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Table I. Atomic, weight, volume percent of Ir:Mn, and sheet resistance R; (€2) changes depending on the inserted Mn layer thickness.

Inserted ?g tickness 0.0 03 045 06 09 12 15 18

, Ir 21.84 21.25 2096 20.66 2007 19.48 18.89 18.30
Atomic %

Mn 78.16 7875 79.04 79.34 79.93 80.52 8111 81.70

, Ir 49.44 4855 4810 4765 46.76 45.87 4497 44.08
Weight %

Mn 50.56 5145 51.90 5235 53.24 5413 55.03 55.92

Volum % (vol% Mn) 75.57 76.22 76.54 76.86 7750 78.11 7873 79.32

Shee; re(sg)‘ance 102.15 102.91 105.32 9978 96.49 97.18 95.83 91.01
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Fig. 1. Schematic structure of the glass/Ta(50 A)/NiFe(60A)
[I'Mn’5 A)-Mn(1)],¢/IrtMn(5 A )/CoFe(40 AYTa50 A) films: The
inserted Mn layers have six different thicknesses such as: 0, 0.3, 0.6,
€9,12,15and 1.8 A.
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(orange peel coupling)e] ¢-ASl ¥l & H,,, H, I}E
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Fig. 2. XRD patterns for the glass/Ta(50 A)/NiFe(60 A)/[ItMn(5 A)-
Mn()],0/IrtMn(5 A )/CoFe(40 A)/Ta(50 A) films: Mn (t=0, 0.3, 0.9,
1.8 A).
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Fig. 3. MH-loops and MR curves for the (a)} as-deposited and (b) post-
annealed glass/Ta(50 A)/NiFe(60 A)Y[IMn(5 A)>Mn(0.9 A)ly
IrtMn(5 A)/CoFe(40 A)/Ta(50 A) film. The annealing conditions are
the staying time of 2 hrs at annealing temperature of 250 °C, base
vacuumn pressure of 3 X 107 Torr, and under the field of 1 kOe. The
MR curves are measured by four-probe method at room temperature.
The Hyer, Hic, Hyr, and Hy, are noted in the corresponding MH-loops
and MR curves,

[(111)CoFe, NiFel/(11DIMn; Zhe Gxale% 350 °C71A]
GEEA AT I ole] EAHRE 450 °collA F4
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Fig. 4. Annealing effects of (a) H\. and Ha, H,. and Hy, (b) X-ray
peak ratios of fcc (111)CoFe, NiFe/(111)IrMn; and sheet resistance
(R,) for the glass/Ta(50 A)NiFe(60 AY[IrMn(5 A)-Mn(0.9 A)ly/
IrMn(5 A)/CoFe (40 A)/Ta(50 A) film.
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ol oJgh Wk Bk mol] WEIAMIA] (11D)IMnsdS] §
A Yebddar B 4 Qlokh Fig 4y A7 Mg 09
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Fig. 5. 3D AFM images of (a) as-deposited and post-annealed
samples at (b) 250 °C, and (c) 350 °C for the glass/Ta(50 A)/NiFe(60
AYEMR(G5 A)XMn(0.9 A)L/IMnG A)CoFe(d0 A)YTa50 A) films.
The scan area was 0.7 um X0.7 pm. The values of Ry, for each
sample were noted in the right side.
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2l 1.1~12 ASE Z0)E Bol3t o] IAFU. €A
g 2% &EI= R, & ALE B, EXd 2%
250 °CollMe vt Uloll 243k Mn 4o Qlsle] 2
7re) AEARNE ZASKAL, 2R 2 FAY 5 A
50] Rt 2748 o2 AIREATHS, 10). 8 NOLEFE
o) 83t ALuALE 2wy vl FHAR Y|V} s
o]{16], 350°C oY ule A3 EA] AH o &7 4t
27} AEES sl Fo] B I A8lEo] Fo] B
o o)F3AY Bojx Wi vlHTRe Wbt 87
2718 247 sl shtel Keleg Algdh. o224 HF
o] dAjE] exoA BRo] JskeE H=7F A% Mn HA
t F2 2% 239 Age] AAET AEEr} ol 2g
AR WE Mn 3} o5 A} AE CoFedo] AMISA
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Fig. 6. Mn content dependence of the exchange coupling fields H.,
(filled triangles) and H,,, (filled circles) for the as-deposited (solid
line) and post-annealed (dotted line) glass/Ta(50 A)/NiFe(60 A
[Mn(5 A)-Mn(t)],¢/EEMn(5 A)/CoFe(40 A)/Ta(50 A) films as a
functicn of the volume percent of Mn(t). The annealing treatment was
2 hrs at 250 °C. The arrows are guides for the change from as-
deposived to after annealing state.
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The magnetic and thermal properties of NiFe/[ItMn-Mn)/CoFe with Mn additions have been studied. As-deposited CoFe pinned
layers with [IrMn-Mn]layer had dominantly larger exchange biasing field (H,.) and blocking temperature (73) than those with pure
Ir;,Mny5 used. The H,, and T, improved with 76.8-78.1 vol% M, but those of the NiFe/ItMn/CoFe dropped considerably with more
addition of 0.6 vol % Mn. The average x-ray diffraction peak ratios of fcc [(111)CoFe, NiFel/(111)IrtMn; textures for the Mn inserted
total vol of 75.5, 77.5, and 79.3% were about 1.4, 0.8, and 0.6, respectively. For the sample without Mn inserted layer, the H,, between
I'Mn and CoFe layers was almost zero, but it increased to 100 Oe after annealing of 250 °C. For as-grown two multilayers samples
with ultra-thin Mn layers of 77.5 and 78.7 vol %, the H...s were 259 and 150 Oe, respectively. In case of IrtMn with 77.5 vol% Mn, the
H,, was increased up to 475 Oe at 350 °C but decreased to 200 Oe at 450 °C, respectively. The magnetic properties and thermal
stabilities of NiFe/[IrMn-Mn]/CoFe multilayer were enhanced with Mn additions. In applications where higher H., and T, are required,

proper contents of Mn can be used.

Key words : NiFe/[IrMn-Mn)/CoFe multilayer, exchange coupling field, Mn content, vol% Mn, thermal stability.




