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28 DAVIS AVENUE Concerns about inadequate electromigration robustness in 
POUGHKEEPSIE, NY 12603 (US) CCP CPP GMR devices have been overcome by adding mag 

nesium to the current con?ning structures that are presently in 
(73) Assignee: Headway Technologies, Inc. use. In one embodiment the alumina layer, in Which the 

current carrying copper regions are embedded, is fully 
(21) Appl. No.: 12/589,207 replaced by a magnesia layer. In other embodiments, alumina 

is still used but a layer of magnesium is included Within the 
(22) Filed; Oct, 20, 2009 structure before it is subjected to ion assisted oxidation. 
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CURRENT CONFINING LAYER FOR GMR 
DEVICE 

[0001] This is a divisional application of US. patent appli 
cation Ser. No. 11/352,676, ?led on Feb. 13, 2006, Which is 
herein incorporated by reference in its entirety, and assigned 
to a common assignee. 

FIELD OF THE INVENTION 

[0002] The invention relates to the general ?eld of CCP/ 
CPP GMR memory elements With particular reference to the 
current con?ning portions. 

BACKGROUND OF THE INVENTION 

[0003] CCP-CPP GMR read heads are considered as prom 
ising candidates for 180 Gb/in2 and higher magnetic record 
ing densities. This increase in recording density requires the 
reduction of the read head dimensions. For example, for 180 
Gb/in2, dimensions around (0.1><0.1 microns are required. A 
CPP read head can be considered functional only if a signi? 
cant output voltage, Vout, can be achieved When the head 
senses the magnetic ?eld of a recorded medium. If DR/R is 
de?ned as the percentage resistance change, at constant volt 
age, under the magnetic ?eld for the sensor and V is the 
voltage applied across the sensor (BHV), then Vout:DR/R>< 
V 
[0004] Referring noW to FIG. 1, We shoW there the main 
features of a CCP-CPP GMR (current con?ned path-current 
perpendicular to plane giant magneto resistance) read head 
device (as Well as bottom and top leads 11a and 11b respec 
tively). These are an anti-ferromagnetic (pinning) layer 12, 
Which may include a seed layer (not shoWn), pinned layer 14 
(usually a tri-layer that acts as a synthetic AFM, but shoWn 
here as a single layer), a non-magnetic spacer layer 15 (Which 
Will be discussed furtherbeloW), a free layer 16, and a capping 
layer 17. 
[0005] When the free layer is exposed to an external mag 
netic ?eld, the direction of its magnetiZation is free to rotate 
according to the direction of the external ?eld. After the 
external ?eld is removed, the magnetiZation of the free layer 
Will stay at a direction, Which is dictated by the minimum 
energy state, determined by the crystalline and shape anisot 
ropy, current ?eld, coupling ?eld and demagnetiZation ?eld. 
If the direction of the pinned ?eld is parallel to the free layer, 
electrons passing betWeen the free and pinned layers, suffer 
less scattering. Thus, the resistance at this state is loWer. If, 
hoWever, the magnetiZation of the pinned layer is anti -parallel 
to that of the free layer, electrons moving from one layer into 
the other Will suffer more scattering so the resistance of the 
structure Will increase. The change in resistance of a spin 
valve is typically 5-15%. 
[0006] In the foregoing discussion it Was tacitly implied 
that non-magnetic spacer layer 15 is a homogenous layer of a 
single conductive material. In the CCP (current con?ned 
path) design, the spacer layer is actually a trilayer of tWo 
conductive layers (such as copper) With a very thin insulating 
layer betWeen them. The latter is typically betWeen about 5 
and 15 Angstroms thick and includes a limited number of 
metal paths Within itself. Thus, current through the spacer 
layer is con?ned to those areas Where the tWo conductive 
layers contact one another via these metal paths (shoWn sche 
matically in FIG. 1 as the hatched areas Within layer 15). 
[0007] As can be seen in FIG. 2a, layer 15 is formed by ?rst 
laying doWn copper layer 21 folloWed by AlCu layer 22. 
Through the addition of several novel features the technology 
for manufacturing CCP-CPP GMR has been greatly 
improved. HoWever, there remains some concern With regard 
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to electromigration (EM) in these CCP-CPP GMR devices. 
The present invention discloses a variety of Ways to overcome 
this problem. 
[0008] A routine search of the prior art Was performed With 
the folloWing references of interest being found: 
[0009] US. Pat. No. 6,560,077 (Fujiwara et al) teaches that 
a current-con?ning path is formed in an insulating layer of a 
GMR-CPP. US. 2005/0002126 (FujiWara et al) discloses a 
current-con?ning layer structure formed of a conductor and 
an insulator. The conductor may be Al, Mg, Cr, Cu, etc. US. 
2005/0152076 (Nagasaka et al) teaches that oxidation of an 
magnetic layer results in a current-con?ning effect. Oxidation 
of a magnetic intermediate layer such as CoFe betWeen tWo 
layers of Cu is taught. US. 2005/0094317 (Funayama) and 
2005/0052787 (Funayama et al) shoW a current control region 
comprising AlOx and Cu. Mg or Cr could be used With a 
copper content of 1% to 50%. 
[0010] US. 2004/0190204 (YoshikaWa et al) shoWs an 
intermediate layer comprising Cu/oxidiZed AlCu/Cu Where 
AlCu is oxidiZed by IAO. U.S. 2003-0053269 (Nishiyama) 
teaches that a non-magnetic layer functions as a current con 
?ning layer. This layer may be Al203, Si02, or Ta02. U.S. 
2005.0122633 (N oWak et al) describes forming current-con 
?ning paths in the MR stack. 

SUMMARY OF THE INVENTION 

[0011] It has been an object of at least one embodiment of 
the present invention to provide a CCP CPP GMR device that 
has good electromigration robustness. 
[0012] Another object of at least one embodiment of the 
present invention has been to provide a method for forming 
said device. 
[0013] These objects have been achieved by modifying the 
current con?ning structures, that are presently in use, through 
the addition of magnesium. In one embodiment the alumina 
layer, in Which the current carrying copper regions are 
embedded, is fully replaced by a magnesia layer. In other 
embodiments, alumina is still used but a layer of magnesium 
is included Within the structure before it is subjected to ion 
assisted oxidation. 
[0014] Since magnesium is an excellent oxygen getter, it 
Will take excess oxygen aWay from AlOx and thereby prevent 
the copper from being oxidiZed. Also, Mg insertion at the 
AlCu layer breaks the groWth pattern of the AlCu so the ?nal 
stress state Will be much different from that of a pure alumina 
layer. All these factors contribute to the electromigration 
robustness improvement provided by the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 illustrates a typical CCP CPP GMR device of 
the prior art. 
[0016] FIGS. 2a and 2b shoW the basic process used to form 
the CCP region of FIG. 1. 
[0017] FIG. 3 shoWs a ?rst embodiment of the invention. 
[0018] FIG. 4 shoWs a 2nd embodiment of the invention. 
[0019] FIGS. 5a and 5b shoW tWo more embodiments 
Which are variations of FIG. 4. 
[0020] FIGS. 6 and 7 display experimental data that con 
?rm the effectiveness of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] In FIG. 211 We illustrated the initial steps of the 
constricted path formation process. As part of the present 
invention, this is noW folloWed by a PT (pre-treatment) step 
that typically comprises exposure to anArplasma etch (20 w, 
50 sccm) for about 40 seconds. After PT, the structure is 
subjected to IAO (ion assisted oxidation) Which typically 
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comprises exposure to a 27 W plasma in a mix of 50 sccmAr 
and 1 sccm of 02 for about 30 seconds. 
[0022] As a consequence of the IAO step, former layer 22 
can be seen in FIG. 2b to noW comprise multiple regions of 
alumina 23 that surround relatively pure copper regions 24 
Within Which current ?owing betWeen the top and bottom 
conductive leads Will noW be con?ned. At the completion of 
the IAO step, a second copper layer is deposited. This is 
shoWn as 21b in FIG. 2b Where the original layer 21 is des 
ignated as 21a. 
[0023] As discussed earlier, an AlCu layer has been rou 
tinely incorporated Within our CCP-CPP GMR structures. 
After the AlCu deposition, this layer Was exposed to oxygen 
by means of the PT/IAO process Which resulted in the forma 
tion of an alumina layer, in Which Were embedded regions of 
free copper that provided the desired con?ned current paths. 
A1203 is, hoWever, knoWn to be amorphous under the above 
formation conditions suggesting that it Would not provide a 
good template for Cu crystalline groWth. This, in turn, leads to 
a deterioration of the EM robustness and thus introduces a 
reliability problem. 
[0024] MgCu alloy, on the other hand, Will form a current 
con?ning path in MgO through Cu metal segregation folloW 
ing similar PT/IAO treatments of deposited MgCu. Magnesia 
has been demonstrated to provide a crystalline barrier With a 
very large dR/R ratio (speci?cally for the TMR (tunneling 
magnetoresistance) case). Upon oxidation by the PT/IAO 
process and post-annealing, it provides a crystalline template 
suitable for Cu crystalline groWth. It folloWs that the CPP EM 
robustness Will also be greatly improved. 

I“ Embodiment 

[0025] Referring noW to FIG. 3, We shoW there a ?rst 
embodiment of the invention. Starting With magnetically 
pinned layer 14, copper layer 2111 is deposited thereon. This is 
folloWed by the deposition of a MgCu alloy layer on layer 
21a. This MgCu layer has a composition of Mg(l-x)Cu(x) 
Where x ranges from about 5 atomic % to about 60 atomic %. 
It has a thickness betWeen about 5 and 15 Angstroms. 
[0026] NoW a pre-treatment by a loW poWer plasma etch is 
provided Which is folloWed by ion assisted oxidation in a 
mixture of argon and oxygen. As a result of these treatments, 
the contents of this MgCu layer segregate themselves into 
regions 33 of relatively pure magnesia and relatively pure free 
copper 34, the latter becoming the con?ned paths through 
Which current Will have to How When traversing the device. 
[0027] The method ends With the deposition of a second 
copper layer 21b on copper-magnesia layer 33, folloWed by 
the deposition of magnetic free layer 16. Copper layers 21a 
and 21b each have a thickness betWeen about 1 and 7 Ang 
stroms. 

2”d Embodiment 

[0028] Referring next to FIG. 4, shoWn there is loWer cop 
per layer 21a on Which is deposited AlCu alloy layer 22a. As 
a key feature of the invention, this is folloWed by the deposi 
tion of pure magnesium layer 41 onto Which is deposited 
(second) AlCu alloy layer 22b. This structure is then sub 
jected to the PT/OIA treatment Which Was described above 
resulting, as before, in the segregation of the AlCu into 
regions of alumina and free copper. Also as before, this is 
folloWed by the deposition of second copper layer 21b. 
[0029] The presence of magnesium as a ‘dopant’ in the ?nal 
structure ensures the needed level of crystallinity of the alu 
mina that surrounds the copper paths through it. 

3rd and 4th Embodiments 

[0030] Referring noW to FIGS. 5a and 5b, these embodi 
ments are similar to the 2'” embodiment except that the mag 
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nesium layer is located either above the AlCu layer (FIG. 5a) 
or beloW it (FIG. 5b), rather than in the middle of it (FIG. 4). 
[0031] The net result after the PT/IAO treatments is similar 
to that obtained in the 2'” embodiment. 

EXPERIMENTAL VERIFICATION 

[0032] Since the Mg is an excellent oxygen getter, it Will 
take the excess oxygen aWay from the AlOx and prevent Cu 
from being oxidiZed. Also, Mg insertion at the AlCu layer 
breaks the groWth pattern of the AlCu so the stress state Will 
be much different after PT/IAO. All these factors contribute to 
the EM robustness improvement as We subsequently con 
?rmed through experiments With CPP Wafers. 
[0033] As shoWn in FIGS. 6 and 7, CPP dR/R (% ampli 
tude) and CPP R (resistance) remain almost unchanged after 
150 hours of EM test under 130 mV at 120% C. The structures 
used for these tests Were: 

[0034] Ta10/Ru10/IrMn70/Fel0% Co8/Fe70% Co9/ 
Fe10% Col 5/Ru7.5/Fe70% Co 12/Cu2/Fe70% Co12/Cu5.2/ 
AlCu3/Mg3/AlCu3/PT(20 W50 sccm35s)/IAO(27 W 
Ar/O:35/0.56 40s)/Cu3/Fe25% Co20/Ni90% Fe28/Ru10/ 
Ta60/Ru30 

What is claimed is: 
1. A method to form a current con?ning path as part of a 

CPP GMR device, comprising: 
providing a magnetically pinned layer and depositing 

thereon a ?rst copper layer; 
depositing a ?rst layer of AlCu alloy on said-?rst copper 

layer; 
depositing a layer of magnesium on said ?rst AlCu layer; 
depositing a second layer ofAlCu alloy on said magnesium 

layer; 
folloWing a pre-treatment, subjecting said Mg and AlCu 

layers to ion assisted oxidation Whereby said AlCu lay 
ers segregate into regions of alumina and free copper; 

depositing a second copper layer on said second copper 
alumina layer, Whereby current ?oW betWeen said ?rst 
and second copper layers is con?ned to said regions of 
free copper; and 

depositing a magnetically free layer on said second copper 
layer. 

2. The method of claim 1 Wherein said AlCu alloy layers 
have a total thickness of betWeen 0 and 15 Angstroms. 

3. The method of claim 1 Wherein said magnesium layer 
has a thickness betWeen about 1 and 15 Angstroms. 

4. A method to form a current con?ning path as part of a 
CPP GMR device, comprising: 

providing a magnetically pinned layer and depositing 
thereon a ?rst copper layer; 

depositing a layer of magnesium on said ?rst copper layer; 
depositing a layer of AlCu alloy on said magnesium layer; 
folloWing a pre-treatment, subjecting said Mg and AlCu 

layers to ion assisted oxidation Whereby saidAlCu layer 
segregates into regions of alumina and free copper; 

depositing a second copper layer on said second copper 
alumina layer, Whereby current ?oW betWeen said ?rst 
and second copper layers is con?ned to said regions of 
free copper; and 

depositing a magnetically free layer on said second copper 
layer. 


