
;e3ejg 06NTF^& _ 1 _ REDUCING SENSOR TEMPERATURE IN MAGNETORESISTIVE
RECORDING HEADS 5 The present invention relater in general to the field of
magnetoresistive (MR) devices of the type used in recording heads. In
particular, the present invention relates to a magnetoresistive recording
head having a thermally conductive layer for improved heat dissipation. 10
Background of the Invention Magnetoresistive recording heads are well known
to be useful in reading back data from a magnetic media mass storage
devices such as disk drives or magnetic tape drives. Popular designs
include a standard giant 1.5 magnetoresistive (GMR), vertical giant
magnetoresistive (VGMR), advanced magnetic (AMR), vertical advanced
magnetic recording (VAMR), and spin valve type heads. Typically, a magnetic
read back sensor is used t4 detect a direction and amount of magnetic flux
as a magnetic zo media passes by in close proximity to the sensor. This
sensor is biased by a current which changes in direction and magnitude in
the presence of a magnetic flux. Charges in magnetic field signals are
sensed by the bias current and are correlated to meaningful data by a data
25 processing device with access to the magnetic media mass storage device.
A basic design of a standard AMR or spin valve head (FIG. o) includes a
sensor element 4 adjacent to an air bearing surface ("AHS") 8 with
electrical contacts 22 30 touching the sides of the sensor 4. The sensor 4
lies between upper and lower shields 2, 6. In contrast, a basic design of z
vertical GMR head (FIG. 1) includes a sensor element 4 comprising a front
contact 9 adjacent to an ABS 8, an optional bias winding 35 3 and a rear
contact 5. The vertical GMR sensor element    WD 40145712 PC'flUS9911G571 -
2  4 runs away from the ABS B between the front and rear contacts 9 and 5.
An upper metal shield 2 and a lower metal shield 6 surround the sensor
element 4 and bias winding 3. The lower recessed region 21 is optional, but
5 is known to improve the magnetic efficiency of the device. Another design
generally referred to as flux guide heads (Fig. 2), comprises two contacts
Z4 between a front flux guide 16 and a rear flux guide 15. The flux guides
15, 16 are bounded by an upper metal shield 2 and 10 a lower metal shield
6. A problem that to encountered in all AMR and GMR heads, including
vertical GMR and Flux Guide heads 3s the heating of the sensor element clue
to Joule heating from the bias current. Joule heating is the resultant
heating 15 on matter in which current flows from energy loss due to
electron-ion collisions. The resultant power loss is: z where Io is the
bias current through the sensor element and Ra is the resisstance of. the
Sensor element . In the 



20 case of most standard AMR and GMR-spin valve type heads, much of the
Joule heat is removed from the sensor via direct thermal conduction to
metal shields through two halt-gap insulators 19, 21, 23. Halt-gap
.insulator refers to the insulators between the MR/GMR element and 25 the
lower/upper shield respectively. The gap is the distance between the two
shields. Normally, the insulator maternal is Al4O" or any pin-hole free
dielectric with an adequately high breakdown voltage. such as A1N, Si3N4
SiO2, or diamond-like carbon (DLC). 30 These half gap insulators 19, 21, 23
can comprises a low thermal conductivity thermal path 7 (the width of the
half-gap insulator regional 21, 23) of typically 100 Angstroms or more,
that can significantly limit heal.   WO 00I0571? _ 3 PCTIUS99116571
dissipation. Some cooling is realized by thermal radiation and convective
cooling from the ABS 8 adjacent to the front sensor of the head to the
recording medium as well as heat conduction out to the sides through the 5
contacts 22. However) performance and reliability of the head arc limited
by the temperature increase resulting from normal use of the sensor. In
general, the head reliability decreases as it heats due to accelerated
interdiffusion of GMR film layers. The result of 10 overheating can have
results ranging from signal loss to melting of the heads. Vertical AMH and
Vertical GMR read back heads experience even more severe Joule heating of
the sensor. For optimum magnetic efficiency and high signal output, 15
shield recesses 21, 23 (Fig. 1) are necessary. This design, however,
increases the thermal paths 7. As a result, the rate of heat extraction
from the sensor 4 is reduced and the sensor 4 operates hooter than it there
were no shield recesses. Because the sensor 4 is longer 2o than a standard
GMR sensor and has consequently higher resistance, the VGMR sensor with
recessed shields w.11 also operate hotter than a standard horizontal GMR
sensor. In a typical vertical GMR design, a front contact 9 is sided by an
upper metal shield 2 and lower 25 metal shield 6 adjacent area comprising
an ABS 8. The part of the sensor 4 and front contact 9 that axe adjacent to
the ABS 8 are separated from the shields 2, 6 by front half gaps 19. A bias
winding 3 , if present. (it is optional ) , is set back from the front
contact 9 and 30 sided by the upper and lower metal shields 2, 6. A rear
contact 5 may extend beyond the metal shields 2, 5 and is connected to the
front contact 9 via a vertical giant magnetoresistive sensor ("VGMR") 4
that runs adjacent to the bias winding 3 and perpendicular to the ABS 8.
The 35 recessed design causes the upper recessed metal shield 2   wo
ovios~rtz  Pcr~rs9~nbsm and lower recessed metal shield 6 to be spaced at a
relativrely large distance away from. the sensor element 4, acparated by
the recessed gap insulatora 21 and 23. Whereas it the metal shields 2, 6
were located in 5 close proximity to the sensor) the shields could act as
efffective heat sinks) instead the shields are recessed, 



forming an increased area that is filled with a gap insulator 27., 23 that
inhibits heat dissipation. The vertical design also positions the
heat-producing part of 10 the element 4 including the bias winding 3 such
that it is not exposed at the ADS D where it can radiate heat away. VGMR
heads are designed so that they have a much wider. sensor-to-shield gap 7
in the region away from the 15 ABS 8 in relation to the sensor-to-shield
air gap 19 in close proximity to the ABS 8. This wider gap 7 inhibits the
inherent role of heat dissipater that the metal shields 2, 6 would
otherwise perform. The wider gap from sensor to shield incorporatcd 20 into
the VGMR design is necessary to address considerations of magnatic flux
propagation. In order to limit flux propagation, the VGMR type designs
typically require that both the upper and lower metal shields be recessed
to improve magnetic efficiency, The recess is 25 required to ensure that
magnetic flux from the media reaches the sensitive part of the VGMZ sensor.
The sensitive part, covered by the front Contact 9, generates no signal.
Without recesses that start at the top of front contact 9, a11 the flux
leaks from the two shields 30 2, 6 and lowers the signal output. As a
result, the buried portion of the sensor that lies within the wider gap 21,
23 experiences more heat buildup than the sensor portion in the narrow gap
19. The heat buildup is a direct result of the lessened 35 thermal
conductivity of the gap insulators 21, 23 as   WO 00!057I2 - 5
PCTlUS99116571 compared to the metal shields 2, G. The larger gap 21, 23
between the sensor 4 and the heat sinking metal shields 2, 6 results in a
correspondingly longer thermal path 7 for removing a sensor's heat before
the heat  5 reaches the thermal sink of the shields 2, 6. Summary of the
Invention Accordingly this invention provides a method and apparatus for
improved heat dissipation in a magnetoresistive recording head. Heat
dissipation is 10 improved by inclusion of a high thermal conductivity
metal as a metal filler located between an upper and lower metal shield and
a sensor. A highly thermally conductive material might include an element
metal such as aluminum or copper and should. be specifically 15 tailored to
have a similar thermal expansion coefficient as the shield material.
Moreover, the metal filler must be non-magnetic. In addition, to facilitate
the magnetic efficiency of. the head, recesses in the upper and lower
shields are used. 20 One condition adding to the: heating problem of the
buried sensor is the long low tharmal conductivity heat path between a
sensor acting as a heat source and the upper and lower metal shields acting
as a heat sink. However, there 18 no intrinsic .functional reason why a 25
recessed region generally comprising this long thermal path must be filled
with an insulator. Functionally, only three requirements must be met.
First, a recessed gap must be non-magnetic. Second, there must not be an
electrical short circuit between the sensor element and 30 either an upper
or lower metal shield. Third, the material filling a recess must be
compatible with a shield and overall head structure in terms of adhesion to
the shield and the thermal expansion coefficient of the shield. A
significant disparity in the thermal  



WO 001057f 2 PCTN599116571 .. (-, _ coefficient between a metal shield and
filler material could result in stress and possibly cause separation of the
layers, or distortion to the VGMR head. This invezzLivil Leacaie5 s~umval
of ':zest generated 5 in a sensor in a magnetic head by use of a heat
dissipating device comprising a high thermal conductivity metal, such as a
transiticn metal. The high thermal conductivity metal should be tailored to
have a similar thermal expansion coefficient as the shield materialo and 10
positioned in close proximity to the sensor but not in electrical contact.
This metal hair non-magnetic filler provides a thermally conductive pd~.la
L.c~ L11C sh lelds acting as heat sinks. In addition a metal but
nonmagnetic filler provides increased heat dissipation 15 through its own
thermal mass. Other advantages and features of the present invention will
become apparent from the following description, including the drawings and
the claims. srief Description of the Drawings 20 The aforementioned and
other features and objects of this invention and the manner of attaining
them will become more apparent and the invention itself will be hPCI:
understood by reference to the following description of a preferred
mt~Lodiment takezz in conjunction with the 25 accompanying drawings,
wherein; FIG. o illustrates cross section and azi air bearing view of a
standard AMlt or Spin Valve head. FTG. 1 illustrates a cross section of a
typical design of a Vertical Qiant Magnetoresistive Hcad. 3G FIG. 2
illustrates a cross secticn of a typical design of a Flux Cuide Head. FIG.
3 illustrates a cross section of a Ver~.ical Giant Magnetoresistive Head
with a recessed upper shield,   WO 00I05712 PCTlUS99116571 an upper metal
filler and a lowez: metal filly providing shortened thermal paths for
sensor heat dissipation. F=~. 3A -llustxates a cross section of q
VPri-.ica1 Uiar_t Magnetoresistive Head. 5 FIG. 4 illustrates a cross
section of a Flux Guide IIead with an upper metal filler and a lower metal
filler providing shortened thermal paths for sensor heat chi c~~sipation.
Detailed Description 



10 Tha following detailed description makes reference to the accompanying
drawings which farm a part hereof and show by way of illustration a
specif~.c embodiment in which the invention may be practiced. This
embodiment is described in sufficient detail to enable those skilled in 15
the arf: i-.c~ practice the invention. It is to be understood that otlm.~
eWodirnent5 may be utilized and that structural changes may be made without
departing fxar-.~ the scope of the invention. The following detailed
description is therefore not to be taken in a limiting 20 sense and the
scope of the present invention i5 defined by the appended claims. With
reference now to FIG. 3 which illustrates an implemer_tation of this
invention, z vertinal giant magnetoresistive (VGMR) head l is shown. The
VGMR 25 comprises, in pertinent part, a lower magnetic metal shield G. The
lower metal shield 6 can be comprised of an alloy such as Permalloy, a
nickel iron alloy, or other wall knnwr, PlPrrri~ally and thermally
conductive magnetic alloy. The lower sliielc~ 6 dc:Ls a Lhermal sink for
heat 3o generated by a sensor 4 and optional bias winding 3. The lower
shield 6 also acts as a magnetic shield for the read sensor 4. Wzth
reference now to !~'ig. ~A, an embodiment cf a VGMR sensor is shown to
illustrate de.tai.l;~ UL l.l~e upper and lower shields 2, G. The upper   WO
001U5712 _ g .. PCTIU S9911657 t and lower r~hields 2, 6 are constructed
with recesses 140. 'lre magnetic material comprising trie shields 2, 6 ss
so constructed that beginning at corners 100 and 120 icspectively the
spaces, co:ztaining filler 10 and 12, 5 between the shields 2, 6 and the
sensor 4 is rapidly increased compared to the thickness of the lower and
upper half gap insulators 11 and 20 respectively. The angle 130 at which
the recess opexzs is preferably in the range of 60-~0 degrees. The depth of
the recesses 140, 10 is in the range of 0.2-1.0 microns and ~.s preterably
apprnximately 0.5 microns. The purpose of the recesses 14a is ~u iiiu.cease
the Efficiency of the magnetic sensor 4. The recesses 140 increase the
amount of magnetic flux in the active part of the sensor 4 between the
upper adgP 15 17.0 of the front contact 9 and the rear contact 5. For
proper operation, the recess corners 200, 120 and the upper edge 12o of the
front contact 9 should a11 three be mutually aligned within less than about
0,2 microns. The thickness of a "1_ip" 150, formed in the two magnetic 20
shields 2, 6, betweezi the zec:esses 140 and the AHS 8 must be less than
0.5 microns and is preferably about 2-3 times the distance of the shield to
shield gap 16C. For example, if the gap 16U is U.lU microns, then the lip
15C is preferably U.2-0.3 microns. 25 Referring to Figs. 3 and 3A, formed
on top of the lower metal shield 6 by way of industry standard depositio:z
teChniclues such as electroplating, nr RF or DC sputtering, is a lower
metal filler layer 12 comprising a nonmagnetic hiqh thermal. conductivity
met1. In an 30 embodiment, the lower metal filler 12 comprises a transition
metal such as aluminum, copper, or gold. Fure elements generally provide
better thermal conductivity. However, an a'_1oy (e. g., A:1 - Cu) may be
added in order tQ match tt-:e thermal expansion coefficient with the 35
shicldr~ 2, 6. An ultra-high-thermal conductivity   WO 0010S712 g _
PCTlUS9911b571 



dielectric such as diamond or. diamond-like carbon (DEC) could alsa be
used. The lower metal tiller 12 should have a thermal expansion coefficient
that is matched with the thermal expansion Coefficient of the lower metal 5
shield 6. Thermal expansion coefficients of the lower metal shield 6 and
the lower metal filler 12 need to be matched so that as heat dissipates
through tree lUwe~ metal filler layer 12 to the lower rneta7 shield 6 which
acts ac a thermal wink. The thermal expansion 10 coefficients of the lower
metal shield 5 and the lower metal filler 12 also need to be matched so
that during the other head fabrication processes the lawer metal filler
layer 12 does not separate from the lower metal shiela 6 ox otherwise
distort due to differential thermal 1~ expans~.on. In an embodiment, the
lower metal filler layer 12 is plenarized along an upper surface of the
lower metal filler layer 12. Cne of the purposes of the polishing is tn
prPVPnt-. a ridge or trench at the boundary between the 20 shields 2, 6 and
the .Clller 20, 1.2 at points i.20 and 10d respectively. The planarization
can be accomplished by any l~nown practice in the industry, such as
chemical mechanical polishing. Planarization is useful in preparing for a
subsequent deposition of a sensor element 25 4. Between the lower metal
filler layer 12 and the sensor element 4, a lower insulator layer 11, also
called the first half gap, must be formed. This lower insulator layer 1.1
electrically insulates the sensor element from the lower metal filler 12
layer and the lower metal 30 shield G. The lower insulator layer ~.1 aan
comprise a dielectric material such as aluminum oxide, aluminum nitride or
sllinc~n nitride. In addition, the lower insulator layer 11 can comprise
d~dmond-like carbon or other materials that provide thermal conduction and
are 35 non magnetic. They can be deposited using standard   WO b0143712 -
10  PC'F/LTS99118571 deposition techniques. In an embodiment, the surface
of the lower metal filler 12 may be oxidized to form an insulator layer 26.
For example, a lower metal filler 12 may comprise aluminum, the suxface of
which can be 5 oxidized to form a layer 26 of aluminum oxide prior to
deposition of the normal power insulator 7ayPr firfit half gap. An aluminum
oxide surface layer can serve as a lower insulator layer 11. A ~aen~aor
element 4 is formed on top of the lower 10 insulator layer 11. In an
embodiment, tre sensor element 4 is deposited using sputter deposition.
However, other means conducive to the manufacture of the head can also be
utilized. An upper insulation layer 20 is formed on top of the sensor
element 4. Preferably the 1i~7~1P't" 15 insulation layer 20 comprises the
same material as the lower insulation layer 11. However, other materials
providing required electrically inoulating properties may be used, such as
a dielectric, aluminum nitride, silicon nifiridP, silicon dioxide or DLC.
An optional bias 20 winding 3 cdii k~e paLteriied imi:o the upper layer
insulation layer 20. Patterning can be accomplished via photolithography.
The bias winding 3 can be deposited by sputtering, plating, or other known
manufacturing means. An upper metal filler layer 10 is deposited over 25
ttze upper ~.nsulation layer 20 forming a magnetically recessed region 10
in the upper magnetic shield 2. The upper metal filler layer 10 is similar
ro t-hc~ lower metal filler layer 12 in that it comprises a nonmagnetic,
H.i.g~lthernally- conductivity matexial. In an embodiment, the 30 uppcx
mctnl filler 10 alQO compriaes an element metal such as aluminum, copper,
or gold. Diamond or DLC may r~l F3n hP tl9PCl, but is not preferred. The
upper me=al filler 1.0 should have ~t Ltmxwal expansion coefficient that is
matched with the thermal expansion coefficient of 35 an upper metal shield
2 that is formed over the upper   



WO U0105712 - 17.  PCTIUS99116571 metal filler 10. Thexma~. expansion
coefticicnto of the upper metal filler and upper metal shield 2 need to be
suffir_iently rlnsP gn that heat ciiSSipati.on through the metal filler to
the metal shield wrilc:li dots as a thermal 5 sink, does not separate the
upper metal filler 10 from the metal shield 2 or othervrise distort the
head. The upper metal shield 2 like the lower metal shield 6 is comprised
of a magnetic alloy such as Permalloy, a nickel iron alloy, or other well
known 10 electrical and thermally conductive alloy with magnetic
properties. The upper shield 2 arts aq an upper thermal sink to heat
generated by the sensor 4 acid Llas wiWing 3. In an embodiment, the metal
filler layers 10, 12 15 axe between 0.2~re; and l.O~m thick but preferably
about 0.5m thick. The metal filler 10, 12 layers serve as ccmductorr~ of
heat to the thermal sinks comprising the metal shie:J.ds 2, 6. The metal
fillers 10, Z2 should be in electrical and thermal contact with the metal
shields 20 ~, 6, but electrically insulated from the sensor 4. With
reference now to FIG. 4, which illustrates another embodiment, a flux guide
head with thermal illers 10, I2 is shown. Similar to the VGMR head
discussed above, the flax guide head has a lower metal 25 shield 6 with
recessed volume, d lUwer u~etal filler 22 formed on the lower metal shield
6 within the recessed volume, and a lower insulator layer 11 formed on the
surface of the Iower metal tiller layer lz. 'These elements included ~.n
the flux guide head comprise the 30 aa~uG clia.cac:Leristics as those
disclosed e~bove fox the VGMR head above, Addit~.anally, the flux guide
head comprisas head contacts 14 deposited onto the lower insulator layer 12
and the flux guided magnetic sensor element 27 connecting 35 the cor_tac~s
14. The head contacts 14 arc bordered by a   WU 00105712 PCTIUS99l16S71
rear flux guide 15 and a front faux guide 16. The flux guides 15, 16 can be
patterned onto the lower insulation layer 12 by means of photolithography.
Formed above the head C:UISLcLC:La 14 arid faux guides 1S, 16 is an uppei 5
insulation layer 20, and upper metaW filler 10 forming a magnetic recess in
the upper magnetic shield 2 of si-nilar description to those same discussed
above for the VGMR head. The flux guide head illuGtrates another embodiment
1D which comprises a device and method fox dissipating heat from a censor
PlPrnPni: by means of a metal filler fozmed ad~aeent to a mel.al stsield
acid pldc:ed .i.ii close proximity to a heat generating sensor element.
This inventian provides for thermal Conductivity across the relatively 15
long therrrul path 7 from the sensor element to the heat dissipating metal
shields 2 and G. 



This invention can be practiced in any head structure having an active,
current carrying magnetic sensor of which part, or a11, rif the qengor
resides 2U between magnetic shieldw such that conduction oL Feat from the
sensor to the shields via a gap insulator bcncfito from being optimized.
This invention may be used for example, but not limited to, vertical
advanced magnetic recording heads, giant magnetoresistive 25 rec:oidlng
heads, horizontal spin valve readers with recessed gaps, or tape heads in
which a flux guide is used to convey magnetic flux from the tape bearing
surface to a buried sensor. Other embodiments are within the scope of the
30 following claims) 'G~7hat iA claimed is   WO 001057I2 - 13
PCTIUS9911657I 1. A device far dissipating heat from a magnetic head sensor
comprising: a metes- shield having a rPrer~s; a thermally conductive metal
Liller layer 5 formed adjacent to said metal shiel3, within said recess,
and in close proxa.mity to a sensor element; and an elec~rically insu~ating
layer formed between said thermally conductzv-e metal filler arid 10 the
sensor element. The device for dissipating heat of claim 1 wherein the
metal shield is comprised of a nickel Iran alloy. 3. The device for
dissipating heat of claam 1 wherea.n the r.hermally conductive metal filler
layer is Gt least 15 one c.C alu~n~.uum, copper, gold, a thexmalll
conductive alley, and diamond-like carbon. 4. The dev~.ce for dissipating
heat of claim 1 wherein the thermally conductive metal tiller is planaxized
along an upQer surface. 20 5. The r~cvir.P fhr c3i ssipating heat of claim
~. wherein the electrically insulating layer cornpx.ises d dielectric
material. 6. The device for dissipating heat of claim 1 wherein the
electrically insulating layer comprises at least one 25 oL dluuW mu oxide,
silicon oxide, silicon nit~:zde, and aluminum nitride. 



7. The den ce for dissipating heat of claim 1 wherein the magnetic head
sensor is sputter deposited on the electrically insulating layer.   WO
00105712 PCTlUS9911G571 - 14  8. Z'he device for dissipating heat of claim
~. wherein the thermally conductive metal tiller comprises aluminum, and an
upper surface of said aluminum filler is oxidized to form the eleC~rically
insulating layer. 5 9. A device for dissipating heat from a magnet-ic^ head
sensor comprising: an upper metal shield having an upper recess and lower
metal shield having a lower recess; a thermally conductive lower metal
filler 10 layer formed adjacent to said lower metal shield Wlthlll ScZld
ll.lWCr RCC~~S; a lower electrically insulating layer formed between said
lower thermally conductive lower metal filler layer and a sensor element;
and Z5 an upper electrically insulating layer formed between said sensor
element and a thermally conductive upper metal filler layer, said upper
metal filler layer hPing adjacent to said upper metal shield within said
upper xec:ess. 2D 10. The device fox dissipating heat from a magnetic head
sensor of claim 9 wherein the upper metal filler layer and the lower metal
filler layer comprise the same material. 11. The device for dissipating
heat from a m~gnPric: ~5 head sensor of claim 9 wherein the upper metal.
filler layer and the lower metal filler layer consist of at least one of
aluminum, copper, gold, a the=mal~.y conductive alloy, and diamond-like
carbon . 12. The device fox dibsipati:y heal of claim 9 wherein 30 the
thermally conductive lower metal Filler is planarized along an upper
surface.   WO 00I05712 PCTIi1S99116571 - l~  13. Txae dev,iue for
dissipating heat of claim ~. wherein the electrically insulating layer
comprises alurla.num oa.i.de . 14. A method for dissipating heat rrom a
magnetic head 5 sensor comprising: providing a metal shield with a recess;
forming a thermally conductive metal filler layer adjac:ez~l. ~o sdici
iel.al Shield within said recess and in close proximity to a sensor
element; 10 and forming an electrically ~.nsulating layer between said
thermally conductive metal filler and the magnetic head sensor. 



15. The method for diuaiparing heat from a magnetic 15 head sensor of claim
14 wherein the metal bhield is comprised of a nickel iron alloy. 16. The
method for cliss~.pating heat from a tnagnetiC head sensor of claim 14
wherein the thermally conductive metal Filler layez is at least one of
aluminum, copper 20 and gold. 1'I. The method for dissipating heat from a
magnetic head sensor of claim 14 wherein the thermally conductive metal
filler is planarized along an upper surface. '1'hP mPrheci for di9sipating
heat from a magnetic 25 head sensor of claim 1.4 wk~ereim tree
elec:~.~.ir:ally insulating layer comprises a dielectric metal. 19. The
method for dzss~pating heat from a magnetic head sensor of claim 14 wherein
the magnetic head sensor   WO 00105712 PCTIUS99116571 - i6  ia sputter
deposited on the electrically insulating layer. 70. An apparatus for
dissipating heat from d Illd~ilCL~.c: head sensor comprising; 5 an upper
metal shield and a lower metal shield; a sensor element located between
said metal shields; a nonmagnetic means for ccnducting heat from 10 said
sensor to sand metal shields; and an insulating means for electrically
insulating said nonmagnetic means for conducting heat from said sensor.
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