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SUMMARY

FePr thin films are used as hard magnetic materials of high density in data storage and
recording media as well as in microelectromechanical systems (MEMS). The film layers can be
range from submicron to nm-range thickness. There are many expensive procedures to deposit
and integrate magnetic materials into electronic processing systems such as sputiering, epitaxy
efe but the increasing demands for the development of cost-effective processes are always a
problem of today. Pulse plating is well-known as powerful techniqites recently succeed in ihe
electrodeposition of nanostructured magnetic films - so called “nanoplating”, which can be
compatible with other vacuum or vapor deposition techniques. In this paper, we show the
electrodeposition film from a single electrolyte containing Fe?* and P that can be controlled
exactly by pulse plating parameters. The magnetic properties of obtained films have been
examined in dependence on the film composition, film thickness as well as annealing conditions.
By heat treatment (550 - 650°C), the transition from fee-FePt io fet-FePt was observed and has

resufted in the increasing the coercivity.

1-MG PAU

Trong nhitng nam gin day, hop kim FePt
duge danh gid nhu 13 mot vat ligu tir cing hap
din hon hin céc hop kim Co hai nguyén va ba
nguyén quen thuoe [1, 3] vé mot sG tinh chat wr
quan trong nhu d¢ khdng tr (Ho), hiing s6 di
huéng tir tinh thé (Ko), do tir du (M), tich nang
luong tir (MH)p,, ... dac biét khi dugc ché tao ¥
dang mang mong, dy kién sk dung trong linh
vue ghi tir mat do siéu cao trong tuong lai hoac
dé ché tao cdc micro nam cham vinh cuu trén co
s& vat lieu t8 hop nano cho cong ngheé MEMS.
Ciing nhu phin I6n cdc vat liéu tién tién khdc,
lic ddu thudmg duoc ché tao bang cdc phuong
phdp ling dong vat 1y trong chan khong cao
(MBE, phiin xa tdn s0 Rf, lang dong lase xung),
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song dé ddp tng su phat trién nhanh chéng cla
cong ngh¢ tiéu hinh héa nhu MEMS, thi gid
thanh vat liéu du 12 quy hiém nhu hgp kim Pr s¢
khong déng ké so vdi gid thanh cong nght ché
tao. Vi vay nhiéu phuong phdp ché tao don gian
nhung kha hiéu qué ngay cang dugc chd y nhu
k¥ thuat 15ng hop hda hoc uét [4] dua trén cd sO
“phan ting kKhir polyol” clia cdc mudi co kim loyi
clng tén dé tao ra tap hop hat don phan idn FePt
kich thudc nano tring weén cdc dé thich hop,
hodc con don gian hon nita 1 ky thuat ket tia
dién héa [2, 3, 3, 6] - goi tit ma nano nhu di dp
dung thinh cong trong cong bd & phan I [7].
Trong phén ndy, chiing 16i trinh bay mot s6
két qua budc ddu vé viée ché tao mang mong tir
cing FePt tén dé n-Si tir mot dung dich duy nhit
chita ion Pt** va Fe” bang phuong phip ma



xung dong.
Il - THUC NGHIEM

Dung dich ma cé thanh phin co ban nhu
sauw: H,[PtCls} 1 mM/; FeSO, + FeCl, 0,1 M/,
Na,50, 0,525 M/l va phu gia dc ch& oxi héa
Fe?". Hoa chdt sk dung ¢6 do tinh khiét PA, hoa
tan trong nude ¢4t hai 1an, pH dugce diéu chinh 3
- 3,5 bing HCL. D€ n-Si duge 1am sach va chudn
bi nhu [7] va phu Cu 16t trude khi ma.

Viéc dong két wa Pt™ vd Fe* gap nhiing
khé khian nhat dinh. That vay, dién thé két tha
cha Pt tir dung dich [Pt*] | mM/ khoing
+0,816 V (NHE) duong khd xa so véi Fe tir
dung dich [Fe®] 0,1 M/ khoiang -0,468 V
(NHE). Vi vay viée chon ché do ma xung dong
d¢ diéu khién qua trinh déng két tia thuan lgi
hon ché d6 ma xung th& [2]. Ngoai ra dé dam
bao qua trinh dong két tha sau vung dong glUl
han clia ion Fe*", dung dich ma dugc chon véi ty
1¢ [Fe*]/[Pt*"] = 100 1a thich hop véi diéu kién
xung dong, khong khudy va nhiét d¢ phong.
Nhu vay, qua trinh két tha clia Pt hoan toan do
khuéch tdn quyét dinh. Bé ma duge néi véi he
dién hoa da chitc nang IM6e (Zahner, Diic), tién
hanh & ch& do xung dong catot hinh chit nhat
chon xudt phat i; = 0 mA/em?®, t, = 0,2s sau dé
nhay lén nic i, = 6 mA/em?, t, = Is. S6 chu ky
lap lai cia xung la 200 (miu M,) v 40 (miu
M,). Dép ung di¢n thé dién cuc khi xung dong
di qua hé¢ dién phan ciing 14 dao dong hinh chir
nhat tvong tng giira +0,8V dén -1,0V (SCE).

Théng thudng thi mang hop kim FePt ché
tao xong bang phuong phiap vat Iy (of -
sputtering) ¢6 cau trdc mat trat ty fee (lap
phuong tim mat} chua cé dic trung tir cing
(dudng cong tir tré M-H véi d6 khang tir He con
rdt thap), chi sau khi G nhiét (T, ~ 500 - 700°C)
mdi chuyén thanh pha trat w fct (00 dién tam
mit - con goi 1a cdu tric L1,) dién hinh tir cing
voi do khang tir He vugt trdi. Ching t0i mudn
kiém nghiém xem mang két tha bing phuong
phédp dién héa trong diéu kién cé thodt H, kém
theo ¢6 cai thién qua trinh chuyén pha fce «» fot
khéng ? Phan tich cau tric va d¢ day cia mang
duge x4c dinh bing nhiéu xa tia X (XRD,
Bruker D-5005 véi tia CuK,, A = 1,54056). Hinh

thdi hoc va thanh phdn héa hoc cia hop kim
duoge xdc dinh bing kinh hién vi dién tit SEM cé
phan tich EDX (SEM 3410LV, Jeol). Cic tinh
chét tlr duge do trén tir k&€ mang rung (VSM).

111 - KET QUA VA THAO LUAN

Hinh 1 trinh bay phé nhiéu xa tia X ciia miu
M, (dday 117 nm) khi chua G nhiét (3a) va 0
nhiét (3b - 550°C; 3¢ - 600°C va 3d - 650°C) cho
thdy trang thai két tia vo dinh hinh ban diu dac
trung fec véi pic (111) duy nhat ( do 20 ~ 40,8%)
chuyén sang pha tinh thé khi nhiét do 0 tang dan
tlr 550°C - 650°C véi céc pic fct (001), (110),
(111), (200), (002), (201), va (112). Ty s6 pic
(001) / pic (002) duge xem la dac trung clia do
trat tr héa hoc LI, [8] cla tir ciing FePt lién
quan dén dic tinh tir tang vot,

Céc két qua phan tich nhiéu xa tia X cua
mau M, (day 87 nm) theo nhiét do U twong tu
hoan toan tring véi mau M,.

(111)

Intensity (a.u.)

28 (deg)}
Hinh I: Phé nhiéu xa tia X ctia ming Fe, Pt
(day 117nm); (a) sau két tua, (b) 0 550°C. (¢} 0
600°C, (d) u 650°C

Hinh 2 trinh bay dnh SEM vé hinh thai phan
tan cla hat tir cing FesPt,s trén nén sau khi 0
600°C.

Hinh 3 trinh bay sy phdt trién clha dudng
cong tir tré “M-H” clia mau M, theo cdc ché do
0 a, b, ¢, d tang dan, cho thady do tir khiang He
dat cao nhéat & 650°C véi He = 8,7 kOe. Con H.
cia mau M, & 650°C xiac dinh duoc 1a 11,52
kQe.
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Hinh 2: Anh SEM vé hinh théi phan tdn cla hat tif céing Fes;Ptys trén nén, i T,= 650°C
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Hinh 3: Gi4 tri H¢ chia FessPtys () sau khi két tha, (b} i 550°C, (c) & 600°C, (d) u 650°C

Bdng 1: Cic thong s6 ma xung dong va tinh chét tir cting clia méang FePt

Mau Xung dong S6 chu | Chiéu day Thanh phan Tinh chat tir citng He
i5(t;) ky mang, nm mang (6T,

M, 6 mA/cm?*(1s) 200 117 FessPt;s 8,7 kOe (650°C)

M, | 6mA/cm¥ls) 40 87 FesPl, 11,52 kOe (650°C)

1V - KET LUAN

Tuy chua ¢é diéu kién nghién citu h¢ théng
vé m&i quan hé anh hudng cia ché do dién phan
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dén cau tric, thanh phidn héa hoc va bién thién
tinh chét tir citng cia mang, song nhimg két qua
thu dugc trinh bay & bang 1 cho phép rit ra
nhitng két luan dinh huéng phlt hop vdi céc tic



gia khdc [1] nhu sau:

Ché¢ do ma xung dong & ndng do dung dich
ma néi trén cho phép khéng ché thanh phan hop
kim FePt trong khoang 40 - 65% nguyén w1 Fe
(vi pha v;-FePt hinh thanh cé thanh phin Fe
~ 45 - 67% nguyén tu Fe [3]).

Su chuyén pha fcc <> fct xdy ra ¢ nhiét do 0
T, = 550 - 650°C vi 16i ru & T, = 650°C.

Do khdng tir cha mang FePt tang tir He = 8,7
kOe (miu M, lén 11,52 kOe (miu M,) khi
giam do day két tha tr 117 nm xuéng 87 nm.
Gia tri He = 11,52 kOe da vurgt két qua dat duge
&1].

Cde dc gid cam on s hé tro tai chinh ciia
chuong trinh NCCB cho dé tai, md s& 53.04.02
(2004-2005) ciing nhu sy hop tdc ¢6 hiéu qud
ctia cdc tdp thé nghién citu cing dimg tén.

TAI LIEU THAM KHAO

1. J. W. Judy; K. Nobe et al. Int. Symp. on
magnetic materials, processes and devices.

Proc. Electrochem. Soc. {2000).

M. Uhlemann et al. Highlights, P. 39 - 42
(2003).

S. Z. Chu et al. J. Electrochem. Soc. 152, 1,
C42 - C47 (2005).

S. Sun et al. a) Scienc Vol 287, P. 1989
(2000); (b) Nano letters Vol. 3, No. 12, P.
1647 - 1649 (2003).

Ngo Quéc Quyén vi nnk. Tuyén tap bio cdo
héi thao khoa hoe chuyén nganh hoa vé co -
Giai doan 2004 - 2005, Ha Noi, 11-2005,
Tr. 27 - 36.

D. M. Hong, N. Chau, P. T. San, N. Q.
Quyen, V. V. Hiep. Proceeding of the 8"
German - Vietnamese Seminar on Physics
and Engineering-Erlangen (CHLB biic), 03-
08, April, 2005.

Ngo Qudc Quyén, Nguyén Thi Quynh Anh,
Pham Trung San, Truong Anh Khoa. Tap
chi Héa hoe, T. 44 (1), Tr. 62 - 66 (2006).
T. Pauport, D. Lincot: Appl. Phys. Lett., 75,
P. 3817 (1999).

451





