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SHIELDED MAGNETORESISTIVE HEADS WITH CHARGE CLAMP

Pield of the Invention

This invention relates in general to magnetic heads which are used
to read and/or write magnetic data onto a magnetic f£ilm, and more
particularly to heads using magnetoresistive materials and methods for
making these heads.

Background of the Invention

Progress in magnetic data recording requires higher densities which
in turn require increased sensitivity of the transducers (heads) used to
read and write the magnetic signals. Noise reduction and protection of
the heads from transient events are important goals for the design of the
heads. Many read heads operate using magnetoresistive materials, hence
are called MR heads. The elements of a basic prior art MR read head with
two shields are illustrated in Figure 1 which shows a cut away view of the
layers found in one type of prior head for use in a disk drive. As is
typical this head has separate structures for the read and write
functions. The portion performing the write operation of the overall head
is often called the write element or the write head. The write element in
Figure 1 is an inductive head. The reading function is performed by
elements which are called the MR head. A permeable magnetic layer 11l
which acts as a first shield ({Sl) is deposited on an insulating layexr 101
which is supported by a substrate layer {(not shown}. A first insulation
layer 103 follows. The magnetoresistive (MR} element 114 and its leads
{not shown) are deposited onto the insulation layer 103, A second
insulation layer 104 follows in effect sandwiching the MR element 114
between the two insulating layers. On top of the second insulating layer,
a permeable magnetic material is deposited forming a second shield (S2)
222. The elements vhich function together as an inductive write head
include additional insulating material 107 and the induction coil 112
which is deposited in insulating layer 110. Layer 109 acts as a pole
piece for the write head, The 52 layer 222 serves a dual role by acting
as the other pole piece in this particular type of head, but other designs
including tape heads use separate layers for these functions.

The head of Figure 1 is intended for use in a disk drive, but the
basic elements and functions are the same for heads intended for tape
drives. Tape heads are generally constructed with the read and write
elements arranged side-by-side and S2 does not serve a dual role as a pole
piece.
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Figure 2 illustrates a simplified cutaway view of the read elements
in ancther type of prior art MR head called a ferrite head. Layer 61 is
composed -of ferrite wiﬁh layer 61 acting as theisl shield and layer 65 is
a magnetic or nonmagnetic closure element. Shigld S2 222 and the MR
element 114 are_su:iqunded by'insulqting materi§1;§7. The MR lead 63
(which can be a conaugtive material such as gold).@s shown connecting to
the bias supply 17;. MR heads such as the type j;Idstrated in Figure 2
have only one metal shield. The magnetic media;txévels past the gap
formed by the two shields vwhich act to block the mégnetic field from the
media outside of the'gap. A constant dc bias current is applied to the MR
element and the fluctuation in the voltage level aéross the MR element
caused by the fluctuation of the resistance is the output signal.

Figure 3 illustrates a simplified cutaway view of another type of
prior art MR head.:_In this head the st shield_is 4 separate element 111
as is the S2 shield 222. The two shields do not need to be made from the
same material. The two shields And the MR elemént;114 are surrounded by
insulating material 67 which is deposited in several steps during the
manufacturing process. The MR lead 63 is connedted'to the bias supply 17
as before. .

There are many vériations of MR héad design which can be seen in
prior art references such as U. s. patent 5.713,122. MR heads are
currently used in diskjdrive systems and tape drives. Although heads in
disk drives are packaged with a single read/write element pair in a unit,
a tape head assembly will have a read/write elemgnt pair provided for each
track in a multitrack éystem. '

A particular noise phenomenon has been obsexﬁed in data readback
from magnetic tape Qith MR heads. In the following "MR héads“_will be
used to include heads using the giant magnetoresisﬁive (GMR) effect as
well the magnetoresistive effect. The output signal from the read head
has been observed to contain very sharp spikes which approximate ideal
pulses with very narrow width and broad spectral content. These spikes
can be of either polarity and are distributed over. a range of amplitudes.
The output signal from a head is typically passed to a preamplifier then
into an input channel which inéludes various filters, detectors, decoders,
error correctors, efc.. '

The effect of the sharp spikes in the input channel signal is at
least randomly dispersgd, correctable single bit erkors and at worst may
interfere with detection of the media signal. The spikes can occur in the
absence a recording signal or MR bias current, but appear to require
media/head contact and.relative motion.
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There are s&heites designed for esd proté&tibn of the elements, but
these do not directly relate to the present problem. There have been
proposals for and tests of heads with various schemes, such as connecting
the MR shields to ground in disk heads via resistors. However, connecting
the shields to ground via resistors might actually aggravate the spiking
problem by building in a constant large MR-shield potential difference as
the discussion below will show.

Disclosure of the Invention

An MR head according the invention solves the head spiking problem
with a charge clamp structure which provides an electrical path from a
conducting shield to one or both of the MR element leads to prevent the
buildup of large disruptive charges associated with the interaction of the
MR element and the shield (which together can be modelled as a virtual
capacitor). 1In one embodiment of the invention the charge clamp provides
a resistive electrical path from a shield to both leads from the MR
element to form a self-tracking clamp. Possible additional benefits of
providing the electrical path from an MR element lead to the shield(s)
include making the shield{s) more effective for EMI protection and
generally protecting the MR element from high currents from other sources.

One embodiment of the invention uses a resistance connected between
a lead of the MR element and an associated shield.

In another embodiment, a head with a single metal shield has a
separate resistive path from the shield to each of the leads of the MR
element. The two resistive paths may be implemented as a thimn £ilm
structure which contacts both leads and has a central connection to the
shield forming an approximately centre-tapped resistor.

In another embodiment, a head with more than one conductive shield,
has the shields electrically connected and then connected to one of the
leads through a resistive path, Alternatively the resistance
configuration can be duplicated for sach shield.

In yet another embodiment, material separating the MR element and
the shield is made from a material which is slightly more conductive than
an insulating material to provide a resistive path for the charge.

A storage system according to the invention can include any
embodiment of the MR head invention. The system’s bias circuitry is
connected to apply a dc bias voltage so that the S2 shield is connected to
the proper lead of the MR element. Although the invention is well suited
for use in tape storage system, it can be applied in disk drives or
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measurement apparatus where the heads are subjected to forces which cause
charges to build up between the MR element and a shield which could
include contact or near-contact recording using rigid or flexible disks.

Brief Description of. the Drawings

The invention will now be described, by way of example only, with
reference to the accompanying drawings,_in which:

Figure 1 illustrates a cutaway view of a pr1or art MR head deslgned
for use in a disk drive;

Figure 2 illustrates a cutaway view of a prior art MR head using
ferrite for a first shield and a separate element for a second shield;

Figure 3 illustrates a cutaway view of a prior art MR head using
separate elements for first and second shields;

Figure 4 illustrates a simple circuit model for an MR head and its
associated components in a data storage system;

Figure 5 illustrates a portion of a circuit model for an MR head

'accordlng to one. embodlment of the 1nvent1on using a resistor from the

shield to one lead of the MR element and its associated circuitry;.

Figure 6 illustrates a portion of a circuit model for an MR head:
according to one embodiment of the invention using. a low or zero.
resistance path from the shield to one lead of the MR element and its
associated circuitry;

Figure 7 illustrates a portion of a circuit model for an MR head
according to one embodiment of the invention using a centre tapped
resistance path from two shields which are electrically connected;

Figure 8 illustrates a cutaway view of an MR head using ferrite for
a first shield and a separate electrically conductive element for the S2
shield and a resistive.path from the S2 shield to the MR lead according to
an embodiment of the invention;

Figure 9 illustrates a cutawéy view of a MR head using ferrite for a
first shield and a separate electrically conductive element for the S2
shield and a resistive path from the S2 shield to the MR lead accordlng to
an embodiment of the invention;
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Figure 10 ilNustrates an exploded view ofléﬁ'MR head having a single
conductive 52 shield and a centre-tapped resistive path from the 52 shield
to both leads of the MR element according to an embodiment of the
invention;

Figure 11 illustrates a storage system according the invention; and

Figure 12 illustrates a portion of a circuit model for an MR head
according to one embodiment of the invention using a separate resistive
path from each of two conductive shields to a centre tapped resistance
across the two leads of the MR element.

Detailled Description of the Inventien

The present invention provides methods and apparatus for preventing
noise spikes from occurring in the output of an MR head by clamping the
electrical potential and associated charge buildup in the head. The head
is designed with means for eliminating the large charge buildup which
suddenly discharges and may, among other effects, result in large
amplitude, extremely narrow noise pulses that cause errors in decoding the
data being read from the magnetic media using MR heads. Modelling and
experiments suggest that pulses of the type observed result from localized
discharges between the MR material and the shield(s). The MR material and
the shield have a capacitance between them which will be referred to as a
*virtual capacitor*® or MR-shield capacitor. In prior art MR heads, the
Applicant has determined that the noise spikes described above occur when
the virtual capacitor suddenly discharges either because the voltage
reaches a breakdown value or because the moving media, e.g. tape,
initiates a discharge event. The discharge mechanism can be media
assisted, is normally non-destructive and is not esd in the classic sense.
The rubbing of the media over the head slowly charges (so-called
*tribocharges’) the MR-shield capacitance {(capacitor). When the virtual
capacitor discharges, part of the stored charge flows through the MR
element, causing an IR pulse in the output signal. The transducer (head}
design of the invention limits charging of the MR-shield capacitor and so
either reduces the amplitude below a threshold or eliminates the noise
pulses.

Figure 4 is a circuit diagram which illustrates a simple model which
is useful for understanding the origin of the noise spikes and the
solution provided by the invention. The model includes the more positive
17 and more negative bias 16 connection points. Positive and negative are
used relatively in this context simply to indicate that a DC bias current
flow is induced in the MR element in a typical application in a storage
system. The MR head is modelled as including capacitance 11 which is
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approximately one-half of the total MR-shield capacitance and is connected
through the MR leads to the necative bias_connectién 16 and one of the
differential inputs to the preamplifier. A seccndécapacitance-lz in the
MR head model which is approximately one-half of the total MR-shield
capacitance is connected to the more positive bias 17 point. Capacitances
11 and 12 have a common node in the shield. Capccitance 12 is in parallel
with the series combination of resistance 13 and switch 14 which are used
to model the charge/discharge cycle. Switch 14fwhcp-open allows
capacitance 12 to charge. Discharge is modelled by switch 14 closing.

. When discharge occurs approximately 50% of the stored charge, i.e. the

charge on capacitance 11, flows through the MR element on its way to
resistance 13, It should be noted that the resistor 13 and switch 14 pair
can be located in parallel with capacitance 11 to. ﬁcdel the opposite
polarity of pulse. The sign of the pulse is also reversed by changlng the
sign of the .charge stored on' capacitances 11 and- 12.

In a simple version of the invention, as illustrated in Figure 5 a
single, clamping resistor 81 connects the single conductive shield 83 to a
lead of the associated MR element as illustrated by MR modelling

-resistance 15. If connection is to'the positive lead, this ensures a

constant, small potential difference between the MR-and shield and also

-.ensures that the MR element is everywhere equal to or more negative than
‘the shields. This is preferred for corrosion protection especially in

humid environments. If corrosion is not a significant issue, then the

- .shield connection should be to the lead presented with the lowest

impedance to signal return or ground when connected.to-the bias circuitry
in the storage system.. The connections shown can be replicated for a
multiple element head.. '

Figure 6 illustrates an embodiment of the invention similar to
Figure 5 but where the clamping resistor 81 is repléced by essentially a
conductive connection, i.e. near zero resistance. .This circuit model
includes an embodxment of the invention where the Shleld material, which
is conductive, d1rectly contacts cne of the leads.,,Thls direct contact
can be achieved by forming a via or gap in the insuicting layer separating
the shield from theilead. by depositing the insulating layer in such a way
that it does not cover all of the lead or by any'other method. For this
or any other embodiment the various methods and toois used in thin £ilm
and semiconductor can be used to make the needed copnections as taught
herein. The conductive and/or resistive connections described herein can

be thin films, vertical vias or any other structures. The connections can

be made at any level in the structure or at any steé in the process; for

example, the connections can be in a common plane or from above or below.

. Similarly, the deposition of the layers can simultaneously make the

connections or the connections can be made subsequent to the deposition of
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the layers by mili{ﬁﬁ, etching, etc. and depoéié@ﬁg connecting materials,
The materials used to achieve the needed electrical functions can likewise
be selected using general principles. Thus, the materials can include
metals, semiconductors and other conductors such as doped oxides.

Although it is preferred that the described electrical connections
be made in the internal structures of the transducer, it is possible to
make the connections external to the transducer if connecting pads to one
or more of the shields are externalized. In this scenario the storage
system would make the resistive or conductive connections to the shield(s)
to implement the principles of the invention. This is not a preferred
method, since noise, stray inductance, etc. in such connections could
degrade performance of the transducer.

In another embodiment ¢f the invention shown in the model of Figure
7, for a two conductive shield head, a centre-tapped thin film resistor
model (composed of resistors 95, 97) is connected across the leads of the
MR element 15 and the centre tap is connected to its conductive shield
{S2) 93 through resistor 96. In an alternative embodiment resistor 96 can
be replaced with a conductive path. This resistive network clamps the
potential of the shield to approximately the mid-point potential of the MR
element and so keeps the friction between the media (tape or disk) and the
head from charging the MR-shield virtual capacitor. One advantage of this
approach is that the MR-shield potential differences are constant and
independent of the biasing curtrent direction. Note that a centre-tapped
resistor can be two separate resistors connected to the shield at the same
or different locations. Since the shields are good conductors, the
contact location is not generally critical. In this embodiment the two
shields are both composed of conductive material.

In alternative embodiments of the invention corresponding to Figures
5, 6 or 7 where there are two conductive shields in the transducer they
can either be left electrically insulated from each other or they can be
connected by noninsulating material 94 which can either be conductive or
resistive, A conductive connection essentially shorts the shields
together. The first shield S1 is shown as element 91 in Figures 5-7.

Figure 8 illustrates a cutaway side view of an MR head using ferrite
for a first {(nonelectrically conducting) shield 61 and a separate
electrically conductive element for a second shield 222 and a resistive
path 181 from the second shield to the more positive MR lead 63 according
to an embodiment of the invention which generally corresponds to the model
of Figure 5. {Note that in this view the more negative MR lead is not
shown since it would be directly behind the more positive MR lead.) The
resistive path 181 can be a thin film sheet structure or a resistive

-
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material deposited in the via hole through the. insulating material 67
down to the MR lead 63. In eithexr case a resistive electrical path is
provided . for charges building up on S2. o

The alternative embodiment modelled in Piguré 6 which provides a
conductive (near zero resistance) electrical paéhféan be achieved by
allowing the S2 shield material to be depositedfihfthe via as the shield
is being deposited. In this case the shield material is placed in direct
electrical contact with the MR.lead 63. Alternati&ely a conductive
material other thaﬁ the shield material could be déposited in the via

_prior to depositing the shield. -Note that the implementation of the

simple resistive and conductive path embodiments for a head with two

- conductive shields is obtained similarly by conﬁeqﬁing the two shields

together with a near zero resgistance path.

- -FPigure 12 shows an embodiment which can be'cqnsideredlto be a

" variation of the embodiment of Figure 7. In'Fighre712 the two shields 91
- and 93 are connected through resistive paths 96a and 96b respectively to

the centre tap of the resistance represented by:ss-and 97. ‘There are a

.. -large number of conbection and resistive networks that can be used to
. implement the principles of the invention. The principles of the examples

in Figures 5-7 and 12 immediately yield other combinations using resistors

:that-are common to iheipathsffrom the.two-shieldsiuusing conductive

connections in the place of some.resistive connections, one versus two

. shields, etc.

Figure 9 shows. an exploded view of an embodiment generally

. .corresponding to that of Figure 8. 'The ferrite layer 61 is under first

insulating layer 67a. The MR element 114 is deposited on the first
insulating layer 67a. ‘The two MR leads 63, 63a arefdeposited at opposite
ends of the MR element to span over the MR element and the insulating
layer 67a and ultimétely be connected outside the head. The second
insulating layer 67b féllows to cover the MR element and the leads. The
via hole is etched into the second insulating layeti67b to provide a space
for the contacting material 181 to span from the MR lead 63 through the
second insulating layer 67b to make electrical connection with the S2
shield 222. If the via is unfilled when the S2 shield material is
deposited, it will fill the via to directly contact the MR lead 63.

Figure 10 illustrates an exploded view of an MR head having a single
conductive S2 shield and a charge clamp formed by ancentre-tapped
resistive path from the S2 shield to the both MR leads according to an
embodiment of the invention. This illustration geﬁérally corresponds to
the model of Figure 7. For clarity everything prior to the MR element has
been omitted from this illustration. The irregularly-shaped thin film
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resistive sheet 183%dpproximately corresponds £8 fhree resistors 95, 96,
97 in Figure 7. The shape of the resistive sheet 183 is somewhat
arbitrary and can be selected according to process or material
constraints, etc. 1In this embodiment the material for the resistive sheet
183 is deposited to span across the two MR leads. (Note that the order in
which the layers or structures are deposited is not constrained by the
invention.) The via hole in the second insulating layer 67b is located to
connect to a spot on the resistive sheet that will preferably yield
approximately equal resistance from the shield to each lead. The
resistance to each lead does not have to be equal for the beneficial
result of the invention to be obtained. In fact, the embodiment of
Pigures § and 6 can be considered special cases of the Figure 7 embodiment
with various legs of the circuit either opened or shorted. The S2 shield
222 material, which is electrically conductive, is deposited into the via
to conhect the shield to the resistive network as indicated in the model.
The vertical, common leg of the clamp network can be eliminated in a
different embodiment of the invention. For this alternative embodiment
the resistor 96 is eliminated either by placing the via between resistors
95 and 97. In a preferred embodiment the electrical paths formed by the
charge clamp from the shield to the two leads will be substantially egual
regardless of whether the resistor 96 is present.

In any of the embodiments the resistive and conductive electrical
paths can be thin films made from materials and using structures known in
the art to be useful for thin film resistors (such as polysilicon) or
conductors. Note that even though metals are considered to be conductive,
they have resistance which can be utilized in building the charge clamp.
The resistors can also be resistive material deposited into one or more
vias {hole in insulator), such as nickel oxide, aluminum rich alumina or
doped polysilicon.

According to any of the embediments, the clamping resistance
essentially prevents the voltage on the shield from exceeding about 0.1
volts. Without the clamping tresistance wvoltages on the order of 10 volts
or more could be expected.

The reason for providing a finite clamp resistance value is to
minimize signal variations which can be caused by intermittent metal
smears between MR and shield on the head surface. Such smears could
result Erom fabrication, cleaner tape or data tape. A clamp resistance of
50-150 kohms is generally sufficient. BHowever, modelling shows that clamp
resistance should be less thah a few megohms. If such smears are not
present or are of sufficiently high resistance, then a single, low
resistance connection is sufficient, i.e. less than 50 kohms and typically
a few ohms or tens of ohms.
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Some prior art MR heads may have less than a. few megohms of leakage
between the MR and shleld and, therefore, may not be subject to spiking.
Heads that are sub)ect to the spiking problem have ‘higher insulation
resistance which allows the tr1bocharglng to reach suffxcxently high
voltage.

Another embodxment replaces the MR-shield 1nsu1ator with a slightly
conductive mater;al ‘that gives the same reslstance lpecxfxcatlons, such as
nickel oxide (which is already used in spin valve ;eads). This embodiment
requires no changes in the structure of the head and can, therefore, be
implemented easily. ° Note, however, that in this'method tribocurrent flows
through the MR element itself. It is generally preferable to divert the
tribocurrent to the MR leads as is done in other. embodxments. The
invention can also be used in MR heads in which both S1 and $2 shields are

-conductors. 1In this case the above embodiments ere'applied-to both

shields rather than just S2. There are several options for making the
connections. . In particular one option is to connect the two shields
together directly and then provide a clamp strap to the lead resistor or
resistors. Both shields should preferably be at approximately the same
potential. . - .

- One advantage of all but one of:embodimente of the invention -

described herein is that*the potential clamp diverts head-tape -

- tribocurrent through the more robust. shield to the'MR leads. There is

. evidence that under certaln conditions this current. if not diverted is

- destructive to the MR’ elements, so heads made accordlng to the invention
.will be more robust than prior art heads.

Ancther advantege of the'invention_is that .it makes the shields more
effective for EMI protection. This could result in less noise pickup
under some conditions.

MR head structures are typically made in batches by processing
wafers in a series of steps in which layers of metefial are deposited or
selectively etched using well known techniques. ‘The various embodiments
described above can be incorporated into existing wafer designs angd
processes for heads by those with ordinary skill in the art.

Figure 11 illustrates a-data.storage system which can either be a
tape drive, a rigid disk drive or a flexible disk.dtive using an MR head
according to the invention. Media 201 (either in rigid disk, flexible
disk or tape form) is transported over head 203 in a linear direction in
the standard way. The MR element 114 has two leads 63, 63a which are
connected to the MR electronlcs 205 whlch supply proper bias and provide
initial processing of the signal. Using the head of:the invention
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regquires no changi_-‘_ss in the MR electronics 205, tzlf'gé drive processor(s) 209
or the host interface unit 210 as used in the prior art.
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1. A transducer compr;sxng.

a magnetoresistive element (114) substant1a11y surrounded by
electrically insulating material (67);

first and second conducting leads (63, 63a) from the
magnetoresistive element through electrically 1nsulat1ng material to an
outside surface of the transducer; and

a shield (222! 83) substantially separated'from the magnetoresistive
element by the elecﬁrically insulating material{ the shield being
electrically connected (181, 8l) to the first conducting lead (63).

2, A transducer as claimed in claim 1, wherein an electrical resistance
(181, 81) from the shield (222, B3) to the first conductlng lead (63) is
comparable to an electrical conductor.

. 3. A transducer as elaimed in claim 1, wherein the shield (222) is

electrically connected to the first and second conductxng leads (63)

- through resistive material (183).

4. A transducer as claimed. in claim 3 wherein-the electrical resistance
from the shield (222) to the first conducting lead'163) is substantially
equal .to the electr1ca1 resistance from the shield ‘to the second
conducting lead (63a)

. 5. - A transducer as claimed in claim 3 further comprlszng resistive

material (95, 97) in electrical connection between first and second leads
and the transducer further comprises an electrical connection (96) from a
midline of the resistive material to the shield (93).

6, A transducer as claimed in claim 5 wherein electrical connection
from .a midline of the resistive material to the sh;eld is through a via
{(185) in insulating material (67b).

7. A transducer comprising:

a first and second shields composed of electrically conducting
material; _

a first insulating layer of electrically insulating material
disposed above the first shield;

a magnetoresistive element disposed between first and second shields
and electrically insulated from the first and second shields;

first and second conducting leads from the'magnetoresistive element
through electrically insulating material to an outside surface of the
transducer; and

R R
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an electtic$1"éonnection from at least the'lsecond shield to an
outside surface of the transducer providing a path for electric charges to
flow from the second shield.

8. A transducer as claimed in claim 7 vherein the electrical connection
from the second shield connects the second shield to at least the first
conducting lead providing a path for electric charges to flow from the
second shield to the first conducting lead,

9. A transducer as claimed in claim 8 wherein an electrical resistance
from the second shield to first conducting lead is substantially equal to
the electrical resistance from the second shield to second conducting
lead.

10. A transducer as claimed in claim 8 further comprising resistive
material extending between first and second leads and an electrical
connection from the resistive material to the second shield at the
substantially the midline of the resistive material.

11. A transducer as claimed in claim 9 further comprising an electrical
connection between the first and second shields.

12, A transducer as claimed in claim 7 further comprising a path of
noninsulating material forming an electrical connection between the first
shield and the second shield.

13, A method of manufacturing a thin film transducer comprising the
steps of:

depositing material forming a first shield (61);

depositing a magnetoresistive element (114) on a layer of
insulating material;

depositing first {63) and second (63a) conducting leads from the
magnetoresistive element to an outside surface of the transducer;

depositing a charge clamp (181, 81) formed from noninsulating
material in electrical connection with at least the first conducting lead;

forming a second insulating layer of electrically insulating
material over the magnetoresistive element which leaves at least a portion
of the charge clamp uninsulated; and depositing a second shield (222}
composed of electrically conducting material substantially separated from
the magnetoresistive element by the second insulating layer and in
electrical contact with the charge clamp.

14. A method as claimed in claim 13 wherein the charge clamp is
deposited in electrical connection with first and second conducting leads
and electrical resistance from the secand shield to first conducting lead
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is substantially equal to electrical resistance from the second shield to

-the second conducting lead.

15. A method as claimed in claim 13 wherein the charge clamp comprises a

thin f£ilm of mater1al extending between first and second leads and the

second shield electrlcally contacts the charge clamp approximately at a
midline of the charge clamp.

l6. A method as claimed in claim 13 wherein the first shield is composed
of electrically-condueiing material, further comprising the step of
depositing noninsulating material electrically connect1ng the first shield
with the second shield.

17. A method as claimed in claim 13 further comprising the step of
forming a via in the .second insulating layer and wherein the step of
depositing a second shield composed of electrxcally conducting material,
deposits electrically_eonducting material into the via making electrical
connection between ﬁhe second shield and the charge clamp.

18.. A storage sysﬁemicomprising;

a transducer éohprising*

a magnetores:stzve element substantlally surrounded by electrically
insulating mater1a1'"f" .

first -and second’ conducting leads from the magnetores1st1ve element

-through electrlcally insulating material to an outside surface of the
- transducer;

a shield substantially separated from the magnetoresistive element
by the electrically insulating material; and

a shield electrically connected to a point on the outside of
tranhsducer; and ' -

bias circuitry connected to the first and second leads and the
shield which induces a dc bias voltage between first and second leads.

19. A storage system as claimed in claim 18, wherein electrical
connection from the shield to the first conducting lead is made through
external connections on the transducer.

20. A storage syqfem-as claimed in claim 18, wherein the transducer
comprises a thin f11m of resistive material extending from the shield to
the first and second conducting leads, thereby malntalning a dc voltage on
the shield which is between the dc voltage on the first conducting lead
and the second cond@cting lead.
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21. A storage sfﬁtém as claimed in claim 20 wheéfein the dc voltage on
the shield which is midway between the dc voltage on the first conducting
lead and the second conducting lead.

22. A storage system as claimed in claim 18 wherein the dc voltage on
the first lead which is positive with respect to the second lead.

23. A storage system as claimed in claim 18 wherein the shield is
connected to one of the first or second leads which is presented with a
lower impedance to signal return than is presented to the other lead,



