toward thep&/ék?ﬁﬁ,o gg 1 NE
suspensi on may be a conventional type of suspgnsion such as the we -inomm
WAt r ous suspension, as described in assignee's U S. Patent 4,167, 765. :
This type of suspension also provides a ginbal ed attachnent of the slider
which al | ows t helahé dered propits rianditn) insddatfonBelfgenOthd BEaAE 305 i08-
15 The data dabeascRthian®m disk 6 by the transducer 9 is processed into a
dat a read- back signal by signal anplification and processing

circuitry in an el.ectr.onj cs ule 15 located on arm 11. This nodul e
can also be placed 28 ®€ ?‘Fif"gie cg?‘gggﬁs'tmha‘?fmtherﬁﬁ“??d’rﬂl & ohpgafteristic

transducer D tr dURFIApF per unit of 1angEh 3highy ABRFEES 03, BROAYD OthRy EdworsOnmhes
nmodul e 15, whi cHiBeFdennAf the tracecdbs wdosaness $p YA tvackse| andt theCAbterial
conductor 19. |spricwedirantientiaeal As well lewibodinnedet £ha)vihe Nehbkgbhte2istiRe

el ectrical condusbeiascd bebaintees 1dagth of a th&N64HI66calorBbed BE @Il CS
nodul e 15 are made o i sted wires, each having an electrically
i nsul ati ng coverde TYJYCal"bgre Ehand fATRthejinductance g Repasitande aee wot der ed

or ultra- I cal 0, hej Lt n 5 0 the electrical :
bondi ng arSi(:ahgs ( lgﬁ%hgp\tgn :ogc?a% 'ek{ilp %%%t?f%%:%r d%’t% eev‘-lelules °f BR80T BFE P&re
then twisted and SOl dergd At i nert SRTSHPEHS tP2FHa reagesuring inggruments.
“electronics nodule 15. An alternate inplenmentation for the suspension
may be a | am nated tJpfersimghtagignd  oereidscililbextaied assiagndew sofUa SarPated
No. 4,996, 623. PertiRhS$7 ipahefelsciaperidvorpndiyatine coacks% Or Blébtr ad 130
conduct or 1519 nayndsetiver nxecte$ robmsuBpedions ok Ctel yypeOSIAUTAY Y& thadesédtat i S
a part of the stuspeEStrOBre sbdbifed Batdiowbd il RrediiCaRasi GNER SuddeRsidito
No. 4,996, 623, B@NRVAEchafRAS ALk 8&IO8E OO BRARS ok BT A Hli9.1 d6,
frequency bandwgglnai RirebseRNOQEE I8 £RNALGE O Snidd Eﬂ}%pi Q:glﬂl%t %% shLucture.
3B The cRQKEL IESE! Lldalileols dnk MPhSELs TRIDCLLS, dLsX sTotage
system ang i eech%gcongan)él ng s, Loand> 2 ar & Tof e pf s ERLHEFHT
purposes only. PP ShSoPd bE aﬁﬁ?ﬁt‘f’?‘fﬂf‘“ﬁfisﬁpﬁ FPadEaes st Ethhny
contai n a | ar gePTRATBEAnYeation, siqpalixeflenrign [dyatter e parrAwed porkior ifay
support a numbeRingpizgd §uxeduging the width sfhtrsick BSr oradyallavEyonnite tdwmmalone
transducer. |n vifithti 3Ore thet ygstrirted harrowdwiithsir agbe Yyt cpghanCthe
mul tipl e | am natsgesuisisl N®Esos, ireacCdradual decrdedsd Udithg €HaGe WapiEitansd ahdQ
embodi mentzs of he@upr-aatidast-inePis-Oiductanceas- it becomes- narrewed.— Consequently,.
the characteristic impedance of the trace 55 does not rise sharply at the
narrowed portion 57 and the reflection of electrical signals due to the
restricted portion is therefore eliminated or at least minimized. Fig. 10
shows an alternate configuration for gradually tapering the width 61 of a
30 trace 60 to become the width 62 of the narrowed portion 59 using curved
segments 63.

Fig. 11 illustrates an electrically conductive trace 66 terminating
into a bonding area 65 for conmection to the transducer or the electronics
35 module. Because of the larger width of the bonding area, the area acts as
a reflection point for electrical signals transmitted along the trace 66.
In the present invention, this signal reflection can be minimized by'
gradually increasing the width of the trace in the region where it becomes
the bonding area 65. The tapered portion 67 causes the characteristic
40 impedance of the trace 66 to change more smoothly as the trace width
becomes gradually wider near the bonding area 65. Therefore, any
reflection of signals along the trace due to the bonding area can be
avoided or minimized. Fig. 12 similarly illustrates a trace 75 with a
gradually increasing width. However, in this case the trace 75 joins the
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Det ai | ed Description of the Invention Referring to Fig. 3,
the integrated head-el ectronics interconnection suspensi on of the
present invention is an integral unit 12.conprising a 5 suspensi on

portion 21 and WO®&#308porti on 22. The suspension portion 21 PCT/GB96/002R a
gi nbal area 25 at one end to which slider 2718s attached and a :
nmounting base 26 at the other end for attachnent to a rigid support arm of -
an actuator (not illustrated). The suspension portion 21 further includes
an aperture 29 neadidghersiustinNghebfsaRl Gs ARRas WECtIRObsHYnd AréL Ghivedd d£0ad 0
forma hinge Whidah &fa0¥ 48 Jike dd! fadvl InNBiSUSDENSAD Rrace 1 gbdivhi1ly enlargea
portion 22 extengdsyddont Lhg JTRENGELNGPARE £ 03&%&1&?%%%%%3{1@ d8los the

shown): The tra ers_.or read/write heads .are atia p tphe

slider 27 for req%g#%xq %taet%é fsﬁg ml\glr’fdh\‘/‘v? ﬁai%ﬁ% ada’ftgfref %n%t ﬁ%n%éﬁrggéﬁ W EFFPREY
recordi ng d? sk 6RCTRIIRY ERE PR PE A BRIT PEAITFH0 Al FERT \FRe hoading axees Y 15
formed on the i rM8&RF SPERGheaRIeRYSd2r oni cs i nt erconnecti on suspensi on
connecti ng the transddgeesl9ghois B Rianctievtofomt cdeenrdedldy(eratiugtive Sirpea d)
| ocat ed near thaasixigiat @irnesidwithihhhel piletgraeft ek et eleetticaniy eonductive

i nt er connect i on 1ay&PeNAithBughl BR1ye b et Bégrak | tars Ok bkdunVigere| ahe SemBdaiméAit of
al most the,gnt i rigel gRgkdt @ﬁvénhﬁqnsuﬁmeéIcenuﬁastafoalﬁ&n@lrag. t BBe ti¥hée 30 nas a
portion 22. Eagh,pf aE*\ﬁli‘iL%gréu% %ﬁgﬁ%&ér % %3001k gch@r&%vg’]shgéaone

r
end for connectign to.a transducer }Qa% ondi area, 32 .at the o r
end for connectiBRACTHTHEIET 88 Fn R s B ec{;%‘(?ﬁd%ng %Fgﬁescttéf °§2 ©
trace creates a reflection point for electrical sighals transmitted along
the trace. Therefore, the turn must be gradual in its change of direction
15 to minimize any reflection of electrical signals along the trace. This
result is achieved by selecting the inner radius 83 of the turn 81 as
being equal to or greater than the width 82 of trace B0, as illustrated in
Fig. 14. In addition, the width 82 of trace 80 must remain generally
constant across the turn 81 as shown in Fig. 15.
20 .
Figure 16 illustrates an electrically conductive trace 85 crossing
above an aperture 87 in the back plane 86. Such an aperture 87 may be
necessary, for instance, where an opening is provided in the suspension 12
to form a hinge. The presence of the aperture 87 under the trace 85
25 causes the characteristic impedance of the trace to rise suddenly as the
trace crosses the periphery of the aperture, in turn producing a
reflection point for signals travelling along the trace 85. In the
present invention, this signal reflection is minimized by locating the
aperture 87 relative to the trace 85 so that its peripheral portions 88
30 are at a non-perpendicular angle relative to the longitudinal axis of the
trace BS5. As a result, the change in the characteristic impedance of the
trace above the aperture is more gradual and any reflection of signals
along the trace 85 due to the aperture 87 is minimized. Fig. 17 shows an
5 alternate configuration for locating the peripheral portions 88 of the
- 35 aperture 87 relative to the trace 85.

Another preferred embodiment for minimizing signal reflection along
. a trace which is located above a back plane aperture is shown in Fig. 18.
Tn this embodiment, the trace 90 is deliberately widened in the region 91
40 above the aperture 92 of the back plane 93. The widened region 91 of the
trace is made as large as necessary so that the added capacitance and the

reduced inductance due to the widened region will compensate,

respectively, for the loss in the trace capacitance and the gain in the

trace inductance caused by the aperture 92. As a result, the

45 characteristic impedance of the trace 90 is maintained generally constant



have a generally larger width than that of the traces 24 to facilitate

Wi re or package pin connection to the bonding areas. Figure 4 illustrates
25 an enl arged view of a bonding area 31 or 32 and a portion of a trace
24, Al t hough the ginbal area 25 is illustrated in Fig. 5 with one
slider 27 - attached, it may have nore than one slider. Two transducers
28, each ~ wogsaese of reading data fromand witing dat apegcabcoesdesk,
are attached to the slider 27. Al t haagh two read/wite transducers
28 and one slider 27 30 are shown in the illustrated enbodi nent, a
‘different conbination of sliders, transducers, and types of
transducers NMyasdveoiaCaiseske T0Gnd any sighiRRELUERIH 21%n§lrt‘iieetl:%€£ chGalal by

connected to th&ms@atnge %eﬁmﬁ&ehocei d1g furf_her'gio& Pgrga IRl 522 3ne 35
The integrated hge

ni cs, LNt er ct
| ami nat e structﬁr‘%ghaw 0 8 Das 3 taé:%}?éH‘ °ru?ns §€ e|%rcetv?rr cﬁf‘ﬁ}‘l TSR e
| ayer patter ned®?ig® ?cﬁaﬁ‘i‘% B?JS&I‘Y*P?X% T8RP cal |y conductive traces on
t he base Iéyer Fig. 6Aillustrates a sectional view of a suspension of
t he present inventi Righah?i hifuskrates|vss| anorkayesongbguratic®7 s comensatinhe 40
base | ayer 35. sifden liaseeabayier tBb charanedtdstilc tnpedimet of thdradecet wherd ke
nonconduct i ve ndsei f locadéd) aBbvellati Mpafsurk rANMAVELE batib @104y €9 aters head-
el ectronics int é‘ér&@&\&%@idnoﬂs DASORNSIAY Hedefidid GRLARIrnelREad! S€1he GRLY 96
conduct i ve gl ayeg, 34elSn @ 8L HMA0las TRAGe %Eea?%ﬂ&ﬁ‘er 994&&& 9@"%9%9@”
and for i nst ance. %’E ‘1% sl tItOI’l RI otﬁessthoog h Da % :%y 4
el ectrically conguctiv 5 -3 8 PRAT Rt h%(f FS chraﬁﬁ HOWRBY EBg poFrove
WO 96/ 42080 portion 100. n the present invention, the increased Wc@gﬂ@}: 2900
11 COMRREARIOPCOR the dFacRs CawFrd by Hhe apeyBuTy PBomdathesnarraed: i onal
vi ew of the portipmaeymay e hewensHted tioprhivecens ot @proiaewil csrteusipendPon
depicted 8 from thHe(gtramd, schaviheglataralldktdnoims ¥ @cd Eboaldl yn ek adiiang
| ayer 38 deposi é®fé of the trafe Hheankl G @5thd6,sidd .of TOR aptivubad b Iy €stal8 nay
be a layer of gize of the 1ateral extensions 99 is chosen such that the added

capacitance of the extensions is approximately equal to the capacitance

loss caused be the aperture 98 and the narrowed portion 100.

20 Consequently, the characteristic impedance of the trace 96 will remain
generally constant in the region above the aperture 98 and any reflection
of electrical signals along the trace due to the aperture 98 or the
narrowed portion 100 is minimized. The preferred embodiment depicted in
Fig. 19 includes a pair of lateral extensions 9% on each side of the

25 aperture 98, with the extensions 99 further having gradually tapered
sides 95 for achieving an even more gradual change in the characteristic
impedance of the traces.

‘Pig. 20 is a plan view of an electrical trace 105 terminating with

30 a bonding area 106 which is electrically connected to the trace. Both the
trace 105 and the bonding area 106 are located above a back plane 107.
Like the bonding areas shown in Figs. 11-13, the larger width of the -
bonding area 106 creates a reflection of electrical signals along the

' trace 105. With a back plane, however, this signal reflection may be

35 minimized by partially removing the back plane under the bonding area 106
to0 create an aperture 108 in the back plane. In addition, a trace-like
portion 109 of the back plane directly under the bonding area 106 is left
intact to obtain an even more gradual change in the characteristic
impedance of the trace 105 near the bonding area 106. The trace-like

40 portion 103 generally has the same width as the width of trace 105 and
extends in the direction of the trace. Fig. 21 illustrates the same
trace 105 and the bonding area 106 as in Fig. 20, however, the trace-like
portion 109 includes a gradually tapered portion 110 to obtain the
combined result of a partially removed back plane and a gradual width

45 change for the trace-like portion 109.



5 pol y-urethane or of a dielectric material such as alum na fornmed over

t he electrical traces for protecting the traces from damage,
corrosion, or for providing the |am nate structure with enhanced
sti.ffness. . Figure 7A shows anot her preferred enbodi nent for
the |l am nate 10 structure of the integrated head-el ectronics

i nt er connect i OrWeBGEBBET ON. In this enbodi nent, the | aperabssoocs
structure conprises a second electrically 15 conductive layer 40 and a
second electrically insulating |ayer 41. The el ectrically conductive
| ayer 40 is preferably made of copper and nmay be formed on the base

35 by any conmonly k@QEEhelrﬂd'ﬂenainl b BEefiePS ehidAtnekes of PP BASHnt :rlbgntlon,
el ectrically i nsybali.ngs QQY&re fr]acéé a4 ‘érﬁ'ab. YeePofl 1B 85 p(iane, 1f euReferial

such as al um na, on n| mde to e°|nec’tr| cal
i nsul ation bet wé’rgv 4e3” 3 racegsxﬁ%"rs’"f’rﬁ i P 288 Fapimiaues to

el ectricall cor?gﬁﬁ’tnl &e ﬁsé %acﬁés s PREIRIECY PSR F?d BSn"d‘&cH'a\?SS In
| ayer 40 fo%/ ms PABRIGRIPT.afike FRIERtIRIFL IR ipradeesenefl & bragk| iawthe regioncoenrr e
20 * of the clrdeekroni¢ss mpdnle rigscmiiecsubstantially aQwd R6oudnt impEdapce7dE the
provi des a elesigohicnabdule ewasfa rlwll ntangraifeebtions PE NSieotridapisitedlsi N
Fig. 7AwWth a along thpairkéd peshubad byPdr BBl Aidddaaite afldhdd @0he electronics
el ectrically insyhald Bfs G8Vidle trace may! B 8loid8a 2RO¥E 1L£s%cs§m§§zea37 rhg Heb@

to the lanjpate :ﬁrpaasgwrg Eirf'eoh%%@gomcs moauwc % cﬁv@amtﬁag%ﬁ tcogg%kéﬂ

| nsul ati ng cover alanc me urin n thr env from
damage, corrosi one i E? PUEnt émf

enhanced stiffné& §°"‘r°ni°s odule. Simd Cjﬁjrye %‘}3 ﬂ”rr&gf?réf'ﬁé’ Vﬁﬂed%ﬂﬁ?t ?ifer" trace in
preferred emboditheriedien nepe the transduggs AfMRds (Subeteatialdy anel itAtdgr eptedt
head- el ect r oni csimpedance gfnthst Foms@grer to nimindesiapy sdénalhrefieesiontat that end

I nvention.15 | n tdfi shecasame.t he base | ayer consists of a second
electrically conductive |ayer 45 and a first el ectrically insulating

llayer 46 formed betwagnadai€icaONAUEddeV end aiftfactristic impeailrd:eeizﬁ%élz%alon near
traces 36, 37. Thg &1 eQE h&acLLé/e EQ’IﬁEEééeX@ ér@:){% 5at' éne her en%r elar all v
stainless steel qggf l'xI nérace %Xg rﬁal% re gl rent dgfi of Eh ric

mat eri al such a anot

preferred % odl"ﬁg?ﬁ 18fgttaﬁ‘éa]11ﬁtt€ P eﬁett‘i’gﬁfbl léf ‘?f’? Pt ﬁ%&ﬁnﬂ’(ﬁ‘?’bn
suspensi on. Thi SP8MEHERSTE RS ﬁ’é‘%&?ﬂé‘tf%ﬁ%ﬁaéc%tiwé’?tﬁeé aFigefct ed

in Fig. 8A with idhustFates arriace |24 chaviies |a| ‘901@61‘&1@6?4 vé fox\Rlechricpyraenprption
back pl ane bet weena ttdrandducet (adte ghownd adridya ihepdinat areg 32afer cdnegnibn he ah0
traces 36, 37. elketradiednbduel (dbarshovn),. prhef eidthlof eppedceapattidy 102 at one
patterned 2z inecnathr ¢he tpidVislRSrnadht irpbRlcngRABEL bOIthe ORatd dokBiGnt I3 at-

| npedance of thengl &ektidndloft ERAL€5ackl, e ﬁ%tQQﬁStEaES Ragk gIQL@J&QnS QQMi—ehnm .
Fig. 7A In addifion, 28 g &%%ﬁﬂﬁ&@ﬁ@ Pbkiignb %jsmﬁ anb Sk AReY ection

p0| yam de, is f% .fIE et Wegbrupt cha.nge n tracr:ea%.gg ée getween 1: e two end

30 Finally, in the preferred embodiments of the present invention, the
electrical traces and their associated bonding areas are grouped
rgspectively by the type of the signals they carry to minimize any cross
coupling between the signals. Figs. 3 and 6A illustrate a preferred

. embodiment of the integrated suspension having such a grouping. In this

35 embodiment., the read traces 36 of the transducers are spaced closely

~ together generally along the entire length of the traces. The write _

traces 37 of the transducers are similarly spaced closely together. In
. © addition, the read traces 36 away from the write traces 37 as far as the

width of the suspension can accommodate. Likewise, the bonding areas for

40 the read traces 36 and the write traces 37 are grouped together,
respectively, and the read trace bonding areas are spaced away from the
write trace bonding areas as far as space on the suspension allows. Such
a grouping and spacing of the traces and their respective bonding areas by
signal type would minimize any cross coupling between read and write

45 signals travelling along the traces. As a result, an integrated head-
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12° pl ane 47 to provide electrical insulation between the traces
36, 37 and t he back pl ane. : As el ectrical conductors,
each of the traces has-a characteristic 5 i npedance per unit of length
whi ch depends on, anobng other factors, the di mensi ons of the trace,
its cl oseness tWO®42080 tr aces, and the materi al sur r owrciicEyed200
trace. As well known in the field, the charatéeristic i npedance per
unit of length of a trace can be cal culated by the formula Z[err] =

[err] where L and C are the inductance and capacitance per unit of 10

| engt h of the treleetronbspdéntdreaingctiobBoduspédado dhompordtihg ahtls Gnawyhdre
neasured by convRBhdigias dibelesédna erhdnstesditativedtid WRASHE bk b8 SubpbFRNd S.
Referring to Fi GigR aatdQrnind sbidnUSnb@idRy, InbPhnls WreW AL & Qa}fi%ﬂ’%ga-rate
portion 57 in thg_eleetrically conductive trace 55. Electrically 15
conductive fraces on suspensions .of the type simlar to the present

i nvention aTe sonetimes narrowed in certain areas of the suspension to
avoi d nechani cal obstructions in their paths, such as the aperture 29.
Such a narrowed trace portion results in an abrupt change in the
characteristic inpedance of the trace 55 which then acts as a reflection 20
poi nt echoing electrical signals transnmtted along the trace. 1In the
present invention, signal reflection due to the narrowed portion is

m ni m zed by reducing the width of trace 55 gradually fromits normnal
wdth 56 to the restricted narrow wi dth 58. The gradual change in the

trace width results in a gradual decrease in the trace capacitance and a 25

gradual increase in its inductance as it beconmes narrowed. Consequently,

“



t he characteristic inpedance of the trace 55 does not rise sharply at the

narrowed portion 57”mﬂmmﬂmﬁmmlnnon of electrical signals due to the
restricted portion - |l nat ed or at l'east mnimzed. Fig. 10
shows an alternate cbdbnf§gdrathiofi for gradually tapering the width 61 of a

30 trace 60 to beconme the width 62 of the narrowed portion 59 using
curved eE 96120805 63. Fig. 11 illustrate

el ectrical 'y ‘conductive trace 66 term natings into a E%%Z?%ggmgzrgga 65
for connection to the transducer or the electronics 35 nodul e. Because
of the larger width of the bonding area, the area acts as a
reflection point for electrical signals trgaggd tted along the trace 66.

In the present invention, this signal reflection can be mnimzed by

gradual ly increasing the w.dth he_ trace in.the regi.on where it becones
the bonding arex 65.g ﬂ?@e?%ﬁgrggg %’Ft?dir’?g%"fe‘(’%ﬁé%% df‘ﬁgdﬁﬂva?r Bgttgfité’f’?&aﬁﬁ‘g
i npedance of t Hedtfa¥Ehsg qa5acAPIheRe ABred STBRAMNPSE 488} fer trikidoviaspnte and
becones gradualtepdigisddatantom thee dbdndihey tEaneducst befhg pstanhed tong slider (27)
refl ection of stagmeigedladinpentiaot rec dahueurtfocs wé thendlisheg ar ectuvater iber

avoi ded or m nimdvied thd-isfidet2ackions |tak| disk) lan6 tahaé RSt Ponief@eaTiRe WidoBrically
gradual | y i ncr eaahdtiteditd! the EOMBYRIer, | thel MisPermASC el bl BEGnade b@uBEudhe

WO 96/ 42080 comprising: _ PCT/ GB96/ 00290
13 obonding area 76 in the niddle of a side of the bonding area

i nstead of " at - _one end of %pg side as shown in Fig. 11. The trace is
gradual |y enlarged 2 2% $®hot®R'bf its sides so that its width gradually

beconmes the width of the bonding area. Fig. 13 illustrates a

di fferent confi gur a@i Hifst cregrdgaiiy gomiuctivenlayensithg 36hS™wi T h6Gbf 66 [Fair
of traces 70 r#sars, h8s.bdhdiohg 1prforgell on the basé rigyenry e pdemgibtyt of 72.

Fi gure l4ishowsiacfdiastlyl @wdodtisa wheed (BOabhiereamdacingveniar eaasdider (28)
having a turn &havddili dletfiRnpéaR6adl, tdaen fder sdiaelR6k4 inaMdgya GRAGUGE AR
layer. Although@nlsg) :ned0-ddefirdesdd blad $os U ENC cornBEe AP AR U afiiucer

and the electronics module; and

20 means on the laminate structure for preventing abrupt changes in the
characteristic impedance of each trace when data is transferraed between
the transducer and the electronics module.

2. a suspension (12) as claimed in Claim 1 wherein
28
one of the traces (55, 60) includes a narrowed portion (57,59); and

the preventing means is a transition region (63) near each end of
the narrowed portion, the width of the transition region being a gradual
30 variation from the width of the trace to the width of the narrowed
portion, whereby any reflection of electrical signals along the trace
caused by the narrowed portion is minimized.

3. A suspension (12) as claimed in Claim 1 wherein
one of the traces (66, 70, 75) includes a bonding area (65, 71, 76)
having a width larger than the width of the trace for ease of electrical
- . connection; and
40 the preventing means is a transition region (67, 72, 77) near the

bonding area, the width of the transition region being a gradual variation
from the width of the trace to the width of the bonding area, whereby any
reflection of electrical signals along the trace caused by the bonding
area is minimized.

45



10 t he pr Pohe@Pplies to turns of all angles. The trace 80
has a mﬂmumpmvllﬁm e turn has an inner radius 83. Like the above
sh deSConti N tises«I n. t he trace, any abrupt change in the
dlrectlon of the trace creates a reflection point for electrical
signals transmtted al ong the trace. Therefore, the turn nust be
gradual in its wbhasgmsef direction 15 to mnimze any reflggt g&g’g{m

el ectrical signals along the trace. This 18 result is achieve
selecting the inner radius 83 of the turn 81 as bei ng equal to or .
greater than the width 82 of trace 80, as illustrated in ' Fig. 14. In
addition, the wi dih 8% sabpdnsice () H3!S1aimREBid cOBRET Fhédbin const ant
across the turn 81 as shown in Fig. 15. 20 Figure 16
illustrates an el ectr b c cros bove an
aperture 87 in thgzt) ‘%mg%hgq"gg e (ﬁ iélaégeer ?uénB@k% Tnner” radius
necessary, for instaie &% %A Sp%'ﬂfiﬁ YEvi ﬁé’dw#ﬁfef’héhgﬁﬂmil% 12
to forma hPnge. ™A?8 ’F?rés%ﬁ’?ﬁéﬂél’ @ﬁétaa‘ﬁe‘f’idﬁ?e‘aéﬂ ofn'dher taahe iy theere@fioRof the
causes the char at¥@ ¢ng ke jippardradias off theetemmbaving & val@esamdond yhas thdie
trace crosses thgenesallyhemgtaft vinghagfetheltegcd, Mwenely o deflieBtich of

refl ecti on poi ntefeekrixagnsilgfalsr sionk| thegtcd NGuESE b a6 &udh . isl MinikEzed.
present invention, this signal reflection is mnimzed by I ocating the

aperture 8fgrel agjve § Quififsidnae®) 85 %Qaﬁneatin SR eRISER oﬁgfitsn?“% 88,39
are at a non- perggg ?ﬂ%

re | tudi na
trace 85. As a r su?‘jtk%é%hga %%etéle l'l%%'hguce har ac’t gr?sgﬁ’# ?ﬁ?eﬁ?ﬂ%&“cﬂe {35
trace above the ABeftinad dgt?rgf‘g“ é*’%u?&a"f SHFTRCE AP, U LRASE P BFLte) Eregr i3
al ong the trace ¥5 wti¢ieg ek LR fEet e BFERAS n¥RerAny Ske TR tracRssirsgTaaned
al ternate confi geiRgathernanid the yrine PRpcEd carp egriopbrsi Bdgeploart | mydswidBedd thlere3dd
aperture 8%5rel atdages tage tlvcatadomaySfrom the write traces ArdikbficePSFFEEEieft o
embodi ment for rmiimiinizzi epssi @oplingedd €nd is@fnadk Wegween the Pedd’ B e¥linghereS
| ocat ed above a kack drhadie aperture is shown in Fig. 18. In this
‘embodi ment, the trace 90 is deliberately widened in the region 91 40

b h 9 ed f h
e i apiréé“" Ta %egﬁssg’w%c?g?@ﬁ’ Pl Bfasda 1l Gialh GO0 ere{ni%% %ﬁn% oG PR
°riin DS ARy ¢ Sl qu?h"tfo

reduced in uct an e gnding areas for
respectively, ‘Ffé' F’o??c?% ‘?'ﬁea’f"r e, 8;*'&@??“%0@”3#&%%59"&'%9 ibAnding
trace induct ance’réaﬁ%ﬂ Irgatedoavycfiop, Ehegpritastrace bopding arieas g5distance
characteristic igs5éinge tof ninknizer cross SPubPkingmifntls Ribale betwdehytheonetdant

trace bonding areas and the write trace bonding areas.

25
7. A suspension (12) as claimed in Claim 1 wherein the preventing means
comprises: *

a second electrically conductive laver (40, 86,93, 97, 107) between
30 the first electrically conductive layer (34) and the base layer (35), said
second electrically conductive layer forming a back plane patterned to
minimize reflection of electrical signals along the traces, and

. a first electrically insulating layer (41) between the first and the
35 second electrically conductive layers.

8. A suspension (12) as claimed in Claim 7 wherein the back plane (86)
has an aperture (87), at least one of the traces (85) is. located above a
portion (88) of the periphery .of the aperture, and said periphery portion

40 . of the aperture is at a non-perpendicular angle relative to the
longitudinal axis of the trace, whereby any reflection of electrical
signals along the trace caused by the aperture is minimized.

9. A suspension (12) as claimed in Claim 7 wherein the back plane (93}
45 has an aperture (92), at least one of the traces (90) is located above the
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,ﬂﬂm Emmmmﬂ"ﬂmrture 92 and any signal reflection along the
trace ca aperture is mnimzed. Fig. 18 further shows

gradual changes in "t hé width of the trace 90 by tapered portions 94
to prevent signal reflection . points caused by the wi dened region 91.
5 WBi9g/42080 i | | ustrates yet another configurati onptpigresnszse
conpensating ‘a sudden increase in thagcharacteristic inpedance of
the trace 96 where the trace is |located above an aperture 98 in the
back plane 97. This configuration is particularly beneficial where

the width of theetttes £ &R wiatHWH eid bR 1PR:88dusade i Rgide c?:te

the aperture 98pbPe@¥0i wheReby an: refﬁeﬂgﬂ'&‘@h%ﬁ&qc ngQ gléng ra.c €
tr ace as ShOWQ:aQXe& Q; r% &I is m%nmgoéé I on 100 e pr

ar

I nvention, the Increase acter |npedance of the trace
caused by {he aperture 98 and the narraowed portion 100 may be

conpensat etl forhy SnEPERoRre(Rhtas slainsd dAsFigiR 9991‘%1’1 the g de regiamace
96. The later a‘l91 AcBRSisgh R 9TRnglelongparsiptondVi pers eadhjef its endsedhe wifith he
trace 96 and orefeie¢dehr txmngditioh roheicaperingre gfBivalheariatieh from the w7 off
the | ateral extuhBsiragns ROtheS widthsSeN thelGHdé Bégiohe wREY any refle€iRAChd ance

of the extensi QigcicaPRigH18B18hy t8EURhcd Rabdld SPRAEE WiAEC Begion 1s | 0SS
caused bejphe apgifueg. 98 and the narrowed portion 100. 20 Consequent |y,

t he characteristic |rrpedance of the trace 96 wr | rerrar n general ly

constant in the_region above t aert 8 refletl of
electrical si gﬁ&l s &8 ?‘f‘?‘é’nt{l E:eap f“%daﬁ C1§ Foyy thf l\"ﬁ’é plane (57)
narrowed porti d¥#5 1850 2PertiTei(Af)zedt l?ﬁ'?é’ B?%Pér%d“’é’ﬁﬁ%d?ﬁbﬁf ipspred gepvienthe
Fig. 19 incl udepentysa; randf theqtxacy| ingindefisd daterdd entersich GPHEroh & BidepBdge
aperture 98, wdthticheraet ems nens ti¥) apenthhe rtohaompengpage fdual Rgcdeagpeiedche
sides 95 for achheattagistic AWPEdaNBE SFgihadtsdce 10 BEE redicnhabool adha Cipektilel, C

i npedance of tRBetdt3Cony reflection of eledtrPeal?@idndis aRbidyNtid @¥eRf callled by the
electrical traggelfret & HiNakiidg W th 30 a bonding area 106 which is

electrically connected to the trace. Bot h the trace 105 and t he

bonding area 1 ar Iocated a Ia e 7.

bondi ng a%‘gas s (')wn%l mﬁﬁ\f fﬁ% e a\’\ﬁ“%t HEgeit fae oe e B tﬁ%ﬁ?a. ng

area 106 creat 9% F&F’r"@&flaohmtﬂ“%laéﬁ‘t r‘FE@I AYigAat YidtoRFIPRFhan the width
of the trace for ease of electrical connection, and the back plane (107)
is partially removed under the bonding area to compensate for a decrease
in the characteristic impedance of the trace at the bonding area, whereby

25 any reflection of electrical signals. in the trace caused by the bonding

area is minimized.

13. & suspension (12} as claimed in Claim 12 further comprising a trace-
like portion (108) of the back plane (107) under the bonding area (106} to

30 compensate for a change in the characteristic impedance of the trace in
the region near the bonding area, the trace-like portion having a width
substantially the same as the width of the trace and extending from the
rest of the back plane, directly below the trace and generally in the

direction of the longitudinal axis of the trace, whereby any reflection of

35" electrical signals in the trace caused by the partially removed back plane
is minimized.

s 14. A suspension (12) as claimed in Claim 13 wherein the trace-like

portion (108) under the bonding area (106) further comprises a transition

40 region (110) between the trace-like portion and the rest of the back plane
(107), the width of the transition region in the area adjacent the rest of
the back plane being wider than the width of the trace-like portion and
gradually tapered into the width of the trace-like portion, whereby any

_ reflection of electrical signals in the trace caused by the trace-like

45 portion of the back plane is minimized.



trace 105. e, however, this signal reflection may be 35
mnimzed b m“mma'mﬂg I ng the back pl ane under the bonding area 106
to create an+apertwre 188 tn the back plane. In addition, a trace-like
portion 109 of the back plane directly under the bonding area 106 is |eft
I ntact to obt e‘#@g@%@ven nore gradual change in the characteristic

i npedance of -t % 105 near the bonding area 106. The t rRGI¢GEOFRE0
portion 109 generally has the same width a %he width of trace 105 .and
~extends in the direction of the trace. Fig. 21 iIIustrates t he sane
trace 105 and tpe bonding area_106 as in Fig however, the trace-Ilike
portion 109 i néPude® %4°Q (’J’thl(ﬁ) Fﬁﬁ'&?ﬁﬁdp’d’r FH}H‘ } MBeTIRoHeabane ayer (35)
conbi ned resul FORATLSLH ARG PLEITIRALAY (PRRGLCHE YN daverd (4] anddem el editdidnlas
change for theinguiabing kavepol48i dretH&@. the first (34) and sdAGnDELERDBER1LY

PCT/ GB96/ 00290 conduective layers. 15

Furthernorse, in the preferred enbodi nents of the present invention,

t he shapes of hbe ti%@ﬁsdﬁe& Ebﬁegﬁﬁﬁﬁiﬁ-aw%smeQOér@’d i:J rQ&@dirﬁ; '
provi ded, are ﬁi) Weegf YRl 9pd rlllgv 5"%&1: lé Iaﬁsl?‘ g Lrte% 911: useusrfaceI an

obtain a desi re L-Sto'v(f anc«‘s\1 5
particular, thé ¢ ar ac er| st | c 9"1”195% Yi i ’é?j‘la'c')’ﬁ’en'é"arth? he

el ectroni cs no8tf%es? sasn‘éfﬂée%ﬁ%'faaﬁ’f%ﬁ F%td"ué"ftat 6°6'BF %@d‘&rﬂ%”@ﬁ t he
el ectronii¥s nodtfasionet £headigk) angAp. pIECHEQREFY ModYleefa PrIcessing data| read

al ong t he tracérqr axtuoeibtey tantlebdagst swnfpesiabive tehwmdyeeraslidhe sebmns o o6
modul e end of témembhmcemprayidge avoi ded or at | east mnimzed. The output 10
i npedance of the electronics nodul e can be obtained with a conventi onal

i npedance measurings Isamwmitmaatsiﬁ@a\ﬁdoge&mvhh&ﬁu&uﬁp dagl g efeql he

el ectronigs nmogideS e FhE I E'a)iskti rded@fReteristic inpedance of a trace in
the regi on near the trans ucer is made substantlally equal to the output

| pedance of the ! ansgucer f Qo BLILER B We%h 8] (b SR Ot S el e

writing data to the data surface;

20 a laminate suspension (12) as claimed in any of Claims 1 to 15, and
having two ends, its first end attached to said slider; and

. & generally rigid support arm (11)_ having two ends, its first end
attached to the second end of the suspension and its second end attached
25 ~ to the actuator.

-17. A data recording disk drive comprising:

a disk (16) with a data surface of concentric data tracks;

30 )
means (4,7} attached to the disk for rotating the disk about an axis
generally perpendicular to the disk;
. a slider (10) ma.ingained in operative relationship with the data
35, surface when the disk is rotating;
a transducer (9) attached to the slider for reading data from and
writing data to the data surface;
40 an actuator (5) for moving the slider generally radially relative to

the disk to allow the transducer to access the data tracks;

an electronics module for processing data read from and written to
the data surface;
45



In additio haracteristic inpedance in the region near

one end o liﬂlﬁ I@E“ f’f erent fromthat at the other end, and the

wi dt h of $ end regions are different, the width of the 20
trace is gradually tapered between its end regions so that an abrupt
change in the trace characteristic inpedance is avoided. Fig. 22
illustrates awWoa€084 havi ng a bonding area 31 for el ectri cair/GBYE96 | ON
to a transducer (not shown) and a bondi ng ardda 32 for connection to an

el ectroni cs nodule (not shown). The width of the trace portion 112 at one
25 end of the trace is different fromthe width of the trace portion
113 at t he otéépmimate ahsgdneidn dTD. ad edaivedt in afy bf ateind1its 15, and
gradual | y taperrgring two ends, iegifipstl bda hetawdes dohsaiaraigees gyl portions to
avoi d any signal reflection _ caused by an abrupt change in the trace

i npedance between the tyg.,end SQJDportharm (11)F'hg@+xlgyté | g, t‘ez. grg:.r%{.redxq

enbodlnent of t r8se |nve aces an

their assom at ea‘d':rl:fi‘c it §° q"é‘ree r& ?g?ou%lgdsuspens"‘mraggd'éf‘,ﬁevgﬁ“{/eﬁ? ARG pe
of the signals t °f0 m ninze any Ccross coupl i ng between the
signals. Figs. 3 and 6A |Ilustrate a preferred enbodi nent of the

i ntegrated suspension having such a grouping. In this 35 enbodi nment
the read traces 36 of the transducers are spaced cl osely t oget her
generally along the entire length of the traces. The wite traces 37
of the transducers are simlarly spaced closely together. In

addition, the read traces 36 away fromthe wite traces 37 as far as the

wi dt h of the suspension can accommpdate. Likew se, the bonding areas for 40
the read traces 36 and the wite traces 37 are grouped together,
respectively, and the read trace bonding areas are spaced away fromthe
wite trace bonding areas as far as space on the suspension allows. Such

a groupi ng and spacing of the traces and their respective bondi ng areas by
signal type would minimze any cross coupling between read and wite 45
signals travelling along the traces. "As a result, an integrated head-

WD 96/ 42080 ' PCT/ GB96/ 00290
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el ectroni cs interconnecti on suspension incorporating this and ot her

techni ques disclosed in the present invention will be able to support a
hi gh data transm ssion bandwi dth, which is critical in a high data-rate
di sk drive. 5 WD 96/ 42080

PCT/ GB96/ 00290 : . 17

CLAI V5 woDb6/42088\ suspension (12) for a data recording g4 i of
the type having a disk wwith a data surface (8), a traﬁgfég%%h%§8)
for witing data to and 5 readi ng data fromthe disk, the transducer
bei ng attached to a slider (27) mai ft/gl ned adj acent to the data
surface of the disk, an actuator for novi ng the slider across the
di sk, and an el ectronics nodule electrically connected to the

transducer, the suspefsi og,bei ng | agi nat e structure conprising: 10
a base | ayer (35); %? q1 ?% ?ﬁl U electrically é%nductive | ayer

(24, 36, 37, 55, 60, $6, 70 \ 75\ 80, 85 Y0, 96, 195) forned on the
base | ayer as a pl ulfiBAFDIZABZ 7777 AL AL ALY [CONHAAAAETIN aces,, ( 34)

i ntertonnecting sai @transgucer (28)
each of said traces ypavi ngf a bondifng 3
ends for electrical [gonnection to
nodul e; -and

each of its
e electronics
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20 means on the lam nate structure for preventing abrupt changes

in the characteristic i npedance of each trace when data is
transferred between t he transducer and the el ectroni cs nodul e.
2.. A suspension (12) as claimed in Caim21 wherein 25 one

of the traces (55, 60) includes a. narrowed portion (57,59); and

the preventi nOwo®gisose S @ transition region (63) near each eﬂg"§L

the narrowed portion, the width of the transition regi on bei 8W§aﬂal 3
variation fromthe width of the trace to the width of the narrowed
portion, whereby any reflection of electrizhV signals along the trace

caused by the narrowed portion is mnimzed. 3. A suspension (12)
as claimed in Caim1l wherein 35 one of the traces (66, 70,
75) includes a bonding area (65, 71, 76) having a width | arger than
the width of the traced&or ease of electrical - connection; and 40
the preventing neans i$ a transition region (67, 72, 77) near the

bondi ng area, the width of the transition region being a gradual variation
from-the wi dth of tike t\race &wi dth of the bonding area, mhggeby any
reflection of electflc “xal s along the trace caused Qy the boWdi ng
area is mnimzed. WD 96/ 42080 ™

PCT/ GB96/ 00290 &3 X
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4. A suspension (12) as clainmed in Caim1l wherein one
of " the traces (80) includes a turn (81) having an inner radius (83)
in the plane of the conductive |ayer, and wherein the preventing 5

nmeans is a generally constant width (82) of the trace in the region of the
turn and the inner radius of the turn having a value greater than the
general |y conswdsmspesdt h of the trace, whereby any reflecti OBC'P;GBD 0290

el ectrical signals along the trace caused by the turn is mnimzed. 10
5. A suspension (12) as claimed in Caim1l further conprising a second.
transducer, each of the transducers having 371 east one read trace (36)

for reading data fromthe data surface and at |east one wite trace (37)
for witing data to the data surface, wherein the read traces are grouped
toget her and the wite traces are grouped together, and wherein the read 15
traces are located away fromthe wite traces a distance sufficient to

m nimze cross coupling of the 3@ aps bet ween t hgyread ; and the
wite traces. 6. A suspy | f in Caimb5
wheretn the bondingfgggﬁﬁ 20 ' gr ouped

t oget her and the bondi'ng areas §or the wite traces (3y¥) are grouped

together, and the read trace bonding areas are lTocated away fromthe
wite trace bonding areas a di stance sufficient to mni e Cross
coupling of the signals between the read tr-ace bondi ng aras and the
wite trace bonding areas. 25 3§ . p8fsi on 2 s clainmed in
Claim1 wherein the preventing TRAs N orisea 3

second el ectrically n&gcti ve |y iee O3 wErn vorbra bk
the first electricafﬁg nduct i.

e |layer (34) and the base | a
mnimze reflection of electrical signals along the traces, an
a first electrically insulating |layer (41) between the first and the 35
second el ectrically conductive %g ers. 8. A sus §9sion (12) as

clainmed in Caim7 wherein the (86) 41
IS LTS Yrr sty
FIG. 7A

tween 30
er (35), said

FlG. 78

FIG. 8A

FiG. 8B




has an aperture (87), at |least one of the traces (85) is. |ocated above a
portion (88) of the periphery of the aperture, and said periphery portion

40 of the aperture is at a non-perpendicular angle relative to the
| ongi tudi nal axis of the trace, whereby any reflection of electrical
signals along the trace caused by .the aperture is mnim zed. . 9.

A suspensi on (W@peadsec! ai med in Caim7 wherein the back pl apErdtddnhesd
has an aperture (92), at |least one of the traces (90) is |ocated above the

WD 96/ 42080 PCT/ GB96/ 00290
19 aperture, and the width of thg srace is wider in the region
(91) above the aperture, whereby any reflection of electrical
signals along the trace caused by the aperture is mnim zed. 5
10. A suspension (12) as clainmed in Caim9 wherein the w der region

(91) conprises a transition portion (94) near each of its ends, the width

of each transition portion being a gradual variation fromthe w dth of

the trace to the width of the wi der region, whereby any r§Pngtion of

el ectrical signals along the t§face caused by the w der regfon is 10

m nim zed. 11. A sugﬁénsion (12) as glaimed in G dm7 wherein the
ﬁ DiE the traces

>1udes a | ateral

back pl ane (97) 56 has
{96) is |ocated above]the
extension (99) fraypp

conpensate for a \%%}
) {) 240700

trace in the regi ,
el ectrical signals afong the trace caused/(y /

n aperture (98)
aperture,

m ni m zed.
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20 12. A suspension (12) as clainmed in Caim7 wherein one of the

traces (105) includes a bonding area (106) having a width | arger
than the width of the trace for ease of electrical connection, and
t he back plane (107) - is partially renoved under the bonding area to
conpensate for a decrease i'n the characteristic inpedance of the
trace at the bB@H6MHZ080r ea, wher eby 25 any reflection of etechidntdo
signals in the trace caused by the bonding . area is mnimzed.

13. A suspension (12) as claimed in Caim,2]2 further conprising a trace-

| i ke portion (108) of the back plane (107)5d der the bonding area (106) to
30 conpensate for a change in the characteristic inpedance of the trace
in the regi on near the bonding area, the trace-like portion having a
wi dt h substantially the same as the width of the trace and extendi ng
fromthe rest of gﬂe back plane, directly bel ot he trace and
generally in the Irection of the,] ongitudinal/axis @2the trace,
whereby any reflectio f 35 el e Ay signals ifn the t{face caused by
the partially renoved |back pl ane is mnimzed. - A
suspensi on (12) as I W 13 wherein the tr )
portion (108) under §t he jpondi ng ar (106) further ransition
40 region (110) trace\l i ke portion t he back
pl ane (107), the ] ransition r¢gi he area adjacent
the rest of t he back plé@n g wder th i of the
trace-like portion and 82 ¢ Yrddual lly tapered i i@€h of the
trace-1li ke portion, whereby an refl ectfo | ectrical signals in
the trace caused by the traceAi portion jof the back plane is

m nim zed. 83 96/ 80

PCT/ GB96/ 00290 15. A

20
suspension (12) as clained in Caim1l wherein the base y. (35)
conprises a second el ect riE{Q,IMconducti ve | ayer (47) g@ ﬁ electrically

88 86

87 88

| \f// ), FiG. 17
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i nsul ating | ayer (48) between the first (34) and second electrically

conductive layers. 5 16. A transducer-slider-suspensi on-arm
assenbly for a data recording di sk drive of the type having a
rotatable disk (6) with a data surface, an actuator (5) for noving

t he transducer generally radially relative to the di sk so as to read
data fromor VWP96/4288@ a to t he data surface during 10 r ot ptT/GBeddo2dohe
di sk, and an el ectronics nodule for processing data read from and
witten to the data surface, the transducer-slider-suspension-arm

assenbly conpri si ng: a sli der6(1170) mai.ntai ned in operative
relationship with the data 15 surface when the disk is rotating;

a transducer (9) attached to the slider for reading data from and

witing data to the data surface; 20 a | am nate suspension (12)
as claimed in any of Cains 1 to 15, and having two ends, its first
end attached to said slideggnd a gen ly rigid support
arm (11) having two ends is first end att @thel"to the second end
of the suspension and i ys\00RONH engly at t ached 25 to theERRat or .

17. A data recording \i\‘\\\\t E)g“iﬂ)risin ; 94 \\\\\\\\\\\\\‘\\ with
a data surface of -&\:\s\e;- i track ,9 0 \\\\
attached to the disk 8 c::\: NPHEN" 7 A \\\\\\\\w*-
per pendi cul ar to the -\‘%&Q\\\\\ / A4d ] /:.Q\:\\\‘.\\\Q\f\\ .
operative rel ationshi .W}ﬂ YAy A/ ' AL ¢ /T A7 .,,\ : :

" an

d f d AN .‘
e o B NN N\

A ,
the disk to allow the ‘\s‘\\\\ (LY 4 \
an el ectroni cs nodul e \\\\\\\: 5 Q
t he data surface; w \
- \\\\\ FIG. 18 A
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a | am nate suspension (12) as clained in any of Clainms 1 to 15, and

having two ends, its first end attached to said slider;
generally rigid support arm (11) having two ends,

and

its first end 5

attached to t kgo9sgeesyl end of the suspension and its second féﬁ%@s}o@ﬁ@ed

to the actuator.
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