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SHIELDED HAGDTOUSISTIVB READS WXTR CHARGE CLMl' 

Piel4 of the Invention 

This invention relates in general to magnetic heads which are used 
to read and/or write magnetic data onto a magnetic film, and more 
particularly to heads using magnetoresistive materials and methods for 

making these heads. 

10 Background of tha I.nvention 

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 

15 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 

20 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 111 
25 which acts as a first shield !Sll is deposited on an insulating layer 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 

· 30 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 which 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 

35 piece for the write head. The S2 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 

40 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 another type of prior art MR head called a ferr~te head. Layer 61 is 
composed-of ferrite with layer 61 acting as the ~1 shield and layer-65 is 
a magnetic or nonmagnetic closure element. Shield S2 222 and the MR 

5 element 114 are surrounded by insulating material :6,7. The MR lead 63 . . . 
(which can be a conductive material s~ch as gold) +s shown connecting to 
the bias supply 17. · MR heGds such as the type illustrated in Figure 2 
have only one metal shield. The magnetic media'travels past the gap 
formed by the two shields which act to block the magnetic field from the 

10 media outside of the gap. A constant de bias current is applied to the MR 
element and the fluctuation in the voltage level across 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 
15 prior art MR head. In this head the Sl shield is a 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 element 114 are surrounded by 
insulating material 67 which is deposited in se~eral steps during the 
manufacturing proce~s. The MR lead 63 is connectec:i to the bias supply 17 

20 as before. 

There are many variations of MR head design which can be seen in 
prior art references such as U. s. patent 5,713,122. MR heads are 
currently used in disk drive systems and tape drives. Although heads in 

25 disk drives are pac~aged with a single read/write element pair in a unit, 
a tape head assembly will have a read/write element pair provided for each 
track in a inultitrack system. 

A particular noise phenomenon has been observed in data readback 
30 from magnetic tape with MR heads. In the following "MR heads" will be 

used to include heads using the giant magnetoresistive (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 anq broad spectral content. These spikes 

35 can be of either polarity and are distributed over a range of amplitudes. 

40 

45 

The output signal from a head is typically passed to a preamplifier then 
into an input channel which includes various filter~, detectors, decoders, 
error correctors, etc. 

The effect of the sharp spikes in the input channel signal is at 
least randomly dispersed, correctable single bit e~rors and at worst may 
interfere with de~ection of the media signal. The spikes can occur in the 
absence a recording signal or MR bias current, but 4ppear to require 
media/head contact and relative motion. 
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There are s&hemes designed for esd protecd.on 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 

5 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. 

10 
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 

15 MR element and the shield {which together can be modelled as a virtual 

capacitor). In 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) 

20 include making the shield{s) more effective for EMI protection and 

generally protecting the MR element from high currents from other sources. 

25 

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 thin film 

structure which contacts both leads and has a central connection to the 

30 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 

35 configuration can be duplicated for each shield. 

4D 

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 de bias voltage so that the S2 shield is connected to 

the proper lead of the MR element. Although the invention is well suited 

45 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. 

5 Brief Description of the Drawings 

10 

15 

The invention will now be described, by way o.f example only, with 
reference to the accompanying drawings, in which: 

Figure 1 illustrates a cutaway view of a prior art MR head designed 
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 
20 associated components in a data storage system; 

25 

30 

Figure 5 illustrates a portion of a circuit model for an MR head 
according to one embodiment of the invention 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 
acc9rding to one empodiment 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 fro~ two shields which are electrically connected; 

35 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; 

40 Figure 9 illustrates a cutaway 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 according to 
an embodiment of the invention; 

. B ~eplaced 

11ii\\1\illll . 
•..•.. i.·. 



~~--.--.---:-....--:--. --. -.-:-:·~·--,.~·=---

5 

; .. . '!. · ........ ~ .... · 

WO 0013329!> PCT/GB99/03925 

5 

Figure 10 illustrates an e,cploded view of' a~· MR bead having a single 

conductive S2 shield"and a centre-tapped resistive path from the S2 shield 

to both le4ds 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 

10 path from each of two conductive shields to a centre tapped resistance 

across the two leads of the MR element. 

Detailed Description. of tha Invantien 

15 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 

20 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 fr01n 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 

25 "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 

30 assisted, is normally non-destructive and is not esd in the classic sense. 

'l'he 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} 

35 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 

40 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 

45 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 negative bias connectidn 16 and one of the . . . . 

differential inputs to the preampU.fier. A second :capacitance 12 in the 
MR head model which is approximately one-half of t~e total MR-shield 

S capacitance is connected to the more positive bias 17 point. Capacitances 
11 and 12 have a common node in the shield. Capacitance 12 is in parallel 
with the series combination of resistance 13 and switch 14 which are used . . 

to model the charge/discharge cycle. Switch 14 when open allows 

capacitance 12 to charge. Discharge is modelled bY, switch 14 closing. 
10 When discharge occurs approximately SO!fi 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-nipdel the opposite 
polarity of pulse. The sign of the pulse is also reversed by changing the 

;15 sign of the charge stored on·capacitances 11 and·12. 

In a simple version of the invention, as illu~trated 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 

20 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 
~he shields, This is preferred for corrosion protection especially in 
humid environments. If corrosion is not a significant issue, then the 

25 shield connection should be to the lead presented with the lowest 

impedance to sign&l return or ground when connected: to the bias circuitry 
in the storage system. The connections shown can bE! replicated for a 
multiple element head. 

30 Figure 6 illustrates an embodiment of the invention similar to 
Figure S but where the clamping resistor 81 is replaced by essentially a 
conductive connection, i.e. near zero resistance •. This circuit model 
includes an embodiment of the invention where the s~ield material, which 
is conductive, directly contacts one of the leads .. · This direct contact 

35 can be achieved by forming a via or gap in the insulating layer separating 
the shield from the .lead, 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 too~s used in thin film 

and semiconductor can b~ used to make the needed connections as taught 
40 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 step in the process; for 

example, the connections can be in a common plane o~ from above or below. 
Similarly, the deposition of the layers can simultaneously make the 

45 connections or the connections can be made subsequent to the deposition of 

l1ii[i~Ur 
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the layers by milf{ti~. etching, etc. and depostf:ftg 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 

10 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. 

15 In another embodiment of 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 

20 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 

25 independent of the biasing current 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. 

30 

In alternative embodiments of the invention corresponding to Figures 

S, 6 or 7 where there are ttoTO 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 

35 resistive. A conductive connection essentially shorts the shields 

together. The first shield Sl 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 

40 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 S. {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 

45 ·resistive path 181 can be a thin film sheet structure or a resistive 

This Sheet Has Been Replaced 
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ina.terial deposited in the via hole through th~ insulating material 67 
down to the MR lead 63. In either case a resistive electrical path is 

; 

provided.for charg~s building up on S2. 

5 The alternative embodiment modelled in Figure 6 which provides a 
conductive tnear z~ro resistance) electrical path ~an be achieved by 

allowing the S2 shield material to be deposited· in.· the via as the shield 

is being deposited. In this case the shield material is placed in direct 

electrical contact with the MR lead 63. Alternatively a conductive 
10 material other tha~ the shield material could be deposited in the via 

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

15 

. . 

simple resistive and conductive path embodiments for a head with two 
conductive. shields is obtained similarly by connecting the two shields 
together with a near zero resistance path. 

.·Figure 12 shows an embodiment· which can be considered to be a 
variation of the embodiment of Figure 7. In Figure 12 the two shields 91 
and 93 are connected .through resistive paths 96a :and 96b respectively to 
the centre tap .of. the resistance represented by · 95 and 97. ·. There are a 

·20 large number of con'1ection 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 the: paths from the two shields,· using conductive 
connections in the place ·of some.resistive connections, one versus two 

25 shields, etc. 

Figure 9 shows an exploded view of an embcidiment generally 
corresponding. to that of Figure 8. The ferrite.layer 61 is under first 
insulating layer 67a. The MR element 114 is dewsited on the first 

30 insulating layer 67a. The two MR leads 63, 63a are deposited at opposite 
ends of the MR element to span over the MR element and the insulating 
layer 67a and ultimately be connected outside the head. The second 
insulating layer 67b follows to cover the MR element and the leads. The 
via hole is etched into the second insulating layer 67b to provide a space 

35 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. 

40 Figure 10 illustrates an exploded view of an MR head having a single 
conductive S2 shield and a charge clamp formed by a centre-tapped 
resistive path from the S2 shield to the both MR leads according to an 
embodiment of the invention. This illustration gen~rally corresponds to 
the model of Figure 7. For clarity everything prior to the MR element has 

45 been omitted from this illustration. The irregularly-shaped thin film 
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resistive sheet 1~3«k}>proximately corresponds ea three 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. In this embodiment the material for the resistive sheet 

S 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 

10 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 

Figures 5 and 6 can be considered special cases of the Figure 7 embodiment 

with various legs of the circuit either opened or shorted. '!'he S2 shield 

222 material, which is electrically conductive, is deposited into the via 

15 to connect 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 

20 charge clamp from the shield to the two leads will be substantially equal 

regardless of whether the resistor 96 is present. 

In any of the embodiments the resistive and conductive electrical 

paths can be thin films m4de from materials and using structures known in 

25 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 

30 doped polysilicon. 

According to any of the embodiments, the clamping resistance 

essentially prevents the voltage on the shield from exceeding about 0.1 

volts. Without the clamping resistance voltages on the order of 10 volts 

35 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 

40 result from fabrication, cleaner tape or data tape. A clamp resistance of 

50-150 kohms is generally sufficient. However, modelling shows that clamp 

resistance should be less than 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 

45 a few ohms or tens of ohms. 
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Some prior.art MR heads f!IAY have less than a few megohms of leakage 
between the MR and shield and, therefore, may not pe subject to spiking. 
Heads that are subj~ct to the sp~king problem have higher insulation 
resistance which al~ows the tribocharging to rea~h sufficiently high 

5 voltage. 

Another embodiment replaces the MR-shield insulator with a slightly 
conductive material that gives the same resistance specifications, such as 
nickel oxide (which is already used in spin valve leads). This embodiment 

10 requires no changes in the structure of the head'and can, therefore, be 
implemented easily. Note, howeve~, that in this method tribocurrent flows 
through the MR element itself. It is generally pre~erable to divert the 
tribocurrent to the MR leads as is done in other embodiments. The 
invention can also be used in MR heads in which ~th Sl and S2 shields are 

15 conductors. In this case the above embodiments ~re 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 appre>ximately the same 

20 potential. 

One advantage of all but one of embodiments 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 
· 25 evidence that under certain conditions this current if not diverted is 

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

Another advantage of the invention is that it makes the shields more 
30 effective for EMI protection. This could result in less noise pickup 

under some conditions. 

MR head structµres are typically made in batches by processing 
wafers in a series of steps in which layers of material are deposited or 

35 selectively etched using well known techniques. The various embodiments 
described above can ~e incorporated into existing wafer designs and 
processes for heads by those with ordinary skill in the art. 

Figure 11 illustrates a data storage system which can either be a 
40 tape drive, a rigid disk drive or a flexible disk drive 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 electronics 205 which supply proper bias and provide 

45 initial processing of the signal. Using the head of. the invention 
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requires no chang~s ~n the MR electronics 205~ t~~ drive processor(s) 209 

or the host interface unit 210 as used in the prior art. 
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l. A transducer -coniprising: 
a magnetoresistive element Cl14) substantially surrounded by 

electrically insul4ting 1Mterial C67); 
5 first and second conducting leads (63, 63a) from the 

magnetoresistive element through electrically insulating material to an 
outside surface of the transducer; and 

a shield (222, 83) substantially separated from the magnetoresistive 
element by the electrically insulating material, the shield being 

10 electrically connected (181, 81) to the first conducting lead (63). 

15 

20. 

2. A transducer as claimed in claim 1, wherein an electrical resistance 
(181, 81) from the shield (222, 83) to the first conducting lead (63) is 
comparable to an electrical conductor. 

3. A transducer as claimed in claim l, wherein tJie shield (222) is 
electrically connected to the first and second conducting leads (63) 
through resistive material (183). 

4 •. A transducer as claimed in claim 3 whe.rein. the electrical resistance 
from the shield (222) to the first conducting lead (63) is substantially 
equal -to the electrical resistance. from the shield to the second 
conducting lead (63a). 

·25 5. A transducer as claimed in claim 3 further comprising 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). 

JO 6. A transducer as claimed in claim 5 wherein electrical connection 
from-a midline of the resistive material to the shield is through a via 
(185) in insulating material (67b). 

35 

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 

40 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 
trl:lnsducer; and 

1111111111111\ 111\l l\lll II llll 
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an electrical ·eonnection from at least th'e•·Jirl.econd shield to an 
outside surface of the transducer providing a path for electric charges to 
flow from the second shield. 

5 8. A transducer as claimed in claim 7 wherein 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. 

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

15 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. 

20 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 

25 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)t 
30 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 

35 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 

40 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 

45 and electrical resistance from the second shield to first conducting lead 

iiiiiU 11111111 1111111111r "'" tr 1111 * C L M S * 
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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 gharge clamp comprises a 
S thin film of material extending between first and ~econd leads and the 

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

16. A method a.s claimed in claim 13 wherein the first shield is composed 
10 of electrically conducting material, further co~prising the step of 

depositing noninsulating materia.l electrically connecting the first shield 
with the second shield. 

17. A method as claimed in claim 13 further comprising the step of . . 

: 15 forming a via in th.e second insulating layer and wherein the step of 

20 

depositing a second shield composed of electrically conducting material, 
deposits electricafly conducting material .into t·he via making electrical 
connection between the second shield and the charge clamp. 

18. A storage systeincomprising: 
a transducer comprlsing: · 
a magnetoresistive element substantially surrounded by electrically 

insulating materiaH 
first and second· conducting leads from the magnetoresistive element 

25 -through electrically 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 elec~rically connected to a point on the outside of 
30 transducer; and 

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

19. A storage sys~em as claimed in claim 18, wherein electrical 
35 connection from the shield to the first conducting lead is made through 

external connections on the transducer. 

20. A storage system as claimed in claim 18, wherein the transducer 
comprises a thin film.of resistive material extending from the shield to 

40 the first and second conducting leads, thereby maintaining a de voltage on 
the shield which is between the de voltage on the first conducting lead 
and the second conducting lead. 
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21. A storage st~tem as claimed in claim 20 wh~rein the de voltage on 
the shield which is midway between the de voltage on the first conducting 
lead and the second conducting lead. 

22. A storage system as claimed in claim 18 wherein the de 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 

10 lower impedance to signal return than is presented to the other lead. 


