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Ni films on Ni films on GaAsGaAs (001) - Effect of pH  (001) - Effect of pH 
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With decreasing pH: 
• Anisotropy changes
   from uniaxial to
   fourfold
• The easy axis moves
   from <110> to <100>

In-plane
remanence curves
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Ni (001)//GaAs (001)
Ni [110]//GaAs [100]

Ni (011)//GaAs (001)
Ni [111]//GaAs [110]
(4 variants)

In Plane:

  4 mAcm-2, 31 nm
• Two eptaxial releationships seen 
• Ni (200) peak increaes
  with decreasing pH. Simulations
  show this is consistent with the
  changes seen in the remanence

Crystalline Structure (XRD)Crystalline Structure (XRD)
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Ni on GaAs (001)Ni on GaAs (001)
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• Small four fold magnetic anisotropy
• Easy axes along GaAs ~[100] 

NiNi//GaAsGaAs (001) : Magnetic Properties (1) (001) : Magnetic Properties (1)
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pH 2.5
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• Anisotropy decreases 
  with increasing thickness
• Resistance measurements
  suggest little intermixing
  at the interface

Ni/GaAs (001) : Magnetic Properties (2)Ni/GaAs (001) : Magnetic Properties (2)
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Ni(111)//GaAs(011)
  Ni[110]//GaAs[110] ~

3.5mAcm-2, 31nm
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Crystalline Structure (XRD)Crystalline Structure (XRD)
Ni on GaAs (011)Ni on GaAs (011)

Out of plane: In Plane:
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Ni films on GaAs
(011) show only a
single epitaxial
relationship
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31nm Ni on (011) GaAs

NiNi//GaAsGaAs (011) : Magnetic Properties (1) (011) : Magnetic Properties (1)
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• Uniaxial anisotropy
• Independent of pH (2-3)
• Easy axis ~ along GaAs [100] 
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Ni-Crystalline Structure (XRD):
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èè Epitaxial relationship  Ni(111)[110] // GaAs(011)[110]
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Co-Crystalline Structure (XRD) (1):
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Co-Crystalline Structure (XRD) (2):

èè mixture of fcc and hcp phases confirmed by NMR

In plane

FeNi: both perpendicular and in-plane XRD scan do not 
show any clear peaks besides GaAs (011). 

-180° -90° 0° 90° 180°
0

5

10

15

20

25

75.6° 280nm

C
o

u
n

ts

ΦΦ

Co fcc (220) or hcp (110)

190 200 210 220 230 240

0

20

40

60

80

FCC HCP

 Co-GaAs [011]
30 nm3.5ma/cm2 60 secs

 

 

S
p

in
-E

ch
o

 In
te

n
si

ty
 (

a.
u

.)
frequency (MHz)

NMR



Center For Materials For Information Technology
An NSF Materials Research Science and Engineering Center

Center For Materials For Information Technology
An NSF Materials Research Science and Engineering Center

Co-Crystalline Structure (XRD) (2):

èè mixture of fcc and hcp phases confirmed by NMR

TEM

FeNi: both perpendicular and in-plane XRD scan do not 
show any clear peaks besides GaAs (011). 
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Magnetic Properties (1)
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•Ni film exhibit a larger HK value (950 Oe) than anisotropy normal to
crystalline anisotropy, which would be ascribed to stress

•Co films keep its anisotropy even for large thicknesses (>250nm) and
so does Ni (up to 90nm for the range studied).


