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Abstract Effects of annealing and thickness of Co layer in Co/IrMn bilayers on the magnetic properties have
been investigated. The highest interfacial exchange coupling energy(Jx = 0.12 erg/em?) was obtained for 10 nm
Co layer thickness. Exchange bias field is inversely proportional to the magnetization, the thickness of the
pinned layer, and the grain size of antiferromagnetic layer. Also it is related to the interfacial exchange energy
difference, which is expected to depend on the surface roughness. These results almost agree with the random-
field model of exchange anisotropy proposed by Malozemoff."* Exchange bias field decreased slowly with
increasing annealing temperature up to 300°C. However, exchange bias field increased above 300°C.
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Fig. 1. (a) Hysteresis loops, (b) dependence of H,, and M; on

the Co layer thickness of as-deposited Si/Ta(S nm)/Co(t nm)/
IrMn(10 nm)/Ta(5 nm) films.
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Fig. 2. Dependence of log(H.,) on log(Co thickness) for as-
deposited Si/Ta(5 nm)/Co(t nm)/IrMn(10 nm)/Ta(5 nm) films.
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Fig. 3. Dependence of interfacial exchange coupling energy on

the Co layer thickness of as-deposited Si/Ta(5 nm)/Co(t nm)/
IrMn(10 nm)/Ta(5 nm) films.

3.0 0.25
254 :l /
F0.20 <
p—
E ki
~ 201 E)
g L
0
R F0.15 <
1.54
‘_/
1.0 T T T 0~10
8 9 10
Co thlckness (nm)

Fig. 4. Dependence of R,y and interfacial energy difference on
the Co layer thickness of as-deposited Si/Ta(5 nm)/Co(t nm)/
IrMn(10 nm)/Ta(5 nm) films.

60 -

554

[4

H (Oe)

50

45

40 T T T T T v T T T T
4 5 6 7 8 9 10

Co thickness (nm)

Fig. 5. Dependence of coercivity on the Co layer thickness of
as-deposited Si/Ta(5 nm)/Co(t nm)/IrMn(10 nm)/Ta(5 nm)
films.



450 AR -

nm) ThEEteelA 2ol me XA gde) A A0
o AR ZFOA FCC AT EE 7}Xl~t— IrMn¢]
(111) 318 Ho] 41° F2)x) F8lap] b, Axpd
(e 0378 nm At} Fig. 6(2)°14 B%o] CoZzel F
A7E AnmE R ghe Aol 3dado] FEish o
el 2] kA, Fig. 6(b)ollAeE 2ol CoZol 77t
10 nmZ F7¢ Z5ole Co(111) o] 44° 2o
A FEEATE Cov URMHLR oF 400°C ols}olA
HCPZ, 2 o4 &xo)x FCCE EAjsht, B uhat
ANge| ALl a7t 0354 nmE FCC AR 1LZE 71X
= 2o vkl 283 400°C7HA] EAEEke F
ek AdeA BT F e FE5T SEEClY Co %
24 %] FCColA] HCPR 2] st 52 XA 34w
o2E #EFY F A%

IN'
Oud

4 (39l act Thes o) FHT 4 Un)
4z)
Ac = — 4
N ral 4
A71A ze ARe] 4 7)o ol AR s
Foli, B 7HE 2AHT A Ame we Zded

=
2 T=400°C
5
Z T=300°C
wn
g |
E T=200°C

: As-deposited|

% 38 0 £ H 46 48 30
26 (degrees)
(a)tco=4nm
IrMn (111) | "Co (111)

—
=
E T=400°C
=
[
s
> T=300"C)
e 1
2
] | T=200°C
-
=

3% 38 0 £ H 46 48 50
26 (degrees)
(b)te,=10nm
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