IEEEEE D o = T kB
B B R SR ST IR Ok D IR TR

Prépération of Perpendicular Magnetic Recording

Media By Electroless Plating Method

(6385015 4)

A6 3ERHERRRENS GRFE (1))

ERR 2SI A

WERER & 58
(BREASE T2HmALEH)



T ULARE

BRI AR « RV RBORBERLALZ—DOF—F727 /) ud - LTH
WA O REHTE L MR RADE T H 205 AR, 2 MH, KE
HFEM O TAS OHEE D ORERD » S5 X AN AONGT &
M4 AT, BRI SIS RAORIHRIERBLIEZ LEENELT
w3,

BRI OTERUIIYIE (CoNiReP) ¥ 2tk F7C 5 (CoNiReMnP) 2w b &
SMIRC L O BEGBREIMET DEESER T E LA, S0 35eHk (CoNiP)iZ
& o T OREHEBRILGEN AR E B AWRO LD OHD » SIREBK L, - OREH
RSO, TR X 0 fRsk A RAKE (BT 2 L ERIBL, LY
ERERG A RSB E TINE & oA ShY TIRET L, FHEE LT, k)
BNIP b2 “TRIESE” LM ANE S, ERBENP T §#
MR RN BRI o X aasERGl o gENR o nl, THEE UTNIWPH
FRHOEEATE, FROZ 2o ESEENCEE, BORHEERENHFON
LI ENHOENE o, THbE, Fv v T7E0DBumnZn 7254+ Y
~Ny FIZL 0300kFRP1D 3R — 2 Wi TE, F v v 7E0.2 um V5 AL -
Yy o~y FIZLODso =1T2kFRPIDME O NIz, %/, THUBIRIE L300 E O Hk
HEIEAELTHBZ ENED Otz, & 6, NiMoPlE% FHE & LU BikTid, Ni
MoP Ll - & I h 2T SR oI geikgiE 1A U, 2 ofEIRE
, FHONEERAERFLELTHMTE 2 EMNWONER T, DL
Pk o K TN % SEM, TEM, RHEED, EDX #%pr43 47 (120K, S oic ke » F v 7 &I H
Uiairic kv, FERMEIERE ONIP ASFKRE 7S o T Co @Akt L
TWBIEMNHRTE, 0L BIBEIHROMULERS I LSS RILEA Y
BEHSTVBIEMNHOMEL 5 T,

BRI, DTFoLak ) v~y Fio k3 EEBREHEKOEIHHERL
AR

OWIAEIEE i SRR AR E b 729, @& CIHERFTO ¢ MBS HHESE <, »
D@F LM MEREAS YT & ZERGEHYBELE S SEERY v Iy F L
DHMAEHETRETH L EEL NS, BERRECEREE~ - TEEZER
EKEWOHAGHEDBEEANTH 2 LB ORTOLD, BEOHNHY ¥ I~y F
& bito & S A Te i IR ( 35 bR S EEREETERE T b B R T) OGS
oL > THRIFEERERUEMIE NS EEHO ML,



ARG EL, WEH6 34Eb L USERIGAEE AN AR ENIIS GURITE (D)
OB L » TUHTh N EIRORRER DD TH L,
$M%®ﬁ%ﬁu,?fﬁ?ﬁ%mﬁmzﬁiﬁb<uu@%ﬁfﬁﬁénfmé
A, AHEBC LD 202KBEERES L, BESBOMROE L L THTAEED
ThHd,

Moy MR

PRRESE : &R W ( BREEARE TR )

presiE o BIE B ( RREAFEHTERNE )

WrFesHE ¢ s BAR( ERIERFAFBHAGH TR &R )
pheaEE - I B ( EEEIEAPAFBRAITFEREMLT )
WrresE o B X ( BAEROIAELY oy MR )

IERIG 3 3500FH
SERR LA 800FH

i1

t 4300FH



SEELT BHET 4 AV RBORPAEZL D —DOF =57/ 0V —ELTH
SRR OREHCE U LM EBRNDEcH 245 AURE, 22 ME, KE
HEFEVE O TR X DHIE A B OBERYD - SR L A EEEAROEER ORI L
& oM ITY, BRI I IR O P HE A RB LSS C EEREBL LT
W5,

B R FER OTERUIPITE (CoNiReP) # 72 W H TR (CoNiReMnP) 22 /3v b &
S o FEBEREI AR BENRAR TELD, X0 358HR (CoNiP)iZ
& o CHBEMREHSTEEE S BB 2000 - SBEHRLL, CORE
BRGEEAE, T X 0 EBEARENIKRE (ELT I &ERINL, L0
ERERGNTRE AL THE L OflASOY TR L, FHEE LT, #i
BNIP ?dbhw s “JEBE X AU ANB b, FERENIP T #
PR BRI kA EEE RO wEsR O, THE & UONIWPIE
FROEEE T, EROZO0BESHENCH S, BHORHREERENEON
BIENWOMER ST, TIHDDB, Fvu TEOSSumMnln 7254+ YT
~y Fiz L O300kFRPID 3R — 2 Wi &, F v v 7E0.2 pn 2YF AL -
Y vy FizkDDso =1T2kFRPIDE S, £k, TFHUBIRE L300 O K
HWEAELTHB S ENMD ON, &5, NiloPlE4E TFHE & Uik cild, Ni
MoP Eiz® o & 32 MEBEHEEKCHIEREHEN L L, 2o BEEER
, TN HEAE T L LTHMTCE 2 EA Mo ER o, Ok BE
Pk OB ER{M % SEN, TEM, RHEED, EDX M5y H7 (12AB8%) , S ok » F ¥ 7 ZFH
Liesrdrc kb, JERIMIERE ONIP Mk &8 o etz Co& &3 kiR L
TR EDHERTE, J0X I HHENEROMLERE I UEB ek
LT BIEM O ER S,

BRI, DFOLS 7Y v~y Fiok sREBROERAO BT 2R L
720

QWA EEEE L 29, @& (WWHEFHIO ¢ PhE R E <,
DA M EASES TS 2EREMNEEE T SRR YAy F &
OHMAGHETRETH L EHBA ONS, GEERSICIEE~» F- EEJEHR
REVIHASPRBEAPTH D EBL ohTORD, BEOHNY ¥ I~y ¥
& bl & S 7 BRI ( 50 P SRR E © b B R HER) Ofla S
Ok - THORIFSEFEERESEONS Z EEWH LML,



AMEEW, W6 3Eb KOWRICAEECIREMPRE e GUREIR Q)
OB &L o UThN MR OBRRELE R DD TH 2,

KW%®ﬁ%ﬁu,?Tﬁ??%mﬁmf%ﬁéb(mm@%ﬁfﬁﬁéﬂfmé
A, AMEB L0 20KkBEERS N, BESBOPROE S L THIREED

TdhH b,

W
WhFesy ¥
WrFeor
WrFes
Whzes ¥

WFoze oMWk

{ W ( RREAFEM LR )
HoR (BRSNS )
G BBAHES( R LERERERRSHE TEV S ER )

B ( EEIEAFAZRRSIE TRRMIT )

¢ B ( BREROHRRLL b 2 FER R )

Wb & H

HEFIG 3 2ERE 3500+H
SRR TUAEE

80 0FH

p-cctia

4300FH



(1) Z&an%

The Microstiructure and Their Heat Change Behavior of Electroless Ni-Mo-P Alloy
Films,

T.0saka, I.Koiwa, M.Usuda, K.Arai, Y.Tamazaki, K.Namikawa, Proc. of Sym. on
Flectroless Deposition of Metals and Alloys, Electrochem.Soc., Proc. Vol.
88-12, 181 (1989). |

Recent Trend of Fleciroless Plated Cobalt Alloy Media for Perpendicular
Magnetic Recording,

T.0saka, H.Matsubara, Proc. of Sym, on Electroless Deposition of Metals and
Alloys, Electrochem,Soc., Proc. Vol, 88-12, 244 (1988).

Effect of Heat-Treatment on the Structure and Resistivity of Electroless
Ni-W-P Alloy Films.

I.Koiwa, M,Usuda, T.0saka, J.Electrochem.Soc., 135, N5, 1222 (1988).

Bffect of Phosphorus Content on the Magnetic and Electric Properties of
ElectrolesséNi—P Film after Heat Trearment.

T.0saka, M.Usuda, I.Koiwa, H.Sawai, Jpn.J.Appl.Phys, Vol.27,Ne10, 1885 (1988).
Recent Trend of Plated Disks for High Density Magnetic Recording.

T.0saka, H.Matsubara, S.Ueda, Proc. of Interfinish’88, 1 (1988).

Recording Characteristics of Electroless-Plated CoNiReP Films with an Inplane
Anisotropic Initial Layer,

H.Matsubara, H.Mizutani, S.Mitamura, T.Osaka, Jpn.J.Appl.Phys. Vol.27, No.10,
1895 (1988).

JEEANT -Mo-P &SR IEOEAIREE O B RIS Mo H R ORE,

BWVE, AREE, DE—mR, BEHAEX, $REERKNEHS, Vol.39, Nll, T17
(1988) .

Recent Development of Plated Magnetic Disks.

F.Goto, H.Tanaka, M,Yanagisawa, N.Shiota, M.Kimura, Y.Suganuma, T.Osaka,

Proc. of Smy. on Electrochemical Technology in Electronics, Electrochem. Soc.,

Proc. Vol. 88-23, 877 (1983).



10.

11.

12.

13.

14.

16.

17.

18,

TR - & BB B B WS — R R B R~ O JEA] -,

ENPTNE, AT BRI ke, 52, 53 (1988).

RN -No-B AREIEOTEK & 2 OB,

WY, tvie, WMEN, ¢REWMEHRNS, Vol.39, Nl2, 778 (1988).
Perpendicular Recording Characteristics and Microstructure for Electroless
Plated CoNiReP Flexible Disks with a NiMoP Underlayer.

H.Matsubara, H.Mizutani, S.Mitamura, T.0saka, F.Goto, IBEE Trans. Magn.,
Vol. 24, No. 6, 3018 (1988).

MBMCoS S MM T H HERTEELD 120 O - STHORA,

Ay, FBR—, SR, AR, Vol.40, No 1, 140 (1989).

B EM RIS Y 5% o Sl IERIRD » SRR S LA TS « 22 &I
~w B,

By, YR, S B4, B3 B, 417 (1989).

Transmission Electron Microscopic Study on Electroless Plated Nickel-
Molybdenum-Phosphorus Alloy Film.

T.0saka, K.Arai, Y.Yamazaki, T.Osaka, Jpn.J.of Appl. Phys. Vol.28, No 2, 229
(1989) .

. STM Observation of Electroless-Plaied Cobhalt Alloy Thin Films.

T.0saka, T.Homma, K.Itaya, S.Sugawara, Jpn.J.Appl.Phys. Vol.28, No.3, L465
(1989) .

Structural Control of Bleciroless-Plated Magnetic Recording Media by
Underlayers.

H.Matsubara, M.Toda, T.Sakuma, T.Homma, T.Osaka, J.Electrochem.Soc.,Vol.136,
No.3, 753 (1989).

R C o N i R e PHIROIRHAK & BRI AT

IRV, AR, RS, LBREAER, G R BAREEERFS HI1E
2%, 85 (1989).

WEMCoNiRe PN i WP ZHEE ORI HAERM

AR B WA R WP, EWYE sCs, BARRARIRS S, W13
#2495, 153 (1989).



19.

20.

21.

22.

23.

24.

25.

26.

27.

Transmission Electron Microscopic Study of Electroless Nickel-Molybdenum-
Boron Alloy Films,

T.0saka, K.Arai, N.Masubuchi, Y.Yamazaki, T.Namikawa, Jpn.J.Appl.Phys.,28,
No.5, 866 (1989).

BRI - & Pz & 2 BAEVE IR — SRR M B~ O TS —

RNV, BVEL A%, SkeWW BUSR, 75,1112 (1989).

Flectroless-Plated Perpendicular Recording Flexible Media

with an In-Plane Anisotropic Initial Layer.

H.Matsubara, S.Mitamura, K.Noda, T.0saka, J.Magn.Soc.Jpn.,Vol.13, No.Sl
679 (1989).

Segregated Structure of flectroless-Plated CoNiReP Thin Films.

T.0saka, T.Homma, X.lInoue, Y.Yamazaki, T.Namikawa. J.Magn.Soc,Jpn.,

Vol.13, No.S1, T79 (1989).

On the Segregation and Magnetic Properties of Flectroless-Plated CoNiRel
Perpendicular Anisotropic Films.

T.0saka, H.Matsubara, M.Toda, T.Homma, J.Electrochem. Soc. 136 No.9,
2637, (1989).

HeretE IR L & U o IBERY - S Mo PEE!

EWVTE, WE %, HNER, HA k34, No.10, 1659 (1989).
WEWNI-No-P S RIROHEE

T, AR, RN, REET, 41,N0.1,45(1990).

FETRNG Mo-P AE&RIBOMRLIZE L1ZTM o FiT-0kE

EWRETR, MBMEDN, $IITE, WERSE, WM, 41N, 1,49(1990).
Recording Characteristics of Electroless-plated Perpendicular Recording
Flexible Disks with a Perpendicular Head,

H.Matsubara, H,Mizutani, S.Mitamura, T.Osaka, IEEE Trans, Magn.,

submitted for publication,



(2) mia%RE

HESRIENI - Modh & OREMIRDT,

ERVTE, PR, REMNEW), DISRSARR, dbATEE, SSemESLEHEF AL,
WnT, (1988.9.25).

Recent Trend of Plated Disks for High Density Magnetic Recording.
T.0saka, H,Matsubara, S.Ueda, INTERFINISH’88, Paris (1988.10).
Correlation of Perpendicular Magnetic Anisotropy and Microstructure of
Electroless Plated CoNiReP Thin Films.

T.0saka, T.Homma, 174th Meeting of Electrochem. Soc. Chicago (1988,10. )
BEHEL o+ A7 47,

RV, AARMIRMS B (31584 - 8 43MF%S, ®WF, (1988.10.15.)
METEME CoNiReP/NiMoP —JENE ORESARVE & 08 7 AL 4k,

RV, BARUE SRR, BREG, RCT, BE RSB TR A4,
HEL P.292 (1988.2.39).

7Y 2 — VBSREAEH LI X 2 AR C o A TERMEGTELLR O M5,
IRV, AR, FES— B3 6 MSHYIIRMRES RS T
(1989.4.1)

BRI TF LR L MO SRt & 2 LU 2t u =2 RME~OIEH.
@R, WRFHSBOOM AL, Mk, (1989.4.7.)

MEERRCONIReP TEHHIE R AW MIRORR L » F ¥ 212 L BRI M O Keat,
ARSz, JFERE, @RI IEEARR, ST, BRIFHLHSON AL,
#in, (1989.4.9)

Vyoay Fik 2 BT OOT

RIREE, WER, BAERRM S ST RMASHIY RS, WI6E, B,
(1989.4.19.)

. Blectroless-plated Perpendicular Recording Flexible Media with an In-plane

Anisotropic Initial Layer.
H.Matsubara, S.Mitamura, K.Noda, T.0saka, Perpendicular Magnetic Recording

Conference’89, Tokyo, (1989.8.31.)



11.

12.

13.

14.

15.

16.

1T,

18.

19.

Segregated Structure of Electroless-plated CoNiReP Thin Films.

T.0saka, T.Homma, K.Inoue, Y.Yamazaki, T.Namikawa, Perpendicular Magnetic
Recording Conference’89, Tokyo, (1989.8,31.)

WERD - S & 2 BT R O 25T,

Design of Perpendicular Magnetic Recording Media by means of an Electroless-
plating Method.

IR, VB, ARRINZ, T.0saka, H.Matsubara. T.Homma,
BERWHMBEZSRFRE ALY vV Y 4, M2, (1989.9.12.)
Perpendicular Magnetic Recording Media by Electroless-Plating Method,
T.0saka, H.Matsubara, The 40th Meeting of the International Society of
Electrochemistry, Kyoto, (1989.9.21.) |

On the Microstructure of Electroless-Plated Cobalt Alloy Thin Films with
Perpendicular Magnetic Anisotropy.

T.Homma, K.Saito, T.O0saka, The 40th Meeting of the International Society
of Electrochemistry, Kyoto, (1989.9,21.)

Trends of Electroless-Plated Media for High-Density Magnetic Recording.
T.0saka, The 3rd Asian Surface Finishing Forum, Seoul, (1989.9.26.)
Microstructure of Electroless-Plated Cobalt Alloy Films for Perpendicular
Magnetic Recording.

T.0saka, T.Homma, K.Inoue, K.Saito, Y.Yamazaki, T.Namikawa, The 3rd Asian
Surface Finishing Forum, Seoul, (1989.9.96.)

A Study on the Microstructure of Electroless-Plated CoNiReP Films

T.Homma, K.Saito, T.Osaka, 176th Meeting of the Rlectrochem. Soc,, Florida,
(1989.10.18.)

Heat-Change Behavior of Electroless-Plated CoNiReP Films for Perpendicular
Magnetic Recording.

T.0saka, T.Homma, K.Inoue, 176th Meeting of the Electrochem. Soc., Florida,
(1989.10.18.)

0o STEFERRT + 22,

R, RIS BREREIEFE Y - S YRS, WH, (1989.12.4.)



20.

21,

22.

23.

HEHEPE WAL & LC ORI o S M- Bz T L b n s AMEA OB -
YV, RIS LR, BUHE, (1989.12.12.)

YLy b7 ul 20HLOEN-BEHHAO@RERLE LT -

SWEE, BEERGer LS <2 L IHEAD O R W
(1990.1.25.)

NiMoP F HJE % & D MEFERRCo & Gl Ik 0D BUSR LA REHE & SR

AU, PR, 8L FASIHRESHATME M BB, F5, (1990.2.1.)
TR o = OHHEPEEIE~ 0 5

AWV, RESN e S, ZEE, (1990.2.7.)



(3) HikE¥

. PROCEEDINGS OF THE SYMPOSIUM ON ELECTROCHEMICAL TECINOLOGY IN ELECTRONICS,
1987 INTERNATILNAL CONFERENCE, (Ed, L.T.Romankiw and T.Osaka JL#itk) ,
Proceedings Volume 88-23, THE ELECTROCHEMICAL SOCIETY, INC., 1988.

» R -BBUE2 =2 70— O8R) MRS A2y 54747, 1989.4
» BELREE-BNAE=? =2 70— 1 GHUERUILE) Mkt 1274747,
1990.1.



PROCEEDINGS OF THE SYMPOSIUM ON

ELECTROLESS DEPOSITION OF
METALS AND ALLOYS

Edited by
Milan Paunovic Izumi Ohno
Physico-Chemical Research Inc. Tokyo Institute of Technology
Port Washington, New York Ohckayama, Meguro-ku

Tokyo, Japan

ELECTRODEPOSITION DIVISION
Proceedings Volume 88-12

THE ELECTROCHEMICAL SOCIETY, INC., 10 South Main St., Pennington, NJ 08534-2896



THE MICROSTRUCTURE AND THEIR‘ HEAT CHANGE BEHAVIOR OF
ELECTROLESS Ni-Mo-P ALLOY FILMS

T.Osaka®!, I.Koiwa*1, M.Usuda*!, K.Arai, *1
Y.Yamazaki*2 and T.Namikawa*2

*1Dept. of Appl. Chem., Waseda Univ., Okubo, Shinjuku-ku,
Tokyo 160, Japan. M

*zDept. of Electronic Chem., Tokyo Inst. of Tech.,
Nagatsuta, Midori-ku, Yokohama-shi 227, Japan.

ABSTRACT

The microstructure and their heat change properties
of new electroless plated Ni-Mo-P alloy films were
investigated for developing new functional thin
film. The formation of s30l1id solution between Ni
matrix and codeposited Mo was indicated on the
basis of comparison with bulk Ni-Mo alloy. The
crystallization process of the Ni~Mo-P alloy films
by heat treatment was quite different from that of
an ordinary electroless Ni-P alloy film. Three
structural changes resulting from heat treatment
were observed in electroless Ni-Mo-P alloy films,
namely the formation of Ni3zP, the crystallization
of Ni-Mo alloy and the transformation of Ni-Mo
alloy. Moreover, the heterogeneity of Mo content
in the film was confirmed. a schematic model of
Ni-Mo-P alloy films composed of two phases or
zones, namely the Ni-Mo-P and Ni-Mo, was proposed
to explain the heat change properties of Ni-Mo-P
alloy films.

INTRODUCTION

Recently, electroless plated thin films have been ag—
plied to electronic materials as functional thin filmsl.,2)
such as a conductor or a connector in printed circuits,3,4)
a thin film resistor5/8) ang a thin film magnetic disk.7.8)

It is well known that the properties of Ni-P films
strongly depend on phosphorus content,9) but simply changing
the amount. of phosphorus will not provide sufficient proper-
ties, such as high thermal stability. The codeposition of
refractory metals, such as tungsten and molybdenum, with
the Ni-P film is one of the effective methods of improving
the thermal stability of electroless Ni-based alloy film.An
electroless Ni-Mo-P film was first proposed by Mallory.10)
The authors have also investigated electroless Ni-Mo-P alloy



films and reported the particular heat change behavior and
the high thermal stability.11,72) However, the Mo atom was
not codeposited into the Ni-P matrix without making a Mo-
complex before constructing a bath, because simple addition
of molybdate ions into the bath inhibited the electroless
deposition reactions.?3,14)

In this paper, we suggest a new simpler Ni-Mo-P bath
without the process of making a Mo-complex separately, in
which an Ni-Mo-P alloy film can be obtained even with direct
addition of sodium molybdate to the bath.15) The paper also
describes a systematic investigation of the heat change
properties of this Ni-Mo-P alloy film and proposes a sche-
matic structure model to explain its unique thermal change
behavior. Moreover, we will discuss the microstructure and
their heat change properties of the films.

EXPERIMENTAL

Electroless nickel-molybdenum-phosphorus alloy films
were plated from a caustic alkaline citrate-glycolic acid
plating bath, the composition and operating conditions of
which are listed in Table 1.

Ceramics of 96 wt% ¢l-alumina (NGK Spark Plug) were
used as a plating substrate except in transmission electron
microscopy (TEM) measurement, for which polyimide film
(50K, Toray) was used as a substrate. The plated film on
polyimide was separated from the substrate by dipping the
specimen in a hydrazine-ethylenediamine solution.

A repeated two-step process was used for catalyzing the
substrate, where the sensitizer was SnClp¢2H0 1.0 g dm~3,
37% HC1 1.0 ml dm~3, and the activator was PdCly 0.1 g dm-3,
37% HC1 0.1 ml dm~3.,16)

By controlling the deposition time, the film thickness
was adjusted to 2 pm or, in the case of TEM measurement, to
about 500 R. ‘

The contents of molybdenum and phosphorus were deter-
mined as an atomic percentage (at%) by an inductively
coupled argon plasma atomic emission spectrophoctometer
(ICAP). The resistivity of the deposits on the alumina
substrate was measured by a four-probe method. Magnetic
properties were measured by a vibrating sample magnetometer
(BHD-30, Riken Denshi).

The heat treatment of the samples was carfied out at 2
x 10-3 Pa with a constant heating rate of 10 ©°C min-1 from



room temperature, after which the samples were maintained
for one hour at the setting temperature and allowed to cool
spontaneously.

The structure of the samples plated on the ceramics
substrate was investigated by X-ray diffractometer using Fe
target. The structure of the samples plated on the
polyimide film was investigated by transmission electron
microscopies.

RESULTS AND DISCUSSION

_ Deposition Rate and Film Composition of Electroless Ni-
Mo-P Alloy Films. Figure 1 demonstrates the effects of
NapsMoO4 concentration on film composition. The Mo content
in the deposits increases with increasing NapMoO4 concen-
tration. The P content profile is exactly the same as for
the previous Mo-complex bath,12) that is, it abruptly de-
creases at the initial addition of molybdate ions. The new
bath results in higher Mo content, reaching a maximum value
of 14.9 at$% (22.3 wt%) at 0.020 mol dm-3 NapMoO4 concentra-
tion, while with the Mo-com?lex bath the maximum Mo content
was 10.9 at% (16.8 wt%L12 Thus, the new bath not only
simplifies bath construction but also rises the Mo content
of the film.

Structure and Resistivity of As-plated Electroless Ni-
Mo-P Alloy Films. Figure 2 shows typical X-ray diffrac-
tion patterns for deposits at various NasMoO4 concentrations
in the bath. As can be seen in Fig.2, the Ni-P film without
the addition of NasMoO4 has an amorphous structure and only
two peaks appear due to the Alzo% substrate. At concentra-
tions of less than 0.002 mol dm~>, the structure of the Ni-
Mo-P alloy films is also amorphous like that of the Ni-P
film. On the other hand, at NajyMoOg4 concentrations of more
than 0.002 mol dm-3, the Ni-Mo-P alloy film structure
changes from amorphous to crystallized. The structural
change may be due to the remarkable decrease in P content
(see Fig.1). Since the peaks of the Ni(111) and Ni(200)
planes shift to the lower angle side as compared with the
pure nickel value, the interplanar spacing (d) of the Ni-Mo-
P alloy films is widened by the Mo codeposition. Therefore,
both amorphous and crystallized films of Ni-Mo-P alloy can
be formed by only controlling NayMoOg4 concentration.

Previous investigations of bulk Ni-Mo alloy have shown
that the d values of Ni-Mo alloy (¢l phase) increase with
increasing Mo content, and that the Mo content could be
determined by the increased d values. The following egqua-
tion!7) demonstrates the relationship between the value of
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dni(11 1) and Mo content in the case of bulk Ni-Mo alloy.
Mo at% = 426.6(dyj(111) - 2.0347) ——m—(1)

In this paper, "estimated Mo content" expressed in Mo*
content refers to the value calculated from equation (1).
The relationship between the p value and Mo content for bulk
Ni-Mo alloy has also been reported.'8) Therefore, in the
case of bulk Ni-Mo alloy, the Mo content and the Qvalue can
be determined by the d value.

Effect of Heat Treatment Temperature on Interplanar
Spacing, 4, Specific Resistance, O, and Saturation Magneti-
zation, M.. As can be seen in Fig.3, the d values for
the amorphous electroless Ni-P film, are almost independent
of heat treatment temperature. The value of Q begins to
decrease and that of Mg begins to increase at 300 ©C. These
results are in good agreement with previous data for amor-
phous Ni-P films with high P content.9:/19) Previous papers
have reported that such changes with heat treatment are
caused by Ni phase crystallization.

In the cases of amorphous Ni-Mo-P alloy films, on the
other hand, the values of d increases at only one tempera-
ture point. The p value decreases with increasing heat
treatment temperature, but the decrease is smaller than that
of electroless Ni-P films. The Mg value increases ini-
tially at heat treatment temperature, then decreases and
finally reaches a constant value. Such a decrease in Mg
with heat treatment was not observed in the previous inves-
tigation of electroless Ni-P alloy films, because the Mg
value in an ordinary Ni-P alloy film, increases monoctonously
with raising heat treatment temperature.®) In Ni-Mo-P film,
the temperatures at which the abrupt increase in the d value
appears, agree well with the temperatures of appearing the
decrease in Mg. In bulk Ni-Mo alloy, the Mg value decreases
with increasing Mo content and the alloy show non-magnetic
state at room temperature for the Mo content higher than 6
ats.20) Thus, 1t seems that the increase in d and the
decrease in Mg at the abrupt change region bring the in-
crease in the Mo content of the films, and that the film
properties, in general, become explainable by the estimated
Mo content (Mo® content).

Under as-plated conditions, amorphous both Ni-P and Ni-
Mo-P films show almost the same structure with the same
values of A and Mg, but they differ in terms of heat change
phenomena. It is concluded from the above results that the
codeposited Mo strongly affects the crystallization proc-
esses of the films.
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Next, Figure 4 shows that the effect of heat treatment
for the crystallized Ni-Mo-P alloy films in the same as in
Fig.3. The d value for 0.003 mol dm~3 Na;Mo0O4 is constant
and independent of heat treatment temperature, whereas for
Ni-Mo-P alloy films deposited at 0.010 and 0.020 mol dm-3
NapMoO4, the d value starts to decrease even at such a low
temperature around 300 ©C before reaching a constant value.

The O value for crystallized Ni-Mo-P alloy films in-
crease with increasing heat treatment temperature and then
gradually decrease. The Mg values decrease at certain tem-
perature regions with increasing heat treatment temperature
and the films become non-magnetic state. As mentioned -
above, the Ni-Mo alloy containing higher than 6 at% Mo shows
non-magnetic state,20) while the crystallized Ni-Mo-P alloy
films containing higher than 6 at% Mo show week magnetiza-
tion. These results can not be explained by the information
of the bulk Ni-Mo alloy. The above results show that the
heat treatment effect on the crystallized Ni-Mo-P alloy
films is different from that on amorphous Ni-P and amorphous
Ni-Mo-P alloy films and that the transformation of Ni-Mo
alloy is produced not so abruptly but gradually.

Heat Change Properties and their Characteristics of the
Electroless Ni-Mo-P Allov Films. It has been frequently
reported that an electroless Ni-P alloy film, whose
phosphorus content is less than 20 at%, shows two structural
changes — Ni3P formation and Ni crystallization.21,22)
Electroless Ni-Mo-P alloy films, on the other hand, show
three structural changes —— Ni3P formation, Ni-Mo alloy
crystallization, and Ni-Mo alloy transformation. Thus, to
explain the thermal behavior of electroless Ni-Mo-P alloy
film, it is necessary to assume the other structural trans-
formation model.

Table 2 shows the temperature of structural trans-
formation for electroless Ni-Mo-P alloy films plated from
baths of various NajMoO4 concentrations. We have previous-
ly reported that the three structural changes resulting from
heat treatment were observed in both types of Ni-Mo alloy
films, namely the formation of Ni3P (R1), the crystalliza-
tion of Ni~-Mo alloy (R7) and the transformation of Ni-Mo
alloy (R3). As has already been mentioned, the heat change
behavior of the amorphous state group film is quite differ-
ent from that of the crystallized state group film, and we
therefore propose the two heat change behavior models, for
the amorphous and crystallized Ni-Mo-P alloy films, respec-
tively.

Table 3 summarizes the heat change characteristics of
the electroless Ni-Mo-P alloy films in order to make the
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relation between the schematic model and the actual data
clear. The R3 reaction is not observed for the Ni-P film,
because the R3 reaction is the characteristics of the Ni-Mo-
P alloy films at an NajyMoO4 concentration of 0.0005 or
0.0015 mol dm’3, the R3 reactions occurred at heat treatment
temperature after 600 and 500 ©C, respectively.

Figure 5 demonstrates the X-ray diffraction patterns of
the films before and after R3 reaction. The dashed lines
show the peak positions of Ni-Mo (111) plane after the R3
reaction. There are three unique change of the Ni-Mo (111)
plane peaks after the R3 reaction, as is seen in Fig.5.

1) The peak shape becomes much sharper.
ii) The peak intensity abruptly increases.
iii) The peak position shifts the lower angle side.

In general, the phenomenon (i) means the increase of
grain size, the phenomenon (ii) means the proceed of
crystallization and the phenomenon (iii) means the increase
of Mo content in the diffracted part of the film, as is
mentioned previously. Moreover, the phenomena (i) and (ii)
of Ni-P film gradually occur, however, as is seen in Fig.5,
the phenomenon (iii)} abruptly occurs at one time.

Figure 6 shows the transmission electron micrographs
“(TEMs) and the transmission high energy electron diffraction
(THEED) patterns of Ni-Mo-P alloy films deposited at 0.010
mol dm=-3 NapMoO4 concentration before and after heat treat-
ment. The rings of the diffraction patterns become sharper
with heat treatment, indicating that the film crystalliza-
tion progresses. But even after heat treatment at 400 ©C the
TEMs are almost the same as those of as-plated film, indi-
cating that the small scattered grains still present against
heat treatment. After heat treatment at 700 ©C, the TEMs
are quite different from the other two cases, showing the
big grain piles. Moreover, after 700 °C heat treatment, the
dots due to Ni3P compound are observed in THEED pattern. It
is suggested that the small amount of Ni3P compound formed
in crystallized Ni-Mo-P alloy films. Therefore, the scat-
tered small grains which remain even after 400 ©C heat
treatment become large with the heat treatment more than 400
oC.

Figure 7 demonstrates the high resolution TEM micro-
graphs of the films plated from 0.01 mol dm~3 Naj;MoO4 con-
centration after 400 ©C heat treatment. The lattice image
of Ni-Mo (111) plane are observed in Fig.7a and b. Figure
4c shows scanning TEM micrograph and result of Mo
concentration analysis. Since the lattice image of Ni-Mo
(111) plane can be observed, the black spot is the Ni-Mo
crystal. Moreover, the Mo content distribution is not
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uniform.

It is concluded from above results that the Mo distri-
bution is the characteristic of the electroless Ni-Mo-P
alloy films.

Figure 8 shows the relationship between d and values
after heat treatment temperature of 400 °9C or the above,
because all films reported in this paper shows crystallized
state after heat treatment temperature of 400 ©C or above.
The broken line regresents data for previously reported bulk
Ni-Mo alloy.17r18 The d values can be obtained for both
amorphous and crystallized films after the heat treatment of
these region. The value increases with increases in the d
value for both amorphous and crystallized state groups. For
the amorphous state group, the temperature of heat treatment
makes the slope of the curve different. For the crystal-
lized state group, however, the QO value increases in propor-
tion to the d value, and the slope of the curve is almost
the same as for bulk Ni-Mo alloy. At the same value of 4,
the O values are always higher for electroless Ni-Mo-P alloy
films of both two groups than for bulk Ni-Mo alloy.

Based upon the above discussion, we propose the sche-
matic model for heat change of electroless Ni-Mo-P alloy
films shown in Fig.9. The use of the words of "zone" and
"phase" is intended to distinguish stationary and non-
stationary states. It is well known that plated amorphous
films are formed non-stationary phase-separation by heat
treatment.22) In this paper, "zone" indicates an non-
stationary state region that can not be observed by a gener-
al analytical methods as X-ray diffraction, while "phase"
means the stationary region that can be observed by such
commonly used method.

CONCLUSION
The electroless Ni-Mo-P alloy films were developed and
their heat change properties were investigated. The follow-

ing results were obtained:

1) The electroless Ni-Mo-P alloy films were plated from
the new bath with simple addition of molybdate ions.

2) Both amorphous and crystallized Ni-Mo-P alloy films
were prepared by controlling molybdate ion concentration.
Moreover, the maximum molybdenum content of 14.9 at% (22.3
wt$) was attained at 0.020 mol dm-3 NajyMoO4 concentration.

3) The electroless Ni-Mo-P alloy films were classified by
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two types of the amorphous and crystallized groups in accor-
dance with their heat change properties.

4) The crystallized electroless Ni-Mo-P alloy films have
the micro-crystalline structure of coexisting the two
phases. Moreover, the small grain sizes of the electroless
Ni-Mo-P alloy films were maintained regardless of Ni-Mo
alloy crystallization even after heat treatment until 400
oc.
5) The heterogeneity of Mo content was confirmed by the
scanning TEM, and it was the origin of unique characteris-
tics of the Ni-Mo-P alloy films.

6) The three structural changes of the Ni3P formation,
the Ni-Mo alloy crystallization and the Ni-Mo alloy trans-
formation occur by heat treatment.

7) A model for electroless Ni-Mo-P alloy film, which
assumes two parts of Ni-Mo-P zone and Ni-Mo zone (or phase),
could explain the heat change behaviors.
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Tab‘le 1

Compositions and operating

conditions of plating baths for
electroless Ni-Mo-P alloy.
Chemicals Concentration
NaHPO, -Hp0 0.20 mol dm=3
C3H, (OH) (COONa ) 3+2H30 0.10
HOCH,COOH 0.20
N1804-6H20 0.10
NapMo0,* 2H0 0N~,0.020
Bath temperature 90°C
Bath pH 9.0 adjusted with NaOH.
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Table 2 Crystallization process of electroless Ni-Mo-P alloy films by
heat treatment.

NasMoO, cone. Ni4P compound Ni or Ni-Mo al- Ni-Mo alloy
/ mol dm—3 formation loy crystalliza- transformation
(film content / atZ) temperature tion temperature temperature

/ °C / °C /°C
0 (Ni-19.8P) 300 400 —_—
0.0005 (Ni-1.1Mo-18.4P) 300 400 5001 600
0.0015 (Ni-3.8Mo-15.5P) 400 300 400" 500
0.0030 (Ni-7.9Mo-2.3P) —_ as-plated —_
0.0100 (Ni-12.8Mo~1.3P) — as-plated 300
0.0200 (Ni-14.9Mo-1.5P) — as-plated 200

Table 3 Heat change characteristics of electroless Ni-Mo-P alloy

films.

Amorphous state
group

Crystallized
state group

NigP
formation

Crystallization
of Ni-Mo alloy

Transformation
of Ni-Mo alloy

Same as with
electroless Ni-P
alloy group.

Crystallization
temperature reduces
as Mo content
increases (i.e. P
content decreases)

Occurs only once

at a certain tempera-
ture, and the pesk
intensities increase
abruptly at the
transformation of
Ni-Mo alloy.

Virtually none
because of low P
content.

Crystallized phase
of Ni- Mo alloy is
already formed under
as-plated conditions
and the crystalli-
zation proceeds
gradually with in-
creasing heat treat-
ment temperature.

Proceeds gradually
with increasing
heat treatment
temperature.
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Fig.5 X-ray diffraction patterns
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RECENT TREND OF ELECTROLESS PLATED COBALT ALLOY MEDIA
FOR PERPENDICULAR MAGNETIC RECORDING

Tetsuya Osaka and Hiroshi Matsubara
Department of Applied Chemistry
Waseda University
Okubo, Shinjuku-ku, Tokyo 160, Japan

A perpendicular magnetic recording system, which is
promising future system for high density recording, has been
proposed by Iwasaki(1l). It has a very high resoclution
comparable to the size of micro-crystalline particles of the
recording medium. First successful results for perpendicu-
lar magnetic recording medium were obtained by sputtered
CoCr alloy film. Recently electroless plated CoNiP films
are applied to high density magnetic recording disks as a
thin film medium. The manufacturing reliable technique for
the plated longitudinal recording media has been accumulated
and developed(2). If the plating method could be applied to
obtain a perpendicular recording medium, the realization of
this system would be accelerated from the viewpoint of mass
production and wear durability merits. In such a circum-
stance, an attempt of electroless Co alloy plating for the
perpendicular magnetic recording media was performed by our
group. The reseach digest of plated disk is shown in Table.
The CoNiReMnP alloy films have firstly developed as perpen-
dicular magnetic recording media. The high density charac-
teristics of the CoNiReMnP alloy rigid disk were given such
as 68 kFRPI under the conditions of 0.20 pm thick medium
with 0.33 pm gap length MnZn ferrite head at 0.12 pm
spacing(3). Recently the CoNiReP alloy films also have
developed for rigid and flexible disks. The flexible disks
of composite CoNiReP/NiP medium showed prominent high rec-
ording density characteristics up to 300 kFRPI with using a
MnZn ferrite VHS video ring head(4).

Application of the electroless plated perpendicular
recording films to rigid disks was prior to the .
flexible disks. The CoNiMnP alloy was applied at first
(5,6). Then, the CoNiReMnP alloy films with perpendicular
anisotropy were applied, and the typical hysteresis loops of
plated CoNiReMnP film, measured parallel(//) and perpendicu-
lar(l) are shown in Fig.1(7). It indicates that the magnetic
properties are suitable for perpendicular recording. The
better recording characteristics of the rigid disk with this
magnetic film, using MnZn ferrite ring head, were shown in
practical head-to-medium spacing (3) as is seen in Fig.2. A
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simplified CoNiReP alloy was applied latest (8).

The CoNiReP alloy for perpendicular recording medium
with perpendicular anisotropy was able to be plated from a
simplified bath which was modified by adding tartronic acid
as one of the complexing agents. However when evaluated
with ring type head, the read/write characteristics of CoNi-
ReP medium became worse than that of CoNiReMnP, especially
for the overwrite characteristics, regardless of perpendicu-
lar anisotropic film properties of CoNiReP film (see Fig.3).
Finally, we have found that it comes from the difference of
thickness dependence of Hc(l) between them. The typical
thickness dependence of CoNiReMnP and CoNiReP is shown in
Fig.4. The thickness dependence of CoNiReP, such as the
behavior of increasing Hc(l) with an increase in thickness,
is considered to be suitable for perpendicular magnetic
recording when using a combination of ring type head.

Moreover, the thickness dependence of Hc(Ll) for elec-
troless plated CoNiReP alloy media was able to be controlled
by varying sodium malonate concentration(9). The Hc (L)
thickness dependence same as_that of CoNiReMnP can be
realized with lower 0.3 mol dm-3 sodium malonate concentra-
tion even in the case of simpler CoNiReP alloy. The case of
0.3 mol dm-3 showed the best overwrite characteristics for
perpendicular rigid disks with the ring head. Thus, the
thickness dependence of Hc(l) was confirmed to be one of the
important factors to control recording characteristics(10).
The corelation between magnetic properties and crystal
structure as a function of film thickness was investi-
gated(8,11) and the origin of the difference was confirmed
to be due to the c-axis orientation dependence of hcp Co
crystal, which was only detected by RHEED measurement.

Because a head is contact to its medium, the recording
in flexible disks ‘is free from spacing loss which is un-
avoidable in the case of rigid disks. The flexible media
consisted of double layer of electroless CoNiReP and NiP
alloys for recording layer and underlayer, respectively,
were formed. Fiqure 5 shows the recording characteristics
of the flexible CoNiReP/NiP medium, using VHS MnZn ferrite
ring head. The 3rd peak of 300 kFRPI was observed, although
the dips due to gap loss appeared. The Dgp=134 kFRPI of
excellent value was achieved when using a narrower gap 8mm
video sendust ring head. Moreover, double layer media with
various underlayers such as NiP(pH6), NiP(pH10), NiWP and
NiFeP were investigated(12). Recently, we confirmed
extremely high recording density Dgg=152 kFRPI using flex-
ible CoNiReP/NiWP medium with a combination of 0.2 pm gap
Sendust head(12). It comes from the two effect of NiWP
underlaver, i.e., so-called 'double layer effect' which
enlarges reproduced voltage and the effect of developing the
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crystallinity of magnetic medium.

A high potential capability of electroless plated films
for perpendicular recording is now demonstrated by investi-
gation on flexible disks as well as on rigid disks.
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Table
megnetic recording.

Research digest of plated disks for

high density

Terms concerning to perpendi-
cular recording

Plated Disk

6Proposal of perpendicular
magnetic recording (1974 by
Iwasaki(13))

eSputtered CoCr for medium
(1975 by Iwasaki (14))
°Proposal of perpendicular
head (1976 by Iwasaki (15))
oProposal of double layer
medium (1979 by iwasaki (16))

csBa-ferrite coated medium
{1982 by Toshiba (17))

°CoCr on Ge D 0=230 kFRPI
(1985 by HITACHI (18))
°CoCrNb D 0:267 k FRPI
(1985 by J9C (19))

eElectroplated CoNiP for
perpendicular oriented
film{(1962 by Sato (20))

e Electrodeposited Iron,
Cobalt and Nickel
into anodized Al disk
(1975 by Kawai {21))
sPerpendicular oriented
film of CoWP (1980)
s Perpendicular oriented
film of CoMnP (1981}
sRigid disk of CoNiMnP
Dgg=19 kFRPI (1981 (22}))
«Digital disk system using
plated CoNiP longitudinal
disk (PATTY, 3.2GB)
(1982 by NTT, NEC)
° CoNiReMnP film (1982 by
Takano (23))
o CoNiMnP D 0:25 kFRPI
(1983 (5)
s Electrodeposited CoP into
alumite surface (1983 by
chen (24))
CoNiReMnP rigid disk
Dg(y=68 KFRPI (1984 (3))
CoNiReMnP rigid disk
DSO=51 kFRPI under
practical conditions with
SNR 26dB, OW -30d4B (1984 (3))
Electrodeposited Iron into
anodized Al disk
Den=32 kFRPI (1984 by
Nippon Gakki (25))
o CoNiMnReP flexible disk
Den=170 kFRPI
(1886 by Jvc (26))
CoNiReP rigid disk
Dgy=64 KFRPI (1986 (27))
CoNiReP flexible disk
Dgp=134 kKFRPI (1986 (4))
Digital disk system using
plated and/or y-Fe,0
longitudinal disks with
thin film head (GEMMY,
{1986 by NTT(28))

o

-3

-3

o

-

8.8GB)
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Fig. 1 Typical hysteresis loops for 0.5 pm CoNiReMnP films

on NiP underlayer, measured parallel(/) and perpendicular(l)
without shearing correction of demagnetization field.

o
Ld
T

o
X
I

Dso =68 K FRPI

Q
T

Output voltage (uV,,/um-turn)

1. i 1 1 1 1 L ]

L . )
10 20 30 50 70 100

Recording density (K FRPI)

(o)

Fig. 2 Recording density characteristics for a rigid disk
with 0.2 pm thick medium at 0.12 pm head-medium spacing with
a combination of 0.33 pm gap MnZn ferrite head.
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Fig. 3 Dependence of overwrite (2F on 1F) values on
recording density for 0.5 pm thick electroless CoNiReP and
CoNiReMnP alloy film media of rigid disks with a combination
of 0.33 pm gap MnZn ferrite head.
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Fig. 5 Recording characteristics of an electroless-plated
flexible medium [CoNiReP(0.3 pm) /NiP(pH6)]

a) using MnZn ferrite ring head of 0.35 pm gap length.

b) using Sendust ring head of 0.20 pm gap length.
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Effect of Heat-Treatment on the Structure and Resistivity of
Electroless Ni-W-P Alloy Films

Ichiro Koiwa, Masahiko Usuda, and Tetsuya Osaka*

Department of Applied Chemistry, School of Science and Engineering, Waseda University, Shinjuku-ku,
Tokyo 160, Japan

ABSTRACT

An electroless plating bath for amorphous Ni-W-P alloy films was developed and their heat change properties were in-
vestigated from the viewpoint of W codepaosition effect. The alloy films kept amorphous state with increasing W content
even though the P content decreased. Moreover, the films became more amorphous, and their thermal stability increased
with an increase of W content in the deposit. The tungsten content was varied from 0 to 20.8 weight percent (w/o) with a
decrease in P content from 14.0 to 6.2 w/o by increasing the Na,WO, concentration in the bath. Two characteristic heat
change behaviors were observed in the Ni-W-P alloy films. One was the formation of metastable phase in spite of low P
content. The other was direct formation of Ni-W alloy phase. The tungsten codeposition increased the thermal stability of
amorphous Ni-W-P alloy films plated from the baths with higher Na,WO, concentration by suppressing the Ni crystalli-
zation prior to the Ni;P compound formation. The thermal changes of resistivity strongly depended on the crystallization
of the NiyP compound and Ni alloy phase. Both crystallization reactions were controlled by the P and W contents in the

deposits.

Recently, an electroless plating method has been ap-
plied to electronic materials using functional film proper-
ties, namely, printed circuit boards (1, 2), thin film resistors
(3, 4), and magnetic recording disks (5, 6). If the most com-
mon electroless nickel-phosphorus alloy could be applied
to many kinds of electronic materials, this field would be
accelerated. However, amorphous electroless Ni-P films
are very sensitive to heat-treatment. The film properties of
electroless or electroplated Ni-P films are mainly con-
trolled by phosphorus content (7-11). Therefore, the co-
deposition of other metal into Ni-P plating film is one of
the methods being considered for use in developing the
film properties by adding factors other than phosphorus
content to control the film properties.

Many workers reported ternary alloys, such as Ni-W-P
(12-17). Ni-Mo-P (18-22), and Ni-Fe-P (23). Electroless ter-
nary Ni-W-P alloys were first reported by Pearlstein et al.
(12) in 1963. The electroless plating of Ni-W-P alloy was re-
ported to be an effective method of improving wear resis-
tance and corrosion resistance (24). In our research, the ter-
nary Ni-W-P alloy film has been investigated for the
purpose of improving the thermal stability of electroless
film (14-17). Therefore, the electroless Ni-W-P alloy films
have been shown to have a high potential for the thermal
thin film resistor. However, it is not clear that the code-
posited W affects the heat change properties. This paper
describes the properties of amorphous electroless Ni-W-P
alloy film developed from the viewpoint of microstructure
and resistivity, moreover we will investigate the stability
of heat change of the alloy films.

Experimental

Electroless nickel-tungsten-phosphorus alloy films were
plated from a caustic alkaline citrate bath whose composi-
tions and operating conditions are listed in Table L. All so-
lutions were prepared with deionized water and reagent
grade chemicals.

Ceramics of 96 w/o a-alumina (NGK Spark Plug) were
used as a plating substrate except for transmission elec-
tron microscopy (TEM) measurement, for which poly-
imide film (50K, Toray) was used as a substrate. The 500A
thick film plated on polyimide substrate was separated
from the substrate by dipping the specimen in a hydra-
zine-ethylenediamine solution. Both substrates were de-
greased with ethanol. and rinsed in water prior to being
catalyzed for plating. The repeated two-step process (25}
was used for catalyzing substrate, where sensitizer and ac-
tivator were as follows: sensitizer: SnCl, - 2H,0 1.0 g dm 3,
37% HCI 1.0 ml dm "%, and activator: PdCl, 0.1 g dm ™3, 37%
HC10.1 midm3.

The tungsten content was determined by electron probe
microanalyzer (EPMA) and atomic adsorption spectro-
scope. The phosphorus content was also determined by

*Electrochemical Society Active Member.

EPMA and spectrophotometer using the molybdenum-
blue method.

The film thickness was adjusted to 2.0 pm by controlling
deposition time, except for TEM measurement. The resis-
tivity was measured by the four-probe method (Model
K-705RD, Kyowa Riken). The heat-treatment of deposits
was done under 2 x 107* Pa with 10°C min ! constant heat-
ing rate from room temperature, and the sample was kept
for 1h at the setting temperature, then spontaneously
cooled.

The structure of the deposits was determined by x-ray
diffraction analyzer (RAD-IIA, Rigaku Denki) using Fe tar-
get and transmission electron microscopy (TEM) (HU-12A,
100 kV. Hitachi Seisakusyo).

Results

Basic properties of electroless Ni-W-P alloy films in the
as-plated conditions.—The characteristics of a newly de-
veloped bath, as listed in Table I, are higher concentra-
tions of chemicals, especially for trisodium citrate and
Na,WO, to increase the contents of P and W, respectively.
Figure 1 demonstrates the effect of Na,WO, concentration
on deposition rate (a) and specific resistance, p, (b). In the
case of 0.4 and 0.6 mol dm “? trisodium citrate concentra-
tion baths. the deposition rate increases monotonously
with increasing Na,WO, concentration. However, for the
bath of 0.2 mol dm # trisodium citrate concentration, the
deposition rate was saturated at 0.3 mol dm ¥ Na,WO, con-
centration. At the same Na,WO, concentration, the deposi-
tion rate decreases with increasing trisodium citrate con-
centration. The specific resistance value (p) of electroless
Ni-W.P alloy films plated from 0.2 mol dm * trisodium cit-
rate concentration bath decreases with increasing Na,WO,
concentration. The specific resistance behavior is caused
by crystallization (14-17). However, the cases of 0.4 and 0.6
mol dm™* trisodium citrate concentration baths show the
interesting facts that the p values were almost independent
of Na,WO, concentration.

Figure 2 demonstrates the effect of Na,WO, concentra-
tion on film composition. The effect of Na,WO, concentra-
tion on W content is changed by controlling trisodium

Table {. Basic bath composition and conditions
for Ni-W-P clloy fims

Concentratjon

Chemicals (mol dm ™%
NaH,PO. - H,0O 0.10
C3H(OHXCOONa, - 2H,.0 0.20 ~ 0.60
NiSOy - 6H,0 0.075
Na,WO, - 2H,0 0~ 0.60

Bath temperature 90°C, pH 9.0 adjusted with NaOH,
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citrate concentration. The saturated point of tungsten
content increases with increasing trisodium citrate con-
centration, i.e., maximum tungsten contents are obtained
at 0.2, 0.3, and 0.5 mol dm~* Na,WO, concentration for 0.2,
0.4, and 0.6 mol dm~* trisodium citrate concentration bath,
respectively. On the other hand, phosphorus content de-
creases with increasing Na,WQ, concentration regardless
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of trisodium concentration. However, at the same Na,WO,
concentration, a higher trisodium citrate concentration
makes the P content higher.

In order to reveal the effect of W codeposition on film
properties, we varied the tungsten content widely. From
the above resuits, 0.6 mol dm™? trisodium citrate concen-
tration bath was found to be suitable for varying the W
content widely, e.g., gradual variation of W content from
9.9 to 20.8 w/o. Moreover, under as-plated conditions, the
films plated from 0.6 mol dm? trisodium citrate concen-
tration bath with various Na,WO, concentration show the
same amorphous structure and specific resistance, which
are desirable for investigating heat change behavior by
‘comparing them. Therefore, we set the trisodium citrate
concentration as 0.6 mol dm at the later investigation.

Effect of heat-treatment temperature on resistivity and
structure.—Figure 3 shows the effect of heat-treatment
temperature on specific resistance, p. For all films, the p
values are almost constant after heat-treatment at a tem-
perature less than 300°C. An abrupt decrease of p values
was observed in the heat-treatment range between 400°
and 500°C, and the Ni-P film without Na,WO, addition
shows the largest decrease of p value. The p value of the
Ni-P film begins to decrease at a heat-treatment tempera-
ture of 300°C, and decreases abruptly until a heat-treat-
ment temperature of 500°C. From this point. the p value in-
creases with rising heat-treatment temperature. This large
increased value phenomenon is characteristic of this Ni-P
film. The p value of the 0.2 mol dm * Na,WQ, concentration
shows little increase until 400°C heat-treatment, then it de-
creases monotonously. The p value of the 0.4 mol dm™*
Na,WO, concentration also shows a little increase until
300°C heat-treatment, then it decreases monotonously. In
the case of 0.6 mol dm ~? Na,WO, concentration, the p value
is almost constant until 400°C heat-treatment, then de-
creases. However in the range of heat-treatment tempera-
ture higher than 600°C, the p value shows a little increase.

Based upon the above results, the heat change behavior
of the p value is classified into two cases: (i) The films at
Na,WO, concentration of 0 and 0.6 mol dm™?

Constant — abrupt decrease — gradual increase

(i) The film at Na,WO, concentration of 0.2 and 0.4 mol
dm™3

A little increase — monotonous decrease

150

|Naz2WO4 conc,

Specific resistance, p / u cm

100 / mol dm™
-0- 0
- 0.2
- 0.4
-0~ 0.6
50+
O:ij 1 i i 1
0 200 400 600 800

Temperature /7 °C

Fig. 3. Effect of heat-treatment temperature on specific resistance, p
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Fig. 4. X-ray diffraction patterns of the Ni-P films at various heat-
treatment temperature using Fe target.

The above two classifications of p value with heat-treat-
ment do not coincide with the results in Fig. 2. Then, we

will investigate the p value behavior from the viewpoint of

structural change, because the specific resistance values
depend strongly upon the structure.

Figure 4 shows x-ray diffraction patterns after heat-treat-
ment at various temperatures for the Ni-P films. The Ni-P

c) As plated

N Eri
0.3 um Q.1 um

Fig. 5. Transmission electron micrographs and tronsmission high
energy electron diffraction patterns of Ni-P films: (a) as-plated condi-
tions; (b) after 400°C heat-treatment; (c) after 500°C heat-treatment;
(d) ofter 700°C heat-treatment,
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film without the addition of Na,WO, has an amorphous
structure at as-plated conditions and only two peaks ap-
pear due to the Al,O, substrate. The amorphous Ni-P alloy
film changes to the metastable phase after heat-treatment
at 300°C. Then, the metastable phase transforms to Ni;P
phase. The above heat change behavior of 14 w/o P content
film coincides well with that of the higher P content Ni-P
film in the previous investigation (9, 26). The peak intensi-
ties of NiyP compound increase with rising heat-treatment
temperatures higher than 500°C. Typical Miller indexes of
tetragonal Ni;P compound are shown. The stoichiometric
phosphorus content for NiyP is 14.96 w/o. Therefore, the
phosphorus content of this 14 w/o P content film becomes
almost the same as the stoichiometric composition for
Ni;P compound, and almost no peaks due to nickel are ob-
served.

Figure 5 shows the transmission eleetron micrographs
(TEM's) and the transmission high energy electron diffrac-
tion (THEED) patterns of Ni-P films before and after heat-
treatment. Under as-plated conditions, TEM has little con-
trast and the THEED pattern appears like a halo, i.e., only
the broad rings due to fce Ni are observed. The resuits of
indicating amorphous state coincide with x-ray diffraction
measurements as is seen in Fig. 4. After 400°C heat-treat-
ment, the contrast of TEM becomes a little stronger. in par-
tieular, the small black spots are scattered. The THEED
pattern shows that the film consists of metastable phase
and a small amount of Ni;P compound phase. In x-ray dif-
fraction pattern, the weak peaks of NiyP compound, such
as Ni;P(231) plane peak, are also observed. Therefore, the
Ni-P film after 400°C heat-treatment is in the stage of trans-
formation from the metastable phase to the Ni;P phase.
After 500°C heat-treatment, the contrast of TEM becomes
much stronger and the THEED pattern indicates that the
film is composed of Ni;P compound with a small amount
of crystallized Ni. After 700°C heat-treatment, grains be-
come bigger. The heat change at temperatures higher than
500°C is a growth of grain size, and no phase transforma-
tion occurs.

Figure 6 shows x-ray diffraction patterns for the Ni-W-P
alloy film at Na,WO, concentration of 0.2 mol dm™?, where
the metastable phase is formed at 400°C, and Ni;P com-
pound is formed at 500°C. There are two particular phe-
nomena, One is the metastable phase formation in spite of
low P content less than 12 wio, i.e., 10.0 w/o. Therefore, co-
deposited tungsten makes it easy for a metastable phase to

o Ni-W

a NizP

o Metastable phase
X Substrate

o
m2)

4
(@31 x aan Temp. / *°C
a (222)
PN R R 700
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Fig. 6. X-ray diffraction patterns of the Ni-W-P alloy films plated

from 0.2 mol dm " ? No, WO, concentration bath.
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form. The other particular phenomenon is the direct for-
mation of Ni-W alloy. The peak positioned around 56° is
thought to be the sum of tetragonal Ni,P(112) and fce Ni-
W(111) plane peaks, by considering the following three
reasons:

1. Maximum intensity of tetragonal Ni;P is (231) plane
peak and the peak positions at 53.5° as shown in Fig. 4.

2. The phosphorus content of this film is 10 w/o, so
Ni(111) plane peak that has a maximum intensity of Ni
must appear (26).

3. In the case of Ni-W-P alloy films with high W content,
codeposited tungsten widens the Ni plane after heat-treat-
ment at high temperature, as reported previously (17).

The peak intensities increase with rising heat-treatment
temperatures. However, the positions of Ni;P are the same
as in Fig. 4 and the other compounds such as Ni;WP and
NiW,P are not formed. In the previous investigations (22),
the formation of Ni-W alloy occurred after the crystalli-
zation of Ni and Ni,P, i.e., direct crystallization of Ni-W
alloy did not occur. Moreover, the overlapping of Ni;P(112)
and Ni-W(111) peak is first observed, because the shift
amount is larger than that of a previously reported one be-
cause of larger W content.

Figure 7 shows the TEM's and THEED patterns of
Ni-W.P alloy films plated at Na,WO, concentration of 0.2
mol dm™? as the same matter in Fig. 5. Under as-plated
conditions in Fig. 7Ta the film is amorphous as in Fig. 5a,
and at 400°C heat-treatment the film changes to the meta-
stable phase. At the heat-treatment temperature of 500°C,
the contrast of the TEM becomes clearer, and the THEED
pattern shows that the film consists of a Ni-W and a Ni;P
phase. The presence of Ni-W alloy phase is confirmed by
the THEED pattern. Though the Ni-W (111) and Ni-W (200)
planes cannot be clearly distinguished from the rings due
to NisgP compound, the rings due to Ni-W (220) and Ni-W
(311) are clearly observed in Fig. 7c. After 700°C heat-treat-
ment, the grown grains are observed, and the THEED pat-
tern shows that the films consist of highly crystallized
Ni-W alloy and Ni;P compound.

A T RSN PR LT M B

a) As—pla’red

d) 700 °C

€3
» oo O e
Flg 7 Tronsmusnon electron mlcrographs ond tronsmission hugh
energy electron diffraction patterns of Ni-W-P alloy films plated from
0.2 mol dm™* Na, WO, concentration bath: {a) as-plated conditions; (b)
after 400°C heat-treatment; {c) after 500°C heat-treatment; {d) after
700°C heat-treatment.
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Figure 8 demonstrates the x-ray diffraction patterns for
the Ni-W-P alloy film at Na;WO, concentration of 0.4 mol
dm™3, At the heat-treatment temperature of 400°C, only
small and unclear broad peaks are observed, except for
two clear peaks caused by the substrate. At 500°C, the
peaks due to Ni-W and Ni P are clearly observed, then the
peak intensities increase with rising heat-treatment tem-
perature,

Figure 9 shows the TEM's and THEED patterns of
Ni-W-P alloy films plated at Na,WO, concentration of 0.4
mol dm™2, Under as-plated conditions, the contrast of the
TEM’s are somewhat more unclear than those at Na,WO,
concentrations of 0 and 0.2 mol dm™3, as shown in Fig. 5a
and Ta. After heat-treatment at 400°C, both contrast of
TEM and THEED pattern becomes a little stronger. After
heat-treatment at 500°C, the THEED pattern shows that
the film consists of fcc Ni-W alloy and. tetragonal Ni;P
compound. Moreover, the contrast of TEM becomes
clearer, and small black spots scatter. After heat-treatment
at 700°C, the large grown grains are observed in Fig. 9d,
and a sharp THEED pattern is observed. The TEM lattice
image of Ni;P (100) plane of the Ni-W-P alloy films in
Fig. 9d is shown in Fig. 10. A moiré pattern caused by the
overlapping of crystallites is observed and stacking faults
are also observed. The continuations of the lattice images
and moiré patterns are not very long range. Based upon
the above results, the Ni P grains are highly crystallized
and their crystal direction is different from each other.

Figure 11 shows the x-ray diffraction patterns of Ni-W-P
alloy films plated at Na,WO, concentration of 0.6 mol dm™.
After the heat-treatment at 400°C, broad peaks are ob-
served, then the Ni-W alloy and the Ni;P compound is
formed after the heat-treatment of 500°C. The peak intensi-
ties increase with raising heat-treatment temperature. Fig-
ure 12 shows the TEM's and THEED patterns correspond-
ing to Fig. 11. The heat change behavior is almost the same
as that in Fig. 9. However, the THEED pattern in Fig. 12ais
the most unclear ring of all the results. Though the phos-
phorus content of the film is the lowest, the degree of
amorphousness becomes the highest. On the other hand,
the contrast of the TEM after 700°C heat-treatment in Fig.
12d, is the highest in all the results. Therefore, the change
of crystallinity by heat-treatment is the largest in Fig. 12d.

Discussion

The comparison of film properties of newly developed
electroless Ni-W-P alloy films with Ni-P film properties.—
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Fig. 8. X-ray diffraction patterns of the Ni-W-P alloy films plated
from 0.4 mol dm™? Na,; WO, concentration bath.
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Fig. 9. Transmission electron micrographs and transmission high
energy electron diffraction patterns of Ni-W-P alloy films plated from
0.4 mol dm ™3 Na; WO, concentration bath: (a) as-plated conditions; (b)
after 400°C heat-treatment; (c) after 500°C heat-treatment; (d) after
700°C heat-treatment.

First, we will discuss the particular phenomena of Ni-W-P
films from the viewpoint of P content. There are two par-
ticular phenomena as compared with usual Ni-P films.

One is the amorphous formation and the thermal stabil-
ity of Ni-W-P alloy films. In the case of Ni-P films, the
amorphous films are high P content films and they are eas-
ily crystallized by heat-treatment at low temperature. The
amorphous Ni-W-P alloy films with lower P content of 6.2
w/o can be prepared and it is more stable against heat-
treatment than the Ni-P films. Moreover, in the case of the
Ni-W-P alloy films under as-plated conditions, the degree
of amorphous increases with decreasing P content, i.e., in-
creasing W content (see Fig. 5a, 7a, 9a, and 12a). The results
are quite different from that of Ni-P film.

The other is the metastable phase formation of the
Ni-W-P alloy film whose P content is less than 12 w/o. Ac-
cording to the previous investigation of Ni-P films (9, 26,
27), the metastable phase is observed only for the film
whose P content is more than 12 wio.

P o dyay

Fig. 10. Lattice image of the Ni3P(100) plane for the Ni-W-P alloy
films plated from 0.4 mol dm™® Na,WO, concentration bath after
700°C heat-treatment {the same as in Fig. 9d).
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Fig. 11. X-ray diffraction patterns of the Ni-W-P alloy films plated
from 0.6 mol dm~? Na, WO, concentration bath.

The above two phenomena suggest that the film proper-
ties of the phosphorus content in the Ni-W-P alloy film is
more easily affected than the P content in the Ni-P film.
Therefore, the characteristics of the Ni-W-P alloy film with
lower P content is similar to that of Ni-P film with higher P
content. Moreover, new properties, such as the improve-
ment of thermal stability, are added.

The effect of W codeposition on the thermal change.—
Next, we will discuss the effect of W codeposition on ther-
mal change. The thermal changes of resistivities and struc-
tures are summarized in Tables II and III, respectively.
Based upon our results (see Fig. 3), we discuss the heat
changes of p values for the three temperature range, i.e.,
Apy (=400 = Pas-plated)s Ap2 (FPsoo ~ Page), AN 3p3 (=prgg — Pseo)-

R sy T

Fig. 12. Transmission electron micrographs and tronsmission high

energy electron diffraction patterns of Ni-W-P giloy films plated from

0.6 mol dm ™3 Na,; WO, concentration bath: (a) as-plated conditions; (b)

after 400°C heat-treatment; (c) after 500°C heat-treatment; (d) after
700°C heat-treatment.
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Table 1. Heat-treatment effect on resistivity of electroless Ni-W-P

alloy films
Na,WO, Apy/pfl em
concentration/ as-plated Apy/pf) cm Apa/pdl cm

mol dm 3 ~ 400°C 400° ~ 500°C 500° - 700°C
0 -14.6 -89.5 +42.1
0.2 +7.1 -52.9 -23.1
0.4 -8.2 ~38.3 ~-26.6
0.6 +2.8 -54.3 -6.4

Apr = Paid ~ Pus-plated-
Apz = psoo = Pao-
Ap3 = proo ~ Paon-

The Ni-P film plated from the bath without Na,WO, addi-
tion.—As is seen in Table II, the characteristics of the ther-
mal change are the large negative value of Ap, and the large
positive value of Ap,, The large negative value of Ap, is
caused by the transformation from metastable phase to
NiyP compound, and the results coincide with the previ-
ous investigation (17). Though the intermetallic compound
NizP is semiconductive material (120 pQ-cmn room tem-
perature resistivity) (28, 29), the transformation ac-
companies the formation of a low resistivity compound,
such as metallic Ni crystal (30). Therefore, the transforma-
tion makes the p value decrease abruptly. The large posi-
tive value of Ap; is caused by the progress of the Ni;P com-
pound crystallization (see Fig. 4 and 5). The progress of the
NiyP compound crystallization means the decrease of the
low resistivity component which is accompanied at the
formation of Ni;P compound. The phosphorus content of
this Ni-P film is 14.0 w/o which is near the stoichiometric
value of NiyP compound of 14.96 w/o. When all the phos-
phorus atoms in deposit form a Ni;P compound, the
amount of conductive path, ie., crystallized Ni phase, be-
comes very small. Therefore. the Ap, value shows the large
positive value.

According to the previous investigation of the Ni-P
films, the resistivity change by higher temperature heat-
treatment, such as the range at Ap, value, is almost un-
detectable (16.17). It is thought in the case of less P-
content tilms, that the crystallization of a larger amount of
conductive path makes the p value lower. Thus the in-
crease of p value which is caused by the Ni,P compound
crystallization is usually almost compensated by the de-
crease of p value caused by the crystallization of the con-
ductive path. For the Ni-P film in this investigation, the
amount of conductive path is too small to compensate for
the p value change by crystallization.

The Ni-W-P alloy film plated from the bath at Na,WO, con-
centration of 0.2 mol dm *—Since the structural change by
heat-treatment less than 400°C is the transformation from
amorphous to metastable phase, Apy is a small positive
value. Then, the formation of Ni;P compound and Ni-W
alloy occurs, and the values of Ape and Apy show negative
values. Based upon the above discussion. the effect of con-
ductive path crystallization is larger than that of NiyP com-
pound crystallization, because of lower P content, i.e., 10
w/o. The temperature of metastable formation is 400°C,
which is higher than that of Ni-P film. Therefore, the p
value is constant at temperatures up to 400°C heat-treat-
ment. The higher metastable phase formation temperature
and its high thermal stability are the effects of W co-
deposition.

Ni-W-P ALLOY FILMS
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The Ni-W-P alloy film plated from the bath at Na,WQ, con-
centration of 0.4 mol dm 3.—All the Ap values show nega-
tive values. and the results are caused by general crystalli-
zation. Since the P content of the film is lower than that
discussed above, the amount of Ni allov, which is formed
by heat-treatment, is larger. Moreover, the Ni alloy crys-
tallization by heat-treatment makes the p value decrease
monotonously.

The Ni-W-P alloy film plated from the bath at Na,WO, con-
centration of 0.6 mol dm™3—As is seen in Table III, the
structural change behavior of the film by heat-treatment
is the same as that of the film plated from the bath at
Na,WO, concentration of 0.4 mol dm . However, the Ap
value behavior of the film is different frem that of the film
plated from the bath at Na,WO, concentration of 0.4 mol
dm 3, The larger negative value of Ap, is characteristic,
however the Ap; value is smaller. Therefore, the crystalli-
zation of Ni-W alloy phase occurs almost completely after
heat-treatment of 500°C. In general, the resistivity of the
Ni-P film with a lower P content begins to decrease at
lower temperature of heat-treatment (17). The tungsten co-
deposition makes the thermal stability higher. However,
the reaction occurs at higher speed, when the crystalli-
zation begins. According to the previous reports of electro-
less Ni-P and Ni-W-P alloy film with low P content, the Ni
crystallization occurs prior to the Ni;P compound forma-
tion (8, 16, 17) and the p value begins to decrease (16. 17). In
this electroless Ni-W-P alloy film with lower P content, the
Ni alloy crystallization does not occur abruptly, and the
film shows almost no change of structure and resistivity.
Therefore, the codeposited W suppresses the Ni alloy crys-
tallization prior to Ni;P compound formation.

Finally, we will discuss overall results. In this investiga-
tion, the three phases are formed by heat-treatment. i.e.,
metastable phase, NiyP intermetallic compound phase,
and Ni alloy phase. The nickel alloy phase formation is the
most effective in decreasing p value, because the nickel
alloy phase is a conductive layer. The Ni;P compound is of
semiconductive character and the formation makes the
conductive layer smaller. The metastable phase formation
scarcely affects the resistivity change.

Then, the thermal behavior of resistivity will be dis-
cussed mainly by the formation of Ni;P and Ni alloy
phases. In Table I1, the Ap, values of all films are small, be-
cause almost no formation of Ni;P and Ni alloy phase are
observed. We define two reactions of R, and R, which af-
fect the resistivity: R, and R, designate crystallization of
NizP and Ni alloy phase, respectively. As already men-
tioned in the above discussion. the two reactions occur at
the same time, therefore we consider only the effective
rate of the two reactions. Table IV summarizes which reac-
tion occurs predominantly in the film.

The reaction R, is the factor to increase p value. and the
reaction R, is the factor to decrease p value. The structural
change of the films by thermal treatment is also summar-
ized in Table III. From the two kinds of tables, III and IV,
we could deduce what conditions of the film produce
higher stability of resistivity against thermal change. It is
necessary for preventing abrupt change of p values to sup-
press crystallization of conductive layer and to increase
the p value of crystallized conductive layer. The tungsten
codeposition suppresses the crystallization, and increases
the thermal stability of the amorphous structure. The pre-
vious investigation (31) indicated the increase of p value of
Ni alloy film by W codeposition. Then, it is suggested by

Table 11. Structural change of electroless Ni-W.-pP afloy films by heat-treatment

1. Na;WO, Omoldm?
Amorphous - metastable phase — metastable phase
(as-plated) (300°C) (small amount of NizP)
(400°C)
2. Na,WO, 0.2moldm?

—» NigP (small amount of Ni) — crystal growth
0°C) {700°

(50 C)

Amorphous — metastable phase — Ni;P + Ni-W phase — crystal growth
(as-plated) 400°C) (500°C) (700°C)
3. Na,WO, 0.4 and 0.6 moldm 3

Amorphous

tas-plated) 400°C)

— amorphous (a little crystallization) — Ni;P + Ni-W phase — crystal growth
(500°C)

(700°C)
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Table IV. The effect of degree of crystallization reaction on
resistivity of electroless Ni-W-P alloy films by heat-treatment

J. Electrochem. Soc.: SOLID-STATE SCIENCE AND TECHNOLOGY

Na,WO,
concentration/
mol dm * 400° ~ 500°C 500° ~ 700°C
0 Ry << R, Ry >> Ry
0.2 Ry <R: Ri< R,
0.4 Ri <R Ri< Ry
06 R, <R Ri= R:

R\ and R: are the crystallization of Ni;P compound phase and Ni
alloy phase, respectively.

the above discussion that the electroless Ni-W-P alloy
films suppress the crystallization process at thermal
change and that the W codeposition increases the p value
of the conducting path.

Conclusions

The amorphous as-plated Ni-W-P alloy films were de-
veloped and their heat change properties were investi-
gated. The following results were obtained.

1. When using the electroless plating bath developed for
amorphous as-plated Ni-W.P alloy films, the alloy films
keep amorphous structure, with increasing W content in
spite of the accompanying decrease of P content.

2. The tungsten content is varied from 0 to 20.8 w/o with
decreasing P content from 14.0 to 6.2 w/o by increasing the
Na,WOj, concentration in the bath.

3. From TEM observation, it was confirmed that the de-
gree of amorphous conditions increases with increasing W
content in deposit in spite of decreasing P content,

4. It was also confirmed that the direct formation of Ni-W
alloy phase simultaneously occurs at the formation of Ni;P
compound phase by heat-treatment.

5. The metastable phase is formed for the Ni-W-P alloy
film whose P content is less than 12 wio, i.e., 10 w/o.

6. The amorphous Ni-W-P alloy films with lower P con-
tent show higher thermal stability than that of the ordi-
nary amorphous Ni-P films, because the Ni crystallization
prior to the NiyP compound formation is suppressed by
the codeposition of W.

7. The thermal variation of resistivity can be explained
by two reactions of the crystallization of Ni;P and Ni, and
both reactions are controlled by the contents of P and W in
the deposits.
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The magnetic and electric properties of electroless Ni-P films after heat treatment are investigated as a function of the
P content in the deposit. The residual Ni, which means the surplus Ni {crystallized Ni) after Ni,P formation, is confirmed
1o determine the film properties of resistivity and saturation magnetization. Moreover, they depend only on the P con-
tent and are independent of the preparation conditions. The saturation magnetization, M,, and the reciprocal of resis-
tivity, p~', are proportional to the amount of the residual Ni after sufficient heat treatment. An equation, showing the
correlation between the P content and the resistivity or magnetization of the deposit after sufficient heat treatment, is
proposed on the basis of the characters of ferromagnetic and metallic conductivity of the residual Ni matrix.

KEYWORDS: electroless plating, electric resistivity, magnetization, after heat treatment, phosphorus content

§1. Introduction

The Ni-P films have been prepared by various
methods, such as electroless plating,'” electroplating,*!”
rapid quenching,'*™ and vacuum evaporation.'’ The
properties of all Ni-P films strongly depend on the P con-
tent in deposits while they are independent of the
methods of preparation.'” Many workers have investi-
gated the structure,'”*- 214 crystallization process,'”'**®
and annealing effect on the properties'®?” of Ni-P films
as a function of the P content, However, previous papers
have claimed that the properties of the deposits are not
determined by the P content only.'**®

Recently, because of the practical usage of Ni-P film in
such items as thin film resistors?*?® and the underlayer in
thin film magnetic disks,'®*® the study of the annealing
effect on Ni-P film is proving important. Unfortunately,
there have been few reports of the systematic investiga-
tion on the annealing effect of the Ni-P films which con-
sider both the factors of the P content and the annealing
temperature,

According to previous reports, the following three

" stages are important in investigating the annealing effect
of Ni-P films:

i) The film properties under as-plated conditions.

i) The film properties after annealing until sufficient
heat treatment.

ili) The film properties after sufficient heat treatment.

The properties in the as-plated state have been studied
from the viewpoint of the amorphous state of the
film,!>10.1.2) The second stage has also been studied by
many methods.>'**® However, there have been few
reports about the final heat-treating stage of the film.

This paper describes the quantitative analysis of the
properties of the electroless Ni-P film after sufficient heat
treatment. Based on this analysis, we propose equations
from which the resistivity and magnetization of the
deposit after heat treatment can be estimated.

§2. Experimental

Electroless nickel-phosphorus alloy films were plated
from an ammoniacal alkaline citrate plating bath. The
composition and operating conditions of the bath are

Table I. Basic bath composition and operating conditions for elec-
troless Ni-P film.*?

Chemicals Concentration/mol dm™?
NaH,PO,-H,0 0.15
(NH,),S0, 0.50
Na,CH,0,-2H,0 0.20
NiSO, 6H,0 0.10

Bath temperature 90°C.
Bath pH adjusted with NaOH 9.0.

Table 11. Phosphorus content, preparation conditions and film prop-
erties.

P 72?0‘/: nt Pég‘r);gri?it(‘)?:s]‘ plutem  M,/emug™' Structure*®
8.4 pH 10.0 60.4 15.6 Cry.(Ni)
9.6 pH 9.5 73.5 9.5 Cry.(Ni)

10.0  Ni conc. 0.125 7.2 9.4 Cry.(Ni)
10.4 P conc. 0.10 71.6 7.0 Cry.(Ni)
11.8 pH 9.2 82.7 4.0 Cry.(Ni)
12.4 P conc. 0.125 88.1 1.9 Cry.(Ni)
14.2 pH 9.0 95.2 1.4 Cry.(Ni)
15.8 P conc. 0.20 102.2 0.0 Amor.
16.7 Ni conc. 0.09 1113 1.2 Cry.(Ni)
18.0 pH 8.6 117.6 0.0 Amor.
18.8 Ni conc. 0.075 115.0 0.0 Amor.
21.0 pH 8.3 127.8 0.0 Amor.
21.7 pH 8.0 132.2 0.0 Amor.
23.5 pH 6.0 140.2 0.0 Amor.
23.6 Ni conc. 0.0125 142.5 0.0 Amor.

*Preparation conditions mean the difference from the basic bath com-
position, where **Ni conc.” is NiSO, concentration and *‘P conc.” is
NaH,PO, concentration in the bath.

**Where Cry. and Amor. mean crystalline and amorphous, respec-
tively.
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listed in Table 1.*® Table II shows the phosphorus con-
tent, the preparation conditions and the film properties
of the electroless Ni-P films which are investigated in this
report,

Ceramics of 96 wt% «-alumina (NGK Spark Plug)
were used as the plating substrate. A repetitive two-step
process was used for catalyzing the substrate; the sen-
sitizer and activator were SnCl;-2H,0 1.0 gdm™*+37%
HCl1.0mldm™ and PdCl,0.1 gdm™>+37% HCl0.1
ml dm™?, respectively.”” By controlling the deposition
time, the film thickness was adjusted to 2 um. The con-
tent of phosphorus was determined as an atomic percen-

tage (at%) by an inductively coupled argon plasma

atomic emission spectrophotometer (ICAP-575 Mark 11,
Nippon Jarrell-Ash). The resistivity of deposits on the
alumina substrate was measured by a four-probe method
(Model K-705RD, Kyowa Riken).

The structure of the deposits was determined by an X-
ray diffraction analyzer (RAD-IIA, Rigaku Denkj) with
an Fe target. Magnetic properties were measured by a
vibrating sample magnetometer (BHD-30, Riken Denshi).

The heat treatment of the samples was carried out
under 2% 107% Pa with a constant heating rate of 10°C
min~' from room temperature, after which the samples
were maintained for one hour at the setting temperature
and allowed to cool spontaneously.

All measurements reported in this paper were carried
out at room temperature.

a)
150k -0~ pH 10 (N-B.4P)

A--—-A-A A pH SO (NM2ZP)

-0~ pH 8.6 (Ni~18.0P)

""" -@- pH 83 (M~210P)

'g 100 -A- pH 6.0 (N-23.%P)
a
K
Q,

0 1 i L J
b)
501

C)
~
=}
E
e
225

0 200 400 600 800

Heat treatment temperature (*C)

Fig. 1. Effect of heat treatment temperature on specific resistance, p,
and saturation magnetization, M,,
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§3. Results and Discussion

3.1 The temperature range of three stages

Figure 1 shows the effect of heat treatment temperature
on the film properties of the electroless Ni-P films which
were plated from the bath of various pH. The films ex-
hibited different P contents (see Table II). As is seen in
Fig. 1, both the specific resistance (p) and saturation
magnetization (M;) show constant values for the range of
temperature greater than 500°C. This indicates that the
films change until 500°C heat treatment and that no
change occurs with the higher temperature range.

Therefore, we can consider the three stages as follows:
i) First stage: under as-plated conditions.
il) Second stage: temperature region less than 500°C.
ili) Third stage: temperature region more than 500°C.

Figure 2 demonstrates the effect of the P content on the
p and M, values. Under the as-plated conditions of the
first stage (see Fig. 2(a)), the p value monotonously in-
creases with increasing P content. The M, value decreases
with increasing P content until 17 at%, and then
becomes nonmagnetic. It should be noted that, as
reported in the previous paper,? the film structure and
M, value.depend on the preparation conditions for the P

1s0r 9 First stage {40
(as~ptated)
£ o 1° s
a 100} 3
3 120 &
< 4 o *
50| 1‘\9&1'"
’":& : %\:‘} A AN AL o)
o P Second stage
(after 300°C heat treatment)
440
£ 1001 4 10
a )
3
o 420 ¢
50 .
‘I:Q A 2
<. _4‘ 410
o )\e : 1 1 A"‘é Lo
LUN Third stage 440
100 - % (atter 700°C heat treatment)
p s 130 3
5 Al 3
a By {20 &
3 50+ "
a =
410
3 1 V! i a 1 0
o 15 20 25
P content (at%)
Fig. 2. Effect of phosphorus content on specific resistance, p, and

saturation magnetization, M,. (a) As-plated condition. (b) After
300°C heat treatment, (¢} After 700°C heat treatment.
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content range between 14 and 18 at%. For example, as
shown in Table II, in the region of the P content between
14 and 18 at%, the film of 15.8 at% P is amorphous but
the film of 16.7 at% P is crystallized. Figure 2(b) shows
the effect of P content on the film properties after 300°C
heat treatment. As seen in Fig. 2(b), there is no clear rela-
tionship between the P content and the film properties.
The dependences of the p and M, values on the P content
are not in'a monotonous change, and rather a discontinui-
ty of the p value is observed at the P content of 21 at%.
According to the previous investigations,'®!029 the
origin of this complicated relationship is thought to be
caused by the difference of the annealing effect processes.

Figure 2(c) shows.the properties after 700°C heat treat-
ment. Here the p value increases while the M, value
decreases with increasing the P content. At the third
stage, p and M, values change smoothly with respect to
the P content, so that the P content of the film may deter-
mine the p and M, values.

3.2 The structure of the electroless Ni-P films before
and after heat treatment

Figure 3 shows the X-ray diffraction patterns of typical
Ni-P films. Figure 3(a) shows the X-ray diffraction pat-
terns after 300°C heat treatment. The structure of each
film differs in such that, namely, the ratio of each mixture
of the crystallized Ni phase, Ni;P compound and
metastable phase is different for each film. These results
are in good agreement with the previous investiga-
tions. ' These mixture phases may be responsible for the

9 Second stoge »  Third stage
(after 300°C heat treatment)  (after 700°C heat treatment)

ONI

X Substrote

A5 NoP

0; Metastabte phase

o pH1I0
%, (NI-8.4P)

pH 9.0
(Ni-14.2P)

A pH B.6

W (NI-18.0P)
pH 8.3

M A M A A L (Ni-210P)
pH 6.0

b R o Amea ., w-22aR)

1 1 ] J L 1 i 1 Il
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unclear relationship between the P content and film prop-
erties. Since the metastable phase is formed only for the
films whose P content is more than 21 at%, the discon-
tinuity of the p value at 21 at% P content is caused by the
difference in the structure (see Figs. 2(b) and 3). For the
Ni-P film with P content less than 21 at%, the crystal-
lized Ni phase is formed and the p values are decreased
by heat treatment. Since the formation of the metastable
phase does not affect the p value, high p values of films
having more than 21 at% P are maintained. Therefore,
the discontinuity shown in Fig. 2(b) is a result of the
difference of the structural change.

Figure 3(b) shows the X-ray diffraction patterns after
700°C heat treatment. All films are composed of a mix-
ture of the crystallized Ni and Ni;P compound.
Morcover, the peak height of the Ni peaks increases with
decreasing P content, and that of Ni;P increases with in-
creasing P content. These results also coincide with the
previous investigations which state that the Ni-P films
with less than 25 at% P content become the mixture of
crystallized Ni and Ni;P compound by heat treatment.>'%

3.3 The evaluation of heat-treated Ni-P film properties

Based upon the above results, there is a possibility of
quantitative evaluation for the heat-treated properties.
After heat treatment at the third stage, the films are com-
posed of a crystallized Ni and Ni;P compound. Thus, we
investigated the main factor to determine the heat-treated
properties.

Table HI shows the characteristics of the crystallized
Ni and Ni;P compound. We choose the amount of
crystallized Ni as the main factor to determine the resistiv-
ity and magnetization. At the third stage, since the peak
intensities of the crystallized Ni depend on the P content,
we assume that all P atoms have been exhausted to form
the Ni;P compound; namely, the three Ni atoms react
with one P atom. Therefore, the amount of crystallized
Ni (the residual Ni; A/at%) is calculated by the follow-
ing equation.

A(at%)=Ni(at%)—3-P(at%). 3.0

When the Ni-P films, after the heat treatment, satisfy
eq. (3.1), the amount of crystallized Ni complementarily
changes with that of the Ni;P compound. Equation (3.1)
holds for the region of phosphorus content less than 25
at% because the eutectic point forming the Ni,P com-
pound is at 25 at% P content.’® As is seen in Table I,
the magnetization of the Ni;P compound is very weak
and can be negligible. Therefore, we can expect that the
M, value of heat-treated film is determined by the
amount of residual Ni for the region less than 25 at% P
content.

Table IIl. The characteristics of the crystalline Ni and Ni,P com-
pound at room temperature (20°C}.

50 55 60 65 70850 55 60 65 70
20 (deg.)

Fig. 3. X-ray diffraction patterns of the Ni-P films after heat treat-
ment. (a) After 300°C heat treatment. (b) After 700°C heat treat-
ment.

Crystalline Ni Ni;P compound
Resistivity Conductor™ Semiconductor™
7.30 u2 cm 120 u2 cm
Magnetization  Ferromagnetic®® Pauli paramagnetic’”
550l emug”™’ X=8.8x%107°
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Figure 4 shows the relationship between the residual Nj
and M, values. As is seen in Fig. 4(a), the M, value in-
creases with increasing the amount of residual Ni. In
order to clarify the relation, we change the ordinate to
the M, per atom in Fig. 4(b). The value of M, per atom is
proportional to the amount of residual Ni. The M, value
of 100at% residual Ni, which is given by the ex-
trapolated line, exactly agrees with the pure Ni value per
atom of 5.36x107% emu at 20°C.” Based upon the
above results, the M, value can be explained by the
residual Ni using the following equation:

M, per atom=5.36x 10"2- A, 3.2)

Next, we investigate the resistivity of the heat-treated
Ni-P film in connection with the residual Ni. Since the
Ni;P compound shows semiconductive properties™ (see
Table 111), the electron tends to flow in the crystallized
(residual) Ni parts. When the matrix is composed of the
crystallized Ni, it is expected that the conductivity of the
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Fig. 4. Effect of residual Ni content on saturation magnetization, M,,
for the film after heat treatment of 700°C. (a) Saturation magnetiza-
tion, M, (emug™'). (b) Saturation magnetization, M,, per atom
(x107% emu).
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heat-treated film is proportional to the amount of
residual Ni. Figure 5 demonstrates the relationship be-
tween the residual Ni and p~! values. As is seen in Fig. 5,
there is a linear relationship between the residual Ni and
p~! value.

The linear relationship of the solid line is expressed by
the following equation:

P em ™) =(7.23 X 107%)- A(at%) + 1.12x 1072,
3.3)

The p value of 100 at% residual Ni is 12.0 2 cm, slightly
higher than that of pure Ni (see Table III). Since the
residual Ni phase is composed of polycrystalline Ni
grains, the resistivity component due to the grain boun-
daries may make the p value slightly higher.

Based upon the results shown in Figs. 4(b) and 5, the
properties of the heat-treated films for M, and p can be ex-
plained in terms of the effect of the residual Ni.

3.4 Comparison with the previous investigation
According to the previous investigation,? the
mechanical properties of heat-treated films drastically
change at the point of 12.5 at% (7 wt%) P content. In
the case of P content of less than 12.5 at%, the crystals
of the NisP compound disperse in the crystallized Ni
matrix. For the higher P content film, i.e., more than
12.5 at%, the crystallized Ni crystals disperse in the Ni,P
matrix. Therefore, the matrix changes at the point of
12.5 at% P content. Since the electron cannot flow only
in the dispersion, the p value strongly depends on the elec-
tric character of the matrix. Based upon the previous
report, the relationship between p value and P content is
discontinuous at the point of 12.5at% P content.

x107*
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80t = p=12.0(u0cm)
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Fig. 5. Effect of residual Ni content on conductivity, p~', for the film
after heat treatment of 700°C,
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However, the discontinuity in the line is not observed as
is seen in Fig. 5. Thus, we conclude that the P content
does not affect the character of matrix, but does affect the
amount of the matrix. Moreover, the matrix is composed
of the crystallized Ni whose resistivity is much lower than
that of the Ni;P compound. Therefore, the electron tends
to flow only in the matrix of the crystallized Ni and the re-
sistivity strongly depends on the amount of residual Ni,
as is seen in Fig. 5.

§4. Conclusions

Film properties of heat-treated Ni-P films were in-
vestigated and evaluated based on the P content. The
following results were obtained:

1. The properties of the Ni-P film, annealed at a tem-
perature greater than 500°C, do not depend on the tem-
perature. All the heat-treated films are a mixture of
crystallized Ni and Ni;P compound and all the P atoms
are exhausted to form the Ni;P compound. The matrix is
the crystallized Ni and the Ni;P compound disperses in
the matrix.

2. The heat-treated film properties strongly depend on
the amount of crystallized Ni while the P atoms play an
important role in decreasing the amount of residual Ni
by forming the Ni;P compound. The amount of crystal-
lized (residual) Ni complementarily changes with that of
the Ni;P compound and the amount of crystallized Ni
changes as a function of the P content.

3. The M, values are proportional to the amount of
crystallized Ni, while the p values are in inversely propor-
tion to the amount of crystallized Ni.

The authors would like to thank Messrs. K. Arai, I.
Saito and N. Masubuchi of Waseda University for their
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ABSTRACT

Electroless-plated cobalt alloy media are practi-
cally used in the field of high density magnetic re-
cording. The GEMMY system by NTT, being the highest
magnetic recording density system in the world, adopts
plated disks. The authors summerize the practical use
of longitudinal mode. Recently, much effort has been
done to realize a perpendicular magnetic recording as a
new recording system which has extremely high density.
The authors also summerize the plated disk for the
perpendicular magnetic recording mainly on the basis of
their research.

INTRODUCTION

Investigation of plated magnetic films was started at 1947 by
A.Brenner, and the electroplated CoNi film was used in practical use as
magnetic drums at 1962 by NTT. The electroless magnetic films were
first investigated at 1962 by R.D.Fisher(1). In 1970s, some re-
searchers and cooperations were in R & D for plated disks.

At 1981, NTT has developed an 8 inch high performance 400 MB disk
drive(PATTY)(2), in which the plated thin film medium disk(3) was first
developed and adopted as well as the sputtered ferrite disk. Recently
at 1987, NTT has also developed 2.2 GB high recording density disk
drive system(GEMMY)({4). In this system, electroless plated and
sputtered thin film disks are adopted.

PLATED DISKS OF LONGITUDINAL MAGNETIC RECORDING

Figure 1 shows the trend of recording density, in particular, hard
disk trend. The recording density increases with using thin film disk
or thin film head at hard disk field. The region I shows conventional
combination of coated disk and bulk head. The region II is the transi-
tion field to region III where the combination of thin film disk and
thin film head is adopted. The combination of region IIT is realized
only for the GEMMY system. Why should the thin film disk be used in
order to increase recording density? The most main reason is to over-
come demagnetization. ’

Fortunately, the electroless plating method has an advantage of
forming so thin film homogeneously even for such large area of disk as
well as an advantage of mass-productivity.

NEC has developed a high density recording disks of CoNiP medium
on the basis of the above advantages, which was mounted in PATTY system
of digital computer memory back-up machine(5).

PLATED DISKS OF PERPENDICULAR MAGNETIC RECORDING

A perpendicular magnetic recording system, which is promising
future system for high density recording, has been proposed by
Iwasaki(6). It has a very high resolution comparable to the size of
micro-crystalline particles of the recording medium. First successful
results for perpendicular magnetic recording medium were obtained by
sputtered CoCr film. Electroless-plated CoNiMnP film was at first
applied to the perpendicular magnetic recording medium(7).

Then, the CoNiReMnP alloy film with perpendicular anisotropy was
applied, and the typical hysteresis loops of plated CoNiReMnP film,
measured parallel(/) and perpendicular(l) are shown in Fig.2(8). 1t
indicates that the magnetic properties are suitable for perpendicular
recording. The better recording characteristics of rigid disk with this
magnetic film, using MnZn ferrite ring head, were shown in practical
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head-to-medium spacing as is seen in Fig.3(9).

A simplified CoNiReP alloy was applied latest(10).

Because a head is contacted to its medium, the recording in flexi-
ble disks is free from spacing loss which is unavoidable in the case of
rigid disks. The flexible media consisted of double layer of electro-
less CoNiReP and NiP alloys for recording layer and underlayer, respec-
tively, were formed. Recently,we confirmed extremely high recording
density D 0=152 kFRPI using flexible CoNiReP/NiWP medium with a combi -
nation of‘5 0.2 pm gap Sendust head(11)(Fig.4). It comes from the two
effects of NiWP underlayer, i.e., so-called 'double layer effect' which
enlarges reproduced voltage and the effect of developing the crystalli-
nity of magnetic medium.

A high potential capability of electroless plated films for per-
pendicular recording is now demonstrated by investigation on flexible
disks as well as on rigid disks.
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Two kinds of electroless-plated CoNiReP media were fabricated using the underlayers of electroless-plated NiP and
NiMoP films. Namely, the perpendicular anisotropic CoNiReP film with an in-plane anisotropic initial layer (He(/)
=50 Oe) plated onto the almost nonmagnetic electroless NiMoP underlayer and the perpendicular anisotropic CoNiReP
film plated onto the nonmagnetic NiP underiayer, These media were evaluated as flexible disks combined with a Sendust
ring head. A high reproduced voliage was obtained in the CoNiReP /NiMoP double layer media compared to that in the
CoNiReP/NiP .double layer media. Also, recording up to a very high density of 300 kFRP1 was achieved. Thus, the
medium with a quasi-soft magnetic in-plane anisotropic initial layer is suggested to be preferred to the higher density

recording media combined with a ring head.

KEYWORDS:
- CoNiReP

§1. Introduction

The authors have developed perpendicular magnetic
recording media by means of an electroless-plating
method.”® The electroless-plated CoNiReMnP and
CoNiReP alloys mainly consist of an hcp cobalt phase
whose c-axis orients normal to the film plane with perpen-
dicular magnetic anisotropy preferred to a perpendicular
recording medium.® The authors first applied the alloys
to rigid disks. An excellent performance of Ds=68
kFRPI was obtained using the CoNiReMnP film in the
medium of a commercial rigid disk system combined
with ring-type heads.® Later, the CoNiReP film was ap-
plied to flexible disks with ring-type heads. In this type of
consecutive investigation, not only the overall magnetic
property, but also the depth profile of perpendicular coer-
civity was found to be a very important factor in control-
ling the recording performance.” The magnetic proper-
ties are controllable by bath factors, selection of an
underlayer and selection of a catalyzing process.” As
for the selection of an underlayer, the ‘double layer
effect’ and the ‘underlayer effect’ have already been
noted as the factors used to improve the recording
characteristics.'® The former effect enhances the repro-
duced voltage by stabilizing the recording magnetization
by a soft magnetic underlayer.'” The latter effect is con-
sidered to be a solid-state physical effect in which a
microstructure of a recording layer is affected by the sur-
face structure of an underlayer. The media of both effects
are confirmed to show the best recording
characteristics,'® i.e., the recording performance of the
CoNiReP medium is greatly enhanced by the electroless-
plated NiWP of the quasi-soft magnetic underlayer
which not only has the ‘double layer effect’ but also has
the ‘underlayer effect’ of raising the crystallinity of the
recording layer.

In this paper, we investigate the recording per-
formance of the electroless-plated CoNiReP medium

perpendicular magnetic recording, electroless-plating, recording characteristics, flexible disk,

with the NiMoP underlayer in comparison to that with
the NiP underlayer. Also, we clarify the reason for the
high-density recording capabilities achieved in the media
and illustrate a design of a high-density recording
medium in combination with a ring-type head.

§2. Experimental

Double layer media were electroless-plated onto a 50-
um thick polyimide substrate. The electroless-plated
NiMoP and NiP films were adopted as underlayers. The
NiMoP and the NiP underiayers, 0.03 um in thickness,
were electroless-plated from the bath of Na,MoO, at a
concentration of 0.01 mol-dm™3, as described in ref, 12,
and at pH 6, as described in ref. 13. CoNiReP films, 0.3
and 0.5 um in thickness, were electroless-plated from the
bath detailed in Table 1. Magnetic properties were
measured by a vibrating sample magnetometer, VSM.
The hysteresis loops of each thickness region were esti-
mated by subtracting the loops of different thicknesses.
Disks, 10 cm in diameter, were fabricated and coated
with liquid lubricant to measure the recording
characteristics. The head parameters (8 mm video head)
and the read/ write conditions are shown in Table II.

Table 1. Basic bath . composition and operating conditions for
CoNiReP film.
Chemical Concentration
NaH,PO, H,0 0.20 mol- dm™
{NH,),S0, 0.50
CH,(COONa), H,0 0.75
C,;H,(OH),(COONa),- 2H,0 0.20
CH(OH)(COOH), 0.05
CH,(OH)(CHOH),COONa 0.30
CoS0,-TH,0 0.06
NiSO,-6H,0 0.10
NH,ReO, 0.003

Bath temperature 80°C
pH 9.2 (adjusted by NH,OH)
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Table 11.  Head properties and a read/write condition.
Core material Sendust
Gap length 0.20+0.02 pm
Track width 20%5 um
Coil turns 19+19
Relative velocity Ims™

§3. Results and Discussion

3.1 Magnetic properties of the double layer media

We prepared two kinds of media, the CoNiReP film us-
ing the NiMoP underiayer and the CoNiReP film using
the NiP underlayer. Both underlayers were almost non-
magnetic,''¥ however, the hysteresis loops of the 0.5-ym
thick media were different, as shown in Fig. 1. The high
squareness of the perpendicular loop is observed in the
double layer medium with the NiP underlayer
(designated as the CoNiReP/NiP medium), while the
low squareness is observed in the medium with the
NiMoP underlayer (designated as the CoNiReP/NiMoP
medium). Additionally, the constriction appears in the
in-plane loop of the CoNiReP/NiMoP film, suggesting
two components of different coercivities in the medium.

The thickness dependence of coercivity estimated from
the bulk hysteresis loops is quite different, as seen in Fig.
2. The in-plane coercivity, He(#), for the CoNiReP/NiP
medium is almost constant throughout the extent of the
thickness, while the high perpendicular coercivity,
He( L), appears in the initial region and decreases with in-
crease in thickness. However, for the CoNiReP/NiMoP
medium, the Hc(#) value maintains a very low constant

| a) 0.5250em
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Fig. 1. Hysteresis loops of a 0.5 pm thick CoNiReP/NiMoP double
layer and a 0.5 um thick CoNiReP/NiP double layer.
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Fig. 2. Thickness dependence of coercivities, He(L) and He(/), for
CoNiReP/NiMoP and CoNiReP/NiP double layers.
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value, and the He(L) value increases with increase in
thickness. In order to investigate the properties in each
thickness region in detail, the sheared hysteresis loops es-
timated by subtracting the loops for the samples of
different thicknesses are shown in Fig. 3. They indicate
properties for the component of each thickness region.
Figures 3a~3c and 3d~3f are the loops for the
CoNiReP /NiMoP and the CoNiReP/NiP media, respec-
tively. The thickness region is shown in the figures. Both
media show a notable difference in the depth profile of
the magnetic properties. A quasi-soft magnetic property
of an He(/) of 50 Oe appears in the CoNiReP /NiMoP
medium up to 0.15pm (Fig. 3a). Once outside this
region, the loops abruptly form the characteristic shape
of a perpendicular anisotropic film for the regions of
0.15~0.30 pm and 0.30~0.50 pm in thickness (see Figs.
3b and 3c). In other words, there is a transition point
from the in-plane to perpendicular anisotropy of
magnetic properties in the thickness of 0.15 um for the
CoNiReP/NiMoP medium. Thus, the region up to 0.15
am thick is called the in-plane anisotropic initial layer
(where Hc(/)=350 Oe), and the region greater than 0.15
um thick is called the perpendicular anisotropic layer
(where He( L)=770 Oe).

The feature of the CoNiReP/NiP medium is quite
different from that of the CoNiReP/NiMoP medium.
The high coercivity and squareness of the perpendicular
loop appear even in the very thin thickness region up to
0.1 pm (Fig. 3d). The He(1 ) value of 1370 Oe at the in-
itial layer decreases and shows the constant value of
720~740 Oe in both regions of 0.10~0.30 um and
0.30~0.50 pm.

CoNiReP/NiMoP CoNiReP/NiP
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Fig. 3. Sheared hysteresis loops of CoNiReP/NiMoP (a~c) and Co-
NiReP /NiP (d ~ ) double layers.



Recording Characteristics of Electroless-Plated CoNiReP Films with Initial Layer

Comparing the two media, the difference in the
magnetic properties of the initial layer is clearly shown.
The difference suggests the ‘underlayer effect” of
producing the change in microstructure of the CoNiReP
film by the underlayer.

The schematic models from these results are shown in
Fig. 4. The model for the CoNiReP/NiMoP medium
shows that an in-plane anisotropic initial layer up 10 0.15
pm appears in the CoNiReP film plated onto the NiMoP
underlayer. The model for the CoNiReP /NiP medium in-
dicates that only a perpendicular anisotropic layer ap-
pears from the initial stage in the CoNiReP film plated
onto the NiP underlayer.

Consequently, both flexible media with or without an
in-plane anisotropic initial layer can be fabricated by
the electroless-plating method using the different
underlayers.

3.2 Recording characteristics

Figure 5 indicates the recording characteristics for the
CoNiReP/NiP medium with 0.3- and 0.5-um thick
CoNiReP films. A high-density recording of Dy=134
kFRPI or 123 kFRPI is achieved, but the second peak is
not detected. Almost the same reproduced voltage is ob-
served for both 0.30- and 0.50-um thick CoNiReP layers.
The recording characteristics for the CoNiReP/NiMoP
medium are shown in Fig. 6. Since the medium has an in-

CoNiReP/NiMoP CoNiReP/NIP
Perpendicular )
CoNiReP (cym. CoNiReP Perpendiculqr
--------------- layer
Initiol layer
NIMoP & NIP L
0.03um Undertaysr 0.03um t Underiayer
Polyimide Substrate Polyimide Substrate
50um 50um
/_\_'_, /\/

Fig. 4. Schematic cross sections of double layer media.
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plane anisotropic initial layer of about 0.15 um, the real
thickness of the perpendicular anisotropic layer becomes
about 0.15 and 0.35 um for the 0.30- and 0.50-um thick
CoNiReP layers, respectively. The reproduced voltages
differ considerably, e.g., 0.22 xV and 0.09 uV at 1 kFRPI
for the media of 0.5- and 0.3-um thick CoNiReP layers,
respectively. Since the reproduced voltage ratio of 2.4/1
corresponds exactly to the thickness ratio of the perpen-
dicular anisotropic layer of 2.3/1, penetration of
magnetization is assumed to be performed in the system.

Comparing the results for the same thickness of media
in Figs. 5 and 6, the reproduced voltage for the 0.3-um
thick CoNiReP/NiP medium (0.12 um) is larger than
that of the 0.3-um thick CoNiReP/NiMoP medium
(0.09 pV) at 1 kFRPI. However, for the
CoNiReP/NiMoP medium, the essential recording layer
thickness, corresponding to the perpendicular
anisotropic layer, is 0.15 um which is about half the
thickness. Considering only that the reproduced voltage
is proportional to the thickness of the recording layer,
the reproduced voltage of the CoNiReP/NiMoP
medium predicted from that of the CoNiReP/NiP
medium is 0.06 um. Compared to the predicted value, the
experimental value becomes 1.5 times larger than the
predicted value. Similarly, that for the 0.5-um thick
medium is about 2.3 times larger than the predicted one.
Thus, the CoNiReP/NiMoP medium is demonstrated to
indicate a high reproduced voltage.

We suggest that such enhancement is due to the ‘dou-
ble layer effect’ which increases the reproduced voltage
by stabilizing the recording magnetization by the quasi-
soft magnetic in-plane anisotropic initial layer, and that
recording into the deeper region is assumed to be per-
formed. Both 0.5-um thick media have excellent surface
layers with perpendicular anisotropy (Figs. 3¢ and 3f)
with or without the in-plane anisotropic initial layer.
Nevertheless, the recording over the second peak up to
300 kFRPI is achieved only in the case of the 0.5-pm
thick CoNiReP/NiMoP medium, owing to the ‘double
layer effect.’ This indicates that the good matching of a
head and a medium, producing high-quality recording
characteristics, can be achieved by adjusting the
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magnetic property of the initial layer of the electroless
CoNiReP film.

§4. Conclusions

Based on the study outlined in this paper, the follow-
ing conclusions are noted:
1. An in-plane anisotropic initial layer appeared in the
initial deposition of the CoNiReP perpendicular
anisotropic film which was electroless-plated onto the
almost nonmagnetic electroless NiMoP underlayer.
2.  The in-plane anisotropic initial layer was about 0.15
pm thick, and showed 50 Oe of in-plane coercivity.
3. Excellent recording performance was demonstrated
in the electroless-plated CoNiReP flexible media with an
in-plane anisotropic initial layer in combination with a
ring-type head.
4, The medium with a quasi-soft magnetic in-plane
anisotropic initial layer is preferred over the higher den-
sity recording media with a combination of ring heads.
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Effect of Mo Content on the Film Properties
of Electroless Ni-Mo-P Alloy Films after Heat Treatment

Tetsuya OS AK A*, Masahiko USUD A*, Ichiro KOIW A* and Hideo SAW AI**

The film properties of electroless Ni -Mo -P alloy films after complete formation of the final
compounds and phases were investigated in relation to Mo content. Films may be classified into two
groups on the basis of their structure ~amorphous and crystallized- in the as—plated condition and two
groups differ in Mo-dependence. Residual Mo content, calculated from substituting the amount of
Ni,P compound, emphasized the differences between the groups : in amorphous films, the estimated Mo
content calculated from the interplanar spacing of Ni~Mo alloy is almost equal to the residual Mo
content, whereas in crystallized films, residual Mo content is higher than the estimated value. Finally,
the resistivity of the Ni-Mo-P alloy films after heat-treatment at 900 C is closely related to estimated
Mo content, and the large difference in the crystallized films is due to the Mo-rich zone, which makes
the resistivity higher than that of bulk Ni-Mo alloy.

Key Words : Electroless Ni-Mo-P Alloy, Heat-treated Film Properties, Heat Change Behavior
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Table 1 Compositions and both operating conditions for
electroless Ni-Mo-P alloy.

Chemicals Concentration
NaHz2P02-HxO 0.20 mol dm™3
CsHa (OH) (COONa) 3+ 2HO 0.10
CHz(OH) (COOH) 0.20
NiSO4 - 6H20 0.10
Na:MoQs « 2H20 0~0.020

Bath temperature 90°C
Bath pH adjusted with NaOH 9.0
2. B FH &
F I, ARCCHOCALBER Ni-Mo-P 40 - &

B OFKAHEL, RUBEERLE YT, Z D% - ZIH T,
W ERin Uic Nap,MoO, I3 # Z8b 3¢ 52 Lk b
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P&EHEIT, 79 X<RHILH IR (ICAP-575 Mark
II, Nippon Jarrell-Ash) 1= & Dl L7z, HARHfE 110Y
YREHEiEE (MODEL K-705 RL, 2R &) &

X SRR

D, BBRES X XRIEIT A (Fe & — 4y UM,
RAD-UA, BEEEHBMED w X v 2 EhikE Lie
IS o # A zE R (1070 torr) THIR M E A 10Ce
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Table 2 Composition and phase transformation by heat-treatment for electroless Ni-Mo-P alloy films,

Na:MoOs conc. Film content R’ K R
/mol dm™ /at % temp./°C temp./°C temp./°C
Amorphous State Group

0 Ni-19.8P 300 400 -
0.00025 Ni-0.4 Mo~19.7P 300 400 600
0.0005 Ni-1.1 Mo-18.4P 300 400 600
0.00075 Ni-1.6 Mo-18.1P 400 400 600
0.0010 Ni-2.2 Mo-17.7P 400 400 600
0.0015 Ni-3.8 Mo-15.5P 400 300 500
0.0018 Ni-4.5 Mo-13.9P 400 300 400
Crystallized State Group

0.0020 Ni-6.2 Mo-4.2P - as-plated -
0.0030 Ni-7.9 Mo-2.3P — as-plated -
0.0050 Ni-10.4 Mo-1.89 — as-plated 200
0.0075 Ni-12.4 Mo-1.5P - as-plated 200
0.010 Ni-12.8 Mo-1.3P - as-plated 300
0.0125 Ni-13.7 Mo-1.2P - as-plated 300
0.015 Ni-14.4 Mo-1.5P — as-plated 200
0.0175 Ni-14.0 Mo-1.5P — as-plated 200
0.020 Ni-14.9 Mo-1.5P — as-plated 200

Where, the R is the formation of the NizP compound,

the Rz is the crystallization of Ni or Ni-Mo alloy.

the Ry is the transformation of Ni-Mo alloy.
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ABSTRACT

Recent development of electroless plated disks for use
as high density recording media is revicwed. All pro-
duction processes for the plated disks. from substrate fab-
rication to lubrication, are briefly described. Electroless
plating techniques to obtain better magnctic properties
with long-term bath stability and higher recording film
quality are discussed from the viewpoints of plating bath
composition selection, plating bath maintenance, and plat-
ing process purification. High density recording character-
istics for future storage application, in ' longitudinal
magnetic recording, as well as perpcndicular magnetic re-
cording, are also presented.

INTRODUCTION

Magnetic disk drives, which feature large-capacity, high-accessing speed and high
reliability, are being used as the main file storage devices in computer systems.
Coated disk media, which consist of y — Fe,O, magnctic particles dispersed in the
binder, have been mainly used for magnetic disks up to now. Recently, we
started approaching the limits in recording density for coated disks, because of
the difficulty in reducing the coating thickness. For continuous thin film media,
such as electroplated, electroless plated, sputtercd mectallic films or sputtered
oxide film, thinner media are easily obtained and magnctic matcrial is undiluted
by nonmagnetic material. Particularly, electroless plated media were intensively
studied by many researchers in the 1960’s (1,2). Although the plated media had
been suffering for a long time from several practical problems such as
reproducibility, uniformity, corrosion and wear durability and error- character-
istics, the fundamental production techniques have now been established for
achieving greater reliability by systematic research in the NEC laboratory (3). In
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1982, thin film media, such as plated disks and sputtered disks, which had been
researched and developed for use as high density rccording media, were adopted
in the large capacity disk storage JS4380 (PATTY) devcloped by NTT (4). As a
result of this development, the adoption of thin film media was accelerated and,
in particular, various plated disk drives were commocrcialized, ranging from
3.5-inch disk drives for personal computers to 9-inch disk drives for large capacity
data storage. As magnetic disk drives are becoming widcly used, even further
improvement in cost performance of high-density recording technology advance-
ment is necessary. This paper outlines the technology developed for plated disks
and high-density recording characteristics of plated disks.

PLATED DISK PRODUCTION PROCESS

All production processes for the plated disks, from substrate fabrication to lubri-
cation, were extensively studied in order to meet thc requirements for error char-
acteristics, wear durability and wet durability, which arc important factors in
practical use (5). The developed plated disk has a multilayer structure, as shown
in Fig. 1. An outline of the production process, which consists of substrate fab-
rication, recording medium formation, protective film formation and lubricant
application, is shown in Fig. 2.

A disk substrate, made of high purity 5086 or 7075 aluminum alloy, is lathed or
polished to meet the required surface precision. The Ni-P layer is chemically
plated on the substrate to around 20 um thickness, as a hard and uniform non-
magnetic underlayer. Both sides of the Ni-P layer arc simultancously ground by
grinding wheels to obtain small circumferential acccleration and are successively
polished using polishing cloth and abrasive to make mirror-like smooth surfaces.
Then, a cobalt alloy thin film recording media is chemically plated on this surface
to 0.08 pm thickness (for PATTY spec.). Next, the 0.08 um thick polysilicate
protective overcoat (for PATTY spec.) on the recording medium is applied by a
spin-coating method, using a tetrahydroxysilane alcohol solution. Spin-coated
disk is annealed to obtain an SiO, film by the reaction (1) indicated below.

Si(OH), — SiO, + 2H,0 (1

The developed protective film offers excellent wear durability and corrosion re-
sistance, as well as superior productivity (6). Last, a lubricant is applied on the
polysilicate film to decrease its friction coefficient (7).

Plated magnetic disks prepared in this manner, which were verified to have ex-
cellent performance in reliability evaluation tests, arc coming into practical use.
In what follows, plating technique to obtain high density recording media is ex-
plained in detail.
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ELECTROLESS PLATING TECHNIQUES FOR MAGNETIC DISK ME-
DIA (8)

The electroless plating method has advantages in regard Lo the ability to obtain
magnetic thin films with uniform thickness and is suitablc for mass production.
However, initially, it was not practical for use as a magnctic disk medium pro-
duction method, because of difficult control of the process, nonhomogeneity of
magnetic properties, plating bath instability and frequent crror defects occur-
rence. Electroless plating techniques have been dcveloped for obtaining high-
density recording magnetic disk media, from the following points of view:

(1) Development of an electroless plating bath with properly sclected complexing
agents, to produce recording medium films of uniform magnctic propertics.

(2) Establishment of a bath maintenance mcthod using impurity control in rea-
gents, to enable long-term bath stability.

(3) Improvement in bath purification techniques and disk surface cleaning tech- -
niques, to reduce error defects to a minimum number and to attain higher me-
dium quality.

-

MEDIUM PLATING BATH DEVELOPMENT

In developing the plating bath, the sclection of complex agents, which have a
dominant influence on plated film propertics, is the most important. Since not
all required properties, such as magnetic propertics, bath stability ctc., were sat-
isfied using ammonia alkaline, caustic alkaline citratc, or tartratc bath (A-C,
A-T, C-C, C-T bath), which are well-known typical magnetic film plating baths,
many combinations of complexing agents available werc cxtensively investigated.
They are shown in Table 1. As a result, ammonia-alkalinc plating bath, using a
malonate-maleate -succinate mixed complex (A-MMS bath), for producing uni-
form Co-Ni-P films, has been developed. Figurc 3 shows the bath pH effect on
coercivity for-a disk media obtained from A-MMS bath, in comparison with the
case when using a caustic tartrate bath. Figurc 4 shows a comparison betwecn
these baths with regard to the effect of molar ratio Ni/(Co + Ni) in the bath on
the film coercivity. The Hc value abruptly incrcases with an increasc in bath pH-
in C-T bath and reaches maximum value at pH 9.0. For A-MMS bath Hc shows
an almost constant value. The Hc value decreases rapidly with an increase in
molar ratio of Ni/(Co + Ni) in C-T bath. In A-MMS bath thc Hc value is almost
independent of the Ni/(Co + Ni) molar ratio over a very wide range. Since
A-MMS bath permits stability in magnetic propertics with regard to changes in
the bath composition and plating conditions, it has bccome possible to prepare
easily disk media with uniform properties. After further consideration of the in-
fluence of other factors in the bath, optimum bath composition and plating con-
ditions were arrived at, as shown in Table 2. The desirable bath characteristics
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were obtained by an appropriate combination of complexing agents and a con-
siderably larger concentration of complexing agents than that of metal jons in the
bath.

RECORDING MEDIUM PLATING BATH MAINTENANCE

Electroless plating deposition behavior on the substratc is often markedly influ-
enced by a very small amount of metal ions impuritics present in the plating sol-
ution. It was also observed that magnetic propertics, as well as bath life changed
to some extent, depending on the impurities even in the casc of the A-MMS we
developed. As it is important to suppress such changes for mass production, the
effect of various impurities was investigated by adding them to the plating bath.
Figure 5 shows the effects on Hc of concentration of impuritics added to the Co-
Ni-P plating bath. Based on this result. control of impurity, the reproducibility
and stability were greatly improved. As a rcsult, it has bccome possible to
produce large numbers of disk media continuously for a long period of time. It is
considered that impurities adsorbed at the surface influcnce the plating reaction,
vary the film structure, and therefore change the magnctic propertics (9). Figure
6 shows a cross- sectional micrograph of a plated medium studied by high resol-
ution transmission electron microscopy (HR-TEM). HR-TEM observation re-
vealed that medium film, prepared from an adequately controlled bath, consists
of uniform and fine microcrystals.

Further, it also became possible to obtain various kinds of recording media with
a wide range of magnetic properties and different film structurcs by making use
of the effect of additives (shown in Figure 5) into the Co alloy plating bath. For
example, it was found that Mn or W codeposition in Co-P or Co-Ni-P film makes
the c-axis perpendicular to the plane of the film (10,11). Studies on clectroless
plated cobalt alloy films, for use as perpendicular recording media, will be men-
tioned later.

PLATING PROCESS PURIFICATION

Reducing the number of error defects in plated magnctic disks is also one of the
most important factors which must be achicved in high dcnsity recording media.
So, the relation between bit error origin and the causc in the plated disk pro-
duction process was examined by optical microscopy, SEM and AES, as well as
signal waveform observation of error defect portion. The results of investigation
are summarized in Table 3. [t was concluded that thc major causes were poor
cleaning of the disk surface before and after medium plating, and dust attach-
ment to the disk surface in plating. Therefore, plated disks were manufactured
in a clean room, comparable to those found in scmiconductor plants, without a
machining process. In addition, recirculation filtration with 0.2 um Milipore
membrane filter in the plating bath, and cleaning process improvement before
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and after medium plating were installed. As a result of thesc process purifica-
tions, it was found that the number of crror defects was markcdly reduced.

Plated disks, whose basic manufacturing process was cstablished in this way,
were first used in JS4380 disk drive developed by NTT (rccording density:
14kBPI, [.IKTPI). Based on these facts plated disk production was started on a
full scalc by many manufactures in the U.S. and Japan.

HIGH DENSITY RECORDING

High density recording characteristics for plated disks were studicd using narrow
gap length Mn-Zn ferrite head.

First, a plated disk, which consists of 0.06 um thick Co-Ni-P medium and 0.0
um thick protective layer, was evaluated with a 0.33 um gap lcngth head at 0.2
um head-to-medium spacing (12). The spacing uscd here means the total value
of the protcctive overcoat thickness and the flying height. Thc measured read-
write characteristics are shown in Fig. 7. The rccording density value at a half
output voltage for a long wavelength, Dy, was 42kFRPI. Favorable overwrite
and SNR, about -31dB and 30dB, respectively, were obtained at a 35kFRPI re-
cording density. Accordingly, recording densities around 35kFRPI are consid-
ered to be applicable for practical use.

Higher-density recording characteristics were investigated under various
disk/head conditions, using plated disks and Mn-Zn ferrite heads (13). Figure 8
shows the influences of 4 main head-disk system paramcters on rccording density,
D,. Thesc parameters are head-to-medium spacing, medium thickness, Br/Hc
and head gap length. The Dy, value increases with a decrcasc in cach onc of these
parameters. As a result, by appropriately sclecting these parameters, a maximum
Dy, value of 105kFRPI was achieved.

While extremely thin medium and higher He specifications arc cssential, in order
to attain high density-recording in the longitudinal magnctic recording system
mentioned above, a perpendicular magnetic rccording system is particularly suit-
able for high density recording, becausc it is frec from such stringent thickness
constraints. Electroless plated disks for perpendicular magnetic reccording can be
easily prepared by the conventional plated disk production techniques, by using
the Co-Ni-Re-Mn-P (14,15) or Co-Ni-Re-P (16) perpendicular medium plating
baths. High density recording characteristics for perpendicular-recording- mode
plated-disks were investigated on the Co-Ni-Re-Mn-P medium, using a structure
similar to that for the longitudinal-recording-mode plated disks shown in Fig 1.
Bath composition and plating conditions for Co-Ni-Re-Mn-P medium are listed
in Table 4. The disk and head propertics, as well as the recad-write conditions,
are shown in Table 5. Three media thicknesses, i.c., 0.20, 0.25 and 0.50 um, and
three head-to-medium spacings, 0.12, 0.20 and 0.25 ym, werc used in thesc ex-
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periments. Here, disks with magnetic films, 0.50, 0.25, and 0.20 um thick, are
designated as Disks A, B and C, respcctivcly./ Figurc 9 shows recording density
characteristics for Disks A, B and C. A clear di-pulsc wavcform, which indicates
perpendicular mode recording, was obscrved at a low bit density for all disks.
The Dy, values were always above SOkFRPI under these conditions. Considering
the 0.33 um head gap length, such recording density Dy, valucs are fairly high.
The spacing effects on recording characteristics for Disks A and B are shown in
Figs. 9 (a) and (b). The spacing decrease from 0.20 to 0.15 ¢ m makes the Dy,
value higher. Furthermore, decrease of the mecdium thickncss also somewhat
improves the Dy, value. When the medium thickness was reduced to 0.20 um and
spacing value to 0.12 ym, a Dg=68kFRPI recording density was attained, as
shown in Fig. 9 (c). In perpendicular recording, hcad- to medium spacing, as well
as medium thickness, play an important role in obtaining high rcsolution, because
a slight increase in the spacing reduces the hecad fringing ficld sharpness. These
effects become more marked on perpendicular recording flexible media, which are
recorded in contact with the head. It was reported that an cxtremely high value,
Dg= 152kFRPI, was obtained using a flexible disk, which consists of electroless
plated 0.3 um thick Co-Ni-Re-P medium and Ni-W-P undcrlaycr, with a combi-
nation of 0.2 um gap sendast ring head (17). Wec have thus also confirmed that
clectroless plated disks have a high potential for usc as perpendicular recording
media.

In order to realize the higher density recording in a practical application, a
thinner protective overcoat film with enhanced corrosion resistance and a
smoother disk surface without head hit projections, as wcll as uniform recording
medium with reduced defect level should be developed. Furthermore, advance-
ment in micro-tribology, at head-to-disk intcrface, becomes an indispensable
condition which must be attained in futurc development to achicve still higher
density recording by reducing head-to-medium spacing.

CONCLUSION

Recently, the demand for high density magnctic disk drives has been increasing.
Thin film plated disk, which consists of an clectroless plated Co alloy medium
and a spin-coated and lubricated SiO, overcoat, has been developed for such high
density recording medium. All production processes were cxtensively studied to
achieve higher recording densities and greater reliability. Three key points were
discussed: medium plating bath development to produce uniform magnetic films,
medium plating bath maintenance mecthod to cnable long-term bath stability,
plating process purification to attain higher medium quality. Further, high den-
sity recording characteristics in longitudinal magnctic recording, as well as per-
pendicular magnetic recording were studied. As a result, maximum Dy, values
of about 100kFRPI or more were obtained. It was found that clectroless plated
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disks have a high potential for usc as high density recording media. To develop
such a high-density recording disk drive, advancement in micro-tribology, to re-
duce hcad-to-medium spacing, and improvement in hcad tcchnology, to
strengthen and sharpen the fringing ficld, in addition to disk medium develop-
ment are necessary.

ACKNOWLEDGMENT

The authors wish to thank Dr. I. Koiwa of Wascda University for his useful dis-
cussion and technical support. The authors also wish to thank Dr. S. Esho, M.
Tachibana, K. Matsumi, S. Kato, S. Hatano, T. Yamamoto and M. Mitsuhashi
of NEC Corporation for their guidance, encouragement, uscful discussion and
technical support.

REFERENCES

I. R.D. Fisher et al., J. Electrochem.Soc., 109, 485 (1962).

2. D.E. Speliotis et al., IEEE Trans. Magn., MAG-2, 208 (1966).

3. M. Nagao ct al., IEEE Trans. Magn., MAG-15, 1543 (1979).

4. R. Kaneko et al., IEEE Trans. Magn., MAG-18, 1221 (1982).

5. Y. Suganuma et al., ibid, MAG-18, 1215 (1982).

6. M. Yanagisawa, ASLE Special Publication SP-19, 21 (1985).

7. M. Yanagisawa, ibid., 16 (1985).

8. F. Goto et al., J. Metal Finishing Soc. of Japan., 33.414 (1982).

9. K. Nihei ct al,, J. Electrochem. Soc. of Japan., 43, 721 (1975).

10. T. Osaka et al., ibid., 49, 792 (1981).

[1. T. Osaka et al., J. Electrochem. Soc., 130, 790 (1983).

12. F. Goto et al., J. Magnetics Soc. of Japan., 10, 12 (1986).

13. H. Tanaka et al., Trans. Institute of Elcctronics and Communication
Engineers, J67-C, 82 (1984) (in Japancsc), and unpublished data.

14. T. Osaka et al., J. Electrochem. Soc. of Japan.. 52, 197 (1984).

15. F. Goto et al., IEEE Trans. Magn., MAG-20, 803 (1984).

16. T. Osaka et al., IEEE Trans. Magn., MAG-22, 1149 (1986).

17. T. Osaka et al., IEEE Trans., Magn., MAG-23, 2356 (YI87)

383



Fig.!

.- Lubricant

Spin-coated S0,

4—Plated medlum

Pollshed Ni-P layer

L’\N\:}—AI alloy substrate

Fig.!l

He (Oe)

Fig.2

{ 1) Substrate fabrication process
« Al substrate lathing or polishing
« Ni-P loyer electrotess plating
«Ni-P layer grinding and polishing

l

(2) Recording medium formation process
+Co ailoy film electroless plating

y

(3) Protective film formation process
« Polysilicate film spin-coating
. Annealing for polysilicate film

!

{4) Lubricant application process

«Lubricant spin-coating

. Plated disk cross-section structure.
Fig.2 Plated disk production process.

Fig.3 Fig.4
1500 1500}
,»7"~, C-Tbath ="
,/’ ‘\/ /‘/ N\
, ! » c-Thath  §
1000} f 1000} \
[ - ‘ \
/ é \‘\
2
j A-MMS bath x \\
] / \\
500 / S s00f ‘\'_—"*T;\\.
/ s >
4 A-MMS bath ~
\\
¥
0 1 [ i 0 1 1 ] i 1 1
8.5 3.0 9.5 o1 02 03 04 05 06 0.7
Bath pH Ni/{Co + Ni}in solution
Fig.3 Bath pH effect on disk media coercivity.
h on disk

Fig.4

Effect of molar ratio Ni/(Co+Ni) in the bat

media coercivity.

384




Fig.6

Fig.5
o
L Pb Zn J

- : - Cu .

K

~ - Al X

= Ploted

g2 £ Mq,Cr,Ca,Sr .

5 \ medium

< [ Mo Mn |

-2 N .

x o Ay W

N- Fe ] - l
d . 1 | 1 i 1 1 H 1
o1 10 100 1000 10000 1\
Concentration (ppm) Polished
Ni-P layer
o
. 100A
" Fig.5 Effects on Hc of additive concentration for the Co-
Ni~-P bath.
Fig.6 Cross-sectional HR-TEM micrograph of plated medium.
v o020 Fig.7
19. i
E J Output voltage Fig.8
c OIS} =ow——d g T T TT=T"7"7TrT77
3 ol °
: S Spacing -

. i o0} ~ R

gs Dso =42k FRPI ol Br/He oMedlum thickness |

S a oosf =F 3

s of.o N\ T ]

é.j olp—1 1 1 R - o \D \XAA O\oi’o\ ]

a A —-— O - ~ \ph =

3 0 & °F BN 1

w ol Gap length U\\ i
SNR {40 X "
o b g
-1or \ o
3 a
ol 130 @
- -20F / = 9;2:\ n et botaarl 1 L 111|||IE"
® % 0 0.002 0.003% 00! 0.02 0.03 Q.4
5 J20 0 Magnetic medium thickness {pm)
s -30F 2 " st sl 1 a1 Lo al
3 / 0.02 0.08 o1 02 05 1o
Overwrite 3 1 10 & L i ?p.cxc.‘p[g (#{ﬂ) ot taal
- - O
w0 e I T
2 1 4 4 bt o“ 0.2 0.3 1.0 2 L} 10
10 20 30 50 70 Gap length  (um)
Recording density (k FRP1)

Fig.7 Reproduced voltage, overwrite and SNR dependence on
recording density using narrow gap-length head (5NR
value is converted at 18 um track width).

Fig.8 Relation between Dgg and head-disk parameters.

385



Fig.9

008
a) Disk A Fig.9
006 —o/°"°—°‘° Reproduced voltage dependen-
: ,__._..—-0—0-«.,\0 ce on recording density for
-~ - *\ disks A, B and C. ‘
v 004 L\
E : Medlum e\, 58
- thickness Spacing 34
£ 0021 .o 0.50um 0.15um "
< -e-0.50  0.20 o
£ o -1 ] 1 1 [ S T N I
< 0041y, Disk B
L 003F o007 O\
> _ \
:, 002k __.__.__.__.,0 0~0~. o
o Medium \. ° g3
e i thickness Spacing B&'
2 001 F o-oz5umoitsum . F, .
S om0 029 o, wl.| Tabled
= 004“ : Bath life for several elec-
a® ¢) Disk C troless Co-Ni-P  plating
2 o003 .’_./-"ﬂ baths and magnetic proper-
— \ ties, surface condition, and
ooz k ‘\ uniformity of coercivity for
- Medium g | Magnetic films plated by
001 - thickness Spacing ‘sf; several baths.
: ~e- 0.20pm O.02um N
or! 1 1 1 1 [ . )
10 20 30 40 50607080
Recording density (k FRPI1)
Table 1
Bathtype{Compiexing || Bath life Coerclvity]Squareness| Plated [Hc uniformity
agents surfacel He on
c-T Tartrate X medium O. (@) 400 | 224
A-T Tartrate medium X X — | —
Malonat
A-MA |Maional® A | medium X x | —|—
Acetate
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Table 2 Bath composition and plating conditions for Co-Ni-
P longitudinal recording medium.

Chemicals Suitable Optimum
CoS0,4 -7H, O 0.045-0.08mol/1| 0.06 mol/|
NISO,-7H,0 0.02 - 0.055 0.04
NaH,PO,-H,0 0.1 — 0.3 0.2
(NHy), SO, 0.05~ 0.6 0.1
Sodium malonate 0.2 - 0.6 0.3
Sodilum malate 0.2 - 0.6 0.4
Sodium succinate 0.3 - 0.7 0.5
PH=8.9~9.3, Temperature = 75~85°C

Table 3 Bit error origin and the cause in the plated disk
production process.

Error origin Defect cause inthe process
. Substrate Scratch or cavity by lathing or
defect | polishing of Al substrate

2.Ni-P layer |Ni-P layer pinhole by dust

defect | atraching during plating or

pretreating

3.Recording Co-Ni-P film pinhole by dust

medium attaching during plating or
defect cleaning before plating

K1.Overcoat Stains by poor cleaning of
defect medium plating surface
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Table 4 Bath compositioh and plating conditions for Co-Ni-
Re-Mn-P perpendicular recording medium.

Chemicals Concentration
CoS04-TH,0 0.06 mol/l
N‘SO4'7H20 0.12
MnS0,4-4~6H,0 0.05
NH 4 ReOy4 0.005
NOHZ POZHzo 0.30
{(NH4)>S0,4 0.50
Sodium malonate 0.30
Sodlum tartrate 0.20
Sodium succinate 0.30
pH=9.2 , Temperature = 80°C

Table 5 Disk and head properties, and read/write

conditions.

N DiskA  DiskB  Disk C
tems

Medium materlal Co-Ni-Re-Mn-P
Medium thickness (um) 0.50 0.25 0.20
Overcoat thickness(um) 0.05 0.05 0.02

Substrate materlal Polished NI-P on Al alloy!
Core material Mn-Zn ferrite

Gap length(zm) 0.33

Track width{um) 155

Flylng height(zm) 0.10,0.15 0.10,015 O.I0

Spacing (pm ) ;0‘15'0'20 0.15,0.20 0.12
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I TR R ~ 00 15—

A Study on High Functional Thin Film
Formed by Electroless Plating

——1In Particular on Application to Magnetic Recording Media

N S S
Tetsuya OSAKA

The formation and evaluation on high functional thin films by an electroless plating
method were studied with the following two items on the basis of the application of them
to electronic materials: 1) formation and evaluation of perpendicular magnetic recording
media 2) formraton and evaluation of thermally-stable thin flm resistors.

In the research on the perpendicular magnetic recording media, the perpendicular aniso-
tropy thin film is realized by the cobalt alloy plating films. It is confirmed by investigating
some cobalt alloy films that the thickness dependence of perpendicular coercivity, He( 1), is
a very important factor to control the recording characteristics. Moreover, the cobalt alloy
recording media with the underlayer of crystallized and amorphous NiP plating films were
evaluated by a ring-type head. The media with crystallized and amorphous NiP underlayers
show the effects of so-called double layer and of enhancing crystallinity of cobalt alloy, res-
pectively. When using NiWP plating underlayer, the both effect are produced and the very
high recording density is established by the cobalt alloy with NiWP underlayer.

In the research on the thermally.stable thin film resistors, the nickel molybdenum alloy
film was developed for the thin film having low TCR and highly-thermal stability. Such
high stability against thermal treatment until 400°C is confirmed to be due to the formation
of very fine crystal structure at as-plated conditions, whose conditions are kept until 400°C.
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Table 1 Basic bath composition and operating
conditions for CoNiReP films.
Chemicals Concentration

Nal,PO,-H,0 0.20 mol dm~?
(INH,),S0, 0.50
CH,(COONa),-H;0 0.75
C.H,(OH),(COONa), 0.20
CH(OH)(COOH), 0.05
CH,(OH)(CHOH) ,COONa 0.30
CoSO,+7H,0 0.06
NiSO,-6 H,O 0.08,70.10
NH,ReO, 0.003
Bath temperature ’ 80°C
pH (adiusted by NH,OH) 9.2
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Table 2 Properties of head and rigid disks.

Head

Core material MnZn ferrite
Gap length 0.33 pm
Track width 155 pm
Coil turns 13413
Flying height 0.10 pm
Relative velocity 7.9ms™?

1 Disk
Medium thickness 0.05/0.50 pm
Overcoat thickness 0.05 pm

He(l) / koe

0.2}

0 i 1 '] 1 i
0 02 0.4 0.6 08 10

Film thickness / pm

Fig. 1 Film thickness dependence of Hc( ).
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Fig. 2 Recording current dependence of reproduced
voltage for various medium thickness at 58

kFRPI for CoNiReP alloy disks.
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Table 3 Head properties and read/write conditions.

Head TYPE 1 TYPE I
Core material MnZn ferrite Sendust
Gap length 0.354:0.05 ypm 0.20+0.02 pm
Track width 60 pm 205 pm
Coil turns 22 19419
Relative velocity Ims™! 1ms™!

TEM #8122 ¢ BIZ hep Co 17 0 el s
I I ERCACR L 7oA A e o
& 511, CoNiReMnP r CoNiReP + 0
PE I & A EREI R RN B b hT,

ORE DRED A — 2 = W X 5 BEE
DIRRTIES~Th - 12, FHF OIS Lo
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tion High Energy Electron Diffraction)
ERX VIO TH LR E o, Thbb,

i WP M~ o B 12805 5 RHEED
Y= ORERTI, 0.5 um Ly EWEE
THEAT o RHEED 224 — 4%, hep Co 0
< b3 JC BT I 0 U C TR 3 < B LT v
S. LAL, WEEMN 0.2pm PFOBPET
W, W OMBUE RS R ER L, Co
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Fig. 4 Dependence of recording density on reproduced

voltage with TYPE I head.
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Table 4 Hcp-Co (002) peak intensity of recording
layers (0.3 pm) for various double layer

media.
Underlayer | NiFeP NiWP ] NiP (pH 10)
Intensity/CPS 1 900 1200 ] 900
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Table 5 Compositions and operating conditions of
plating baths for electroless NiMoP alloy.

Chemicals Concentration(mol dm™*)
NaH,PO,-H,0 0.20
C,H,(OH)(COONa), -2 H,0O 0.10
CH,(OH){(COOH) 0.20
NiSO,-6 H;O 0.10
Na,MoO,+2 H;,0 0~0.020

Bath temperature 90°C
Bath pH 9.0 adjusted with NaOH
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respectively.
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Fig. 8 Resistivity change of electroless NiMoP alloy
films at heating rate of 10°Cmin™'.
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Fig. 10 DSC traces of NiMoP alloy films measured
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properties of amorphous NiP and NiMoP
alloy films; broken line shows the transition
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gnetic. (a, top) Interplanar spacing (d) and
estimated Mo content which was calculated
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top) Interplanar spacing (d) and estimated
Mo content which was calculated from o
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Fig. 13 TEM images and THEED patterns of NiMoP alloy films deposited at 0.010 mol dm™*,
(a) as-plated state, (b) after 400°C heat-treatment, (c) after 700°C heat-treatment.
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The Formation and Structure of Electroless Ni~-Mo-B Alloy Films

Tetsuya OSAKA*, Katsuya ARAI* and Naganori MASUBUCHI*

Electroless Ni-Mo-B alloy films plated from developed simple baths were investigated. The use of
dimethylamine-borane as a reducing agent resulted in a higher Mo content (17.3 at %) than with the

hypophosphite reducing agent bath.

The initial addition of Na,MoQ, to the bath resulted in an abrupt

decrease in B content and increase in Mo content in the plated film. The codeposited Mo atoms made

the film amorphous even at low B contents.

tures despite the fact that they had almost the same film compositions.
composed of two regions of high and low crystallization.

Crystallized Ni-Mo-B alloy films showed different struc-

They were confirmed to be
This peculiar condition was found to be due

to Mo atom segregation, which resulted in higher resistivity. The grain size of the crystallized Ni-Mo
-B alloy films did not change even after heat treatment at 500 C for 1 h.

Key Words : Electroless Plating, Ni Alloy, TEM
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{bL, %o Mo §tkx Ni-P B %V Ni-B & & i
MUT Ni-Mo G @& FR LT, fixid, T
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* BRI (F169 EHpTEpER R AMR3-4-1)
School of Sci., and Eng., Waseda Univ, (4 -1, Okubo 3 -
chome, Shinjuku-ku, Tokyo 169)

PR A S E 2T, YAFAT I VES YRR E
4% Ni-Mo-Bitik b, =V 7F v&HBEOE L Ni-
Mo-B A A ER L, o, FOBUIERNR OBl
oMb E g, FTRMHI L TE L Ni-Mo-P ¥
LU Ni-P BSHIE L OB L Y, Z ORI S
PEreTd s b xBINET D,

2, £ B K &
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B OBME S 2% 1 1R T - Fipp T NagMoO, i1
GBI BT 22 LML R TR O™, ZToH
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iz T A L kb Ni-Mo &0 b5 2 &4
HH TR Y, Hx OB L, 7Y 2 -
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LY, W Na,MoO, & ¥l LT b % re Ni-Mo JJi
NEBRB EVIHEEY LDV, SEL #Hpho
Na,MoO, B DA% 2k 34 CHIE A AT - 7o Ik

Electroless Ni-Mo-Balloy plating bath composi-
tion and operating conditions.

Table 1

Chemicals Concentration/mol dm™

(CH3)pNH-BHa: <DMAB> 0.025
NasCsHsO07-2H20 0.10
CH2(OH)COOH 0.20
NiSQ4-6H:0 0.10
NaxMo04-2H20 0~0.015

Bath temperature 70°C
Bath pH 9.0 adjusted with NaOll

._._.l._
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Fig. 4 Transmission electron micrographs and electron
diffraction patterns of electroless Ni -Mo -B alloy
films at various Na,MoO, concentration under as—

plated conditions,
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a) Ni-Mo -B alloy films plated from 0.0025 mol
dm~? Na,MoQ, concentration bath,

b) Ni -Mo -B alloy films plated from 0.005 mol
dm-? Na,MoO, concentration bath,

¢ Ni-Mo-B alloy films plated from 0.0f mol dm™
Na,MoO, concentration bath,

d) Ni-Palloy films plated from pH 9. 0 bath,
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Fig. 8 Transmission electron micrographs and electron
diffraction patterns of electroless Ni~Mo-Band Ni
P alloy films under as-plated conditions and after
500 C heat treatment.

a),b) 3 Ni -Mo - B alloy films plated from 0.0025
mol dm~?* Na,MoQ, concentration bath.
¢),d) i Ni -Mo -B alloy films plated from 0.005
mol dm~* Na,MoQ, concentration bath.
e),f) ; Ni -Mo ~B alloy films plated from 0.01
mot dm~?* Na,MoO, concentration bath.
2),h) ; Ni-P alloy films plated from pH 9., 0 bath.
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ABSTRACT

Two kinds of electroless-plated CoNiReP / NiMoP
flexible disks were investigated from the viewpoint of
forming a perpendicular recording medium containing an
initial in-plane layer. The well-oriented hcp phase of
the c-axis normal to the film plane grew spontaneously
in the perpendicular anisotropic layer after depositing
the in-plane initial layer, which was composed of an fcc
phase. In such a medium, the in-plane coercivity of an
in-plane anisotropic initial layer was controlled ag 50
and 85 Oe by changing the bath factor of NiSO; concen-
tration to 0.10 and 0.06 mol dm‘3. respectively.
Although the switching mechanism of the CoNiReP film had
been clarified as a rotation, that of both the in-plane
anisotropic initial layers was dominated by wall motion.
The reproduced voltage of the medium with the in-plane
anisotropic initial layer whose coercivity was 50 Oe was
higher than that of the initial layer whose coercivity
was 85 Oe according to the larger double layer effect.
The medium with a quasi-soft magnetic in-plane aniso-
tropic initial layer of a wall motion appeared to show
excellent recording characteristics by using ring-type
heads.

INTRODUCTION

The authors have investigated the electroless-
plated perpendicular recording media, and have applied
them to the rigid and flexible disks.

The magnetic properties of the electroless-plated
films are controllable by a bath factor, the selection
of the underlayer and a catalyzing process.“ On the
basis of the concept, we have reported that the record-
ing characteristics are seriously influenced by an
underlayer through the evaluation on a flexible disk
system in combination with a ring-type head.# The
proper selection of an underlayer is important for a
better recording performance. The two effects of an
underlayer, the ‘'double layer effect'S and the ‘'under-
layer effect', which dominate recording characteristics
were pointed out in ref. 4. We also reported that the
in-plane anisotropic initial layer appeared in the ColNi-
ReP medium with the NiMoP underlayer, and that the
nmedium showed an excellent recording characteristics by
the double layer effect of the quasi-soft magnetic ini-~
tial layer.

In this paper, we developed the CoNiReP / NiMoP
medium and studied in detail the effect of the quasi-
soft magnetic initial layer on the recording character-
istics with varying coercivity of the initial layers.
The mechanism of the appearance of the in-plane aniso-
tropy of the initial layer is also studied by crystall-
ographical approach.

ERIMENTAL

Double layer media were electroless-plated onto a
50 pm thick polyimide substrate. The electroless~plated
NiMoP film of 0.03 pm thickness was adopted as an under-
layer. The CoNiReP film was electroless-plated from
the bath shown in ref.4. Magnetic properties were mea-
sured by a vibrating sample magnetometer, VSM. The
crystallinity was observed by a reflection high energy
electron diffraction, RHEED. Disks of 10 cm diameter
with a liquid lubricant were fabricated to measure the
recording characteristics. The head parameters and &
read / write condition are shown in ref.4.

RESULT AND DTSCUSSTON

1. MAGNETIC PROPERTIES OF THE CoNiReP [ NiMoP media

The hysteresis loops of the CoNiReP / liiMoP media
plated from the CoNiReP bath in variation of NiSO
concentration are shown in Fig. 1. _ The media plated
from the bath of 0.10 / 0,06 mol du=3 NiSO, are desig-

nated as Disk I / Disk II, respectively’. The NiMoP
underlayer is an almost non-magnetic film.
a)Disk | d1Disk B
1 o.oo02|m ] o002
amu emu o
— e
2xoe | O.15pm 2k0e
o/
Ms 270 Ms 190
He(l) 50 He() 85
D)Disk 1 e)Disk
7 it}
] oco2 L ] o002
emu emu
— —
2x0e 0.30um 2x0e
W/ Ms 240 (1/ Ms 230
Hell) 445 Hedw) 565
€)Disk | 11Disk ¥
1 ogos |
emu
—
2x0e | 0.50um 2k0e
J Ms 240 Ms 270
N | Hew 600 Held 675
Fig. 1 M-H loops of the CoNiReP / NiMoP media.

Both media consist of a quasi-soft magnetic initial
layer and a perpendicular anisotropic layer. The in-
plane sanisotropic initial layer appeared up to about
0.15 pm thick. Comparing both initial layers in Fig. 1a
and 1d, both the saturation magnetization, Ms, and the
coercivity, He, are different. The in-plane coercivity,
He(/), for Disk I is 50 Oe (Fig. 1a), and that for Disk
11 is 85 Oe (Fig. 1d). A larger Ms value appeared in
Disk I thar in Disk II. The recording characteristics
of a perpendicular recording medium is also influenced
by the permeability of a soft magnetic underlayer. Then
in this case such difference in the He(//) values is
expected to affect the permeability. It is concluded
that Disk I has a softer magnetic initial layer than
Disk II.

Both loops for a perpendicular direction of perpen-
dicular anisotropic layers, which grew onto the initial
layers, turned out to show a high degree of squareness,
and some constriction appeared in the loops of an in-
plane direction for the thicker filas. In a thicker
region, although a somewhat larger He(l) value appeared
in the Fig. 1f than in the Fig. 1c, there is no large
difference in Fig. 1b and 1le.

In short, the difference of the magnetic properties
between Disk I and Disk II are mainly due to the initial
layers.

The differences shown above were studied in detail
as follows. The measurement of the angular dependence
of a hysteresis loss is reported by Iwasaki et al. It
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Fig. 2 Angular dependence of the hysteresis loss for
the CoNiReP / NiMoP media.

is available for a determination of the switching mecha-
nisms The method was applied to the electroless-plated
CoNiReP / NiMoP film. In Fig. 2, the film for 0.15 pm
of Disk I is apparently dominated by a wall motion mech-
anism, and the two Disks of 0.5 pm thickness approach a
rotation mechanism. But the curves for the 0.5 pm thick
films do not agree well with the rotation model. Since
the electroless-plated CoNiReP film with perpendicular
anisotropy mainly consist of the elements with a rota-
tion mechanism,9 such a disagreement is considered to be
caused by c-axis dispersion of the film. The Disk II of
0.15 pm thickness is between the two. In the region,
the film still mainly consists of a wall motion mecha-
nism.

It is concluded that the switching mechanism of the
in-plane anisotropic initial layer mainly consisted of a
wall motion, while that of the CoNiReP film with perpen-
dicular anisotropy had been clarified as a rotation.

2. MICROSTRUCTURE OF A MEDIUM WITH AN IN-PLANE
ANISOTROPIC INTTIAL LAYER

The microstructure was studied in order to clarify
the origin of the unique magnetic properties shown in
the CoNiReP / NiMoP medium mentioned above.

Figure 3 shows the hysteresis loops of the perpen-
dicular anisotropic layer estimated by shearing the
initial layer, and those of the in-plane anisotropic
initial layer with RHEED patterns for samples of various
thicknesses. The ring patterns appeared in the in-plane
anisotropic initial layer (Fig. 3h and 31). The Qiff-
raction rings were analyzed as the mixture of dominating
fec and slight hep phase. No orientation was detected
in the layer. This is interpreted as mentioned below.

Although the intrinsic structure of the as-plated
CoNiReP film is thought to be composed of an hep phase,1
it may not be in a steady state because of the excess of
Ni in the CoNiReP film (CoppNig3RegPy atZ). On the
other hand, the NiMoP underlayer consists of the fcc Ni
polycrystalline with almost no orientation.? According
to these facts, the authors regarded the in-plane aniso-
tropic initial layer as formed by the epitaxial growth
of the fec phase onto the fcec Ni polycrystalline under-
layer. In such a manner, no oriented fcc phase is
thought to be deposited onto the fcc Ni polycrystalline.

Since there are no factors that make easy axis
normal to the film plane in the initial layer of no
oriented fcc phase, the easy axis collapses into the
film plane by the shape anisotropy.

After that, the fcc phase of the CoNiReP film is
immediately replaced by the hcp phase (Fig. 3e~g, 3i~k).
The perpendicular anisotropic layer shows the normal
orientation of the hcp c-axis. There is almost no dif-
ference in crystallinity between the two media. It is
concluded that the CoNiReP in-plane anisotropic initial
layer, which appeared uniquely with the NiMoP under-
layer, mainly consisted of no oriented fec phase, and
that the in-plane anisotropy originated in the shape
anisotropy of the film.
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Fig. 3 M-H loops and RHEED patterns of the CoNiReP /
NiMoF media.

3, RECCRDING CHARACTERISTICS

The recording characteristics of the 0.3 pr thick
media with Type I head are shown in Fig. 4. While a
subtle difference appeared in 'the height of the second
peak, the reproduced voltage in the low density was
alwost the same value. It is thought that the thickness
of the perpendicular layer is estimated as about 0.15 pmy
so both media can be recorded through the thickness by
the wider gap Type I head of Gy=0.35 pm.

The data of the 0.5 pm thick media are shown in
Fig. 5, in the same manner as in. Fig. 4. A higher
reproduced voltage was demonstrated in Disk I than in
Disk Il. Especially the second peak of Disk I was about
3 times higher than that of Disk II. A more soft mag-
netic underlayer may be required for the presentation of
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the double-layer effect in such a thick medium.

In order to certify the potential of the media, and
to clarify the dependence of gap length on the recording
characteristics, a recording test was performed with
Type II head (Fig. 6). A larger difference between both
a Disks was detected. For example, at 100 kFRPI, the
reproduced voltage of Disk I was about 4 times larger
than that of Disk Il. According to the increasing dif-
ficulty in penetration of the head field into a medium
with decreasing gap length, stricter properties may be
required to keep a sufficient interaction with the ini-
tial layer. Concerning that matter, a more soft magnet-
ic property of He(//)=50 Oe might be required to get a
higher reproduced vcltage.
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i duced
Fig. 6 Dependence of recording density on repro
voltage for CoNiieP / NiMoP media of 0.5 pm thick with

TYPE IT head.

In other words, while the in-plane anisotropic
initial layer of He(//)=50 Oe presented a large effect to
enhance the reproduced voltage in the medium with the
0.35 pm thick perpendicular anisotropic layer in combi-
nation with the ring type head of Gp=0.2 pm, the effect
decreases greatly in the case of the in-plane anisotro-
plc initial layer of Hc(//)=85 Oe. The Hel//) value of
50 Oe is about one order higher than that required as a
soft magnelic underlayer with perpendicular heads. The
effect, which enhances a reproduced voltage, is observed
in such an underlayer, and recording up to 300 kFHPI is
confirmed with a ring-type head.

CONCLUSION

1. The electroless-plated CoNiReP perpendicular record-
ing medium with an in-plane anisotropic initial layer is
suitable for a high density recording with ring-type
heads.

2. The electroless-plated CoNiReP flexible disks with
the In-plane anisotropic initial layer whose in-plane
coercivity of 50 Oc / 85 Oe were fabricated from the Co-
NiReP baths of 0.10 / 0.06 mol dm—3 NiS0; concentration.
3. The in-plane aniscotropic initial layer mainly con-
sisted of non-oriented fce phase, and the in-plane an-
isotropy originated in the shape anisotropy of the film.
4+ AllLhough the switching mechanism of the CoNiReP film
with perpendicular anisotropy has been clarified as a
rotation, that of the in-plane anisotropic initial layer
was dominated mainly by a wall motion.

5. While the in-plane anisotropic initial layer of
He(//)=50 Oe presented a large effect to enhance the
reproduced voltage in the medium with the 0.35 pm thick
perpendicular anisotropic layer in combination with the
ring-type head of G1,=0.2 pm, the effect decreases
greatly in the case of the in-plane anisotropic initial
layer of Hc(//)=85 Oe.

The research was financially supported by the Asahi
Glass Foundation for Industrial Technology.
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Table 1 The plating bath composition and operating
condition for the films,

Chemicals Concentration
NaH.PO: - H.O 0.2mol dm™
(NH4)2504 0.5
CH,(COONa). - H:0O 0.5

CoSO4 * TH.0 0.01

NiSO4 + 6H.0 0.05
NH,4ReO, 0.003

pH adjusted by NH,OH 9.6

Bath temp. 80°C
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Fig. 1

M-H loops for 2500A thick CoNiReP film,

Fig. 2 Reflection high energy electron diffraction patterns
for CoNiReP films with various thickness.

RHMARL, RAHM = x0F -Kufiiid, +8.0x10*
erg cc”' (WF2500A) &IEDffiiziiy, Coisnd
HESREAERT I EBY oI -1,

Ko, TOLIBHHAERTREELEZ SN B, K
WOV TR ETT - 7o, BRIT OSEMEIZR I B
WTI, B T ARIA T - o & 5 LA S Y,
IS PR B S his v, XEREKIZ idhep
Co(002) M SDEITic L B8V E -2 DAMED S
f, fhok T, A QoD i, 100) JmREh S
DEHIENT 2~ HE D OSNL L, 22T, IO
JEOEERALEE - FEEEIMEI>VT, B2IET LKk
BB THENT (RHEED) ik Zn?#%ﬂ!f&’@ﬂ%ﬁa
oo B2 &0, ZOBE, WFholEicsWwTd, C
FhosBEAR NS X UIRELICERR L 72Co hep RS b & K
ENTVAIEBHOLTHS, ZLT, E2akb,
200 AFRIE & W 5 ARG & 0 SO EERALE - Bl %
RLTWBI Edbh3, /2, HERLDIWEOHEL
TERCoARMIzA LIS, (11D RFHL
fechii DIRIE™ REEFICEBD LIV, &/, o

141

WOMSRAMEG, EELTIDL S HCo hepDEER
MRRARILL-TVWE DEEILNE,

4. 8% W

pIIBRWA & L CHIERT 3T v &= A Dl
<O VRS YD LDBEFEHE UL, BERALD S
Wb L 2By - 2Bk b, RERSEIUEE
T B ERERETH B MBS &I - F, (ER
Sh /o c i ERH I FTERICE M L 72Co hephéis
PO -TEY, Fi 200 A BE OB & FVik
BB X ORMEER L TV A, HEOBHE~ DR
EVSHEAL S, MsflioR ERENRETHD, &
B DL I EEEIE A UM SIBE R & ok
FHEZFT» TWLS FETH B,

(1988-9-14 =8

A OB IS ST & 5 4 0Y %

W oo Sz & 2 i
[FI A T1A=1%10 "m
Mo (¢ 0C =273K

X ik

1) S.Iwasaki and Y. Nakamura ; IEEE Trans. Magn.
MAG-13, 1272 (1977)

2) S.lwasaki and K. Ouchi ; IEEE Trans. Magn., MAG-
14, 849 (1978)

3) S.Kadokura, T. Tomie and M. Naoce ; IEEE Trans.
Magn., MAG-17, 3175 (1981)

4) K. Ouchi and S. Iwasaki ; J. Appl. Phys., 57(1), 4013
(1985)

5) T, Osaka,N. Kasai and 1. Koiwa ; J. Electrochem, Soc. ,
130, 568 (1983)

6) T.Osaka,N. Kasai,l. Koiwa,F. Goto and Y. Suganuma ;
J. Electrochem. Soc., 130 , 790 (1983)

7) T.Osaka, 1. Koiwa, Y. Okabe, H, Matsubara, A, Wada
and F.Goto ; Denki Kagaku, 52, 197 (1984)

8) F.Goto, T.Osaka, 1. Koiwa, Y.Okabe, H.Matsubara,
A. Wada and N. Shiota ; IEEE Trans. Magn., MAG-20,
803 (1984)

9) L Koiwa, H. Matsubara, T. Osaka, Y. Yamazaki and
T. Namikawa ; J. Electrochem. Soc., 133 , 685 (1986)

10) T.Osaka, 1. Koiwa, M. Toda, T.Sakuma, Y. Yamazaki,
T. Namikawa and F. Goto ; [EEE El’rans. Magn., MAG-
22, 1149 (1986)

11) H. Matsubara,M. Toda, T.Sakuma,T. Homma,T, Osaka,
Y. Yamazaki and T. Namikawa ; Proc, of 172nd Meeting
of the Rlectrochem, Soc. (1988) in press

12) AREWE, WO AR, KMz, mLAE, b
W RAR, AT i HAISHBSREREE 12, 77 (1988)

13) AR, AR, IR beal), (LRERERER, AT E
1201 AU SR R AR B R, p. 389 (1988)

— 141 —



-

SHEERCBIS
»;’E’Dox ST
— ERED > T
mgEE U7
= -l & c‘:"éﬂ%/\u N

B B X 5B
E IR B M

By b2 Y == RN, WEE, BREOD &
F 4 A2 R BETOEBHLIhIBET 1 v,

SEQOALEa~Y—n— kY TEXIDHMEHRONEL LT, F#4k LSI OFERILLBWST
F 4RI OBRHEELNBEF OIS, B LSl ofMmIEy7i4s0 /lﬁ? Lf=hl, BEET <R
HOE y FEEZALY BNE L, ZORSEREEDMCAEN. BT« AVCHRBEFZTALA
v K, BAO 1um OFvy TEEZ b D, SETHETS T+ X7 L% 0.1~0.2pm ORUMERH
ERL-THELTD BET A RVEBOBRBWE(LEERTD O, BEAEORMEORE—E
GEBEATEH . EF 4RV &, RECHABRNBEAILET RS MLOBMB > ENy—2nHBD
WHEA .y FOBARE Mo AT, RBERED . SHFEBREFRREOHXIRTDLIEL -
TEHEAB AL F—T/ 4 ROBHEBLALCOVTEAT D0

sttt 18%7b 5MB oEARTL ik
D otoe TRAERNCIE 1 A7 b 100 MB D% 5
i h, STRABROEENT » 7ty TV
2 VI ARERD E TR > T,

CO X HRMET 4 A7 BEOERIL, HLE
BEALI X - TS - KAR - Bl bR

WETF 4+ A2EER, RRAHEa2vE . -2~

O FEEEREE LTER SR T &, EED
OA, FA, LA {toBL L bIT, A7y, <
vavic FOS R BB bERIhD Lo
o 9 30 ERNCBAR Shi-UPOMET 1 A
73¥E (“IBM350™) 13, 24 4 VvFBDOF 4 A2

HEERThEN, ThicoEBERTETD~
w F o F4 A7REERFOHBLE 1 RTo
“IBM 350" »» LIRFEREFHED NTT “GEMMY”
CELE, RMEEE 31um A 5 0.055 pm
~, AR—=v v 20um nH 0.2um N, -~

A 50 ARy 7 Lo kBOEECH

Plating Technology in High Density Magnetic Recording——Thin Film

Disks and Thin Film Heads Realized by Defect Free Plating
% Fumio Goto HAB&KKXAH <A 7r=v 7 b r=y ARRHHFIE

#®ik XH K IR OHW K

#42 % £ 35 (1989

EHBN B BTSN THENE, REBRBEaattAl,
63 EM L. (P REME, #Ed - ¥, [EEE) MMk v P
v 7 (WIAEE, 385 @3h. I §FRNE, <y = vigs GERE) 213
NS E BT B g4-1-1 (BT550),

Tetsuya Osaka FFEHAASEES GRIETEALER) TEEL

%%V’f;( @Eﬁzﬁﬂ H’u’%u49’f5’~ﬁ§m)\~:pjw&cﬁ:z FUTERHE RS T, R
b Y v a
SEACEL EdAOE, BREAEEIE. U BB Y v w A B
(UKEED, BABTHE, BSIL¥E—NEER~ = - 7A@kt y A=V 5
4747, WERLIED. () %, BE. Glie) 160 B ERA
AAR 3-4-1 (BB,

(89)

U8 u v REPRERLRE T 6LELLBIR. (HI'T) JeEMD -

417



T — e B O IR F R B 5

?;E Foy TR
e o~y K ThHY, —%kﬁiﬁﬁ‘mfjgfi 5&‘%’?8%7{&5«;
w0k 2 EPAICBRB 2 LS. “GEMMY”
N ﬁlﬁ_ HHEE frERART 4 A7BBICEASRTWS
‘:{i 100:_ 7'""»{19A" & %‘5‘4 ?‘7@{’5@1@%?5(?15@3&50
q e iy PRI EF BRI Al S5 4 A 2 B
% f wkE  ORWRWHERARL, Rk NiP &
£ 10 -V b B A T k¥ <
£ S s ﬁfﬂt?%jﬁﬁﬁbogpckbkﬁﬂmff
- # U, TR 0.01~0.05 pm Ry, £2
10-2 TN N R ot t tapnl bbb Ly paal E{K’.W@KmVEL%W}: ?Z)O NiP %&*&
10 5 W0° 5% 10* 5% 10° oy B A e T I
WER ST /BRI FrirEamnaEL: LTEERE Ao Co
1 &BEticsEd~y k71 RORTERFO#B, HERMEBAEERD > ESh Db, TO L

y F¥ 4 o 78N 25um 25 0.5pum ~E5L
MM L, 04 IS 100 BPT (Bits per
inch) 738 31500 BPI ~ X @E#EE{LA b T
Who

BHBE « INTCET G, 7-FeOs SRR % 7
W LI D 5 4 A 7 TR E o S
BRAND D, IR ESRD-ET 4 A7 55D
WEAS Y 2T AZPEAIR D Lok -
oo iz, ~y FIEPILTY, EHINITR X2
A7y Fok IC HERAC X b ¥y v 7R
N F oy 2 IO WAL & O LR 5 e T~ »
FADBITHAALTVED Y. :

BLET 4 AVOERIRBETT—ER

WL , AL, FIA TR LA AN
W BT L ATEBBM, o & F 4 X7 OB
PELT Licoik, i, TEME, = A rETE

AR L U CIEE R E A SO, A
va— BT DBH SR, BEEE, BEacA
ORI BRI TR T 50

Mo BF 4 A7 THED SRR B E 5 B
DFH pm o LB Ao — B R MR 2
B Ui S B8, TRTUREERO R VY
2y PTREATEHMLTWE, RT 4+ AZD
BEEEILIC X > T~y FF 4 A2 RERO MM
MHEZ, TR BEEEEEEE IR - (R - B
BB LW DD 2 LR Do @
B, A2 BRI BEREE LU, &
BREE o M — R R L, E5=7 D
EWA NS & ENDBETH-Tce ZORDERET
4 AZOERTERE =7 —FAEEE Ok
DT, =5 —EIOESET & PGS X
" SEM i, o+ — v = O, MO SFhT
In7r7 s AAMEREC L - THEEYT -
tro ZOMRIFRICFRT IO, Do ERET
4 AZDOFGERTRICEWTE LB KM= —
BWRE - TWiehy, Z05 %Tl&ﬁké/bo EFHEA
BRI X 00 o X RO A 355 L R
THBZENRTBME TR

- B £l BoETFARIOIT—REER
T b THotoe WD - AV T - A
Lem o K AE [ b gl o 8
R4 A7, W0 ERRCE R S22 mn ARRmOTE, ENMTRICEL M
&, H37, NTT, NHK, NEC /i lrkvwi— Igi%gm&)o a;;{%i’édn@isﬁ%k:,m NiP FrfEo
it N L < YL~ e — 2 A X ﬁ
WRITLIIAE ofent, BT 4+ A2 EOBAR g 2 NiP IO 527, FAEFE—ED
GBI AV BRBIE bis i » 7o A, AL DRI
WRODIRCRGDRDICE DI 22 2 %0 B gy, a0 &b < (1 X BRHADIH:
1980 SERIIHI O F o 2 A ERBAO SR 77 4 %mw%mmmWWMW%Wwﬂuawmww
- VEadg FEY e e .
A 7”\_%b Bhﬁ_ quo o ‘2‘?&& L-’Cbi, cl: D %ﬁ%ﬂ?@?ﬁﬁfﬁ %gﬁ&ﬁﬁﬁ%%\:ﬁki%&kiﬁﬁ [ i

FE D = — A& P, WD - ErIE~

418

(9)

% (R

. # & I %



BREDHELRAT LA

WETF 4 AZDE Y FHA X, ~y F 54 A
PRIAR— v v SO - BTE - Kk L ARFERR
FORGER 2 &R T €y PRIT 10
FERIZIL dpm BETH- 2, BHAEIIX 1pm
s ME L, BESBIIT0.5um BITIZ §3%
THELDEFHEIND, FTFy ZIEIIE Y FED
10 fEREL HBHIR X WAL, ~y ¥ o Ty A2
lAR— v i onCl, Ey bEIDVLED
wAhNEL, A7) TR AaDlREOKE X
DR T LEERMCARER DL T LD, Do ¥
F4 A2 L8l X otz — v, 64
HEOHFEAX LB LICADTHD, Lo LA
BoXE 3AEBETHEE LSI i 2 %
BFESThy, AREERLENRTRTH
BY% IR REEIhEFERMEL&ETC
HEINDLLEND Y, B b EEE M cite
B3R TiohEEEDd-EvAT AL LTR
AMERET A C EXEETH S,

EERRG FTHGBRE AN, TR
PU—FRT L2 ) — v — ADBERNNET
BHBo o XNIMGLORER - BRTERL Y1
TADRRAAZATECRECERENER I L B
2D - TR, B TR LB R KBS
EEXELE V. Do I F 4 A20=5 ~HEHRE K
B0, KFILTF 4 A2 REOH I B L0 »
SBFOBERTHole Tl Do rER T
KEBHHW R CTbhbicd, BRERD 23
FEFTBHOILZ Y — v — ADBSE IS, B

DB TETS e e AEZOBFHETH S,
Thioh, Ho& 74 vORMBERMHOR
Bk LU o ¥, AEW, BH, K, ESLHRE
D EFE RO FRB OETA KD LR BH D,
o & T4 v OFMMBRMIE, WRAMELEE L
REMOILHD T, HIF - BRSRES LT
felriEin bisve o &5 14 VElRT 5K

‘gxmwﬁ&fﬁm@@a BE¥ KV JH B 3

, TRERNERE & EoRMEARIC X CTHIKO K E A
RéhéoE%®T?§$®o%M,ﬁﬂﬁkE
OBV IIBHUKY R S h o BHOKE, Bis
IR, —k A4 VAR, M4 v EMRNTY
EkTHHMBEE (RO), BHTROLS TR
T 5 RATEE (UF), B—cBELEY Lo
WIFEE (MF, xvsvvo nzx—) Ity
HAEHEREBE X - THE S5, BE MF
O 0.1pm THD, ILED LOKTF4
134T 1002 BB TE B AT 5 R, B
OBV EEE L, BANTEE CEFR
Shi-{fEEfk sV - FEMBTATES, 3
FOFRE LOEMERTRAE LD K, 4
W O FE B R Mo v PTFE GRY 5 b
syvrexFLy) BorvIvyr g vz —p
IR S, B FRROWEE, RECLEE
HEMNIRIh B, Bz HEPA 7 4 1
RZ—RER LB Ay PAMERASh, HiR
#3 HEPA, ULPA 7 4 A% —i2 X 5 15EERH
PEBIR 2V - VAL o =BT T
Nado

BHLE : AAOREE, RM, &M, WX #
BOTXTOHGHEEFFHR IhAEHE

fon 23;;;:f~4 e RIS DRs A, TR TR
R TGy - N . 5
ar O AT B0 A M 5 DLk, st
ux C S soFY7 DOWREMWEY B 5. RO L HH T
3 e—— L1
| L = — % B %
gl 3 o me OFH i B i
5| O nEw — % & Bl % B M
5l E S woFm — W R
gk D BE —# B RO
al = CD HFk — B OB &%
&5 0¥ W M B D o ¥
] FE = B —f W
B E| oo ues e m i
% o B
B2 BETF1RIOE Y AR, ~y k- TRy —5 W

RR R -7 & RTRAHLF OB R

842 % 3% (1989

M3 BRED-ELRATho

(9%91) 419



WEBEENRNEL R L, Do ZT 4 AZDFA4
vIZEWTE, BEHEAGT ORERE IhICEN
VB, MIEER EOBEOHRIIFEL
Te\vo CORDEHHILHEETE L, W
Yo Pcy, TR O FRE AR, TR
RO FK -2, FhIC T T v -l H kG
ML LONECHEAE SN D KITEHEDH
VB THEMAIOKRECERT L H B D,
B, BROBRE, KRB, R REY
T, D IXGHENTED, ¥z, T4 A7
BT ERE A BT ST bk, FE
B & FRDO BB RS CEBMLTE D, BE
ey, FAWH 20~70kHz CiiF 4 €T~V a
VENRIC & % WA FIF B 4% JRTER 850~
1MHz iz 100G &5 e WIS oORE
IEERFAL, v 2 e VT RRETSO
EHThe Do XF 4 AZEBWTL, FF547
me AL h— RV REREETER T HE
W, MRSy FEREDOFSAESEH S h
Do HEBD - XTI, Do& /4 vOREME B
VA TLIAE DI D, A S — 7 r — RO ER
BEFEBC X - T, Ho XHOERYERETSLZ
ENBETH Do FB7 4 v # —itik PTFE %,
Rt = 7 BB iR PTFE 0 <r - X
Ry S ERLREAT 7 I ARV IREHAL, BR
BRI REALETH B, BT D -
XBOBEEL R TE LT L &, HIEEEOI
B lo THOERNAER T 2B &,
54 7w A EEEESEEC LN TR E R
B Thbo IoRHMED > ETRHAF LD —
Y, HHEKELEETHY, TORLDOREREN
WS RENBR IN T VB Y BBER T,
KEETRBERBARED IPA »7rv~—22
SHBRER VS 2 RS 0h, e vD
IPA N — SRR, BARGIREE, A VIR
Bl FHBE IR Tw5,

semend L BRI AT oy, AR
B TOERENDORES K EMETH L
W, B A bT e = A TELETTAY
o HEL, EALEAED L LERB D HFTIE
o\ TE, AL O 3 I A A AR A DT
b CEHET A S E DD, ZY = v —A
2o TORHHEL XA AT v & — R

420 (925 b %

FHIOVE—T L oTE=R—TH I ENNBEL
5o

Lo £ BRIz WTIERR ¥ CiL, REb
R TEBIC I Lic D By, TR TE—
BT s & LA RE s BRA T E
Tee {4 OBLF O TR BB 5 A KM
BRI L, SR0 =3 -BRHHEANN
M5 LT, BREE D e DO ITERDY
i LTORR, BEENHETS. hy bE
Birilledox7F s A7MES A v T, &5
L-Bam HEEED - & v AT AR EhT
KD, BEEL-EXF 4 AZD=5 —HOEH L
K& ECRBERERER IR T WS,

WAy FO®H o ERM

W& T 4+ A7 OEEEEEL foT~y FO
WYEREEL <D, 2 7R TOR
WERERNER IS X Sl ohce FRFALE
WEE(LD D, F i A7 B0 BRIV T
B HDH, GEEIEE~OLERDOBA
DB EATRREED 2 7R Ehb, &
BIE Ty ZIEE XU~y F¥ oy » 7HO R
TG I T e E O FR L Ind b, NiFe (o3
—— e ) KREEEY 2 7 E TR ¥
DBIRE X htco fERDO~y FABBRMT LA ” =
54 b a7 REREESCTELR DKL, &
i~y Fizt5 § o 780 ki NiFe BRI M 8
i, Cu M, g8, ¥+ TRREDLDLE
BETHELEEL 7+ VYV 757 4 —EilieH
W LT WvBe B 5y 7BERICID T
v ZIERA I PE S, MK T 28 5 7, #Eifk=
A NERAEEMT A BESR DB, FREIR~ F
O BRI S, EVEIERE M LRI L K
Wi T aidic, =24 ABMEHmL, o=
ANBETHELERDS. BT, B4R
FTroma Ak 2B LB 2T 5—v, F
v oy 7 0.5 pm OEEE RN~y P2 gLRTE
ERTBo HTOE X 20 pm HHHEIC 75 5 2%,
NiFe P& Eg % — D 15um O FFy 7
g £0.4pm OFEE-COEEI 2 W HE TH
& T %



R (LA
ieRE

ooooconDoooo
s R R Qe R Y

=E=)
non o oo

IR & D AT AR, 1
—[EECUN & — VI ED -
EXTZOR TV — Ao BHEILE

FovTR
VA
4=

' =3 EIzoﬂm

= 12
MRER(TA)

4 2BEE~ FOMEH,

Fyo B

Do Fhoa A AMERDEIE 4pm, JEX Spm 7
L@ 7 A7 PR BB L T 25,

O X I EREEEEE S PRI THS
AN EBREE X —~ VLR - I L » T
fEBlE N D Zh LIS & — v & E— CIE/Xn
THD T ENTRER, HiEEO X O T iED -
XUATF AT Z LRk Cch D, IHIT
R T Lo af@maedts 7 v —
KD XPR D EDE E T 5> T 5o
Nife - X\ T 1% OMMZED b 7F
Thigwn, FHERRE AL OIS BB EE RN
B+ s BB EEFIA L T2 oo, B
e pH 1 X - THEZEHLL T v. 2 h
1, o s HY okioihic X o HEE
Wco pH #ER L, Hiic Fe(OH), »l3%
LT Fe 0B EMHBIELG D THD. ©
ST, o3 PR D WL ERERE B VT
MRS BR AR T5 2 L X v IKEEY &
WL, “haBkELTuwb, 7V — A - & T
i3, MEORRD - ki ER Y, BN
= vkl Vv A POAIC LA DS &L,
R =y F v 7 TARERH BRE L T 5o &
DIDFTE A2 — v T O WRFEE»IH—LE
h, B IOEEOB—{r R bh 5. T,
NiFe WRFARE T TH o> X355, B A% —
VIO KBRS L, BALE S o HE R b
HLTWBe Cu 24 AFDDH - XDBE, BIR

NiFesh» RO B

¢

: NiFes - & Y| NiFe |2 NiFe® - &
{ (12 THER) NEEEIN (B THxR)
~_/
TL—AL(HTHRE)

53y I BN

B5 M- LDIBRBEL7L—L0 &,

42 % B35 (1989)

(93

WThbd, ZHHDDo ETHHO
A, IBHLE, WINFIORE, 9
o XEMERL Y OB Inb
b, W~y FORuh 2 — v
FU B RO EHEMHATRE L 7o o T Do

F b Y [

EEEE IO DI B L W 4 A
7, W~y YO L coERBrETLD
o EREMIEOWTREA L. Vay T REAT
i, BEER, LB, SESERC K E WL EKOIE
NisFiErEg L, e ABROEERL, B
WRTORIDOEE X X - T, BH—HkoH
WAL B EETRBE LT &, LL
peske, BESRMERER BT D FHB R 2 AT
L, o XRIEOELHEY, i, BRI v A
HED A D = RABREIEH LB L THToZ &
BB SEROMEERED > EOFERDOID
ik, 5 LHEBHSTOWRA TR TH
D, {EZEOFENLT T e -T2 HE IR B,

B % X B
1) B, HREE, M, fL3EL T, 37, 846 (1984).

2) M TERBEYEL BB HELEAk, 54

(10), 1831~1870 (1988).
(© 1989 The Chemical Society of Japan)



JAPANESE JOURNAL OF APPLIED PrYSICS
vor. 28, No. 2, FEBRUARY, 1989, pp. 229-233

Transmission Electron Microscopic Study
on Electroless Plated Nickel-Molybdenum-Phosphorus
Alloy Film

Tetsuya OSAKA, Katsuya ARAl, Yohtaro YAMAZAKI® .
and Tatsuru NAMIKAWA® /

Department of Applied Chemistry,
School of Science and Engineering, Waseda University,
Okubo, Shinjuku-ku, Tokyo 169
*Department of Elecironic Chemistry,
Graduate School at Nagatsuta, Tokyo Institute of Technology,
Nagatsuta, Midori-ku, Yokohama-shi, Kanagawa 227

(Received October 17, 1988; accepted for publication December 17, 1988)

In order to clarily the cause of the particular annealing behavior of resistivity of efectroless Ni-Mo-P alloy films, the
film structure after various heat treatment of a typical crystalline Ni-Mo-P alloy film by clectroless plating was in-
vestigated by transmission electron microscopy (TEM). In the Ni-Mo-P film under as-plated conditions, the lattice im-
age is observed, but it contains some regions having no lattice images due to amorphous conditions. The structure of
small grains is kept even after heat treatment a1 400°C, but the nonuniformity of Mo concentration is confirmed to exist
in the film. After heat treatment at 700°C, the grains become larger and crystals with complete lattice images and no
defects are observed, The results support the annealing effect of resistivity of the crystalline Ni-Mo-P alloy film, which
shows a maximum upon heat treatment at around 400-500°C.

KEYWORDS: electroless plating, nickel-molybdenum alloy, transmission electron microscopy, annealing effect,

microstructure

§1. Introduction

The authors have developed electroless plated Ni-Mo-
P*% and Ni-Mo-B® films for the purpose of improving
the thermal stability of electroless plated films under rela-
tively high heat treatment, It is well-known that the more
general electroless plated amorphous Ni-P films are
easily changed in their film properties by heat treatment;
e.g., there are decreasing resistivity” and increasing
magnetization.®® This results in a structure change from
the amorphous condition to a mixture of Ni;P and Ni
crystal.'® The electroless Ni-Mo-P alloy films, plated
from a recently developed bath,*® show a particular an-
nealing effect on the film properties distinct from that on
Ni-P films.»” Especially marked is the annealing effect

150

100\ c
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Temperature / °C
Fig. 1. Effect of heat treatment on the specific resistance, p, of the elec-

troless Ni-Mo-P alloy film plated from the 0.01 mo! dm~* Na,MoO,
concentration bath.

on the specific resistance, p, of the crystalline Ni-Mo-P
alloy film, which gives the maximum p value around the
region of 400-500°C, as shown in Fig. 1.% Such behavior
is never observed in the specific resistance of Ni-P films.
In this paper, we focus on analyzing the origin of this
behavior of a crystalline Ni-Mo-P alloy film from the
viewpoint of the microstructure.

§2. Experimental

A typical crystalline Ni-Mo-P alloy film was plated on
a polyimide film (Kapton, 50 k, Toray) by means of the
bath listed in Table 1.9 A two-step process'? was used for
catalyzing the substrate, and the film thickness was con-
trolled about 300-500 A by the plating time. The com-
position of this film was confirmed to be 12.8 atomic per-
cent (at%) Mo and 1.3 at% P by means of an inductively
coupled argon plasma atomic emission spec-
trophotometer.” The plated film was separated from the
substrate by dipping the sample into a hydrazine-
ethylenediamine solution. The structure of the film was

Table 1. Plating bath composition and operating conditions of
crystalline Ni-Mo-P film,

3

Chemicals Concentration/mol dm”™
NaH,PO,-H,0 0.20
CyH (OH)(COONa), 2H,0 0.10
CHy(OH)}(COOH) 0.20
NiSO, 6H,0 0.10
Na,MoO, 2H,0 0.0t

Bath pH 9.0 adjusted with NaOH
Bath temperature 90°C
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investigated by means of three types of transmission elec-
tron microscopes: the HU-12A (Hitachi Seisakusho, 100
kV) for low magnification measurement, the H-1250
(Hitachi Seisakusho,1000 kV) for high magnification
measurement, and the HB501 (VG Microscopes, 100 kV)
for analyzing the composition of a small region in the
film with the spot size of a 10 A electron beam under
6% 107% Pa.

The heat treatment of the samples was carried out
under 2% 107 Pa with a constant heating rate of 10°C
min~' from room temperature, after which the samples
were maintained for one hour at the setting temperature
and allowed to cool naturally.

§3. Results and Discussion

We chose three typical states of the Ni-Mo-P alloy
film, under as-plated conditions (A) and after 1hr heat
treatment at 400°C (B) and 700°C (C) (see the arrows in
Fig. 1), respectively, to investigate the relationship be-
tween the film structure and specific resistance by heat
treatment.

Figure 2 shows the transmission electron micrographs
(TEM) and the transmission high energy electron diffrac-
tion (THEED) pattern of electroless Ni-Mo-P alloy film
under as-plated conditions. Small grains appear in Fig.
2(a), and the THEED pattern in Fig. 2(b) corresponds to

Fig. 2. Transmission electron micrographs and transmission high energy electron diffraction pattern of the electroless Ni-Mo-
P alloy film under as-plated conditions; a), ¢) TEM; b) THEED.
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that of the fcc Ni-Mo alloy. In the high magnification
measurement shown in Fig. 2(c), there are some lattice im-
ages due to the fcc Ni-Mo alloy (111) plane in some
regions, but in other regions, no lattice images appear.
These results suggest that the crystal condition lacks
uniformity in the film containing amorphous regions.
The conditions are well supported by such a vague
*THEED pattern. In addition, the resistivity of the film is
higher than that of bulk Ni-Mo alloy.”'? The higher resis-
tivity could be due to the very fine crystal grain condi-
tions of the Ni~-Mo alloy, as shown in Fig. 2. However,
the resistivity becomes higher after heat treatment at
400°C with the fine crystal grain conditions (see Fig. 3)

kept the same as in the as-plated conditions. Thus, a
region producing high resistivity would exist in the as-
plated Ni-Mo-P film.

Figure 3 shows the TEM and THEED pattern of the
electroless Ni-Mo-P alloy film after heat treatment at
400°C. The grain size scarcely changes, as shown in Fig.
3(a), though the THEED pattern in Fig. 3(b) becomes
sharper than that in Fig. 2(b). Lattice images are ob-
served throughout almost all of the region, but the grain
size condition is almost the same as in Fig. 2(a). No
change of grain size condition is supported by the fact
that there is scarcely any difference between the X-ray
diffraction and THEED patterns under as-plated condi-

35
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Fig. 3. Transmission electron micrographs and transmission high energy electron diffraction pattern of the electroless Ni-Mo~
P alloy film aiter heat treatment at 400°C: a), ¢) TEM; b) THEED.
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tions and after heat treatment at 400°C.» Therefore, the
higher resistivity than that under as-plated conditions
seen in Fig. 1 is due to the fact that the region of high re-
sistivity, which already exists in the as-plated film, has
changed to be of higher resistivity conditions.

Figure 4 shows the results of analyzing the Mo content
in the film by scanning transmission electron microscopy
(STEM) to clarify the region which produces high resistiv-
ity. In fact, the Mo content is largely varied along the
grain boundary in Fig. 4(c). Therefore, the annealing of
the film at 400°C scarcely produces grain growth or
nucleation, but may accelerate the nonuniformity of Mo
content. Considering the previous results of the gradual
decrease of interplanar spacing following the increase of
the resistivity after the heat treatment at 400°C,” the
diffusion of Ni atoms may cause a region of higher Mo
content to form, and it makes the high resistivity region.

Figure 5 shows the TEM and THEED pattern of elec-
troless Ni-Mo-P alloy film after heat treatment at
700°C. Many grains grow, as shown in Fig. 5(a), and so a
fine lattice image of no dislocation is observed in Fig. 5(c).
The THEED pattern of many fine dots in Fig. 5(b) sup-
ports well the results of TEM. The dots contain those of

Mo cont. (arb. unit)

0

Fig. 4. Scanning transmission electron micrographs for analyzing the
Mo content in the film of the electroless Ni-Mo-P alloy film after
heat treatment at 400°C.

the Ni;P compound. Perhaps the P atoms which are com-
ponents of the small in the film may begin to form a Ni;P
compound after heat treatment at 400°C. Since the
grains crystallize with almost no grain growth, the Ni;P
becomes the wall among the grain boundaries and
prevents the small grains from gathering together to form
larger grains. There is no possibility that the Ni,P com-
pound, which has higher resistivity,'” plays a role in in-
creasing the film resistivity at the 400°C heat treatment,
as shown in Fig. I, because there is no detection of the
Ni3;P compound by the THEED pattern in Fig. 3(b). After
the heat treatment at 700°C, the wall of the Ni;P com-
pound which exists after heat treatment at 400°C will
disappear and the Ni;P compound will condense to be
detected by the THEED pattern as the dots of the Ni,P
compound. The grain growth and the condensation of
the Ni;P after heat treatment at 700°C support the
decrease in resistivity, as shown in Fig. 1. However, the
region of high resistivity is considered to still exist in the
film because it still has a higher resistivity than that of
bulk Ni-Mo alloy.'?

§4. Conclusions

Based upon the above results and discussion, we ar-
rived at the following conclusions regarding the anneal-
ing effect on the structure of a crystalline Ni-Mo-P alloy
film:

1) Since the film contains amorphous regions under as-
plated conditions, the lattice image is only observed at
some limited regions in the film.

2) After heat treatment at 400°C, the very small grains
are still retained in the film, but the nonuniformity of
molybdenum concentration in the film may be ac-
celerated. Such nonuniformity may produce high resistiv-
ity in the film.

3) After heat treatment at 700°C, the grains become
large with almost no dislocation, while a component
which has high resistivity remains in the film.
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The microstructure of electroless-plated CoNiReP thin films in the initial deposition state were investigated by
transmission clectron microscopy (TEM), scanning electron microscopy (SEM) and scanning tunncling microscopy
(STM). The films consisted of grains 30-50 nm in diameter. The result of STM observation presented a more detailed
structure than that obtained by TEM and SEM. Also, the STM observation was effective in evaluating the minute struc-

ture of the films.

KEYWORDS: STM, electroless-plating, perpendicular recording, microstructure

Magnetic recording technology has been developed for
high-density information storage. The perpendicular
magnetic recording method is suitable for high-density
recording,” and by using this method, a linear recording
density of higher than 600 kBPI has been achieved.? In
such an extremely high-density state, the magnetic proper-
ties of the media are directly influenced by their
microstructures. Thus, it becomes more important to
evaluate and analyze the correlation of the microstruc-
tures and the magnetic properties of the magnetic recor-
ding media.

We prepared recording media for perpendicular
magnetic recording by the electroless plating method.*™
We fabricated electroless CoNiReP films and in-
vestigated their properties extensively. Our recent
research® clarified that the crystal properties of elec-
troless-plated cobalt alloy films were affected by their
underlayers. That means, the initial deposition state
affects the overall properties of the deposited films.

In this letter, we report an attempt to observe the
microstructures of electroless CoNiReP films in the in-
itial deposition state by scanning tunneling microscopy
(STM), as well as by the conventional methods, such as
transmission electron microscopy (TEM) and scanning
electron microscopy (SEM). Recently, the microstruc-
tures were observed using atomic force microscopy
(AFM),” """ showing a possibility for the development of
this field.

The CoNiReP films were electroless-plated from the
plating bath shown in Table I. Highly ordered pyrolytic
graphite (HOPG) "and acetyl cellulose were used as
substrates. To initiate the deposition, palladium active
nuclei were adhered to the surfaces of both substrates im-
mediately before plating.'?

The microstructures of the films were observed by
TEM (HU-12A, Hitachi Ltd., 100kV), SEM (S-800,
Hitachi Ltd.) and STM."™ TEM samples were electroless-
plated ‘onto an acetyl cellulose substrate. After carbon
sputtering, the substrate was removed with methyl
acetate for observation. For STM observation of the sur-
face topology, an extremely flat substrate is required.

L 465

HOPG, with an atomically flat surface, was used as the
substrate. STM observations were carried out in air, us-
ing a nonmagnetic platinum tip. The sample bias voltage
was — 110 mV versus tip. Constant-current imaging was
carried out at 2.0 nA. Following STM observation, the
surface was studied by SEM after evaporating a thin film
of Pt-C.

Figures 1(a) and 1(b) show the TEM bright-field im-

Table I. Basic bath composition for CoNiReP films.
Chemicals Concentration
NaH,PO, H,0 0.20 mo! dm™*
(NH,),S0, 0.50
CH,{COONa), 1,0 0.75
C,H7OH)(COONa),-2H,0 0.20
CH(OH)(COOH), 0.05
CoSO,-TH,0 0.06
NiSO,-6H,0 0.08
NH,ReO, 0.003
Bath temperature 80°C

pH adjusted by NH,OH 8.7

Fig. 1. TEM images of the active nuclei (a), and CoNiReP film, (b).
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ages of the palladium active nuclei and the CoNiReP
film, respectively. In Fig. 1(a), the uniformly dispersed ac-
tive nuclei, several nm in size, are seen, Figure 1(b) shows
a TEM image of the film approximately 50 nm thick con-
sisting of uniformly sized grains approximately 50 nm in
diameter. Figures 2(a) and 2(b) show the resuits of SEM
observation for the substrate and the CoNiReP film, re-
spectively, Although the substrate itself shows a fairly
flat surface (Fig. 2(a)), the grains of approximately 50 nm
in diameter can easily be distinguished in the CoNiReP
film (Fig. 2(b)). The SEM result appears to be consistent
with the TEM observation.

Figure 3 shows the typical STM images obtained in this
study. Figure 3(a) indicates that the HOPG has an ade-
quately flat surface, as reported previously.'? Figures
3(b) and 3(c) show two typical STM images of the CoNi-
ReP film. Although various factors affect a STM profile,
it is felt that these profiles, using relatively low magnifica-
tion, are indicative of the surface topology of the film. In
Fig. 3(b), grains of 30-50nm in diameter and with
smooth surfaces, are observed, but from a different angle
a) the relatively rough surface topology, shown in Fig. 3(c),
is observed. In this image, the unevenness of the surface
grains is observed in greater detail, and in the right-hand
area a clear columnar structure can be seen. The

RSP
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2 200 nm

g, difference in surface topology between Figs. 3(b) and 3(c)
LCQJ + shows that the initial deposition state of the films onto
~N the HOPG surface is not uniform in a very small area.

> The STM observation has clarified the fine details of

the structure which could not be distinguished by SEM.
Therefore, it can be stated that STM enables precise
observation of a surface topology of films in the initial
deposition stage.

In summary, the initial deposition state of electroless-
plated CoNiReP films for use in perpendicular magnetic
recording was investigated with TEM, SEM and STM.
The results indicate that the STM analysis of the
microstructures of the films is a useful investigation
method for the evaluation of the minute structures at the
initial deposition state; STM imagery offers another form
of analysis to the conventional methods of TEM or
SEM.
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ABSTRACT

The structural control of electroless-plated CoP film was investigated using underlayers of electroless-plated
CoNiMnP and CoNiP films. The CoNiMnP film showed a high degree of orientation of the hep Co c-axis normal to the film
plane, whereas the CoNiP film hardly showed any preferred orientation. The CoP film plated onto the CoNiMnP under-
layer showed a high degree of preferred orientation, while the CoP film plated onto the CoNiP underlayer showed a low
degree of preferred orientation. Thus, the microstructure of the CoP film is clearly influenced by the underlayer structure.
In the case of the CoP film onto the CoNiMnP underlayer. an epitaxial-like growth was observed up to a thickness of
0.25 pm, and this reduced to the intrinsic microstructure at a thickness of 0.5 um. Recording characteristics were meas-
ured on the 5 in. flexible disks, fabricated by plating the high-oriented CoP film or the low-oriented CoP film with a ring-
type head of a commercial VHS video head. Perpendicular recording was performed on the high-oriented CoP film to
demonstrate the best characteristics. The use of an oriented underlayer is thus confirmed tobe a useful method of control-
ling the structure of the magnetic film in addition to controlling the bath plating parameters.

The perpendicular recording system is especially suit-
able for high-density magnetic recording (1). The most
popular medium for the system is a CoCr alloy film pro-
duced by a vacuum process such as sputtering or evapo-
ration.

The authors have developed perpendicular recording
media using the electroless-plating method (2-5). An elec-
troless CoNiReP alloy film has the highest potential for
this use (6). The film has a high orientation of hcp-Co c-axis
normal to the film plane. Moreover, the perpendicular co-
ercivity for films up to 0.5 pm thick is controllable by vary-
ing one of the plating bath parameters (7). A change in the
depth profile of perpendicular coercivity is due to a change
in the microstructure toward depth direction. The degree
of orientation of the Co hcp crystals (8) in particular. The
crystal orientation can be controlled by plating bath pa-
rameters (7).

The structure of perpendicular recording media are re-
ported to be influenced by their underlayers (6, 9-11). This
implies that the microstructure can be controlled by the
selection of the underlayer. In the present paper we inves-
tigate the possibility of controlling the microstructure of
electroless-plated fundamental CoP films (12, 13) by using
electroless-plated underlayers, CoNiMnP (3) and CoNiP
(14). In addition, the effect of crystal orientation on re-
cording characteristics is studied.

Experimental Procedure

Figure 1 is a schematic diagram of the structures of vari-
ous CoP films used in the study. An electroless NiP sub-
strate is used except for the recording test with flexible
disks. A CoP film directly plated onto a substrate is desig-
nated as the CoP single-layer film. The CoP film plated
onto the CoNiMnP underlayer is designated as CoP on
CoNiMnP film and plated onto the CoNiP underlayer as
CoP on CoNiP film, respectively. The CoP, CoNiP, and
CoNiMnP films were electroless-plated from baths de-
tailed in Table I. Magnetic properties were measured using
a vibrating sample magnetometer (VSM). The erystal ori-
entation of the film surface was determined by reflection
high-energy electron diffraction (RHEED). Five-inch flex-
ible disks were fabricated for the CoP single layer and CoP
on CoNiMnP films. After coating with a liquid lubricant,
the recording characteristics were measured under the
conditions detailed in Table II. The ring-type head used
was a commercial VHS video head.

Results and Discussion

Crystal orientation and magnetic properties.—The
RHEED patterns for the various films are shown in Fig. 2.

* Electrochemical Society Active Member.
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A low degree of crystal orientation is indicated for the CoP
single-layer film (Fig. 2a), since each reflection forms a con-
tinuous ring pattern. However, arc patterns are produced
by the CoNiMnP film (Fig. 2b). The arc patterns only con-
sist of reflections from the hep Co erystals, and the Miller
indexes are indicated in Fig. 2b. All the arcs in Fig. 2b indi-
cate that the c-axis is oriented normal to the film plane.
The CoNiP film (Fig. 2d) shows little preferred orientation,
i.e., it is similar to the CoP film. The two films, CoNiMnP
and CoNiP, were used as underlayers typical of well-orien-
ted and randomly oriented films, respectively.

The RHEED patterns of electroless-plated CoP films,
0.25 wm thick, plated onto these underlayers are given in
Fig. 2¢ and 2e. Arc patterns indicating preferred orienta-
tion of c-axis normal to the film appear for the CoP film
plated onto the well-oriented CoNiMnP film (Fig. 2c),
whereas ring-like patterns indicating littie or no preferred
orientation appear for the CoP film plated onto the ran-
domly oriented CoNiP film (Fig. 2e). These results suggest
that the growth of CoP film is strongly influenced by the
microstructure of the underlayer and that the microstruc-
ture of a CoP film is formed by epitaxial-like crystal
growth.

Hysteresis loops for the films shown in Fig. 2 are given in
Fig. 3 and are arranged in the same order as in Fig. 2. The
CoP film shows a high squareness ratio of the loop meas-
ured in the in-plane direction (Fig. 3a). Figure 3b indicates
that high coercivities are present in the CoNiMnP film, and
that the perpendicular coercivity is larger than the in-
plane one. The properties for the CoNiP film (Fig. 3d) are

CoP single layer  CoP on CoNiMnP CoP on CoNiP

CoP layer :‘ o CoP layer g: o CoP layer olztspm
CoNiMnP I CoNiPp l
layer 0.5pm layer 0.5um
Substrate l
Sub;trate Substrate
T~ T TN
Substrate : NiP, polyimide

(for read/write)}

Fig. 1. Schematic cross section of films
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Table |. Basic bath ¢

and operating conditions

Concentration/mol dm ™

Chemical CoP CoNiP CoNiMnP
NaH,PO, H,O 0.20 0.20 0.20
(NH,),S0, 0.50 0.10 0.50
CHxCOONa), H,0 — 0.30 0.50
C,H;OH(COONa), — 0.40 0.05
C,H4{COONa), 6H,0 — 0.50 -
CaH,(OH),(COONa), 2H,0 0.50 — -—
CoSO, TH,0O 0.05 0.06 0.035
NiSQ, 6H,0 — 0.04 0.01
MnS0, 5H,0 — — 0.04
Bath temperature 80°C 80°C 80°C
pH 9.2 9.1 9.6
adjusted adjusted adjusted
by NH,OH by NH,OH by NH,OH

Table H. Head properties and read/write conditions

Core material MnZn ferrite

Gap length 0.35 = 0.05 pm
Track width 60 pm

Coil turns 22

Relative velocity tms™?

between the other two, and both perpendicular and in-
plane coercivities are almost the same.

The cases for CoP on CoNiMnP film and of CoP on
CoNijP film are shown in Fig. 3¢ and 3e, respectively. These
show more than the characteristics of the CoP films since
they are measured with the underlayer. The features noted
for their underlayers are still present in both the CoP films,
namely, for the CoP on CoNiMnP film (Fig. 3c), the per-
pendicular coercivity is still larger than in-plane one, and
for the CoP on CoNiP film (Fig. 3e), both coercivities are al-
most the same.

The next stage is to investigate two films, the CoP single-
layer film and the CoP on CoNiMnP film, in more detail.

a) CoP single (ayer s

" dy CoNiP single layer .

¢) CoP on CoNiMnP CoP on CoNiP

Fig. 2. RHEED potterns of: (a) CoP film (0.25 jm), {b) CoNiMnP film
(0.5 um), (c) CoP film (0.25 pm) on CoNiMnP film (0.5 pum), (d) CoNiP
film (0.5 um), and (e) CoP film (0.25 um) on CoNiP film (0.5 pm).

Figure 4 shows the RHEED patterns for the two films as
the thickness of the CoP layer is varied from 0.02 up to
0.5 um. Ring patterns appear for the CoP single-layer films
for all thicknesses indicating little preferred orientation
(Fig. 4a-e). In the CoP on CoNiMnP films, the arc patterns
are produced indicating a high degree of orientation, re-
flecting the high orientation of the CoNiMnP underlayer
(Fig. 4f-1). Such behavior is seen up to a film thickness of
0.25 um. For thicker films, the orientation decreases, and
at 0.5 pm, both films show the same patterns (Fig. 4e and
4j).

It is concluded that the microstructure of a CoP film can
be controlled up to the thickness of 0.25 um by control of
the underlayer structure. However, the intrinsic (i.e., ran-
dom) structure, which is not influenced by the underlayer,
appears for film thickness of 0.5 wm.

The magnetic properties for the combination of CoP
with the CoNiMnP underlayer are given in Fig. 5. Figure 5a
is the hysteresis loops for CoP single-layer film, and Fig. 5e
is the differential curve of differentiated magnetization by
magnetic field for the in-plane loop. Magnetization rever-
sal is indicated as a peak in the differential curve. A disper-
sion of coercivity is clearly shown in a differential curve.

a) CoP single layer

b) CoNiMnP singte tayer d) CoNiP_singte layer

§ 0.05emy

3 0.058mu

()]

-
2kOe

€)CoP on CoNiMnP e)CoP on CoNiP

t 0.05emuy

Fig. 3. Hysteresis loops of: {a) CoP film (0.25 pm), {b) CoNiMnP film
(0.5 um), {c} CoP film {0.25 um) on CoNiMnP film (0.5 pm), (d) CoNiP
film (0.5 p.m), and (e} CoP film (0.25 jum) on CoNiP film (0.5 pm).
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A EONIMAE

0.25um

0.5um

Fig. 4. RHEED patterns of: {a-e) CoP film, and (f-j) CoP film on
CoNiMnP film.

As indicated in Fig. 5e, the CoP film consists of elements
of low coercive force showing a narrow dispersion. The
CoNiMnP film consists of those of higher coercive force
than the CoP film, and it shows a wider dispersion, Fig. 5f.
Figure 5¢ shows the loops measured for the two samples at
one time, for CoP single-layer film settled closely upon the
CoNiMnP film. Although the shape of the loop is different
from the sum of the two loops for the CoP and CoNiMnP
films because of magnetic interactions, the constriction
appears in the in-plane loop, which suggests the elements
of two kinds of coercive forces. This is more clearly dem-
onstrated in the differential curve shown in Fig. 5g. In this
curve, two peaks—the peak of low coercive force for the
CoP film and the shoulder of high coercive force for the
CoNiMnP film—are clearly shown. However, for the case
of the CoP on CoNiMnP film (Fig. 5h). the peak and the
shoulder are reduced to one broad peak. In particular, the
sharp peak of the low coercive force for the CoP film disap-
pears. Smaller amounts of low coercive elements are
shown in the CoP film plated onto the CoNiMnP film.

From the above results, we see that the CoP film plated
onto the CoNiMnP film is magnetically different trom the
CoP single-layer film. The CoP film plated onto the
CoNiMnP film is both crystallographically and thus, mag-
netically influenced by the underlayer.

Recording characteristics.—The recording performance
of the typical two films, single CoP and CoP on CoNiMnP,
are shown in Fig. 6 and 7. In Fig. 6, the recording current
dependence on the output voltage shows maximum for
the CoP single-layer film: namely, the output voltage in-
creases to a peak and then significantly decreases. On the
other hand, the output voltage for the CoP on CoNiMnP
film tends to saturate at a constant value. The former be-
havior corresponds well to the characteristics of in-plane
recording, while the latter behavior of a saturating output
voltage suggests the perpendicular recording. These re-
sults suggest that the increase in c-axis orientation causes
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a) CoP single Layer e) CoP single tayer
arb.
()]
-
) -
2k0e

b) CoNiMnP sing'le Layer 1} CoNiMnP single layer

arb.
//
L
-3
2k0e
g) CoP+CoNiMnP
-

O
arb.
[()]
O

2K

fo.0semu

c) CoP+CoNiMnP.

fo.05emu

e

d) CoP_on CoNiMnP n) CoP_on CoNiMnP
¢0.0‘éemu arb.

Fig. 5. Hysteresis loops of: () CoP fitm (0.25 p.m), (b) CoNiMnP film
(0.5 um), (c) CoP film (0.25 pm) + CoNiP film (0.5 pm), and (d) CoP
film (0.25 um) on CoNiP film (0.5 um). The differentials of (a-d) in-
plane loops for (e) CoP film (0.25 pm), (f} CoNiMnP fitm (0.5 um), {g)
CoP film (0.25 wm) + CoNiP film (0.5 um), and (h) CoP film (0.25 pm)
on CoNiP film (0.5 pm).

the essential changes in recording mode. That is to say, a
perpendicular recording is achieved for the CoP film that
has the c-axis of hep Co oriented normal to the film plane.

0.50}
-O-CoP

~{-CoP on CoNiMnP

020

e
[=]
T

Q.05+

0.02+

Output voltage/ uVe-pum ™ turn™(m/s)”

0.01+
a ! i

i i
10 20 50 100
Recording current/ mA

ol

Fig. 6. Dependence of recording current on reproduced voltage for
various films at 24 kFRPI,
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Output voltage/ dB

-0~ CoP
~Zx~ CoP on CoNiMnP

2 5 10 20 50
Recording density/ kFRP!

Fig. 7. Dependence of recording density on reproduced voltage for
various films.

This is reflected in the recording density characteristics as
given in Fig. 7.

The CoP on CoNiMnP film shows an increased Ds, value
compared to that for the CoP single-layer film. Thus, the
increase in perpendicular orientation of c-axis of hep co-
balt for the CoP film is effective in proceeding a higher
density recording.

Conclusions

The main findings of this study are as follows:

1. The crystal orientation of electroless-plated CoP film
is influenced by the structure of the underlayer.

2. This influence extends for films up to 0.25 um in
thickness.

3. The coercivity is also influenced by the underlayer.

4. The CoP film, the c-axis of which is perpendicularly
oriented, demonstrates better recording characteristics

than a less oriented one. This is due to the recording per-
pendicularity.

5. Structural control of electroless-plated Co alloy mag-
netic recording films is possible by control of underlayer
structure as well as by control of plating bath parameters.

Manuscript received May 2, 1988, revised manuscript re-
ceived July 6, 1988. This was Paper 559 presented at the
Honolulu, HI, Meeting of the Society, Oct. 18-23, 1987.
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Film Composition and Perpendicular Magnetic Anisotropy of Electroless-Plated CoNiReP Films
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Magnetic properties and microstructure of elec-
troless-plated CoNiReP films varying primarily in
cobalt content were investigated to clarify the origin
of their magnetic anisotropy. The films which show
perpendicular magnetic anisotropy contain ca. 25-
40% of cobalt in deposit. They also show higher
crystallinity and a c-axis orientation of hcp cobalt. It
is considered that the anisotropy of the films is
mainly due to the crystalline anisotropy based on
this crystallographic structure, and that the smaller
M, value which decreases the demagnetizing field
enhances the anisotropy. The shape anisotropy
caused by segregation of the films is also considered
to affect the overall anisotropy.
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Table 1 Basic bath composition and operating
conditions of CoNiReP films

Chemicals Concentration

Nall,PO, H,0 0.20 mol dm~3
(NI14) 550, 0.50
C”Z(COONa}Z ”20 0.75
C2”2(0”)2(C00Na)2 2”20 0.20
CH(O”)(COO”)Z 0.05
C0804 7”20 0.00 ~ 0.20
Ni504 6”20 0.08
N”4REO4 0.003
Bath temperature 80°cC
pH adjusted by NH4OI 8.7
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Electroless-plated CoNiReP/NiWP double layer
films were investigated for perpendicular magnetic
recording media as flexible disks. The magnetic
properties of CoNiReP recording layer, such as a sat-
uration magnetization (M) value and squareness
ratio of perpendicular hysteresis loops (SQR(.L)),
were changed by NiWP underlayers. The reproduced
output voltage of CoNiReP/NiWP flexible disks at
low recording density with a ring-type head in-
creased with M, values of recording layer and under-
layer. Moreover, the Dy, value of 172 kFRPI was
attained by the highest SQR(L) medium of the
double layer evaluated with a 0.20m gap length
sendust ring-type head. This may be mainly due to
large perpendicular anisotropy of the top region of
recording layer which is improved by the underlayer
addition.
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Fig. 1 A schematic cross section of CoNiReP/
NiWP double layer medium.

Table 1 Bath compositions and operating con-
ditions for NiWP underlayers.

Chemical Concentration / mol dm-3
NaHPOy« Hz0 0.066 0.040 0.040 0.066
(NH4) 2504 0.227 0.227 0.227 0.227
C3H4(OH) (COONa)3+2H0 0.068 0.068 0.068 0.136
NiS04°6H0 0.027 0.027 0.027 0.027
NapWO4+2H0 0.106 0.106 0.200 0.106
Bath temperature 909C  90°9C 909C 90°C

pH (adjusted by NH40H) 9.0 9.0 9.0 9.0
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The structure of amorphous and crystalline electroless Ni-Mo-B films was studied by transmission electron
microscopy (TEM). The amorphous film in as-deposited conditions was of a completely disordered state with few
crystalline regions. This film crystallized by means of nucleation after 300°C annealing; the produced nuclei grew large
after 500°C annealing. Two crystalline films in the as-deposited state, plated from 0.005 and 0.010 mol dm ™’ Na,MoO,
concentration baths, showed different annealing behavior even though they had almost identical Ni and Mo composi-
tion. The former contained amorphous-like regions corresponding to an intermediate state between the amorphous and
the crystalline. The lauer film was so siable against annealing that the structure of small grains was maintained after

500°C annealing.

KEYWORDS:
microstructure
§1. Introduction
Electroless Ni-B alloy films prepared using

dimethylamineborane (DMAB) as a reducing agent were
studied by several workers in the 1970s'¥ for the purpose
of improving the mechanical properties, i.e. solderability
and hardness, of the films. Recently, the film properties
and annealing features of Ni-B alloy films have been in-
vestigated*” and the change in film structure from
crystalline to amorphous has been elucidated as a func-
tion of the B content in the film. Every Ni-B alloy film
crystallized forming a Ni;B compound after sufficient an-
nealing.

A Ni-Mo-B alloy plating bath was first developed by
Mallory by the addition of Mo-complex prepared in ad-
vance.*” We subsequently developed a Ni-Mo-B alloy
plating bath by the addition of molybdate ion without
making Mo-complex in advance in order to develop a
thermally-stabie thin film resistor by Mo codeposition. 1t
was found that the obtained Ni-Mo-B alloy films show-
ed particular annealing effect on the specific resistance
and the film structure compared with Ni-B alloy films.'?
In fact, the stability of electroless Ni~-Mo alloy films such
as Ni-Mo-P and Ni-Mo-B against annealing was clearly
improved by the Mo codeposition.!*""" In particular, the
electroless Ni-Mo-B films gave interesting results that
almost identical Ni composition films showed different
X-ray diffraction patterns.'?

In this paper, we investigate the microstructure of the
electroless Ni-Mo-B alloy films by transmission electron
microscopy at various annealing temperatures in order to
clarify the reason for such characteristic behavior.

§2. Experimental

Ni-Mo-B alloy films were prepared from the newly de-
veloped plating bath.'® The bath compositien and

866
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Table 1.  Electroless Ni-Mo-B alloy plating bath composition and
operating conditions.

Chemicals Concentration/mol dm™?

(CH,),NH - BH;:(DMAB) 0.025

C,H/(OH)COONa), 2H,0 0.10

CH(OH)COOH) 0.20

NiSO,-6H,0 0.10

Na,Mo0,-2H,0 0.000, 0.0025
0.005, 0.010

Bath temperature 70°C
Bath pH 9.0 adjusted with NaOH

operating conditions are listed in Table I. A polyimide
film (Kapton, 50 k, Toray) was used as the substrate for
plating. The substrate was catalyzed by the two-step pro-
cess (sensitizer: SnCl-2H,O 1.0g dm™?, HCl 1.0 mi
dm™?, activator: PdCl,0.1 gdm™3, HC1 0.1 ml dm ™). The
film thickness, ranging from 300 to 500A was controlled
by varying the plating time. The sample films for TEM
(transmission electron microscopy) observation were
prepared by separating them from the substrate in a
hydrazine-ethylenediamine solution. The TEMs used
were Hitachi HU-12A at 100 kV and Hitachi H-1250 at
1000 kV.

Annealing was performed under 2% 107° Pa with a
heating rate of 10°C min™'. The annealed sample was
cooled gradually in a vacuum after maintaining it for one
hour’s annealing at its setting temperature.

§3.

The amorphous Ni-B films deposited without adding
Na;MoO, and the amorphous and crystalline Ni-Mo-B
films were prepared for TEM observation. An amor-
phous film plated from 0.0025 mol dm™~* Na,MoGy con-
centration bath, and two crystalline films plated from

Results and Discussion
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0.005 mol dm~? and 0.010 mol dm™* Na,MoQ, concentra-
tion baths, respectively, were adopted as typical ex-
amples. The compositions and deposition rates are listed
in Table 11. Two crystaliine Ni~Mo-~B films are typical ex-
amples with almost identical Ni and Mo composition but
different crystaliine states.'” The annealing temperature
of 300°C was selected as the starting point of increasing
resistivity, while the temperature of 500°C was chosen as
the maximum point of resistivity of Ni-Mo-B (see refs. 7
and 10).

3.1 A typical amorphous Ni-B alloy film

“Figure 1 shows transmission electron micrographs
(TEM) and transmission high energy electron diffraction
(THEED) patterns of a typical electroless Nis; sBze.s alloy
film (see Table 11): (a) as-deposited; (b) 300°C annealing;
(c) 500°C annealing films, respectively. In Fig. l(a), the

Table I1.  The compositions and deposition rates of electroless Ni-B
and Ni-Mo-B alloy films.

Na,MoQ, conc. Mo cont. B cont. Deposition As-plated
mol dm™’ /at%  /at% ratefumh! conditions
0.000 0.0 26.5 39
0.0025 15.5 5.5 5.1 amorphous
0.005 16.4 1.7 3.0 .
0.010 1.1 10 1.7 crystalline

as—-ploted

300°C

500°C

NiL200Y
w2207
N3y

Fig. 1. Transmission electron micrographs and transmission high
energy electron diffraction patterns of electroless Ni-B alloy film: a)
as-deposited; b) after 300°C annealing; c) after 500°C annealing.

film shows low image contrast and the THEED pattern
shows a diffuse ring caused by the disordered fcc Ni(111)
plane, indicating that the as-deposited Ni-B film is amor-
phous. In Fig. 1(b), the THEED pattern shows several
clear rings due to fcc Ni, whose indices are shown in Fig.
1(c). No rings or dots of Ni;B are observed. The image
contrast of the film is slightly enhanced, but no clear
grain boundaries are observed in the film. The phase
separation of Ni may take place in the amorphous film
after 300°C annealing. This would be consistent with the
resistivity decrease at this temperature in the previous

" study.™® In Fig. 1(c), the THEED pattern also shows

clear rings due to fcc Ni and many dots due to Ni;B com-
pounds, which is consistent with the previous X-ray
diffraction results.'®

3.2 Annealing behavior of an amorphous Ni-Mo-B
alloy film

Figure 2 shows TEM and THEED patterns of elec-
troless Ni-Mo-B alloy film plated from 0.0025 mol dm™?
Na;MoO, concentration bath: (a) as-deposited, (b)
300°C annealing, (c) 500°C annealing films, respectively.
In Fig. 2(a), the film does not seem to be completely disor-
dered. Even though the THEED pattern shows a diffuse
ring from the disordered fcc Ni-Mo alloy (111) plane, a
lattice ordering of 20A clearly exists in some regions (see
the arrow in Fig. 2(a)). Other low image contrast regions
may belong to the amorphous state. Such mixed regions
were observed in the Ni~-B alloy films as they change
from amorphous to crystalline with the decreasing B con-
tent of the film.” The NissBss and NigsMoys s alloys are
not amorphous according to the Ni-B phase diagram'
and the Ni-Mo phase diagram.’® However, Ni;gMois sBs s
film plated from 0.0025 mol dm™* Na,MoO, concentra-
tion bath clearly shows an amorphous state with some
regions of existing lattice image.

in Fig. 2(b), many small grains with a lattice image are
apparent. The THEED pattern shows some bright spots
on the clear rings which indicate that the film has an fcc
Ni-Mo alloy structure (see the THEED pattern in Fig.
2(c)). The lattice image corresponds to the fcc Ni-Mo
alloy (111) plane. The above results demonstrate that the
film crystallizes after 300°C annealing, although no peak
is observed in the X-ray diffraction pattern.'® Therefore,
it is concluded that the Ni-Mo-B alloy film crystallizes by
means of nucleation, not by phase separation in 300°C
annealing.

In Fig. 2(c), the nuclei produced after 300°C annealing
show slightly larger shapes. In the THEED pattern of
Fig. 2(c), the rings and dots due to fcc Ni-Mo alloy
become much sharper and clearer than those in Fig. 2(b).
The results coincide well with those of the X-ray diffrac-
tion measurements previously shown.'”

3.3 Annealing behavior of crystalline Ni-Mo-B alloy
films .
Figure 3 shows TEM and THEED patterns of tw
typical as-deposited crystalline Ni-Mo-B alloy films: (a)
plated from 0.005mol dm~* Na;MoO. concentration
bath; (b) plated from 0.010 mol dm™* Na,MoQ, concen-
tration bath, respectively. In Figs. 3(a) and 3(b), grain
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300°C

g

500°C
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NiMo(1 1 1){)
NiM0(200

NiMo(220
NiMo(31 1)

Fig. 2. Transmission electron micrographs and transmission high energy electron difiraction patterns of electroless Ni-Mo-B
alloy film plated from 0.0025 mol dm™? Na;MoO, concentration bath: a) as-deposited; b) after 300°C annealing; ¢) after

500°C annealing.

sizes of about 300A and 100A are observed, respectively.
In Fig. 3(a), the THEED pattern shows sharp rings due
to fcc Ni-Mo alloy, and also an overlapping diffuse ring
from the fcc Ni-Mo alloy (111) plane. Despite the diffuse
ring, only the lattice image due to Ni-Mo alloy (111) is ob-
served through the film. Therefore, we can say that the
diffuse ring is not caused by amorphous regions but by
the many lattice defects (see the arrow in Fig. 3(a))
throughout the film. By contrast, in Fig. 3 (b), only clear
rings due to fcc Ni-Mo alloy are observed.

It is very interesting that these two crystalline films,
which have almost identical Ni and Mo composition,
show quite different morphologies with the same fcc Ni-
Mo alloy, namely, small grains with many lattice defects
and smaller grains with fewer lattice defects.

Figure 4 shows TEM and THEED patterns of two
crystalline Ni-Mo-B alloy films after 300°C annealing:
(a) plated from 0.005 mol dm~? Na,MoQ, concentration
bath; (b) plated from 0.010 mo! dm~* Na,MoOQ, concen- -
tration bath, respectively. In Fig. 4(a), the film mor-



TEM Study of Electroless Ni-Mo-B Alloy Films

&

SRS
«mi’.{;i{?.ka-‘i

NiMo( 111y | J
NiMo(200Y”
NiMo(220)

NiMo(31 1)

Fig. 3. Transmission electron micrographs and transmission high energy electron diffraction patierns of electroless Ni-Mo-B
alloy films plated from a) 0.005 and b) 0.010 mo! dm ™ Na,MoO, concentration bath at the as-deposited state.
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NiMo{(_
NiMo(31 1,

Fig. 4. Transmission electron micrographs and transmission high energy electron difiraction patterns of electroless Ni-Mo-B
alloy films plated from a) 0.005 and b) 0.010 mol dm ™ Na,MoQ, concentration bath after 300°C annealing,

N

S
s

NiMo(1 11 ;‘)
NiMo{200
NiMo(220)
NiMo(3 1 1)
Fig. 5. Transmission electron micrographs and transmission high energy electron diffraction patterns of clectroless Ni-Mo-B

alloy films plated from a) 0.005 and b) 0.010 mol dm™* Na,MoO, concentration bath after 500°C anncaling.
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phology scarcely changes, but the amorphous-like region
is assumed to crystallize because the diffuse ring observed
in Fig. 3(a) can not be seen and only the rings due to fcc
Ni-Mo alloy are observed in Fig. 4(a). As the amorp-
hous-like regions may crystallize by means of nucleation,
similar to the film plated from 0.0025 mol dm™?
Na;MoO, concentration bath, very small nuclei may be
produced after the 300°C annealing.

In Fig. 4(b), the grain size, the film morphology and
THEED pattern are almost identical with those in Fig.
3(b), even after the 300°C annealing. Therefore, the film
plated from 0.010 mol dm™ Na,MoO, concentration
bath is more stable against the 300°C annealing than that
plated from 0.005 mol dm™* Na,MoOQ. concentration
bath.

Figure 5 shows TEM and THEED patterns of two
crystalline Ni-Mo-B alloy films after 500°C annealing:
(a) plated from 0.005 mol dm™?* Na,MoOj, concentration
bath; (b) plated from 0.010 mol dm™* Na,MoQO, concen-
tration bath, respectively. In Fig. 5(a), small and large
grains are observed. The small grains may be produced
by the growth of nuclei from amorphous-like regions,
while the large grains may come from those present in the
as-deposited state. The THEED pattern shows that the
film has an fcc Ni-Mo alloy structure which is the same
as that in Fig. 5(b). )

in Fig. 5(b), small grains which have an almost iden-
tical structure as those at the as-deposited state are still
visible, although the THEED pattern is sharper than that
in Figs. 3(b) and 4(b) due to the fcc Ni-Mo alloy struc-
ture. Therefore, after 500°C annealing, the crystalline
state of the film is improved by keeping the same grain
size and the same structure of fcc Ni-Mo alloy as those
after 300°C annealing, as seen in the case of crystalline
Ni-Mo-P alloy film after 400°C annealing.'?

§4. Conclusion

In order to clarify the annealing behavior of Ni-Mo-B
alloy films, the structural changes were studied by

transmission electron microscopy.

The amorphous and crystalline Ni~-Mo-B alloy films
were prepared by electroless plating with a mixed struc-
ture of crystalline and disordered regions at the as-
deposited state. The ratio of the two regions determines
the amorphous and crystalline film states. The amor-
phous Ni-Mo-B alloy film contains larger disordered
regions with some crystalline regions, while the two
crystalline films contain a crystalline state with a small
amount of disordered regions. In particular, the higher
crystalline film has an almost ordered state, which results
in a small difference of B content.
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Functional Thin Films by Electroless-plating Method

— Application to High-density Magnetic Recording Media
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PR3 (WAlA

Fig. 1 K2 8 EORNMERS. @5 L Caushs
WRDD &, WBEND» SR S 2B OIS
KEDDosBhoRE4 4 - 285N+ 5 Hikch
5 (Fig. 1 b)), MEMo-> s3:& 08 s0- 55
PR, Z2OREANL BB s B L et
PUSEHIERI U, BHIGE Y 2K0 L2503 1m0
EAF 2 BRI E BT HETHD (Fig 1 a)).
RIDABF B AERIGME T 2MEBA= » 7 Lo
DEEHICLDE, KO AREL A HPO,™ it
MENBEFICL2TZ o7 W44 2 Ni2* p8it s
, MEBCEEk = o v Ni A 5.

Ni*" + HoPO, ™ + HyO -+ Ni § + H,PO,~ + 2 H*

a)

10820

M : Metal ion M : Metal
e: Electron Red : Reducing agent
a) Electroless-plating b ) Eleetroplating

Fig. 1. Classification of plating.
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RO &iEE, LB EERS Y 8EE, B
FTHI D3, RIEFMOBITH L WET S pH JEH], #
BE s pH RUsE oo pH REH, BEA > v
BERLIEDTREILSEL DDA F VI BN
EF BRI LI X D & B (Table 1).

ZOEHE, BREHESTIIOOE 275 0, KT
WBH2ZFETRTIAF v IV R EOEBEO L VWYY L
~DOWEAFETH D I X, BRO2EFELCBILEIR
ORI L ARE S EMER L, B—io
ExbNESHEONL, 7)Y MO AV — k-
PHB~DHO D 3 K3 D L5 BRSO X oS
Mrilih LSl LTS hTws,

IOX ) BEHEATT SRS X Lok b BRI
G a2 % Fig. 2 ICiRY. TI9AF 2, £F
Iy VAL EOWH O EYE, LTMEFoOLoELE
NN E&, SEILLTHra%smEsisicnok
WL - BUK ML ALEE %389 7 0 AR O L » F & 7]
LN ob, W SPERENGERWIZO D & K
AR SH 5087 J Y AALLEIC L) Pd f
FFEREHY TS, PARODENMICOMBLE LY

ko

Table 1. Constitution of electroless-plating bath.

Element Purpose

Metal salt
Reducing agent
pH adjuster

pH buffer
Complexing agent

Source of deposit metal
Reduction of metal ion

pH adjustment
Stabilization of pH
Formation of metal complex

Plastics
Ceramics
Metals

Substrate

Cleaning
Hydrophilization

Catalyzation
Plating

Fig. 2. Process of electroless-plating.

- Pd active sites

- Ni, Cu, Co, etc.

&0 &L AEIREIC Pd A LKl SRIGT
B, PAAABEPCBHTAILICEN PAMEE
Wiz s ¢ A BREVERY L HETHL, oKk
T, £ St A4 L EECHECEIL T S?t
A4 2 25 s, RICPEY 14 e ELBHRICE
BLTPdY % PdIC@ITE ST (Sa®" = Sntt 24
Bl) PABRERT A, LA L, EBIZWE Pd-Sn oo
1 FEARE GERN—-255vidl kT Py an—
) KL DL L, FOOLEED Sn KT EHCH
ARG R hRTws, BRETETLE Y N—
2O Pd #4% R L CEITHITEMIC Pd # 2B
LHELHESRTWS, $7:, PAHOH»DHIZ Cu
auf FMEELRASRTVS, E5IZRY L I F7 4
Vbl &4, A%y ¥ b oI KB IIKEL T
bhiTwb,

MR H > B FEICELAEEE LT, Ni, Cy Co
HRENENTH LD, ZOMIcd Fig. 3 (RT LD
LREERZ OB LTI TH 5. Hriliulfes
FEFERBRILERF v vy VEFEVR AL L L, K
FRAEBMIERTH E N IR LB OSB B HIL
9, Crh7: 0B ZORRTHL.

3. HEMHMEAOICH

WEBDD XS, REEKLE~DHD &N ELRIE
e, VWA ITAE—2a vk HMELAETTAF
S EADHOE (TIHDE) LLTHRBLTEL B
T, BEEEEEE LTERELO 7Y ¥ MK
(Cu), Iy Ea—y—ONFLEHECERTIHER
F4 A% (Co)y, EHIINA 7Yy FIC & & oMK
MEFRH—<rTY) -8~y F (Ni) & &I
W s, BIEMMEE LR CERMEL TS, &
CTRIRICE BB TN AL LTEBSRTVWAH
T4 A7 ~OWEBHIC YO TTFI BT 5.

31 ERAELTVWRHDETF 1A

BEDI L Ca—— Y AFLDRHELIERIE, #
EY TN ADTRPE LRI LB L AN E N,
B A €Y — & LToRBERERIR ORI L L b1,
PR B DA T A A7 ¥ AT L ORI OMES A

4A 5A 6A 7A 8

1B 2B 3B 4B

T A o A A ) ) C) A G Ge as
Zr Nb 4\ Te Ru Rh cd I (Sn) sb
HE Ta A\ A\ Os Ir (w) Hg A\ Pb Bi

Al Si

B ¢ A
ViN

O : Deposited as itself & : Codeposited with Ni or Co
Fig. 3. Electroless-deposited elements.
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Gy LT oA BEEE R OB T AT AT 1
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BUORERT 1 2 7 W&, Ao g o 5y —dig
»-Fe 03 $HIRBLF £ 08 s, T I HEEM EICHE
i LYER U7, wWhwalhilikcd o, ikt
YRR I L T b o, Gl BRI
Rt L, S8R R~ ngkE o .

WO EFEIC KD Co SMlEA, MBI ERL
WA AE LTOHERF I r v EHFP>TVBEIL
i, BEIC 1960 SECICIRIS S T w23, L L, 45

RLERTINA AW, EEBAE VLT HREOEE

ERO = — Xh % <, WESEoRR Lo MR
BIHOBEMY AT LAOMKEE TILRES Lok
IOEIHMWE, KR FNLADA L —F —
WA S OERICIE~NT, JMREE O FIRBER T « 2 75
BEGETH OO O - XIZF a2/ b
DEEbhL, Zok) RRAERC L SEEEILLE
B S Tirh N, BENEIE R 1980 SER PO TR
1000 f5412 E5- U, fERoAEkE LCoRE D
(RYAR

COLIRWEREOG LT, SEHIEIbo ol
SRR AT Ay e EHIZHDEHEIIEDTY
BEsha L) ao7, LrToLEREMno 5L
B IR B LT, FEHAR i 2o AR A RS A
bR, o bR, FEHIEN O
OO EEOWBEAM L A F Ak EOMIZ LY, K
bl:Bnos Tuk 2BV TH, ROV %wvE—®

Lubricant

Protective overcoat

{Spin—coated Si0,) 0.05~0.08 pwm

Recording medium
{Electroless plated medium)

0.05~0.08 um

Intermediate layer

(Polished Ni~P film) 15~25 um

Disk substrate
(Aluminum alloy)

/\/

Schematic cross section of plated rigid

1.85 mm

Fig. 4.
disks.

AN oMK L 2, JOMBIES .
Fig. 4 l2® > &7 4 A 7 O, Fig. 5V K74 27
VESL IR A 2N FRGRT. T I A 0ENE N e
L, Fihg & U CIkmitt NiP JE 5% O & L7zo
b, Ny FA&ELTRELSE, —2~y F~BAKN
AR PR BL ORI ERHEWET S, 2ok
R E LT Co AaIR e BB & L, 3612
A€ a— b, BEIC LD SiO, BRER 15K T 5.
Co SCEHRRMERS O I E M > 21213, Table 2 12531 72
HOEBBLTHO ALK EHHTS, v, U

(1) Substrate fabrication process
+ Al substrate lathing or polishing
+Ni—P under—layer electroless plating
+Ni~P under-layer grinding and polishing

i

(2) Recording medium formation process
+Co alloy film electroless plating

!

(3) Protective film formation process
«Polysilicate film spin—coating
«Annealing for polysilicate film

i

(4) Lubricants application process
+Lublicants spin—coating

Fig. 5. Fabrication method of plated rigid disks.
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Fig. 6. Effect of impurity metals on coercivity.

Table 2. Bath composition and operating condition
of CoNiP films.
Suitable Optimum
(mol dm™)  (mol dm™%)
Reducing agent Natl 0y HyO 0.1 ~0.3 .
pH buifer {NH,50, 0.05~0.6 (]
Sodium malonate 0.2~0.6 0.3
Complexing agent Sodium malate 0.2~0.6 0.4
Sodium succinate 0.3~0.7 0.5
» CoS04TH O 0.045~0.08 04.06
 Metal sait Ni§04-TH,0 0.02~0.055 0.04

Plating condition pH=8.9~9.3, 75~85°C
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Photo. 1.

Head disk assembly of Gemmy.

Table 3. Disk storage unit specifications.

Storage units
GrEMMY PATTY
Specifications

Storage capacity (GByte)

Per Unit 8.8 3.2

Per HDA 2.2 0.4

Per Actuator 1.1 0.4
Data rate (MByte/s) 4.4 1.344
Average seek time (ms) i2 18
lLatency time (ms) 8.3 10
Recording density

Areal density (bit/mm?) 62 k 24 k

Linear density (bit/mm) 1240 550

Track density (track/mm) 50 43

First customer shipment 1987 1982

I, AN BREELAIETHZOO D EHIENET 7
2 —OEH UTHEEOEIbrS S Lv, Bl
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i %%%7”6” WHEEmo o &I BwT, B
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WAL E 4 5,
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Hr b OGO FF L AWMEFT 1 AVRETA »
HEBL, COMRTIAZENTTHIILLS
PATTY® 1o # s h, MWRTHO TEREHZ 3 ¥

— & — OISR E O D EF s Ay E LTH
B s h7:. PATTY it 400 MByte DHR*H L 8 AD
"J‘éi*"rJ: W=y bd7h 3.2GByte DFERER D,
w5 Lo s ot T h o 7. DTk, RS

MW&H.Avb~M%MXA~vV7®%¢R&EK
X b, HHE 8.8GByte D NGFRMHEBMAT 4 A7 EE

Gmm7>8> (Photo. 1) 4% NTT(R) 4o X 9 L L 7225,
ORI b0 SHEAT 4 A7 BEREATV S, Wl
o5 — ¥ % Table 39 IR,

10%F G
EMMAY/

WK
Recording
104 density/

e
- 7
10 140
GeEMMy
Data transfer 2 )
rate a E
1 30 &
=
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[
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time o e
° <
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Data transfer rate (Mbyte/s) or Areal recording density (bit/mm?

L . ) 0
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Year

Fig. 7. Trends of recording density, data transfer
rate and seek time of large-capacity-recording
system.
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Fig. 8. Relation between Dso value and recording
parameters.
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OFEILE, s MIbT A Er D, S0 &
& MR SRR I B LI T MRS ATREII L, ik
AW B I TLryTiiBbwh, BRI LD
SO R BRI A o, Lo &) LR BRI
Mo SNAbTHY, WliE~ &) RO
TS RNHEECHROBE P TFREND, 20X %l
RS ARV N US| SINE = 111t = SN R OW AL (1= W B WA 3

Mg th A, Tl Tid Fig. 9b) k/J\?J: Y]
W BEAROA Rt A TSRS bR, 2O ek

ST ET =Y 3 o | AN AN = L vt Ap) YA Ltk
BRAMLT A, SEEEICELAITHE I LY
bh s, THBSRETERT S0, Bl
FHincEb s h e dWlEsh b, Thbbh, BILAS
H AR S R TSRS ERE NS, ZOH

a) Longitudinal mode
A—0,Hd—+47M
Thinner &

High He
4 (Uniaxial)

b) Perpendicular mode
A-+0, HI—0
Thicker &

Middle He
A3 (Uniaxial)

Fig. 9. Recording mode.

e T8 EEERRADITOR TS, Ni
Mo Co %% ¢ T IS HEAL 3 AR v - RS Al S
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OB B 2o, dREETINO RS O 72013 dH
LIED Ms DILFALEE L L. RO ORNZH
TR E LTI A28y 2L D CoCr Bt b <
mMohTws

i S 13 IR D BRI £ B IR B 5 0 — B
L LT, Co ZMilod il &Lk MEA L LT
RO L, RIEEAS)ITEE b2 CoNiReMnP,
CoNiReP 4l i i 400 SR % MBI > B U L 0 3t

Table 4. Bath composition and operating condition
of CoNiReMnP and CoNiReP films.

(A)NlRLMnP CoNiRel?
(mob dm %) (mol dm™)
Reducing agent Nathy POy HO 0.3 0.2
ptt buffer (NH, 2504 0.5 0.5
Sodium malonate 0.3 0.75
Sodium tartrate 0.2 0.20
Complexing agent Fartronic acid 0.03
Sodium gluconate - - 0.3
Sodium succinate 0.3 -
CoS047Ha0 0.06 .06
Metal salt NiS0,-6H0 0.12 0.08
etal sa MnS0,°4~6Hy0 0.05
NI ReOy 0.005 0.003

Plating condition pH=9.2 (by NH;OH), 80°C

Table 5. Magnetic properties of CoNiReMnP and
CoNiReP films (0.5 pm).

CoNiReMnl® CoNiRel”
Saturation magnetization (Ms) 220 360 (emwee™ )
Anisotropy field (HE) 3.4 4.6(k0e}
Anisotropy energy (Ku} 0.4 0.60 X 10° erg cc” H
Perpendicular coercivity (He (L)) 890 1000 (Oe)
In-plane coercivity (He (/1) 490 610 (Oe)

a ) CoNiReMnP film
Photo. 2. TEM image of electroless-plated perpendicular-recording films.

b} CoNiReP {ilm
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ELECTROLESS-PLATED PERPENDICULAR RECORDING FLEXIBLE MEDIA
WITH AN IN-PLANE ANISOTROPIC INITIAL LAYER

Hiroshi MATSUBARA, Satoshi MITAMURA, Kazuhiro NODA and Tetsuya OSAKA
Dept. of Appl. Chem., Waseda Univ., 3-4-1, Okubo, Shinjuku-ku, Tokyo 169, Japan

Abstract——- CoNiReP perpendicular recording flexible disks with quasi-softmagnet-
ic initial layers of various thicknesses can be electroless~plated on to NiMoP films plat-
ed from bath with various Na2M004 concentrations. Recording tests with ring-type heads of
two different gap lengths are carried out on the flexible disks in order to examine the
effect and its mechanism of enhancement of reproduced voltage caused by the initial layer.
By using a 0.20 um-gap head, high reproduced voltage, high recording sensitivity, and good
overwrite characteristics are obtained for the 0.3 pm-thick medium with the initial layer
in comparison to the 0.3 pm-thick medium without the initial layer. This is due to effec—
tive permeation of head field into a medium. However, the same voltage appears for both
media with wider 0.38 pm-gap head. Therefore, it is suggested that the initial layer is
very effective to obtain high reproduced voltage and high recording sensitivity especially
in recording with narrow gap ring-type heads.

INTRODUCTION

The authors have developed perpendicu-
lar magnetic recording media by an electro-
less-plating method[1]. A high potential
of the film has proved from the evaluation
of the films as rigid and flexible disks
combined with ring-type heads. Especially,
the authors have highlighted the importance
of plated underlayers for excellent record-
ing performance with a combination of ring-
type heads and have pointed out two under-
layer factors which affect recording char-
acteristics[2]; 'double layer effect' [3],
an effect to enhance reproduced voltage by
softmagnetic underlayers, and 'underlayer
effect', an effect to improve crystallin-
ity. Moreover, they found that the double
layer effect sufficiently operated in a
medium with even quasi-softmagnetic initial
layer of He{/) = 50 Oe in recording with
ring-type heads{4]. Such a phenomenon was
also reported by Ishizaka et al[5]. The
authors regarded such an effect of quasi-
softmagnetic underlayers as one suggestion
on medium design for perpendicular record-
ing media combined with ring-type heads.
Concerning this matter, the authors made
various flexible disk media with different
in-plane coercivity to indicate that the
effect of an underlayer and then reported
that the effect seriously decreases with an

increase of in-plane coercivity from 50 Oe
to 85 Oel[6]. Based on these results, this
paper reports the effect and its mechanism
in order to suggest the media design suit-
able for any head parameters through exami-
nation of recording density characteris-—
tics, recording magneto-motive force char-
acteristics, and overwrite characteristics
for ring-type heads with different gap
length.

EXPERIMENTAL

Media were fabricated by electroless-
plating CoNiReP recording layer on to al-
most nonmagnetic NiMoP underlayer of 0.03
pm-thick. Both plating baths are shown in
Table 1. Substrate was polyimide of 50 pm-
thick. Disks of about 10 cm diameter were
cut out, and followed by coating of liquid
lubricant (Crytox, Du Pont). Recording
tests with video heads were carried out
using two ring-type heads of different gap
1ength(GL) shown in Table 2. Reproduced
voltage in high density region was measured
by combined use of spectrum analyszer
(TR4110H, Advantest) and oscilloscope (VP-
5403A, National). Magnetic properties were
measured by vibrating sample magnetometer
(VSM-3, Riken Denshi).
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Table 1 Basic bath composilions and
operating conditions for a CoNiReP
recording layer and NiMoP underlayers.

Chemicals Concentration
mol dm—-3

CoNiReP  NiMoP

Nal2P02-H20 0.20 0.20
(NH, ) 250y 0.50 —_—
CH2(COONa )2 -H20 0.75 -

CoH2(0H)2(CO0Na) 2 - 2H20 0.20 -

CH(OH) (COOH) 2 0.05 —
CH2(OH) (CHOH) 4 GOONa 0.30 -
Cj“A(OH)(COONa)j'ZHZO —_— 0.10
HOCHCOOH —— 0.20
CoS0y, - 71120 0.06 —
N1S0y - 6H20 0.10 0.10
NH/ReO/, 0.003 -
NapMoQy, - 2H20 — 0~0.015
Bath temperature 800C 9000

PH 9.2 9.0
PH adjuster NH/0H NaOH

Table 2 Head properties and read/write
conditions.

Head A Head B
Core material Sendust Sendust
Gap length 0.2 pm 0.38 pm
Track width 20 pm 25 um
Coil turns 19+19 10+10
Relative velocity 1 ms-1 1 m s~1

RESULTS AND DISCUSSION

Preparation of the media with initial
layers

Figure 1 indicates magnetic properties
of double layer films with various thick-
ness made by plated CoNiReP film on to
NiMoP films plated from baths of various
NapMoO, concentration. Almost non-magnetic
NiMoP underlayers are formed from this
concentration region. The CoNiReP film of
0.15 pm-thick with the NiMoP underlayer
plated from a bath of 0.010 mol dm=3
NapMoOy concentration(Fig. 1g) shows in-
plane anisotropic, quasi-softmagnetic prop-
erties of relatively swall coercivity
(He(//)=50 0e). On the other hand, the
perpendicular loop of the film 0.3 pm-thick
is tinged with square-shaped(Fig. 1h).
This loop implies that the region of 0.15~
0.3 pm has perpendicular anisotropy. Such
a tendency is ascertained from the sheared

Recording toyer
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Fig. 1 Hysteresis loops of GCoNiReP films
with in-plane anisotropic initial layers of
various thicknesses.

hysteresis loop of 0.15~0.3 pm-thick re-
gion estimated by subtracting a 0.15 pm-
loop from a 0.3 pm-loop[6].

Thinner initial layers seem to appear
in CoNiReP films with NiMoP underlayers
plated from lower NapMoO, concentration
baths, moreover, there is no clear appear-
ance of an initial layer in a CoNiReP film
with a NiMoP underlayer plated from a bath
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Fig. 2 Schematic models of CoNiReP films with in-plane anisotropic
initial layers of various thicknesses.

NapMoO, concentration of 0.003 mol dm~3
(Fig. 1a).

Fig. 2 schematizes the above results.
Control of a thickness of a quasi-softmag-
netic, in-plane anisotropic initial layer
seems to be elegantly realized in fully
electroless-plated double layers, the CoNi-
ReP films with NiMoP underlayers. Another
effect of underlayers came out as shown
above. Suggestion for medium design suit-
able for head parameters is expected
through recording examination of these
media. Based on this concept, first the
suthors fabricated flexible disks with or
without an initial layer by adopting NiMoP
underlayers plated from baths NapMoO, con-
centration of 0.01 and 0.003 mol dm—3 re-
spectively. Medium parameters of disks are
shown in Table 3. The following two sec-
tions report various recording examina-
tions; recording magneto-motive force de-
pendence, recording density dependence at
optimum/ constant magneto-motive force, and
overwrite characteristics in order to sug-
gest enhancement mechanism of reproduced
voltage by the initial layer and to suggest
a match of a medium parameter and a head
parameter for high-density perpendicular
recording with ring-type heads.

Table 3 Media parameters of Disks A~C.

Disk A Disk B Disk C

N@ﬁMoOA conc. in mol dm—3 mol dm-3 mol dm-3
NiMoP plating bath 0.010 0.003 0.003

CoNiReP recordin m m
Jayer thickness & O.g O.g o.g?
Perpendicular nm m
layer thickness 0.15 0.3 O.gg
In~-plane initial nm nm Bm

layer thickness 0.15 0 0

An effect and a mechanism of reproduced
voltage enhancement caused by an in-plane
anisotropic initial layer

Recording density dependences of re-
produced voltage at optimum recording mag-
neto-motive force for Disks A~C with
Head A of Gp=0.2 pm are shown in Fig. 3.
Comparing Disk A which consists of a 0.15
pm-thick perpendicular layer and a 0.15 pm-
thick initial layer with Disk C which con-
sists only of a 0.15 pm-thick perpendicular
layer, the reproduced voltage of Disk A is
about 2.4 times higher than that of Disk C
in the region of 1 to about 30 kFRPI.
Moreover, the voltage is about 2.1 times
higher than that of Disk B, which consists
only of a two times thicker perpendicular
layer than Disks A and C. Thus, the repro-
duced voltage with a ring-type head is
duplicated by the quasi-softmagnetic ini-
tial layer of He(//)=50 Oe.

~ 200
N
wE 100
o
£ 508
S5
>
o5
20
g
gp o
8 s
m\ L SN 1 WU SS— | | S I 1 1
2 5 10 20 50 100200 500

Recording density / kFRPI

Fig. 3 Dependence of reproduced voltage on
recording density for Disks A~C.

Figure 4 shows recording magneto-mo-
tive force dependences of reproduced volt-
age at 40 kFRPI for Disks A~C with the
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reproduced voltage on
Disks A~C with each

same head. Larger voltage appears even at
low magneto-motive force in Disk A
indicates higher recording sensitivity.
When comparing NIsg values, there are no
large difference in these Disks, though a
somewhat lower value appears in Disk A.
Such tendencies may be one of the charac-
teristics of recording of a medium with an
initial layer combined with a ring-type
head.

Recording density dependences of re-
produced voltage at constant recording
magneto-motive force are shown in Fig. 5.
Reproduced voltage at low magneto-motive
force for Disks B and C without an initial
layer seriously decreases at low recording
density. 1In contrast, high voltage for
wide density range at low magneto-motive
force is obtained for Disk A with an ini-
tial layer.

Overwrite characteristics were mea-
sured in order to discuss the effect of a
quasi-softmagnetic initial layer as shown
in Fig. 6. Residual 1F(4O0kFRPI) signals
after overwritten by 2F(80kFRPI) signals
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Fig. 6 Overwrite characteristics for Disks
A~C.
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are plotted in Fig. 6a. Disks without
initial layers(Disks B, C) were overwritten
at 0.6 AT of 2F magneto-motive force. On
the contrary, Disk A with an initial layer
was easily overwritten at 0.34 AT even the
Disk showed the highest 1F voltage of all.
Moreover, residual 1F signals per overwrite
2F signal are indicated in Fig. 6b. About
10 dB-better overwrite is obtained for
Disk A in low magneto-motive force region
under 0.34 AT, which is completely over-
written state. (Overwrite values saturated
at 25 dB becguse of a limit of S/N ratio
due to a residual noise of reproduce cir-
cuits.)

From the above discussion, it is con-
sidered that the enhancement of reproduced
voltage, high sensitivity at low M.M.F
recording, and improved overwrite charac-
teristics are due to effective permeation
of head field into a medium with the aid of
the quasi-softmagnetic initial layer.

Fig. 7 Typical reproduced waveform from
a medium with an initial layer.

Recording on such a medium with quasi-
softmagnetic initial layer of He(//)=50 Oe,
a subpulse signal, considered the signal
from the initial layer, separately appeared
with a main dipulse signal in the isolated
reproduced wave(marked in Fig. 7). A phase
shift of the subpulse signal against a main
signal was observed for each recording
magneto-motive force, so that winding ap-
peared in magneto-motive force curve. In
addition, reproduced output was observed
only lower density than 20 kFRPI from a
direct recording test on the initial layer.
From these results, the initial layer is
possible to keep some magnetization by
itself. In other words, complete return of
the shifted phase is not expected with
field removal accompanied with head-run

away. However, it is considered that the
residual magnetization of the initial layer
is erased by recording demagnetization
except for low density region under 20
kFRPI. Therefore, it may be concluded that
the subpulse does not interfere with high-
jensity recording in-the medium with the
initial layer.

Effects of a head parameter on enhancement
of reproduced voltage by the initial layer

The effect of the initial layer is
expected to be dependent with head parame-
ters. For optimization of high density
recording medium against head parameters,
recording test of Disks A and B was per-
formed with Head B, different gap length in
order to clarify an influence of gap
length, one of head parameters.
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e i

Fig. 8 Dependence of reproduced voltage on
recording density for Disks with Heads A,B.

The result was compared with that for
Head A(Fig. 8). The same reproduced volt-
age in low density region was observed for
both heads on Disk A with a 0.75 pm-thick
initial layer(Fig. 8a), therefore, repro-
duced voltage is independent on gap length
in Disk A. A reproduced voltage dip for
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wide gap Head B shifts to low density di-
rection. Disappearance of the secondary
peak by Head B is not explained.

The same comparison was made for Disk
B(Fig. 8b) without an initial layer. The
reproduced voltage obtained by Head B in
low density region was about two times
higher than that obtained by Head A. As
indicated in Fig. 3, almost similar repro-
duced voltage appeared for Disks B and C,
therefore, field permeation of Head A into
Disk B may not ©be sufficiently performed.
On the other hand, higher reproduced volt-
age, which is almost similar to Disk A,
appeared in Disk B from Head B(comparison
of Fig. 8a to Fig. 8b). Thus, more effec-
tive permeation of field from Head B into a
medium is expected than that from Head A.

From the results described above, we
may conclude that: considering recording of
media whose net thickness of recording
layer is 0.3 pm, there is almost no influ-
ence of the existence of the initial layer
on the reproduced voltage from the ring-
type head of Gy=0.38 pm, however, serious
influence, enhancement of reproduced volt-
age, appears in recording with the head of
Gr=0.2 pm in the medium with a 0.15 pm-
thick initial layer because of effective
permeation of head field with the aid of
the gquasi-softmagnetic initial layer.
These discussion suggests that, especially
for narrow gap head, a quasi-softmagnetic,
in-plane anisotropic initial layer has a
large effect to attain the sufficient re-
produced voltage by effective permeation of
head field into a medium.

CONCLUSIONS

To summarize the study described in
this paper, the following conclusions are
noted:

1. Thickness of a quasi-softmagnetic, in-
plane anisotropic initial layer in an elec-
troless-plated CoNiReP perpendicular re-
cording film was controllable by NapMoQy
concentrations in the plating bath of a
NiMoP underlayer film.

2. Reproduced voltage, recording sensitivi-
ty, and overwrite characteristics were
enhanced in recording of a 0.3 pm-thick
medium containing a 0.15 pm-thick initial

layer (He(//)=50 Oe)
of Gy=0.2 pm.

3. Such enhancement of recording character-
istics was probably due to effective perme-
ation of head field into a medium with the
aid of the initial layer.

4+ Considering recording of media whose net
thickness of recording layer is 0.3 pm,
there was almost no influence of the exis~
tence of the initial layer on the repro-
duced voltage from the ring-type head of
G1=0.38 pm.

5. It is suggested that especially for
narrow gap head, a quasi-softmagnetic, in-
plane anisotropic initial layer has a large
effect to attain the sufficient reproduced
voltage by effective permeation of head
field into a medium.

with a ring-type head
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Abstract--

examined by means of selective chemical etching method.

The segregated microstructure in electroless-plated CoNiReP films was

By immersing the films into aque-

ous solution of nitric acid plus methyl alcohol, cobalt and nickel rich ferromagnetic
region with high crystallinity of <002> oriented hep structure was preferably dissolved.
These segregated region was confirmed by high resolution SEM and TEM. The SEM images for
chemically-etched 2um thick film represented some 20 nm size grainy-structure. The TEM
image of the etched film with 50 nm thickness also showed bright stripes with several nm

in diameter, which considers to be the traces for the segregated part.

This microstruc-

ture suggests that the films consists of magnetically isolated fine particles, offering
the excellent characteristics for perpendicular magnetic recording with high density.

INTRODUGTION

Electroless-plated CoNiReP films show
the characteristics suitable to the use of
perpendicular magnetic recording medial1-
4]. The magnetic and microstructural
properties of the films can be changed by
varying the film composition. The film
containing some 30 at.% of cobalt exhibits
the rotational mechanism of magnetization
reversal, and shows the largest perpendic-
ular anisotropy, which is mainly due to
the magnetocrystalline anisotropy of <002>
oriented hcp crystalline. The results of
our recent investigation(4] suggested that
the film is not in homogeneous conditions,
but in the compositionally segregated
states, as indicated. The segregated
structure of CoCr filums, revealing the
"CP-structure" of those films[5-8].

In this paper, we investigate the
segregated structure of the CoNiReP films
as one of the essential factors to affect
the magnetic properties of the films.

EXPERIMENTAL

The films were electroléss-plated
from the plating baths, shown in table 1,
onto Cu and electroless-NiP substrates.
Film composition was varied by changing
the concentration of CoSO, in the baths.

Specimen films were immersed into the
aqueous solution of 5vol? HNO3 plus 1volZ
CH30H at room temperature for selective
chemical etching. The solution was agita-
ted during the treatment. Inductively
coupled argon plasma atomic emission spec-
trophotometer (ICP) was employed for com-
positional analysis. Magnetic properties
were examined with vibrating sample mag-
netometer (VSM). Structural properties
were investigated with scanning electron
microscopy (SEM), transmission electron
microscopy (TEM), X-ray diffractometer
(XRD) with Fe target and reflection high
energy electron diffraction (RHEED).

Table 1. Basic bath composition and operating
condition for CoNiReP films.

Chemicals Concentration
NaH,PO, H,0 0.20 mol da™®
(NH.).S0, 0.50
CH,(COONa), H,0 0.75
C:H:(OH),.{(COONa), 2H,0 0.20

CH(OH) (cooH), 0.05

CoS0¢ 7H,0 0.00 ~ 0.20
NiSO. 6H,0 0.08

NH.ReOQ, 0.003

Bath temperature ) 30°C

pH adjusted by NH.OH 8.7
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RESULTS AND DISCUSSION

Figure 1 shows the representative
change in the surface and cross-sectional
morphology of chemically-etched CoNiReP
films with various composition, observed
by conventional SEM. The morphology of
as-deposited films changes fine grainy
conditions to clear columnar structure
with a rise in cobalt content in deposit.
By the etching treatment, many clacks
appear in the morphology of the films
containing smaller amount of cobalt, as is
seen in Fig. 1(a). The morphology of the
films with higher cobalt content turns to
rough condition with the treatment (see
Fig. 1{c)). On the contrary, no apparent
changes can be observed in the morphology
of cobalt 327 film with the largest per-
pendicular magnetic anisotropy (see Fig.
1(b)). However, the film weight is cer-
tainly reduces by half with the etching
treatment, as shown in Fig. 2. This sug-
gests that the etching in finer region,
which cannot be detected with conventional
SEM, is proceeded in this film. Such a
particular and useful cobalt 327 film with
the largest perpendicular magnetic aniso-
tropy will be focused in the paper.

as—deposited chemicatly—etched
3 g oty = |

(a)

(C)

Fig. 1 Change in cross-sectional morphology of the
chemically-etched ColNiReP films; (a) Cop3NigaRegPg,
(b) CojpNigsRegPy and (c) CozgNisgResPe.

Figure 3 shows the change in the film
composition of the cobalt 327 film with
etching treatment. It is clear that
cobalt and nickel are preferably dissolved
with the treatment, while rhenium and
phosphorous show slight decrease with the
treatment.

Figure 4 shows the change in satura-
tion magnetization, Ms, and the peak
intensity of hcp cobalt (002) plane
appeared in XRD patterns of the films as a
function of the normalized residual film
weight. The Ms decreases to be about one-
tenth when the residual film weight
reduces by half. This can be explained

)

Q5

v Normolized residual weight

0 * +
o} ) 0 15 20
Etching time / min.
Fig. 2 Change in normalized residual weight of
the chemically-etched CojpNissRegPy film.

Normotized residual weight
of eqoch elements
wn

o : . ) . ;
! o o0& C7T 06 05 0¢ 03
Normolized residucl weignt
Fig. 3 Change in film composition of the

chemically-etched CojpligsRegPy film.
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with the preferential dissolution of the
ferromagnetic elements, such as cobalt,
described above. The I(ggz) value also
decreases with the proceeding in etching
treatment, indicating that the high crys-
tallized region is preferably dissolved
by the treatment.

Figure 5 shows the changing behavior
in RHEED patterns of the films with the
treatment. As shown in Fig. 5(a), the as-
deposited film mainly consists of <002>
oriented hecp structure, containing <111>
oriented fcc region, as we have reported
previously[4]. As the etching proceeds,
the spots due to highly oriented hcp
structure vanish, remaining the rings due
to fcc structure with low crystallinity

Ma: 220 emu cc-!

T{apz): 6.1 kepsa
al na-deposit statn

—O— Ms
25— loo)

o
o

o
o

Normalized Ms, loo2)

1.0 0.8 0.6 0.4
Normalized residual weight

Fig. 4 Change in Ms and I(gpp) of the
chemically-etched CojpNiggRegPy film.

and crystal orientation (Fig. 5(b)).
Finally the patterns turn to the broaden
condition as is seen in Fig. 5(c). That
means the highly-oriented crystalline with
high crystallinity was selectively dis-
solved with the treatment, which is con-
sistent with the changing behavior in
I(o02) value, and low crystallized region
remains through the etching treatment.
From these results, it is considered
that the cobalt, nickel rich ferromagnetic
region with high crystallinity and crystal
orientation is segregated in the filnms.
To confirm such regions, the films were
observed with high resolution SEM and TEM.
Figure 6 shows the change in surface
and cross-sectional morphology of the

(002> [QRE D]
oriented oriented
hep fecc

(002>
€004)
(006)
(161)
(103
(103)
(12)
(114)
(118

W
{122)
(333)
(200>
(020>
(229)
(13
(331>
(224)
HReFEH

—EAOAMMOO®
e e a0 e

Fig. 5 Change in RHEED patterns of the CojpNigs-
RegPy films with various etching time;(a) O min.,
(b) 2 min., and (c¢) 10 min.

ig 4 Changs in cross-ssctional morphology of the 2 pm thick CogpVi
RegPy films with various etching timej {a) O min., (b) 5 min. and {(c¢) 2
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. 7 Change in TEM bright field images of the 50 nm thick CO?zNi55R86P7

Fi
£i

chemically-etched 2 pm thick film observed
with the SEM. As shown in Figs. 6(a) and
6(b), the grainy rough structures with
some 20 nm size are revealed with the
proceeding in the etching process. These
structures is also confirmed with the
etched film with 50 nm thickness. Figure
7 shows the change in TEM bright field
image of the 50 nm thick films with the
treatment. In Fig. 7(c), bright stripes
with several nm size is observed at inside
of the grains. These parts are considered
to be the traces for the cobalt, nickel
rich segregated region, described above,
and such ferromagnetic fine parts are
isolated with the nonmagnetic region which
isn't dissolved with the treatment. It is
considered that such structure produces
the magnetic properties suitable to the
perpendicular magnetic recording medium,
such as rotational mechanism of magneti-
zation reversal and perpendicular magnetic
anisotropyl4].

SUMMARY

The segregated microstructure in
electroless-plated CoNiReP films revealed
with selective chemical etching treatment.
The result obtained by HRSEM proved the
selective etching and the TEM observation
of chemically-etched film showed several
nm size bright stripes in the grains. It
is considered that the selectively-etched

g
*ilms with various etching time; (a) O min., (b) 2 min. and (c

& 20nm

15 min.

parts correspond to the segregated regions
of cobalt and nickel rich ferromagnetic
region with high-crystallinity, and that
these parts are separated with the low
crystallized nonmagnetic region. Such
structure suggests the existence of mag-
netic particles smaller than the grain
size, offering the excellent character-
istics of the CoNiReP films as perpendicu-
lar magnetic recording medium.
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ABSTRACT
The segregation structure of electroless-plated CoNiReP alloy films for perpendicular magnetic recording media was

investigated, and the origin of coercivity variation at the initi

al deposition is discussed. Two types of films were used, i.e.,

film A had a low perpendicular coercivity, He( 1), of several hundred Oe at a thin region less than 0.1 um, while film B had a

high He(1) of over 1.4 kOe at the region, Although a value of

saturation magnetization, Ms, indicating segregation of mag-

netic components, was different for each of the as-plated films, the Ms value was almost the same after a 400°C heat-treat-
ment. This is assumed to be due to the occurrence of crystallization and segregation in the films with heat-treatment, and
also because the same segregated structure was attained in the two films. In the case of the very thin 0.1 um film, a larger
change of Ms value in film A was observed than in the 0.5 wm filin. Thus, the higher degree of segregation was assumed in

the thinner region of filtm B. T
ponents which occurred during the heat-treatment,

The authors have investigated several kinds of electro-
less-plated Co alloy films for perpendicular magnetic re-
cording media (1-7). In the investigation, we found that the
thickness dependence of the magnetic properties is very
important as well as the bulk magnetic properties for high
density perpendicular magnetic recording. For example,
with a read/write system using a single layer medium in
combination with a ring head. the medium whose perpen-
dicular coercivity, He( L), increases with an increase in film
thickness will give better overwrite characteristics than
such medium which has the higher Hc(1) at the initial
stage (5). Therefore, the perpendicular coercivity at the ini-
tial film stage is one of the important factors that affect the
recording characteristics. In the CoNiReP alloy films. the
depth profile of He(L) can be controlled by the sodium
malonate concentration of the bath in the thin filin region
up to 0.5 um (5). Since the magnetic properties at the initial
deposition stage can be controlled, the electroless ColNi-
ReP films have a higher potential for use as perpendicular
magnetic recording media. The microstructure of the ilms
indicates that segregation consists of highly crystallized
and less crystallized parts (7). Moreover, the change in the
perpendicular coercivity, He(1), depth profile caused by
various sodium malonate coucentrations was detected
only by the RHEED pattern difference at the initial film
stage. In this paper, an attempt was made to clarify the ori-
gin of this depth profile by using two typical types of CoNi-
ReP films fabricated from two baths of different sodium
malonate concentrations by changing the segregation arti-
ficially by heat-treatments.

*Electrochemical Sociely Active Member,

he high coercivity in the thinner filim B was due to the enhanced segregation of the com.-

Experimental

After activation (HS-101. Hitachi Kasei) and acceleration
(ADP-101. Hitachi Kasei), films were fabricated onto a Cu
substrate by electroless plating from the bath conditions
shown in Table 1. Magnetic properties and crystallinity
were measured by vibrating sample magnetomeler
(VSM-3. Riken Denshi) and x-ray diffractometer (RAD-I1,
Rigaku Denki), respectively. Heat-treatments were per-
formed for 1h at each temperature. Film composition was
measured with an x-ray fluorescence analyzer.

Results and Discussion

Depth profile of Hot L J on copper substrates.—In previous
work, we used electroless plated NiP substrates which are
used in manufacturing magnetic disk processes, but

Table i. Basic bath compoesition and operating conditions for CoNiReP

B tilms
Chemicais Concentration
Nat,PO, - H,0 0.20 moldm *
(NH),50, 0.50
CHACOONay - H,0 0 - 085
C.HAOHMCOONa), 0.20
CHHOH®COOH), 0.05
CHA(OHXCHOH)L,COONa 0.30
CoS0, - TH,0O 0.06
NiSO, - 6H,0 0.08
NH,Re0, 0.003
Bath temperature 80°C
pH tadjusted by NH,OH) 9.2



2638

18

124 JA)

10

He(l) / KOe

0.6
C.A+

—O~— Film A
O Film B
02

o 1] L 1 i 1
0 Q.2 0.4 0.6 0.8 1.0

Fitm thickness / um

Fig. 1. Depth profile of perpendicular coercivity for the two typical
CoNiReP films.

some properties of amorphous NiP are changed under the
heat-treatment process, we used copper substrates instead
in order to detect the heat-treatment effect on magnetic
properties and crystallinity of plated films.

First, we confirmed the depth profile of the perpendicu-
lar coercivity, He( ), of CoNiReP films on a copper sub-
strate. The same type of depth profile of He(l) on a NiP
substrate was found on a Cu substrate, as is seen in Fig. 1.
A large difference of Hc(L1) depth profile between films A
and B was also confirmed on Cu substrate as well as a NiP
substrate (6). Films A and B were plated from baths con-
taining 0.3 and 0.75 mri 4m™? sodium malonate, respec-
tively. The difference i (L) at the much thinner region
was caused by a differe: e in the crystallinity of c-axis ori-
entation and the microstructure (6).

Bath composition and film composition.—Figure 2 shows
the film composition plated from the baths of various so-
dium malonate concentrations. The cobalt content in-
creases with increasing sodium malonate concentration.
The complexing agent, sodium malonate, deposits Co
atoms more effectively, but the compositional difference
between films A and B is not large and the depth profile of
the film composition was almost uniform (4). Based on
these results, it is concluded that the film composition is
macroscopically uniform. Some other factors. except for
the composition factor, are implied to explain the different
depth profile appearing in Fig. 1.

Changes of magnetic properties in heat-treatment.—
Table Il shows the values of saturation magnetization (Ms),
He( 1), and x-ray diffraction intensity of hep Co (002) plane
for an as-plated film and a film after a heat-treatment of
400°C. Although the macroscopical composition is not
very different, the Ms value of film A differs greatly from
that of film B in the as-plated condition. This fact suggests
that there exists some inhomogeneity in the microcom-
position of film B. The Hc(1) value decreases due to a
structural relaxation with the heat-treatment. The x-ray
diffraction intensity of the hep Co (002) plane that refiects
the degree of crystallinity of the film. film A shows a
weaker intensity than that of film B. Crystallization occurs
in film A which then has a closer intensity of the (002)
plane to that of film B after the heat-treatment. In the case
of film A, the Ms value increases with crystallization and
the heat-treatment. This phenomenon may be due to a
weakened diluting effect of nonmagnetic atoms that re-

J. Electrochem. Soc., Vol. 136, No. 9, September 1989 © The Electrochemical Society, Inc.
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Co.Ni content in deposit / at%
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Fig. 2. Dependence of sodi 1 conc on film com-
position.
39
v —O— Film A
N
3 —— Film B
E 2
Q
P4
~
0
=
]
T 1 L ! | 1
b)
o 10
«
N
=
=3
e
Q
Z 0.5
~
3
O
I
0 1 { | | {

o} 100 200 300 400 500
Temperature /7 °C

Fig. 3. Effect of heat-treatment temperature on magnetic properties
(0.5 um).

sults from a separating migration of ferromagnetic, dia-
magnetic, and paramagnetic constituents with crystalli-
zation due to the heat-treatment. Since the cobalt atoms
have the highest saturation magnetic moment of all the
constituents and although film B has a slightly larger con-
tent of Co than film A which results in a somewhat higher
Ms value, they approach each other after heat-treatment.
Therefore, films A and B, after heat-treatment, are thought
to have an almost similar segregation structure. The de-
gree of segregation can be measured semiquantitatively by

Table li. Yalues of Ms, Hc, and x-ray diffraction intensity for as-plated and heat-treated films (0.5 pm)

Ms/emu cm ' He(1/kOe Intensity/CPS
As-plated 400°C As-plated 400°C As-plated 400°C
Film A 110 210 1.00 0.50 310 530
Film B 210 290 1.32 108 660 660

Film A: CouNissResP 2

Film B: CoyNimResPa/o
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Table 111, Yalues of Ms and Hc for as-plated and heat-treated films

(0.1 um)
Msfemu cm ™! He( L ykOe
As-plated 400°C As-plated 400°C
Film A 80 240 0.34 0.12
Film B 180 270 1.36 0.94

analyzing the fluctuation of Ms values with each heat-treat-
ment temperature. These results are shown in Fig. 3.
Based on the fluctuation ratio, the normalized values of Ms
and He(1) are given in Fig. 3. A larger fluctuation was ob-
served in film A than film B. Since the fluctuation differ-
ence shown in Fig. 3 is due to the different segregation
state of the two as-plated films, there appears to be more
structural relaxation in film A than in film B with heat-
treatment. In other words, film A has a more mixed struc-
ture of elements while film B has a subtly separated state
of the elements compared with that of film A. :

Origin of the different coercivity at thinner region.—A
high He(1) (1.6 kOe) in the region around 0.2 pm in film B is
shown in Fig. 1. In the thinner region of 0.1 kim, a more re-
markable difference between films A and B appears. At
0.1 wm thick, film B still shows a high He(1) value of 1.4
kOe, and film A, a low coercivity of sub-kOe. The next dis-
cussion is focused on films in this thinner 0.1 pm
thickness.

Table 111 gives the results of heat-treatment on the Ms
and He(L) values at a 0.1 pm thickness. Although the same
trends appear in Table I11 in the case of 0.5 pm thick films
as in Table 11, a larger fluctuation is observed. The thinner
film A in as-plated conditions shows the lowest Ms value
(80 emu cm™). In the thinner region, film A also had a
lower crystallinity (7). Figure 4 shows the fluctuation ratio
of Ms and Hc(1) values of the films in the same manner as
in Fig. 3. The degreé of Ms Auctuations for both films are
extremely different. In particular, the largest fluctuation is
observed in film A. Therefore, it is concluded that film A
has a less segregated structure than that of film B in the as-
plated state in the thinner region.

As mentioned above, film B has a higher crystallinity
than film A from the thinner region. Moreover, ilm B
shows a smaller fluctuation of the Ms value than that of
film A, and a high Ms value at the thinner region. This fluc-
tuation of the Ms value apparently indicates a magnetic
segregation exists in the film. From the above discussion,
it can be seen that film B consists of magnetically more
“isolated” particles than that of film A. Accordingly, the
high Hc(1) value appearing in the thinner region of film B
is thought to be caused by magnetically isolated and rela-
tively small particles that behave as single domains. On
the other hand, in film A, all elements disperse relatively
uniformly, not causing an effective magnetic isolation, and
consequently, as if it consists of magnetically ‘large’ parti-
cles to show the lower coercivity.

Conclusion
The depth profile of perpendicular coercivity, He( L), of
the electroless CoNiReP alloy for perpendicular magnetic
recording media was found to vary according to their seg-
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Fig. 4. Effect of heat-treatment temperature on magnetic properties
(0.7 pm),

regation structures. Moreover, the film, which consists of
magnetically small particles, may behave as a single do-
main structure to show a higher coercivity by properly
controlled segregation. It was also determined that heat-
treatment is useful in measuring a segregation semiquan-
titatively by following the change in Ms values after heat-
treatment.

Manuscript submitted Aug. 4, 1988; revised manuscript
received Nov. 21, 1988.
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To FrJLE & LTI NiPY 2SS ol %t T 5, <
Y7 F DRI E Y T F VR b Y O AREMLT
TFon%, Y 75V 1YY A RSN S 2 £ Mt
AHR TER DD, GARRRIUCE Y ZF VRE P Y Y AREIML
2o NiMoP =0 @M Ly, Lo L, 3 St
Aie 2 =g b Y wa b sy a-nffiithfbes s bizk
Y, NiMol s L 0¢ NiMoB =558 G Uil Wk & 72 % Nigliin 4
PR LY, Z ot do P AUF O & B+ 50

2.1 NiMoP && Wi

1 D6 #BR A NiMoP @ Milidinho ey 757 VR
FRY Y AP LS B I L s & DIKBUh o Mo & P &Y
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OGN EELT B 2 ERFIETH DY Tieb b, Hiho

3) I Koiwa, M.Usuda, T.Osaka, J. Electrochem. Soc.,
135, 1222(1988).
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718(1988).
5) RBUUTHEL BOIREMIG, MIDVREN), ©mAmik#s 39, 778
(1988).
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Appl. Phys, 21, 1885(1988).
7) G.O.Mallory, Plating, 63, 34(1976).
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Table 1 Bath compositions and operating conditions for electroless Ni-P,
NiMoP and NiMoB alloy films ‘

Concentrations/moledm™

Chemicals
Ni-Mo-P Ni-Mo-B Ni-P
NaH PO, H,0 0.20 —— 0.15
(CH;),NH-BH, : <(DMAB) e 0. 025 —
CsH(OH)(COON=);-2 H,O 0.10 0.10 0.20
CHy(OH)COOH 0.20 0.20 _—
(NH),S0, B — —_— 0. 50
NiSO,-6 H,0 0.10 0.10 0.10
Na,Mo0,+2 H,0 0~0. 20 0~0.015 e
pH adjusted with NaOH 9.0 9.0 6. 0~10.0
Bath temperature 90°'C 70°C 90°C
a)NiP bINiMoP a)NiP bINiMoP
150
30001 o -
O
Ni-s.aMo-1sP

100

Ni-142P

_L. Ni-asMo-wsP

Specific resistance / uflcm

s0 |- J
-
Ni-weaMo-13P
! L ! 1 L 3
o] 200 400 600 0 200 400 600

Temperature / °C

Fig.1 Effect of heat treatment temperature on specific
resistance of electroless NiP and NiMoP alloy
films

Y FF VRSP DY AWBENE & X1LIE Mo, BPAART
HOIEMEMELIT L, BEOIGL X105 Mo, EPSHITC
HOEMIEH AT 5, T2 CUT, HillLick ¥ okiecdk
RIGE R T HIRRMT 74 ~ 7 LEMTUS S 2B T 580 7
A= T ORBOY &L~ NiP s vtz +a o ki
h NiMoP & o B REEOBRH LT 5,

@1 NiP 35 X U NiMoP Ko 12 ch cisER sz T 1
TR AR LA R O i o iR, NiP g (® 1a))
TiE 400°C FHEI K FVIIER o EEA RO, ik NigP
T & Ni ofhdlfiz X IR ST~ OB E LT
WHT, =¥, NiMoP EEL (I 1b)) (% NiP Uz o2t
RE R T, JESFT NiMoP B (Ni-ysMo-yssP) 2
300°C {352 & FIRM A MNB R e M LI 2. &t
NiMoP [t (Ni-yasMo~P) Tit 400°C ¥ CHIKMIfIH LH
L, £0®BLroMdT 5, S0 NiMoP i, #u
Tz X b IR B 5 84 & T00°C SRR ds T 4 Tl
LicE ¥ oRIBE DI5GB AR T S R i Th B,

2z NiP 36 X 0 NiMoP 0BT HE (TCR) ofi
iRTe NiP ZEL ([Q 2 a)) Tl LT EoRB LY
200°C FRIEDETIFMIN-TIL TCR i €A%, —~[EAMI 4
75 & TCR i3> 1000 ppm X Hh k& A D GIRISESE,
CIRRRECIEMFE Tl v, &AM &M NiMoP i

n
Q
o
(o]

B
Ni~rzaMo~13P

TCR / ppm

1000

o Ni-w2P |

{ i ] ] 3 1
0 200 400 600 O 200 400 €00

Temperature / °C

Fig. 2 Effect of heat treatment temperature on tem-
perature cocflicient on resistivity, TCR, of

troless NiP and NiMoP alloy films

elec-

400

300

Etectrical resistivity / mQ

200} -
— as-plated
--~~ gfter 500°C heat treatment
100 e
! 1 1
0 200 400 600

Temperature / °C

Fig. 3 Resistivity change of electroless Ni-j;gMo-y P
alloy films at heating rate of 10°C min™! under
as-plated conditions and after 500°C heat treatment

(M 2b)) it & Lok oMz NiP B 0 FTHV
TCR ffix/iTt o0, BAEYT>Th TCR oZBiciiim
BHhisv,e 500°C Baft ¢y TCR {fiat 100 ppm FELR
T &, B FEE LTRAEVWANARREL, ok kv
BIEFUET TCR {HAVNE V- XIS T Crafitifdiel,
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Ni~1zsMo-13P
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Fig. 4 Transmission electron micrographs and trans-
mission high-energy electron diffraction patterns
of NiP and NiMoP alloy films after various heat
treatment

B3 25 FT NiMoP (Ni-;psMo-,P) o L7 % # L2219
F LU 500°C ¢ 1 B TR o BT D TIZEHA C i BebE
RABDEMMOTIL 2R T L ToRBTI, [1b)
ERBICIUED BRI X YIRMOHMMAER T 2o FRIZHLT
500°C ¢1 ﬂ#ﬂﬂ??‘%!ml?ﬂffaf(i, 500°C HMFIZ X bHiM LI-IREL
ffibt 500°C ¥ CEMmERX LR LT IR —EMTHY, Fi
TCR offib—Ffli% LB, =D L 51z NiMoP K LAME -
£ 9IRS TCR 2+ 2§ oo, —IEANMA(TS L
OREEE TS TCR AL LAy

iz NiMoP g #aic st L TGS TCR 9T
B2 5 1o ic B 500A B0 S50 S50 RE T
(TEM) BZxfi-% (M4), NiP EEIClL, 300°C Famis
(b)) TTRBAESIFHCTE LB 2 Ediha B, & Bz 500°C
AREE (o) TIREEOMIMA LK, - i RISKIORD,
TCR fHDKIMZHIG LTV B Thizat LT NiMoP sz,
400°C ZnERlE () ImHuThbFMcEfY v 70 BEnc 2
LBETHD, FillLi% ¥ DI & I AT eSS o
LT3, 700°C BunBss (1) CREEQNAEC D, miFy
v 7% NP PRARTNEHSLR LTV, NiMoP iz

8) BIREM, FHER, WHEN. BEEH, R

Mo cont, (arb. unit)

o]

Fig.5 Scanning transmission electron micrographs for
analyzing the Mo content in the film of elec-
troless N-jpsMo- 3P alloy film after heat trea-
tment at 400°C

BIMCEThTHBPH Ni LRIEL, NiP L&WHIHR S
o, BORBBREL R -T VB S Etibnd, HEDL 5ic
NiMoP g, oMt P A&t NiMoP By ke
MIGRE TRET, Thiaw > ¥ L& oMk hkms
400°C HEE CEDEFRETHE D LERST L, 25
W BHIAS AR IED R T B 2 B E T B b KO KEH o
TEM @417 » 258, NiMoP JBu: NiP gIERnu b,
BT PR CR A SN MR » e iE v & B 2 Lavh
By,

BATFSINTT NiMoP KA EAA TR £ 9 SEISPLE A R I3 3 B
RAEHET 500 400°C BU% o NiMoP Hificst LTk
EH TEM BEEx1T -1 (45), +of4 KiEdo Mo i
MRS TERRATFET B S M b A & » 72 (B5
€ Tl h NiMoP BT 400°C SmBE LT 5 &Rt
BPREAIRLALRILT (€44, €)) bz Mo oRig—
EARES LB BbRD, ¥, #HH NiMoP &I X@mir
CLOELR L RTFEIIEABAIIC L DR THY% Lizat-
THENE NiMoP B TR AT 5 & B¢ Ni okl
BE ZO/KE Mo HFORH—ARZ Y, OFY—Lic &
YRR L, RSO ARSI T 5 £ 2L BB,

2.2 NiMoB &%

NiMoB BEoM@Ic & 47 5 RIS B2 <5 &,
NiMoP B & FRA AL %57 Lz, %2 T NiMoP [§4 & R
o TEM B83%47 - 129, 6 MBGERTFRESIC L b
m, K. Arai, Y. Yamazaki, T. Namikawa, [pn,

J. Appl. Phys, 28, 229(1989),
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NiMoP
O as-plated A
208 ® 500°C
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o
N 2061
h -]
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2,041 d=0,00234%(Mo content atomicX)
+2.033
i 1 i i
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Fig.6 Transmission electron micrographs and trans-
mission high-energy electron diffraction patterns
of Ni~jg4Mo-;B alloy films under as-plated con-
ditions and after 500°C heat treatment

BiZE Lz Ni(l1D) Fo TRt L OSHwW o8 THiis- X b
L7 TEM {8355 L RHEED 42 — v CHh 5, ¥ 2 TR
DERARL, RHORITHFREATET DS & 2 LT U 3,
TEM Bizgofi . NiMoB Tl 500°C S mgizts T b
BT Y v 2332 s ifc e B S O ORIER LB L, Bl L
PE FORBET LS GBS OBGIE TS D & Eatbn -
720 Ffz, NiMoB AR Tit NiMoP iz idre R tis st
BIREhic, NiMoB EBUCITH Lt 0B TE7 LT
EHATEEE L, B85 i M D IRAH AT I 0 & (RS & 4t
RBELTHHI EARESHD, D% ) NiMoB /I Gl L
2EEDRET Mo DRFINRETLD EH L LD, M7 i2E
b Mo &7 hik & XEREHTH, 53R 2 2o 5T WlG U 455
Licb o Tha%, Ni & Mo oEEHEHEIQh OB ERIUL D
LoDTY, T — ChiutitR Lico s b
Bo NiMoP MBI TIRITHLICEED » 2 flih & By FHICH L
T NiMoB Ml T2 b7t Lic E & ORBTHIHEE & 12070 h 87 »
TV B 2F hERRD Mo &7 lkitd ¥ YL L, 124,
Db INBERTRFERNKE CEb b, iihbiho Mo &1
HBAKESTHRL TV Do SO EMnb, BULHE VTGS A
LoZ EAYBAT, e IlHRs X5 i e &
I 21 7RIS €5 L 5 flIFRL L TS CH B,
LlE, #EGHS - % CER L NiMo &&u2iiii b 5
Mo odtbnic X b, MEggnEesiii< 32, i, Mo 57
X DR TLA SR E T LV b Th b, NiMo 41t
100 T.Osaka, K. Arai, N.Masubuchi, Y. Yamazaki, T.
Namikawa, Jpn. J. Appl. Phys., 28, 866(1989)

1) ERTE, BERE, M-8, RE¥EFE BRI
#7, 39, 717(1988).

Mo content / atomicX

Fig.7 Effect of Mo content on interplaner spacing,
d, under as-plated conditions and after 500°C heat
treatment

SRR (T 5 LI oA R E, JhusMasict 5 Mo
MbT T & D RSMEH AT & B Bh b, BT
AFNT $ v ed T v (LUF DMAB L0331 5) 0w i
NiMoB [LRUHTIL Uiz % £ ORIE T Mo oHin Wi ch v,
BB RS OGBS IE GRS EARTET D X 5 Aol
fEMATHECH B,

3 BEEBEEKERREADL A & MO R
st

SRR » IR A B RARRER L LTosTF vy o
AT £ B TR ANGT 5 b O PR A BT iR
Fo MRAES » FILORLIRFHI & LT OB Fisher i
LR TLKRD, RRMEGE LTHEha1HEY L 128
B &, SR - DL DI EEE ST Y e e AL
WOBILIZL D, ¥ 2y FF 4 A7 LTI R Ty
B0, SR DR, EOET (&R HiINcEeib it
T () BRI VERA TR TGS, mREEY
A TIRRR ORI & b e ) RIBIMIK L it B2, W
(b EEA KRB O+ —#1 v+ TH B, BETILI O
BLL i IE IR & fe > T B,

CHIZA LT, BHoMEEls L RGRBANML T3,
ARSIl LB R R & UG, okl
R R BT R R AR B I T B, R
R EBT B i, Mk, BEcx LCBEIC MR X
heTORERARTESTR IR B2, C Oftd i Licik
hELTA, & —ihiie YORRIBGEIC L 5 CoCr LMY
PO R TR TUL A, BH O, ELRD - Xk

12) R.D.Fisher, W.H.Chilton, J. Electrochem. Soc.,
109, 485(1962).

13) D, sikd, AW, SREimLN, 34, 254
(1983).

14) S.lIwasaki, Y.Nakamura, [EEE Trans. Magn,

MAG-13, 1272(1977)
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Table 2 Basic bath compositions and operating condi-
tions for CoNiReP and CoNiReMnP films

Concentrations

Chemicals mol-dm=3
CoNiReP CoNiReMnP

NaH,PO,-H,0 0.20 0.30
(NH{);SO, 0.50 0.50
CH3(COONa)g H,0 0.75 0.30
C,H;(OH)(COONa),+2 H,0 0.20 0.20
CH(OH)(COOH), 0.03 o
CH,(OH)(CHOH),COONa 0. 30 —
C,H,(COONa)y+6 H,0 — 0. 30
CoS0,+7 H;0 0. 06 0. 06
NiSO,-6 H,0 0.08 0.12
NH,ReO, 0. 003 0.005
MnS0,-4~6 H,0 - 0.05
Bath temperature 80°C 80°C
pH (adjusted with NH,OH) 9.2 9-2

L5 Co BB &MY - oRERMALMEMGC T L, BUSiEk
PO L &5, HRIHMEE LTRGRY v 7~y FiZk B
SRS R, OEEERBMS L Lo ERNEcE T
WRRALTRETT o fo MTIC T o %2FTT,

3.1 HARHOREHMKBELOREE—) Ly FFRY
~DGER—

HHO RN S L S & LT, %3 CoNi-
ReMnP [iids LUF CoNiReP BI%PlZE Lz, Sh bk e il
BALTh ST hep-Co REMARITIER -2 & LT, Bl
LB S EiTx 4535 Re # Ni Ltz e @ohi
EThn (Do FWANIE2), Thoix 0.5pm BIE ORI
RREGCTUIEMT LR CBREE 2R 2% Mgk c
it CoNiReP 2% CoNiReMnP [z < 5T B EFI{RRD
Ho(L) 42 (A8, Tk dix, BIHHOBRIHETL
WCIER Licoit, ChHoBRHGCTRLLY S, FF A2
H vy 78 Gu=0.33pm O MnZn 7 =34 by v r~, F
(A= v 7 0.2pm) 2 & B0REERRLT - LR, B
VR CREEIE Y L RISV CL BB HAME My, i
9o L 51z CoNiReMnP i+ —-3— 31 F45#EAS CoNi-
ReP Pz BRTAMFA#ERL K- o ®, TORELEA%
LIS, 2oL RBEAHHEOBR S HRTEEORL LD
DU ohTHDe Tt CoNiReP [ {RISINE o 5 IR0 7 HUR
FT~y FRFATFICERE LIS WD THS EELLN, &
DL D~y F e RS VT8 0 CoNiRe-
MaP oL 5 iR L Lo s il E Loy o
EELIBMS,

¥7:, CoNiReMnP ¥4 A 708\ CH v » 742 0.2pm 0 Y
YTy FILL D AR=w v 7 0.12um T Dy (R HAME
SRRV OB 537 5 BEREIE) =68 kKFRPI 0 [4F /¢ f5knt
#Bohiew,

15) S.lIwasaki, K.Ouchi, IEEE Trans. Magn., MAG-14,
849(1978).

16) I Koiwa, M.Toda, T.Osaka, J. Electrochem. Soc.,
133, 597(1986).

17) BWEM, PE-—-5, FEMER, AN 8, UKD,
YF O, BRICHRAFESE 10, 77(1986).

16
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0.4 ~x- CoNiReMnP

[} 1 1 1 | 1
v} 0.2 0.4 06 0.8 10

Fitm thickness / am

Fig. 8 Depth profile of perpendicular coercivity

~O— CoNiReP

=101 _A- CoNiReMnP

Overwrite / d8
U
N
o
T

-40 bypt o 1 1 !
10 20 30 50 70

Recording density / KFRPt

Fig. 9 Dependence of overwrite (2F on 1F) values
on recording deasity

ZTOH, Ho EiHPOSHEMIEIZL D CoNiReP i
To SOLMRBAOREFTFEEESELTH I L RLL
Lo BUETIRD » FIHETC L 5 B0 RETIFES BT &
HEERART LN

3.2 HLoETHRICIDIEFDOREL—TLFLTAF4X
IO R—

ERRBE L LTOBTLMS » EEofHO—2E LT, 73
AF oy 2 EOGBRMEOUERRATETHS - ERHIT O
BM, IDAY ., PRGBL, HYA D FT7 oA BICHEHERKE
BTG URVTINT 4 A7 R LI, ~y PR 0 A<
- PR ADBEETIIINT VR TAF , A LB WT
i, L UMEERRARE L Do, BREFHERARCL > TH
A0 X D IFECEHENTIE TH B & L LB AT, Wi
CoNiReP Bt 7 v v VA BB HAT 5 A RAT » 120

HEMD > ¥R L ZMARR 7 vE o 7 F L AT OREE
RIS > ETHRBIC L DRESCBLT D o RV LD
TN, IR R O Y B L LTRRFEESRIE
m T. Osaka, I. Koiwa, Y.Okabe, H.Matsubara,

A.Wada, N.Shiota, IEEE Trans. Magn., MAG-20,
803(1984).

19) T.Osaka, I Koiwa, M. Toda, T.Sakuma, Y. Yama-
zaki, T.Namikawa, F.Goto, ibid., MAG-22, 1149
(1986).

20) RAEL ¥, WEESE, REA-—-, AHNH. SEBEREE
#i, 37, 708(1986).

21) T.Osaka, H.Matsubara, K. Yamanishi, H. Mizutani,
F.Goto, JEEE Trans. Magn., MAG-23, 2356(1987).
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Table 3 Magnetic propertics of clectroless-plated

underlayers
NiFeP NiwPp NiP (pH 10)
Mjemu cc™t 400 180 200
H.(})[0e 8 16 20

0.20

o
S

Underloyer

Reproduced vottage / uVp-p pm’ turn’(m/s)”
o
o
o
T

—O— NiWP
0.02 - O NIP(pHIO)
~{}- Nifef
0.0t k- Heod g 0.35um %
-3 ! i I i ! [
1 2 5 10 20 50 100 200300

Recording density / kKFRPI

Fig. 10 Dependence of reproduced voltage on recording
density for various double layer media

LET MO B LB R 1T 5 7o T~ KRR
TPTRIRE 35 U TIRRAE FIOBNC & 5 IRk, T RABS
M PRI R TV AR, T2 0@k fERT 5 RN T MK
HHE DI B F 2 0 NI RESEATS » S I0R FIOBHT 72
BEAA AR L. 0 2 7~ KIS E DRI 1T - Foo

T ORI R T BT Me=400 emu cc™, i

WIS Ho () =8 Oe MIKREE NiFeP 5 &L 2eif (),

% Mg OEIKREIENI R > NiWP Jilds L ¢ NiP (pH 10)
B (pH 10 0¥ - Zilin b » ¥ ®fT» 72 NiP i) O 3HTH
Bo itiihticiz CoNiReP W v fo, LR TIL-Cho THEl L
vtk % - 7L 2 NiFeP TG0, NiWP ZEE, Nip
(pH 10y TRBRLA & ERGET B TIUBIFEIL 0.03 pm, JOERETIE
13 0.1pym TH 5. CoNiReP NI DLW AF iz Mg=150 emu
ce™t, H(L)Y=14000e fIETH 5o

IHLOEKIZE v, 742 0.35um D MnZn 7 2 F4 bV v
T~y FIE D RRERTHERIR AT > o B %1 10 39, S
IO E IR T o Tk EMIHTIR A 2 ET5 < T
Tis b, NiFeP ZRC S T b g b i, Shix
Y s~y FIZX BRBHECRST Ao FELYR LT
Vo A E B LT FHIEDR Al /o NIWP AL NiP
(pH 10) ZBLC S G TRIHIEFE LV IR TUL Y, B
X% 100 kFRPY LI EO@EEmEHcis NiWP BB 25
FEloTuhe THRVGP D TR DS b ICET
A HIET T OB TAREETS S ER LTG5S, %
4z o h b ko Rikk CoNiReP Jito> hep-Co(002) ifiidd
X SR EPFHIE A 7R T NIWP BB < b TEpy s il
BN, T, NIWP ZREGiiic < 6T Co-
NiReP BofbEtEMIR-»Thh, oz kick v = Ok
22) S.Iwasaki. Y.Nakamura, K.Ouchi, [EEE Trans.

Magn., MAG-15, 1456(1979).

Table 4 Hcp-Co (002) peak intensity of recording
layers (0.3 pm) for various double layer

media
NiFeP NiwWP NiP (pH 10)
Intensity/CPS 900 1200 900
©)0.50umB
a) 0.15~0.50um ;
1 °-°05§(m
P
e 2KOR
A
R g
v
@ ‘
He(l) 975

He(ty 50

Fig. 11 Hysteresis loops and RHEED patterns of a
CoNiReP/NiMoP medium

MEUFPHER R LTLE Lo & bitD,

T iz, FHIRES LCziEdkpeblo NiMol BNt g Licad,
Z OIS, WE E TS ) TRIIREAUNET1E CoNiReP [
Lz 0,15 pm, H(f)=500e FLULOMPIRALT S 7 WIIBRTI A
bith, o 0RO FEITLEA ORCIIE e AT LY R
+o MTWEUR 2 — v HBTETH &, 0,15 pm P L ORITHTEK
Cighiiz hep-Co o ¢ ilASBEENC I ML L T B 2%, BUE
0.15 pm ¥ TOLIE AL TR O fece fl&Te-TV52 8
A De OB PMEMK L hep-Co OESIMRE IR ITIEA
WL, BiE LTORRRARTEC L VImNRIESES & » T
VWhLDEEXBRD,

o OEEDTRRTRIHE LR RE O NiP (pH 8) TFHlid iy,
fo. FIMEIAIRI A L Aok (D 12T Llbkeda L, 13
MRS i, 413%™ 13K v » 7 0.2pm ) v, FITL
BIREIIL 0.5 pm DRI RBERIF AL TH B AT
A5+ NiMoP iz s Ui IF Al 2 Hh, HEIE
R T 2/ rA NI, T, Ny FF vy TRICH
U B O G O SERTE AT s U TR REYE o> B
PIRIASRERIEIC ~ o FRER SRR E CUMc B <k b
DD THDHEZLLRD, TOLDICY v I~y FIZ L BT
ST LTI IR I X BT IR R TH S
mx\Tm:ubara, H. Mizutani, S.Mitamura, T.Osaka,

F.Goto, IEEE Trans. Magn., 24, 3018(1988).

24) H.Matsubara, H Mizutani, S.Mitamura, T. QOsaka,
Jpn. J. Appl. Phys, 27, 1895(1988).

25) H.Matsubara, S.Mitamura, K.Noda, T.Osaka,
Proc. of Perpendicular Magnetic Recording Conf.,,
679(1989). (published as supplement of the J. Mag.
Soc. Jpn., 13, No.S1(1989)).
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a) CoNiReP/NiMoP b) CoNiReP/NiP
) Perpendicular )
CoNiReP tayer CoNiReP Perpendicular
------------- tayer
Initict tayer
NiMoP F NiP L
0.03um } Underlaoyer 0.03um Underloyer
Polyimide Substrate Polyimide Substrate
50um 50um
L L]

Fig. 12 Schematic cross sections of double layer media
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Fig. 13 Dependence of reproduced volta

ge on recording

density for CoNiReP/NiMoP and CoNiReP/NiP
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Hc) 1190 Oe

Fig. 14 Hysteresis loops and RHEED patterns of a
CoNiReP film with a NiWP underlayer

T e,

PAE®D & S At ¥ 2 TR 10 IR LA X 5 R EF etk
40 NiWP BB oW TE S Fiicie Bt L b b
MO A OKRE R LS BT - 2o B M Sl
ORTFHREWT A2 - e AT Y v AA =T RTT, 2Ok
KEW} Ao # — 2V EZT S, CoNiReP ARG o LTI
¢ BRI R MEAN G o EXB N TH D, DL D DRI
Hle AF Y o AL — FRfOEY I, REFBUSEEY L2
ZEnbind, SOMKEY x » TR 02um DY v~y FIT
LD EmREARE (g 15%) kT, 300kFRPI LlE¥ CH

200 -
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G
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Fig. 15 Dependence of reproduced voltage on recording density for a
" CoNiReP/NiWP medium

26) MM % SEE OB, SEWE RRITHE REXY, BREARKFERE 13, 153(1989).
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Preparation of Electroless-plated Thin Films
for Functional Thin Film Materials

Tetsuya Osaka*, Hiroshi Matsusara, Naganori MasusucH

Department of Applied Chemistry, Waseda University
Okubo, Shinjuku-ku, Tokyo 169 Japan

The preparation of high functional thin films by an electroless-plated method were studied
on the two items of thermally-stable thin film resistors and perpendicular magnetic recording

media.

In the research on the thermally-stable thin film resistors, the nickel molybdenum alloy
film, developed for the thin film having low TCR and high thermal stability was investigated
by the structural analysis with a comparison of an usual electroless-plated NiP film. Very
fine crystal structure was formed at as-plated conditions and it makes the film highly

thermally-stable.

In the research on the perpendicular magnetic recording media, the perpendicular anisotropic
thin film, realized by the cobalt alloy plated films showed the thickness dependence of perpen-

dicular coercivity, H,(1).
teristics.
films were evaluated by a ring-type head.

It is a very important factor to control the recording charac-
The cobalt alloy recording media with the underlayer of various electroless-plated
The media with quasi-softmagnetic underlayer

showed so-called double layer effect and the NiWP underlayer enhanced crystallinity of cobalt
alloy. When using NiWP-plated underlayer, having the both effects gave the very high

recording density.
ring-type head.

The potential of the double layer medium was also discussed using a
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Structure of Electroless Ni-Mo-P Alloy Film

Tetsuya OSAKA", Katsuya ARAI",

Naganori MASUBUCHI"

and Hideo SAWAI""

The processes of initial deposition and film growth of crystaliine Ni-Mo-P alloy films by electroless plating were
investigated by transmission electron microscopy (TEM) in comparison with those of crystalline Ni-P alloy films by

electroless plating.

In case of the Ni-P alloy films, very fine grains are packed and grown, so closely that the

grain structure is relatively uniform., Whereas in case of the Ni-Mo-P alloy films, nucleation océcurs on Pd catalyst
particles and the very fine grainy layer grows to a thickness of 300A. At thicknesses greater than 300 A, the growth

of nuclei occurs so preferentially that grain size increases.

It is suggested that this film growth in the region of its

thickness greater than 300 A is related to the nonuniform conditions in the crystalline state.
Key Words : Electroless Plating, Ni-Mo-P Alloy Film, Fiim Growth Process
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Table 1 Bath compositions and operating conditions for
electroless Ni-P and Ni-Mo-P alloy films,

Concentration/mol dm ?

Chemicals

Ni-P Ni-Mo-P
Nall: POz +H,0 0.15 0.20
CyHa (01D (COON) o+ 2 1,0 020 0.10
(NH 1) 2SO, 0.50 -
CH, (OH)COOH - 0.20
NiS04+ 6 H.0 0.10 0.10
Na:MoO:-2 H,0 - 0.010, 0.020
pH 10.0 9.0

Bath temperature 90°C

SnCl.(1g dm™*)/HEEEH:PICL. 0.1g dm™*) ik
EHE s 4 TRV, ThEFROBERKIC I -8B Ed
BiTHAE I oA LY, 4y 43 FIG
BT ry, WHL, B0pum) Lo - & Lo il
EEFIVYy—2F LY IT I VIRBICTHRRL, * v
YaTF L VEEE Ul MHEEZW ST 2700
B 100k V O F @B - B gt (TEM, HU-
12A, WEMBHEHD % VRSB ZWE Ule, B
BI3JENBEHE ECI0X0ecmDx ) 74 2 X 2ecmD &
THICE26%S L, RS ESRRT4 L Wik LTz
DR BmmBE) %/ F 2 THIRE L T25H o
wRIEE Ui FribulilioliEs Kok s 7 4 —
F#gSkELE (RBS, <Ly ba v 53DH, National
Electrostatics Corporation) %MW/, #9°, KIE
5 umBEORE (B1 @Bk LT, k%
ICP¥ ¥ (CAP-575 Mark I, Nippon
Jarrell-Ash) 1c & 03k, #ofiid oo HE 43
HiL, ZoEHWs ek, HEAER1DBIOR
Tk D GIHES00ALIT DD 2~ 7 b i G IREE
S ORI 2 BRAE L F2o
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Fig. 1 RBS spectra of electroless Ni-Mo-P alloy films (2.4
MeV *He* ions, 6.25X%10" ions beam dose) ; a)5 um
thick film, b) initial deposition state.
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Fig. 3 Dependence of the grain size on the film thickness of

electroless Ni-Mo-P alloy films plated from 0.010 and
0.020 mol dm™* Na:MoO: concentration baths.
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Fig. 2 Transmission electron micrographs and transmission high energy electron diffraction patterns of electroless Ni-Mo-P
alloy films at various film thickness, plated at 0.010 mol dm”* Na:MoO, concentration bath.
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Table 2 Film compositions of various film thickness of
electroless Ni-Mo-P alloy films.

Film thickness/A Ni/at% Mo/at% P/at%
50 86 13 1
140 86 13 1
280 86 12 2
355 86 12 2
420 82 15 3

2 tm on ceramics® 85.9 12.8 1.3

*analyzed by inductively coupled argon plasma atomic
emission spectrophotometer®
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S ORESENI-Mo-PEEIc BV T b HE oMM & b
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Fig. 4 Transmission electron micrographs and transmission high energy electron diffraction patterns of the cross section of
electroless plated Ni alloy films, and X-ray diffraction patterns of Ni alloy films using Fe target (2 gm thick) ; a)
Ni-P alloy film plated pH 10.0 bath, b) Ni-Mo-P alloy film plated from 0.010 mol dm~* Na:MoO+ concentration bath.
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Effect of Codeposited Mo on Crystlallization of Electroless Ni-Mo-P Alloy Films

Tetsuya OSAKA®,

Naganori MASUBUCHI®,

Katsuya ARAIL" and Yasuyuki OKUNO®

The thermal stability of amorphous Ni-Mo-P alloy filims deposited from an clectroless plating bath was

investigated by comparing with ordinary amorphous Ni-P alloy fitins by DSC analysis and TEM observation,

The

amorphous Ni-Mo-P films display a higher activation cuergy of Nisl® formation, and thus tend to crystallize

less readily than the amorphous Ni-P* film,

Structural observations by TEM and THEED,

show that the

structural change in the Ni-Mo-P films occurs at higher temperature region than that in the Ni-P filins for films of

the same P content.
structural changes at the same temperatlure,

Key Words : Electroless Ni Alloy Filin,
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Thermal Stability, Stracture Change,

JESYHING-Mo-PRific

The fitms of amorphous Ni-Mo-1* and Ni-I* at the smne enthalpy for Niy* formation show

Actlivation Energy, BEnothalpy

Pable 1 Basic buth compositions and operating conditions

for electroless Ni-P and Ni-Mo-P alloy films.

(nmunhnlum/mol «lm ’

Chunicals Ni-# Ni-Mo-1?
Nalt: 1’04 110 0.15 0.20
(N11.):50, 0.50 -
Calh (O COONa) s 21,0 6,20 0.10
HOCHCOOLL - 0.20
NisO.- 6 11,0 0.10 0.10
NuzMu(). l Il [§] - 0.0005~0.0015
pll ud)ublul wnllu Nu()H 8 4~9 0 9.0
Bath temperature 90°C 90°C
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Fig. 1 a) Effect of bath pH on P content of electroless Ni-

P alloy films,
b) Effect of Na;MoO, concentration on P> and Mo
contents of electroless Ni-Mo-1? alloy films.
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Fig. 4 ‘Iransmission electron micrographs
and Ni-P alloy films.

a,b, ¢,

and electron diffraction patterns of electroless Ni-Mo-P

d) Ni-Mo-} alloy films plated from 0.0005 mol dn * NaiMaO, concentration bath.
i

e, f, ) Ni-P alloy films plated from ptl 8.6 bath.
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Fig. 5 'Transmission electron micrographs and olectron dif fraetion patlerns of electroless Ni-Mo-P

and Ni-P alloy films,

a, b, €)Y Ni-Mag b glloy fibns plated from 00015 mol o NuaMaoOs coneentration bath.
d. e, {) Ni-I' alloy films plated from pll 9.0 bath,
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