
United States Patent [19] 
Heim et al. 

l|ll|||||l|l|l|l|llllllllllIlllllllllllllll||l|llllllllllllllllllllllllllll 
USOO5465185A 

5,465,185 
Nov. 7, 1995 

[11] Patent Number: 

[45] Date of Patent: 

[54] MAGNETORESISTIVE SPIN VALVE SENSOR 
WITH IMPROVED PINNED 
FERROMAGNETIC LAYER AND MAGNETIC 
RECORDING SYSTEM USING THE SENSOR 

[75] Inventors: David E. Heim, Redwood City; Stuart 
S. P. Parkin, San Jose, both of Calif. 

[73] Assignee: International Business Machines 
Corporation, Armonk, NY. 

[21] Appl. No.: 139,477 

[22] Filed: Oct. 15, 1993 

[51] Int. Cl.6 ...................................................... .. G11B 5/39 

[52] US. Cl. ................... .. 360/113; 324/207.21; 324/252; 
338/32 R 

[58] Field of Search ........................ .. 360/113; 338/32 R, 
338/32 H; 324/252, 207.21 

[56] References Cited 

U.S. PATENT DOCUMENTS 

4,949,039 8/1990 Grunberg .............................. .. 324/252 

5,134,533 7/1992 Friedrich et a1. . . . . . . . . . .. 360/113 

5,159,513 10/1992 Dieny et a1. . . . . . . . . . . . . . . .. 360/113 

5,206,590 4/1993 Dieny et al. . . . . . . . . . . . . . . .. 324/252 

5,287,238 2/1994 Baumgart et al. .... .. 360/113 
5,301,079 4/1994 Cain et al. . . . . . . . . . . . . . . . . .. 360/113 

5,304,975 4/1994 Saito et al. ...... .. 338/32 R 

5,313,186 5/1994 Schuhl etal. 338/32R 
5,315,468 5/1994 Lin et a1. . . . . . . . . . . . . . . .. 360/113 

5,341,261 8/1994 Dieny et a1. .......................... .. 360/113 

OTHER PUBLICATIONS 

Binasch et al., “Enhanced Magnetoresistance in Layered 
Magnetic Structures with Antiferromagnetic Interlayer 
Exchange”, Physical Review B, vol. 39, No. 7, Mar. 1, 1989, 
pp. 4828-4830. 
Dieny et al., “Change in Conductance is the Fundamental 
Measure of Spin-Valve Magnetoresistance”, Applied Phsy 
ics Letters, vol. 61, No. 17, Oct. 26, 1992, pp. 2111-2113. 
Dieny, “Quantitative Interpretation of Giant Magnetoresis 
tance Properties of Perrnalloy-based Spin-Valve Struc 
tures”, Europhysics Letters, vol. 17, No. 3, Jan. 14, 1992, pp. 
261-267. 

CURRENT 
SOURCE 

Dieny, “Classical Theory of Giant Magnetoresistance in 
Spin-Valve Multilayers: Influence of Thickness, Number of 
Periods, Bulk and Interfacial Spin-dependent Scattering”, 
Journal of Physics: Condensed Matter, vol. 4, 1992, pp. 
8009-8020. 
Dieny et al., “Giant Magnetoresistance in Soft Ferromag~ 
netic Multilayers”, Physical Review B, vol. 43, No. 1, Jan. 
1, 1991, pp. 1297-1300. 
Levy, “Giant Magnetoresistance in Magnetic Layered and 
Granular Materials”, Science, vol. 256, May 15, 1992, pp. 
972-973. 
Parkin et al., “Giant Magnetoresistance in Antiferromag 
netic Co/Cu Multilayers”, Applied Physics Letters, vol. 58, 
No. 23, Jun. 10, 1991, pp. 2710-2712. 

(List continued on next page.) 

Primary Examiner-—Stuart S. Levy 
Assistant Examiner—George J. Letscher 
Attorney, Agent, or Firm—Thomas R. Berthold 

[57] ABSTRACT 

A spin valve magnetoresistive (MR) sensor uses a multi?lm 
laminated pinned ferromagnetic layer in place of the con 
ventional single-layer pinned layer. The laminated pinned 
layer has at least two ferromagnetic ?lms separated by an 
antiferromagnetically coupling ?lm. By appropriate selec 
tion of the thickness of the antiferromagnetically coupling 
?lm, depending on the material combination selected ‘for the 
ferromagnetic and antiferromagnetically coupling ?lms, the 
ferromagnetic ?lms become antiferromagnetically coupled. 
In the preferred embodiment, the pinned layer is formed of 
two ?lms of nickel-iron (Ni—Fe) separated by a ruthenium 
(Ru) ?lm having a thickness less than approximately 10 A. 
Since the pinned ferromagnetic ?lms have their magnetic 
moments aligned antiparallel with one another, the two 
moments can be made to essentially cancel one another by 
making the two ferromagnetic ?lms of substantially the 
same thickness. As a result, there is essentially no dipole 
?eld to adversely aifect the free ferromagnetic layer, which 
improves the sensitivity of the sensor and allows higher 
recording density to be achieved in a magnetic recording 
data storage system. 
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