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Thin films of CoNiCr alloy have been developed for high density magnetic recording media. The films
were obtained by the DC magnetron sputtering system; the sputtering conditions were changed to optimize
the high coercivity, high saturation magnetization and high squareness ratio.

In the present study, the application of DC bias voltages to substrates has been found to improve the coer-
civity and squareness ratio drastically. The improvement of these magnetic properties by the substrate bias
voltages can be explained qualitatively by the shape magnetic anisotropy of magnetic layers in grain struc-
tures.

The following results were obtained from a series of our experiments: magnetic properties: He, 1400 [Oe];
Mr*3, 47 [nm-TJ; S, 92 [%]. Signal to noise ratio, 31 [dB]; normalized playback voltage, 44 [nV]; resolution
at 5.00/1.25 [MHz]; 60 {%] have been achieved at recording density of 32 KFCPL
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Fig. 1. Schematic configration of magnetic head and magnetic recording media.
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Fig. 2. Cross section of magnetic recording media

used in this study.
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Table 1. Standard Conditions.

Cr underlayer CoNiCr layer

Thickness 2000 [A] 500 [A]

Sputter Rate 2 [A/S] 3 [A/S]
Substrate temperature 150 [°C]
Substrate bias voltage —300 [V]
Argon gas pressure 10 [mtorr]
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Fig. 5. SEM photographs of surface grain struc-
ture, (a) with Cr underlayer 2000[A], (b)
with Cr underlayer 5000[A].
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Fig. 6. Schematic illustrations of grain structure.

(a) Relative thick magnetic layer.

(b) Relative thin magnetic layer.

(¢) Superparamagnetic region.
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Table 2. The Conditions of Temperature Experiment

Cr underlayer CoNiCr layer

Thickness 3000 [A] 450 [A]

Sputter Rate 2 [A/S] 2.5 [A/S]
Substrate bias voltage —500 [V]
Argon gas pressure 10 [mtorr]

H, Z#EWRED ER & & BIcBd T2 HRICH D,
Eh, My%d, S, Sk FERRED EFEEbickELl
7%, Fig. 8 iz, Tsub 2=iR & 250°C TR L+
v INDFEEDO SEM EHERT,SEM FHICX 5 L,
Tsub AMEVEHZIZ 7 LA VoA E S Th Y,
Tsub 2"EVCEKHZIE S VA UV BTH D Z Loy
DD,

UEoz e, Tsub pMEVRRHZIZ 7 v A oK &
<, WHEBOBADETENKEL, T LA Vo
MAEMFRAbICCEnD, BEXKARL2EV2LT
H K&y, MBI NI 25EEL 005,
F70 Tsub HEVGEHTIE 7 LA U NEL Btk - T
VBRI EmE, FuA CRIOHEEIERLEC oD DR
SV YT, H 3 &<sbn S Sk nkx
{lgdbELZ N5,

(3) B/ 7 ABREEKFY

Fig. 9 Iz, SUSHEHEOEIR A1 7 2 BHEKRGEN %
¥, Co-20Ni-5Cr DfH:fE &R\ Table 3 X 57
T ot AL T 2ABIE (ERET—2 LD
BOBE) i, 0[VI~—500[V] DI TEL I,

IR T B ICERANTARKEL TS
&, Hy, M6, S, Sx o3 _CrmtTs, 20k’
WEFICAD AL 7 ABEREMT A2 LICE Y, 7o
A7 DT Z IR ICDENICH LS b5 2 &4
SEOERTH G E 7 - 1,

SEM EE (Fig. 10) it X% &, A 7 ABEMNE W
FEET LA UBRELSBITR T B I LRG0 b, &
DI EWCDVWTOEEE, BOBETHLOGRRS,

(4) 7udrH2AEEFN

Fig. 11 i, ARV FROT LI EDBLAIT L B
FHSPHEOEL 23T,

= DEEET Co-20Ni-5Cr # M\, Table 4 © X 5 7%
EETITR T, TITUHAER, 5~15[mtorr] @
#if TEAL S B,

TNITUH2AEE®/ST2E H WREL B0,
M%6, S, Sk H/PNEL 2B LD B,

KT1S53=1 BOEGC T=25

KT454-2 @DEG T=258

1Ky

(b)

Fig. 8. SEM photographs of the film deposited (a)
at room temperature, {b) at 250°C.

—HRIZ RNy FHRAENERE, Aoty SR
BAARF (T2 y) WHELENZHE, E R TR
SHRNT v F Mt b, ZORBR, REDE LT
RA PO ELT < 5D (Fig. 12(a)), ZDOH4A,
WML 7 VA o CHNLINC e b, EEAVIE S L
A CEOHEFEH G585, ZOkdic H kit
B0 Mokd iZ/ha<ieh, SHKBHIARLHE L5
Lk, S, Sk I RBEELOND, Mt T2
FEMEN & 77 v A BT 72 9 (Fig. 12(b)), 7 v A >
BOBHIEEZ LY, &7 v4 DR Ui —FKEE L
RF LB, Tl H THEH/NEL a0
M;x6, S, S* WAEL< n3LE2 b5,

(5) CoNiCr MERICLPWTIEFHENE L

Fig. 13 iz CoNiCr B» Cr »&E B X 2 B
(H, M, 6) oBETRT, Ay #2441, FERT
WLTHRBE LD TH B,




lAlD{}’L

12001

Coercivity [Oe)

B —WEHRS

F3% 15 (1990)

59

L | |

1] ~200 —400 —600
Bias Voltage (V)
(@)
5
g
=
w
&
=
5 @
L e T
£ 50+ 10 O]
g //f
*
o (C
=t
w
N
‘;éo 40 -
<
=
I
=
g
=]
= T I | I
<0 —200 —400 ~600
Bias Voltage (V)

Squareness Ratio

(b)

Fig. 9.

—200 —400
Bias Voltage (V)

(c)

—600

Substrate bias voltage dependences of
magnetic properties: (a) Coercivity, (b)
(c)

Saturation magnetization, and

Squareness ratio.

(59 )

Table 3. The Conditions of Substrate bias Experiment

Cr underlayer CoNiCr layer
Thickness 3000 [A] 450 [A]
Sputter Rate 2 [A/S] 2.5 [A/S]
Substrate temperature 150 [°C]
Argon gas pressure 10 [mtorr]
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SEM surface micrographs of the film ob-
tained (a) at bias O[V], and (b) at
—500[V].
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Table 4. The Conditions of Argon Pressure Ex-
periment

Cr underlayer CoNiCr layer

Thickness 2000 [A] 450 [A]

Sputter Rate 1.8 [A/S] 2.5 [A/S]
Substrate temperature 200 [°C]
Substrate bias voltage —500 [V]
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Fig. 12. The formation of columnar structure (a)
with relative high argon pressure, (b)
with relative low argon pressure.
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Table 6. Magnetic and Recording Charasteristics.

H, M, 5 M,-6 S Sk Amp. Res. S/N

Fample” 1400 [Oe) 47 [nm-T] 51 [nm-T] 92 [%] 93 [%] 44 [nV] 61 (%] 31 [dB]
H%ZO?O? Y H;'Dj, 1220 54 59 92 91 42 51 29
15?85339_j?;, 850 65 71 91 89 31 35 22
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Table 5. Read write test conditions.
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» Test head

« Gap length 0.5 [pm]
o Track width 17.8 [um]
» Flying hight 0.15 [um]
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