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I n fa,conwent i onal head ginbal assenbly, a thin filmnmagnetic head (the
“slider”) is mechanically attached to a’ stispensi on fl exure by epoxy
bonding. An el ectrical connection between a thin filmmagnetic head
transducer and read/wite electronics is made by twi sted pairs of wres
which run the | ength of the suspension. e end of these wires is
ultrasonically bonded to gold plated tranSducer term nation pads on the
slider. In a new generation of suspension fabricated by etching a copper
al | oy/ pol yi m de/ stainl ess steel lam nate, the twisted pairs of wires have
been repl aced by a coper aI loy lead structure (see, for exanple, US Patent
3¢ HE R LRVARIOBK Pat ent Application No. GB 2292826 A).
Suspensi ons vvhere the el ecri caI conductors that convey information to and
fromthe ﬁgieklf ﬁead!ar.e i ncorporated into a | ayer of the suspension, are
hence for "integrated suspensions.' Representative nethods
have been descri bed for produci ng head gi nbal assenblies using integrated
suspensi o gﬁ;%H? T
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sol deri ng

In a conventional head gimbal assembly, a thin film magnetic head (the "slider") is
mechanically attached to a suspension flexure by epoxy bonding. An electrical connection
between a thin film magnetic head transducer and read/write electronics is made by twisted
pairs of wires which run the length of the suspension. One end of these wires is
ultrasonically bonded to gold plated transducer termination pads on the slider.

In a new generation of suspension fabricated by etching a copper
alloy/polyimide/stainless steel laminate, the twisted pairs of wires have been replaced by a
copper alloy lead structure (see, for example, US Patent No. 4,996,623, and published UK
Patent Application No. GB 2292826 A). Suspensions where the elecrical conductors that
convey information to and from the magnetic head are incorporated into a layer of the
suspension, are hence forth referred to as 'integrated suspensions.' Representative methods
have been described for producing head gimbal assemblies using integrated suspensions, for
example in US Patent No. 4,761,699 and in IBM Technical Disclosure Bulletin, Vol.36,
No. 2, Feb. 1993.

The method of electrical interconnection between the thin film magnetic head transducer
and the copper alloy lead structure described in the above cited prior art is by soldering. A
solder joint is established between a reflowed solder bump on the termination pad of the
slider, the solder being applied at the wafer level, and the copper alloy conductor
termination pads or solder bumps on such termination pads.

Several problems are encountered in the slider fabrication process due to the presence
of solder bumps on the slider termination pads. In US Patent No.5,530,604, the use of a
large flattened solder bump which extends up to a flex surface of the slider, reduces some of
the



solder joint is established between a refl owed sol der bunp on the

term nation pad of the slider, the solder being applied at the wafer |evel,
and the copper alloy conductor term nati-on pads or sol der bunps on such
term nati on pads. Several problens are encountered in the slider
fabrication process.due to the presence of, sol der bunps on the slider
termnation pads. In US Patent No.5, 530,604, the use of a large flattened
sol der bunp which extends up to a flex surface of the slider, reduces sone
of the 3 problens. However, the disclosed slider fabrication process
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t hus f ai | bomd/debond processes tend to oxidize the solder bump and the abrasive blast processes cause
erosion of the solder bump, making the bumps less conducive to reflow and thus failure to
form a good joint to the suspension leads.

- Summary of the Invention

The current invention provides an improved method of electrical termination between the
head transducer and the conductors on an integrated suspension. In one specific embodiment,
the invention defines a method for forming an electrical connection between a thin film
magnetic head transducer and a metal alloy conductor of an integrated suspension, such as a
copper alloy cable. Termination pads employ a solder wettable metallurgy, and the magnetic
head is attached to the suspension so that corresponding termination pads of the head and the
conductors are in close proximity. A solder ball is placed between the corresponding pads
and then reflowed using a focused laser beam.

In a preferred embodiment, a commercially available device is used to place the solder
balls and to provide the laser reflow. The commercial device dispenses a discrete solder ball
through a capillary onto the pads. The solder ball is held on the pads partially by the tip of
the capillary and by the pressure applied by flowing nitrogen gas through the capillary. The
positioning of the capillary is controlled by computer and a focused laser beam uses the axial
opening of the éapillary for reflowing the placed solder ball in situ. '

The method has several advantages over the existing art, including: a solder joint similar
to one described in the US Patent No. 5,530,604, is formed without prior solder application
on the slider or the conductor lead pads; the solder is applied at the time of assembly and
therefore the component processing cost is low; and the process is fast and manufacturable.

" Brief Description of the Drawi

For a further understanding of the objects, features and advantages of the present
invention, reference should be had to the following description of the preferred embodiment,
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el ectrical connection between a thin filmmagnetic head transducer and a
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cable. Term nation pads enploy a solder wettable nmetallurgy, and the
magnetic head is attached to the suspension so that correspondi ng

term nation pads of the head and the conductors are in close proxinmty. A
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using a fagusacte hasehiLaivhékid Preferred enbodi ment, a conmercially
avai l abl e deyice 1s used to place the solder balls and to provide the | aser
refl ow. The d8mdris aéph%%cc@aﬁnagop%?& Egadaslmbgﬁéfsé?rsblyd}seéfn theBresens Byghtion,
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gas through UG- eabeEasmAasablF e TR AP R B thonr 86, 3 hSeie
by conput eprefexted nfethodseitsoldes dballiplagemgats t he axi al opening of the
capil lary fompr&ehliowisBierhdtic dbgafflofSthe h8id Siital hilembly after laser reflow of the
solder balls shown in FIG. 2. |
FIG. 4 is a pictorial diagram illustrating microscopic details of a solder connection
formed by conventional methods and having a thick intermetallic compound layer.
FIG. 5 is a pictorial diagram illustrating microscopic details of a solder connection
according to one aspect of the present invention and having an extremely thin intermetallic
- compound layer. S
FIG. 6 is a partial schematic diagram illustrating a solder connection according to the
present invention and having a pair of extremely thin intermetallic compound layers.
FIG. 7 is a partial pictorial diagram illustrating a portion of a head suspension assembly
including a solder connection produced by the method of the present invention.
FIG. 8 is a schematic diagram illustrating a magnetic recording disk file using head
suspension assemblies including solder connections produced by the method of the present
invention. | '

ailed Description of the Invention

Figure 1 is a schematic diagram of a head gimbal assembly (HGA) used in this
invention. The gimbal assembly is designated generally by the numeral 10 and includes a
slider 12 having an ABS 14, a thin film head structure 16 having a plurality of gold plated
copper termination pads 18 (only one is illustrated in Fig. 1), and an electrical connector 19.
A typical integrated suspension includes three layers, a metal alloy conductor layer 20, a
dieléctric layer 22 (e.g. a polyimide), and a support layer 24 (e.g. stainless steel). The slider
12 is bonded to the suspension by an adhesive layer 26, such as an epoxy.




The met hod has several advantages over the existing art, including: a
solder joint similar to one described in the US Patent No. 5,530,604, is
formed without prior solder application on the slider or the conductor |ead
pads; the solder is applied at the tinme of assenbly and therefore the
conponent processing cost is low and the process is fast and

manuf acturabl e. Brief Description of the awi ng For a further
under st andi ng of the objects, features and advantages of the present

i nvention, reference should be had to the follow ng description of the

preferred enmbodi nent, 4 taken in conjunction with the acconpanying
drawi ng, in whicohductordeadhpad28 ispoitianed s itat ithet lead pad 28 isaligned te.and ishiarthe n:
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magnesium alloy; a beryllium-copper alloy; a copper-iron-phosphorous-zinc alloy; a copper-
titanium alloy; or any other suitable metal or metal alloy conductor. The lead pad 28 is just
the region at the end of one of the conductors formed in the conductor layer 20 (for example,
an end of one of the conductors 86 shown in Fig. 7). Typically, there are four of the lead
pads 28, but other numbers are possible. Also, to preserve solderability, the lead pads 28
(and usually the whole conductor) are plated with a metal such as gold. Hence, typical lead
pads 28 would be gold plated copper alloy.

The present invention relates to methods for joining the termination pads 18 with
corresponding lead pads 28 to complete an electrical connection between the head transducer
16 and the read/write electronics of the disk drive (shown in Fig. 8).

Figure 2 is a schematic dizigram which illustrates a preferred method for making the
electrical connection. ‘The structure of the HGA is identical to that shown in FIG. 1. FIG. 2
also illustrates a solder ball 30, a capillary 32, and a focused laser beam 34 (broken lines).

The solder ball 30 is placed at the junction of the two corresponding termination pads 18
and 28 by a device commercially available from the Fraunhofer Institute for Reliability and
Microintegration, of Berlin, Germany. The principles of operation of the Fraunhofer device
are disclosed in a published International Patent Application, No. PCT/DE%4/00678,
Publication No. WO 95/00279. In practice, the capillary 32 is positioned perpendicular to
the ground and the slider 12 is positioned at a forty-five degree angle to the capillary 32 to
facilitate placement of the solder ball 30.

The device has a reservoir of solder balls of controlled diameter and dispenses one ball
at a time onto a predetermined termination pad through the capillary 32. The solder ball 30
is very lightly held on the pad 28 by the capillary 32 and a flowing nitrogen gas. The solder
ball 30 is reflowed in situ by the focused laser beam 34 through an axial opening 36 of the
capiilary 32. The Fraunhofer device is intended for solder ball bumping on wafers for flip
chip attachment in the electronics industry.



a preferred nethod of solder ball placenment. FIG 3 is a schematic diagram
of the head ginbal assenbly after |aser reflow of the solder balls shown in
FIG 2. FIG 4 is a pictorial diagramillustrating m croscopic details of a
sol der connection formed by conventional nethods and having a thick
intermetallic conpound layer. FIG- 5 is apictorial diagramillustrating

m croscopi c details of a sol der connectiorr according to one aspect of the
present invention and having an extrenely thin internmetallic conpound
layer. FIG 6 is a partial schematic diagramillustrating a sol der
connection according to the present invention and havi '
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On reflow, the solder ball 30 melts, flows and wets the corresponding termination pads
18 and 28, forming a right angled solder fillet 38, illustrated in FIG. 3. Such electrical
connections have proven to be extremely strong and reliable.

The termination pad metallurgy for these methods is not limited to copper with
immersion gold. Any solder wettable metallurgy including a plated gold or nickel/gold finish
can be used. The solder ball of preference is made from a 63 %Sn-37%Pb alloy and balls of
various sizes are commercially available. However, solder balls made from different solder
alloys, such as 58 %Bi-42 %Sn, can also be used.

Most common soldering alloys contain tin as a constituent and the most common base
metal to be soldered is copper or copper alloy with or without a gold finish. During
conventional soldering operations (e.g, infrared or convective furnace reflow, hot gas reflow,
etc.) the molten solder interacts with the base metal and/or the finish to form what is known
as intermetallic compounds ("IMC"). IMC can be copper-tin, copper-gold or combinations.
IMC forms a distinct layer between the base metal (copper) and solder.

Such a layer is shown in Figure 4, a pictorial diagram which illustrates microscopic
details of a typical IMC layer. The solder connection is designated generally by the numeral
40, and includes a base metal region 42, a solder region 44, and an intermetallic compounds
region 46. _

The thickness of an IMC layer is controlled by reflow temperature and time. In
conventional reflow processes (e.g. infrared or convective furnace reflow, hot gas reflow,
etc.), the time the solder stays molten can be from a few seconds to a few minutes. As a
result, an IMC layer 46 of several microns is formed. Moreover, due to a slower
solidification process



Figure 1 is a schematic diagramof a head ginbal assenbly (HGA) used in
this invention. The ginbal assenbly is designated generally by the nuneral
10 and includes a slider 12 having an ABS 14, a thin filmhead structure 16
having a plurality of gold plated copper term nation pads 18 (only one is
illustrated in Fig. 1), and an electrical gonnector 19. A typical

I nt egrated suspension includes three |layers, a netal alloy conductor |ayer
20, a dielectric layer 22 (e.g. a polyimde), and a support |ayer 24 (e.qg.
stainless steel). The slider 12 is bonded to the suspension by an adhesive
| ayer 26, such as an epoxy. 5 A conductor | ead pad 28 is positioned so
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conduct or . so-{&ei' Qa‘ﬁ%, Qﬁ‘éjscﬁgelj éniaﬂ%tmolten only for a very small fraction of a second. The
reflow times are in the range of 1-50 milliseconds. Figure 5 is a pictorial diagram which
illustrates microscopic detail of an IMC layer resulting from laser beam reflow. The solder
connection is designated generally by the numeral 50, and includes a base metal region 52, a
solder region 54, and a very thin intermetallic compounds region 56. The solder joint 50 has
two unique features which distinguish it from a solder joint formed by conventional reflow:
(1) the IMC layer 56 is extremely' thin, less than 1 micron, and (2) the solder 54 has an
extremely fine grain structure, in the range of 0.1 -2 micron in size. These features provide
excellent mechanical properties and reliability to the solder joint 50 and can be eas1ly
identified by cross-sectioning of the joint.

Figure 6 is a partial schematic diagram illustrating the solder joint of FIG. 3, formed
according to one aspect of the present invention, and designated generally by the numeral 60.
The joint illustrated in FIG. 6 includes a portion of a slider 62, a portion of a suspension
dielectric 64, a slider termination pad 66, a corresponding suspension termination pad 68,
laser reflowed solder 70 joining the corresponding termination pads, and a pair of extremely
thin IMC layers 72 and 74. Solder joints produced according to the present invention include
the extremely-thin IMC layers 72 and 74, whereas solder joints produced by conventional
reflow methods exhibit much thicker IMC layers (e.g, layer 46 of FIG. 4).
Figure 7 is a partial pictorial diagram which illustrates a portion of a magnetic head

suspension assembly according to another aspect of the present invention, designated
generally by the numeral 80. The partial assembly 80 includes a slider 82, a suspension 84,
copper alloy conductors 86, a magnetic head transducer 88, and a plurality of solder
connections 90 which are identical to the fillet 38 shown in Fig. 3.

"Figure 8 is a schematic diagram of a magnetic recording disk file 100 that utilizes a head
suspension assembly 102 such as the assembly 80. It should be appreciated that the
suspension system 104 is identical to the suspension system 102 so that the following
comments apply



t he region at the end of one of the conductors fornmed in the conductor

| ayer 20 (for exanple, an end of one of the conductors 86 shown in Fig. 7).
Typically, there are four of the |ead pads 28, but other nunbers are

possi ble. Also, to preserve solderability, the | ead pads 28 (and usually

t he whol e conductor) are plated with a netal such as gold. Hence, typical
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include solder connections such as the solder connections 90 illustrated in Fig. 7. Each of
the sliders 114 and 116 includes a transducer for reading and writing data on a plurality of
concentric data tracks on the disks 106, and are attached to one of the suspension systems
102 (or 104). Each of the suspension systems 102 (or 104) are attached to an actuator arm
118 which is attached to a rotary actuator 120. The rotary actuator 120 moves the actuator
arm 118 (and hence the suspension system 102 or 104 and the sliders 114 or 116) in a radial
direction across the disk 106. An enclosure 122 (shown by a broken line in FIG. 8) seals the
disk file 100 and provides protection, from particulate contamination.
A controller unit 124 provides overall control to the magnetic recording disk file 100.

The controller unit 124 contains a central processing unit (CPU), memory unit and other
digital circuitry and is connected to an actuator control/drive unit 126 which in turn is
electrically connected to the actuator 120. This allows the controller unit 124 to control the
movement of the sliders 114 and 116 over the disks 106. The controller unit 124 is
electrically connected to a read/write channel 128 which in turn is electrically connected to
the sliders 114 and 116. This allows the controller unit 124 to send and to receive data from
the disks 106. The controller unit 124 is electrically connected to a spindle control/drive unit
130 which in turn is electrically connected to the spindle motor 110. This allows the
controller unit 124 to control the rotation of the disks 106. A host system 132, which is
typically a computer system, is electrically connected to the controller unit 124. The host
sysfém 132 may send digital data to the controller unit 124 to be stored on the disks 106, or
may request that digital data be read from the disks 106 and sent to




t he: ground and the slider 12 is positioned at a forty-five degree angle to
the capillary 32 to facilitate placenent of the solder ball 30. The device
has a reservoir of solder balls of controlled dianeter and di spenses one
ball at a time onto a predeterm ned term nation pad through the capillary
32. The solder ball 30 is very lightly held on the pad 28 by the capillary
32 and a flowi ng nitrogen gas. The sol der all 30 is reflowed in situ by
the focused | aser beam 34 through an axial opening 36 of the capillary 32.
The Fraunhofer device is intended for solder ball bunping on wafers for
flip chip attachnment in the electronics industry. 6 In a preferred
enbodi ment thethost $ystans 432, Ehebasicaperationsangistiuethrd pf data NtOrageG)yistenss; sudtoaether
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Figure 3 is a_sc i agra strates an electrica

formed bet weeAt $hould-be peted dhiatthelaser; beamureflgw praesss describad mith 1espast &g Fig:

met hod of ¢4ifalss Be @kéd to form connections between other electrical components. For example, the
process can be used to connect termination pads for the conductors 86 located at the opposite
end of the suspension 84 from the slider 82 (see Fig. 7), with the termination pads for the
circuitry in the read/write channel 128 (shown in Fig. 8).

While the foregoing detailed description has described a method for forming an

electrical connection between a termination pad on a thin film magnetic recording head and a
‘conductor, and a head gimbal assembly having a connection formed by the method, and a
magnetic recording disk file using such suspensions, it is to be understood that the above
description is illustrative only and should not be considered limiting of the disclosed
invention. The invention is to be limited only by the claims as set forth below.



I nventsi ean. The_basic structure is identical to that shown in FIGs 1 and 2,
and uses the sane identification nunbers. On reflow, the solder ball 30
melts, flows andfh : eedondi ng termi nation pads 18 and 28, forning
a right angled sol |t L illustrated in FIG 3. SYytin &' |
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2. The method as set forth in Claim 1, wherein the laser is operated for an interval
between 1 and 50 mSec. to obtain the necessary solder reflow.

3. The method as set forth in Claim 2, wherein the laser is operated for an interval
between ,. and 3 mSec. to obtain the necessary solder reflow.

4, The method as set forth in Claim 1, wherein the laser is operated to deliver a.
predetermined quantum of energy.

5. The method as set forth m Claim 1, wherein the focused laser beam is provided by an
Nd:YAG laser.
6. The method as set forth in Claim 1, wherein the solder ball is deposited using a

capillary holdiﬁg and placement device, the capillary including an axial passage providing a
path for the focused laser beam.

7. The method as set forth in Claim 1, wherein the solder ball is made from a 63%Sn-
37%Pb alloy.
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Is forned. Yeover, due to a slower solidification process 7 foll ow ng
reflow, the grain size of the solder 44 is fairly large, of the order of
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grai n grow$h. Lddhemethodss sesifordvin Glaighl.adiereinethie hepdderpunation padesmipmsestaomessl t he
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10. - The method as set forth in Claim 1, wherein the head termination pad comprises copper
plated with gold.

11.  The method as set forth in Claim 1, wherein the head termination pad comprises nickel
plated with gold.

12. A solder joint defining an electrical connection between a termination pad'c'm a thin film
:magnetic head transducer and a termination pad bf a conductor in close proximity, the solder
- ; joint being produced by placing a solder ball between the two termination-pads and reflowing the
solder ball iising_ a focused laser beam to produce a thin layer of intermetallic compounds
between the termination pad and the reflowed solder. '

. 13.  The solder joirit-as set forth in Claim 12, wherein the layer of intermetallic compounds is

léss than one micron thick.

14.  The solder joint as set forth in Claim 12, having a fine grain structure in the range of 0.1

to 2 micron.

15.  The solder joint as set forth in Claim 12, wherein the solder joint is formed of a reflowed
58%Bi-42%Sn solder alloy.

16.  The soidérjoint as set forth in Claim 12, wherein the solder joint is formed of a reflowed
'63%Sn-37%Pb solder alloy.
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I nvol'ves- extrenely rapid heating and cooling. By using a | aser beam 34
(FIG 2) to nelt the solder ball 30, the solder remains nolten only for a

very small fraction of a second. The reflow tinmes are This Sheat eReplacdd- 50
mlliseconds. Figure 5 is a pictorial diagramwhich I||L'
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connection is designated generally by the nuneral 50, and I ncludes a base
nmetal region 52, a solder region 54, and a very thin internetallic
conmpounds r%glon 56.. The sol der b’lnt 50 has two uni que features which
di stingui shi%t 4 Beadsusnssige psspblyicomprisiag apiptegrtedenspentien andsfifanhavipg) ¢ he
| MC | ayer @edﬁﬁiﬁhﬁﬁﬁﬁéﬁgaﬁg bPSOl&C?%ﬁLﬂ]@HlC&L f'éﬂ&]ana néa%):oxﬁxle&w?meﬂ%en&l

has an extremaly I ne n structure e range -2 mcron in
si ze. Thesecoimesponding tepnmwhd@ padscth betmectmdhms mmuchrwm@clngwomedball between

rTeliability, th can dnt 1 ed

G ose- sect ) B PPt 354 oyt B8 sotdkc DA wile REER hberbeled Flbroptcs % R pvaref
illustrati rigtehhetame lcé@poynds bétweén the Grmhatibopadeshdahe RAGWEDsdlderone aspect of
the present invention, and designated generally by the nuneral 60. The

joint illustrated in FIG 6 includes a portion of a slider 62, a portion of
a suspensi ofg di ef1aGlehd Suspéhsioft aStemBBy aslsel FHRRICIAM PAUhESEn the ﬁﬁ&&%ﬁﬁ&ﬂﬂé&g

suspensi on term nation })ad 68, -l aser reflowed soldér 70 joining t

| correspondlﬁi@'ﬂ@@%sﬁai eﬁbﬁQmsauoa(nd a pair of extrerrely

19.  The head suspension assembly as set forth in Claim 17, wherein the solder ball is mgde
from a 58%Bi-42%Sn solder alloy. )

20.  The head suspension asssembly as set forth in Claim 17, wherein the solder wettable
metallurgy includes plated gold.

: 1
21. The head suspension asssembly as set forth in Cla1m 17 wherein the solder wettable
metallurgy includes copper with plated gold ﬁmsh

22, Thehead si;spension asssembly as set forth in Claim 17, wherein the solder wettable

metallurgy includes plated nickel-gold finish.

23.  The head suspension asssembly as set forth in Claim 17, wherein the focused laser is

operated for an interval between 1 and 50 mSec. to obtain the solder reflow.

24. The head suspenswn asssembly as set forth in Claim 17, wherein the focused laser is

operated for an mterval between 2 and 3 mSec. to abtain the solder reflow.

Sk [4 L M s *



thizn «I"Ma | ayers 72 and 74. Sol der joints produced accor"di hmpresent

I nvention include the extrenelythin IMC | ayers 72 CEy Hias Replaseds ol der

joints produced by conventional reflow nmethods exhi er I|MC

| ayers (e.g. layer 46 of FIG 4). Figure 7 is a pa di agram
y

which illustrates a portion of a magneti d3head suspensi on asse

according to angt her aspect of the present invention, designated generally
by the numéral 8be headsuspentipmpssaesailyips st Bohin{elpigy b5 whezsin telaygpof

suspensi on ;34m&ARPES; Iﬁ,l“}]@y- R LRE Sid3éh thdk,megnet i ¢ head transducer 88,
and a pl uraltl Ity of scﬂl er clgnngg{tdlﬁogsﬁléo V\/mﬁch are identical to the fillet
38 showmnin Fig. 3. Figure 8 is a schemati.c diagram of a magnetic recording
disk file O that. utilizes a head,sus Sl On.ass Ly 102 such as the
Gscenbly 830 | + 1BRBHAr IR PR R Bph RGBSR, Bontetfn

i dentical thas 4 fifie grdindctufy inshestatys J2 ©Q mitwh. t he fol | ow ng comments apply
8 .

27. A magnetic recording disk file including a head suspension assembly havingan
integrated suspension and slider with electrical termination pads of solder wettable metalturgy,

" the head suspension assembly including electrical cor-mections between corresponding
termination pads, the electrical connections being formed by placing a solder ball between
corresponding termination pads and reflowing the solder ball using a focused laser beam to
produce a thin layer of intermetallic compounds bc;weeri each termination pad anfi the reflowed

solder.

28.  The magnetic recording disk file as set forth in Claim 27, wherein the solder ball is made
from a 63%Sn-37%Pb solder alloy. S

29.  The magnetic r'eéording disk file as set forth in Claim 27, wherein the solder ball is made
_ from a 58%Bi-42%Sn solder alloy.

30. The magnetic recording disk file as set forth in Claim 27, wherein the solder wettable

metallurgy includes plated gold. -

31. . The magnetic recording disk file as set forth in Claim 27, wherein the solder wettable
metalluljgy. includes copper with plated gold finish.

32.  The magpetic recording disk file as set forth in Claim 27, wherein the solder wettable

metallurgy includes plated nickel-gold finish.

AR



equat by<to either the suspension system 102 or~fﬁE—§U§BEﬁ§ion system 104.
It should al so be appreciated that the suspensi qmisssyébtmzaﬂEﬁaWG 104 coul d

i

be used with other data storage system;,%s]uch as meﬁma ni ves,
optical drives or conpact disk players. e disk 1l des a
plurality of magnetic recording disks 106. suitabl or use in hard disk
drives. The disks 106 are nounted on a spindle: shaft 108 which is connected
to a spi ndi3e nihemakidic rdlakdifig ditR filSasmUBitE th ClRInA2 T; hasRisthd fkused I@ktikal i ty
of read/wite sliders 114 and 116 are positioned over the disks 106 such
that each %Wdfmw%b%%ww fretopbiainbe soldgaellovi 14 or 116. The
sliders 114 and 116 include sol der connections such as the sol der
connections 90 illustrated in Fig. 7. Each of the sliders 114 and 116

i ncl udes &4 r arfhamagreticaecording disly fidaws sak forth inClaim 27, ovherginpthe foghsedylasef is

concentric , Gl ' ' : to one of the-
suspensi on’® g%get%e%&f%r‘%glr’é@g%di ﬁﬁt}cﬁgg?' &%‘gﬁgﬁgﬁéﬁgﬁ&gyst ens 102 (or
104) are attached to an actuator armwhich is attached to a rotary act-uator
120. The rgtary_actuator 12 Vv t he tpyatQr. a 18, (and hence the
suspensi or?ssys%(%‘ﬁf‘fﬁﬂetl‘f'r‘ %ﬁ%@%ﬁg@l@g%ﬂ@f@nﬁﬁg&e& di al -

di recti on ;pehAsslt BSnsdunls £0&s AR oRBalish ekl 22 (shown by a broken line in
FIG 8) seals the disk file 100 and provides protectionfrom particul ate

cont am nati on. _
36. The magnetic recording disk file as set forth in Claim 27, wherein the solder connection

has a fine grain structure in the range of 0.1 to 2 micron.

37. A method for forming an electrical connection between the read/write eleéironic circuitry
of a disk drive and an electrical conductor comprising:

placing a solder ball in contact with a read/write circuit termination pad and a conductor
termination pad positioned at an end of; a suspension not adapted for attachment to a slider; and

hradiaﬁng the solder ball with a focused laser beam to cause reflow of the solder ball.

/ -
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A controller unit 124 provides overall control to the magnetic recording
disk file 100. The controller unit 124 contains a central processing unit
(CPY), menory unit and other digital circuitry and is connected to an
actuator control/drive unit 126 which in turn is electrically connected to
the actuator 120. This allows the controller unit 124 to control the
movenent of the sliders 114 and 116 over Ibhe di sks 106. The controller unit
124 is electrically connected to a read/wite channel 128 which in turn is
electrically connected to the sliders 114 and 116. This allows the

Control Sahﬂﬂihi 124 i3 O | PR ECER Fo SRSy %igﬁt ol drive
it 130 [ [ [ ' [ 110.
Thi s allowe the conirol|or uRERMBRTONIY SO BATEE, 75,01 % e ai sks

106. A host system 132, which is t I uter system is
electrically connected to the cont ?@Fﬁgpﬁﬁfé 4. The host system 132 may

send digital data to the controller unit 124 to be stored on the disks 106,
or may request that digital data be read fromthe disks 106 and sent to

ABSTRACT

A method for forming electrical solder connections (90) between a thin film
magnetic head transducer (88) and the conductors (86) in an integrated suspension after
the head has been mechanically attached to a suspehsion. A solder ball (30) is placed
between the head and conductor termination pads (18, 28). A focused laser beam is used
to produce solder reflow. The resulting solder connection (90) has a very fine grain
structure and includes a pair of extremely thin layers of intermetallic compounds in the
regioﬁs where the solder connection abuts the head and the conductor termination pads.
The solder connection has excellent mechanical properties and reliability. The method
avoids the creation of solder bumps during the wafer stage, and therefore the component

processing cost is low, and the process is both fast and manufacturable.

Fig. 2
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9 the hest system 132. The basic operatiion and structure of data storage
systens, such as the disk file 100 - (w thout the suspension systens 102 or
104), are well-known in the art. It should-be. noted that the |aser beam
refl ow process described with respect to Fig. 2, can also be used to form
connections between other electrical conponents. For exanple, the process
can be used to connect term nation pads for the conductors 86 | ocated at
the opposite end of the suspension 84;ffomthe slider 82 (see Fig. 7), wth
the term nation pads for the circuitry in the req%/write channel 128 (shown
in Fig. 8). Wh2l e the'lfforegoing detailed descriptikon has described a nethod
for form ng an\ efpecfricatr—commectton—tetweer—a—t=rm & i on pad on a thin
filmmagnetic 15'% ead gi nbal assenbly
havi ng a connectjon fornmed by the nmethod, an W etic recording disk
file using such gsuspensions, it is to be understnaaithat t he above

i

description i 28 §lustrative only and should not R onsidered limting of
t he di scl osed i\gyenti on. ted only by cl ai ns
as set fort

20 ‘iJ \
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The invention is to be |
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10 What is clainmed is: 1. A nethod for formng an el.ectrical connection
bet ween a magnetic head transducer and an el ectrical conductor conprising:
using a capillary tube to place a solder ball in contact with a head '
term nation pad and a conductor term nation pad, the capillary tube

i ncl udi ng an axi al passage which extends along a |l ength of the capillary
tube; and the head term nation pad beigg part of a transducer for reading
-and witing data on a magnetic disk; and irradiating the solder ball with a

focused | aser an1froqha | aser to cause reflow of the solder ball, the
focused | aser am bgfnd directed to the sol der ball ough the axi al
passage. 2. Thg fethod—as—set—fortirrrCarnmri—wef ei*n the |aser is
operated for an MNuerval between 1 and 50 mllisecongs to obtain the

eflow 3. The nethod as set forth aim wherein
ht ed for an interval between 2 and H

Pry sol der refl ow

necessary sol der
the laser is ope
obtain thé nec
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4. The nethod as set forth in Claiml, wherein the |aser is operated to
deliver a predeterm ned quantum of energy. 5. The nethod as set forth in
Claim 1, wherein the focused | aser beamis provided by an Nd: YAG | aser. 6.

The nethod as set forth in Caiml, wherein the solder ball is made froma
63%bn-37%b alloy. 7. The nethod as set forth in Caim1l, wherein the
sol der ball is made froma 58%Bi - 42%5 Ion. 8. The nethod as set forth

in daiml, wherein the head term natlo(l pad conprises a netal plated with
gold. 9. The nmethod as set forth in Caim1l, wherein the head ternination
pad conprises copper pl ' - 10. The net Apt-as—set+—fepth in Caim
1, wherein the head ternji nati on pad gonprises nicke] plated with gold. 11.
A sol der joint defining fan S8ORDERI ca] connecti on bef weSOLBERead] t er m nati on
pad on a thin film r‘mg@t,lc head trapsducer and a cpnduct or ter\m’_ﬂ%&i on pad

of a conductor in
+c — %___4__55
BASE BASE ;

-

427 METAL - OMETAL 752

Ao S

FIG. 4 %0
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¢l ose proximty, the solder joint being produced by using a capillary tube
to place a solder ball between the head term nati on pad and the conduct or
term nation pad and reflowing the solder ball using a focused | aser beam
the solder joint having a thin layer of internetallic conmpounds between the
conductor term nation pad and theg refl d solder, the thin |ayer of
internmetal |i c conpounds having & thickness of |ess than approxinmately one
m cron. 11 12. The sol der j&Q&xt as set forth in Caim1l, having a fine
e \ to 2 micron. 13. The solder joint as
xol der joint is fornmed of a refl owed
der joint as set forth in Claim1l1,
a refl owed 63%5n-37%b sol der all oy.

set forth in Caimll, wa
58U%Bi - 42%5n sol der al | &%

90
FIG. 7
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-15. A nethod for formng an el ectrical connecti.on bet r JV\?
electronic circuitry of a disk drive and an el ectrical . /-
conprising: using a capillary tube to place a sol der talﬁgpmmasggw h a

read/wite circuit termnation pad, the,gapillary-tubd i gl
passage which extends along a length of the capillary |t b "

read/wite circuit term-nation pad being part of the ¢ ? the
circuitry in a read/ wite channel of a disk drive; and i the
sol der ball with a focused | aser beamto cause refl owlof the sol der ballj,
the ball dcelammeddis: peam being directed to the sol der~bal—threugh—He

axi al pasgageA method for forming an electrical connection between a magnetic head transducer
' and an electrical conductor comprising: . '
' using a capillary tube to place a solder ball in contact with a head termination pad
and a conductor termination pad, the capillary tibe including an axial passage which’
extends along a length of the capillary tube, and the head termination pad bemg part of a
transducer for reading and wntmg dataona magnetlc disk; and : T
 irradiating the solder ball with a focused Iaser beam from a laser to cause reﬂow of o
the solder ball, the focused laser ‘beam bemg rhrected to the solder ball through the axial
passage . S : '
2. The method as set forth in Clalm 1, wherem the laser is operated"-for"' ;
between 1 and 50 milliseconds to obtain the necessary solder reﬂow :
3.  The method as set forth in Cla1m 2, wherem the laser is. operated -for an mterval’-'i
between 2 and 3 milliseconds to obtain the necessary ‘solder reflow. - = TR
4. The method as set forth in Cla.lm 1, wherem the laser is: operated to dehver a'- ERETES
predetermmed quantum of energy. ' : -
3. The method as set forth in Claim l wherem the fo'cused laser beam is prov1ded by

an Nd:YAG laser. .
6. The method as set forth in Clalm 1, wherem the solder ball is made from a
63 %Sn-37 %PH alloy.
7.  The method as set forth in Clalm 1, wherem the solder ball is made from a 58%B1—
42%$Sn alloy. - .
8. The method as set forth i in Clann 1, wherem the head termmatlon pad compnses a
metal plated with gold. '
9.~ The method as set forth in Claim 1, wherein the head termination pad comprises
copper plated with gold S '
- 10. The method as set forth in Claim 1, Wherem the head termmatlon pad compnses
' nickel plated with gold. ’

11. A solder joint defimng an electrlcal connection between a head termmatxon pad on
a thin film magnetic head transducer and a conductor termination pad of a conductor in
close proximity, the solder joint being produced by using a capillary tube to place a
solder ball between the head termination pad and the conductor termination pad and
reflowing the solder ball usmg a focused laser beam, the solder Jomt having a thin layer
of intermetallic compounds between the conductor termination pad and the reflowed
solder, the thin- layer of intermetallic compounds having a thickness of less than
approximately one micron. ' :

* [ L M S *
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12. The solder joint as set forth in Claim 11, having a fine grain structure in the range
of 0.1 to 2 micron. . | |

'13.  The solder joint as set forth in Claim 11, wherein the solder Jomt is formed of a
reflowed 58 %Bi-42 %Sn solder alloy. S

14. The solder joint as set forth in Claim 11, wherein the solder joint is formed of a
reflowed 63 %Sn-37 %Pb solder alloy.

15. A method for forming an electrlczil connectlon between the readlwrlte electronic =

circuitry of a disk drive and an electncal conductor compnsmg

using a capillary tube to place a solder ball in contact with a read/write c1rcu1t”;:-: '
termination - pad ‘the capillary tube including an axial passage which extends along a i

' length of the capillary tube, and the read/write circuit termination pad being part of the " '
'electromcs for the cn'cultry ina read/wnte channel of a disk drive; and = -

n'radlatmg the solder ball with a focised laser beam to cause reflow of the. solder" AR

ball, the ball focus_e_bd laser beam being directed to the solder ball through the axial -
.passage. ' : , _ o

A



