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HIGHLY SENSITIVE SPIN VALVE HEADS USING A
SELF-ALIGNED DEMAG-FIELD BALANCE ELEMENT
BACKGROUND OF THE INVENTION
The present invention relates generally to the field of
5 magnetic data storage and retrieval systefns. in particular, the present
invention relates a magnetic read head for use in a magnetic data
storage and retrieval system and'heving a demagnetization field balance
element for increasing a read senéiti_vity of a giant magnetoresistive
~ spin valve read sensor. ) '
10 Giant magnetoresnstlve (GMR) read sensors are used in
_ magnetlc storage systems to detect magnetlcally-encoded information
stored on a magnetic medium or disc. A time-dependent magnetic field -
from a magnetic storage medium or disc directly modulates the
resistivity of the GMR react sensor. The change in resistance of the
15 GMR read sensor can be detected by passing a sense current through
" the GMR read sensor and measuring the voltage across the GMR read
sensor. The resulting signal can be used to recover the encoded
ihformation from the magnetic storage medium or disc.
A typical GMR read sensor has a GMR spin valve that is
20  amultiHayered device formed of a nonmagnetic spacer layer positioned
| between a ferromagnetic pinned layer and a ferromagnetic free layer.
A magnetization of the ptnned layeris fixed in a predetermined direction,
typically normal to an air bearing surface of the GMR spin valve, while
a magnetization of the free I_eyer rotates freely in response to an
25 | external magnetic field. An antiferromagnetic material is typically
exchange coupled to the pinhed layer to fix the magnetization of the
pinned layer in a predetermihe_d direction.
Shields are generally placed on either side of the read
sensor to ensure that the read sensor reads only that information which
30 is stored directly beneath it on a magnetic medium or disc. Regular
increases in areal densities of the magnetic media have made it
necessary to regularly decrease the spacing between the shields
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positioned on elther side of the read- sensor. This -decrease in the
spacing between the shlelds has had the negatsve |mpact of decreasing
the efficiency of the read sensor thereby decreasnng the read sensltlwty
of the read sensor since the ﬂux emanatlng from the magnetic media
reaches a smaller portlon of the read sensor ;

Thls decrease in eff’ cnency can be counteracted by

| ' decreasmg the' strlpe helght of the read sensor that is, the length of the
" read sensor along its side perpendlcular to the a|r bearing surface.

However, decreasmg the strlpe helght of the read sensor increases the
demagnetlzatlon t” eld actlng upon the read sensor thereby increasing
the effective amsotropy of the read sensor whrch in turn decreases the
read sensitivity of the read sensor _

There is therefore a need to increase the read sensrt|V|ty
of a read sensor of a magnetlc read head by |ncreasmg the read
sensor’s efflclency wrthout negatlvely rmpactlng the effectlve anlsotropy
of the read sensor

BRIEF SUMMARY OF THE lNVENTlON
The present lnventlon is a magnetlc read head having

mcreased read sensmvuty for use |n a magnetlc data storage and
retneval system The magnetlc read head hasa f rst current contact a
second current contact a. magnetoresrstlve read sensor and a
demagnet|zat|on t" eld balance element Posltloned between the first
and second current contacts are both the magnetoreslstlve read sensor
and the demagnetlzatlon f eld balance element The demagnetization
field balance element is both electncally |solated from and magnetically

| ‘coupled to the magnetore3|st|ve read sensor. The demagnet|zat|on field

balance element is also electrlcally |solated from the first and the

' second current contacts

in a f rst alternate embodlment of the present invention,
the demagnetlzatlon field balance element is formed of a ferromagnetic
material and |s physrcally separated from the magnetore5|st|ve read
sensor, the fi rst currént contact and the second current contact by a
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"n a second alternate embdl‘ilment of the present

Fr
1

separation trench:

invention, the demagnetization field balance element is formed by
photolithographica_ily patterning a first photo mask over the
magnetoresistive read sensor to define the magnetoresistive read
5 . sensor, oxidizing exposed edges of the magnetoresistive read sensor
to form an insulation layer, depositing a layer of a soft magnetic material
over the insulation layer, and lifting away the first photo mask to form
the demagnetization field balance element.
BRIEF DESCRIPTION OF THE DRAWINGS
10 - Figures 1A, 1B, and 1C are cross-sectional views of a
magnetic read head of the prior art.
Figure 2 is a graph comparing both effective anisotropy
field on and read sensitivity of a read sensor in a magnetic read head
to a stripe height of the read sensor. .
15 ~ Figures 3A, 3B, and 3C are cross-sectional views of a -
magnetic read head in accord with the present invention.
~ Figure 4 is a cross-sectional view of a magnetic read of the
present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 Figures 1A, 1B, and 1C are cross-sectional views of
magnetic read head 10 of the prior art. Figure 1C is a cross-sectional
view of an air bearing surface of magnetic read head 10. Figure 1A is
a cross-sectional view of magnetic read head 10 taken along line A-A
of Figure 1C and magnetic disc 12. Figure 1B is cross-sectional view
25  of magnetic read head 10 taken along line B-B of Figure 1C and
magnetic disc 12. In Figures 1A, 1B, and 1C, all spacing and insulating
layers are omitted for clarity. For ease of explanation and viewing,
magnetic read head 10 and its components are not drawn to scale.
Magnetic read head 10 includes giant magnetoresistive
30 (GMR) spin valve 14, first shield 16, second shield 18, first.current
contact 20, and second current contact 22. GMR spin valve 14 is
positioned between first and second shields 16 and 18. GMR spin valve
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is further posrtloned between, and adjacent to t" rst and second current
contacts 20 and 22 T P

' GMR spin valve 14isusedto detect magnetlcally-encoded
information stored on magnet:c disc 12: A tlme-dependent magnetic
field from magnetlc disc 12 dlrectly modulates the resistivity of GMR
spin valve 14.- The change in resustance of GMR spin valve 14 can be
detected by passmg a sense current through GMR spin valve 14 and
measuring the voltage across GMR spin valve 14 The resulting signal
can be used to- recover the. encoded mformatlon from magnetic disc 12.
GMR spinvalve 14isa multr-layered device havung free layer 24, spacer
26 and pinned Iayer 28. Spacer layer 26 is posmoned between free -
layer 24 and plnned layer 28 A magnetlzatron of pinned layer 28 is
fixed in a predetermlned dlrectlon typlcally normal to the air bearing
surface of GMR spln valve 14, while a magnetlzatlon of free layer 24 -

- rotates freely m response to magnetlc flux emanatlng from magnetic

disc 12. The resrstance of GMR’ spln ‘valve 14 varies as a function of an
angle formed between the magnetlzatlon dlrectlon of free layer 24 and
the magnetlzatlon dlrectlon of pinned layer 28. ~ Spacer layer 26 is
preferably formed of a nonmagnetic matenal whereas free layer 24 and
pinned layer 28. are each preferably formed of ferromagnetlc materials.

- GMR spin valve 14 may include additional Iayers for instance an

antlferromagnetlc layer a permanent magnet layer or a soft adjacent
layer. - : ) ' '

' ReSiStance changes of GMR spi_n---valve 14 can be
detected by proVi'di_n_g a constant sense current th‘rol.lgh GMR spin valve

" 14 and monitoring the voltage across GMR spin valve 14, resistance

changes of GMR spin valve 14 can'be--'detje'cted.'f First and second -
current contacts 3_20"and 22, though connection toj a source of voltage
(not shown in Figures 1A-1C), provide this sense current through GMR

“spin valve 14. First and second current contacts 20 and 22 are each
. preferably formed of a metallic material, such as gold or tantalum.
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GMRspm valve 14 is sandwichéd. between first and
second shields 16 and 18 to ensure that GMR spin valve 14 reads only
that information which is stored directly beneath it on magnetic disc 12.
To enable first and second shields 16 and 18 to absorb stray magnetic
5 fields, first and second shields 16 and 18 are each preferably formed of
a material having a relatively high permeability, such a sendust.
Regularincreases in areal densities of the magnetic media
have made it necessary to regularly decrease the spacing between first
and second shields 16 and 18. This decrease in the spacing between
10  first and second shields 16 and 18 has had the negative impact of
decreasing the decay length of magnetic flux emanating from magnetic
disc 12, that is, the length along GMR spin valve 14 that magnetic flux
reaches. The decreasing decay length of magnetic flux results in
decreased efficiency of GMR spin valve 14 since portions of GMR spin
15 valve 14 receive sense current being but no flux, thereby reducing the
overall output of GMR spin valve 14. One means of counteracting the
. decreasing efficiency of GMR spin valve 14 is to decrease stripe height
~ h of GMR spin valve 14. The magnetic flux will be able to affect a
greater percentage of a GMR spin valve with a shorter stripe height h,
20 thereby having a greater efficiency. However, this solution is not
generally desired since a shorter stripe height leads to decreased read
sensitivity of GMR spin valve 14. .
Figure 2 is a graph comparing both effective anisotropy
field Hk* on and read sensitivity of a read sensor in a magnetic read
25  head to stripe height h of the read sensor. The effective anisotropy Hk*
of free layer 24 of GMR spin valve 14, which is shown on Figure 2 with
oval bullets, is the magnetic field required to rotate a magnetization of
free layer 24 from its easy axis to its hard axis. The effective anisotropy
Hk* of free layer 24 is roughly proportional to the magnetic moment Mrt
30 of free layer 24 divided by the stripe height h of GMR spin valve 14.
The read sensitivity of GMR spin valve 14, which is shown
on Figure 2 with square bullets, is roughly proportional to the change in
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magnetoresrstance (AR) of GMR spin valve 14 d|V|ded by the effective
anisotropy fleld Hk* of free layer 24 of GMR spln valve 14. Accordingly
the effective amsotropy Hk* of free layer 24 ls mversely related to the

-read sensrtlvrty of the GMR sprn valve 14. As shown in Figure 2, the

greater the strlpe helght of GMR sprn valve 14 the greater the read

‘sensitivity of GMR spin valve 14 and the less the effective anisotropy

field Hk* of free Iayer 24.

The present invention seeks to increase the read
sensitivity of GMR spin valve 14 by i lncreasrng the stripe height h of
GMR spin valve 21 4 without diminishing the efﬁciehcy of GMR spin valve
' Frgures 3A, 3B, and 3C are cross-secﬂonal views of
magnetlc read head 30 in accord with the present invention. Figure 3C
isa cross-sectronal view of an air bearing surface of magnetlc read head

-30. Figure 3Aisa’ cross-sectional vrew ‘of magnetlc read head 30 taken

along line A-A: of Frgure 3Cand magnetrc dlSC 32 Figure 3B is cross-

~ sectional viewof magnetlc read head 30 taken along line B-B of Figure

3C and magnetlc dlsc 32. In Figures 3A 3B, and 3C, all spacing and
insulating layers are omitted for clarity. Forease explanatlon magnetlc
read head 30 and lts components are not drawn to scale. '
Magnetrc read head 30 includes glant ‘magnetoresistive
(GMR) spin valve 34, first shield 36 -second shleld 38, first current
contact 40, second current contact 42, and demagnetlzatlon field

- - balance element 50 GMR spin valve 34 is posrtroned between first and
25

second shields 36 and 38 GMR spin valve 34 |s further positioned
between, and adjacent to, first and second current contacts 40 and 42.

GMR spln valve 34 is used to detect magnetrcally-encoded
information stored on magnetic disc 32. A tlme-d_ependent magnetic

field from magnetic disc 32 dlrectly'modulates the resistivity of GMR
-spin vaive 34. The charge in resistance of GMR spin valve 34 can be-

detected by passing"a sense current_thrbugh GMF{_'spin valve 34 and

: measuring'the-v;)_ltage_- across GMR spin valve 34. The resulting signal

PCT/US99/17009
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can be used to rec%\rer the encoded information ffommagnetlc disc 32.
- GMR spin vaive 34isa multi-layered device having free layer 44, spacer
46 and pinned layer 48. Spacer layer 46 is .positioned between free
layer 44 and pinned layer 48. A magnetization of pinned layer 48 is
5 fixed in a predetermined direction, typically normal to the air bearing
surface of GMR spin valve 34, while a magnetization of free layer 44
rotates freely in response to magnetic flux emanating from magnetic
disc 32. The resistance of GMR spin valve 34 varies as a function of an
angle formed between the magnetization direction of free layer 44 and
10  the magnetization direction of pinned layer 48. Spacer layer 46 is
preferably formed of a nonmagnetic material, whereas free layer 44 and
pinned layer 48 are each preferably formed of ferromagnetic materials.
GMR spin valve 34 may include additional layers, for instance an
antiferromagnetic layer, a permanent magnet layer, or a soft adjacent
15 layer. _ .
Resistance changes. of GMR spin valve 34 can be
. detected by providing a constant sense current through GMR spin valve
34 and monitoring the voltage across GMR spin valve 34, resistance
changes of GMR spin valve 34 can be detected. First and second
20  current contacts 40 and 42, though connection to a source of voltage
(not shown in Figure 3), provide this sense current through GMR spin
valve 34. First and second current contacts 40 and 42 are each
preferably formed of a metallic material, such as gold or tantalum.
GMR spin valve 34 is sandwiched between first and
25  second shields 36 and 38 to ensure that GMR spin valve 34 reads only
that information which is stored directly beneath it on magnetic disc 32.
To enable first and second shields 36 and 38 to absorb stray magnetic
fields, first and second shields 36 and 38 are each preferably formed of
a material having a relatively high permeability, such a sendust.
30 As shown in Figures 3A and 3B, demagnetization field
balance element 50 is positioned between first and second shields 36
and 38, and between first and second current contacts 40 and 42.
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Demagnetlzatlon t" eld balance element 50 is not shown in Figure 3C,

* which shows the atr beanng surface. of magnetrc read head 30, since it

is located on the ‘'side - opposite dISC 32 of GMR spin valve 34.

| Demagnetlzatlon field balance element 50 serves to- lncrease the
5 effective stripe helght of GMR spin valve 34 from stnpe helght h1 (the
length of GMR sprn valve 34 along :ts side perpendlcular to magnetic

disc 32) to effectlve stripe height h2 (the length ¢ of both GMR spin valve

34 and demagnetlzatlon field balance element 50 along their sides

: perpendlcular to' magnetlc disc 32).  To accompllsh this goal, it is
10 necessary that demagnetlzatlon t" eld balance element 50 be -
magnetically co_u_pled to GMR " spin valve 34 Furthermore, it is

necessary that demagnetization field balance e"le'm'ent' 50 be electrically
isolated from GMR spin valve 34, first current contact 40, and second
current contact 42, P

: 15 : By magnetlcally coupllng demagnetlzatlon field balance
element 50 to GMR spin vaive 34 the effective amsotropy field Hk*.of
GMR spin valve 34 is reduced since, magnetlcally, the effective stripe
height of GMR sp|n valve 34 is increased to strlpe height h2. As
explamed with reference to Figure 2, the effectlve amsotropy field Hk*
| 20 ofaspin valve is mversely related to the stnpe helght of the GMR spin
valve. More specrf cally, as descnbed above, the effectlve anisotropy
field Hk* of GMR spin valve 34 is roughly proportlonal to the magnetic
moment Mrt of free layer 44 divided by the effective stripe height h2 of
GMR spin valve. - Accordingly, read sensutlwty ‘which is inversely
25  proportional to the effectlve anisotropy fi f eld Hk*,-can be increased one
hundred percent by simply making the stnpe helght of demagnetization
- field balance element 50 equal to the stripe helght_ of GMR spin valve

34. : :

By electncally |solat|ng demagnetlzatlon field balance
f 30 element 50 from. GMR spin valve. 34, first current contact 40, and
| ~ second current contact 42, sense current travelmgtrom first current
i - contact 40 to -secoh'd_ current contact 42 .wiII':;_not .pass through
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demagnetization ﬂélﬁ balance element 50. Assuch the efficiency of
GMR spin valve 34 is not reduced by the addition of demagnetization
field balance element 50 since, electrically, the stripe height of GMR
spin valve 34 is not increased. _

5 To electrically isolate demagnetization field balance
element 50 from GMR spin valve 34, first current contact 40, and
second current contact 42, demagnetization field balance element 50
‘must be physically separated from those elements. In a first alternate
embodiment of the present invention, demagnetization field balance

10 element 50 is formed of a material similar to the material which forms
free layer 44, that is a ferromagnetic material. In this embodiment,
demagnetization field balance element 50 is physically separated from
GMR spin valve 34, first current contact 40 and second current contact

42 by separation trench 52. Separation trench 52 can be fabricated

15  through the use of a focus ion beam trim process. In a preferred
embodiment, separation trench 52 may be left as a layer of air, or
separation trench 52 may be a layer of an insulating material, such as
an aluminum-silicon-nitride alloy, alumina, or silica. In a preferred
embodiment, a thickness of separation trench 52 is preferably less than

20  about 100 Angstroms.

Figure 4 illustrates a second ailternate embodiment of the
present invention. Figure 4 is a cross-sectional view of magnetic read
56 of the present invention and is similar to the cross-sectional view
shown in Figure 3B. All elements commonto -both Figure 3B and Figure

25 4 are similarly numbered. As in Figure 3B, all spacing and insulating
layers are omitted for clarity, and for ease explanation, magnetic read
head 56 and its components are not drawn to scale.

In the second alternate embodiment of the present
invention, demagnetization field balance element 50 is formed by first

30 photolithographically patterning a first photo mask over GMR spin valve
34 to define GMR spin valve 34, oxidizing the exposed edges of GMR
spin vaive 34 to form insulation layer 54, depositing a layer of a soft




WO 00/62282 - PCT/US99/17009

- 10-

magnetic material, and lifting away the first photo-mask to form
demagnetization field balance element 50 from the soft magnetic
- material. In a preferred embodiment, demagnetization field balance
element 50 is preferably fc}rmed of a ferromagnétic material similar to -
5 the ferromagnetic- material used to-form free'laYer 44. in a preferred
- embodiment, a thickness of ins_ulatiori layer 54- .is preferably less than
about 100 Angsfroms.’-. o '
- Those skilled in the art of magnetic read head design wiil
note that the present invention applies to magnetic read heads having
10  amorphous magnétoresistive read sensors in place of aGMR spin valve
. read sensor. In addition, additional configurations of the GMR spin
valve are possible.: - T _
In. conclusion, the - 'présent invention adds a
demagnetization field balance element to a magnetic read element to
15 inbrease an “magnetic” stripe height without increasing the “electrical”
stripe height. Accordingly, the mégnetic_ read head-of the present -
invention has a read sensitivity substantially greéter than a magnetic
read head of the prior art.: ) o
Although the present invention has been described with
20  reference to preferred embodiments, workers skilled in the ‘art will
- recognize that changes may be made in form and detail without
departing from the spirit and scope of the invention.
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CLAIMS: ; :
1. A magnetic read head for use in a magnetic data storage
and retrieval syéterh, the magneiic read head comprising:
| a giant magnetoresistive spin valve; and
5 means for increasing the read sensitivity of the giant
magnetoresistive spin valve.
2. A magnetic read head for use in a magnetic data storage
and retrieval system, the magnetic read head comprising:
a first and a second current contact;
10 a magnetoresistive read sensor positioned between the
first and the second current contacts; and
a demagnetization field balance element positioned
between the first and the second current contacts,
~ the demagnetization field balance element being
15 ' | both electrically isolated from and magnetically
coupled to the magnetoresistive read sensor.
3. The magnetic read head of claim 2 wherein the
demagnetization field balance element is electrically isolated from both
the ﬁrét and the second current contacts.
20 4. - The magnetic read head of claim 3 wherein the -
- demagnetization field balance element is formed of a ferromagnetic
material.
5. The magnetic read head of claim 4 wherein the
demagnetization field balance element is physically separated from the
25  magnetoresistive read sensor, the first current contact, and the second
current contact by a separation trench.
6. The magnetic read head of claim 5 wherein the separation
trench is fabricated through use of a focus ion beam trim process.
7. The magnetic read head of claim 5 wherein the separation
30 trench is a layer of air.

| /!l/l{/:’.’/l[f”l,’l I
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8. The magnetic read head of claim'S’Wherein the separation

trench is a tayer of an such as an alummum-srllcon-mtrlde alloy.

9. o The magnetnc read head of clalm 5 whereln a thickness of
the separatlon trench is less than about 100 Angstroms '

5 10, T,he.. magnetlc read head ,of c!alm 3 wherein the
demagnetiza't:ic"ri: field balance = ele'rh'egr?it' is formed by
photohthographlcally patternlng a first photo mask over the
magnetoresrstlve ‘read sensor to define the . magnetoresrstlve read
sensor, oxrdlzrng exposed edges of the magnetqresustrve read sensor

10 toforman msulatron layer, depositing a layer of a soft magnetic material
over the msulatlon Iayer and lifting away the flrst photo mask to form
the demagnettzatron field balance element. '

11. ‘ The magnetic read head of claim 10 wherein a thickness
of the insulation' Iayer is less than about 100 Angstroms
15 12, A magnetlc read head foruseina magnetlc data storage
and retrieval system the magnetic read head comprlsmg
: afi rst and a second current contact
a glant 'magnetoresistive spin valve havmg a free layer, a
- pinned layer, and a spacer layer positioned
20 - _:: ~ between the free Iayer and_ the pinned layer, the
S '_ free layer, the pinned layer, and the spacer layer
~each being positioned between the first and the
_ 'second current contacts; and
a demagnetlzatron field balance element being both

25 -~ electrically isolated from and _rn_agnetlc__ally coupled

to the giant magnetoresistive spinvalve.
13. The magnetic read head of claim 12 wherein the
demagnetization field balance element is electrically isolated from both
the first and the second current contacts.

30 14 The magnetic read head of claim 3 wherein the
demagnetization field balance element is formed cf a ferromagnetic
material that is phyStcally separated from the giantj magnetoresistive

A
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spin valve, the fi _ tiéurrent contact, and the sechid current contact by
a separation treriéh.
15. The magnetic read head of claim 14 wherein the
separation trench is fabricated through use of a focus ion beam trim
5  process. _ |
16. The ma'gnetic read head of claim 14 wherein the
separation trench is a layer of air. _
17. The magnetic read head of claim 14 wherein the
separation trench is a layer of an such as an aluminum-silicon-nitride
10 alloy.
18. The magnetic read head of claim 14 wherein a thickness
of the separation trench is less than about 100 Angstroms.
19. The magnetic read head of claim 13 wherein the
demagnetization field balance element is formed by photographically
15 pattemihg a first photo mask over the magnetoresistive read sensor to
define the magnetoresistive read sensor, oxidizing exposed edges of the
magnetoresistive read sensor to form an insulation layer, depositing a
layer of a soft magnetic material over the insulation layer, and lifting
away the first photo mask to form the demagnetization field balance
20 element.
20. The magnetic read head of claim 19 wherein a thickness
of the insulation layer is less than about 100 Angstroms.
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