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1. Field of the Invention The present invention relates generally to
protection agai nst damage to nagneti c head assenblies caused by
el ectrostatic discharge during handling and assenbly thereof in
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METHOD OF ELECTROSTATIC DISCHARGE PROTECTION
OF MAGNETIC HEADS IN A MAGNETIC STORAGE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to protection
against damage to magnetic head assemblies caused by
electrostatic discharge during handling and assembly thereof in
magnetic storage systems, and more particularly to a method of
protecting against electrostatic discharge induced damages in
respect to magnetic head assemblies implementing

magneto-resistive (“MK) sensors in magnetic disk drive systems.

2. Description of the Related Art

MR sensors are well known and are particularly useful as
read elements in magnetic transducers, especially at high
recording densities. They are used as read elements in thin film
heads ('MR headd) for sensing recorded signals on magnetic disks
in magnetic disk drive systems used in the computer industry.
The MR sensor includes a thin stripe of magnetoresistive material
which is positioned between a pair of thin film gap layers which
are in turn sandwiched between a pair of thin film shield layers.
The MR sensor is part of a recording head which is attached to
the tip of a flexible member which is cantilevered from an
actuator arm for positioning the head relative to the magnetic
disk surface to perform read and write operations. This
assemblage is often referred to in the industry as a
head-suspension, head-gimbal or head-arm assembly.

A major problem that is encountered during manufacture,
handling and use of MR heads is the buildup of electrostatic
P § vl
3. to LEgo é
19 tc naged ‘47

...... Tl =0 I

s




magneti c storage systens, and nore particularly to a nethod of protecting
agai nst electrostatic discharge induced damages in respect to nagnetic head
assenblies inplenenting magneto-resistive ("MR') sensors in nagnetic disk
drive systens. 2. Description of the Related Art MR sensors are
wel | known and are particularly useful as read elenents in nmagnetic
transducers, especially at high recording densities. They are used as read
elenents in thin filmheads ("MR heads") for sensing recorded signals on
magneti c disks in magnetic disk drive systens used in the conputer

I ndustry. The MR sensor includes a thin stripe of magnetoresistive materi al
which is positioned between a pair of thin filmgap |layers which are in
turn sandwi ched between a pair of tRin filmshield | ayers. The MR sensor is
part of a recording head which is attached to the tip of a flexible nmenber
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such as plastics, during construction and subsequent handling of

the heads, for example. Further, in the presence of

electrostatically charged fields, the MR stripe is prone to

damage.

This sensitivity to electrostatic damage is particularly
severe for MR sensors because of their relatively small physical
size. For example, an MR sensor used for extremely high
recording densities will have a cross-section of 100 Angstroms
by 1.0 micrometers or smaller. Accidental discharge of
electrostatic voltages of only a few volts through such a
physically small resistor is sufficient to produce currents

i capable of severely damaging!or completely destroying the MR
sensor. The nature of the damage which may be experienced by'an
MR sensor varies significantiy, including complete destruction of
the sensor via melting and evaporation, contamination of the air
bearing surface (the surface facing the surface of the magnetic
disk), generation of shorts via electrical breakdown, and milder
forms of damage in which the MR sensor performance may be
degraded. Needless to say, the manufacturing yield is
negatively affected. Because electrostatic charge may be
introduced at any stage during assembly of the disk drive system,
and that damaged sensor can only be practically tested and
discovered towards the end of the manufacturing process,
electrostatic induced damages result in significant waste in
manufacturing resources. For those sensors which were degraded
as a result of damage during processing but which passed initial
acceptance tests by the manufacturer, the performance,
reliability and service life of the assembled magnetic disk drive
are put into question.



2 charges on the various elenents of a head or other objects which cone
Into contact with the head, and the acconpanyi ng spurious discharge of the
static electricity thus generated. Static charges may be produced by the
presence of certain materials, such as plastics, during construction and
subsequent handling of the heads, for exanple. Further, in the presence of
el ectrostatically charged fields, the MR stripe is prone to danage.

This sensitivity to electrostatic damage is particularly severe for MR
sensors because of their relatively small physical size. For exanple, an MR
sensor used for extrenely high recording densities will have a
cross-section of 100 Angstrons by 1.0 mcroneters or smaller. Accidental

di scharge of electrostatic voltages3of only a few volts through such a
physically small resistor is sufficient to produce currents capabl e of

severely danaglng or conpletely destroying the MR | L
combat against damage by electrostatic charges, it is

desirable to provide a temporary means to electrically short the
MR stripe. To accomplish this, several approaches were proposed
in the past. U.S. Patent No. 5,465,186 issued November 7, 1995
which is commonly assigned to the assignee of the present
invention, IBM Technical Disclosure Bulletin, Vol. 36, No. 12
published December 1993 and Vol.

38, No. 01 published on January 1995, disclosed various schemes,
which included placing a shorting element (e.g. a diode or
twisted conductor pair) across the MR sensor terminal pads on the
MR head itself, or shorting theé leads to the MR head at a point
on the other end of the suspension arm away from the MR head.
The shorts may be provided by conventional solderinq, which are
later physically cut towards the end of the head and suspension
assembly processing.

While these earlier schemes were found to be satisfactory to
reduce damage due to electrostatic discharge induced damages, .
they are not without limitation. As mentioned above, the
sensitivity to electrostatic damage is particularly severe for
thin f£film MR sensors because of the relatively small physical
size of the sensor elements. With a push for higher recording
densities, the physical size of sensor elements would be further
reduced which makes the sensor elements even more susceptible to
damage by electrostatic discharge or the presence of
electrostatically charged field. That is, the smaller heads are
prone to damage by yet smaller electrostatic discharges.
Depending upon the point of injection of the static charge along
the head suspension assembly, a small electrostatic charge could
reach the head before it is dissipated by a shunt or dissipative
device.

Further, the added parts and assembly steps involved in the
current known techniques for electrostatic discharge protection

increase processing complexity and cost, as well as add inertia



sensor. The nature of the damage which may be experienced by an MR sensor
varies significantly, including conplete destruction of the sensor via
melting and evaporation, contam nation of the air bearing surface (the
surface facing the surface of the nmagnetic disk), generation of shorts via
el ectrical breakdown, and mlder forns of damage in which the MR sensor
performance may be degraded. Needl ess to say, the manufacturing yield is
negatively affected. Because electrostatic charge nay be introduced at any
stage during assenbly of the disk drive system and that danmaged sensor can
only be practically tested and di scovered towards the end of the
manuf acturing process, electrostatic induced damages result in significant
waste in manufacturing resources. For those sensors which were degraded as
a result of danmage during processing but which passed initial acceptance
tests by r e, r r\. i fe of
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the assenb rrve are put into quest
directly to the small MR head also takes up room on the head that

is desirable for other purposes.
For the foregoing reasons, it becomes necessary to engineer
a new method of protecting the MR heads from electrostatic

induced damages.



3 To conmbat agai nst damage by el ectrostatic charges, it is
desirable to provide a tenporary neans to electrically short the MR

stripe. To acconplish this, several approaches were proposed in the past.
U.S. Patent No. 5,465,186 issued Novenber 7, 1995  which is commonly
assigned to the assignee of the present I nvention, |BM Techni cal

Di sclosure Bulletin, Vol. 36, No. 12 publi shed Decenber 1993 and Vol .

38, No. 01 published on January 1995, disclosed various schenes, whi ch

i ncluded placing a shorting elenent (e.g. a diode or tw sted conductor
pair) across the MR sensor term nal pads on the MR head itself, or
shorting the leads to the MR head aé a poi nt on the other end of the
suspensi on arm away fromthe MR head. The shorts may be provided by
conventional soldering, which are | ater physically cut towards the end of
t he head and suspensi on asse frocessin . Wiile these earlier schenes
were found to be satisfactory® PHMXR HUCBEI INIBETHRE to el ectrostatic

di scharge i nduced danmages, they are not without limtation. As mentioned
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thin film MR sensors because o vel f the
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providing a shunt across the adjacent conductive leads or traces
to the head at a point that is immediately adjacent their
termination on the head.

Suspensions with the signal carrying conductors
integrated into the suspensions allow for novel designs for
producing such a shunt. These suspensions, hence forth referred
to as integrated suspensions, are fabricated with conductors
intimately attached to the suspensions. The characteristics of
these conductors that are of importance to this invention are
their approximately rectangular cross sectional profile, and the
method of fabrication, commonly known in industry as
photolithography (which is understood to include subtractive
etching processes as well as additive processes).

According to one aspect of the present invention, the
shunt is in the form of a solder bridge. The solder shunt is
removed prior to putting the integrated suspension into operation
in a magnetic disk drive system.

According to a further aspect of the present invention,
the shunt is removed by reflowing the solder shunt and drawing
the reflowed solder away from the leads to break electrical
connection of the shunt across the adjacent leads to the MR
sensor. To facilitate removing the shunt by reflowing the
solder, at least one solder lobe of a chosen geometry is placed
adjacent a lead. This lobe includes a confining lobe which
serves to confine the solder in the shunt region when the shunt
is formed, and a designated portion which serves to draw solder
to a designated location away from the shunt region upon

subsequent solder reflow thereby causing a physical break in the
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reduced which makes the sensor el enents even nore susceptible to damage
by el ectrostatic discharge or the presence of el ectrostatically charged
field. That is, the snmaller heads are prone to danage by yet snaller

el ectrostatic di scharges. Dependi ng upon the point of injection of the
static charge al ong t he head suspension assenbly, a small electrostatic
charge could reach the head before it is dissipated by a shunt or

di ssi pative devi ce. Further, the added parts and assenbly steps
involved in the current known techni ques for electrostatic discharge
protection i ncrease processing conplexity and cost, as well as add
inertia 4
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shunt. Physical removal of the solder material would not be
required.

In another aspect of the present invention, the shunt
is in the form of an integral piece of conductive material
interconnecting the adjacent leads. This shunt may be removed
using a laser to melt the material. .

Various combinations of the foregoing are contemplated
without departing from the spirit and scope of the present
invention.

This Sheet Has Been Replaced




to the MR head suspensi on assenbly. The attachnent of anything directly
to the small MR head al so takes up roomon the head that is desirable for

ot her purposes. For the foregoing reasons, it beconmes necessary to
engi neer a new nethod of protecting the MR heads fromel ectrostatic induced
damages. SUMVARY OF THE | NVENTI ON

The present invention provides an inproved nethod of protecting against
damage to an MR head caused by el ectrostatic discharge or the presence of

el ectrostatically charged fields, by providing a shunt across the adjacent
conductive |eads or traces to the head at a point that is imediately

adj acent their term nation on the head. Suspensions with the signal
carrying conductors integrated into_the suspensions allow for novel designs
for produci ng such a shunt. These sdspensions, hence forth referred to as

I ntegrated suspensions, are fabricated with conductors intimately attached

to the suspensions. The GFHEEcPEPFRITEONOF: FBELPRYFNGS or s that are of

i nportance to this invention are their approxi mately rectangul ar cross

section profile, ang;dhe et Qogigﬁliﬁﬁd %%h%ﬁgt?éwhi‘é?}% bg Lndustry

as photolh}h%%éaghé_émhiph_|s understood to I nclude subtractive etching
processes 2 i L %uﬁﬁ%ﬁ%ﬁ? 5yg&@g§@gyﬁylng the present invention.

Fig. 2 is a perspective view of an integrated
suspension supporting an MR head for use in the magnetic disk
storage sYstem, in which electrostatic protection is implemented
in accordance with the method of the present invention.

Figs. 3(a)-(d) are partial perspective views of the
integrated suspension illustrating the steps in which a solder
shunt is implemented in accordance with one embodiment of the
present invention.

Fig. 4(a)-(d) are enlarged perspective views of the MR
sensor region of the integrated suspension, corresponding to
Figs. 3(a)-(d). .

Fig. 5(a)-(d) are enlarged perspective views of the MR
sensor region of the integrated suspension, illustrating the -
steps in which a solder shunt is implemented in accordance with
another embodiment of the present invention.

Fig. 6 is an enlarged perspective view of the MR sensor
region of the integrated suspension, illustrating an alternate
step to the step of Fig. 5(d).

Fig. 7(a)-(b) are enlarged perspective views of the
sensor region of the integrated suspension, illustrating the
steps in which a conductive shunt is implemented in accordance
with another embodiment of the present invention.



According to one aspect of the present invention there is provided a nethod
for protecting an MR sensor in an MR head nounted on a head suspensi on
assenbly from danage caused by el ectrostatic charge during handling and
assenbly of said magnetic head in a nagnetic storage system said MR sensor
el ectrically connected to spaced apart first and second | eads having | ead
termnations on said MR head, said nethod conprising the steps of:

provi ding a shunt across said |leads at a |ocation along said | eads on said
head suspensi on assenbly adjacent to said | eads term nations on said MR
head, said shunt conprising a bridge portion and a | obe portion, said | obe

portion provided for opening of said bridge portion; and openi ng said
shunt at a desired process or assenhly of said nagnetic head in a magnetic
storage system Accordi ng to afiot her aspect of the present invention

there is provided a nethod for rotectiq&ﬁﬁn VR sensor in an MR head
nmount ed on a head susPETSHONT LoEs QFbIRE f A HSIRAGER PRANIH N Sel ectrost ati c

charge during handling and assenbly of said magnetic head in a magnetic

storage system sai ghd/8ens@l qekeciptf ik e8rnectaftt bkl st-g8ge sgapnd
| eads spaced arttmkthiﬂélead spgclng,betmeen said | eads and. having | ead
terninati oHS 0N S]FCRRHERY 1754 A et RS S€5%Fr i sTHY TIPS PEPEDSS

form ng a Exssdat hnvegkler rams beaitdbé edakernioedsfirom |8wd appevidad at a

| ocati on aliihssai doleagismping aditBcegh e Predehtafhiitiionat k0gssoP 5t d MR
head; and in ref ggggéngosald sh%nt gg refl ow ng sasd sqldenlgr%dge and

drawi ng t H&* SSFEEFRETaY° 1 SIRESTAC) ShEF FI0E5395 Y55 eslt ¥d1prBRess or
assenbl y sampRusntorhed thee igvepitdphobs oilavajapphasabladandthasseahgtid said

?agn¢t|c |§ﬁﬁid%& ngggﬂﬁtiﬂbﬁﬁﬁih Qef??afﬁg sys%ems“@ﬁ%?”d% EhﬁaEﬁéﬁ%éﬁ »
orming said s r .bridge .include e step rovi di.ng.a | obe al ongsi de
said fi rs'?t ai%ga%egﬁadéﬁ?a Snttems%rdoﬁﬁeﬂe?d’,hé:gg °$%b’én H”zi\}i%Hgsﬂa ﬁ

portion components of a device require ‘protection from electrostatgilnlng
discharge.

Fig. 1 illustrates a simplified block diagram of a
magnetic disk storage system 100 embodying the present invention.
The magnetic disk storage system 100 comprises at least one
rotatable magnetic disk 102 which is supported on a spindle 103
and rotated by a disk drive motor 104, and at least one MR head
22 positioned in close proximity to the magnetic recording media
at the disk surface 105. Data is stored in the magnetic
recording media on each disk 102 in the form of an annular
pattern of concentric data tracks (not shown). Each MR head 22
contains one or more magnetic MR sensors and write transducers
(not shown). The MR head 22 is mounted to an integrated
suspension 10 which is attached to an actuator means 106. As the
disk 102 rotates, the MR head 22 is moved across the disk surface
105 by the actuator means so that the MR head 22 may access
different portions of the disk surface 105 where desired data is
recorded or read. The integrated suspension 10 provides a slight
spring force which biases the MR head 22 against the disk surface
105 and controls flexibility in slight vertical as well as roll
and pitch movements of the MR head 22 relative to the rotating
disk surface 105. The actuator means as shown in Fig. 1 may be a

voice coil motor (VCM), for example. The various components of



6 and a designated portion, and wherein the sol der covers the confining
portion of said | obe when first applied to formthe sol der bridge and the
sol der covers al so the designated portion beyond said confining portion
when the solder bridge is reflowed thereby drawi ng the sol der away from
sai d | ead spaci ng. According to still another aspect of the present

I nvention there is provided a nethod for protecting an MR sensor elenent in
an MR head nounted on a head suspension assenbly from danage caused by

el ectrostatic charge during handling and assenbly of said nagnetic head in
a magnetic storage system said MR sensor electrically connected to spaced
apart first and second | eads having |l ead term nations on said MR head, said
nmet hod conprising the steps of: provi ding a sol der | obe al ongsi de said
first | ead and adjacent to said | ead terminati ons on said MR head, said
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attached to the mount plate 16, and the other end supports on its
surface the flexure 14. In this particular integrated suspension
10 illustrated, the flexure 14 has integrated conductor leads 18,
19, 20, 21 or traces on its surface that is not fécing the load
beam 12. The leads 18, 19, 20, 21 are a thin film of conductive
material which is separated from the structural layer of the
flexure 14 by a layer of dielectric material. ‘At the tip of the
integrated suspension 10, an MR head 22 having integrated MR read
sensor 24 and inductive write transducer 26 is supported on the
flexure 14. (For simplicity, the read sensor 24 and write
transducer 26 are schematically depicted by dotted lines in the
figures.) The pair of leads 18, 19 terminate on head 22 in
electrical contact with the MR read sensor 24, and the pair of
leads 20, 21 are in electrical contact with the write transducer
26. . .
The afore-described basic construction of the
integrated suspension 10 when taken alone does not form a part of
the present invention, and is the subject matter of a separate
invention of the common assignee herein. The integrated
suspension 10 in Fig. 2 is referenced for purpose of illustrating
the present invention. As will be appreciated from the
disclosure below, the present invention is applicable to head
suspension assemblies of other constructions.

According to the present invention, to protect the MR



magneti c storage system conpri sing: a magneti c storage nedi um having a
plurality of tracks for receiving data; an MR head including an MR
sensor maintained in a closely spaced position relative to said nagnetic
storage nediumduring relative notion between said MR head and sai d storage
medi um actuat or nmeans coupled to said MR head for noving said MR head
relative to the magnetic storage nediumto selected tracks on said nmagnetic
storage nedium said actuator neans including a head suspension assenbly on
whi ch the MR head is nounted, sai d head suspension assenbly including
first and second | eads thereon which are electrically connected to the MR
sensor and which are arranged in a spaced apart rel ationship and have | ead
term nations on the MR head; and conductive means

6a interconnecting the first and $&cond | eads at a | ocation along said
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of invention are illustrated. In this embodiment, the MR head 22 is
attached to the leads 18, 19, 20, 21 on the flexure 14 after a
solder shunt has been put in place, for maximum protective
effect. More particularly as shown in Fig. 3(a), the flexure 14
has been constructed with the leads 18, 19, 20, 21 integral
thereon by any suitable process (e.g., using a conventional
photolithographic process). Referring also to Fig. 4(a),
termination pads 28 are provided at the end of these leads at
which the MR head 22 is to be electrically connected thereto.
Further, in accordance with the present invention, the leads 18,
19 to the MR sensor 24 are provided with two confining lobes 30,
31 adjacent the leads 18, 19 at the location where the solder
shunt is to be placed (i.e., closely adjacent to and upstream of
the termination pads). Lobe 31 has an appendage 32 joined
thereto via a constricted section 34 of reduced width. As will
be apparent in the discussion later, the appendage serves to
define a designated location for collecting solder when opening
the shunt by solder reflow. For manufacturing convenience, the
pads 28, lobes 30, 31 and appendage 32 may be of the same
material and formed simultaneously as the leads 18, 19, 20,. 21
are formed by a conventional photolithographic process, for
example. These additional thin film structures do not add
significant process steps to the formation of the flexure 14.
Referring to Figs. 3(b) and 4(b), a solder paste 36 is
then applied to cover the pads 28 and across the leads 18, 19 and

lobes 30, 31 as shown by any conventional siik—screening process.



solder to forma solder bridge across the | eads and a designated portion
for collecting sol der upon reflow of the solder bridge, and wherein the

sol der bridge has a first end on the confining portion and a second end on
t he second | ead. According to still another aspect of the present
invention there is provided an integrated suspension assenbly for
supporting an MR head in a magnetic storage system conpri sing:

fl exi bl e means for supporting an MR head having a MR sensor; first and
second | eads on the flexible nmeans which are electrically connected to the
MR sensor and which are arranged in a spaced apart rel ationship and have

| ead term nations on the MR head; and conductive neans interconnecting
the first and second | eads at a |ocaiion along said first and second | eads
and adj acent said |lead termnations for providing a conductive path
bypassi ng the MR sensor during discharge of electrostatic charg
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still another _aspect Invention there is provid a_m netic
storage syt aESF}pFFE??I@ ;2 spacej ﬁﬁﬁﬁé‘?l"t?e?toFHij]é o off erTaPFﬁg tgrms,
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assenbly O'lpwo Ie% st tjl.g MBQ ea‘ﬂne‘ Ste%?uon i the molten solder 38 on the
lobes 30, 31 and leads 18, 19 is symmetrical and is not
sufficiently strong in any one lobe or lead to cause a break in

i the solder at the spacing between the leads 18, 19 as the spacing
between these leads is very small. It is noted that the surfaée
tension in the molten solder 38 and the ability to maintain the
shunt 40 across the adjacent leads 18, 19 depend on a combination
of factors including the lead spacing, the surface area wetted by
the solder, and the amount and density of the solder material
applied. Because the molten solder 38 tends to reach its minimum
surface tension state, it will not flow down the leads 18, 19 due
to such surface tension. It'is noted that the reflowed solder 38
is restricted from flowing to the appendage 32 across the
constricted section 34 from the lobe 31 (a confining portion),
again because of surface tension tending to keep the molten
solder 38 in a stable minimum tension state on the lobe 31 in the
presence of the constricted section 34. The result is a single
solder bump (shunt) 40 between the lobes 30, 31, as more clearly
shown in Fig. 4(c) (a view after the MR head 22 has been attached
and terminated in a separate process).

Referring to Figs. 3(d) and 4(d), at a later



6b sai d head suspension assenbly including first and second | eads

t hereon which are electrically connected to the MR sensor and which are
arranged in a spaced apart relationship and have | ead term nations on the
MR head, and a solder |obe at a | ocation alongside the first |ead and

adj acent to the | ead term nations, said solder |obe having a confining
portion for application of solder to forma sol der bridge across the first
and second | eads, thereby to provide a conductive path bypassing the M
sensor during discharge of electrostatic charge and a designated portion

for collecting solder upon reflow of such sol der bridge; and detecting
means coupled to said MR sensor for detecting resistance changes in said MR
sensor responsive to magnetic fiel representative of data bits recorded

in said magnetic storage nmediumintéercepted by said MR sensor.
Accor di nggt@cakilhg agwmr .aspegt ale 8 BEeél?é‘tpfd%‘é%@,tlhenotfh@&@ ér&ne

provided an_inte egr suspénsi on assenbly fo ortin head in a

magnet i c SPEPEHRTE sﬁ%ﬁﬁeqféﬁBnglﬁ@ ;at any FF%?lQﬁ WniﬁnggFB?n%LﬁﬁﬁnMﬁ ng an
MR havi ng herdMR semgoroperatiofi inta aregnegdondi slealisiver) .t hbef sekddxt e neans

whi ch ar e sgl,g¢t amcﬂ Iaepca%%et @ﬁeﬁmﬁé&awésaslog e@gﬁl\@al Eﬂe@é@o ar ngfiged in
a spaced a§art r el q?ﬁ and  have ] ead tﬁ?g% nati o gn t he ead; and
Bca

a sol der PBEEHLC ﬁPBFBﬂ@]%? d3€‘2 tlﬁesf" A §ﬁ eﬁd‘}”atélérﬁ FShe
| ead t er nmbrani éfisto wriqfiucel detheohel Hfifegeattohffremghporppenddas 32

applicati ed ehesohslet 40 f @elrai§odsiRiuchebdgRtSCEHRS SHuR® heagsom iRy eby to
provide asgggdggt{ﬁ' ﬁ%g% b%8a§§|n%\ m%e solder of the shunt 40 is

reflowed, it tends to be drawn towards the appendage 32 via the
constricted section 34 as the appendage 32 is at a higher
temperature. However, the solder alsoc tends to stay on the lobe
30, 31. As this happens, the shunt 40 is deprived of solder at
the spacing between the leads 18, 19 and thus operiing the shunt
40. The resultant structure is a solder bump 46 on the lobe 30
and a solder bump 48 on the lobe 31 and appendage 32 including
the constricted section, with a clean break in the solder between
the leads 18, 19, as more clearly shown in Fig. 4(d). The
resultant solder bumps 46, 48 are left on the lobes 30, 31. If
it is desired, these left over solder bumps 46, 48 may be removed
from the lobes 30, 31, but it has not been found to be worthwhile
to do so as the presence of these solder bumps do not
significantly affect the performance of the integrated suspension
10.

The actual geometry and configuration of the lobes 30,
31 and appendage 32 may vary without departing from the spirit
and scope of the present invention. While the present invention
is not dependent upon a particular geometry and configuration, it
has been found that the above embodiment may be implemented with
lobe 31 and appendage 32 generally in an “H or “8"
configuration, with a constriction between the appendage and the
lobe. The size and shape of the lobes 30, 31 and appendage 32
may also be varied. The exact configuration and dimensions of

the lobes 30, 31 and appendage 32 are not critical and may-be



MR sensor during discharge of electrostatic charge and a designated portion
for collecting solder upon reflow of such sol der bridge. Var i ous

conbi nati ons of the foregoing are contenplated without departing fromthe
spirit and scope of the present invention.

7 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is
a sinplified schematic bl ock diagramof a magnetic disk storage system
enbodyi ng the present invention. Fig. 2 is a perspective view of

an integrated
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varied to the extent that they, coupled with the size and spacing
between the leads 18, 19 and the amount of solder paste 36 used
(see below), function to maintain molten solder to form the
bridge/shunt 40 upon initial reflow of the solder paste 36 and to
conduct subsequent reflowed solder 48 to the appendage 32 upon
application of a thermal gradient to the appendage/lobe
structure.

To facilitate solder wetting on the pads 28 and lobes
30, 31, it may be desirable to prepare their surfaces by
conventional processes, such as cleaning, fluxing, gold plating
and/or tinning. The amount of 'solder paste to be applied to the
lobes 30, 31 would depend on the size and shape of these lobes,
the type of solder paste and the spacing between the leads
adjacent there. Needless to say, it would be desirable to use
the least amount of solder possible to reduce the weight of the
flexure/head structure for obvious reasons. The particular laser
44 to be used for reflow and the reflow temperature would depeﬁd
on the particular solder used. It is noted that the steps for
forming the shunt 40 may be separate from the steps for bonding
the leads 18, 19, 20, 21 to the MR head 22. Further, the MR head
22 may be bonded to the lead terminations by means other than
soldering, such as by known ultrasonic bonding processes.

For illustrative purpose, the parameters for an example
in which the above described embodiment may be implemented
effectively is set forth below. Given a lead dimension of 50
microns in width with a centerline spacing of 125 microns, the

following parameters of the lobe and appendage structures have
been found to be effective:

(a) lobes 30, 31: shape and size
with full radiused end;

(b) appendage 32: shape and size
circle;

100 X 100 microns

75 microns diameter

(c) constricted section: shape and size = 75 micron



suspensi on supporting an MR head for use in the magnetic di sk storage
system in which electrostatic protection is inplenented in accordance with
the nethod of the present invention. Figs. 3(a)-(d) are partia
perspective views of the integrated suspension illustrating the steps in
whi ch a solder shunt is inplenmented in accordance with one enbodi nent of
the present invention. Fig. 4(a)-(d) are enlarged perspective
views of the MR sensor region of the integrated suspension, corresponding
to Figs. 3(a)-(d). Fig. 5(a)-(d) are enl arged perspective views
of the MR sensor region of the integrated suspension, illustrating the
steps in which a solder shunt is inplenented in accordance w th anot her
enbodi ment of the present inventiom Fig. 6 is an enl arged
perspective view of the MR sensor region of the integrated suspension,
illustrating an alternate step.to the step of Fig. 5(d). Fi g.
7(a)-(b) are enIarg%%P%%%sﬁ@cRF9E°%ﬂ€%Ejﬁf t he sensor region of the

i nt egrat ed suspensi ¢d) vdlumet pét sotddéheastteps | 8. WK @&Er3a toorddcXi €3 shunt
is inplemented in acgQrdanGg ;wetlyranot her enbodi nent of the present

I nventi on. . .
(e) type of solder paste = Eutectic Sn-Pb, Bi-Sn or

other suitable solder;

(£f) reflow temperature for solder paste = 160 degree C
using an infrared tunnel furnace for eutectic Bi-Sn;
(g) laser for shunt reflow = a fine focused beam of Nd
Yag laser aimed at appendage 32 with approximate energy
of 100 to 500 millijoules (the energy to open the shunt
will vary with thé amount and type of solder used) for
a duration of 0.5 to 2 seconds.

(The foregoing values are intended to pfovide an order
of magnitude of the relative dimensions and parameters.
Variations of these values can be made without
departing from the implementation of the present
invention.)

Referring now to Figs. 5(a)-(d), a second embodiment of
the method of the present invention is disclosed. For
convenience, only the enlarged views of the MR sensor lead
termination region are illustrated, corresponding to Figs.
4(a)-(d). The other parts of the integrated suspension 10
including the MR head remains unchanged from the earlier
embodiment. In this embodiment, the formation of the shunt is
done in the presence of a single lobe 50 adjacent one of the
leads 19 to the MR sensor 24. Solder paste 36 is screened onto
the leads 18, 19 adjacent to the lobe 50 (crosshatched regions in
Fig. 5(b)). To confine the solder from flowing over the entire
lobe 50 and down the leads 18 and 19 upon subsequent reflow of
the solder paste 36 to form a shunt, a solder barrier 52 (dotted
regions in Fig. 5(b)) such as a removable solder mask is

pre-applied over the leads 18 and 19 outside of the shunt region



8 DESCRI PTI ON OF THE | LLUSTRATED EMBODI MENTS The
present description is for illustrative purpose and should not be taken in
a limting sense. The scope of the present invention can best be determ ned
fromthe appended cl ai ns. For exanple, although the present invention is
described in reference to a magnetic di sk storage system it will be
apparent that the invention is also applicable to other magnetic storage
systens including recording systens such as a magnetic tape recordi ng
system or other applications in which small conponents of a device require
protection fromelectrostatic discharge. Fig. 1 illustrates a
sinplified block diagramof a magnetic di sk storage system 100 enbodyi ng
the present invention. The magnetic gisk storage system 100 conprises at

| east one rotatable nmagnetic disk 102 which is supported on a spindle 103

a disk drive notor 104, and at | east one MR head
and rOtat%%db%n the kobe 50 by conventional masking or screening process

before screening on the solder paste 36. In this embodiment, the
designated portion may be the entire lobe 50 (as shown) or part
thereof (not shown). The confining portion would be the part of
the lobe 50 on which solder paste did not cover. It is noted
that since the lobe 50 is integrally formed with the lead 19, one
may say that there would be a confining portion (albeit small
portion) on the lobe 50 regardless of the coverage of the solder
barrier on the lobe 50. After reflow, the solder barrier 52 is
removed by conventional process to expose the lobe 50. Fig. 5(c)
shows the state at which. the sdlder paste 36 has been reflowed to
form the solder shunt 54 with this barrier 52 removed. As in the
earlier embodiment, the MR head 22 has been attached to the
flexure 14 by a separate process. |

Referring to Fig. 5(d), when it is time to open the
shunt 54, heat is directed at the shunt 54 using a laser 56, for ;
example. As the solder of the shunt 54 is reflowed, surface -
tension due to wetting of the exposed lobe 50 pulls the solder
onto the entire surface of the lobe 50. Solder is depleted in
the spacing between the adjacent leads 18,19 as a solder bump 51
forms on lobe 50 with a smaller solder bump 53 remaining on the
lead 18. As a result, the shunt 54 is opened.

Like the earlier embodiment, the actual geometry and
configuration of the lobe 50 may vary without departing from the
spirit and scope of the present invention. The size and shape of
the lobe 50 may also be varied. The exact configuration and
dimensions of the lobe 50 are not critical and may be varied to
the extent that they, coupled with the spacing between the leads
and the amount of solder paste 36 used, function to maintain
molten solder to form the bridge/shunt 54 upon initial reflow of
the solder paste 36 and to conduct subsequent reflowed solder to

wet the entire lobe 54 upon application of heat to the shunt
structure.



22 positioned in close proximty to the nagnetic recording nmedia at the

di sk surface 105. Data is stored in the magnetic recordi ng nedia on each
disk 102 in the formof an annular pattern of concentric data tracks (not
shown). Each MR head 22 contains one or nore nmagnetic MR sensors and wite
transducers (not shown). The MR head 22 is nounted to an integrated
suspension 10 which is attached to an actuator neans 106. As the disk 102
rotates, the MR head 22 is noved across the disk surface 105 by the
actuator nmeans so that the MR head 22 may access different portions of the
di sk surface 105 where desired data is recorded or read. The integrated
suspension 10 provides a slight spring force which biases the MR head 22
agai nst the disk surface 105 and cgetrols flexibility in slight vertical as
well as roll and pitch novements of "'the MR head 22 relative to the rotating
di sk surface 105. The actuator neans as shown in Fig. 1 may be a voice coi
motor (VCM), for exEamplidlupkesataye ovrnosspofibftRaggmeters for an example

in which the present embodiment may be implemented effectively is
set forth below. Given a lead dimension of 50 microns in width
with a centerline spacing of 125 microns, the following
parameters of the lobe structure have been found to be effective:
(a) lobe 54: Shape and size = 100 X 100 microns with
full radiused end;
(b) amount of solder paste = 1.3 X E-3 to 2 X E-3
cubic millimeters;
(c) type of solder paste = Eutectic Sn-Pb, Bi-Sn or
any other suitable solder;
(d) reflow temperature for solder paste = 160 degree C
using an infrared tunnel furnace for eutectic Bi-Sn;
(e) laser for shunt reflow = a focused beam of Nd Yag
laser aimed at the shunt with approximate energy of 100
to 500 millijoules (the energy required to open the
shunt will vary with the amount and type of solder
used) for a duration of 0.5 to 2 seconds.
(The foregoing values are intended to provide an order
of magnitude of the relative dimensions and parameters.
Variations of these values can be made without
departing from the implementation of the present
invention.)

It is also possible, bﬁt not necessary, to use a
differential heating approach to reflow the solder shunt 54 as in
the earlier embodiment in reference to Figs. 3 and 4. Instead of
uniformly heating the shunt 54 as in Fig. 5(d), a laser beam 58
is directed at the exposed part of the lobe 50 to create a
thermal gradient in the solder shunt 54 and lobe 50 (see Fig. 6).
As explained earlier in connection with the embodiment in Figs. 3
and 4, this has the effect of drawing the reflowed solder towards
the exposed lobe 50, which results in a break in the shunt 54.



9 the magnetic disk storage systemare controlled in operation by control
signal s generated by control unit 107, such as control of the actuator
neans 106, drive notor 104 and reading/witing data. Referring to
Fig. 2, the perspective view of a 3-piece integrated suspension 10 is
shown. This integrated suspension includes a | oad beam 12, a flexure 14 and
a nount plate 16. The nount plate 16 pivotally supports the integrated
suspensi on 10 about a spindle (not shown) of the actuator neans 106 in the
di sk drive system 100. One end of the |load beam 12 is fixedly attached to
the nount plate 16, and the other end supports on its surface the flexure
14. In this particular integrated suspension 10 illustrated, the flexure 14
has integrated conductor |eads 18, 19, 20, 21 or traces on its surface that
is not facing the | oad beam 12. Theii eads 18, 19, 20, 21 are a thin film of
conductive material which is separated fromthe structural |ayer of the
flexure 14 by a | ayér i6f fureheetgantempiafedl that a Helei pavfbe he i ntegrat ed
suspensi opoddtianedVRdiaadn?2thavidyg 18t egoat bR ﬂrlﬁ&ﬂesﬂﬂfj@fes'z)‘l tand

I nductive ' t i orte n e 4 or
sinplicit§¥¥%$é§r€§§}igg%§%rg€%-éﬁéﬁﬂﬂ% f% ??§ﬁ§g§§%?“§égggg&s%ﬁéééi%.calIy
depi ct ed ByeyotRER Whifdstha pokten ginldsr) canefipy+ Jpriewsscamingdions

t erm nat eoontheaske}s iof preeidimdllaeqbicandi sdlddie bifRrieadasensor 24, and
the parr ggnéégfx%l?eo’analmgg(ebé ”m‘ill%%e‘hlt%a' wf%@c\;hewatsgeggeow é}{ee

t ransducer 26. . ] ) .
present invention directed to applying a shunt and subsequent

removal thereof without using intrusive means such as a cutter.

In another aspect of the present invention as
illustrated in Figs. 7(a) and (b), instead of a solder shunt as
presented in the earlier embodiments, an integral bridge 60 of
conductive material may be provided which interconnects the
adjacent leads 18, 19 (Fig. 7(a)). The leads 18,'19 along with
the interconnecting bridge 60 may be formed at the same time by a
photolithographic process, for example. A laser 62 is used to
break the bridge 60 at a desire stage ¢f integrated suspension
processing (Fig. 7(b)). The conductive material of the bridge—GO
melts back from the laser beam, thus opening the bridge shunt.
This method works best if the material for the interconnecting
bridge 60 and leads 18, 19 is relatively thin (less that 5000
Angstrom thick), in order to minimize the amount of heat required
to melt or cut the material at the shunt.

While the present invention has been particularly shown
and described with reference to the illustrated embodiments -
thereof, it will be understood by those skilled in the art that
various changes in form and detail may be made therein without
departing from the spirit, scope and teaching of the invention.
Accordingly, the invention herein disclosed is to be considered
merely as illustrative and limited in scope only as specified in
the appended claims. Although this invention describes shunts
adjacent to the MR head leads, it is obvious that these shunts
may be located at any location on the integrated suspension and
still maintain the spirit of this invention.



The afore-described basic construction of the integrated suspension 10 when
taken al one does not forma part of the present invention, and is the

subjeciﬂlﬂnﬂﬂg arate invention of the conmon assignee herein. The
I nt egr uﬂ #ﬂ ggﬂ in Fig. 2 is referenced for purpose of
illustratihg the prse invention. As will be appreciated fromthe

di scl osure below, the present invention is applicable to head suspension

assenbl ies of other constructions. According to the present
i nvention, to protect the M 10

head 22 fromel ectrostatic damage, an electrical shunt is placed across the
adj acent MR sensor |leads 18, 19 at a |l ocation

18

WE CLAIM:

1. A method for protecting an MR sensor in an MR head
mounted on a head suspension assembly from damage caused by
electrostatic charge during handling and assembly of said
magnetic head in a magnetic storage system, said MR sensor
electrically connected to spaced apart first and second leads
having lead terminations on said MR head, said method comprising
the steps of:

providing a shunt across said leads at a location along
said leads and adjacent to said lead terminations on said MR
head; and

opening said shunt at a desired process or assembly
step prior to the completion of said handling and assembly of
said magnetic head in a magnetic storage system.

2. A method as claimed in claim 1 wherein the first
and second leads are spaced apart with a lead spacing between
said leads, and the step of providing said shunt includes the

step of forming a solder bridge across said leads over said lead
spacing.

3. A method as claimed in claim 2 wherein the step of

opening said shunt includes the step of reflowing said solder

bridge and drawing the solder away from said lead spacing.
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i medi ately adjacent to and upstreamof the |ead termnations on the head
22. This ensures that electrostatic charge introduced along the integrated

suspenﬁ! mﬂrmm r"lreach the MR head 22. Referring now to
Fi gs fr 4(a) - (d), detail steps of one enbodi nent of
t he net hod® of' t e present invention are illustrated. In this enbodi nent,
the MR head 22 is attached to the |eads 18, 19, 20, 21 on the flexure 14
after a solder shunt has been put in place, for maxi num protective effect.
More particularly as shown in Fig. 3(a), the flexure 14 has been
constructed wth the |l eads 18, 19, 20, 21 integral thereon by any suitable
process (e.g., using a conventional photolithographic process). Referring
also to Fig. 4(a), term nation padg1 28 are provided at the end of these

| eads at which the MR head 22 is to’be el ectri cally connected thereto.

Further, in accordapce 8 %esent ﬁp\égn%o% %gv%e§eagstﬁ8 ‘%Legg toc%the

MR sensor 24 are provid f1adacen
| eads 18, fogmingt ﬁelcﬂm]tdeanbwhége JtrtrelusisISdéhesﬁm afs Ptr@Vbélﬁ‘F a%e’ePl(q e.

closely a@l@g@aad&osam fIRSH @aRH 0dnd fh‘iﬂ;b@éﬁt“@&i&mwm}i Lebea 3lotets an
appendage .3 0i ned tper eto \(/)I 18, C9nst ] tri gL ed SECL 1 9N.34 of rgd&lﬁe WI dt h.
As will b& é’ﬁ gr BT NS &°5C0ssi B 1Fafer Ithe ﬁ’ age Serves i o define

a desi gnattde |seéét=ro¢p‘«rfms &dlel senfinjnmPeationept o‘f)‘vb’»rﬁ r%@ heheRuftr ¢y
sol der r efdppwieBoto NBd aHel lsbNge £ ASMViRIYeC BEE, théesdlalty 28veksbessa30the3l and

appendage ] n S t he
oads 16, GE5i99KRE it BAEAENCE] Londilihg SR e EBU L A
process, fEAdgeaipl Btk %HPPYO‘#@WW thei pedder Yy £¥oBosABE LRRE

si gni fi cardpapriagess steps to the formation of the flexure 14.

Referring to Figs. 3(b) and 4(b), a solder paste 36 is

5. A method as claimed in claim 4 wherein the step of
reflowing the solder bridge includes the step of directing heat
at said designated portion of the lobe to form a thermal gradient
along the designated portion to said confining portion and
reflowing the solder in said solder bridge, the thermal gradient
causing the solder from the reflowed solder bridge to flow to the
designated portion, thereby depleting solder at said lead spacing
to open the shunt.

6. A method as claimed in claim 5 wherein said
confining portion of the lobe is defined by a primary lobe and
said designated portion is defined by an appendage lobe, said
appendage lobe including a constricted section of reduced width
connecting said primary lobe to said appendage lobe, and wherein
when solder is first applied to the primary lobe to form the
solder bridge said solder is confined to said primary lobe by
action of surface tension of the solder in relation to the

constricted section.
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then applied to cover the pads 28 and across the | eads 18, 19 and | obes 30,
31 as shown by any conventional silk-screening process.

Agai n, the solder paste 36 for the pads 28 and | obes 30, 31 may be
conveniently dep03|te at the same tine. Upon heating with a wi de angle

unlfor ﬂ‘“ ch as an infrared tunnel furnace, the sol der paste
S h screening of solder paste is the preferred nethod
of sol apﬁilﬂatlon any suitable nmethod of applying free standi ng sol der

(sol der that can be placed across a space) can be used, such as sol der
pre-fornms, solder wire, or solder wre bunping.

20

7. A method as claimed in claim 6 wherein the amount
of solder to be applied and the shapes and dimensions of said
primary lobe, appendage lobe and constricted section are chosen
such that the solder remains on the primary lobe without flowing
to the appendage lobe through the constricted section when the
solder is first applied to form the solder bridge, and thereafter
in the presence of said thermal gradient the solder depletes at
the lead spacing upon reflow of the solder bridge when reflowed

solder flows to the appendage lobe via the constricted section.

8. A method as claimed in claim 5 wherein the heat is
provided by a laser.

9. A method as claimed in claim 4 wherein the step of
forming the solder bridge further includes the step of applying
free standing solder across the lead spacing and on the confining
portion of the lobe and reflowing the free standing solder to
form the solder bridge.

10. A method as claimed in claim 4 wherein the step of
forming a solder bridge further includes the step of providing a

lobe alongside said second lead and adjacent said MR head.

11. A method as claimed in claim 10 wherein the shape
and dimensions of said lobe alongside said second lead are
chosen such that the solder remains on said lobe alongside said
second lead as solder is drawn from the lead spacing to the

confining portion upon reflow of the solder bridge.
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Referring to Figs. 3(c) and 4(c), the nolten solder 38 wets the entire
surface of the pads 28 and the | obes 30, 31. The nolten solder 38 is pulled
equally to both | obes 30, 31 by surface tension, and nmaintains a bridge or
shunt 40 between the tmo | eads 18, 19. The tension in the nolten sol der 38

on the Iobes 30 31 eads 18, 19 is symmetrical and is not sufficiently
strong | | ead to cause a break in the solder at the

spacing a s 18, 19 as the spacing between these leads is very
smal | . |t*IS note that the surface tension in the nolten solder 38 and the

ability to maintain the shunt 40 across the adjacent |eads 18, 19 depend on
a conbi nation of factors including the |ead spacing, the surface area
wetted by the solder, and the anmpbunt and density of the solder nateri al
appl i ed. Because the nDIten sol der238 tends to reach its m ni num surface

tension St at e, it rttheféh%W g?‘*‘@léﬂt‘ed %d%léﬁm é%ﬂt%lhotﬁacgtéﬁréﬁce

t ensi on. I S note that restricted fromfl ow ng
to the appfé’rﬁﬂ‘&@‘é’ aﬁ?’cﬁ%"’ tkt’fédgﬁng‘t‘ﬁlﬁre&%éb‘fiﬁﬁnt%?l THERH Che FOBEEHY (a
confi ni ng ticr tliobe) vitlyad rsdieeauberoies wrd ded inenthendd dirmhartgdt pokeepnt he

mol ten soldedo,38thl 8o S4ADIG iH Al QE”M%H%&“ ahat ?er@&r:ttﬂ?;‘:v‘tlhgbgo’igéefn the
presence of the constricted section 34. The resugP? ﬁ S|%%ﬁe sol der bunp

(shunt) 4PTFHNEeHOt AEPPHHdLe3gesgnated rﬁ?rrélefle BFYCT 4¥) (a
vi ew af t errdfliewiRghthd £9deas brédgeat t ached and terntnated in a separate
process). Referring to Figs. 3(d) and 4(d), at a later

13. A method as claimed in claim 4 wherein the step
of reflowing the solder bridge includes the'step of directing
heat at the solder bridge to reflow the solder in said solder
bridge, the solder from the reflowed solder bridge flowing to the
designated portion thereby depleting solder at said lead spacing
to open the shunt.

14. A method as claimed in claim 13 wherein the step
! of forming the solder bridge further includes the steps of
providing a barrier means to define the designated portion before
the solder bridge is in place, and removing the barrier means to
expose the designated portion thereafter but prior to reflowing
the solder bridge.

15. A method as claimed in c¢laim 1 wherein the step of
providing the shunt includes the step of forming a bridge section
integrally interconnecting the first and second leads.

16. A method as claimed in claim 15 wherein the step

Qf opening the shunt includes the step of melting the bridge
section.

17. A method as claimed in claim 16 wherein melting is
effected by using a laser.
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12 processing step (e.g., at the end of the processing of the entire
I ntegrated suspension 10 or at any tinme prior to putting the MR head 22
into operation in a magnetic disk drive), the solder shunt 40 is separated

when unequ ' “med thereto. Mdre specifically, the appendage 32
is sel ect |\3“‘W\B&“@¢mm a |l aser beam 44 to produce a thermnal

differenti ¢ om the appendage 32 to the shunt 40. Heat is conducted into
the shunt 40 fromthe side of the appendage 32. As the solder of the shunt
40 is reflowed, it tends to be drawn towards the appendage 32 via the
constricted section 34 as the appendage 32 is at a higher tenperature.
However, the solder also tends to stay on the |obe 30, 31. As this happens,
the shunt 40 is deprived of solder at the spacing between the |eads 18, 19
and thus opening the shunt 40. Thexxesultant structure is a solder bunp 46
on the | obe 30 and las.sokdgétgggpf 48 on_ the. | obe and agpeepdaegne,c 32

including or protecting an senso em in an

MR head mounted on a head suspension assembly from damage caused
by electrostétic charge during handling and assembly of said
magnetic head in a magnetic storage system, said MR sensor
electrically connected to spaced apart first and second leads
having lead terminations on said MR head, said method comprising
the steps of:

providing a solder lobe alongside said first lead and
adjacent to said lead terminations on said MR head, said 1lobe
having a confining portion and a designated portion;

applying free standing solder to the confining portion
and across the first and second leads;

reflowing the free standing solder to form a solder
bridge across the first and second leads, said solder bridge
having one end on the confining portion; and

at a desired process or assembly istep prior to the
completion of said handling and assembly of said magnetic head
in a magnetic storage system, directing heat at the designated
portion to create 'a thermal gradient between the designated
portion and the confining portion and to reflow the solder
bridge, the solder of the solder bridge flowing to the designated

portion thereby depleting the solder between the first and second
leads to break the solder bridge.

19. A method as claimed in claim 18 wherein the solder
lobe is generally shaped with a constricted section of reduced
width between first and second lobe sections, the first lobe
section being the confining portion immediately adjacent the
first lead and the second lobe section being the designated
portion.
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ﬂhe constricted section, with a clean break in the solder between the | eads
18, 19, as nore clearly shown in Fig. 4(d). The resultant sol der bunps 46,
48 are left on the Iobes 30, 31. If it is desired, these |left over sol der

bunps 46, ed fromthe | obes 30, 31, but it has not been
found t ‘ﬁiﬁmu !l do so as the presence of these solder bunps do
not S|gn| Jdyraftect the performance of the integrated suspension 10.
The actual geonetry and configuration of the | obes 30, 31 and appendage 32
may vary w thout departing fromthe spirit and scope of the present

i nvention. Wile the present invention is not dependent upon a particul ar
geonetry and configuration, it has been found that the above enbodi nent may
be inplenmented with | obe 31 and appendage 32 generally in an "H'" or "8"
configuration, with a constriction2Between the appendage and the |obe. The

si ze and shape of thg | 1 qu Epg ndage. 3o By .50 be varied. The
exact configuration andqgﬁﬁgﬁgtégs 0 v obes %0 31 éﬁ% appendage 32 are
not critical and na? pagnetic storage medium hav1ng a plurality of tracks

for receiving data;

an MR head including an MR sensor maintained in a
closely spaced position relative to said magnetic storage medium
during relative motion between said MR head and said storage
medium;

actuator means coupled to said MR head for moving said
MR head relative to the magnetic storage medium to selected
tracks on said magnetic storage medium, said actuator means
including a head suspension assembly on which the MR head is
mounted;

said head suspension assembly including first and
second leads thereon which are electrically connected to the MR
sensor and which are arranged in a spaced apart relationship and
have lead terminations on the MR head; and conductive means
interconnecting the first and second leads at a location along’
said first and second leads and adjacent said lead terminations
for providing a conductive path bypassing the MR sensor during
discharge of electrostatic charge; and

detecting means coupled to said MR sensor for detecting
resistance changes in said MR sensor responsive to magnetic
fields representative of data bits recorded in said magnetic

storage medium intercepted by said MR sensor.

21. A magnetic storage system as claimed in claim 20,
wherein the conductive means is a solder bridge, and said head
suspension assembly further includes a solder lobe at a location
alongside the first lead and adjacent to the lead terminations,
said solder lobe having a confining portion for application of
solder to form a solder bridge across the leads and a designated
portion for collecting solder upon reflow of the solder bridge,

and wherein the solder bridge has a first end on the confining

This Sheet Has Been Replaced




i3 varied to the extent that they, coupled wth the size and spacing
bet we he | eads 18, 19 and the anount of sol der paste 36 used (see
belomﬁl ﬁ

7 MM&' intain nolten solder to formthe bridge/shunt 40 upon
initia ”ﬂMIIMSOI der paste 36 and to conduct subsequent refl owed

sol der 48 to the a dage 32 upon application of a thermal gradient to the

appendage/ | obe structure. To facilitate solder wetting on the
pads 28 and | obes 30, 31, it nay be desirable to prepare their surfaces by
conventional processes, such as cleaning, fluxing, gold plating and/or
tinning. The amount of sol der paste to be applied to the |obes 30, 31 would
depend on the size and shape of these | obes, the type of sol der paste and

t he spaci ng between the | eads adjacent there. Needless to say, it would be
desirabl e to use the least anmpunt gf solder possible to reduce the weight

of the flexure/head structure fqr oObvious reasons, The particular |aser 44
to be use®°F&roTPefPU dRFPHe ePef PRV RS MSELAE U2 houl d depend on the

particul ar solder used. It is noted that the steps for form ng the shunt 40

may be separate frogmthe slepethor sRodieNgykhen! £84s shitheal9n 20aigla1 0 the
MR head 22, Further, the MR headaézgmar ?Rbonded to the lead term nati ons
h‘ﬁ?

by neans SPREPIPNERS sHHIREH fgPes nSRRPEH tHaddb i €oBBRBT REed

processessection of reduced width between first and second lobe sections,
the first lobe section being the confining portion immediately
adjacent the first lead and the second lobe section being the
designated portion, and wherein the solder bridge has its first

end on the first lobe section.

23. An integrated suspension assembly for supporting
an MR head in a magnetic storage system, comprising:

flexible means for supporting an MR head having a MR
sensor;

first and second leads on the flexible means which are
electrically connected to the MR sensor and which are arrariged in
a spaced apart relationship and have lead terminations on the MR
head; and

conductive means interconnecting the first and second
leads at a location along said first and second leads and
adjacent said lead terminations for providing a conductive path

bypassing the MR sensor during discharge of electrostatic charge.

24. An integrated suspension assembly as claimed in
claim 23, wherein the conductive means is a solder bridge, and
said head suspension assembly further includes a solder lobe at a
location alongside the first lead and adjacent to the lead
terminations, said solder lobe having a confining portion for
application of solder to form a solder bridge across the leads
and a designated portion for collecting solder upon reflow of the
solder bridge, and wherein the solder bridge has a first end on

the confining portion and a second end on the second lead.
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For illustrative purpose, the parameters for an exanple in which the above
descri bed embodi ment may be inplemented effectively is set forth bel ow.
G ven a lead dinmension of 50 microns in width with a centerline spacing of

ﬁii’embiﬂl||mlllﬂlﬂllﬂﬂlllﬂlﬁ factiver o o ) Tobes 30, 31 Shape and size

= 100 X*106 ntcrb with full radiused end; ~ (b)
appendage 32: shape and size = 75 mcrons dianeter circle;
(c) constricted section: shape and size = 75 mcron
14
25
25. An integrated suspension assembly as claimed in

claim 24, wherein the solder lobe is generally shaped with a
constricted section of reduced width between first and second
lobe sections, the first lobe section being the confining portion
immediately adjacent the first lead and the second lobe section
being the designated portion, and wherein the solder bridge has
its first end on the first lobe section.

26. A magnetic storage system comprising:

a magnetic storage medium having a plurality of tracks
for receiving data;

an MR head including an MR sensor maintained in a
closely spaced position relative to said magnetic storage medium
during relative motion between said MR head and said storage
medium;

actuator means coupled to said MR head for: ‘moving sald
MR head relative to the magnetic storage medium to selected
tracks on said magnetic storage medium, said actuator means
including a head suspension assembly on which the MR head is
mounted;

said head suspension assembly including first and
second leads thereon which ére electrically conhected to the MR
sensor and which are arranged in a spaced apart relationship and
have lead terminations on the MR head, and a solder lobe at a
location alongside the first lead and adjacent to the lead
terminations, said solder lobe having a confining portion for
application of solder to form a solder bridge across the first
and second leads, thereby to provide a conductive path bypassing
the MR sensor during discharge of electrostatic charge and a
designated portion for collecting solder upon reflow of such
solder bridge; and

detecting means coupled to said MR sensor for detecting

resistance changes in said MR sensor responsive to magnetic
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I‘ength, 50 micron w dth; (d) volune of solder paste = 3.0 X E-3

to 4.4 X E-3 cubic mllineter; (e) type of sol der paste
= Eutectic Sn-Pb, Bi-Sn or ot her suitable sol der; ()
refl ow tenper \‘m‘\sol der paste = 160 degree C usi ng an

i nfrar %‘ﬁi\m‘ﬁ!‘wm W for eutectic Bi-Sn; (g) laser for shunt
reflowai octised beam of Nd Yag | aser ained at appendage
32 with approxi mate energy of 100 to 500 millijoules (the energy
to open the shunt will vary with the anmobunt and type of sol der
used) for a duration of 0.5 to 2 seconds. (The
foregoing values are intended to provide an order of magni tude of
the rel ative di nensions and paraneters. Vari ations of these

val ues can be made w t hout departing fromthe inplenmentation of

t he present i nvention.) 26 Referring now to Figs.

5(a)-(d), &iskbbtondpeebediakine off theanettowdegortied pneszit magwemticon is

di scl osed. s fQFafePMEBRLANER e MU iNEy CEU B 38D skiheWws . of the MR sensor |ead
termnation region are illustrated, corresponding to Figs. 4(a):=(d). The

other parts of the integrated suspension 10 including the MR head renmains
unchanged from the &drli&rmagrisddicnehbrage |gysttieims agnbbalimeshtin cheifoZ6mt i on

of the shupedsiriane kB14bE RHRSQRCENEra1 1S/ mlagehobﬁtﬁoa adim¢entteqe of

the leads 19 {01 Ng VBSOS AUs At notb 88 AA° 38 L8c8H 42089 2% 00ns,
the first lobe section being the confining portion immediately
adjacent the first lead and the second lobe section being the
designated portion, and wherein the solder bridge when formed has
one of its ends on the first lobe section.

28. An integrated suspension assembly for supporting
an MR head in a magnetic storage system, comprisihg:

flexible means for supporting an MR having an MR
sensor;

first and second leads on the flexible means which are
electrically connected to the MR sensor and which are arranged in
a spaced apart relationship and have lead terminations on the MR
head; and

a solder lobe at a location alongside the first lead
and adjacent to the lead terminations, said solder lobe having a
confining portion for application of solder to form a solder
bridge across the leads, thereby to provide a conductive path
bypassing the MR sensor during discharge of electrostatic charge
and a designated portion for collecting solder upon reflow of
such solder bridge.

29. An integrated suspension assembly as claimed in
claim 27, wherein the solder lobe is generally shaped with a
constricted section of reduced width between first and second
lobe sections, the first section being the confining portion
immediately adjacent the first lead and the second lobe section

being the designated portion, and wherein the solder bridge when
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the | eads 18, 19 adjacent to the |obe 50 (crosshatched regions in Fig.
5(b)). To confine the solder fromflow ng over the entire | obe 50 and down
the leads 18 and 19 upon subsequent reflow of the sol der paste 36 to forma

shunt Jmmljma rnier 52 (dotted regions in Fig. 5(b)) such as a

r emov w M{Nﬂ[s pre-applied over the | eads 18 and 19 outside of

t he shunt regloh n 15 and on the
| obe 50 by conventional nasking or screening process before screening on
the sol der paste 36. In this enbodinent, the designated portion may be the

entire | obe 50 (as shown) or part thereof (not shown). The confining
portion would be the part of

27

formed has one of its ends on the confining portion.
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t he | obe '50: on whi ch sol der paste did not cover. It is noted that since the
| obe 50 is integrally formed with the lead 19, one nay say that there would
be a confining portion (albeit small portion) on the | obe 50 regardl ess of
the coverage of the solder barrier on the | obe 50. After reflow, the sol der
barrier 52 is renoved by conventi onal [9Cess to expose the | obe 50. Fig.
5(c) shows the state at which the solde? paste 36 has been reflowed to form
the solder shunt 54 with this barrier 52 renoved. As in the earlier

~enbodi nent, the MR head 22 has been attached to the flexure 14 by a

separate process. _ Referring to Fig. 5(d), when it is time to open
teggms)lhgnt Agﬂ%%gﬂgg g)éFrELEGTR@’S'ﬁtTI@BI LS. Pkéé. acgrl\tdgg}m%n due to
wet ti ng- of the exposed ﬁ@@b@ﬁ&ﬁ@éﬁﬁﬁgcﬁ‘@gﬁ@ entire surface of

the | obe 50. Solder is depleted in the spacing between the adjacent |eads
18, 19 asA‘}aS"ﬁ%ﬁ@ bunp 51 fornms on |lobe 50 with a smaller sol der bunp 53
remai ning on thé ' lead 18. As a result, the shunt 54 is opened.

Li ke the earlier enbodinent, the actual geometry and configuration of the

| obe 50 may mmexust(@w \ﬁ'ﬁ@m kélﬁofsr(]%)bﬁ@?r&@étw%@g&cﬁﬁﬁgéc ge&i}g present

i nvention, The SIée and pe of the y .als re e exact

conf i gur Sleppstaticy la?lmg% PS‘FSCP?Fqu Jertrosiatically charged fialds: ofA shuef isny be
varied t providedeacressithé bdjhcenb eynductiveleads v frices e iR MRI s&ﬁsdiemsmra difit thepds

o f or m SNetol R Ehe BRR sEronRpat it e MR 0 12, 1B sl idid Lé%&b%g' and
t o condutsedsiop sheyshunt. Tbe soldexishmnt () is remayed phier enpitting Mbat@mth)on
appl i cat s@pemNion 67 WHich HBMRMHLRE iShbfitbd ifo operation in a magnetic disk drive -
system. The solder shunt (40) is removed by reflowing the solder and drawing the
reflowed solder away from the leads to break electrical connection of the shunt across the
adjacent leads to the MR sensor (24). The shunt may also be in the form of an integral
bridge of conductive material interconnecting the adjacent leads, which is removed by using
a laser to melt the material. ' f
Fig. 1
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18 - CLAI M5 1. A method for
‘protecting an MR sensor in an MR head nounted on a head suspensi on assenbly
ﬁron1danage caused by electrostatic charge during handling and assenbly of
;Said magnetic head in a nagnetic storage system said MR sensor

el ectrically connected to spaced apart first and second | eads having | ead
termnations on said MR head, said nethod conprising the steps of:

provi ding a shunt-across said |leads at a |ocation along said | eads on said
head suspensi on assenbly adjacent to said | eads term nations on said MR
head, said shunt conprising a bridge portion and a | obe portion, said | obe

portion provided for opening of said hridge portion; and openi ng said
shunt at a desired process or asseanQJgf said nmagnetic head in a magnetic
storage system 2. A nethod as clained in claim1l wherein the first

and second | eads are spaced apart with a | ead spaci ng between said | eads,
and the step of providing said shunt includes tzz‘step of form ng 'a sol der
bri dge across said | eads ﬁver sai d | ead spaci ng. 3. A nethod as

claimed in claim2 whereif} the step of opeffi mg=¢di d shunt includes the step
of reflowi ng said sol der firi dge and drawi ng t he ol der away from sai d | ead
spaci ng. 4. A-nethgq as clained in claimIjwherein the step of
provi di ng the shunt inclyges the step of form ngHa bridge-section
integrally interconnecting the first and o
| I ¥ | - ¥
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second | eads. 5. A nethod as clained in claim4 wherein the step of

openi ng the shunt includes the step of nelting the bridge section. 6.
A method as clainmed in claim5 wherein nmelting is effected by using a
kaser. 7. A nmethod for protecting an MR sensor in an MR head nounted

on a head suspension assenbly from damage caused by el ectrostatic charge
duri'ng handling and assenbly of said nagnetic head in a magnetic storage
system said MR sensor electrically connected to first and second | eads
spaced apart with a | ead spaci ng between said | eads and having | ead
termnations on said MR head, said method conprising the steps of:

formng a solder bridge across said | eads over said | ead spacing at a

| ocation along said | eads and adj acent/& o said | ead terninations on said M
head; and openi ng sai d shunt by reflow ng sai d;sol der bridge and
drawi ng the sol der away from said | ead spacing aff g desired process or
assenbly step prior to the conpletion of said_ha ¢?gggnd assenbly of said
magnetic head in a magnetic storage system gk e the step of
form ng said sol der bridge includes the step of ## ¢ding a | obe al ongsi de
said first |lead and adjacent said MR head, sai ¢} Lhaving a confining
portion : # — 19 and a

desi gnat ed portion, and wherein the sol der ¥/hes confining portion of
said | obe when first applied to formthe sofge #) dge and the sol der
covers al so the designated portion beyond S/ gf

sol der bridge is refl e&wed - // g

FIG. 2



thereby drawi ng the solder away from said | ead spaci ng. 8. A nethod
as clainmed in claim7 wherein the step of reflowi ng the sol der bridge
i ncludes the step of directing heat at said designated portion of the |obe
to forma thermal gradient along the designated portion to said confining
portion and reflowi ng the solder in said solder bridge, the thermnal
gradi ent causing the solder fromthe refl owed solder bridge to flowto the
desi gnat ed portion, thereby depleting solder at said | ead spacing to open
t he shunt. 9. A nmethod as cladffed in claim8 wherein said confining
portion of the |Iobe is defined by a~primary | obe and said desi gnat ed
portion is defined by an @ppendage | obg, sai'd appendage | obe including a
constricted section of r-sgt:d wi dth comrgecting said primary | obe to said
erein

appendage | obe, and NQ§\~soIder isN{irst applied to the primry
| obe to formthe so>s§§§;Iid§’§§§$g soldzgggiggonfined to said primary |obe
by action of surface t‘*x\§5~£f Eggsgééf \%§§Lﬁon to the constricted
section. 10. A net hod a&hai INBYei n the anount of
solder to be applied and the sh Nt primary | obe,
appendage | obe antsgQnstri ct eges § N e sol der
remains on the pri \”‘~\ecig§fé%

the constricted sect’ion SIS T D
bridge, and thereafter in the‘§§§§a-

depletes at the | ead spacing upoﬁ§§§é S

drm t he sol der
t the sol der
dge when refl oyed

%§§obe t hr ough

solder flows to the appendage | obe vi a/NESg R \51/,Section. 11. A
method as claimed in claim8 wherein Bhe hoowe2dH ded by a | aser.

12. A method as c¢lained in claim8 wherei t;2§35?g’of form ng the solder

bridge further includes the steps of covertng the |obe with a sol der
barrier to define the designated portion before the solder bridge is in

pl ace, and renoving the solder barrier to equBH;tthdesignated portion
thereafter but prior to reflowi ng the solder bridge. : 13. A nmethod as
claimed in claim7 wherein the step of form ng the sol der bridge further

i ncludes the step-of applying free andi ng sol der across the | ead spacing
and on the confining pori&xQn of the I obg and ref|owi ng the free standing
sol der to formthe sol derNadge.

7
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4. A method as clained in claim7 wherein the step of form ng a sol der
bridge further includes the step of providing a | obe al ongside said second
| ead and adj acent said MR head. 15. A nmethod as clained in claim'l4
wherein the shape and di nensi ons of said | obe al ongside said second | ead
are chosen such that the sol der remains on said | obe

20 al ongside said second | ead as solder is drawn fromthe | ead spacing to
the confining portion upon reflow of the sol der. bridge. 16. A et hod
as clainmed in claim?7 wherein the step of reflowing the solder bridge

i ncludes the step of directing heat at the solder bridge to reflow the

sol der in said solder bridge, the sol d&f fromthe refl owed “sol der bridge
flowing to the designated pegtion thereby depleting solder at said | ead
spacing to open th 17. A method as clained in claim16 wherein

the step of formgs sol der bwdge further includes the steps of
provi di ng a barri elryeaRs egd gnated portion before the

sol der bridgests.i RS 'ff"‘g\'he barrier neans..to expose the
designated p Z 14 ‘ flowi ng the sol der bridge.

18. A nethod f ‘ _nt % n an MR head nounted on a
head suspensi on asse =3 damage caused A5y~

in

handl i ng and assenbly : magnet ig4 he

WS

;E;g:bHﬁmge during
aduet i orage system
S*:: rgg:gﬁg’second

| eads havi ng “7 ho onprising the
steps of: ’




Rrovi ding a sol der | obe alongside said first | ead and adjacent to said | ead
termnations on said MR head, said | obe having a confining portion and a
desi gnat ed portion; applying free standing solder to the confining
portion and across the first and second | eads; reflowing the free
standing solder to forma solder bridge across the first and second | eads,
sai d sol der bridge having one end on the confining portion; and at a
desired process or assenbly step prior to the conpletion of said handling
and assenbly of said nagnetic head in a nmagnetic .storage system directing
heat at the designated portion to create a thermal gradi ent between the
desi gnated portion and the confining paortion and to refl ow the sol der -
bridge, the solder of the solder bridgé/ﬁlomjng to the designated portion

t hereby depleting the sol der between the first and second | eads to break

t he sol der bridge. 19. A method as clained in claim18 wherein the
sol der | obe is generally shaped with a coffstricted section of reduced w dth
bet ween first and second | obe sBctiopns e fi@ t | obe section being the
confining portion innediatelg adj = ’ ' | ead and the second | obe

section being the designated o % gRgnetic storage system
conpri si ng: a magneti c stpHRag€ Ned{ up g a plurality of tracks for
recei vi ng dat a; an MR hege ﬁm DR dengor nmaintained in a

cl osely spaced. position relat {"m\ g storage nedi um duri ng

rel ative notion between said N

agpe medi uni




actuator nmeans coupled to said MR head for noving said MR head relative to

the magnetic storage nediumto selected tracks on said nmagnetic storage

medi um said actuator neans including a head suspensi on assenbly on which

fhe MR head i s nount ed; - said head suspensi on assenbly including first

and second | eads thereon which are electrically connected to the MR sensor

and which are arranged in a spaced apart relationship and have | ead

term nations on the MR head; and conductive nmeans interconnecting the first

and second |l eads at a location along said first and second | eads-and

adj acent .said |l ead term nations for providing a conductive path bypassing

the. MR sensor during discharge of el ectrostabyg charge; and detecting

means coupled to said MR sensor for detecting resistance changes in said M

sensor responsive to magnetic fields represensati ve f data bits recorded

in said magneti c storage nedi umintercept édd by—FaeilVR gensor: wherein

the conductive neans is a solder bridge, g 1

further includes a solder |obe at a | ocg Co

adj acent to the lead termnations, s&f sol der” Pyee?hayi Ng—a2 confi ni ng

portion for application of solder to féwg &y

and a designated portion for collecti JIRNQLZ& -

bridge, and wherein the sol der bri gg Eﬁﬁiﬁf’ ’ff%sx.' he..confini ng

portion and a second end on the secon A gBgn lti c storage

system as clainmed in claim 20, mherein\\?a.xﬁm%;aa';zf"(generally shaped

with a constricted section of reduced W _ITENTeerPs

sections, the first | obe section being the con

adj acent the first |lead and the sgﬁ d l,obe
lige 4

o8 t he sol der

portion, and wherein the solder b Bs its kLrst dhd on the first |obe
section. 22. An integrated suspension assenbly for supporting an MR
head in a magnetic storage system conpri sing: fl exi bl e means for

supporting an MR head having a MR sensor; irst and second | eads on




\

MR sensor and which are arranged in a spaced apart rel ationship and have

| ead #t erm nations on the MR head; and conductive neans interconnecting
the first and second |l eads at a | ocation along said first and second | eads
and adj acent said |lead termnations for providing a conductive path
bypassi ng the MR sensor during discharge of electrostatic charge;

wherein the conductive neans is a solder bridge, and said head suspension
assembly further includes a solder |obe at a | ocation al ongside the first

| ead and adj acent to the |lead term nations, said solder |obe having a
confining portion for application of solder to forma solder bridge across
the | eads and a designated portion for éB 1 ecting :

22 sol der upon refl ow of the sol der brigge, \and wherein the sol der bridge
has a first end on the confining portion g a, second end on the second

| ead. 23. An integrated suspension assexbly as claésred in claim22,

reduced wi dth between first and second | obe | obe
section being the confining portion imedi gt rrst | ead and
the second | obe section being the desid ferein the

sol der bridge has its first end on the fi§
magneti c storage system conpri sing:

plurality of tracks for receiving dataf
sensor maintained in a closely spaced pos
storage nediumduring relative notion betWw



and said storage nedi um actuator means coupled to said MR head for
nmoving said MR head relative to the nagnetic storage nediumto sel ected
tracks on said magnetic storage nedium said actuator neans including a
head suspension assenbly on which the MR head is nounted; sai d head
suspensi on assenbly including first and second | eads thereon which are
electrically connected to the MR sensor and which are arranged in a spaced
apart relationship and have |lead ternm nations on the MR head, and a sol der
| obe at a | ocation alongside the first | ead and adjacent to the | ead

term nations, said solder |obe having a confining portion for application
of solder to forma solder bridge across the first and second | eads,

t hereby to provide a conductive patﬁ/ﬁypassing the MR sensor during

di scharge of electrostatic charge and a designated portion for_gollecting
sol der upon reflow of such sol der bridge; and p

to said MR sensor for detecting regps gg
s
»

@eteﬁ@n féans coupl ed
eeh i "gfff sensor
responsive to magnetic fields repreg ol e g4 L5 rgcorded in said
\ ‘ay.; £ 01 25. A magnetic
BT fer | obe is generally

magnetic storage mediuminterceptgd b
storage systemas clainmed in cl afm 24

&\g '
| obe sections, the first |obe sEgd »J=5§‘§§!*

i medi ately adj acent the first | \‘w?\x/ 2
desi gnat ed portion, and wherein Ry=get- ]
%«\_ Z4i/egrat ed suspensi on

bet ween first and second
i ning portion
obe section being the

its ends on the first | obe secti

assenbly for supporting an MR h~§§§ggzgiégﬂz”’ Ft-0F age system '
conpri si ng: fl exi bl e meansg8fo ' MR havi ng an MR sensor:

i ch arFIg egtrically
connected to the MR sensor and which are ranged in a“spaced -apart

;
rel ationshi p and have |egd tgrmnations oﬁ t he MR head; and




23, . a sol der |obe at a location alongside the first |ead and adjacent
tq Lhe | ead term nations, said solder |obe having a confining portion for
appﬂ'l cation of solder to forma solder bridge across the | eads, thereby to
provi de a conductive path bypassing the MR sensor during di scharge of

el ectrostatic charge and a designated pbrtion for collecting sol der upon
refl ow of such sol der bridge. 27. An integrated suspension assenbly as
clainmed in claim26 wherei SUMMARY OF THEGINVENTIONal | y shaped with a

constricted Sv?ﬁé Pg{ge&f {r&ﬂft’)ﬁ Pde“tt En%éyg%g@ n{éﬂ{(ﬁf t&ﬁﬁgﬂ’:}gl fg?tb amage

sections, the section Nt ning
adj acent tohan {MRsheadeeapseth byt elects@@amddm@mpges Qtt @mrmntwg of m;ec@r@stagcradlyed

portion, é}ﬁﬁ'géﬂhﬂél&é byt ROVRIPAEIS St ladfiRs YHeS M dcehi@fhdhi@veqBRIsYr trdcss &R ON
the conf ! n| g%t pomt tﬂat is immediately adjacent their termination on the head.

Suspensions with the signal carrying conductors integrated into the suspensions'
allow for novel designs for producing such a shunt. These suspensions, hence forth
referred to as integrated suspensions, are fabricated with conductors intimately attached
to the suspensions. The characteristics of these conductors that are of importance to this
invention are their approximately rectangular cross section profile, and the method of
fabrication, commonly known in industry as photolithography (which is understood to
include subtractive etching processes as well as additive processes).

According to one aspect of the present invention there is provided a method for
j)rotecting an MR sensor in an MR head mounted on a head suspension assembly from
damage caused by electrostatic charge duriﬂg handling and assembly of said magnetic
head in a magnetic storage system, said MR sensor electrically connected to spaced apart
first and second leads having lead terminations on said MR head, said method
comprising the steps of:

providing a shunt across said leads at a location along said leads on said head
suspension assembly adjacent to said leads terminations on said MR head, said shunt
comprising a bridge portion and a lobe portion, said lobe portion provided for opening
of said bridge portion; and

opening-said shunt at a desired process or assembly of said magnetic head in a
magnetic storage system. '

According to another aspect of the present invention there is provided a method for
protecting an MR sensor in an MR head mounted on a head suspension assembly from
damage caused by electrostatic charge during handling and assembly of said magnetic
head in a magnetic storage system, said MR sensor electrically connected to first and
second leads spaced apart with a lead spacing between said leads and having lead
terminations on said MR head, said method comprising the steps of:

forming a solder bridge across said leads over said lead spacing at a location along
said leads and adjacent to said lead terminations on said MR head; and

opening said shunt by reflowing said solder bridge and drawing the solder away
from said lead spacmg at a desired process or assembly step prior to the completion of
said handling and assembly of said magnetic head in a magnetic storage system;

wherein the step of forming said solder bridge includes the step of providing a lobe
alongside said first lead and adjacent said MR head, said lobe having a confining portion
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22. 18. A method for protecting an MR sensor elenent in an MR
head nbunted on a head suspension assenbly from danmage caused by
efectrostatic charge during handling and assenbly of said nagnetic head in
a magnetic storage system said MR sensor electrically connected to spaced
apart first and second | eads having | ea® term nations on said MR head, said
nmet hod conprising the steps of: provi ding a sol der | obe al ongsi de
sai d fir sind| 2 desigmued gprtivan tand ovleaeid the adlder covens theo oenfining portiddRoh esid,
said | ob | opnf iy n [ desi i an.
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and secorfigsigaatgd :portion beyond said | confinipg: pastion avhent &ia gioldgr Jyidger istisflowed a

sol der brthglggy acdving thd®lddr aay3hsin 3589844 dpe@flg. sai d sol der bridge having
one end on the conpfrlni ngﬂgortion; an a desjred, process or

d at
assenbly st e’ sOrYRE 119 apgther @spesh ofrthe present ARyenHgn dherealsserayidedop sai d
magnet i ¢ mhethod ifor prowvgling iad MPrsegsrssiement indianeMR hgad@dduntéd bhea head
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" said MR head, said method comprising the steps of: _
providing a solder lobe alongside said first lead and adjacent to said lead
terminations on said MR head, said lobe having a confining portion and a designated
portion;.
applying free standing solder to the confining portion and across the first-and
seécond leads; '
reflowing the free standing solder to form a solder bridge across the first and
second leads, said solder bridge having one end on the confining portion; and
at a desired process or assembly step prior to the completion of said handling and
" assembly of said magnetic head in a magnetic storage system, directing heat at the
designated portion to create a thermal gradient between the designated portion and the
conﬁning'portion and to reflow the solder bridge, the solder of the solder bridge flowing
to the designated portion thereby depleting the solder between the first and second leads
to break the solder bridge. '
According to still another aspect of the present invention there is provided a
magnetid storage system comprising:

a magnetic storage medium having a plurality of tracks for receiving data;

an MR head including an MR sensor maintained in a closely spaced position
relative to said magnetic storage medium during relative motion between said MR head
and said storage medium;

" actuator means coupled to said MR head for moving said MR head relative to the
magnetic storage medium to selected tracks on said magnetic storage medium, said
actuator means including a head suspension assembly on which the MR head is mounted;

said head suspension assembly including first and second leads thereon which are
electrically connected to the MR sensor and which are arranged in a spaced apart
relationship and have lead terminations on the MR head; and conductive means
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19., A nethod as clainmed in claim18 wherein the solder |obe is generally
shaped‘vm th a constricted section of reduced wi dth between first and second
| dbe sections, the first |obe section being the confining portion

i medi ately adJ acent the first |ead and the second | obe section being the
desi gnat ed porti on. 6a 23

. 20. A magnetic storage system conpri sing: a magnetic storage
medi um hduterqpnaegsingrthe ifirst arfd secamdk eads atf o tocatiore along gaidfiirat and second leads

and adjacent said lead terminations for providing a conductive path bypassing the MR
sensor during discharge of electrostatic charge; and -

detecting means coupled to said MR sensor for detecting resistance changes in said
MR sensor responsive to magnetic fields representative of data bits recorded in said
magnetic storage medium intercepted by said MR sensor:

wherein the conductive means is a solder bridge, and said head suspension
assembly further includes a solder lobe at a location alongside the first lead and adjacent

- to the lead terminations, said solder lobe having a confining portion for application of
solder to form a solder bridge across the leads and a designated portion for collecting
solder upon reflow of the solder bridge, and wherein the solder bridge has a first end on
the confining portion and a second end on the second lead.

According to still another aspect of the present invention there is provided an
integrated suspension assembly for supporting an MR head in a magnetic storage system
coOmprising: B

flexible means for supporting an MR head having a MR sensor;

first and second leads on the flexible means which are electrically connected to the

. MR sensor and which are arranged in a spaced apart relationship and have lead
terminations on the MR head; and

conductive means interconnecting the first and second leads at a location along said
first and second leads and adjacent said lead terminations for providing a conductive path

- bypassing the MR sensor during discharge of electrostatic charge;

‘wherein. the conductive means is a solder bridge, and said head suspension
assembly further includes a solder lobe at a location alongside the first lead and adjacent
to the lead terminations, said-solder lobe having a confining portion for application of
solder to form a solder bridge across the leads and a designated portion for collecting
solder upon reflow of the solder bridge, and wherein the solder bridge has a first end on
the confining portion and a second end on the second lead. |

According to still another aspect of the present invention there is provided a
magnetic storage system comprising:

a magnetic storage medium having a plurality of tracks for receiving data;

an MR head including an MR sensor maintained in a closely spaced position
relative to said magnetic storage medium during relative motion between said MR head
and said storage medium,;

actuator means coupled to said MR head for moving said MR head relative to the
magnetic. storage medium to selected tracks on said magnetic storage medium, said
actuator means including a head suspension assembly on which the MR head is mounted;
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an MR head including an MR sensor nmaintained in a cl osely spaced
p05|t|bn relative to said magnetic storage nedi um during relative notion
bet ween sai d MR head and said storage medi um act uat or
means coupled to said MR head for noving said MR head relative to the
magneti c storage nmediumto sel ected acks on said magnetic storage
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integrated suspension assembly for supporting an MR head in a magnetic storage system,

comprising:

flexible means for supporting an MR having an MR sensor;

first and second leads on the flexible means which are electrically connected to the
MR sensor and which are arranged in a spaced apart relationship and have lead
terminations on the MR head; and ' ;

a solder lobe at a location alongside the first lead and adjacent to the lead
terminations, said solder lobe having a confining portion for application of solder to
form a solder bridge across the leads, thereby to provide a conductive path bypassing the
MR sensor during discharge of electrostatic charge and a designated portion for
collecting solder upon reflow of such solder bridge. _

Various combinations of the foregoing are contemplated without departing from the
spirit and scope of the present-invention. :
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porti oh for collecting solder upon reflow of the sol der bridge, and

scen rof I TR IHQHE "5 = frose end on the contimng o o and &

second erfd én the"setond | ead. '+ 22. A magnetic storage system as
claimed in claim?21, wherein the sol der "Bobe i s generally shaped with a
constricted

CLAIMS

1. A method for protecting an MR sensor in an MR head mounted on a head
suspension assembly from damage taused by electrostatic charge during handling and
assembly of said magnetic head in a magnetic storage system, said MR sensor
electrically connected to spaced apart first and second leads having lead terminations on
said MR head, said method comprising the steps of:

providing a shunt across said leads at a location along said leads on said head
suspension assembly adjacent to said leads terminations on said MR head, said shunt
comprising a bridge portion and a lobe portion, said lobe portion provided for opening
of said bridge portion; and

opening said shunt at a desired process or assembly of said magnetic head in a
magnetic storage system.

2. A method as claimed in claim 1 wherein the first and second leads are spaced
apart with a lead spacing between said leads, and the step of providing sald shunt
includes the step of forming a solder bridge across said leads over said lead spacmg

3. A method as claimed in claim 2 wherein the step of opening said shunt
includes the step of reﬂoWing said solder bridge and drawing the solder away from said
lead spacing. '

4. A method as claimed in claim 1 wherein the step of providing the shunt
includes the step of forming a bridge section integrally interconnecting the first and
second leads.

5. A method as claimed in claim 4 wherein the step of opening the shunt
includes the step of melting the bridge section.

6. A method as claimed in claim § wherein melting is effected by using a laser.

7. A method for protecting an MR sensor in an MR head mounted on a head
suspension assembly from damage caused by electrostatic charge during handling and
assembly of said magnetic head in a magnetic storage system, said MR sensor
electrically connected to first and second leads spaced apart with a lead spacing between
said leads and having lead terminations on said MR head, said method comprising the
steps of: _

forming a solder bridge across said leads over said lead spacing at a location along
said leads and adjacent to said lead terminations on said MR head; and

opening said shunt by reflowing said solder bridge and drawing the solder away
from said lead spacing at a desired process or assembly step prior to the completion of
said handling and assembly of said magnetic head in a magnetic storage system;

wherein the step of forming said solder bridge includes the step of providing a lobe
alongside said first lead and adjacent said MR head, said lobe having a confining portion
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section of reduce betmeen first and second | obe sections, the first
I Qbe sec‘lﬂm ‘ﬁlm"g nfi ning portion imedi ately adj acent the first

| ead and section being the designated portion, and wherein
the sol der brldge has its first end on the first |obe section.

23. An integrated suspension assenbly % supporti ng an MR head in a
magneti c storage system conpri sing: fl exi bl e nmeans for
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9. A method as claimed in claim 8 wherein said confining portion of the lobe is

defined by a primary lobe and said designated portion is defined by an appendage lobe,
said appendage lobe including a constricted section of reduced width connecting said
primary lobe to said appendage lobe, and wherein when solder is first apphed to the
ptimary lobe to form the solder bridge said solder is confined to said primary lobe by
action of surface tension of the solder in relation to the constricted section.

10. A method as claimed in claim 9 wherein the amount of solder to be applied
and the shapes and dimensions of said primary lobe,, appendage lobe and constricted

~ section are chosen such that the solder remains on the primary lobe without flowing to
the appendage lobe through the constricted section when the solder is first applied to
form the solder bridge, and thereafter in the presence of said thermal gradient the solder
depletes at the lead spacing upon reflow of the solder bridge when reflowed solder flows
to the appendage lobe via the constricted section. .

11. A method as claimed in claim 8 wherein the heat is provided by a laser. _

12. A method as claimed in claim 8 wherein the step of forming the solder bridge
further includes the steps of covering the lobe with a solder barrier to define the
designated portion before the solder bridge is in place, and removing the solder barrier
to expose the designated portion thereafter but prior to reflowing the solder bridge.

13. A method as claimed in claim 7 wherein the step of forming the solder bridge
further includes the step of ‘applying free standing solder across the lead spacing and on
the confining portion of the lobe and reflowing the free standing solder to form the
solder bridge.

14. A method as claimed in claim 7 wherein the step of forming a solder brldge
further includes the step of providing a lobe alongside said second lead and adjacent said
MR head. ' |

15. A method as claimed in claim 14 wherein the shape and dimensions of said
lobe alongside said second lead are chosen such that the solder remains on said lobe
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the con nd a second end on.the second | ead.
“‘“D ﬂm&wﬂﬂmegrat ed suspension assenbly as clainmed in claim 24,
wherel 10 r slobe is generally shaped with a constricted section of
reduced wi dth between first and second | obe sections, the first |obe
section being the confining portion i mi&diately adjacent the first lead and
the second | obe section being the designated portion, and wherein the

sol der bralomgsideasaid tsscdndr lead @adsolder tih drawn Srom dlwe lead cypacing to the confining 26.
A magnet i G BbR UG refow 61He QBRI BHAg:.

16. A method as claimed in claim 7 wherein the step of reflowing the solder
bridge includes the step of directing heat at the solder bridge to reflow the solder in said
solder bridge, the solder from the reflowed solder bridge flowing to the designated
portion thereby depleting solder at said lead spacing to open the shunt.

17. A method as claimed in claim 16 wherein the step of forming the so]der
bridge further includes the steps of providing a barrier means to define the designated
portion before the solder bridge is in place, and removing the barrier means to expose
the designated portion thereafter but prior to reflowing the solder bridge.

18. A method for protecting an MR sensor element in an MR head mounted on a
head suspension assembly from damage caused by electrostatic charge during handling
and assembly of said magnetic head in a magnetic storage system, said MR sensor
electrically connected to spaced apart first and second leads having lead terminations on
said MR head, said method comprising the steps of: N

providing a solder lobe alongside said first lead and adjacent to said lead
terminations on said MR head, said lobe having a confining portion and a designated -
portion; |

applying free standing solder to the confining portion and across the first and
second leads;

reflowing the free standing solder to form a solder bridge across the first and
second leads, said solder bridge having one end on the confining portion; and

at a desired process or assembly step prior to the completion of said handling and
assembly of said magnetic head in a magnetic storage system, directing heat at the
designated portion to create a thermal gradient between the designated portion and the
confining portion and to reflow the solder bridge, the solder of the solder bridge flowing
to the designated portion thereby depleting the solder between the first and second leads
to break the solder bridge.

19. A method as claimed in claim 18 wherein the solder lobe is generally shaped
with a constricted section of reduced width between first and second lobe sections, the
first lobe section being the confining portion immediately adjacent the first lead and the
second lobe section being the designated portion.

20. A magnetic storage system comprising:

a magnetic storage medium having a plurality of tracks for receiving data;

an MR head including an MR sensor maintained in a closely spaced position
relative to said magnetic storage medium during relative motion between said MR head
and said storage medium; '
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a magnetic storage nedium having a plurality of tracks for receiving data;
an MR um“l“m‘“ﬂm “ﬂ‘ MR sensor maintained in a closely spaced position
rel ati c storage nediumduring relative notion between

*

sai d MR*hedd &and"sald stor age medi um actuat or nmeans coupled to
said MR head for noving said MR head reflative to the magnetic storage
mediumto sel ected tracks on said magnetic storage nedium said actuator
means i ncl udi anuaohmaansseospiadstoaidabMRe hiddyfor maoting: kaid MR NRah eeldtive torthent ed;
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detecting means coupled' to said MR sensor for detecting resistance changes in said
MR sensor responsive to magnetic fields representative of data bits recorded in said
magnetic storage medium intercepted by said MR sensor:

wherein the conductive means is a solder bridge, and said head suspension
assembly further includes a solder lobe at a location alongside the first lead and adjacent
to the lead terminations, said solder lobe having a confining portion for applicaiion of
solder to form a solder bridge across the leads and a designated portion for collecting
solder upon reflow of the solder bﬁdge, and wherein the solder bridge has a first end on
the confining portion and a second end on the second lead.

21. A magnetic storage system as claimed in claim 20, wherein the solder lobe is
generally shaped with a constricted section of reduced width between first and second
lobe sections, the first lobe section being the confining portion immediately adjacent the
first lead and the second lobe section being the designated portion, and wherein the
solder bridge has its first end on the first lobe section.

22. An integrated suspension assembly for supporting an MR head in a magnetic
storage system comprising:

flexible means for supporting an MR head having a MR sensor;

first and second leads on the flexible means which are electrically connected to the
MR sensor and which are arranged in a spaced apart relationship and have lead
terminations on the MR head; and

" conductive means interconnecting the first and second leads at a location along said
first and second leads and adjacent said lead terminations for providing a conductive path
bypassing the MR sensor during discharge of electrostatic charge; _

wherein the conductive means is a solder bridge, and said head suspension
assembly further includes a solder lobe at a location alongside the first lead and adjacent
to the lead terminations, said solder lobe having a confining portion for application of
solder to form a solder bridge across the leads and a designated portion for collecting

This is the replasement sheet

Date: ‘ g MAR 1398



26 fieldsTepresentative of data bits recorded in said magnetic storage

rredl uni i ﬁ] MR sensor. 27. A magnetic storage
system aqm{lmmm\mm m 26, wherein the solder |obe is generally shaped
a constre cted"setti®on of reduced width between first and second | obe
sect ions, the first |obe section being the confi ni ng portion immedi ately
adj acent the first | ead and the second | obe section being the designated

portion, seldernmponcieflownef theiselder bridgey endwherdin thesspldendridge has aifirst endden on

the first .Qlafinfif 'I[\?Ro?ﬁon and a second end &fi thebiécbx'iﬁ ﬁﬂ&at ed suspenS| on asserrbl y
for supportln% an I n a nagnetic stor yst.em risin
An mtegrated suspens1on assembly as ¢ almed m claim 22 W erein the solder

lobe is generally shaped with a constricted section of reduced width between first and
second lobe sections, the first lobe section being the confining portion immediately
adjacent the first lead and the second lobe section being the designated portion, and
wherein the solder bridge has its first end on the first lobe section.

24. A magnetic storage system comprising:

a magnetic storage medium having a plurality of tracks for receiving data;

an MR head including an MR sensor maintained in a closely spaced position
relative to said magnetic storage medium during relative motion between said MR head
and said storage medium,;

actuator means coupled to said MR head for moving said MR head relative to the
magnetic storage medium to selected tracks on said magnetic storage medium, - said
actuator means including a head suspension assembly on which the MR head is md{lnted;

said head suspension assembly including first and second leads thereon which are
electrically connected to the MR sensor and which are arranged in a spaced apart
relationship and have lead terminations on the MR head, and a solder lobe at a location
alongside the first lead and adjacent to the lead terminations, said solder lobe having a
confining portion for application of solder to form a solder bridge across the first and
second leads, thereby to provide a conductive path bypassing the MR sensor during
discharge of electrostatic charge and a designated portion for collecting solder upon
reflow of such solder bridge; and

detecting means coupled to said MR sensor for detecting resistance changes in said
MR sensor responsive to magnetic fields representative of data bits recorded in said
magnetic storage medium intercepted by said MR sensor.

25. A magnetic storage system as claimed in claim 24, wherein the solder lobe is
generally shaped with a constricted section of reduced width between first and second
lobe sections, the first lobe section being the confining portion immediately adjacent the
first lead and the second lobe section being the designated portion, and wherein the
solder bridge when formed has one of its ends on the first lobe section.

26. An integrated suspension assembly for supporting an MR head in a magnetic
storage system, comprising:

flexible means for supporting an MR having an MR sensor;

first and second leads on the flexible means which are electrically connected to the
MR sensor and which are arranged in a spaced apart relationship and have lead
terminations on the MR head; and

i:.0 18 the replacement sheet

pate: 19 MAR 1988



flexib orting an MR having an MR sensor; first
and se @mmﬂ &mjmﬂ fl exi ble means which are electrically connected to
t he L are arranged in a spaced apart relationship and

have | ead term nati ons on the MR head;ggnd - a sol der | obe at a

| ocation alongside the first |ead and adj acent to the | ead term nations,
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bet ween f] tlﬁng i he first section being the
confi ni ngd°§§‘§ |on1¢eqqﬁr@§ﬁ§%@ yogg'fac%n tbhlgg?’i rst lead and the second | obe
section bei ng% heAn degrated suspension aasembly) asplainagdning ains 2 sderein thegsoldgren
lobe is generally shaped with a constricted section of reduced width between first and
second lobe sections, the first section being the confining portion immediately adjacent
the first lead and the second lobe section being the designated portion, and wherein the
solder bridge when formed has one of its ends on the confining portion.
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27=fbr,\rrred has one of its ends on the confi ni ng portion.

L

24

METHOD OF BLECTROST, ATIC DISCHARGE PROTECTION OF MAGN'ETIC
. HEADS IN A MAGNETIC STORAGE SYSTEM

ABSTRACT

MR heads (22) havmg MR sensors (u) are protected against damage caused by
electrostatic dxscharge or the presence of electrostatically charged fields. A shunt is
provided across the adjacent conductive leads or traces to the MR sensor (24) at a point that
is immediately adjacent their termination on the MR head (22). A solder bridge may be
used for the shunt. The solder shunt (40) is removed prior to putting the integrated
suspensjon on which the MR head is mounted into operation in & magnetic disk drive
system. The solder shunt (40) is removed by reflowing the solder and drawing the
reflowed solder away from the leads to break electrical connection of the shunt across the
adjacent leads to the MR sensor (24). The shunt may also be in the form of an integral
bridge of conductive material interconnecting the adjacent leads, which is removed by using
a laser to melt the material.

Fig. 1 .
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