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HIGHL Y 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 systems. In particular, the present 

invention relates a magnetic read head for use in a magnetic data 

storage and retrieval system and_ having a demagnetization field balance 

element for increasing a read sensitivity of a giant magnetoresistive 

spin valve read sensor. 

Io Giant magnetoresistive (GMR) read sensors are used in 

magnetic storage systems to detect magnetically-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 read sen$or. 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 

information from the magnetic storage medium or disc. 

A typical GMR read sensor has a GMR spin valve that is 

20 a multi-layered device formed of a nonmagnetic spacer layer positioned 

between a ferromagnetic pinned layer and a ferromagnetic free layer. 

A magnetization of the pinned layer is fixed in a predetermined direction, 

typically normal to an air bearing surface of the GMR spin valve, while 

a magnetization of the free layer rotates freely in response to an 

25 external magnetic field. An antiferromagnetic material is typically 

exchange coupled to the pinned layer to fix the magnetization of the 

pinned layer in a predetermined 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 ·either side of the read· sensor. This ·decrease in the 

spacing betwe~n the shields. has h~d the negative impact of decreasing 
: ·:! ·. . . ,. ·', . .: •' 

the efficiency of tne read ·sensor, thereby decreasing the read sensitivity 
·. ·.. . . .· 

of the read se~~(,r, since.the flux emanating from the magnetic media 

5 reaches a smaH$r portion of the. read sensor.· 

This decrease .in. efficiency can: be counteracted by 

· decreasing the·'~fripe height of the read sensor, that is, the length of the 

read sensor albng its ~ide perpendicular to the air bearing· surface. 
;'. ' . : 

However, decr~asing the stripe height of the read sensor increases the 

10 demagnetizati~n;.field.acting upon the read ~en~or, thereby increasing 
. . . : 

the effective ani~otropy of the read sensor, which in turn decreases the 
·- .. 

read sensitivity of the read sensor. 
. : . . . 

·.Th.ere is therefore a need to increase the read sensitivity 
'• ··:. . .. ' . 

of a read sensor' of. a magnetic read head by increasing the read 

15 sensor's efficiency without negatively impacting the effective anisotropy 

of the read sen~or. 
·~ . . ' 

BRIEF SUMMARY OF THE INVENTION 

The present invention.· is a magnetic read head having 

increased rea'd: sensitivity for use in a magnetic data storage and 
. --·:. . ., ; . 

20 retrieval system.- .• The magnetic read head has a first current contact, a 
. . . ' . 

second current· contact, a magnetc>'resistive read sensor~- and a 

demagnetization' fleld balance. el~rrient. Positioned between the first 

and second currenf contacts are both the magnetoresistive read sensor 

and the demagn:etiZation field balance element. The demagnetization 

25 field balance elem~nt is both electrically isolated from and magnetically 

. coupled to the magneto resistive read sensor. The demagnetization field 

balance element is also electrically isolated from the first and the 

second current contacts. 

·In a ~rst alternate embodiment of the present invention, 

30 the demagnetization field balance element is formed of a ferromagnetic 

material and is physically separated from the magnetoresistive read 

sensor, the first current contact, and. the second current contact by a 
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separation trench.X\ln a second alternate embd8irilent of the present 

invention, the demagnetization field balance element is formed by 

photolithographicaily 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. 

10 

15 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A, 1 B, and 1 C 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 serisitivity of a read sensor in a magnetic read head 

to a stripe height of the read sensor. 

Figures 3A,. 38, 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 

Figures 1 A, 1.B, and 1 C 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 1 C and magnetic disc 12. Figure 1 B is cross-sectional view 

25 of magnetic read head 10 taken along line B-B of Figure 1 C and 

magnetic disc 12. In Figures 1A, 18, 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 1 O 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· positioned between, and adjacent to, first and second current 
- ·.• 

contacts 20 anp 22. · 

GM~ spin valve 14 is used to detec:rt magnetically-encoded 

information stor~d ori magnetic disc 12; Atirile.;dependent magnetic 
:-. .' : 

5 field from magn~1ic disc 12 directly· modulate$ the resistivity of GMR 

spin valve 14. ·The change iri resistance· of GM~ spin valve 14 can be 
. . . 

detected by passing a sense curre.nt through (;MR spin valve· 14 and 

measuring the voltage across GMR spin valve ~4. The resulting signal 

can be used to -tecoverthe encoded informatiorffrom magnetic disc 12. 

1 o GMR spin valve 14 is a multi-layered device having free layer 24, spacer · 

26 and pinned layer 28. Spacer layer 26 is p~$itioned between free 

layer 24 and pinned layer 28. A magnetizatiol'l_:of pinned layer 28 is · 

fixed in a predetermined direction, typically nomial to the air bearing 

surface of GMR.$pin valve 14, while'a magnetiz~tion of free layer 24 ·· 

15 rotates freely in response to magnetic flux emanating from magnetic 

disc 12. The resistance of GMR spinvalve 14 varies as a function of an 

angle formed between the magneti~tion direction of free layer 24 and 

the magnetization direction of pinned layer 28.: · Spacer layer 26 is 

preferably fo~ed ()fa nonmagnetic mE,1terial~ whereas free layer 24 and 

20 pinned layer 28 .are each preferably formed of fenpmagnetic materials. . 

GMR spin valve 14 may include additional layers, for instance an 

antiferromagnetic layer, a permanent magnet layer, or a soft adjacent 
. . 

layer. · 

ResiStance changes of GMR spin valve 14 can be 

25 detected by provi.ding a constant sense current thn?ugh GMR spin valve 

14 and monitoring: the voltage across GMR-spin:valve 14, resistance 

changes of GMR' spin valve 14 can be detected~ ·First and second 

current contacts 20 and 22, though connection to a source of voltage 

(not shown in FigLJres 1A-1C), provide this sense current through GMR 

30 ·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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GM)t":·;spin valve 14 is sandwic~~a , 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. 

Regular increases 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 

1 o 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 



WO 00/62282 . PCT/US99/17009 

-6-

magnetoresist~nce (.6R) of GMR spin valve 14 ~ivided by the effective 
.. :· :-'..':· 

anisotropy fiel~Hk* of free layer 24of GMR spii:): valve 14. Accordingly 

the effective anisotropy Hk* of free layer 24 is'.inversely related to the 

read sensitivitY of the GMR spin valve 14. A~ shown in Figure 2, the 

5 greater the strip~' height of GMR spin valve ·1:4··, the greater the read ·-· .·.;,. _: 

sensitivity of GM.~·spin vaalve 14 and the less<the effective anisotropy 
. . ' · .. ; 

field Hk* of free· layer 24. 

· The · .. present invention seeks to· increase the read 
. .· ... '· 

sensitivity· of GMR spin valve 14 by increasi~~ ·the stripe height h of 

1 o GMR spin valve 14 without diminishing the efficiency of GMR spin valve 

15 

14. . ::: ·;: 

Figur~s 3A, 38~ and 3C are cross.:;sectional views of 
' ' ' 

magnetic read h~ad 30 in accord with the preseritinvention. Figure 3C 

is a cross-sectional view of all air bearing· surface of magnetic read head 

30. Figure 3A is a cross-sectional view' of magnetic read head 30 taken 
' " 

along line A-AofFigure 3C and magnetic disc .3:2~ Figure 38 is cross-
: . . . 

sectional viewofmagnetic read head 30 taken along line·8•8 of Figure 
' ' 

3C and rilagnetic~disc 32. In Figures 3A, 38, and 3C, all spacing and 

insulating layers are omitted for clarity. For ease explanation, magnetic 

20 read head 30 an~ its components are not drawn to scale. 

Magnetic· read head. 30 · includes giant magnetotesistive 

(GMR) spin valve 34, first shield 36, second shield 38, first current 

contact 40, second current contact 42, and demagnetization field 

balance element 50. · GMR spin valve 34 is positioned between first and 

25 second shields 36 •and 38. GMR spin valve 34. is further positioned 

between,· and adjacent to; first and second current contacts 40 and 42. 
' ' 

GMRspin valve 34 is used to detect magnetically-encoded 
' ' ' 

information stored on magnetic disc 32. A time-dependent magnetic 

field from magnetic disc 32 directly modulates the resistivity of GMR 

30 . spin· valve 34~ . The change in resistance of GMR spin valve 34 can be· 

detected by passing a sense current'through GMR spin valve 34 and 

measuring the voltage across GMR spin valve 34. ·The resulting signal 
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can be used to re¢~Ver the encoded information t~a'ffi magnetic disc 32. 

GMR spin valve 34 is a 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 38, 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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Demagnetization field balance· element 50 is rqt ·shown in Figure 3C, 
. . \". 

which shows ther~ir bearing surface of magnetid!read head 30, since it 

is located on ·the· side opposite disc· 32· · of -~MR spin valve 34. 

Demagnetizatiop-: field balance element 50 ·s~tves to increase the 

effective stripe height of GMR spin valve 34 frortl stripeheight h1 (the 
. '·.. ..·· 

length of GMR sp:in valve 34 along its side perp¢ndicular to magnetic 

disc 32) to effecti~e stripe height h2 (the length o}: both GMR spin valve 

34 and demagnetization field balance element: 50 along their sides 

perpendicular to magnetic disc 32)~ To acc?:~plish this goal, it is 

10 necessary that demagnetization ·field bala.nc:e· element 50 ··be 

magnetically coupled to GMR spin valve 34; : :' Furthermore, it is 

necessary that demagnetization field balance element 50 be electrically 

15 

' ' 

isolated from GMRspin valve 34, first current contact 40; and second 

current contact 42~ .. · 

By magnetically coupling demagnetization field balance 

element 50 to GMR spin valve 34, the effective anisotropy field Hk* .. of 

GMR spin valve 34 'is reduced since, magnetically, the effective stripe 

height of GMR spin valve 34 is increased to stnpe height h2. As 

explained with reference to Figure 2; the effective'~anisotropy field Hk* 

20 of a spin valve is inversely related to the stripe hei~ht of the GMR spin 

valve. More specifically; as described above, the effective anisotropy 

field Hk* of GMR spin valve 34 is roughly proportlo.~al to the magnetic 

moment Mrt of free layer 44 divided by.the effeetive.stripe height h2 of 

GMR spin valve. Accordingly, read sensitivify,.'which is inversely 

25 proportional to the effective anisotropy field Hk*, cari be increased one 

hundred percent by simply making the stripe. height of demagnetization 

field balance element 50 equal to the stripe height: bf GMR spin valve 

34. 

By electrically isolating demagnetization field balance 

30 element 50 from GMR spin valve 34, first current contact 40, and 

second current contact 42, sense current traveling from first current 

contact 40 to second current contact 42 will not pass through 

I . 
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demagnetization .~~id balance element 50. As ~u8ti. 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. 

s 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 

1 o 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 . throug~ 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 alternate 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 38. All elements common to both Figure 38 and Figure 

25 4 are similarly numbered. As in Figure 38, 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 valve 34 to form insulation layer 54, depositing a layer of a soft 
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magnetic material, and lifting away the first photo --mask.· to form 

demagnetization field balance element 50 fr()m the soft magnetic 

material. In a preferred embodiment, demaQJletization field balance 

element 50 is preferably formed of a ferromagnetic material similar to · · 

5 the ferromagnetic material used to-form free layer 44. In a preferred 

embodiment, a thickness of insulation layer 54- is preferably less than 

about 100 Angstroms. 

Those skilled in the art of magnetic read head design will 

note that the present invention applies to magnetic read heads having 

1 o amorphous magnetoresistive read sensors in place of a-GMR spin valve 

read sensor. In addition, additional configurations of the GMR spin 

valve are possible.· · 

In conclusion, the present invention adds a 

demagnetization field balance element to a magnetic read element to 

15 increase an "magnetic" stripe height withoutinGteasing the "electrical" 

stripe height. Accordingly, the magnetic .read head--of the present · 

invention has a read sensitivity substantially greater than a ma-gnetic 

read head of the prior art. 

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 system, the magnetic read head comprising: 

2. 

a giant magnetoresistive spin valve; and 

means for increasing the read sensitivity of the giant 

magnetoresistive spin valve. 

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; 

3. 

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 

both electrically isolated from and magnetically 

coupled to the magnetoresistive read sensor. 

The magnetic read head of claim 2 wherein the 

demagnetization field balance element is electrically isolated from both 

the first 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. 

. llf IHQOM~ llf IUl[l If If ll 
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T~,~ magnetic read head of claim:S'.y.1herein the separation 
.·. ·.; . .:. /: 

trench is a lay~f' ()f an such as an aluminum-sili¢on-nitride alloy. 

8. 

9. Tn~ magnetic read head of claim. 5'Wherein a thickness of 

the separaticm trench is ·less than about 100 .Angstroms. 

s 10. ThE!. magnetic read head . of· ¢1aim 3 wherein the 
. . . . . . " 

demagnetization· field balance eleme'nt is formed by 

photolithographi.cally patterning a first ph<?to mask over the 

magnetoresistiv~ read sensor · to define the .· 'rri·agrietoresistive read 

sensor, oxidizin~ exposed edges of the magnet~resistive read sensor 

· 1 o to form an insulatiOn layer, depositing a layer of a ~oft magnetic material 

over the insulation'layer, and lifting away the first photo mask to form 

15 

20 

25 

the demagnetizatio_n field balance e1e·ment. · ·· 

11. The· magnetic read head of claim 1 q wherein a thickness 

of the insulation .layer is less than about 1 oo Angstroms. 

12. 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 conta~i 

13. 

a giant"niagnetoresistive spin valve having a free layer, a 

pinned layer, and a spacer layer positioned 

between the free layer and the pinned layer, the 

free layer, the pinned layer, and the spacer layer 

each being positioned betwe~n the first and the 

second current contacts; and · 

a demagnetization field balance element. being both 

electrically isolated from and magnetically coupled 

to the giant magnetoresistive spin valve. 

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 ()f a ferromagnetic 

material that is physically separated from the giant magnetoresistive 

, 1:J111111·-11111r·11111;:11111;'11;111r 
' · ·:";l(c· · \: t':/ .· .L M ' · S ·' * .. 

. . .: . ·,. ~ :: . 
.: ... .: ~ .. ... :.:: . .,;~--~~ 

I . 
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spin valve, the fi~leurrent contact, and the sec~riH current contact by 
. ;\:' 

a separation trench. 

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 magnetic 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 patterning 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 . 

. Hltilll \\Ill\ Ill~ l\l~ 1\\\11 · 
* C L 


