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Abstract : CoPtP films with the additive elements (X=Fe, Mn) of varying concentrations were prepared by in-situ
electrodeposition to tailor their magnetic properties. Alloys of CoPtP-X (X=Fe, Mn) were synthesized by changing
the solution concentrations of Fe and Mn for electrodeposition. In the electrodeposited CoFePtP alloys, preferred
orientation of the electrodeposited films changed from hexagonal [001] to [100] direction with increasing iron contents
as revealed by X-ray diffraction, and these films exhibited various magnetic properties ranging from a typical hard
magnetic to a soft magnetic property in accordance with microstructural variations. In the case of Mn addition,
excellent hard magnetic property was observed at a specific Mn concentration of 0.0126 M in the electrolyte, with
the coercivity of 4630 Oe and squareness of 0.856 and this was attributed to the fact that magnetization easy-axis
(hexagonal c-axis) coincides with the preferred growth orientation of the film confirmed by transmission electron

microscopy.
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Fig. 1. The variation of the magnetic hysteresis loops of the
electrodeposited Co(Fe)PtP alloys with the increase of the iron
contents measured at the direction parallel(a) and perpendicular(b)
to the film plane.

Table 1. Coercivities of Co(Fe)PtP alloys according to the ferrous
ion concentrations in the electrolyte.

Ferrous ion Fe contents in alloys Coercivity (Oe)

concentration in the (at %)(measured by

electrolyte (M) EPMA) H L film H// film
0.006 43 2060 910
0.0125 7.5 820 240
0.025 13.8 470 25
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Table 2. Normalized XRD peak Intensity changes in the
electrodeposited Co(Fe)PtP alloys with variation of iron contents.

Normalized Intensity (%)

Fe contents in

alloys (at %) 1(10.0) 100.2) 1(10.1)
43 9 100 36
7.5 62 100 79
13.8 213 100 104
JCPDS 150 100 250

Increase of iron contents

Growth
direction

(a)

Growth
direction

Growth
direction

Increase of iron contents

(©)

Fig. 2. XRD peaks and resulting preferred orientation of the electro-deposited Co(Fe)PtP alloys having an iron content of (a) 4.3 at%, (b)

7.5 at%, and (c) 13.8 at%.
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Table 3. Magnetic properties of CoPtP alloys with different Mn
contents in the electrolytes.

Amount of added Mn

Coercivity (Oe)

M) (H L film) Squareness
0.0063 3890 0.709
0.0088 3776 0.671
0.0126 4630 0.856
0.0164 3854 0.717
0.0214 3831 0.701
0.0252 3870 0.716

2] Fe &S FaTo 2R A QAN A EA
7 2% AT 4 2L & F Yotk

Table 32 &9 5 Mn¢] 59| ¥zl m& CoPtP THEEHt
o] v Ao ks FAE AdAEE B3 JeEd o
Zo|t}, Table 3¢ AR Mnel Fxo] wel BAEe] ghol
3800 Oe 22 GIoA T o), & F Mno] L7}
00126 MY wle BAY ol we- A Fod A& 2 5 U
o} E3 AU AR £ 5 Mo FEe d#Egle] o
Z 07 =9 e o o), Mne) F=7} 0.0126 MY
gt 2 gl ZA kst AS #AE F Ak Fig 3ele &
B Z Mnol =] mEl CoPtP ¥ ubepiol] =apiigo g
9] z}7le|g S vlwsld YeEpUTE &4 F Mné] FE7t
0.0088 Ml HEA Mno] EE7} 00126 MY e Fhatute)
FALYFORZ) HAo] F 900 Oe T7ISIRL, ABHI= 28%
Z71E A& B & Q) ol9) e 2pF Ade] W) 24
#3lo) A 7)Q18=R F9H 37 98l EPMA(Electron Probe
Micro-analyzer) £4-% AAslG oy 240 EE= 4% 5 Mn

T 0.0126 MY ] Co:Pt:P= 85.49:12.88:1.35°]3, Mn &%
7} 00088 MY ™ Co:Pt:P= 85.55:12.73:1.722 Q23 <] Wl
A Zusisct. waEka CoPtP Trautete] WS} Ap71H &
Aol W3lE FAE dgkow, nlhERe] Wt GRE AR
34 TEM 242 AA8HA.

Fig. 4= CoPtP a9l #7134 EAdwste] 4& £4317]
Asled CoPtP F7¢ ©@H-L TEM(Transmission Electron

T N T T T T T T
OF . Mno0126M B
e Mn 0.0088 M i
05F ~
2 oo
=
05} :
1.0k rgai;xxmaaa.m“h  erssns® “ ~
1 4 i n 1 s 1

-10000 -5000 0 5000 10000
Applied Field (Oe)
Fig. 3. Comparison of the magnetic hysteresis loops of the CoPtP

films electrodeposited from the solutions containing Mn ion of

0.0126 M(O) and 0.0088 M(0J).

Fig. 4. TEM images(a, c) and correspondent electron diffraction
patterns(b, d) of the CoPtP alloys at different Mn concentrations :
0.0126 M(a, b) and 0.0088 M(c, d).
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Table 4. Indexing of the electron diffraction patterns of Fig. 4(b)
and 4(d).
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