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STUDLESS THIN FILM MAGNETIC HEAD
AND PROCESS FOR MAKING THE SAME

The present invention relates to magnetic thin film heads (TFH) for recording
and reading magnetic transitions on a moving magnetic medium. It is applicable to
either inductive or magnetoresistive (MR) elements.

) In particular, the present invention relates to a method of etching deep vias
through the thick alumina overcoat in order to expose underlying bonding pads, thereby
completely eliminating fabrication of the studs (or bonding posts), a method of etching
the undercoat to define scribe-line grooves of streets and alleys across the wafer for
sawing (or dicing) and machining of the sliders, and a method of pattern-etching the
alumina undercoat, prior to the wafer fabrication, to create precise craters for recessed
structures or open vias to the substrate for lightning arresters.

Magnetic TFH transducers are known in the prior art. Please refer, for
example, to U.S. Pat. Nos. 4,016,601; 4,190,872; 4,652,954, 4,791,719 for inductive
devices and U.S. Pat. Nos. 4,190,871 and 4,315,291 for magnetoresistive (MR)

' devices.

In the operation of a typical inductive TFH device a moving magnetic storage
medium is placed near the exposed pole-tips of the TFH transducer. During the read
operation, the changing magnetic flux of the moving storage medium induces a
éhanging magnetic flux upon the pole-tips and the gap Setween them. The magnetic
flux is carried through the pole-tips and yoke core around spiralling conductor coil
winding turns located between the yoke arms. The changing magnetic flux induces an
electrical voltage across the conductor coil. The eléctrical voltage is representative of
the magnetic pattern stored on the moving magnetic storage medium. During the write

operation, an electrical current is caused to flow through the conductor coil. The
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pl aced near the exposed pole-tips of the TFH transducer. During the read
field extends into the nearby moving magnetic storage medium, inducing (or writing) a
magnetic domain (in the medium) in the same direction. Impressing current pulses of
alternating polarity across the coil causes the writing of magnetic domains of alternating
polarity in the storage medium.

Magnetoresistive (MR) TFH devices can only operate in the read mode. The
electrical resistance of an MR element varies with its magnetisation orientation.

Magnetic flux from the moving magnetic storage medium induces changes in this

‘ orientation. As a result, the resistance of the MR element to a sensing electric current
changes accordingly. The varying voltage signal is representative of the magnetic
pattern stored on the magnetic medium.

In the manufacturing of TFH transducers for magnetic recording, a large number
of devices are fabricated simultaneously in deposited and patterned layers on a ceramic
wafer. When completed, the wafer is cut (or diced) and machined into individual stider
transducers. The main elements of a TFH inductive transducer, roughly in the order in
which they are deposited, are the (alumina) undercoat, the bottom magnetic pole, the
flux gap material to provide spacing between the bottom and top magnetic pole-tips. one
or more levels of electrical conductive coil winding interposed within insulation layers,

. the top magnetic pole, elevated studs (or posts) for connecting the coil to bonding pads
(above the overcoat), a thick (alumina) overcoat, and the bonding pads.

Usually the studs are made of about 25-50um thick copper, plated through a
thick photoresist mask right after the completion of the top magnetic pole and prior to
the deposition of thick alumina overcoat. For reasons of uniformity and
reproducibility, the studs are designed to extend to a level about 10um above the highest
spot of the TFH device (the back yoke of the top pole). For each coil level the stud
thickness must be increased by at least 6-9um. For similar reasons, the alumina

overcoat thickness must exceed the stud thickness by about 10um, requiring an overcoat

about 35-60um thick. Following the overcoat deposition, the studs are covered by the
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Next, (gold) bonding pads are fabricated over the alumina overcoat to contact the
exposed studs. The pads are later used for bonding wires to external circuitry to the
read/write channel.

Fabrication of studs and bonding pads is described in U.S. Pat. No. 4,219,853,
for example. It is similar in both inductive and MR devices. For TFH devices
combining an inductive write element and an MR read element, one on top of the other,
the stud and alumina overcoat operations have to be repeated. This may bring the total

' thickness of the studs to about 40-70um, and the total alumina overcoat thickness to
about 50-80pm. As the alumina deposition process is relatively slow, about 1-
2um/hour, it can easily become the bottleneck (1-3 days) in the process flow.
Furthermore, alumina sputtering equipment is very costly. As a result, the alumina
overcoat deposition is by far the costliest and the slowest step in TFH wafer fabrication.

The integrity and chipping resistance of the alumina overcoat are directly related
to its thickness and stress. The thicker the alumina layer, the more stress it incorporates.
The alumina overcoat's stress also adversely affects the noise performance of the TFH
device, since it is in direct contact with the top magnetic pole. Moreover, tail features
of the device, such as the studs, impair the integrity of the deposited alumina in the
local surrounding area. Sawing and machining operations subject the alumina overcoat
to local stresses which often resuit in excessive chipping and rejects.

Very thick studs require a relatively long plating time and the thickness
uniformity is quite difficult to control. To achieve the required thickness, stud plating
dictates the use of a dry film photoresist which is difficult to strip and process. The
usual fabrication of studs and bonding pads demands numerous steps of photomasking,
deposition of seed-layers, plating, stripping, and etching. The elaborate structure of the
studs and bonding pads, including coil leads, permalloy, and all the seed-layers,‘ may
involve some 10-15 individual metallic layers deposited in succession on top of each

other. The probability of bonding failures due to inadequate adhesion between any two
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reliability of the bond strength is adversely affected by the large number of the metallic
layers in the structure. The poor integrity of the alumina overcoat in the locales
surrounding the studs further degrades the bond strength and often impairs the
fabrication of bonding pads due to "loops” of collapsed alumina around the studs. The
latter appear following the lapping of the alumina overcoat to expose the studs, and are
due to the poor integrity of the alumina surrounding the studs.
Copper residues and contamination, originating from copper seed-layers used for
' the coil and stud platings, may cause shorts and impair the corrosion resistance of the
TFH device. Copper coil seed-layer residues are often found to be responsible for
intensified corrosion susceptibility of exposed pole-tips in the air bearing surface (ABS).
This poor corrosion resistance is due to galvanic action between the two dissimilar
metals (Cu and Ni-Fe) contacting at the corners (or wings) of the pole-tips. Similarly,
the copper seed-layer of the studs is often found to degrade coil-to-core resistance due
to full or partial shorts. The copper coil itself is sometimes subject to capricious
variations of its electrical resistance due to corrosion and oxidation of the copper turns
during elevated temperature curing cycles of the photoresist insulation layers.
| The present invention provides an economical method for fast and precise
. patterning of thick sputter—déposited alumina layers by etching through appropriate
metallic masks. It further provides improvements in product design and performance of
magnetic heads which avoid the above-described shortcomings of the prior art. In
particular, the precise patterning of thick alumina layers by etching enables the
fabrication of studless TFH devices, scribe-line grooves for dicing, recessed craters for
TFH devices, and lightning arresters.
Elimination of the studs simplifies the wafer fabrication in a very substantial
way. It curtails about 20-30% of the total wafer processing steps and reduces the
alumina overcoat thickness by about 30-50%. It thus produces the substantial benefits

of reducing processing costs, decreasing device noise, and improving throughput,
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reduction of alumina chipping during slider machining and later in tests and service. It
thus significantly improves total device yields. Pattern-etching precise craters in the
alumina undercoat facilitates the fabrication of TFH devices with recessed structures or
features. These can improve device planarity and alleviate problems associated with tall
features of multi-level coil designs. They can also improve the symmetry of pole-tips
configuration. Similarly, etching vias through the alumina undercoat layer enables the
. construction of lightning arresters by electrically connecting the magnetic core to the
substrate, which will be grounded in the process of packaging the slider. The lightning
arresters provide grounding .to prevent arcing between the magnetic core and rotating
disk.
In accordance with the present invention, the patterning of thick sputﬁer—
deposited alumina layers is accomplished by, first, depositing compatible metallic layers
on the alumina, coating the metallic layers with photoresist, patterning the photoresist
by photolithography, etching the metallic layers (in sequence) through the photoresist
mask, stripping the photoresist, etching the thick alumina layer through the metallic
mask, and removing (in sequence) the metallic masking layers. A preferred etchant
‘ comprising dilute HF in water (1:2 by volume ratio) has been found to provide fast
(about 1zm/min), extraordinarily uniform (better than ¢ = 1% across a wafer), and
accurate etching of thick alumina layers. The etching can be conveniently performed by
spray or immersion. A compatible metallic mask must be used with the dilute HF
etchant since photoresist masks lift-off from the alumina surface after a very short time.
A preferred metallic mask comprises a very thin (10-30nm) Cr or Ti adhesion layer
covered by a gold (Au) layer, about 0.3-0.5um thick. To avoid porosity in the gold
layer and for economic reasons, at least one half of the gold thickness can be plated

from an high purity (99.9%) "soft" gold bath.

In accordance with the present invention a studless TFH device with gold coil
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This eliminates copper altogether from the TFH device, resulting in less maintenance
and significantly improved reliability, corrosion resistance, and consistency of the coil
resistance. Similarly, the thick alumina is pattern-etched to form scribe-line grooves
which minimise alumina chipping during sawing and machining. Other improvements
in a TFH device resulting from deep alumina pattern-etching include the formation of
recessed craters to improve planarity and pole-tips symmetry and the formation of vias
to the substrate for lightning arresters connecting the magnetic core to the substrate,

An object of the present invention is to provide a method of pattern-etching

through an alumina layer.
Another object is to provide a studless TFH device.

A further object of the present invention is to provide a simple, fast, and low

cost method to eliminate many processing steps and increase throughput in the process

of fabricating a TFH device.

Embodiments of the present invention will now be described with reference to
the accompanying drawings, of which:

Fig. 1 shows a cross-section of a typical prior-art stud and bonding pad
structure;

Figs. 2(a) and 2(b) show cross-sections of alternative bonding pad structures
embodying the present invention;

Figs. 3(a) to 3(h) are cross-sectional views, at various stages, during the
patterning of thick alumina, such as used for the studles.s pads of the present invention;

Fig. 4 is a cross-sectional view of a scribe-line groove after pattern-etching; and

Fig. 5 is a cross-sectional view of a recessed crater after pattern-etching.

A schematic (not to scale) cross-section of a typical prior-art stud and bonding
Pad structure is shown in Fig. 1. An alumina undercoat 12 is first deposited over a

ceramic substrate 10. The wafer is then subjected to the deposition and patterning of
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many layers. A typical succession of the metallic layers in the stud area may include a
Cr (or Ti) seed-layer 14, a Cu seed-layer 16, a first level plated Cu coil 18, a Cr (or Ti)
seed-layer 20, a Cu seed-layer 22, a second level plated coil 24, a Ni-Fe seed-layer 26
for the top pole, a first plated Ni-Fe layer 28 of the top pole, a second plated Ni-Fe
layer 30, a Cu seed-layer 32 for the stud, a plated Cu stud 34, alumina overcoat 35, a
Ni-Fe seed-layer 36 for the bonding pad, and a gold bonding pad 38. A wire 39 is
bonded to gold bonding pad 38, typically by thermocompression or ultrasonic
compression techniques.

. In some cases the stud structure may include other layers, such as a Ni-Fe seed-
layer and plated layers of the bottom pole (between layers 12 and 14), or a Cr (or Ti)
seed-layer under Cu seed-layer 32 for the stud, or under Ni-Fe seed-layer 36 for the
bonding pad, or under Ni-Fe seed-layer 26 for the pole plating. In other cases, several
of these layers are omitted. Typically the stud and bonding pad structure comprise
about 10-15 individual metallic layers. In some cases, the bonding pad structure is
placed on the alumina overcoat in a partial overlapping and staggering position relative
to the stud structure. Bonding is made to the off-set portion of the pad to ensure
adequate bonding strength. Such elaborate structures of the studs and bonding pads are
susceptible to bonding failure due to the large number of metailic layers in the structure.

'-' In addition, the poor integrity of the alumina overcoat in the region surrounding the tail
stud further impairs reliability and bonding strength.

According to a preferred embodiment of the present in\iention, the entire stud
fabrication is eliminated, resulting in a simple bonding pad structure of only two
metallic layers, shown in Fig. 2(a). A single seed-layer 36, such as Ni-Fe or W, is
bonded to an alumina undercoat 12, which overlies a substrate 10. Seed layer 36 must
be compatible for gold plating and must have good to moderate electrical conductivity
and strong adhesion to alumina. Other metais and alloys suitable for this purpose
include Mo, Ni-Co, Ni-Co-Fe, Cd, and In. The thickness of seed-layer 36 in Fig. 2(a)

is in the range 60-200nm, and preferably in the range 100-150nm. This structure has
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days) in theupiReess \xfdrptﬂe c011 turns and leads (not shown) through an appropriate
photoresist mask. Both the coil and the bonding pads will then consist of the same (Au)
metal.

If the coil consists of more than a single level, different pads may be deposited
and patterned simultaneously with different coil levels. Alternatively, one or more pads
may be deposited and patterned repeatedly with more than one coil level. Such pads,
however, will have more metailic layers in their structure. Following the coil/pad

. plating and stripping of the photoresist mask, seed-layer 36 must be removed from
between the Au-plated areas. Using a different metal or alloy for seed-layer 36 from
that used for pad 38 enables its femoval by selective chemical etching, as described in
U.S. Patent No. 5,059,278 to Cohen et al., incorporated herein by reference. Wire 39
is bonded to the (Au) bonding pad 38 through the etched vias in the alumina overcoat
40.

In another embodiment, the pad structure comprises a total of three or more
metatlic layers, as shown in Fig. 2(b). The structure combines at least two seed-layers.
The first seed-layer comprises an adhesion layer 14 of Cr or Ti or another refractory
metal such as W, Ta, Mo, Nb, V, Zr, and Hf, or an alloy comprising one or more of

. these metals. The function of this layer is to enhance adhesion between alumina and the
following gold layer (golci alone has poor affinity to oxygen and, therefore, poor
adhesion to alumina). The thickness of the adhesion seed-layer 14 can be in the range
5-50nm, and preferably in the range 10-30nm. The layer is usually deposited by a
vacuum technique such as sputtering or evaporation.

An Au seed-layer 37 is similarly deposited by sputtering or evaporation. It
provides a low electrical resistance and compatible metallic surface for the plating of a
gold pad 38. Other metais or alloys compatible with gold plating and having good
electrical conductivity may also be used for the second metallic seed-layer 37. They

include Ni-Fe, W, Mo, Cu, Ag, Pd, Pt, Rh, Ir, and alloys comprising one or more of
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50-300nm, and preferably in the range 70-100nm. Plated gold pad 38 has a thickness

F-Herrmre ~al um na Si erlng equi pnent is very costly. As a result, the

in the range 1.0-5.0um, and preferably in the range 2.0-4.0um. Again, the coil turns
and leads and bonding pads may be plated simultaneously through a suitable photoresist
mask. Alternatively, the coil may comprise gold or another highly conductive metal
which is deposited and patterned separately from the bonding pad 38.
Other combinations may also be used. In particular, bonding pad 38 of Figs.
‘ 2(a) and 2(b) may comprise Au, Cu, Ag, Pd, Pt, Rh, Ir, and alloys comprising one or
more elements thereof. Usually the same layer is also used for the coil winding turns.
Alternatively, the coil turns may comprise a different metal or alloy than the pad. For
example, the coil turns may comprise Cu, Ag, Pd, Pt, Rh, Ir, and alloys comprising
one or more elements thereof, while the bonding pad may comprise gold. However,
different metals or alloys in the coil and pads require further processing steps, which
add to manufacturing complexity and cost. It may be noted that although Al has both
excellent conductivity and adhesion to alumina, it is incompatible for plating (of the
coil). Itis thus unsuitable as a seed-layer for any plating. However, Al as a single
layer may be used simultaneously for both the coil and the bonding pad, if deposited by
. a vacuum technique (such as sputtering or evaporation) and patterned by etching.
Appropriate etching techniques for Al patterning include ion milling and reactive ion
etching (RIE). Wet etching of Al lacks the fine resolution required for the coil
definition., When Al is used in this mode, seed-layer 36 of Fig 2(a) and seed-layers 14
and 37 of Fig 2(b) are eliminated, resulting in an even simpler structure.
The noble metals Au, Cu, Ag,' Pd, Pt, Rh, Ir, and alloys comprising one or
more metals thereof may also be deposited as a continuous layer by plating or by a
vacuum technique, and then pattern-etched simultaneously for both the coil turns and
pads by ion milling or by RIE. The dry etching technique requires an appropriate etch

mask combining both the coil and the pads patterns. It is formed over the top
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adhes| oneEhpCE6p #YEr hoble metals require an intermediate adhesion layer similar to seed
layer 36 in Fig. 2(a) and seed layer 14 in Fig. 2(b). Alternatively, the coil turns may
comprise a different metal than the bonding pads and fabricated by different techniques.
For example, the coil turns may comprise sputter or evaporation deposited Al and may
be patterned by ion milling or RIE, while the bonding pads may consist of plated gold.

Patterning of thick alumina layers requires an etching mask which is
substantially free of pores and not etched or adversely affected by the alumina etchant.
“f When using dilute HF etchant for the alumina layer, etching masks based on photoresist
alone are inadequate since they lift-off after only a short time in contact with the
etchant. The dilute HF rapidly attacks the bond between the alumina and the
photoresist. Metal masks must be used for the prolonged etching. The metal mask
must have excellent adhesion to the alumina layer and it should be substantially free of
pores. It must also be immune against attack by the etchant,
Figures 3(a) through 3(h) illustrate the major steps involved during the

patterning of thick alumina, according to a preferred embodimgnt of this invention.
Fig. 3(a) shows the structure after a photoresist layer 48 has been coated over the
metallic mask layers and patterned by photolithography. Prior to coating the photoresist

. layer, successive seed-layers 42 of Cr or Ti and 44 of Au or Ni-Fe were deposited by a
vacuum technique over a thick alumina layer 40. Seed-layer 42 must provide excellent
adhesion to the alumina surface. It comprises a refractory metal from the group Cr, Ti,
W, Ta, Mo, Nb, V, Zr, Hf, and atloys comprising one or more of these metals. The
thickness of adhesion seed-layer 42 can be in the range 5-50nm, and preferably in the
range 10-30nm. Since most refractory metals (such as Cr, Ti, Ta, Nb, V, Zr, and Hf)
are incompatible for gold plating and have poor electrical conductivity, seed-layer 44,
with good conductivity and compatibility for gold plating, is deposited over adhesion
seed-layer 42. Gold is excellent for this purpose and is the preferred choice for seed-

layer 44. However, it requires an expensive gold sputtering target. Alternatively, seed-
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P layer 44 may comprise a metal from the group Ni-Fe, Ag, Pd, Pt, Rh, Ir, W, Mo, and

alloys comprising one or more metals thereof. A single seed-layer 44 comprising Ni-Fe,
W, Mo, or an ailoy comprising one or more of these metals, possesses good adhesion
and electrical conductivity and is compatible for gold plating. It can thus simplify the
metallic mask by eliminating layer 42. The advantage of using Ni-Fe for seed-layer 44
is that it is already being utilised in the TFH fabrication process. The thickness of seed-
layer 44 can be in the range 50-500nm, and preferably in the range 70-150nm. Usually
vacuum deposition produces layers 42 and 44 which are quite porous and permeable
. and, therefore, inadequate for use alone as the metallic mask for thick alumina etching.
After deposition of layers 42 and 44, the wafer is placed in a high purity
(99.9%) “soft" gold plating bath, and a layer 46 of gold is plated over seed-layer 44.
To ensure that plated gold layer 46 be free of pores, its thickness should exceed about
0.1-0.2pum. Usually the thickness of layer 46 is in the range 0.1-1.0pm, and preferably
in the range 0.2-0.5um. Although it would be simpler to utilise Au seed-layer 44
alone, without the plated Au layer 46, sputter-deposited layers contain some pores even
at thicknesses of more than 1.0um. Furthermore, thick (> 2um) sputter-deposited Au
layers significantly increase the manufacturing cost due to the very expensive gold
targets. Photoresist mask layer 48 is coated over the metallic mask layers and patterned
. by a regular photolithography technique.
Next, the pattern is transferred to the metallic layers to form the etching mask.
Fig. 3(b) shows the structure after pattern-etching gold layers 46 and 44 through the
photoresist mask. A convenient etchant for the gold layers is based on a dilute solution
of KI and Iy in water:
Potassium [odide KI 100 - 200 g/1
Iodine I 25-50¢g/t
This etchant is compatible with the positive photoresist mask. It takes about 1-2
minutes to etch Au layers 46 and 44 using this etchant at room temperature. It can be

applied by immersion with moderate agitation, or by spraying. Lower concentrations
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further transferred by etching the Cr or Ti adhesion layer 42. First the photoresist layer
48 is removed using a conventional stripping method, such as by dipping in or spraying
with a commercial photoresist stripper, dilute KOH, or flood-light-exposure and
developing. Next, using Au layers 46 and 44 as a mask, the wafer is placed in an
appropriate selective etchant which only etches the Cr or Ti layer 42 but does not attack
the Au mask. Alternatively, if the photoresist is compatible with the etchant, it may be
left in place during the etching of layer 42 and then removed. An appropriate etchant
for Cr in layer 42 consists of a basic potassium ferricyanide:
Potassium Hydroxide KOH 50 g/1
Potassium Ferricyanide K3Fe(CN)g 200 g/1
This etchant is basic and, therefore, the (positive) photoresist mask is incompatible with
it and must be removed prior to the etching. Using this etchant, it takes less than 1
minute to etch a Cr layer with thickness of 30nm at room temperature. This etchant
may also be applied by immersion or by spraying. The wafer is now ready for the deep
alumina etch.
. Fig. 3(c) shows the stage after etch-transfer through all the metallic layers and
removal of the photoresist mask.
Fig. 3(d) shows the structure after partial etching through the thick alumina
layer. An excellent etchant for alumina layer 40 is based on dilute (1:2) HF in water:
Hydrofluoric Acid (48%) HF 1 volume
Water Hy0 2 volumes
This corresponds to an HF concentration by weight of 16%. The etchant is used by
dipping with moderate agitation or by spraying. At room temperature the etch rate is
about 1.0 pm/min. The etch rate is dependent on the quality, density, and integrity of

the alumina layer, It is a function of sputter deposition parameters such as the substrate



rectri Cras SheaPis BARGE,dUe to corrosion and oxidation of the copper turns

during el re curing cycles of the photoresist insulation

“tayers. ! l&ﬁtﬂ scl oses a magnetic disc with an inproved substrate.
| EEE tran [ gnetics, Vol. 25, No. 5, 1 Septenber 1989, pages
3686 - 3688, JP-A- 55030826 and JP-A-63929311 each disclose pattern etching

of alum na by wet etching but none address the problens enunerated above.

temperature, bias, gas pressure, power, and deposition rate. It is strongly affected by
the local micro-topography and related alumina integrity. The etch rate of alumina of
poor integrity in the vicinity of elevated features can be an order of magnitude faster
than over a flat surface, far from the elevated features. Using the dilute HF (1:2)
etchant, it was found that the etch rate across the wafer was highly uniform; o < 1%.
This unusual etch uniformity is likely due to an interfacial kinetic control, as opposed to
the more common mass transport control in most etching processes.” The latter are
sensitive to the degree of agitation, resulting in faster etching near edges and corners
due to more vigorous agitation there. The interfacial reaction controlling the etching of
alumina by dilute HF may involve the breaking of Al-O bonds in order to form soluble
fluoride complex ions. The etch rate increases by raising the temperature or by using
higher HF concentration. As the HF concentration decreases, the reaction becomes
less interfacial kinetic controlied and more mass transport controlled, The operating
temperature range can be 10-90°C, and preferably room temperature, for convenience.
The etchant comprises HF and water in concentration range 10-100% v/v of
concentrated (48%) HF, and preferably in the range 20-50% v/v of concentrated (48%)
HF in water. The latter corresponds to a volume ratio range of 1:4 - 1:1 of (48%) HF
and water and to a HF concentration in the range of 10% to 25% by weight. Other
. chemicals, such as alcohols or ethylene glycol, may also be added to or substituted for
the water.
Figs. 3(e) and 3(f) show the structure after completing the etching through the
thick alumina layer 40 and after removal of the metallic mask layers, respectively. The
Au bonding pad 38 serves as an etch stopper. The metallic mask layers are removed, in
a reverse order of their deposition, by successive immersion or spraying first in a gold
etchant (for layers 46 and 44) and then in a Cr {or Ti) etchant (for layer 42).
Preferably, the metallic mask layers can be removed by sputter-etching or ion-milling.
These etching techniques will also etch a similar thickness of the Au pad 38. As Au

pad 38 is much thicker than the mask layers, the slight decrease in its thickness is




| ayer accordi acedThe present invention provides an econom cal
met hod for f patterning of thick sputter-deposited alum na
| ayers by et ppropri ate netallic masks. It further provides
| mprovenent s |n product desi gn and perfigr mance of magneti c heads which
avoi d the above-descri bed shortcom ngs of the prior art. In particular, the
precise patterning of thick alumna layers by etching enables the
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compensate for this loss.. Alternatively, a wet lift-off technique can be used, such as

!a The presqmsﬂ ﬁgl on defines a process for pattern etching an al un na

etching Cr layer 42 with an etchant based on acidic ceric ammonium sulphate (or
nitrate) which rapidly attacks the bond between Cr layer 42 and alumina layer 40. This
will cause the lift-off of the Au mask layers 44 and 46. An example of such an etchant
is CR-14 manufactured by Cyantek Chemicals of Fremont, Califomia.

An alternative method to prevent etching of the Au pad 38 is to deposit and
pattern an intermediate protective layer 38A of Cr (or Ti), as shown in Fig.3(g), on top

“ of the Au pad 38A, prior to the deposition of alumfma layer 40. The thickness of
protective layer 38A is similar to that of layer 42 (about 10-30nm for Cr or Ti). The
intermediate layer 38A protects Au pad 38 during the wet etching of Au Iayérs 46 and
44, Protective layer 38A offers the additional benefit of improved adhesion to the thick
alumina layer 40. It is then removed from. the via area during the wet etching of Cr {or
Ti) layer 42, exposing Au pad 38 for subsequent bonding, as shown in Fig. 3(h).
Protective layer 38A may also comprise a different metal or alloy than layer 42, such as
plated or sputtered Ni-Fe. It can be etched by an appropriate selective etchant prior to
or following the removal of layer 42. For example, layer 38A may consist of a 50-
200nm thick Ni-Fe layer plated immediately after the simultaneous plating of Au pad

. 38, using the same photoresist plating mask or another mask (exposing only the pad
area). A selective etchant for this layer comprises nitric acid, phosphoric acid, and
water in a volume ratio of 1:1:8, as described in U.S. Patent No. 5,059,278.

As a part of the packaging process, after the wafer has been diced, a wire is
bonded to Au bonding pad 38, typically by known thermocompression or ultrasonic
compression techniques. A firm mechanical bond is then formed by surrounding the
wire-pad bond with epoxy. The epoxy should preferably fill the via to the bonding pad
$0 as to create an extremely strong mechanical bond between the wire and the TFH.

Alumina integrity in the region around the bonding pad vias is not impaired by

the etching action. It is similar to regions of the alumina layer removed from the vias,
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simplifie rication in a very substantial way. It curtails

about 20- 3“& | wafer processing steps and reduces the alum na
overcoat t s by about 30-50% It thuys produces the substanti al -
benefits of reducing processing costs, decreasing device noise, and

i nproving throughout, consi stency, bonding strength, and corrosion

resi stance., Alum na chipping is usually a
since it was not de%gsne% over efevated%eatures. Furthermore, due to the elimination of

the studs the required alumina overcoat thickness is significantly reduced. It
incorporates less {integrated) stress, resulting in léss chipping during machining, testing,
and service, and the noise level is lowered. Further benefits of the reduced alumina
overcoat thickness include improved yields and reliability and significantly higher
throughput and lower cost.

Fig. 4 shows a scribe-line groove etched through the combined alumina layers of
overcoat 40, gap 13, and undercoat 12 using similar methods of etching through thick
alumina, as described above. In this case the substrate 10 (usually comprising AlpO3-
TiC) serves as the etch stopper. Removal of the sputter-deposited alumina in the
wafer's streets and alleys grooves facilitates significant reduction of alumina chipping
during the slider sawing and machining. The saw blade can be aligned precisely inside
the grooves, without having to cut through the alumina layers, thereby maintaining
alumina integrity and eliminating its chipping due to mechanical stress and damage.

The etched scribe-line grooves also assist less wobble of the saw blade, preserving
narrow cut lines and minimising kerf. The scribe-line grooves can be etched during the
same operation of etching the bonding pad vias, as described above. However, the
combined groove and pad via mask pattern must be properly designed with smaller pad
' | via openings to compensate for the lateral expansion during the extra etching time of the
gap and undercoat layers. The combined etching of the bonding pad vias and scribe-
lines has the further benefits of significantly reduced alumina overcoat layer thickness,
shorter etch time, better resolution, improved alumina integrity (lower integrated stress
and elimination of elevated features), improved yields and reliability, higher
throughput, and lower cost.
Fig. 5 shows a recessed crater formed in the alumina undercoat layer 12, using
methods of etching through thick alumina similar to those described above. The crater
depth can be controlled by removing the wafer from the etchant at any time before

undercoat 12 has been etched through, or by placing an etch-stopper layer at the



jor contributor to yield loss. Etching scribe-line grooves facilitates
'signi fi cami Se@@ldcBden R | um na chi pping during slider machining and | ater
in tests thus significantly inproves total device yields.
Pat t er n- et craters in the alum na undercoat facilitates the
fabricati evices wth recessed structures or features. These can
| nprove device planarity and all eviate ]sﬁobl ens associated wth tall
features of multi-level coil designs. They can al so i nprove the symretry of
pole-tips configuration. Simlarly, etching vias_through the alum na
under coat reqaired depthbl Eie ¢tpirSIOPPRIt IPAY CODAIYT 2 PPghires sRMBAtINGS metadliplayer,

electrically connecting the magnetic cor o the substrate, which will be
grounded F4ed PEOSIERE d4Ye5+ ORE RARNTHP ’tt??éf sbPGé? ﬁ‘eﬂféy UPYREM eifg rate across

the wafer, the craters are of very uniform depth. Alumina integrity in the vicinity and

around the craters is not impaired by the etching action. It is similar to the bulk of the
alumina layer far removed from the craters. Such craters can be used to fabricate in
them at least a portion of the bottom magnetic pole, for example, in order to improve
total device planarity and symmetry. Other device features or layers can also be
fabricated inside such craters. These may include at least portions of the gap, one or
' more levels of insulation and/or coil layers or the metallic bonding pads.

Lightning arresters can be constructed by etching vias through the alumina
undercoat to expose the substrate and then electrically connecting the magnetic core to
the substrate. Electrical connection between the magnetic core and the substrate is
established by depositing and patterning a metallic layer through the vias following the
alumina vias etching. Alternatively, a metallic layer may be deposited and patterned
over the substrate prior to the deposition of the alumina undercoat. This metallic layer
serves as the etch-stopper during the etching of the alumina vias. The metallic layer is
connected through the vias to the magnetic core following the etching of the alumina
vias, to ensure good electrical contact between the magnetic core and the lightning
arrester. Grounding the magnetic core electrically prevents arcing between the head and
a rotating disk. The magnetic core is grounded by connecting it to the grounded
substrate. The lightning arrester can be deposited and patterned either as part of the
deposition of one of the magnetic poles, or it can be constructed as a separate layer

preceding or following the deposition of either the bottom or the top magnetic pole.

EXAMPLES
Example 1.
Bonding pad vias were etched through the alumina overcoat using a metallic etch

mask similar to the one shown in Fig. 3(a). The Au pad 38 was 3.2um thick and the



este rOV|de grounding to prevent arcing between the magnetic core and
r'ot ati n H erbnce with the present invention, the patterning of
t hi ck sp m d alum na layers is acconplished by, first, _
dep03|t| tallic layers on the alumina, coating the netallic

| ayers with photoresist, patterning the qgotore5|st by photolithography,
etching the netallic layers (in sequence) 'through the photoresist mask,
stripping the photoresist, etching the thick alumna layer through the

oot err od SUiNGRBVeisIL PRy e SSEHBRR) SaPor ticlE e ehoRumats 8 spuehs
been foundqégysie®¥veeihk adimina layer 40. This was immediately followed by sputtering a
100nm thick Au seed-layer 44. The wafer was then placed in a high purity "soft" gold
plating bath (PAG 401, by Sel Rex) and was plated with a 500nm thick gold layer 46.
A positive photoresist layer 48 was then coated, exposed and patterned with the pad
areas opened, by a regular photolithographic process. The wafer was then placed in a
gold etchant comprising KI (200 g/1), Iy (50 g/1), and pure water. Etching was done at
room temperature by immersion with moderate agitation. Inspection after 60 seconds
etching revealed that the gold was cleared in the via areas, as shown in Fig. 3(b). An
“ extra etching time of 30 seconds was used to ensure complete Au etching everywhere.
Photoresist mask 48 was then removed using successive immersions in hot and cold
acetone with moderate agitation. The thickness of the Au layer across the wafer was
measured with a Dektak surface profilometer. Next, the Cr seed-layer 42 was pattern-
etched using the gold layers 44 and 46 as etch mask. The etchant comprised KOH (50
g/l), K3Fe(CN)g (200 g/1), and pure water. Etching was carried out by immersion with
moderate agitation at room temperature. Inspection after 35 seconds of etching revealed
that the Cr was cleared in the via areas, as shown in Fig. 3(c).‘ An extra etching time of
t 90 seconds was used to ensure complete etching. This completed the pattern transfer to
‘ the metal mask. The wafer was then immersed with moderate agitation in dilute HF
(1:2) in water at room temperature to etch the alumina layer 40. Etching was
interrupted after a partial etching of 30 minutes, as shown in Fig. 3(d). The partiaily
etched alumina step height was measured across the wafer (in exactly the same spots as
after the Au mask etching) with a Dektak surface profilometer. The total step variation
from the centre (29.49xm) to the edge of the wafer (29.69um) was only 0.20um,
corresponding to o = 0.48%. Alumina etching was then resumed for another 7
minutes. At that time, the Au pad 38 was exposed, as shown in Fig. 3(e). Next the Au
mask layers 46 and 44 were removed by etching in the iodine/iodide Au etchant for 60

seconds. The wafer was then rinsed and placed in the Cr etchant for 2.0 minutes to



!about xtraordinarily uniform (better than a = 1% across a
\/yafer),]ﬁn‘ggliie]e’)Has eiacedi ng of thick alumina layers. The etching can be
conveni eamm]m" by spray or immersion. A conpatible netallic mask
nmust be ilute HF etchant since photoresist nmasks lift-off
fromthe alum na surface after a very dBort tine. A preferred netal lic mask
conprises a very thin (10-30nnm) Cr or Ti adhesion | ayer covered by a gold
(Au) layer, about 0.3-0.5[err] thick. To avoid porosity in the gold |ayer
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plated froman high purity (99.9% "soft" gold bath. Ln accordance with the
present ithe/aHmimOoerseasde ifsesgwaoa@vg@edm shoy® 1§ Kg; {5(3- No pin-holes or

other defects were seen in the protected areas, and line definition was excellent.

Example 2.

The configuration and etching procedures were used as in Example 1, except
that the plated Au layer 46 was only about 0.2um thick. Also, a single sputter-etching
step was used to remove all the metallic mask layers after completion of the alumina
etching. Again, even with the thinner Au mask layer, no pin-holes or other defects
were observed in the protected areas and line definition was excellent.

The wafers of Examples 1 and 2 were tested for bonding strength. Gold plated
Cu wires were bonded through the alumina vias to the gold pads. Bonding tool
alignment (to the pads) and whipping were greatly eased by the vias. The bonding
strength of these studless devices was compared by a pull-test against regularty
fabricated devices with thick copper studs. The studless devices exhibited excellent
bonding strength, over 65 grams force in the pull-test. In all tests of the studless
devices the applied force was either the maximum deliverable by the tester, or failures
were attributable to wire breaking. For comparison, the regular devices with studs

’ exhibited failures at about 28-35 grams force, with failures often due to bond breaking.

Example 3.

Scribe-line grooves were etched through the alumina overcoat, gap, and
undercoat layers using a metallic etch mask similar to that used in Examples 1 and 2,
but with a sputtered 100nm thick Ni-Fe seed-layer (44 in Fig. 3(a)) instead of an Au
seed-layer. Also, the substrate 10 itself served as the alumina etch stopper, see Fig. 4.
The thickness of the combined alumina layers was about S5um, and the plated Au layer
46 was about 500nm thick. Following the pattern etch of the Au layer 46 (as in |

Examples 1 and 2), the Ni-Fe seed-layer was pattern-etched by an etchant comprising 1

p




65 nd bondi ng pads, patterned and pl ated sinultaneously, is provided.
| ow 111!@s$Ha&1-ﬁ4Mﬁ 14834€r coat deposition, vias are etched through it to

expose t . This elimnates copper altogether fromthe TFH
devi ce, Jﬂ Fss mai nt enance and significantly inproved
reliabili resi st ance, andhgonsistency of the coil resistance.

Simlarly, the thick alumna is patterntetched to form scribe-line grooves

volume of (concentrated) nitric acid, 1 volume of (concentrated) phosphoric acid, and 8
volumes of pure water, as described in U.S. Patent No. 5,059,278. Etching was done
by immersion with moderate agitation and at room temperature. Etching duration was
4.0 minutes to ensure complete clearing of the Ni-Fe in the groove areas. The
photoresist mask 48 was then removed by dipping in a 5% (w/0) KOH solution in
water, at room temperature and with moderate agitation. Next the Cr seed-layer 42 was
pattern-etched as in Examples 1 and 2. The thickness of the combined metallic mask

! layers was then measured across the wafer by a Dektak profilometer. The combined

’ alumina layers were then etched in the dilute HF (1:2) etchant, similar to Exampies 1
and 2. Alumina _etching was interrupted after 50 minutes, and the step height was
measured by a Dektak profilometer across the wafer (in exactly the same spots as after
the etching of the Cr mask layer). The total step variation from the centre of the wafer
(49.59um) to the edge of the wafer (49.98um) was only 0.40um, corresponding to ¢ =
0.55%. The wafer was then replaced in the alumina etchant for 5 more minutes and the
step height measured again in the same locations. This time the centre measured
52.45um, but the edge measured 55.30um; the variation being 2.85um. The large
variation this time was due to non-uniform thickness of the alumina layers. Etching
was complete through the aluinina thickness in the centre, but was not complete near the

(’ edge of the wafer due to thicker alumina there. This was further verified by resuming
the alumina etching for another 5 minutes (for a total of 60 minutes). This time the total
variation from the centre (52.45um) to the edge of the wafer (56.31xm) was 3.86um
{oc = 5.02%). There was no increase in the step height in the centre and only a small
increase near the edge, indicating that etching was almost complete after 55 minutes. In
a microscopic inspection it was also noticed that after 55 minutes of etching, areas near
the wafer edge showed rainbow interference colours. These did not appear at the centre
of the wafers. The rainbow colours are indicative of the presence of some alumir_la
residue of varying thickness. The rainbow interference colours disappeared from areas

near the edge after 60 minutes etch. The deep alumina etching technique, combined

4



ch mnimse alum na chipping during sawing and machining. O her
nprovenenhissnea}ﬁsﬁgﬁkﬁiif@e resulting fromdeep al um na pattern-etching

ncl ude th recessed craters to inprove planarity and
pol e-tips e formation of vias to the substrate for |ightning
arresters conn magnetic core2@ o the substrate. An object of the
present invention is to provide a method of pattern-etching through an
al um na | ayer. Another object is to provide a studless TFH device. A
further whhetp heightineasnresents, iprovdasi 0epnivenient Indoptegise meshaebios evalysting and
| ow cost nmethod to elimnate many processing_steps and increase throughput
in the pthedhkiskness of the alumina layers across a wafer. “The metallic mask layers were then
removed by sputter etching. Once again, no pin-holes or other defects were detected
and line definition was excellent. This is remarkable, considering that the thickness of
the etched alumina layer was about 55pm.
The wafer with the etched streets and alleys scribe-line grooves was sawed and
machined into regular rows and sliders using the grooves as guides for the saw blade.
Alumina chipping was compared against regular wafers without the scribe-line grooves.
The latter showed significantly more alumina chipping than the first. The wafer with

’ the etched alumina grooves displayed clean cuts with no detectable alumina chipping.

Example 4.

Several other combinations of metallic layers, already in use in the manufacture
of thin film heads, were tried as masks for etching thick alumina layers. They inciuded
the following:

(a) A 30nm thick singie sputtered Cr layer: [Cr(sp)].

®) A 200nm thick single sputtered Ni-Fe layer: [Ni-Fe(sp)].

(c) A sputtered 200nm thick Ni-Fe layer over a 30nm thick sputtered
’ Cr layer: [Ni-Fe(sp)/Cr(sp)].
(d) A plated 1.0um thick Ni-Fe {ayer over 2 100nm thick sputtered
Ni-Fe layer: [Ni-Fe(pl)/Ni-Fe(sp)].
(e) A sputtered 200nm thick Cu layer over a 30nm thick sputtered Cr
layer: [Cu(sp)/Cr(sp)].
§3) A sputtered 200nm thick Cu layer over a 100nm thick sputtered
Ni-Fe layer: [Cu(sp)/Ni-Fe(sp)].
(g) A plated 1.0um thick Cu layer over 2 100nm thick Cu sput;ered
layer over a 30nm thick sputtered Cr layer: [Cu(pl)/Cu(sp)/Cr(sp)].

In all of these experiments the metallic masks provided only a limited protection and
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attacked or etched by the dilute HF etchant, they are porous. As a result, with time, the
etchant penetrates through pin-hole pores in the mask, gradually increasing the pin-hole
size and attacking the alumina underneath. The worst case was the single Cr mask of
experiment (a). Visible holes could be seen (under the microscope) after only a few
minutes of exposure to the dilute (1:2) HF etchant. They increased in size with
exposure time. After a 10 minutes exposure with this mask, defective areas with large
holes covered about 30-50% of the protected masked areas. The wafer looked like
Swiss cheese. The porosity of these metallic layers decreased as their thickness
increased. The masks of experiments (b), (c), and (d) provided increasing protection,
in this order. However, even a plated 1.0xm thick Ni-Fe layer was not completely free
of pores. Pin-holes were already detected on the mask of (d) after about 30 minutes of
etching, and their size was significant after 50 minutes of etching. The Cu layers
usually include fewer pores than the Cr or Ni-Fe layers, but they are slowly attacked (or
etched) by the HF (1:2) etchant. The mask of experiment (g) provided adequate
protection for up to about 35 minutes in the dilute HF (1:2) etchant,
While the invention has been particularly described with reference to preferred
embodiments, 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 scope of the present

invention. Accordingly, examples herein disclosed are to be considered merely as

illustrative and the invention to be limited only as specified in the claims.

ce to the acconpanyi ng drawi ngs, of which: Fig. 1
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ttern- |g 5is a cross-sectional view of a recessed crater L
ftfter A schematic (not to scale) cross-section of a '
ypi cal and bondi ng pad structure is shown in Fig. 1. An
al um na undercoat 12 Is first depositeg,over a ceram c substrate 10. The
wafer is then subjected to the depositfOn and patterning of 8
CLAIMS
L. A process of etching alumina comprising the step of exposing the alumina to an

etchant comprising a mixture of HF and water, wherein the concentration of HF is in

the range of 10% to 25% by weight.

2, A process for pattern-etching an alumina layer, including the steps of: depositing
an alumina layer; depositing over the alumina layer an adhesion metallic layer;
depositing over the adhesion metallic layer at least one additional metallic layer
including a top metallic layer; forming a photoresist mask pattern over the top metallic
layer; pattern-etching the top metallic layer through the photoresist mask; pattern-
etching through the top metallic layer, in reverse order of deposition, the other metallic
layer or layers; pattern-etching the alumina layer with an alumina etchant comprising

HF through the metallic layers; and removing the metallic layers.

3. A process as claimed in claim 2, in which the alumina etchant comprises a

solution of HF in water in the range of 10% to 25% by weight.

4. A process for forming a studless TFH device including the process of any one of
claims 1, 2 or 3 wherein the alumina layer is an overcoat layer and further including the
step of depositing and patterning bonding pads prior to the step of depositing the

alumina layer, and wherein the step of etching the alumina layer comprises forming vias

to the bonding pads.

5. A process as claimed in claim 4, in which the step of depositing and patterning

the bonding pads comprises the step of simultaneously depositing and patterning both

the coil and the bonding pads, the coil and the bonding pads comprising the same metal.

IS




only two metal [ic’l ayers in the pad. An Au bonding pad 38 is preferably

pl at ShemHaEg&g vm'th the coil turns and | eads (not shown) through an

appro |st mask. Both the coil and the bonding pads will then
HM(AU) netal. If the coil consists of nore than a single

consi

| evel s may be deposi tedO%nd patterned sinmultaneously with
di fferent c0| | levels. Alternatively, e or nore pads may be deposited and
patterned repeatedly with nore than one coil |evel. Such pads, however,

will have nore netallic layers in their structure. Follow ng the coil/pad
pl ati ng and stripping of the photoresist mask, seed-layer 36 nust be

removed fgom process as claimed in claim 5, in which the step of depositing and patterning
the bonding pads includes the steps of: depositing a metallic seed-layer selected from
the group consisting of Ni-Fe, W, Mo, Ni-Co, Ni-Co-Fe, Cd, In, and alloys
comprising one or more of these metals; forming a photoresist mask incorporating
patterns for the coil and the bonding pads; plating through the photoresist mask a metal
bonding pad layer selected from the group consisting of Au, Cu, Ag, Pd, Pt, Rh, Ir,

and alloys comprising one or more elements thereof; removing the photoresist mask;

* and etching the metallic seed-layer from areas between the plated pattern of the metal

bonding pad layer.

7. A process as claimed in claim 5, in which the step of depositing and patterning

the bonding pads includes the steps of: depositing a metallic seed-layer selected from
the group consisting of Ni-Fe, W, Mo, Ni-Co, Ni-Co-Fe, Cd, In, and alloys
comprising one or more of these metals; depositing by plating or by a vacuum technique

a metal bonding pad layer selected from the group consisting of Au, Cu, Ag, Pd, Pt,

Rh, Ir, and alloys comprising one or more elements thereof; forming an etch mask
incorporating patterns for the coil and the pads over the bonding pad layer; pattern-
etching the bonding pad layer and the metallic seed-layer through the etch mask by ion-

milling or by reactive ion etching (RIE); and removing the remains of the etch mask.

8. A process as claimed in claim 6 or 7, in which the metallic seed-layer comprises

Ni-Fe or W and the bonding pad layer comprises Au.

9. A process as claimed in any one of claims 6 to 8, in which the step of depositing
a metallic seed-layer comprises the steps of depositing a first adhesion metallic Qeed-
layer selected from the group consisting of Cr, Ti, W, Mo, Nb, V, Zr, Hf, and alloys

compnsmg one or more of these elements, and depositing a second metallic seed-layer

| ] R llli
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areas Using a different netal or alloy for
seed- at used for pad 38 enables its renoval by selective
r:hemc described in U S. Patent No. 5,059,278 to Cohen et
Wre 39 is,bonded to the (Au) bondi ng pad 38
through the etched vias in the alum na“®vercoat 40. |In another enbodi nent,

the pad structure conprises a total of three or nmore netallic |ayers,

as
shown in Fig. 2(b). The structure nbj t wo - Th
first seegl eF@?efFOIBéPﬁ)St%sCO&ﬂS%%@anH] g‘f?er '1&19 ﬁttaA%r?ﬁ?Pd hﬁ ﬁfoeﬁe ©
Lg%?ictsf%oggtgg%pgﬁﬁg Q%Bfo\tNmore of '\fPe’se metals ’fOlFOng the step o?de&)@m%lg R first

adhesion metallic seed-layer.

10. A process as claimed in claim 9 in which the first adhesion metallic seed-layer

comprises Cr or Ti and the second metallic seed-layer comprises Au.

11. A process as claimed in any one of claims 4 to 10, further including etching

' scribe-line grooves through the alumina overcoat and an alumina undercoat in the TFH

device.

12. A process as claimed in any one of claims 4 to 11, further including etching a
crater for a recessed structure in the alumina layer in the TFH device wherein the depth
of the crater is controlled by interrupting the etching action after a predetermined period

of time.

13. A process as claimed in any one of claims 4 to 12, further including constructing
lightning arresters in the TFH device by etching vias through an alumina undercoat for
* connecting a magnetic core with a substrate, wherein the vias are etched through the
alumina undercoat to expose the substrate and including the further step of electrically

connecting the magnetic core to the substrate through the vias.

14, A studless thin film head (TFH) device comprisihg: a substrate; a coil; a
metallic bonding pad layer; an alumina overcoat; vias extending through the alumina
overcoat to the bonding pad layer; and wires bonded to the bonding pad layer through
the vias, wherein the integrity of the alumina overcoat in areas adjacent the vias is
substantially the same as the integrity of the alumina overcoat in areas removed from

the vias.
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oxygen and, or adhesion to alumina). The thickness of the
adhesi on se n be in the range 5-50nm and preferably in the
range 10-30nm The Iayer I's usually deppsited by a vacuum techni que such as
sputtering or evaporation. An Au seed-layer 37 is simlarly deposited by
‘sputtering or evaporation. It provides a |ow electrical resistance and
conpatible nmetallic surface for the plating of a gold pad 38. Other netals
or alloys conpatible with gold plating and havi ng good el ectri cal

conduct i visy nayTEHS¢evie hevirg drerort horesaemird [apérslahd CalrRa k! AiVe seribe-lidd1ey

ese netals un tlon of this layer is to enhance adhesi on between
alum na a mﬁ‘ e oId | ayer (gold al one has poor affinity to

grooves etched through the alumina layers.

16. A studless TFH device as in claim 14 further comprising an alumina undercoat
and having scribe-line grooves extending through the alumina overcoat and the alumina

undercoat to the substrate.

*’ 17. A TFH device comprising at least one feature or layer thereof placed in a crater

etched in an alumina layer.

18. A TFH device comprising a lightning arrester electrically connecting a magnetic

core to a substrate through a via extending through at least one alumina layer.
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| ude Ni-Fe' WL—I‘vb, Cu,. Ag, Pd, Pt, Rnh, Ir, and alloys conprising one or
‘e of metallic layers in the pad. An Au bonding pad 38 is
breferabl y eously with the coil turns and | eads (not shown)
trrough an %wg toresi st mask, Both the coil and the bondi ng pads
wifl | then c anme (Au) net

Hl

ABSTRACT

STUDLESS THIN FILM MAGNETIC HEAD
AND PROCESS FOR MAKING THE SAME

A method for pattern-etching thick alumina layers is disclosed, typically for use
in the manufacture of thin film heads (TFH) by using compatible metallic mask layers
# (42, 44, 46) and a dilute (1:2) HF in water etchant. The deep alumina etching

facilitates a studless TFH device where the coil and bonding pads (38) are deposited and

patterned simultaneously, and vias are later etched through the alumina overcoat layer
(40) to expose the bonding pads. The method also enables the etching of scribe-line
grooves (13) of street and alleys across the wafer for sawing and machining of sliders.
These grooves eliminate most alumina chipping due to stress and damage introduced by
the sawing and machining operations. Similarly, pattern-etching of the alumina
undercoat (12) facilitates the formation of precise craters for recessed structures. These

can improve planarity and alleviate problems related to adverse topography and elevated

* features of TFH devices.

Fig. 3(a)




ﬁf the coil consists of nore than a si mg‘d.]'e | evel , different pads may be

deposi ted and ﬁat IR ch%i mul t aneously with different coil |evels.

-Al 't er nat re pads may be deposited and patterned repeatedly
W th mr%ﬁ“ﬁ%ﬁﬂﬁ“l evel . Such pads, however, will have nore netallic
| ayers in e. Following the coil/pad plating and stripping of
t he photoresi st mask, seed-layer 36 nust be renoved from between the

Au-pl ated areas. Using a different netal or alloy for seed-layer 36 from

that used for pad 38 enables its renoval by selective chem cal etching, as

described in U S. Patent No. 5,059,278 to Cohen et al., incorporated herein

by reference. Wre 39 is bonded to the (Au) bondi ng pad 38 through the
etched vias in the al um na overcoat
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I n anot her enbodi nent, the pad structure conprises a total of three or
e netal lic | aymisShecfiBasH3 LQaFi 9. 2¢B)3 The structure conbines at

1 §ast two seed-|ay [ seed- | ayer conprises an adhesion |ayer 14
off & or Ti or ano H y netal such as W Ta, Md, Nb, V, Zr, and
Hff, or an alloy co r nore of these nmetals. The function of
this layer is to enhance adhesi on between alum na and the follow ng gold
| ayer (gold al one has poor affinity to oxygen and, therefore, poor adhesion
to alum na). The thickness of the adhesion seed-layer 14 can be in the
range 5-50nm and preferably in the range 10-30nm The layer is usually
deposited by a

13
o
'»
N
o4

IITLLLSLLLLSILL LSS SIS S,
A 3

/7

ILILLLLLLLLLLLLLLLLLIS LSS/ 117174
AT 3

I TASA) A LIALST TATA
Y Y Y o s

L 5 g !
=2 8 s 8

Figure 2(a).



bt et et

v!uumtecﬂgﬁbﬂ}ﬁug&n@ sputtering or evaporation. An Au seed-layer 37 is
simlarly d ering or evaﬁﬁiation. It provides a | ow

el ectrical mﬁ]ﬂﬁ‘}jwmati ble netallic surface for the plating of a
gold pad 38. O her or alloys conpatible with gold plating and having
good el ectri cal

conductivity may al so be used for the second netallic
seed-| ayer 37. They include N-Fe, W M, Cu, Ag, Pd, Pt, Rh, Ir, and
al | oys conprising one or nore of
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these netals. In contrast, nost refractory netals possess high electrical
esistivity and are inconpatible for

, i /Hg pl ati ng. The thickness of the Au
yseed-léyesmﬂmﬁksahm.lggirange 50-300nﬁf nd preferably in the range

.70-100n pad 38 has a thickness in the range 1.0-5.0[err], and
pr ef er all

e 2.0-4.0[err]. Again, the coil turns and | eads and
bondi ng pads na ated sinultaneously through a suitable photoresist
hask. Alternatively, the coil may conprise gold or another highly
conductive nmetal which is deposited and patterned separately fromthe
bondi ng pad 38. Qther conbinations nmay al so be used. In particular, bonding
pad 38 of Figs.




Fa) and 2(b) may conprise Au, Cu, Ag, Pd, Pt, Rh, Ir, and alloys
conprising one or nore elenments thereoﬁ/ﬁlbually the sanme layer is also _
used for et iy Bega Ridlatd t urns. Al ternatively, the coil turns may conprise
a differe oy than the pad. For exanple, the coil turns may
conpri se ., Rh, Ir, and alloys conprising one or nore el enents
t hereof, while the bondi ng pad may conprise gold. However, different netals
or alloys in the coil and pads require further processing steps, which add
to manufacturing conplexity and cost. It nay be noted that although A has

bot h excellent conductivity and adhesion to alumna, it is inconpatible for
plating (of the coil). It is thus unsuitable as a seed-|ayer for any

pl ati ng. However, Al as a single
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yer may be used sinultaneously for %Zg? the coil and the bonding pad, if
eposited by a vacuum techni que (such sputtering or evaporation) and

patterned byisshahsd: friate etching techniques for Al patterning
i ncl ude ion ctive ion etching (RIE). Wet etching of Al |acks
the fine res d for the coil definition. Wien Al is used in

n

t hi s node, -Tayer 36 of Fig 2(a) and seed-layers 14 and 37 of Fig 2(b)
are elimnated, resulting in an even sinpler structure. The noble netals
Au, Cu, Ag, Pd, Pt, Rh, Ir, and alloys conprising one or nore netals
thereof may al so be deposited as a continuous |ayer by plating or by a
vacuum t ech and then pattern-etched simultaneously for both the coi
turns and T M s e L o2 oyores
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S by ion mlling or by RIE. The dryﬂs}ghi ng techni que requires an
appropriate etch mask conbi ning both t 1 oil and the pads patterns. It is
T of med Tigy$heetHaeBded ReplacedlO cont i nuous netal | ayer. The remmins of the etch
mask ar Ilf#pwWi ng the dry etching. Top | ayer noble nmetals require
an inter on layer simlar to seed layer 36 in Fig. 2(a) and
seed | ayer I'n Fi 2(b). Alternatively, the coil turns may
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rise a different nmetal-than the bondig?m pads and fabricated by

ditf f er ent Thie Sheed 1y 83 Rqu exanple, the coll turns may conprise sputter or
‘evaporatio ' aced, d may be patterned by ion mlling or RIE, while
t he bondin HMW i st of plated gold. Patterning of thick alumna

| ayers requ g mask which is substantially free of pores and
not etched or adversely affected by the alum na etchant. Wen using dilute
HF etchant for the alum na | ayer, etching nasks based on photoresist al one
are inadequate since they lift-off after only a short tine in contact with
the etchant. The dilute HF rapidly attacks the bond between the al um na and
the photoresist. Metal nasks nust be used for the prol onged etching. The
met al mask

//L////L

oo
e
e e e b
O NCAC) X
oAt

by, b
Tu gt oty
o g ut e

N .:.

D




have excel |l ent adhesion to the alumna layer and it should be
antially free of pores. It nust al éyge | mmune agai nst attack by the
et chant Flaures 3(a) through 3(h) illu } te the maj or steps invol ved
during t 2 ¢d t hi ck al uni na, according to a preferred enbodi nent
of this im I [ 3(a) shows the structure after a photoresist |ayer
48 has b the netallic mask | ayers and patterned by

phot ol i t hography. Prior to coating the photoresist |ayer, successive
seed-layers 42 of C or Ti and 44 of Au or Ni-Fe were deposited by a vacuum
techni que over a thick alum na |ayer 40. Seed-|ayer 42 nust provide

excel l ent adhesion to the alumna surface. It conprises a refractory netal
fromthe group C, Ti, '
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W {Ta, M, Nb, V, Zr, Hf, and alloys comg/g3ing one or nore of these

nmet'al s. is Shiwt HisrBeatRephc.adnesi on seed-1ayer 42 can be in the range 5-50nm
and prefer nge 10-30nm Since nost refractory netals (such as
C, Ti, Ta ! nd Hf) are inconpatible for gold plating and have
poor electrical cond vity, seed-layer 44, with good conductivity and

conpatibility for gold plating, is deposited over adhesion seed-|ayer 42.
Gold is excellent for this purpose and is the preferred choice for seed-
| ayer 44. However, it requires an expensive gold sputtering target.

Al ternatively, seed-
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| ay pup Ni -Fe, Ag, Pd, Pt, Rh, Ir, W

44 may_conprise a netal fron1theng
Mo, and all S BeanBgpiRe Or nore tals thereof. A single seed-|ayer
44 conprisin or an alloy conprising one or nore of these
nmetal s, poss sion and electrical conductivity and is
[

conmpati ble for gold pla It can thus sinplify the nmetallic mask by
elimnating |ayer 42. The advantage of using N -Fe for seed-layer 44 is
that it is already being utilised in the TFH fabrication process. The

t hi ckness of seed- |ayer 44 can be in the range 50-500nm and preferably in
the range 70-150nm Usually vacuum deposition produces |ayers 42 and 44

whi ch are quite porous and perneabl e
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: therefoThsmkaggg e for use alond2g83the netallic mask for thick
m na etchl tion of layers 42 and 44, the wafer is placed
infa high pur mm ft" gold plating bath, and a | ayer 46 of gold
is plated over To ensure that plated gold | ayer 46 be free
of pores, its thickness should exceed about 0.1-0.2[err]. Usually the
t hi ckness of layer 46 is in the range 0.1-1.0[err], and preferably in the
range 0.2-0.5[err]. Although it would be sinpler to utilise Au seed-I ayer
44 al one, without the plated Au | ayer 46, sputter-deposited |ayers contain
sonme pores even at thicknesses of nore than 1.0[err]. Furthernore, thick (>
2[err]) sputter-deposited Au layers significantly increase the
manuf acturing cost due to t he very expen5|ve gold
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t & gets. Photoresist nmask |layer 48 is coated over the netallic mask |ayers
a patterned by a regul ar photolithograﬁﬁ¥ t echni que. Next, the pattern is
trlansferred to the t 3l Repidcadyers to fo y%e etching mask. Fig. 3(b)
shows the str#dBg tern-etching gold | ayers 46 and 44 through the
phot or esi st nas“ t“ t etchant for the gold layers is based on a
dilute solution r] in water: Potassium | odide K

100 - 200 g/l 1odine [err] 25 - 50 g/l This

etchant is conpatible with the positive photoresist mask. It takes about
1-2

N

N

Figure 5



mnutes to etch Au | ayers 46 and 44 using t hi A EENT QHERFSPEr g Ur e
It can be applied by imrersion with noderate | DnogJ pr@&maj
‘Lower concentrations 12 and tenperature de _ 5&

- e i3
W’ﬁa t‘ %p to paged
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a
c
hi gher concentrations and tenperature increage
pattern-etching of Au layers 46 and 44, the pa
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S LESS THIN FILM MAGNETIC HFEAD
AND PROCE R MA THE SAME

The present invention relates to magnetic thin film heads (TFH) for recording
and reading magnetic transitions on a moving magnetic medium. It is applicable to
either inductive or magnetoresistive (MR) elements.

In particular, the present invention relates to a method of etching deep vias
through the thick alumina overcoat in order to expose underlying bonding pads, thereby
completely eliminating tabrication of the studs (or bonding posts), a method of etching
the undercoat to define scribe-line grooves of streets and alleys across the wafer for
sawing (or dicing) and machining of the sliders, and a method of pattern-etching the
alumina undercoat, prior to the wafer fabrication, to create precise craters for recessed
Struétures or open vias to the substrate for lightning arresters.

Magnetic TFH transducers are known in the prior art. Please refer, for
example, to U.S. Pat. Nos. 4,016,601; 4,190,872; 4,652,954; 4,791,719 for inductive
devices and U.S. Pat. Nos. 4,190,871 and 4,315,291 for magnetoresistive (MR)
devices.

In the operation of a typical inductive TFH device a moving magnetic storage -
medium is placed near the exposed_'pole-tips of the TFH transducer. During the read
operation, the changing magnetic ﬁux of the moving storage medium induces a
changing magnetic flux upon the pole-tips and the gap l;etween them. The magnetic
flux is carried through the pole-tips and yoke core around spiralling conductor coil
winding turns located between the yoke arms. The changing magnetic flux induces an
electrical voltage across the conductor coil. The electrical voltage is representative of
the magnetic pattern stored on the moving magnetic storage medium. During the write

operation, an electrical current is caused to flow through the conductor coil. The

ThlS xs the repiacement gheet
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further transferred by etching the C or Ti adhesion layer 42. First the
phot oresi st layer 48 is renoved using a conventional stripping nmethod, such
‘as by dipping in or spraying with a commerci al photoresist stripper, dilute
KCOH, or flood-1ight-exposure and devel ogi ng. Next, using Au | ayers 46 and
44 as a mask, the wafer is placed in an appropriate selective etchant which
only etches the Cr or Ti layer 42 but does not attack the Au nask.

Al ternati ygrrant in thd duil PAOESrLobgieticTielO apRss tHeegapi HebwédhcpRéeipanta fridgemay be
left in place during the etching of |layer 42 and then renoved. An
appr opr i afieldexedvaatintbahe Gearby noxvyrey mdgneticnsomgs mekitan badicing gonwsitag) a
ferricyani de: Potassi um Hydroxi de KOH . 50 g/l
magnetic domain (in the medium) in the same direction. Impressing current pulses of
alternating polarity across the coil causes the writing of magnetic domains of alternating
polarity in the storage medium.

Magnetoresistive (MR) TFH devices can only operate in the read mode. The
electrical resistance of an MR element varies with its magnetisation orientation.
Magnetic flux from the moving rnagdetic storage medium induces changes in this
orientation. As a result, the resistance of the MR element to a sensing electric current
changes accordingly. The varying voltage signal is representative of the magnetic
pattern stored on the magnetic medium.

In the manufacturing of TFH transducers for magnetic recording, a large number
of devices are fabricated simultant_:ously in deposited and patterned layers on a ceramic
wafer. Whefx completed, the wafer is cut (or diced) and machined into individual slider
transducers. The main elements of a TFH inductive transducer, roughly in the order in
which they are deposited, are the (alumina) undercoat, the bottdm magnetic pole, the
flux gap material to provide spacing between the bottom and top magnetic pole-tips. one
or more levels of electrical conductive coil winding interposed within insulation layers,
the top magnetic poI_e, elevated studs (or posts) for connecting the coil to bonding pads
(above the overcoat), a thick (alumina) overcoat, and the bonding pads.

Usually the studs are made of about 25-50um thick copper, plated through a
thick photoresist mask right after the completion of the top magnetic pole and prior to
the deposition of thick alumina overcoat. For reasons of uniformity and
reproducibility, the studs are designed to extend to a level about 10um above the highest
spot of the TFH device (the back yoke of the top pole). For each coil level the stud
thickness must be increased by at least 6-9um. For similar reasons, the alumina
overcoat thickness must exceed the stud thickness by about 10xm, requiring an overcoat

about 35-60um thick. Following the overcoat deposition, the studs are covered by the

. This is__the_;'re;:gacqrnent sheet
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Pot assi um Ferri cyani de [err] 200 g/1 This etchant is basic and,
therefore, the (positive) photoresist nask is inconpatible with it and nust
"be renoved prior to the etching. Using this etchant, it takes |less than 1
mnute to etch a O layer with thickness3of 30nm at room tenperature. This
etchant may al so be applied by inmmersion or by spraying. The wafer is now
ready for the deep alumna etch. Fig. 3(c) shows the stage after

et ch- t r ansAleminargvsiryat.alhe teademis tiagn lappedaigzound) g wnelomxabseothe ichpper studs.

f E?;ggﬁsi ?&e&ﬁf{c}dﬁij}%@%gzdssa?g \tl'\fbr{cgtewsc}vre? gt;[euarlgm?rg oevrerrg)oaart ttol ?nlmtaec;[t Ctrrx]el "
exposed studs. The pads are later used for bonding wires to external circuitry to the
read/write channel.

Fabrication of studs and bonding pads is described in U.S. Pat. No. 4,219,853,
for example. It is similar in both inductive and MR devices. For TFH devices
combining an inductive write element and an MR read element, one ‘on top of the other,
the stud and alumina overcoat operations have to be repeated. This may bring the total
thickness of the studs to about 40-70um, and the total alumina overcoat thickness to
about 50-80um. As the alumina deposition process is relatively slow, about 1-
2um/hour, it can easily become the bottleneck (1-3 days) in the process flow.
Furthermore, alumina sputtering equipment is very costly. As a result, the alumina
overcoat deposition is by far the costliest and the slowest step in TFH wafer fabrication.

The integrity and chipping‘ resistance of the alumina overcoat are directly related
to its thickness and stress. The thicker the alumina layer, the more stress it incorporates.
The alumina overcoat's stress also adversely affects the noise performance of the TFH
device, since it is in direct contact with the top magnetic pole. Moreover, tall features
of the device, such as the studs, impair the integrity of the deposited alumina in the
local surrounding area. Sawing and machining operations subject the alumina overcoat
to local stresses which often result in excessive chipping and rejects. |

Very thick studs require a relatively long plating time and the thickness
uniformity is quite difficult to control. To achieve the required thickness, stud plating
dictates the use of a dry film photoresist which is difficuit to strip and process. The
usual fabrication of studs and bonding pads demands numerous steps of photomasking,
deposition of seed-layers, plating, stripping, and etching. The elaborate structure of the
studs and bonding pads, including coil leads, permalloy, and all the seed-layers,. may

involve some 10-15 individual metailic layers deposited in succession on top of each

other. The probability of bonding failures due to inadequate adhesion between any two

This is the replacenient gheet
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sprayi ng.

| ay er hee@t chant for alumina [ayer 40 is based on dilute (1:2)
HF i m @ﬁw uoric Acid (48% HF 1 volune Water

“[err] |l“ | unes This corresponds to a CENT.Lat iy wei ght
of 16 i s used by dipping wth no r'i"gt‘%g ! %(ﬁf‘%@t }by

At roomtenperature the etch rate is e etch

rate is dependent on the quality, density, and integrity of the alum na

| ayer.
substrate

otsthgsef HBGh] colgyé}g tss&?é&@rprgs&g %hil' B8 aLABEL 5f ﬁte?euﬁOer%s ’f’hus

reliability of the bond strength is adversely affected by the large number of the metallic
layers in the structure. The poor integrity of the alumina overcoat in the locales
surrounding the studs further degrades the bond strength and often impairs the
fabrication of bonding pads due to "loops” of collapsed alumina around the studs. The
latter appear following the lapping of the alumina overcoat to expose the-studs, and are
due to the poor integrity of the alumina surrounding the studs.

Copper residues and contamination, originating from copper seed-layers used for
the coil and stud platings, may cause shorts and impair the corrosion resistance of the
TFH device. Copper coil seed-layer residues are often found to be responsible for
intensified corrosion susceptibility of exposed pole-tips in the air bearing surface (ABS).
This poor corrosion resistance is due to galvanic action between the two dissimilar
metals (Cu and Ni-Fe) contacting at the corners (or wings) of the pole-tips. Similarly,
the copper seed-layer of the studs is often found to degrade coil-to-core resistance due
to full or partial shorts. The copper coil itself is sometimes subject to capricious
variations of its electrical resistance due to corrosion and oxidation of the copper turns
during elevated temperature curing cycles of the photoresist insulation layers.

The present invention provides an economical method for fast and precise
patterning of thick sputter-deposited alumina layers by etching through appropriate
metallic masks. It further provides improvements in product design and performance of
magnetic heads which avoid the above-described shortcomings of the prior art. In
particular, the precise patterning of thick alumina layers by etching enabies the
fabrication of studless TFH devices, scribe-line grooves for dicing, recessed craters for
TFH devices, and lightning arresters.

Elimination of the studs simplifies the wafer fabrication in a very substantial
way. It curtails about 20-30% of the total wafer processing steps and reduces the
alumina overcoat thickness by about 30-50%. It thus produces the substantial benefits

of reducing processing costs, decreasing device noise, and improving throughput,
This is the vplacement sheet
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13 tenperature, bias, gas pressure, power, and deposition rate. It is
strongly affected by the | ocal mcro-topography and rel ated al um na
integrity. The etch rate of alum na of poor integrity in the vicinity of

el evated features can be an order of magnitude faster than over a flat
surface, far fromthe el evated features. éBing the dilute HF (1:2) etchant,
It was found that the etch rate across the wafer was highly uniform [err]
This unusual etch unifornmity i liﬁ%% due to an interfacial kinetic
control, ascBHBocY RSB B OHONES SEUs RS LML ARRING i wayall 2

etching progess e8nmiblfor'18Yictd 1ASS Etching scribe-line grooves facilitates significant
reduction of alumina chipping during slider machining and later in tests and service. It
thus significantly improves total device yields. Pattern-etching precise craters in the
alumina undercoat facilitates the fabrication of TFH devices with recessed structures or
features. These can improve device planarity and alleviate problems associated with tall
features of multi-level coil designs. They can also improve the symmetry of pole-tips
configuration. Similarly, etching vias through the alumina undercoat layer enables the
construction of lightning arresters by electrically connecting the magnetic core to the
substrate, which will be grounded in the process of packaging the slider. The lightning
arresters provide grounding to prevent arcing between the magnetic core and rotating.
disk.

In accordance with the present invention, the patterning of thick sputter-
deposited alumina layers is accomplished by, first, depositing compatible metallic layers
on the alumina, coating the metallic layers with photoresist, patterning the photoresist
by photolithography, etching the metallic layers (in sequence)'through the photoresist
mask, stripping the photoresist, etching the thick alumina layer through the metatlic
mask, and removing (in sequénce) the metallic masking layers. A preferred etchant
comprising dilute HF in water (1:2 by volume ratio) has been found to provide fast
(about 1xm/min), extraordinarily uniform (better than ¢ = 1% across a wafer), and
accurate etching of thick alumina layers. The etching can be conveniently performed by
spray or immersion. A compatible metallic mask must be used with the dilute HF
etchant since photoresist masks lift-off from the alumina surface after a very short time.
A preferred metallic mask comprises a very thin (10-30nm) Cr or Ti adhesion layer
covered by a gold (Au) layer, about 0.3-0.5um thick. To avoid porosity in the gold
layer and for economic reasons, at least one half of the gold thickness can be piated
from an high purity (99.9%) "soft" gold bath.

In accordance with the present invention a studless TFH device with gold coil
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sensitive to the degree of agitation, resulting in faster etching near
edges and corners due to nore vigorous agitation there. The interfacial
reaction controlling the etching of alumna by dilute HF nay involve the
breaking of Al -O bonds in order to form sol uble fluoride conplex ions. The
etch rate increases by raising the tenperature or by using higher HF
concentration. As the HF concentration decreases, the reaction becones |ess

i nterfaci aindborating pads) panerned aed glarsd SmiRaseousigN Ssosrolideant Falldwalg thehe
operating tenperature range can be [err], and preferably roomtenperature,
f or convendlemisa oVidreoastdepesition; g drs eschicl thnodghvitt terexposecthebendingtpads. r ange
[err] v/v of concentrated (48% HF, and preferably in the range 20-50% v/v
of concent Faisglimingey copper altogether from the I?'I—'H device, resuiting in less maintenance
and significantly improved reliability, corrosion resistance, and consistency of the coil
resistance. Similarly, the thick alumina is pattern-etched to form scribe-line grooves
which minimise alumina chipping during sawing and machining. Other improvements
in 2 TFH device resulting from deep alumina pattermn-etching include the formation of
recessed craters to improve planarity and pole-tips symmetry and the formation of vias
to the substrate for lightning arresters connecting the magnetic core to the substrate.
An object of the present invention is to provide a2 method of pattern-etching
through an alumina layer.
Another object is to provide a studless TFH device.
A further object of the present invention is to provide a simple, fast, and low
cost method to eliminate many processing steps and increase throughput in the process
of fabricating a TFH device.
Embodiments of the present invention will now be described with reference to
the accompanying drawings, of which:
Fig. 1 shows a cross-section of a typical prior-art stud and bonding pad
structure;
Figs. 2(a) and 2(b) show cross-sections of aiternative bonding pad structures
embodying the present invention;
Figs. 3(a) to 3(h) are cross-sectional views, at various stages, during the
patterning of thick alumina, such as used for the studleés pads of the present invention;
Fig. 4 is a cross-sectional view of a scribe-line groove after pattern-etching; and
Fig. 5 is a cross-sectional view of a recessed crater after pattern-etching.
A schematic (not to scale) cross-section of a typical prior-art stud and bonding

pad structure is shown in Fig. . An alumina undercoat 12 is first deposited over a

CeRamic substrate 10. The wafer is then subjected to the deposition and patterning of
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HF in water. The latter corresponds to a volune ratio range of 1:4 - 1:1 of
(489% HF and water and to a HF concentration in the range of 10%to 25% by
wei ght. Other chem cals, such as al cohols or ethylene glycol, may al so be
added to or substituted for the water. Figs. 3(e) and 3(f) show the
structure after conpleting the etching thwough the thick alum na |ayer 40
and after renoval of the netallic mask layers, respectively. The Au bondi ng
pad 38 serves as an etch stopper. The netallic mask |ayers are renoved, in

a reverse omadpiayefs.t Aelypicdbpeséssionrnf thy neudlie iyerseini o eudi 28a May S1AY 9

first in a gold etchant (for layers 46 and 44) and then in a C (or Ti

et chant (f©r (9raligrseatPlayer 14, a Cu seed-layer 16, a first level plated Cu coil 18, a Cr (or Ti)
seed-layer 20, a Cu seed-layer 22, a second level plated coil 24, a Ni-Fe seed-layer 26
for the top pole, a first plated Ni-Fe layer 28 of the top pole, a second plated Ni-Fe
layer 30, a Cu seed-layer 32 for the stud, a plated Cu stud 34, alumina overcoat 35, a
Ni-Fe seed-layer 36 for the bonding pad, and a gold bonding pad 38. A wire 39 is
bonded to gold bonding pad 38, typically by thermocompression or ultrasonic
compression techniques.

In some cases the stud structure may include other layers, such as a Ni-Fe seed-
layer and plated layers of the bottom pole (between layers 12 and 14), or a Cr (or Ti)
seed-layer under Cu seed-layer 32 for the stud, or under Ni-Fe seed-layer 36 for the
bonding pad, or under Ni-Fe seed-layer 26 for the pole plating. In other cases, several
of these layers are omitted. Typically the stud and bonding pad structure comprise
about 10-15 individual metallic layers. In some cases, the bonding pad structure is .
placed on the alumina overcoat in a partial overlapping and staggering position relative
to the stud structure. Bonding is made to the off-set portion of the pad to ensure
adequate bonding strength. Such elaborate structures of the studs and bonding pads are
susceptible to bonding failure due to the large number of metallic layers in the structure.
In addition, the poor integrity of the alumina overcoat in the region surrounding the tail
stud further impairs reliability and bonding strength.

According to a preferred embodiment of the present invention, the entire stud
fabrication is eliminated, resulting in a simple bonding pad structure of only two
metallic layers, shown in Fig. 2(a). A single seed-layer 36, such as Ni-Fe or W, is
bonded to an alumina undercoat 12, which overlies a substrate 10. Seed layer 36 must
be compatible for gold plating and must have good to moderate electrical conductivity
and strong adhesion to alumina. Other metals and alloys suitable for this purpose
include Mo, Ni-Co, Ni-Co-Fe, Cd, and In. The thickness of seed-layer 36 in Fig. 2(a)

is in the range 60-200nm, and preferably in the range 100-150nm. This structure has
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Pref:afsagggeyH e rret allic mask | ayers can be renoved by sputter-etching or
ion- ching techniques will also ness of
t he Zy, u pad 38 is nmuch thicker than tMSrmEETIW%E,Ntﬁ‘e
sligh its thickness is 14 usual | §j not BEMGERant . so,

the initial thickness of pad 38 can be adj usted to—conpensate T0r this
| oss. Alternatively, a wet  |ift-off technique can be used, such as

only two metallic layers in the pad. An Au bonding pad 38 is preferably plated
simultaneously with the coil turns and leads (not shown) through an appropriate
photoresist mask. Both the coil and the bonding pads will theh consist of the same (Au)
metal.

If the coil consists of more than a single level, different pads may be deposited
and patterned simultaneously with different coil levels. Alternatively, one or more pads
may be deposited and patterned repeatedly with more than one coil level. Such pads,
however, will have more metallic layers in their structure. Following the coil/pad
plating and stripping of the photoresist mask, seed-layer 36 must be removed from
between the Au-plated areas. Using a different metal or alloy for seed-layer 36 from
that used for pad 38 enables its removal by selective chemical etching, as described in
U.S. Patent No. 5,059,278 to Cohen et al., incorporated herein by reference. Wire 39
is bonded to the (Au) bonding pad 38 through the etched vias in the alumina overcoat
40.

In another embodiment, the pad structure comprises a total of three or more
metallic layers, as shown in Fig. 2(b). The structure combines. at least two seed-layers.
The first seed-layer comprises an adhesion layer 14 of Cr or Ti or another refractory
metal such as W, Ta, Mo, Nb, V, Zr, and Hf, or an alloy comprising one or more of
these metals. The function of this layer is to enhance adhesion between alumina and the
following gold layer (goki alone has poor affinity to oxygen and, therefore, poor
adhesion to alumina). The thickness of the adhesion seed-layer 14 can be in the range
5-50am, and preferably in the range 10-30nm. The layer is usually deposited by a
vacuum technique such as sputtering or evaporation.

An Au seed-layer 37 is similarly deposited by sputtering or evaporation. It
provides a low electrical resistance and compatible metallic surface for the plating of 2
gold pad 38. Other metals or alloys compatible with gold plating and having good
electrical conductivity may also be used for the second metallic seed-layer 37. They
include Ni-Fe, W, Mo, Cu, Ag, Pd, Pt, Rh, Ir, and alloys comprising one or more of
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etching G layer 42 with an etchant based on acidic ceric amoni um sul phate
(or nitrate) which rapidly attacks the bond between Cr | ayer 42 and al um na
llayer 40. This will cause the lift-off of the Au mask |ayers 44 and 46. An
exanpl e of such an etchant is CR-14 manufgctured by Cyantek Chem cal s of
Fremont, California. An alternative nethod to prevent etching of the Au pad
38 is to deposit and pattern an internedi ate protective |ayer 38A of O (or

Ti), as shoneseimetilsg. [A(@htrath mosPrefiacides mﬂ@@%ﬁss@%?ﬁ@&fd réslfﬁvétg fnd
deposition of alumna |ayer 40. The thickness of protective |ayer I's

simlar to arhincoofpatibieefor 481d pibing. The Bfcknekoof the Al sddd) laydth®7 {sherdBdi-at €

| ayer 38A protects Au pad 38 during the wet etching of Au |layers 46 an
50-300nm, and preferably in the range 70-100nm. Plated gold pad 38 has a thickness
in the range 1.0-5.0um, and preferably in the range 2.0-4.0um. Again, the coil turns
and leads and bonding pads may be plated simultaneously through a suitable photoresist
mask. Alternatively, the coil may comprise gold or another highly conductive metal
which is deposited and patterned separately from the bonding pad 38.

Other combinations may also be used. In particular, bonding pad 38 of Figs.
2(a) and 2(b) may comprise Au, Cu, Ag, Pd, Pt, Rh, Ir, and alloys comprising one or
more elements thereof. Usually the same layer is also used for the coil winding turns.
Alternatively, the coil turns may comprise a different metal or alloy than the pad. For
example, the coil turns may comprise Cu, Ag, Pd, Pt, Rh, Ir, and allojs comprising
one or more elements thereof, while the bonding pad may comprise gold. However, .
different metals or alloys in the coil and pads requii'e further processing steps, which
add 1o manufacturing complexity and cost. It may be noted that although Al has both
excellent conductivity and adhesion to alumina, it is incompatible for plating (of the
coil). Itis thus unsuitable as a seed-layer for any plating. However, Al as a single
layer may be used simultaneously for both the coil and the bonding pad, if deposited by
a vacuum technique (such as sputtering or evaporation) and patterned by etching.
Appropriate etching techniques for Al patterning include ion milling and reactive ion
etching (RIE). Wet etching of Al lacks the fine resolution required for the coil
definition. When Al is used in this mode, seed-layer 36 of Fig 2(a) and seed-layers 14
and 37 of Fig 2(b) are eliminated, resulting in an even simpler structure.
The noble metals Au, Cu, Ag, Pd, Pt, Rh, Ir, and alloys comprising one or

more metals thereof may also be deposited as a continuous layer by plating or by a
vacuum technique, and then pattern-etched simultaneously for both the coil turns and
pads by ion milling or by RIE. The dry etching technique requires an appropriate etch

mask combining both the coil and the pads patterns. It is formed over the top
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44. Protective layer 38A offers the additional benefit of inproved adhesion
to the thick alumna layer 40. It is then renoved fromthe via area during
the wet etching of O (or Ti) layer 42, exposing Au pad 38 for subsequent
bondi ng, as shown in Fig. 3(h). Protective layer 38A nay al so conprise a
different netal or alloy than layer 42, 40ch as plated or sputtered N -Fe.
It can be etched by an appropriate selective etchant prior to or follow ng
the renoval of |ayer 42. For exanple, |layer 38A may consist of a 50- 200nm
thi ck Ni - Feoritinyens ietal dayer mithdi rameing odftheerch ineaskianel réramedUB11oWaig e de§ Au
pad 38, usi ng, the same photoresist plating mask or another mask (exposing
only the peehiggedPp layesaoble metalsaeqdizman irdermediate hdiyasionclapgr similar wi deeii c
i d, phosphorjc¢c.acjd, and Lo .

acl P Ioayer &g in P}g. 2(a) and seed layer 14 in Fig. 2(b). Altematively, the coil turns may

comprise a different metal than the bonding pads and fabricated by different techniques.

For example, the coil turns may comprise sputter or evaporation deposited Al and may

be patterned by ion milling or RIE, while the bonding pads may consist of plated gold.

Patterning of thick alumina layers requires an etching mask which is

substantially free of pores and not etched or adversely affected by the alumina etchant.

When using dilute HF etchant for the alumina layer, etching masks based on photoresist

alone are inadequate since they lift-off after only a short time in contact with the

etchant. The dilute HF rapidly attacks the bond between the alumina and the

photoresist. Metal masks must be used for the prolonged etching. The metal mask

must have excellent adhesion to the alumina layer and it should be substantially free of

pores. It must also be immune against attack by the etchant.

Figures 3(a) through 3(h) illustrate the major steps involved during the

patterning of thick alumina, according to a preferred embodiment of this invention.

Fig. 3(a) shows the structure after a photoresist layer 48 has been coated over the

metallic mask layers and patterned by photolithography. Prior to coating the photoresist

layer, successive seed-layers 42 of Cr or Ti and 44 of Au or Ni-Fe were deposited bya

vacuum technique over a thick alumina layer 40. Seed-layer 42 must provide excellent

adhesion to the alumina surface. It comprises a refractory metal from the group Cr, Ti,

W, Ta, Mo, Nb, V, Zr, Hf, and alloys comprising one or more of these metals. The

thickness of adhesion seed-layer 42 can be in the range 5-50nm, and preferably in the

range 10-30nm. Since most refractory metals (such as Cr, Ti, Ta, Nb, V, Zr, and Hf)

are incompatible for gold plating and have poor electrical conductivity, seed-layer 44,

with good conductivity and compatibility for gold plating, is deposited over adhesion

seed-layer 42. Gold is excellent for this purpose and is the preferred choice for seed-

layer 44. However, it requires an expensive gold sputtering target. Alternatively, seed-
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water in a volunme ratio of 1:1:8, as described in U S. Patent No.

5,059, 278. As a part of the packagi ng process, after the wafer has been
diced, a wire is bonded to Au bonding pad 38, typically by known

t her noconpressi on or ultrasoni c conpression techniques. A firm nechani cal
bond is then forned by surrounding the Wre-pad bond wth epoxy. The epoxy
shoul d preferably fill the via to the bonding pad so as to create an
extrenely strong nmechani cal bond between the wire and the TFH Al um na

rching el on A g B e B Tt ha ey e 2 ¢ o
t he vi as, alloys comprising one or more metals thereof. A single seed-layer 44 comprising Ni-Fe,

W, Mo, or an alloy comprising one or more of these metals, possesses good adhesion
and electrical conductivity and is compatible for goid plating. It can thus simplify the
metallic mask by eliminating layer 42. The advantage of using Ni-Fe for seed-layer 44
is that it is already being utilised in the TFH fabrication process. The thickness of seed-
layer 44 can be in the range 50-500nm, and preferably in the range 70-150nm. Usually
vacuum deposition produces layers 42 and 44 which are quite porous and permeable
and, therefore, inadequate for use alone as the metallic mask for thick alumina etching.

After deposition of layers 42 and 44, the wafer is placed in a high purity
(99.9%) "soft" gold plating bath, and a layer 46 of gold is plated over seed-layer 44.
To ensure that plated éold layer 46 be free of pores, its thickness should exceed about
0.1-0.2um. Usually the thickness of layer 46 is in the range 0.1-1.0um, and preferably
in the range 0.2-0.5pm. Although it would be simpler to utilise Au seed-layer 44
alone, without the plated Au layer 46, sputter-deposited layers contain some pores even
at thicknesses of more than 1.0pm. Furthermore, thick (> 2um) sputter-deposited Au
layers significantly increase the manufacturing cost due to the very expensive gold
targets. Photoresist mask layer 48 is coated over the metallic mask layers and patterned
by a regular photolithography technique.

Next, the pattern is transferred to the metallic layers to form the etching mask.
Fig. 3(b) shows the structure after pattern-etching gold layers 46 and 44 through the
photoresist mask. A convenient etchant for the gold layers is based on a dilute solution
of KI and I in water:

Potassium lodide KI 100 - 200 g/

Iodine I» 25-504g/
This etchant is compatible with the positive photoresist mask. It takes about 1-2
minutes to eich Au layers 46 and 44 using this etchant at room temperature. It can be

applied by immersion with moderate agitation, or by spraying. Lower concentrations
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15 since it was not deposited over elevated features. Furthernore, due to
the elimnation of the studs the required alum na overcoat thickness is
significantly reduced. It incorporates less (integrated) stress, resulting
in | ess chipping during machining, testing, and service, and the noise

| evel is |owered. Further benefits of thel2educed al um na overcoat

t hi ckness include inproved yields and reliability and significantly higher
t hroughput and | ower cost.

and temperature decrease the etch rate, while higher concentrations and temperature
increase it.

Following the pattern-etching of Au layers 46 and 44, the pattern has to be
further transferred by etching the Cr or Ti adhesion layer 42. First the photoresist layer
48 is removed using a conventional stripping method, such as by dipping in or spraying
with a commercial photoresist stripper, dilute KOH, or flood-light-exposure and
developing. Néxt, using Au layers 46 and 44 as a mask, the wafer is placed in an
appropriate selective etchant which only etches the Cr or Ti layer 42 but does not attack
the Au mask. Alternatively, if the photoresist is compatible with the etchant, it may be
left in place during the etching of layer 42 and then removed. An appropriate etchant
for Cr in layer 42 consists of a basic potassium ferricyanide:

Potassium Hydroxide KOH 50 g/l

Potassium Ferricyanide © K3Fe{CN)g 200 g/l
This etchant is basic and, therefore, the (positive) photoresist mask is incompatible with
it and must be removed prior to the etching, Using this etchapt, it takes less than 1
minute to etch a Cr layer with thickness of 30nm at room temperature. This etchant
may also be applied by immersion or by spraying. The wafer is now ready for the deep
alumina etch.

Fig. 3(c) shows the stage after etch-transfer through all the metallic layers and
removal of the photoresist mask.

Fig. 3(d) shows the structure after partial etching through the thick alumina
layer. An excellent etchant for alumina layer 40 is based on dilute (1:2) HF in water:

Hydrofluoric Acid (48 %) HF 1 volume

Water H20 2 volumes
This corresponds to an HF concentration by weight of 16%. The etchant is used by
dipping with moderate agitation or by spraying. At room temperature the etch rate is
about 1.0 um/min. The etch rate is dependent on the quality, density, and integrity of
the alumina layer. It is a function of sputter deposition parameters such as the substrate
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Fig. 4 shows a scribe-line groove etched through the conbined al um na
layers of overcoat 40, gap 13, and undercoat 12 using simlar nmethods of
etching through thick alum na, as described above. In this case the
substrate 10 (usually conprising [err] TiC) serves as the etch stopper.
Renoval of the sputter-deposited alumna fi3n the wafer's streets and all eys
grooves facilitates significant reduction of alum na chipping during the
slider sawi ng and nmachi ning. The saw bl ade can be aligned precisely inside

t he groovessmpérature} biagviad Bréssuy bolbr,Glad iepbsition vate ndt Isage@ngly diheteblyy
mai ntaining alumna integrity and elimnating its chipping due to
mechani cal th¢ loegsmigrd-tdpogrgphy difderetdiehaldmina inbegrity néltgraclv exe af sinmdss bt
| ess wobbl e of the saw bl ade, preservin
poor integrity in the vicinity of elevated fqmmres can be an order of magnitude faster
than over a flat surface, far from the elevated features. Using the dilute HF (1:2)
etchant, it was found that the etch rate across the wafer was highly uniform; ¢ _g_ 1%.
This unusual etch uniformity is likely due to an interfacial kinetic control, as opposed to
the more common mass transport control in most etching processes. The latter are
sensitive to the degree of agitation, resulting in faster etching near edges and cormers
due to more vigorous agitation there. The interfacial reaction controlling the etching of
alumina by dilute HF may involve the breaking of Al-O bonds in order to form soluble
fluoride complex ions. The etch rate increases by raising the temperature or by using
higher HF concentration. As the HF concentration decreases, the reaction becomes
less interfacial kinetic controlled and more mass transport controlled. The operating
temperature range can be 10-90°C, and preferably room temperature, for convenience.
The etchant comprises HF and water in concentration range 10-100% v/v of
concentrated (48%) HF, and preferably in the range 20-50% ’v/v'of concentrated (48 %)
HF in water. The latter corresponds to a volume ratio range of 1:4 - {:1 of (48%) HF
and water and to a2 HF concentration in the range of 10% to 25% by weight. Other
"chemicals, such as alcohols or ethylene glycol, may also be added to or substituted for
the water.,
Figs. 3(e) and 3(f) show the structure after completing the etching through the
thick alumina layer 40 and after removal of the metallic mask layers, respectively. The
Au bonding pad 38 serves as an etch stopper. The metallic mask layers are removed, in
a reverse order of their deposition, by successive immersion or spraying first in a gold
etchant (for layers 46 and 44) and then in a Cr (or Ti) etchant (for layer 42).
Preferably, the metallic mask layers can be removed by sputter-etching or ion-milling.

These etching techniques will also etch a similar thickness of the Au pad 38. As Au

pad 38 is much thicker than the mask layers, the slight decrease in its thickness is
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narrow cut lines and m nimsing kerf. The scribe-line grooves can be etched
during the sane operation of etching the bonding pad vias, as descri bed
above. However, the conbined groove and pad via mask pattern nust be
properly designed with smaller pad via openings to conpensate for the
| at eral expansion during the extra etchitg time of the gap and undercoat
| ayers. The conbi ned etchi'ng of the bonding pad vias and scribe- |ines has
the further benefits of significantly reduced al um na overcoat |ayer
t hi cknessususiiyp noesigeifichnt iAde0, thetnikel thiskoesstaf @ad 38rgen beadjustashiona i ntegrity
(lower integrated stress and elim nation of elevated features), inproved
yi el ds arfRPERRENEUBITT this logs.gRdlermagivelyg ApTRt ifkaH teeiiqueccsatbe used, suchas

etching Cr layer 42 with an etchant based on acidic ceric ammonium sulphate (or

nitrate) which rapidly attacks the bond between Cr layer 42 and alumina layer 40. This

will cause the lift-off of the Au mask layers 44 and 46. An example of such an etchant

is CR-14 manufactured by Cyantek Chemicals of Fremont, California.

An alternative method to prevent etching of the Au pad 38 is to deposit and
pattern an intermediate protective layer 38A of Cr (or Ti), as shown in Fig.3(g), on top
of the Au pad 38A, prior to the deposition of alumina layer 40. The thickness of
protective layer 38A is similar to that of layer 42 (about 10-30am for Cr or Ti). The
intermediate layer 38A protects Au pad 38 during the wet etching of Au layers 46 and
44. Protective layer 38A offers the additional benefit of improved adhesion to the thick
alumina layer 40. It is then removed from the via area during the wet etching of Cr (or
Ti) layer 42, exposing Au pad 38 for subsequent bonding, as shown in Fig. 3(h).
Protective layer 38A may also comprise a different metal or alloy than layer 42, such as
plated or sputtered Ni-Fe. It can be etched by an appropriate selective etchant prior to
or following the removal of layer 42. For example, layer 38A may consist of a 50-
200nm thick Ni-Fe layer plated immediately after the simultaneous plating of Au pad
38, using the same photoresist plating mask or another mask (exposing only the pad
area). A selective etchant for this layer comprises nitric acid, phosphoric acid, and
water in a volume ratio of 1:1:8, as described in U.S. Patent No. 5,059,278.

As a part of the packaging process, after the wafer has been diced, a wire is
bonded to Au bonding pad 38, typically by known thermocompression or ultrasonic
compression techniques. A firm mechanical bond is then formed by surrounding the
wire-pad bond with epoxy. The epoxy should preferably fill the via to the bonding pad
SO as to create an extremely strong mechanical bond between the wire and the TFH.

Alumina integrity in the region around the bonding pad vias is not impaired by

the etching action. It is similar to regions of the alumina layer removed from the vias,
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Fig. 5 shows a recessed crater fornmed in the alum na undercoat |ayer 12,
using nethods of etching through thick alumna simlar to those described
above. The crater depth can be controlled by renoving the wafer fromthe
etchant at any tinme before undercoat 12 has been etched through, or by

pl aci ng an etch-stopper |ayer at the 1B required depth. The etch-stopper
may conprise a pore-free conpatible netallic |ayer,

since it was not deposited over elevated features. Furthermore, due to the elimination of
the studs the required alumina overcoat thickness is significantly reduced. It
incorporates less (integrated) stress, resulting in less chipping during machining, testing,
and service, and the noise level is lowered. Further benefits of the reduced alumina
overcoat thickness include improved yields and reliability and signiﬁcandy higher
throughput and lower cost.

Fig. 4 shows a scribe-line groove etched through the combined alumina layers of
overcoat 40, gap 13, and undercoat 12 using similar methods of etching through thick
alumina, as described above. In this case the substrate 10 (usually comprising AlO3-
TiC) serves as the etch stopper. Removal of the sputter-deposited alumina in the
wafer’s streets and alleys grooves facilitates significant reduction of alumina chipping
during the slider sawing and machining. The saw blade can be aligned precisely inside
the grooves, without having to cut through the alumina layers, thereby maintaining
alumina integrity and eliminating its chipping due to mechanical stress and damage.

The etched scribe-line grooves aiso assist less wobble of the saw blade, preserving
narrow cut lines and minimising kerf. The scribe-line groove:s can be etched during the
same operation of etching the bonding pad vias, as described above. However, the
combined groove and pad via mask pattern must be properly designed with smaller pad
via openings to compensate for the lateral expansion during the extra etching time of the
gap and undercoat layers. The combined etching of the bonding pad vias and scribe-
lines has the further benefits of significantly reduced alumina overcoat Iayef thickness,
shorter etch time, better resolution, improved alumina integrity (lower integrated stress
and elimination of elevated features), improved yields and reliability, higher
throughput, and lower cost.

Fig. S shows a recessed crater formed in the alumina undercoat layer 12, using
methods of etching through thick alumina similar to those described above. The crater
depth can be controiled by removing the wafer from the etchant at any time before
undercoat 12 has been etched through, or by placing an etch-stopper layer at the
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cured photoresist |ayer, or the substrate itself. Due to the very uniform
etch rate across the wafer, the craters are of very uniformdepth. A um na
integrity in the vicinity and around the craters is not inpaired by the

etching action. It is simlar to the bulk of the alum na |ayer far renoved
fromthe craters. Such craters can be uséél to fabricate in themat |east a
portion of the bottom nagnétic pole, for exanple, in order to inprove tota
device planarity and symmretry. Qther device features or |ayers can also be
fabri cat edwgﬁééesﬁl}eh ke etelsiOPPaTVE X COmprisna patteiTae compatible atetdllit fayef, t he
gap, one or gg | evel s of i lon and/or coil layers or the netallic

nsul at
bondi ng pati& rlEﬁ@WF‘Fﬁ‘Sﬁ Y&F r s gﬁ@’%‘éﬁp pell oRye to thecrFrpynifornieta rateacross

through t ht%e%a er, "Re craters are of very uniform depth. Alumina integrity in the vicinity and

around the craters is not impaired by the etching action. It is similar to the bulk of the
alumina layer far removed from the craters. Such craters can be used to fabricate in
them at least a portion of the bottom magnetic pole, for example, in order to improve
total device planarity and symmetry. Other device features or layers can also be
fabricated inside such craters. These may include at least portions of the gap, one or
more levels of insulation and/or coil layers or the metallic bonding pads.

Lightning arresters can be constructed by etching vias through the alumina
undercoat to expose the substrate and then electrically connecting the magnetic core to
the substrate. Electrical connection between the magnetic core and the substrate is
established by depositing and patterning a metallic layer through the vias following the
alumina vias etching. Altematively, a metallic layer may be deposited and patterned
over the substrate prior to the deposition of the alumina undercoat. This metallic layer
serves as the etch-stopper during the etching of the alumina via.s. The metallic layer is
connected through the vias to the magnetic core following the etching of the alumina
vias, to ensure good electrical contact between the magnetic core and the lightning
arrester. Grounding the magnetic core electrically prevents arcing between the head and
a rotating disk. The magnetic core is grounded by connecting it to the grounded
substrate. The lightning arrester can be deposited and patterned either as part of the
deposition of one of the magnetic poles, or it can be constructed as a separate layer

preceding or following the deposition of either the bottom or the top magnetic pole.

EXAMPLES
Example 1.

Bonding pad vias were etched through the alumina overcoat using 2 metallic etch

mask similar to the one shown in Fig. 3(a). The Au pad 38 was 3.2xm thick and the
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undercoat to expose the substrate and then electrically connecting the
magnetic core to the substrate. Electrical connection between the magnetic
core and the substrate is established by depositing and patterning a

metal lic layer through the vias follow ng+he alumna vias etching.
Alternatively, a netallic |layer nmay be deposited and patterned over the
substrate prior to the deposition of the alum na undercoat. This netallic

| ayer servegdfhatdVerdiaf B0 WaQRB&SE: Tk gﬁcx&.hs\ ﬁsxﬁr@itmskt r seOIRLITD %s%'gaéer

The netal lic layer 1s connected through the vias to e magnetic cor
fol I owi ng tdepogiteaitived taf alifiehadlaydl 402 ThidSwad ithrREEMES BUBdeE Ib@%g;t:&%c a

contact between the nmagnetic core and the lightning arrester oundi ng t he

magneti ¢ cd08nml thidkr AcabkédslagercddnThe avafemwadthenpbaret e agidpads “soft” gold
plating bath (PAG 401, by Sel Rex) and was plated with a 500nm thick geld layer 46.
A positive photoresist layer 48 was then coated, exposed and patterned with the pad
areas opened, by a regular photolithographic process. The wafer was then placed in a
gold etchant comprising KI (200 g/1), I7 (50 g/1), and pure water.  Etching was done at
room temperature by immersion with moderate agitation. Inspection after 60 seconds
etching revealed that the gold was cleared in the via areas, as shown in Fig. 3(b). An
extra etching time of 30 seconds was used to ensure complete Au etching everywhere.
Photoresist mask 48 was then removed using successive immersions in hot and cold
acetone with moderate agitation. The thickness of the Au layer across the wafer was
measured with a Dektak surface profilometer. Next, the Cr seed-layer 42 was pattern-
etched using the gold layers 44 and 46 as etch mask. The etchant comprised KOH (50
g/1), K3Fe{CN)g (200 g/1), and pure water. Etching was carried out by immersion with
moderate agitation at room temperature. Inspection after 35 seconds of etching revealed
that the Cr was cleared in the via areas, as shown in Fig. 3(c). An extra etching time of
90 seconds was used to ensure complete etching. This completed the pattern transfer to
the metal mask. The wafer was then immersed with moderate agitation in dilute HF
(1:2) in water at room temperature to etch the alumina layer 40. Etching was
interrupted after a partial etching of 30 minutes, as shown in Fig. 3(d). The pardally
etched alumina step height was measured across the wafer (in exactly the same spots as
after the Au mask etching) with a Dektak surface profilometer. The total step variation
from the centre (29.49um) to the edge of the wafer (29.69xm) was only 0.20um,
corresponding to ¢ = 0.48%. Alumina etching was then resumed for another 7
minutes. At that time, the Au pad 38 was exposed, as shown ih Fig. 3(e). Next the Au
mask layers 46 and 44 were removed by etching in the iodine/iodide Au etchant for 60

seconds. The wafer was then rinsed and placed in the Cr etchant for 2.0 minutes to
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a rotating disk. The magnetic core is grounded by connecting it to the _
grounded substrate. The lightning arrester can be deposited and patterned

either as part of the deposition of one of the nagnetic poles,

or

it can be

constructed as a separate |ayer precedii®g or follow ng the deposition of
either the bottomor the top magnetic pole. EXAVPLES Exanple 1. Bondi ng pad
vias were etched through the alum na overcoat using a netallic etch mask
simlar trembhe ten€r sdedviayerrd2ii This 2ompletdd the/pattpadetdBingeant deeg vias nhroupgh ck and

t he

the alumina overcoat to the gold bonding pad, as shown in Fig. 3(f). No pin-holes or

other defects were seen in the protected areas, and line definition was excellent.

Example 2.

The configuration and etching procedures were used as in Exampie 1, except
that the plated Au layer 46 was only about 0.2um thick. Also, a single sputter-etching
step was used to remove all the metallic mask layers after completion of the alumina
etching. Again, even with the thinner Au mask layer, no pin-holes or other defects
were observed in the protected areas and line definition was excellent.

The wafers of Examples 1 and 2 were tested for bonding strength. Gold plated
Cu wir.es were bonded through the alumina vias to the gold pads. Bonding tool
alignment (to the pads) and whippipg were greatly eased by the vias. The bonding
strength of these studless devices was compared by a pull-test against regularly
fabricated devices with thick copper studs. The studless devices exhibited excelient
bonding strength, over 65 grams force in the pull-test. In all tests of the studless
devices the applied force was either the maximum deliverable by the tester, or failures
were attributable to wire breaking. For comparison, the regular devices with studs

exhibited failures at about 28-35 grams force, with failures often due to bond breaking.

Scribe-line grooves were etched through ik’fg. umina overcoat, gap, and
undercoat layers using a metallic etch mask similar to that used in Examples | and 2,
but with a sputtered lodm%'mick Ni-Fe seed-layer (44 in Fig. 3(a)) instead of an Au
seed-layer. Also, the substrate 10 itself served as the alumina etch stopper, see Fig. 4.
The thickness of the combined alumina layers was about 55um, and the plated Au layer
46 was about S00nm thick. Following the pattern etch of the Au layer 46 (as in |

Exampies 1 and 2), the Ni-Fe seed-layer was pattern-etched by an etchant comprising 1
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17 alum na overcoat 40 was about 35[err] thick. A 30nmthick Cr seed-I|ayer
42 was sputter deposited over the alumna |layer 40. This was inmedi ately
fol l oned by sputtering a 100nmthick Au seed-layer 44. The wafer was then
placed in a high purity "soft” gold pl48ing bath (PAG 401, by Sel Rex) and
was plated with a 500nmthick gold | ayer 46. A positive photoresist |ayer
48 was then coated, exposed and patterned with the pad areas opened, by a

regul ar RhRY bt RBAEGRA) RitEe A, | Nutumeioécotasnttdied) poaptartid atidy and 8
volumes of pure water, as described in U.S. Patent No. 5,059,278. Etching was done
by immersion with moderate agitation and at room temperature. Etching duration was
4.0 minutes to ensure complete clearing of the Ni-Fe in the groove areas. The
photoresist mask 48 was then removed by dipping in a2 5% (w/0) KOH solution in
water, at room temperature and with moderate agitation. Next the Cr seed-layer 42 was
pattern-etched as in Examples 1 and 2. The thickness of the combined metallic mask
layers was then measured across the wafer by a Dektak profilometer. The combined
alumina layers were then etched in the dilute HF (1:2) etchant, similar to Examples 1
and 2. Alumina etching was interrupted after 50 minutes, and the step height was
measured by a Dektak profilometer across the wafer (in exactly the same spots as after
the etching of the Cr mask layer). The total step variation from the centre of the wafer
(49.59um) to the edge of the wafer’(49.98#m) was only 0.40um, corresponding to ¢ =

" 0.55%. The wafer was then replaced in the alumina etchant for 5 more minutes and the
step height measured again in the same locations. This time the ceatre measured
52.45um, but the edge measured 55.30um; the variation being 2:85um. The large
variation this time was due to non-uniform thickness of the alumina layers. Etching
was complete through the alumina thickness in the centre, but was not complete near the
edge of the wafer due to thicker alumina there. This was further verified by resuming
the alumina etching for another 5 minutes (for a total of 60 minutes). This time the total
variation from the centre (52.45um) to the edge of the wafer (56.31um) was 3.86um
(¢ = 5.02%). There was no increase in the step height i‘n the centre and only a small
increase near the edge, indicating that etching was almost complete after 55 minutes. In
a microscopic inspection it was also noticed that after 55 minutes of etching, areas near
the wafer edge showed rainbow interference colours. These did not appear at the centre
of the wafers. The rainbow colours are indicative of the presence of some alumina
residue of varying thickness. The rainbow interference colours disappeared from areas

near the edge after 60 minutes etch. The deep alumina etching technique, combined

This is the replacement sheet

Date: 23 0ct 8%



gold etchant conprising KI (200 g/l), [err] (50 g/l), and pure water.
Et ching was done at roomtenperature by i mersion with noderate agitation.
| nspection after 60 seconds etching revealed that the gold was cleared in
the via areas, as shown in Fig. 3(b). Ap extra etching time of 30 seconds
was used to ensure conplete Au etching everywhere. Photoresist mask 48 was
then renoved using successive imersions in hot and cold acetone with

nmoder at e @@ {18 hSi2ht | ; i ; I, AALS
g A 8 My FRBREKSSB 0  en U150 RSP BeblE AL, o
pat t ern- ygd GRAGeySHN e aliiniR 14k 2268 Adafd TR MeaficChadi®aker Ulﬁe flephant
conprised KOH (50 g/1), K3Fe( 6 (200 g/l), and pure water:? Isthc I Ng was
carried etthowsd byrsguter @tching. NOnce again, no pin-holes or other defects were detected

and line definition was excellent. This is remarkable, considering that the thickness of

the etched alumina layer was about 55.m.

The wafer with the etched streets and aileys scribe-line grooves was sawed and
machined into regular rows and sliders using the grooves as guides for the saw blade.
Alumina chipping was compared against regular wafers without the scribe-line grooves.

The latter showed significantly more alumina chipping than the first. The wafer with

the etched alumina grooves displayed clean cuts with no detectable alumina chipping.

Example 4.

Several other combinations of metallic layers, already in use in the manufacture
of thin film heads, were tried as masks for etching thick alumina layers. They included
the following: |
(@) A 30nm thick single sputtered Cr layer: [Cr(sp)l.
(b) A 200nm thick single sputtered Ni-Fe layer: [Ni-Fe(sp)].
(©) A sputtered 200nm thick Ni-Fe layer over a 30nm thick sputtered
Cr layer: [Ni-Fe(sp)/Cr(sp)].
(d A plated 1.0pm thick Ni-Fe layer over a 100nm thick sputtered
Ni-Fe layer: [Ni-Fe(pl)/Ni-Fe(sp)].
(e) A sputtered 200nm thick Cu layer over a 30nm thick sputtered Cr
layer: [Cu(sp)/Cr(sp)].
H A sputtered 200nm thick Cu layer over a 100nm thick sputtered
Ni-Fe layer: [Cu(sp)/Ni-Fe(sp))].
g) A plated 1.0um thick Cu layer over a 100nm thick Cu sputtered
layer over a 30nm thick sputtered Cr layer: [Cu(pl)/Cu(sp)/ Cr(sp)]..

In all of these experiments the metallic masks provided only a limited protection and
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noderate agitation at roomtenperature. Inspection after 35 seconds of
et ching r epgahad gsthat the Cr was cleared in the via areas, as shown in Fig.

3(c). An ex %8 of 90 seconds was used to ensure conplete
etching. Th fi he pattern transfer to he et @ s_k. The waf er

was then i

roomtenperature to etch the alum na | ayer 40. :
after a partial etching of 30 minutes, as;shown= e
et ched al um na step hei ght was nmeasured across the wafer ==
sanme spots as after the Au mask etching) with a Dektak surface
profil onet gy

derate agitation in di ; F2¥—in-uat er at

Cage of 't o WarerBRaRaE Rred, Qi G5 By XPrf Felsy GnSehEl dck® 11

attacked or etched by the dilute HF etchant, they are porous. As a result, with time, the
etchant penetrates through pin-hole pores in the mask, gradually increasing the pin-hole
size and attacking the alumina underneath. The worst case was the single Cr mask of
experiment (a). Visible holes could be seen (under the microscope) after only a few
minutes of exposure to the dilute (1:2) HF etchant. They increased in size with
exposure time. After a 10 minutes exposure with this mask, defective areas with large
holes covered about 30-50% of the protected masked areas. The wafer looked like
Swiss cheese. The porosity of these metailic layers decreased as their thickness
increased. The masks of experiments (b), (c), and (d) provided increasing protection,

in this order. However, even a plated 1.0um thick Ni-Fe layer was not completely free
of pores. Pin-holes were al-ready. detected on the mask of (d) after about 30 minutes of
etching, and their size was significant after 50 minutes of etching. The Cu layers
usually include fewer pores than the Cr or Ni-Fe layers, but thgy are slowly attacked (or
etched) by the HF (1:2) etchant. The mask of experiment (g) provided adequate
protection for up to about 35 minutes in the dilute HF (1:2) etchant.

While the invention has been particularly described with reference to preferred
embodiments, 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 scope of the present
invention. Accordingly, examples herein disclosed are to be considered merely as

illustrative and the invention to be limited only as specified in the claims.

This is the replacement sheet

23 0CT 19%

Date:



corres:_ﬁo-nc] ng to [err]-= 0.48% Al umina etching was then resuned for
anot her’fhli’shveﬂmg % ahd1at time, the Au pad 38 was_exposed, as _shown in

Fig. 3( mask | ayers 46 and 44 wergjr t , |n t he
nt for 60 seconds. The vvaf T‘Q@\?E%P%AE
nt for 2.0 m nutes 2o -Iayer

iodine/i
42. This conpleted the pattern-etching of deep V|as t hr ough

pl aced in t

CLADM

i A process of etching alumina comprising the step of exposing the alumina to an
etchant comprising a mixture of HF and water, wherein the concentration of HF is in

the range of 10% t0 25% by weight.

2. A process for pattern-etching an alumina layer, including the steps of: depositing
an alumina layer; depositing over the alumina layer an adhesion metallic layer;
depositing over the adhesion metailic layer at least one additional metallic layer
including a top metallic layer; forming a photoresist mask pattern over the top metallic
layer; pattern-etching the top metallic layer through the photoresist mask; pattern-
etching through the top metallic {ayer, in reverse order of deposition, the other metallic
layer or layers; pattern-etching the alumina layer with an alumina etchant comprising
HF through the metaliic layers; and removing the metallic layers.

3. A process as claimed in claim 2, in which the alumina etchant comprises a

solution of HF in water in the range of 10% to 25% by weight.

4. A process for forming a studless TFH device including the process of any one of
claims 1, 2 or 3 wherein the alumina layer is an overcoat layer and further inciuding the
step of depositing and patterning bonding pads prior to the step of depositing the

alumina layer, and wherein the step of etching the alumina layer comprises forming vias

to the bonding pads.

3. A process as claimed in claim 4, in which the step of depositing and patterning
the bonding pads comprises the step of simultaneously depositing and patterning both

the coil and the bonding pads, the coil and the bonding pads comprising the same metal.

l lllllll Mllﬂ IIIH Hlll I
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the al um na overcoat to the gol d bondi ng pad, as shown in Fig. 3(f). No

pi n- hol Htsﬂkén ts were seen in the protected areas, and |ine

definiti Exanpl e 2. The configuration and et chi ng

pr ocedur s in Exanmpl e 1, except that the plated Au | ayer 46

was only about ] thick. Also, a s2hgle sputt Bﬁé n%ﬁl_@; Bt lused
[

to renove all the rretalllc mask | ayers after conple um ng
etching. Again, even with the thinner Au mask | ayer L.A-Pi
defects were observed in the protected areas and line definition was
excel lent. The wafers of Exanples 1 and 2 were tested for bonding strength.
Gol d pl at ol A process as claimed in claim 3, in which the step of depositing and patterning

her

the bonding pads includes the steps of: depositing a metallic seed-layer selected from
the group consisting of Ni-Fe, W, Mo, Ni-Co, Ni-Co-Fe, Cd, In, and alloys
comprising one or more of these metals; forming a photoresist mask incorporating
patterns for the coil and the bonding pads; plating through the photoresist mask a metal
bonding pad layer selected from the group consisting of Au, Cu, Ag, Pd, Pt, Rh, Ir,
and alloys comprising one or more elements thereof; removing the photoresist mask:

and etching the metallic seed-layer from areas between the plated pattern of the metal

bonding pad layer.

7. A process as claimed in claim 5, in which the step of depositing and patterning
the bonding pads includes the steps of: depositing a metallic seed-layer selected from
the group consisting of Ni-Fe, W, Mo, Ni-Co, Ni-Co-Fe, Cd, In, and alloys
comprising one or more of these metals; depositing by plating or by a vacuum technique
a metal bonding pad layer seiected from the group consisting of Au, Cu, Ag, Pd, Pt,
Rh, Ir, and alloys comprising one or more elements thereof; forming an etch mask
incorporating patterns for the coil and the pads over the bonding pad layer; pattern-
etching the bonding pad layer and the metallic seed-layer through the etch mask by ion-

milling or by reactive ion etching (RIE); and removing the remains of the etch mask.

8. A process as claimed in claim 6 or 7, in which the metallic seed-layer comprises

Ni-Fe or W and the bonding pad layer comprises Au.

9. A process as claimed in any one of claims 6 to 8, in which the step of depositing
a metallic seed-layer comprises the steps of depositing a first adhesion metailic seed-
'\ layer selected from the group consisting of Cr, Ti, W, Mo, Nb, V, Zr, Hf, and alloys

COmpnsmg one or more of these elements, and depositing a second metallic seed-layer
he replacement gheet
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Cu WII’ ) onded through the alumna vias to the gold pads. Bonding
t ool ﬁ ﬁ pads) and whi pping were greatly eased by the vias.

The bon f these studl ess devices was conpared-by—a=pul | -t est
agai nst ri cat ed devices with thickfto Legt Hds.BEENe ISt udl ess
devi ces exh| bi ted excel I ent bondi ng strength, ghaioEd orcellin the
pull-test. In all tests of the studless devices pot--ed=fBrce was

ei ther the maxi mum deliverable by the tester, or failures were attributable

towire biRiddidomt SFOUIPaIsARRe of A I gpuf% 48y Eesal b BEudS P PI ted

failures a ce, Wi "al [ Ur €s - 0ft &h e’'to’bon
br eaki ng. a1fe%3 Bk rising one or more of these metals following the step of depositing the first

adhesion metallic seed-layer.

10. A process as claimed in claim 9 in which the first adhesion metallic seed-layer

comprises Cr or Ti and the second metallic seed-layer comprises Au.

11. A process as claimed in any one of claims 4 to 10, further including etching
scribe-line grooves through the alumina overcoat and an alumina undercoat in the TFH

device.

12. A process as claimed in any one of claims 4 to 11, further including etching a
crater for a recessed structure in the alumina layer in the TFH device wherein the depth
of the crater is controlled by interrupting the etching action after a predetermined period
of time. | .

13. A process as claimed in any one of claims 4 to 12, further including constructing
lightning arresters in the TFH device by etching vias through an alumina undercoat for
connecting a magnetic core with a substrate, wherein the vias are etched through the
alumina undercoat to expose the substrate and including the further step of electrically

connecting the magnetic core to the substrate through the vias.

14. A studless thin film head (TFH) device comprising: a substrate; a coil; a
metailic bonding pad layer; an alumina overcoat; vias extending through the alumina
overcoat to the bonding pad layer; and wires bonded to the bonding pad layer through
the vias, wherein the integrity of the alumina overcoat in areas adjacent the vias is
substantially the same as the integrity of the alumina overcoat in areas removed from

t ias. e
he vias — nt gheel
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Scribe-line grooves were etched through um na overcoat, gap, and undercoat
| ayers UBtiMhe@ HaEtal kl tch mask simlar to that used in Exanples 1 and 2,

but with Nm thi ck Ni -Fe seed-| ayprdd=ta—Fig=—3La)) i nstead
of an Au ZEHITE@%{WH 0, the substrate 10 it gleFifiSsgHBEIHAS BEBE [l uni na
etch stop , i"WIM4 The t hi ckness of thejjconbi REBE.ACER na |jayers was
about 55[err], and the plated Au | ayer 46 was about soonmrthrck—tol | owi ng
the pattern etch of the Au |l ayer 46 (as in Exanples 1 and 2), the N -Fe
seed-| ayer was pattern-etched by an etch@bt conprising 1

15. A TFH device having one or more alumina layers and fabricated with scribe-line

grooves etched through the alumina layers.

16. A studless TFH device as in claim 14 further comprising an alumina undercoat
and having scribe-line grooves extending through the alumina overcoat and the alumina

undercoat to the substrate.

17. A TFH device comprising at least one feature or layer thereof placed in a crater

etched in an alumina layer.

18. A TFH device comprising a lightning arrester electrically connecting a magnetic

core to a substrate through a via extending through at least one alumina layer.

UL
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19 volune of (concentrated) nitric acid, 1 volunme of (concentrated)
phosphoric acid, and 8 vol unes of pure water, as described in U S. Patent

No.

5,059, 278. Etching was done by inmersion with noderate agitation and at

roomtenperature. Etching duration was 4.0 mnutes to ensure conpl ete
clearing of the Ni-Fe in the groove areas. The photoresi st nmask 48 was then
renmoved by dipping in a 5% (w o) KOH solution in water, at roomtenperature
and with noderate agitation. Next the Cr seed-layer 42 was pattern-etched
as in Exanples 1 and 2. The thickness of the conbined netallic mask

26

BSTRA
LESS TH MM TIC HEAD
AND PR R MAK THE SA}

A method for pattern-etching thick alumina layers is disclosed, typically for use
in the manufacture of thin film heads (TFH) by using compatible metallic mask layers
(42, 44, 46) and a dilyte (1:2) HF in water etchant. The deep alumina etching
facilitates a studless TFH device where the coil and bonding pads (38) are deposited and
patterned simultaneously, and vias are later etched through the alumina overcoat layer
(40) to expose the bonding pads. The method also enables the etching of scribe-line
grooves (13) of street and alleys across the wafer for sawing and machining of sliders.
These grooves eliminate most alumina chipping due to stress and damage introduced by
the sawing and machining operations. Similarly, pattern-etching of the alumina
undercoat (12) facilitates the formation of precise craters for recessed structures. These
can improve planarity and alleviate problems related to adverse topography and elevated

features of TFH devices.

Fig. 3 a
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| ayers was then neasured across the wafer by a Dektak profilometer. The

conbi ned alum na | ayers were then etched in the dilute HF (1:2) etchant,
"simlar to Exanples 1 and 2. Alum na etching was interrupted after 50

m nutes, and the step hei ght was neasured by a Dektak profil oneter across

the wafer (in exactly the sane spots ad after the etching of the O mask

| ayer). The total step variation fromthe centre of the wafer (49.59[err])

to the edge of the wafer (49.98[err]) was only 0.40[err], corresponding to

a = 0.55% The wafer was then replaced in the alum na etchant for 5 nore

m nutes and the step height measured again in the same | ocations.

This tine
the centre neasured 52.45[err], but the edge neasured 55.30[err]; the
variation being 2.85[err]. The large
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variation this tine was due to non-uniformthickness of the alum na | ayers.
Et ching was conpl ete through the alum na thickness in the centre, but was
not conpl ete near the edge of the wafer due to thicker alumna there. This
was further verified by resum ng the alum na etching for another 5 m nutes
(for a total of 60 mnutes). This tine the total variation fromthe centre
(52.45[err]) to the edge of the wafer (56.31[err]) was 3.86[err] ([err] =
5.02 % . There was no increase in the step height in the centre and only a
smal | increase near the edge, indicating that etching was al nost conplete
after 55 mnutes. In a mcroscopic inspection it was al so noticed that
after 55 mnutes of etching, areas near the wafer edge showed rai nbow
interference colours. These did not appear at the centre
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of the wafers. The rai nbow colours are indicative of the presence of sone
al um na residue of varying thickness. The rainbow interference colours

di sappeared from areas near the edge after 60 m nutes etch. The deep

al um na etching techni que, conbi ned 21 only for short exposure tines.
Al though Cr and Ni-Fe layers by thensel vs are not attacked or etched by
the dilute HF etchant, they are porous. As a result, with tinme, the

' (S
R
Se .'N h .:.

Figure2 b .
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etchant penetrates through pin-hole pores in the mask, gradually increasing
the pin-hole size and attacking the alum na underneath. The worst case was
the single O mask of experinent (a). Visible holes could be seen (under
the m croscope) after only a few m nutes of exposure to the dilute (1:2) HF
etchant. They increased in size with exp8sure tine. After a 10 m nutes
exposure with this nmask, defective areas with |arge hol es covered about
30-50% of the protected masked areas. The wafer | ooked |ike Swi ss cheese.
The porosity of these netallic |ayers decreased as their thickness

I ncreased. The masks of experinments (b), (c), and (d) provided increasing
protection, in this order. However, even a plated 1.0[err] thick N -Fe

| ayer was not conpletely free
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of pores. Pin-holes were already detected on the mask of (d) after about 30
m nutes of etching, and their size was significant after 50 m nutes of
etching. The Cu layers usually include fewer pores than the Cr or N -Fe

| ayers, but they are slowy attacked (or etched) by the HF (1:2) etchant.
The mask of experinent (g) provided adeduate protection for up to about 35
mnutes in the dilute HF (1:2) etchant. Wiile the invention has been
particularly described with reference to preferred enbodinments, it will be
understood by those skilled in the art that various changes in form and
detail may be nmade therein w thout departing fromthe scope of the present

I nvention as defined by the appended clains. Accordingly, exanples herei
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are to be considered nerely as illustrative and the invention to be limted
only as specified in the clains. 22 Clains: 1. A process for pattern
etching an alunina |ayer conprising the steps of: depositing an al unina

| ayer (40); . .
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depositing over the alumna |layer a netallic mask (42, 44,46) conprising at
l.east one netallic layer; formng a photoresist nask (48) having at | east
one opening over the netallic mask; pattern etching at | east one opening in
the netallic mask to expose a surface of the alum na |ayer by etching at

| east one metallic layer through the at Veast one opening in the

phot oresi st mask; and pattern etching the alumna layer with a wet alum na
etchant through the at | east one opening of the netallic mask, wherein the
nmetallic mask is not substantially etched by that etchant.
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2. A process as clained in claim1, in which said wet etchant conprises
HF. 3. A process as clained in claim?2, in which said etchant conprises
HF-in water in the range of 10%to 25% by wei ght. 4. A process for
form ng a studless TFH device including the process of any one of clains 1,
2 or 3, wherein the alumina layer is an 8vercoat |ayer and further

I ncl udi ng the step of depositing and patterning bonding pads (38) prior to
the step of depositing the alumi na |ayer, and wherein the step of etching
the alum na | ayer conprises formng vias to the bondi ng pads. 5. A
process as clainmed in claim4, in which the step of depositing and
patterning the

S

DA

e
"

A A A A L A A L L L L Ll L2 L

AN

46
a4
42
40
36~
36~
124

Figure 3 e .

This is the replacement sheet

Date: 23 OCT 1996



bondi ng pads conprises the step of sinultaneously depositing and patterning
both the coil REPLACEMENT SHEET 0 6 AUG 1999 23 and t he bondi ng pads,

the coil and the bondi ng pads conprising the sane netal. 6. A process as
claimed in claim4 or 5 in which the stgp of depositing and
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patterning the bonding pads includes the steps of: depositing a netallic
seed-| ayer (36;14,37) selected fromthe group consisting of Ni-Fe, W M,

Ni -Co, Ni-Co-Fe, Cd, In, and alloys conpri-sithg one or nore of these netals;
form ng a photoresist mask incorporating patterns for the bonding pads and
coil; plating through the photoresist nddk a netal bonding pad | ayer

sel ected fromthe group consisting of Au, Cu, Ag, Pd, Pt, Rh, Ir, and

al | oys conprising one or nore elenments thereof; renoving the photoresi st
mask; and etching the netallic seed-layer from areas between the plated
pattern of the nmetal bonding pad | ayer. 7. A process as clained in claim
5, in which the step of depositing and.patterning the
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bondi ng pads includes the steps of: depositing a netallic seed-|ayer (36;
14, 37) selected fromthe group consisting of Ni-Fe, W M, N -Co, N -Co-Fe,
Cd, In, and alloys conprising one or nore of these netals; depositing by
plating or by a vacuumtechni que a netal _bonding pad | ayer selected from
the group consisting of Au, Cu, Ag, Pd, 1¥t, Rh, Ir, and al | oys conpri sing
one or nore elenents thereof; formng an etch nmask incorporating patterns
for the coil and the pads over the bonding pad | ayer; pattern-etching the
bondi ng pad | ayer and the nmetallic seed-layer through the etch mask by
fon-mlling or by reactive ion etching (RIE); and renoving the remains of
the etch mask. 8. A process as clained in claim6 or 7, in which the

netallic seed-layer conprises N -
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Fe or Wand the bonding pad | ayer conprises Au. 9. A process as clained
in any one of clains 6 to 8, in which the step of depositing a netallic
seed- | ayer conprises the steps of depositing a first adhesion netallic
seed- | ayer 24 (14) selected fromthe %roup consisting of Cr, Ti, W Ta,
Mo, Nb, V, Zr, Hf, and alloys conprisind2one or nore of these elenents, and

depositing a second netallic seed-I|ayer
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(\37) selected fromthe group consisting of Au, Ni-Fe, W M, Cu, Ag, Pd,

Rt, Rh, Ir, and alloys conprising one or nore of these netals follow ng the
step of depositing the first adhesion netallic seed-|ayer. 10. A process
as claimed in claim9 in which the first adhesion netallic seed-I|ayer
conprises O or Ti and the second netal 4% seed-|ayer conprises Au. 11. A
process as clainmed in any one of clains 4 to 10, further including etching
scribe- |line grooves through the alum na overcoat and an al um na under coat
in the TFH device. 12. A process as clained in any one of clains 4 to 11,
further including etching a crater for a recessed structure in the alumna
| ayer in the TFH devi ce wherein the depth of
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the crater is controlled by interrupting the etching action after a
predeterm ned period of tine. 13. A process as | #W
claims 4 to 12, further including constructing | %] arad g [
TFH devi ce by etching vias through an al um na un@lefcoat for connecting a
magnetic core with a substrate, wherein the viasjafe b398 o
al um na undercoat to expose the substrate and inglfding the furt
el ectri caI | y connecting the nmagnetic core to thejsubstrate throu'g
vi as. A studl ess thlnfllmhead (4I'FH) devi & Lsi

an_al um na overcoat (40);

10 C b ad 38
\(“ a)s ext Qgg}eﬁ%n}egﬁ)gﬁlfﬁlqs% {}gprgportxonal to th(e nu)mber of these layers. Thus
reliability of the bond strength is adversely affected by the large number of the metallic

layers in the structure. The poor integrity of the alumina overcoat in the locales '
surrounding the studs further degrades the bond strength and often impairs the fabrication
of bonding pads due to "loops" of collapsed alumina around the studs. The latter appear
following the lapping of the alumina overcoat to expose the studs, and are due to the poor
integrity of the alumina surrounding the studs.

Copper residues and contamination, originating from copper seed-layers used for
the coil and stud platings, may cause shorts and impair the corrosion resistance of the
TFH device. Copper coil seed-layer residues are often found to be responsible for
intensified corrosion susceptibility of exposed pole-tips in the air bearing surface (ABS).
This poor corrosion resistance is due to galvanic action between the two dissimilar metals
(Cuand Ni-Fe) contacting at the corners {or wings) of the pole-tips. Similarly, the copper
seed-layer of the studs is often found to degrade coil-to-core resistance due to full or
partial shorts. The copper coil itself is sometimes subject to capricious variations of its
electrical resistance due to corrosion and oxidation of the copper turns during elevated
temperature curing cycles of the photoresist insulation layers.

US-A-5093173 discloses a magnetic disc with an improved substrate. IEEE
transactions on magnetics, Vol. 25, No. 5, 1 September 1989, pages 3686 - 3688, JP-A-
55030826 and JP-A-63029311 each disclose pattern etching of alumina by wet etching

but none address the problems enumerated above,



al um na overcoat to the bonding pad | ayer; and w.res (39) bonded to the
bondi ng pad | ayer through the vias, wherein the RF SEE]T t he
al um na overcoat in accordance 6 AUG 1999 25 u. 11|C patte' t chi ng
process as clained in any one of the preceding flpins, A Istjudl ess TFH
device as in claim 14 further conprising an al ufi na%d&&@ﬁ? |

4a

The present invention defines a process for pattern etching an alumina layer
according to claim 1. '

The present invention provides an economical method for fast and precise
patterning of thick sputter-deposited alumina layers by etching through appropriate
metallic masks. It further provides improvements in product design and performance
of magnetic heads which avoid the above-described shortcomings of the prior art. In
particular, the precise patterning of thick alumina layers by etching enables the
fabrication of studless TFH devices, scribe-line grooves for dicing, recessed craters
for TFH devices, and lightning arrestors.

Elimination of the studs simplifies the wafer fabrication in a very substantial
way. It curtails about 20-30% of the total wafer processing steps and reduces the
alumina overcoat thickness by about 30-50%. It thus produces the substantial benefits

of reducing processing costs, decreasing device noise, and improving throughout,



(12). and havi ng scribe-line grooves extending through the alum na overcoat
and the al uni na undercoat to the substrate. 16. A TFH devi ce havi ng one
or nore alum na layers and fabricated with scribe-line grooves pattern
etched through the alumna layers in gccordance with the process as clained
in any one of clains 1 to 13. 17. A°TFH devi ce conprising at |east one-
feature or |ayer thereof placed in a crater pattern etched in an al um na

Laver, Byl BARNR B 20 L o8 BBl Rart Bl BT v <o
3 SUbS! gigfah HiRlyONitR the &xpe&hmrlsadsftﬁmew% 685t a Bfpr3pHaena | aver,
photoresist mask. Both the coil and the bonding pads will then consist of the same (Au)
metal.

If the coil consists of more than a single level, different pads may-be deposited
and patterned simultaneously with different coil levels. Alternatively, one or more pads
may be deposited and patterned repeatedly with more than one coil level. Such pads,
however, will have more metallic layers in their structure. Following the coil/pad
plating and stripping of the photoresist mask, seed-layer 36 must be removed from
between the Au-plated areas. Using a different metal or alloy for seed-layer 36 from
that used for pad 38 enables its removal by selective chemical etching, as described in
U.S. Patent No. 5,059,278 to Cohen et al.. - Wire 39
is bonded to the (Au) bonding pad 38 through the etched vias in the alumina overcoat
40.

In another embodiment, the pad structure comprises a total of three or more
metallic layers, as shown in Fig. 2(b). The structure combines at least two seed-layers.
The first seed-layer comprises an adhesion layer 14 of Cr or Ti or another refractory
metal such as W, Ta, Mo, Nb, V, Zr, and Hf, or an alloy comprising one or more of
these metals. The function of this layer is to enhance adhesion between alumina and the
following gold layer (gold alone has poor affinity to oxygen and, therefore, poor
adhe;ion to alumina). The thickness of the adhesion seed-layer 14 can be in the range
5-50nm, and preferably in the range 10-30nm. The layer is usually deposited by a
vacuum technique such as sputtering or evaporation.

An Au seed-layer 37 is similarly deposited by sputtering or evaporation. It
provides a low electrical resistance and compatible metallic surface for the plating of a
gold pad 38. Other metals or alloys compatible with gold plating and having good
electrical conductivity may also be used for the second metallic seed-layer 37. They

include Ni-Fe, W, Mo, Cu, Ag, Pd, Pt, Rh, Ir, and alloys comprising one or more of

heet
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sai"d via-is fornmed by pattern etching in accordange—w-th
1 to 13. 19. A waf er havi'ng a substrate (10), REM B

Q

(12, 40) and one or nore-thin filmhead (TFH) devj cFEs; _ - ‘havi ng
scribe Iine grooves extending through {he at | easj n&@l TJE na | dydr to the
substrate between the thin fil m head I ces, said |sc A inroves _
being pattern etched in said alum na | ayer by a p accordi ng tfo any

one of Gty #r shdrPexpdsure times. Although Cr and Ni-Fe layéss
attacked or etched by the dilute HF etchant, they are porous. As a result, with time, the
etchant penetrates through pin-hole pores in the mask, gradually increasing the pin-hole

- size and attacking the alumina underneath. The worst case was the single Cr mask of

experiment (a). Visible holes could be seen (under the microscope) after only a few
minutes of exposure to the dilute (1:2) HF etchant. They increased in size with
exposure time. After a 10 minutes exposure with this mask, defective areas with large
holes covered about 30-50% of the protected masked areas. The wafer looked like
Swiss cheese. The porosity of these metallic layers decreased as their thickness
increased. The masks of experiments (b), (c), and (d) provided increasing protection,
in this order. However, even a plated 1.0um thick Ni-Fe layer was not completely free
of pores. Pin-holes were already detected on the mask of (d) after about 30 minutes of
etching, and their size was significant after 50 minutes of etching. The Cu layers
usually include fewer pores than the Cr or Ni-Fe layers, but they are slowly attacked. (or
etched) by the HF (1:2) etchant. The- mask of experiment (g) provided adequate
protection for up to about 35 minutes in the dilute HF (1:2) etchant.

While the invention has been particularly described with reference to preferred
embodiments, 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 scope of the present
invention as defined by the appended claims. Accordingly, examples herein disclosed

are to be considered merely as illustrative and the invention to be limited only as

specified in the claims.



TH S SHEET HAS BEEN 25 15. A TFH devi ce having one or nore alumna | ayers

and fa be-1ine grooves etched through the alum na |ayers.
H’Iuﬂﬂwgmﬁmm ice as in claim14 further conprising an al um na

undercoa‘t andrhawi |be-I i ne grooves extending through the alum na

overcoat and the aI um na undercoat to the substrate. 17. A TFH devi ce
conprising at |east one feature or |ayer thereof placed in a crater etched

in an alum na | ayer.

22
Claims:
1. A process for pattern etching an alumina layer comprising the steps of:
depositing an alumina layer (40); .

depositing over the alumina layer a metallic mask (42,44,46) comprising at least one
metallic layer;

forming a photoresist mask (48) having at least one opening over the metallic mask;
pattern etching at least one opening in the metallic mask to expose a surface of the
alumina layer by etching at least one metallic layer through the at least one opening in the
photoresist mask; and

pattern etching the alumina layer with a wet alumina etchant through the at least one

opening of the metallic mask, wherein the metallic mask is not substantially etched by that

" etchant.
2. A process as claimed in claim 1, in which said wet etchant comprises HF.
3. A process as claimed in claim 2, in which said etchant comprises HF in water in

the range of 10% to 25% by weight.

4, A process for forming a studless TFH device including the process of any one of
claims 1, 2 or 3, wherein the alumina layer is an overcoat layer and further including the
step of depositing and patterning bonding pads (38) prior to the step of depositing the

alumina layer, and wherein the step of etching the alumina layer comprises forming vias

to the bonding pads.

5. A process as claimed in claim 4, in which the step of depositing and patterning the

bonding pads comprises the step of simultaneously depositing and patterning both the coil

This is the replasement sheet
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18. A TFH device conprising a lightning arrester electrically connecting
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and the bonding pads, the coil and the bonding pads comprising the same metal.

6. A process as claimed in claim 4 or 5, in which the step of depositing and
patterning the bonding pads includes the steps of: depositing a metallic seed-layer
(36;14,37) selected from the group consisting of Ni-Fe, W, Mo, Ni-Co, Ni-Co-Fe, Cd, In,
and alloys comprising one or more of these metals; forming a photoresist mask
incorporating patterns for the bonding pads and coil; plating through the photoresist mask
| a metal bonding pad layer selected from the group consisting of Au, Cu, Ag, Pd, Pt, Rh,
Ir, and alloys comprising one or more elements thereof; removing the photoresist mask;
and etching the metallic seed-layer from areas between the plated pattern of the metal

bonding pad layer.

7. A process as claimed in claim 5, in vs;rhich the step of depositing and patterning the
bonding pads includes the steps of: depositing a metallic seed-layer (36;14,37) selected
from the group consisting of Ni-Fe, W, Mo, Ni-Co, Ni-Co-Fe, Cd, In, and alloys
comprising one or more of these metals; depositing by plating or by a vacuum technique a
metal bonding pad layer selected from the group consisting of Au, Cu, Ag, Pd, Pt, Rh, I,
and alloys comprising one or more elements thereof; forming an etch mask incorporating
patterns for the coil and the pads over the bonding pad layer; pattern-etching the bonding
pad layer and the metallic seed-layer through the etch mask by ion-milling or by reactive

ion etching (RIE); and removing the remains of the etch mask.

8. A process as claimed in claim 6 or 7, in which the metallic seed-layer comprises Ni-

Fe or W and the bonding pad layer comprises Au.

S. A process as claimed in any one of claims 6 to 8, in which the step of depositing a

metallic seed-layer comprises the steps of depositing a first adhesion metallic seed-layer
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(14) selected from the group consisting of Cr, Ti, W, Ta, Mo, Nb, V, Zr, Hf, and alloys

comprising one or more of these elements, and depositing a second metallic seed-layer
(37) selected from the group consisting of Au, Ni-Fe, W, Mo, Cu, Ag, Pd, Pt, Rh, Ir, and

alloys c-'omprising one or more of these metals following the step of .depositing the first

adhesion metallic seed-layer.

10. A process as claimed in claim 9 in which the first adhesion metallic seed-layer

comprises Cr or Ti and the second metallic seed-layer comprises Au.

11. A process as claimed in any one of claims 4 to 10, further including etching scribe-

line grooves through the alumina overcoat and an alumina undercoat in the TFH device.

12. A process as claimed in any one of claims 4 to 11, further including etching a
crater for a recessed structure in the alumina layer in the TFH device wherein the depth of
the crater is controlled by interrupting the etching action after a predetermined period of

time.

13. A process as claimed in any one of claims 4 to 12, further including constructing
lightning arresters in the TFH device by etching vias through an alumina undetcoat for
connecting a magnetic core with a substrate, wherein the vias are etched through the
alumina undercoat to expose the substrate and including the further step of electrically

connecting the magnetic core to the substrate through the vias.

14. A studless thin film head (TFH) device comprising: a substrate (10); a coil; a
metallic bonding pad layer (38); an alumina overcoat (40); vias extending through the
alumina overcoat to the bonding pad layer; and wires (39) bonded to the bonding pad

layer through the vias, wherein the vias are formed in the alumina overcoat in accordance
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with the pattern etching process as claimed in any one of the preceding claims.

15. A studless TFH device as in claim 14 further comprising an alumina undercoat
(12) and having scribe-line grooves extending through the alumina overcoat and the

alumina undercoat to the substrate.

16. A TFH device having one or more alumina layers and fabricated with scribe-line
grooves pattern etched through the alumina layers in accordance with the process as

claimed in any one of claims 1 to 13.

17. A TFH device comprising at least one feature or layer thereof placed in a crater

pattern etched in an alumina layer in accordance with any one of claims 1 to 13.

18. A TFH device comprising a lightning arrester electrically connecting a magnetic
core to a substrate through a via extending through at least one alumina layer, wherein

said via is formed by pattern etching in accordance with any one of claims 1 to 13.

19. A wafer having a substrate (10), at least one alumina layer (12, 40) and one or
more thin film head (TFH) devices, said wafer having scribe line grooves extending
through the at least one alumina layer to the substrate between the thin film head
devices, said scribe line grooves being pattern etched in said alumina layer by a

process according to any one of claims 1 to 13.




