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PHAM THI XUAN HANH

PHAM THANH TAM
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Mang mong la mot 1inh vuc nghién ciru rat rong trong viéc ché
tao cac vat liéu mai, cd kha nang tng dung cao trong thuc tién.
Mot vat liéu véi nhiéu tng dung quan trong trong thoi dai ngay
nay chinh la mang ttr.
Cac linh kién @ién tir hién nay, véi kha nang xir ly thdng tin
nhanh va luong luu trir théng tin 16n déu dugc ché tao tir céc vat
liéu tir v&i cau tric vi mé (vai chuc nanomet)
Mot sb tng dung khac cia mang tir nhu 1am dau do (sensor), 1am
bo dan dong
Trong pham vi bé&o c&o ndy, xin trinh bay mot sd van d& co ban
ciia mang tur
Phan 1: Gigi thiéu tong quan vé mang tir
Phan 2: Céc phuong phép ché taoi mang tur
Phan 3: Céc phuong phép do tinh chit cia mang tir
Phan 4: Ung dung cia mang tir
Mic du d& ¢ gang, nhung béo céo chic van con nhiéu thiéu sot,
mong Thay va céc ban thém phan gop y
Dé hoan thanh tt béo céo ndy, nhém xin chan thanh cam on s
quan tAm chi bao tan tinh cia Thay Lé Vin Hiéu.
Céc thanh vién nhom:
Pham Thi Xuan Hanh
Pham Thanh Tam
L& Nguyén Bao Thu
bao Van Thuy
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Tong quan MANG TU

1 TONG QUAN VE MANG TU
1.1 Pinh nghia:
Mang tir duoc ciu tao gdbm mdt hay nhiéu 16p kim loai, hop kim hay oxit cia cac chat

c6 tinh chat tur.
M

Vat liéu sit tir:  —
+ Fe, Ni, Co, va cac hop kim cua ching
- - - - 4—
+ Oxides: Ferrite, Ni-Zn Ferrite
+jonic crystals; CrBr3 Substrat
Mang tir dugc tao ra biang cach: M
+ Phuong phép phan xa
+ Bbc bay bang xung lazer —
+ Phuong phép epitaxy chum phéan tur Substrat
Bang 1-1 Tinh chdt ciia mgt s6 1ogi vdt lidu sit tir
M, (290K) M, (0K) ng' = M,/upN,  Te(Ty)
Substance Structure (emu/cm?) (emu/cm?) (ug) (K)
Fe BCC 1707 1740 222 1043
Co HCP, FCC 1440 1446 1.72 1388
Ni FCC 485 510 0.606 627
NigoFe FCC 800 930 1.0 —
Gd HCP — 2060 7.63 292
Dy HCP — 2920 10.2 88
MnBi NiAs(hex) 620 680 3.52 630
Ni,MnGa Heusler 480 — —_ 373
CrO, —_ 515 - 2.03 386
MnOFe, 0, Spinel 410 — 5.0 573
FeOFe,0, Spinel 480 — 4.1 858
CoOFe,0, Spinel - - 3.2 -
NiOFe, 0, Spinel 270 _— 2.4 858
CuOFe,0, Spinel 135 — 1.3 728

“The Quantity ng is called the magneton number, the number of bohr magnetons per atom or per
formula unit in a material
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Tong quan MANG TU

Bang 1-2 Tinh chdt cac logi mang tir

Soft Magnetic

Materials 47 M, (kG) H, (Oc) H,. (Oe) Application
Permalloy 10 0.5 b Computer memory,
magnetoresistance
detectors,
recording heads
CoZr {amorphous) 14 < 0.5 2-3 —
Feyy B,y (amorphous) 15 0.4 1 —
Fe,, 81, (amorphous) 12 0.2 - -
Feq.51,4C,y (amorphous) [4] 0.2 7 —
Y;Fes0,, | ~ 0 1000 Magnetic
bubhle memory
devices
Hard Magnetic
Materials
Co-Re 6-Y 700 Longitudinal
magnetic recording
miedia
Co-Pu 10-18 [ 100- 1800 -
Co-Ni 10-15 1000- 1300 "
Co-Ni-W 5.5 650 !
Fe 40 3 300 "
vFe,04(Co) 3 700 ’
y Fe, 04 (0s) 3 2100 -
Cr-Co* 4-7 S00 = 2000 Perpendicular
H. iperpendicular) magnetic
recording media
ThFe 2000= 10000 Magneto-optic
recording media
GdCo ~ 10 1000 - 2000 .
GdThFe 1000 -3000 "

*Values for M, and #f_ depend strongly on composition and method of deposition. #7,. (parallel) values
are typically 0.5 F. (perpendicular).
Now: | Oe = 80 A/m: 1 G = 107 T, M, qanisotropy field) = 2K, /M,
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Tong quan MANG TU

1.2 Pomen tir (magnetic domain)

Khai niém vé démen tir 1an dau tién dugc duaravao nam 1907 bai Weiss

DPomen tir 1a nhirng ving trong chat sit tir ma trong d6 ca&c mémen tir hoan toan song
song vai nhau

Vung chuyén tiép ngan céch gitta 2 démen tir lién ké nhau. Gitra hai démen tir, mdmen
tir khéng thé dot ngot bién doi vé chiéu vi & dan dén trang thé kém bén do do hinh thanh
nén ving chuyén tiép 1a cac véch ddémen (Domain Walls)

Nang leong trao doi

_Js

e NaZ

Nang lugng khéng dang huéng

S

s.» KNa
J: Téng thay ddi dong
S: spin
A: khoang cach nguyén ti
N: S6 spin
K: Hang sb khdng dang hudng

Ma

gnetic

DSW 2l
i 47
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Domain Wall
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Hinh 1.1 Cdu tgo vach tir
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Tong quan MANG TU

Céc loai vach tir

+ Bloch
+ Neel
+ Cross-tie
/J’::*'” +“"f-’"
EEIFEESE:
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Hinh 1.2 Cdu tgo vach tir
10 T T T T T T T T .

DOMAIN WALL ENERGY (Ergsiem®)

FILM THICKMESS —=

Hinh 1.3 Nang luong cua cac vach tur theo do day mang
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Céc phuong phép ché tao mang tir MANG TU

2 CAC PHUONG PHAP
CHE TAO MANG TU

2.1 Phwong phap phan xa:

“Phin xa” trong tiéng tiéng Anh 1& “sputtering”. Phin xa ciing thudc phuong phép ling
dong pha hoi vat 1y béi vi cac nguyén tir, cum nguyén tir hay phan tir dwoc tao ra bang cach
ban pha ion — mot phuong phép vat ly. Trong phin xa didt (phdn xa hai dién cuc), nho su
phong dién tir trang thai plasma, céc ion nang luong cao (thi du nhu ion Ar*) ban phalén bia
(vat liéu can phun xa). Trong trueong hop ndy, bia & catdt, duéi tac dung ban pha cua ion,
c&c nguyeén tir bi bat ra khoi bia, ling dong 1én bé mit dé va hinh thanh 16p mang mong (dé
ddng thoi ciing 1a andt). Khi can tay sach bé mit thi miu dugc gan |én catdt dong vai tro bia,
chum ion ning legng cao bin phé 1én bé mit caa mau 1am cho cac 16p nguyén tir cua tap
chat va mot phan nguyén tir ngodi cling ciia mau bi tay, qué trinh ndy goi |&dn mon phun xa.
Ngay nay, ca hai qué trinh ling dong va an mon phin xa déu dugc wng dung rat rong réi
trong khoa hoc k¥ thuat ciing nhu trong doi song dan sinh. Chiing ta s& dé cap dén cac van
dé vé nguyén ly phong dién phin xa va phuong phédp ché tao mang mong bang ky thuat

phln xa cao 0 mot chiéu, cao tan va magnetron.

2.1.1 Ly thuyét vé phong dién phan xa b
a  Phun xa cao &4p mét chiéu Vo —as

Trong phin xa cao &4p mdt chiéu, nguoi ta sir dung © -
hé chinh luu dién thé cao p (dén vai kV) 1am ngudn cip \/ eial
dién & mot chidu dat trén hai dién cuc trong chuéng T R
chan khéng (hinh 2.1). Bia phin xa chinh la catét phong ' r
dién, tuy thuoc vao thiét bi ma dién tich ciia bia nam Borm chan khéng

trong khoang tir 10 dén vai traim cm vuéng. Anét co thé :
9 Khoang i Fo den var i J ® Hinh 2.1 Svdé hé phong

la dé hodc toan bo thanh chubng chan khoéng. Khoang  dién cao ap mst chieu (DC-

céch catdt-an6t ngan hon rat nhiéu khoang cach nguon-dé trong béc bay chan khéng va
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Céc phuong phép ché tao mang tir MANG TU

thuong & dudi 10cm. Trong cé&c khi tro, argon duoc sir dung dé phin xa nhiéu hon ca, &p
suit cua né duoc duy tri trong chuéng ¢& 1 Torr. Plasma trong truong hop ndy dugc hinh
thanh va duy tri nho ngudn dién cao & mot chiéu. Co ché hinh thanh plasma giéng co ché
phong dién lanh trong khi kém. Bién tir tha cap phét xa tir catdt duoc gia toc trong dién
truong cao ap, ching ion-hda cac nguyén tir khi, do d6 tao ra I6p plasma (d6 la trang théi
trung hoa dién tich caa vat chat ma trong d6 phan I6n 1a c&c ion duong va dién ti). Céc ion
khi Ar" bi hat vé catét, ban pha lén vat liéu 1am bat cac nguyén tir ra khoi bé mit catét. Tuy
nhién, hiéu suit phan xa trong truong hop ndy 1a rit thap. Ngay nay phuong phédp phin xa
cao 4 mot chiéu ma khdng sir dung magnetron hiau nhu khéng dugc st dung trong cong

nghé ché tao mang.

b Phin xa cao tan
Thuc ra, trong tiéng Anh thuat ngit ndy |a

Radio-Frequency sputtering, nghia |a phin xa tan T B&
sd radio, mot dai tan sb cao, cho nén ching ta

quen ding tir cao tan dé ndi vé phuong phdp £+

p
o<h
T

T

“phuin xa tan sb radio”. Dién &p dat trén dién cuc ) ﬁr:: ;; A
ctia hé chan khdng 1a ngudn xoay chiéu tan sb tir ¢l |- 2 Bia :=4‘>r_\']=
0,1 MHz tré 1én, bién do trong khoang 0,5 dén 1 | == |Vue g
kV. Trén hinh 2.2 1a so @b hé thiét bi phin xa cao | l |

tan co tu dién 1am viéc theo co ché phong dién Bom chan khong

trén dia song song. Pho bién nhit ngdy nay l1a |05 o) a3 hé phong dién cao tan ¢
ngudn cao tan co tin sb 13,56 MHz. Mat d6 dong  tu chan lamtang hiéu suat

ion tong hop toi bia trong khoang 1 mA/cm2, trong khi bién d6 caa dong cao tan tong hop
cao hon rat nhiéu (c6 khi 16n gip mot bac hoac hon nita). Mdy phét cao tan duoc thiét ké
chuyén dung dé nang cao hiéu qua phin xa: mot tu dién dugc ghép ni tiép nham phin xa
duoc tit ca cac loai bia (trong d6 co ca bia kim loai). Mach dién duoc thiét ké tu bu trir mot
céch hop ly dé qué trinh truyén nang luong tir ngudn cdng suat cao tan sang plasma dat hiéu

suit cao. Kich thudc caa chudng sir dung trong phurong phép nay hoan toan giéng nhu trong
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Céc phuong phép ché tao mang tir MANG TU

phin xa cao & mot chiéu (trong nhiéu truong hop, ngudi ta thiét ké hé phin xa gdm ca hai
chtrc nang phiin xa cao tin va cap 4 mot chidu dé cd thé thuc hién ddng phin xa tir hai
ngudn bia co thanh phan cu tao khac nhau, trong tiéng Anh goi & “cosputtering”). Phin xa
cao tan ¢d nhiéu vu diém hon so véi phiin xa cao 4p mot chiéu, thi du dién &p thap, phan xa
trong &p suat khi thap hon, téc do phin xa 16n hon va dic biét phiin xa duoc tat ca cac loai
vat liéu tir kim loai dén oxit hay chat céch dién. Plasma trong phtin xa cao tan d wgc hinh
thanh va duy tri nhd ngudn cao tan, ciing gidng nhu qué trinh ion hda xay ra trong phin xa
cao 4p. Tuy nhién, ngdy nay phin xa cao tan riéng biét ciing khdng con dugc st dung boi
hiéu suit phiin xa van con chua cao. Ngudi ta sir dung magnetron dé khic phuc nhugc diém

nay.

c Magnetron

Magnetron 1a hé thiét bi tao ra phdng dién trong dién truong cd s dung nam cham.
Ngay tir nhitng nam 70 magnetron da duoc thiét ké sir dung trong cac hé phiin xa cao &p va
cao tan dé tang toc dd phin xa. Magnetron 1a sy phong dién ting cuong nho tir truong cua
c&c nam cham vinh ctru (hoac nam cham dién) dit ¢ dinh dudi bia/catot (hinh 2.3). Nhu da
mo ta & phan trén, véi cau hinh caa dién cuc trong ca hai phuong phédp phin xa déu co dién
truong vudng goc véoi bé mat bia. Nhung véi magnetron chiing ta con thiy tir trudng cua céc
nam cham tao radudng sic vudng goc vai dién truong (co nghiala song song véi mit phang
cua bia). Vi thé, tir truong duoc tap trung va ting cudng plasma & viing gan bia. Magnetron
&p dung vao trong ca hai treong hop phin xa déu cd t&c dung nang cao hiéu suat bin pha
ion, vado do, tdc do phin xa dugc cai thién rat nhiéu. Noi chung, s phong dién magnetron
véi viéc kich thich bing cao 4p mot chiéu hay cao tan c6 hiéu suit cao hon han so véi trudng
hop phdng dién khdng ding bay dién tir (nho tir truong cia cac nam cham). Bay gio ching
ta xem bay dién tir 1am viéc nhu thé ndo? Cau hinh nhu mé ta trén hinh 2.3 (a, b) tao ra hiéu
{rng cubn dién tir trong huéng Chiing ta c6 mot “hiéu (tng Hall”, chdng | én dong cun nay
va c6 huéng chuyén dong quanh bia nhu nhitng “con quay” (hinh 2.3c). Ban kinh quy dao

(r ) cuacon quay duoc xéac dinh bing cdng thirc:
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Céc phuong phép ché tao mang tir MANG TU

Trong do:
mlakhéi luong cuadién ti,
u. lathanh phan vuéng goc cua téc do dién tir ddi véi duong sic,

B lacamung tur.

E
Fad | | _
vedd U Quy dao "con quay"
| | Bia trén bé mat bia
a) ,I'ql-——--
Art B // q._e—ﬁ}\‘”
le Kw /{
= R
wzl/’ Sem Bia . -
S 3 Bia
N N | c)
b). Magnetron

Hinh 2.3 So'd6 nguyén Iy bdy dién tir bang tir trirong trong hé phiin xg magnetron.

Nhin chung, trong cac hé phin xa thuc, ban kinh quy dao c6 gia tri nho, chi khoang
mot dén vai milimét. Vi vay, su giam hdm dién tir gan bé mat bia la rat hiéu qua. Céc dién tir
chuyén dong quanh duong sirc cho dén khi ching bi tn xa boi nguyén tir. Trén thuc té,
magnetron con ton tai mot khoang thai gian ngian sau khi luc khéng con, vi c&c dién ti van
con bi by sau mot sb luot chuyén dong vong quanh. Bé hiéu tét hon vin dé& magnetron,
chiing ta xem xét vi du duéi day.

Ung dung. Mot magnetron phing trong phin xa cao &p co dién thé trén catdt 12 600 V.

Tinh gidtri cia mat d tir truong can thiét dé by dién tir tha cip trong 1 cm bé mit cat6t.
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Céc phuong phép ché tao mang tir MANG TU

Chling ta s3 thay (xem tiép & phan sau) dién thé hiéu dung (V, Ve ), V6i V, ladién thé
cua plasma, Vg 12 dién thé catét, chinh 1a dai lwong sinh ra dong nang Ién nhat maion co
thé c6 khi va cham véi catdt, nd ciing twong tng voi dong nang caa dién tir thir cap trong
diéu kién bo qua va cham khi xuyén qua l6p vo (ving khoéng gian dién tich trén bé mat
catot) dé di vao trong plasma. Téc do cuadién ti tinh dugc tir cdng thic:

mJZ

2

= q(\/p - Vcat)

A s A9 412
u, =2 16 10 000 145 10'mi/s
& 91710 o

Trong hau hét céc treong hop plasma (sir dung phiin xa cao 4p hoic cao tan) thi bé day

cua lép vo déu nho hon 1 cm, cho nén cd thé Iy gia tri trung binh caa ban kinh con quay |a
0,5 cm (0,005 m). Vay ching ta co:

_nu, 9.1 10%1.45" 107

= = =165G
qr 16" 10 0.005

2.1.2 Ché tao mang méng bang phwong phap phin xa

Phuin xa & phuong phédp sir dung ion trong phdng dién cao & mot chiéu hay cao tan dé
thuc hién viéc “danh bat” cac nguyén tir tir vat ran (bia) ra khoi bé mit caa nd. Tiép theo 1a
qua trinh ling dong cac nguyén tir Ay trén bé mat cua vat ran khéc (tac 1a dé). Do vay, ché
tao vat liéu bang phuong phép phin xa 1& qué trinh chuyén cac nguyén tir caa vat rin ¢ dang
khdi cua bia sang dang mang mong trén dé. Nhin chung, phiin xa la qué trinh céng nghé xay
ra trong trang tha plasma, thé hién hét sc phuc tap. Bé dé hiéu ching ta cé thé chia qua
trinh phan xa rathanh ba giai doan:

1. Giatbc ion trong |6p vo plasma ¢ ving catt.

2. lon bian pha vao bia, cac nguyén tir trong bia chuyén dong va cham nhau.

3. Céc nguyén tir thodt rakhoi biavaliang dong |én dé.

Trén hinh 2.4 md ta qué trinh 1ang dong mang bang phuong phédp phin xa véi ba giai
doan chinh néu trén. Dudi day 1a c&c van dé lién quan dén thuc nghiém phiin xa & dung dé

ché tao vat liéu mang mong.
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Céc phuong phép ché tao mang tir MANG TU

Uu diém va nhwoc diém ciia phwong phéap phan xa

Uu diém:
- Tt ca cac loai vat liéu déu cd thé phan xa, nghia la tir nguyén t6, hop kim hay hop
chat.
- Biadé phin xa thuong dung dugc 1au, béi vi [op phin xa rat mong.
- C6 thé dit bia theo nhiéu hudng, trong nhiéu truong hop cé thé dung bia dién tich 16n,
do d6 bialangudn “béc bay ” rat 16n.
- Trong magnetron c6 thé ché tao mang mong tir bia ¢ cau hinh da dang, phu thudc
vao céch lap dat nam cham, bia c6 thé thiét ké theo hinh dang cua bé mit dé (hinh con
hoic hinh cau).
- Quy trinh phin xa 6n dinh, d& 13p lai va dé ty dong hda.
- D6 bdm dinh ciamang véi dé rat tot.

Nheeoc diém:
- Phan 16n nang luong phan xa tap trung 1én bia, 1am néng bia, cho nén phai ¢ bo 1am
lanh bia.
- Téc do phiin xa nhé hon nhiéu so véi téc d6 bdc bay chan khdng.
- Hiéu suét vé nang luong thap, cho nén phin xa khdng phai 1 phuong phép tiét kiém
nang luong.
- Biathuong larit kho ché tao vadat tién.
- Hiéu suat sir dung bia thap (khéng sir dung @ woc hét, nhiéu khi do bia gion, cho nén
dé bi nirt dan dén hong sau s6 1an phdn xa chua nhiéu.
- Trong nhiéu truong hop, khdng can dén nhiét do dé, nh wng no ludn bi d¢ét nong.
- Céac tap chat nhidm tir thanh chudng, trong chudng hay tir andt c6 thé bi 13n vao trong

mang.

2.1.3 Co ché phuin xa
Chuing ta xem xét hinh 2.4, mé hinh ndy duoc goi 1& phin xa do va cham. N6 c6 thé
| phln xa ngugc hodc xudi chiéu. Phin xa ngugc 1a khi c&c nguyén tir bat khoi bia bay ra

theo hudng nguoc véi hudng téi caaion bin pha Truong hop ndy thuong gap trong thuc té.
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Con phan xa xudi chiéu xay ra khi nguyén tir bay ra theo huéng ban caa ion, truong hop ndy
chi gap khi biala céac lakim loai rat mong. Sigmund mé ta co ché phin xa va cham nhu sau:
Khi c&c ion c6 dong nang du Ién ban [8n bé mat cua bia (catdt), trong cac 16p nguyén tir s3
Xay ra qua trinh va cham cua céc nguyén tir dudi sy “ban ph&’ cua céc ion dy. Ching tiép
tuc va cham hdn loan dén khi ¢ nang luong bang hodc [6n hon nang luong lién két mang
tinh thé thi thodt ra khoi bé mit cua bia. Co ché trén cd thé coi 1a mot dinh nghia tong quét
cho qua tr inh phtin xa ddi véi tat ca c&c vt ran tai nang luong ion thich hop. Tuy nhi én,
dic trung cua qua trinh va cham xay ra trong vat ran phu thuéc v 8o do 16n caa niang leong

ion. CA thé chia nang lugng ion raba mirc: thap, trung b inh va cao.

1At
III".I I,'.
__r'ar__________ i __T';_
l"'. 1 |- ."II
. 0]
Lap vo /
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Hinh 2.4 Hi¢én tuong ban phé bia trong phong dién phiin xg: 1on duwoc gia téc trong
lop vo catot, va chamvai nguy én tur trong bia va lam bt nguyén tur khoi bia. Trong @6
h 1a goc bdan pha (goc téi), q - goc phat xa ciia nguyén ti.

Trén hinh hinh 2.5 1a so d6 m6 ta qué trinh phln xa theo ba co ché twong tng véi ba
murc nang luong caa ion. Nang lirong thap: Muc nang luong ndy xap xi hodc 16n hon nang
lwong ngudng phin xa cia mot chat. Co ché phin xa trong trudng hop ndy dugc goi la co

14
Ak

ché “boc mot nguyén tir”. Hiéu suat ban pha (xem dinh nghia & phan sau) ty 1é thuan véi mat
d6 nang luong cua nguyén tir trén bé mit. Sy va cham trong co ché ndy thuong la chi & trong
|6p nguyén tir trén cling, do d6 tao ra chuyén dong mot cach hai hoa caa tirng nguyén tir va
thoét ra khoi bia véi toc do trung binh (hinh 2.5a). Néng lueng trung binh: Nang luong ion

ban pha d& 16n hon nang luong lién két cua cac nguyén tir, cho nén c&c nguyén tir ¢ cling
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mot 1op da ¢ thé dao dong manh va

O
0

thodt ra ngoai bia. Va cham cua céc o o o
nguyén tir bén trong bia van chuaxay ra Q B = o
B o , ) o] o O O

mot nhieu. B6 la co che “boc 16p
- a = a L
o o 0

nguyén tia” (hinh 2.5b). Nang luwong

T
o

cao: Kha niém ning lugng cao mang &)

tinh twong déi va thuong c6 nghia khi

phin xa loai vat liéu co lién két yéu. ‘g 5 o o o
Trong trudng hop ndy, hiéu suit bin o o “‘*rg-"’r o o
pha c6 thé cao hon 1, tham chi bing ___rd__,i*'*"el\ﬂ -
hoic 16n hon 10. P6 1a co ché “boc == : 2 K#:
cum” hay & phtin xa nhiét, bai vi tbc do b %

phin xa dat gia tri cao nhu toc d6 bbc

bay nhict (hinh 2.5¢). S phan chia c&c E A a a,
co ché phiin xa ndy ciing chi mang tinh o " o o
tuwong ddi, bai vi ching ta khdng kiém & o " r?" o
soat dugc mdt cach chinh xac cac dai ME”__} f 0O
lugng lién quan trong qua trinh phong e) % S o

dién. Tuy nhién, d6i véi tung loai vat
lisu khac nhau, c6 thé Iua chon nang | Hinh 2.5 Sodé m0 ta cac co ché phin xa.
wong ion thich hop dé c6 duoc qua trinh

phin xa nhu mong mudn.

2.14 Hiéu suat phan xa

Trong phuong phép ché tao mang mong bang phin xa, ¢d hai dai luong dic trung co
ban 1a hiéu suat bin pha ion va x&c suat ling dong. Vé co ban, ca hai dai luong ndy co
nhitng dic trung riéng cho phuong phap phin xa, tuy nhién, ching con phu thudc nhiéu vao
cau hinh cua tirng thiét bi phin xa. Duéi day ching ta xem xét mot sb két qua thuc nghiém
tiéu biéu, ma céc tac gia da cong bd khi ho tién hanh khao sét trén hé thiét bi caaminh.
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a  Hiéu sudt bidn phaion

Hiéu suit bin pha duoc dinh nghia 1a ty

sd ciia SO nguyén tir duoc thodt ra khoi bia Higu sudl phin xa
- {57 byl

trén mot ion ban pha 1én bia d6. N6 phu thudc

vao lién két hda hoc va ning luong duoc
Ca(Ph.Zn)

truyén di nhd va cham trong bia Hiéu suit
ban phé cua céc vat liéu khac nhau va duogc
bin pha bsi céc ion cd khdi luong va nang s i
lwong khéc nhau da dugc xé&c dinh bang thuc
nghiém va tinh toan tir cac nguyén ly sir dung
ky thuat Monte Carlo. Trén bang 2-1 cho thiy

hiéu suat ban pha caa mot sd ion khi tro co

Higu suét ban pha (nguyén tifion)

Ti J;Sl
iZr.Tawh

. < ~ R . \ . \ 001 | I ||| | L8 1aias
loai. Con trén hinh 2.6 [a @6 thi vé sy phu 10 100 1000

cling nang luong (500 eV) ddi véi cac biakim

thudc vao nang luong ion cia hiéu suat ban Nzng Iugng ion (eV)

pha d6i véi mot sb nguyén t6. CO thé nhan o , ,
Hinh 2.6 H,i,éu suat ban phaion doi voi mot so
bia don chat phu thugc vao nang luong cua ion
ion cao dén vai traim eV, nhung hiéu suét bdn  trong phun xg magnetron.

thiy rang, mic di nang lwong ban phé cua cac

pha ciing van nho. Diéu ndy cho thdy dé danh bat mot nguyén tir ra khoi bia doi hoi ning
lwong twong ddi 16n. Do d6, vé nang lwgng ma ndi, thi phin xa & phuong phép kém hiéu
qua hon nhiéu so véi bc bay chan khong, hon nita tbc d¢6 bdc bay bang phin xa ciing thap
hon toc d6 bdc bay nhiét.
Nang luong ngudng phin xa |a nang leong thap nhat caaion ban pha ma co thé gay ra phin
xa. Nhin chung, di véi trudng hop phin xa bia kim loai thi nang lwong ngudng khéng thap
hon 25 eV. D6 lanang lugng can thiét dé nguyén tir dao dong manh d&én mirc cé thé thoét ra
khoi mang tinh thé cua chat ran.

Hiéu suit ban phé con phu thudc vao gdc bian pha caaion trén bé mit bia. Khi goc ban

pha bang 90° (chiim tia ion vudng goc véi bé mit bia) hiéu suat ban phé dat gia tri cao nhit.

Trang 14



Céc phuong phép ché tao mang tir MANG TU

Trong phin xa nghiéng (dbi vai ion argon) thi tia téi c6 goc 70° cho hiéu suat ban pha dat

giatri toi wu.

Be Al St Cu Ag W Au
(9) (27 (28) (64) (106) (184) (197)
He™ 0.24 0.16 0.13 0.24 0.2 0.01 0.07
(4 dvnt)
Ne™ 0.42 0.73 0.48 1.8 1.7 0.28 1.08
(20 dvnt)
Ar’ 0.51 1.05 0.50 2.35 24 0.57 2.4
(40 dvnt)
Kr 0.48 0.96 0.50 2.35 3.1 0.9 3.06
(84 dvnt)
Xe" 0.35 0.82 0.42 2.05 3.3 1.0 3.01
(131 dvnt)

Bang 2-1 Hiéu sudt ban pha magnetron cao &p mét chiéu bang ion nang lweong 500 eV doi véi bia
kimloai

b Xé&c sudt ling dong

Xéc suat ling dong dugc dinh nghialaty sb cac nguyén tir ma thuc té da ling dong 1én
dé trén sb nguyén tir thodt (phét xa) ra khoi bia. Mot cach gan dung, co thé coi sb nguyén tir
phét xa bang tich caa ba dai luong 1a dong phong dién, hiéu suit bian pha va thoi gian ling
dong.

Xé&c suat lang dong nhan duoc trén hé phin xa magnetron phing véi bia co ban kinh
gan 20 cm duoc liét ké trén bang 2-2. X&c suét ling dong cua mdi hé ciing khéac nhau bai vi
chding ¢6 cau hinh khéc nhau (vé kich thuéc bia, d6 che chin ngudn phin xa, kich thudc
chudng chan khong,...). Tir bang ndy co thé nhan thiy rang, xac suit ling dong cao nhit khi
ap suit thap, khoang céch tir bia dén dé nho, nguyén tir khi sir dung nhe hon nguyén ti can
phin xa. Thi du, mic di hiéu suat ban pha cua ion ning nhu K* ¢ cao hon céc ion khéc,
nhung xéc suat 1ang dong lai giam déang ké. Piéu nay cho thiy, phin xa téi uu can dugc xem

xét cho tirng trudng hop cu thé.
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Khoang céch bia-dé (cm) Ap suat (mTorr) Xé&c suat lang dong
Ar, phan xa bia Cu

5cm 5,20, 30 0.63,0.49,0.54
9.5cm 5, 20, 30 0.48, 0.47,0.45
14.5cm 5, 20, 30 0.39,0.35,0.31
Ne, phin xa bia Al

5cm 5,20, 30 0.80, 0.56, 0.52
9.5cm 5, 20, 30 0.40, 0.42, 0.40
Ar, phin xa bia Al

5cm 5,20, 30 0.60, 0.46, 0.42
9.5cm 5,20, 30 0.44,0.45,0.35
Kr, phin xa bia Al

5cm 5,20, 30 0.52,0.45,0.38
9.5cm 5, 20, 30 0.35,0.27,0.22

Bang 2-2 Hiéu sudt ban pha magnetron cao &p mét chiéu bang ion nang lweong 500 eV doi véi bia
kimloai

2.15 Céc yéu té anh hwéng 1én téc dé lang dong mang

a Dongvathé

Trong hau hét c&c truang hop phin xa thi viéc ting cdng suat phiin xa ciing khéng anh
huong nhiéu dén toc d6 lang dong. Mt khéac nhu ching ta dé thiy sb ion ban 1én catét ty 16
thuan véi mat do dong. Cho nén, yéu té anh hudng 16n 1én toc do 1ing dong chinh 1a dong,
hon Ia dién thé dat trén catdt. Trén hinh 2.7 1a 5 liéu thuc nghiém nhan duoc vé sy phu
thudc chiéu day mang mong vao dién thé catét véi thoi gian phin xa 1a 1 gio, biasir dung 1a
tantan duong kinh 76 mm. Ching ta thdy sau gia tri 1500 V, dién thé cd tiép tuc ting hon
nira thi téc do lang dong ciing chi ting khéng déang ké (chiéu day caa mang nhan dugc
khong ting). Nhu vay trong truong hop cong suat caa thiét bi han ché thi chiing ta nén ting
dong phin xa va giam dién thé trén catét. Viéc ting dong phin xa ¢ thé thuc hién duoc
bang cach giam &p suit, ting phét xa dién tir, ding tir tredng (magnetron), hay tang dién tich
bia, giam kich thudc bia-dé, ...
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Dang catat
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Hinh 2.7 Téc do lang dong phu thugc vao dong nhiéu hon 1a vao dién thé trén bia trong phin xg
magnetron.

b  Apsudt

Chuing ta ciing da biét, trong k¥ thuat phong dién phan xa thi khi ting &p suat, mat do
ion tirc 1& mat d6 dong s3 tang 1én. Khi céng suat phin xa duoc gitr khdng doi thi téc do 1ing
dong ciing ting theo mat d6 d dng, c6 nghia la ting theo &p suat phin xa.

Trong khoang &p suit khéng 16n 1dm, toc @6 ling dong tiang tuyén tinh theo &p suat.
Diéu nay ciing chung té sd lrgng ion / nguyén tir duoc thodt ra khoi bia ma cé thé quay tro
lai catét do hiéu tn g khuéch tén nguoc ciing duoc giam. Tuy nhién, hiéu tng khuéch tan
nguoc chi quan sét thiy khi &p suat vuot mot gia tri ngudng nhat dinh. Thuc nghiém cho
thiy, dong cat6t va tc do 1ang dong mang khdng con ting theo &p suat khi chan khdng giam
xubng, &p sua t vuot giatri 1,3 x 10 Torr. Téc d6 ling dong téi wu trong truong hop phin

xa bang khi argon nhan duoc khi 4p sut phin xa bang 2,5 : 6 x 10” Torr.
¢ Nhigt dp d@é
Khéc vai &p suit, nhiét do dé 1a yéu té phirc tap, trong mot sd truong hop, toc do ling

dong phu thudc rat manh v o nhiét do dé. Thi du, khi hop phin xa SI02, AsGa, Ge tai nhiét

do dé thap, toc @6 ling dong nho. Con da sb cac truong hop khéc thi toc do 1ing dong ting
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dang ké khi nhiét do dé giam tir cao xudng thap. Trén hinh 2.8 1a d6 thi phu thudc vao nhiét

do dé caatde do ling dong déi voi mot sb gidtri phan 4p trén dé.

Iéch the mén Jf v

20 'Mx
= — _ -150
T s e —
5 ——- -100
= LS.
T —_—
E 10 -
é_ —— . .50
L I e
= -B5
3
- | | | |

0 200 A00Q 500

Nhigt 6 ke, °C

Hinh 2.8 Vai tro cia nhiét dé dé doi véi toc do lang dong thé hién khodng rd rét trong phin xa.

2.1.6 Céc loai bia phun xa

a Biakimlogi

Co thé ndi trong céc loai vat liéu dé phin xa thi vat liéu kim loai don chat 1a dé gia
cong bia hon ca. Thi du, bia vang, déng, tantan, platin, v.v... 6 thé ché tao bang cach d6
khudn dung kich th uéc cua catét. Do kim loai dan dién va dan nhiét rat tét cho nén ding
magnetron cao & mot chiéu dé phin xa cac loai bia kim loai ndy s3 cho hiéu suit phin xa
cao. Thi du, trong phuong phép hién vi dién tir (SEM va TEM) nguoi ta thuong phu 16p
vang hay platin rit mong Ién bé miat mau céch dién (dé dan dién tir xudng catdt). Lép vang
ndy duoc 1ang dong trong budng phin xa ma chan khéng duoc hit bang hé bom cuaa thiét bi
kinh hién vi. Céc bia vang hay platin st dung duoc rat 18u, boi vi mdi 1an phdn xa ching chi
bi tay di mot 16p day vai chuc nandmét. Mang mong kim loai vang con dugc phu 1én dé thay
tinh dé 1am guong ban phan xa sir dung trong céc thiét bi quang hoc va laze. Mang platin

hay paladi phan tan bing phin xa tao ra |6p hoat hda trén bé mit céc vat liéu silic xop hay
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SN0, ciu trac nand tinh thé. Nhd d6 madd nhay cua céc senso khi ché tao tir vat liéu ké trén

tang |én dang ké.

b  Biahepkim

Cac vat liéu hop kim nhu CoCrTa, CoNiCrTa, CoCrPt, CoFeTb va CoCrNiPt (6 day
khdng dua céc chi sb thanh phan vao trong cong thirc) ciing dugc phin xa. Do mang mong
cuia c&c hop kim doi hoi khat khe vé thanh phan, hon nita, chding ¢6 tir tinh 1am anh huong
dén hiéu suat magnetron, cho nén viéc gia cong bé mat bia can phai dap ung: (i) do doéng
nhat cao vé thanh phan, (i) d6 hop thirc trong cu tao caa bia can dugc tinh dén kha ning
hoa hoi khac nhau cua cac thanh phan sao cho khi phin xa ¢ thé nhan dugc mang ding hop

thirc mong mudn.

c  Biahgp chdt chiza 6xy

Céc loai mang c6 cau tric nhiéu thanh phan nhu mang sit tir BaTiOs, LiNDOs, SITiO;
hay mang siéu dan nhiét d6 cao YBa,Cus0- ciing duoc ché tao bing phin xa magnetron.
Viéc gia cong bia cho cac vat liéu tr én quyét dinh s thanh cdng cia cong nghé. C6 thé ché
tao bia gdm du cac thanh phan ciu tao ké trén, nhung ham lwgng cua ting nguyén té thi can
diéu chinh sao cho hop thic trong mang phll hop véi cu tric caa tirng chat. Cach thir hai 1a
ché tao hai hoic babiala cac oxit, sir dung phuong phép dong phiin xa tir hai hoic ba bia do
dé nhan mang c6 hop thirc va ciu tric mong mudn.

Cubi cling, c6 thé nhan thay rang, phuong phép phin xa magnetron con dwgc tng dung
dé ché tao nhiéu chung loai vat liéu khac ma phuong phép béc bay khdng thuc hién dugc.
Céc vat liéu mang mong oxit hay nitrua duoc ché tao d& dang bang cach phin xa kim loai
tuong (ng trong khi argon tron dxy hoic nito - goi 1a phin xa phan &ng. Thiét bi phin xa
hién dai duoc tu dong hda cao, cho nén qua trinh 1ang dong mang mong cé thé khéng ché
chinh xéc hon. Hau hét céc thiét bi déu co tir hai dén ba ngudn phin xa (hai d&én babia), nho
d6 c6 thé thuc hién phin xa dong thoi nhiéu loai vat liéu khac nhau, tao ra c&c mang mong

hop chat, vat liéu pha tap, vat liéu cau tric nand phic tap khéc, ... O Viét Nam hién nay
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ciing d& c6 nhiéu co sd nghién ciru va dao tao dugc trang bi céc thiét bi phan xa hién dai co

du céc chuc nang ké trén.
2.2 Béc bay bang laze xung

221 Nguyén ly hoat dgng va quatrinh vat ly

Béc bay bing laze xung (goi tit 1& boc bay laze) 1a mot phuong phap bc bay gidn
doan. Khi c6 chum tia laze cong suat 16n ban 1én bia (vat liéu can bdc bay) thi pha hoi cua
vat liéu duoc hinh thanh béc bay mot viing méng caa bé mat bia. Ving héa hoi cua bia chi
sau khoang vai tram dén 1000 A.. Khi ay trén bé mit hinh thanh mot dém sang hinh khéi
ellip cia pha hoi. Téc do dic trung cua cac phan tir boc bay (bao gdm ca ion v & phan tu
trung hoa dién tich) dat gia tri vao khoang 3 x 10° cn/s , tuong (tng véi dong nang 3 eV. Téc
d6 nay phu thuoc vao khéi lwgng cua phan tir hda hoi. Téc d6 13ng dong mang dat gia tri vao
khoang 8 nnv/s.

Trén hinh 4.1a va 4.1b, minh hoa nguyén ly caa phuong phép bdc bay laze. Hinh anh
dém séng duoc néu trén hinh 6.8c. Mot trong céc laze duoc sir dung dé bdc bay phé bién
nhat hién nay 1a laze excimer KrF, hoat dong tai buéc sdng 248 nm. Duéi day 1a céc thong
sb chinh cualaze nay:

-bo dai xung: 25 ns (d t).

-Mat @6 cong suat: j @ 2,4 x 108W/cm2.

-\Vuing dién tich chiéu roi 1én bia(d A) [J 0,1 cm2.
-Tan s lap lai (f): 50 Hz.

Nhu vay, mat d6 nang luong cua laze (j.d t) vao khoang 6J/cm2. Nang luong trén mot
xung 140,6 J. Cong suit lién tuc dat giatri 2,4 x 107 W va cong suat trung binh 1230 W.

Co thé md ta buc tranh vat ly caa quat rinh bc bay laze nhu sau. Khi ban mot xung
laze 1&n bé mat bia (vat liéu can béc bay), mot phan nang | wong caa né bi phan xa ngugc
lai, mot phan dugc bia hip thu. Trong khoang thoi gian ciadd dai xung, nhiét dugc truyén
tir bé mat vao siu trong bia, d6 sau duoc quyét dinh bai chiéu dai khuéch tan nhiét L, . Ngoai

trir c&c biahip
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thu yéu, chiéu dai hip thu anh sang tia laze [a mot dai lwong dic trung, thuong nho hon do
dai khuéch tan. Vi vay, thé tich duoc cap nhiét trén bé mat bia, khi ma nang luong cua tia
laze ban vao bia c6 hiéu suat cao nhat, c6 hinh dang cia mét hinh khéi ellip. Dién tich thiét
dién cua no bang dién tich hinh chiéu (d A ) cia chim tia laze va bé day caané 1a L, (hinh
4.1). Bén trong thé tich do, nhiét d6 cao hon nhiét 6 ndng chay caa chat béc bay, cho nén

vung nay bi héalong.

é
T |
uang dd
|
!
I~

G

bl Théi gian

Uodt

AZ

Tr

Hinh 2.9 Nguyén Iy boc bay bang laze xung (boc bay laze) a) So do hé boc bay; b) Dang xung laze;
¢) Hinh thanh dom sang ellip va xuyén sau vao bia cua chumtia laze.

Néu nhu nang luong van duoc duy tri thi hién tueong bdc s xay ra, vi mot phan céc
nguyén tir bén trong thé tich d6 d& nhan dugc nhiét lwong bdc bay. Do xuat hién gradient &p
sut rat 16n, 16p Knudsen duoc mé rong ra thanh mot hé nong, huéng theo phuong vuéng

goc véi mat bia. Nhiét do ban dau cua l6p Knudsen |a diém nong chay caa bia; pha hoi
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ngudi dan trong qua trinh gidn nd doan nhiét, trong khi ciing tai thoi diém d6 xay ra sy tich
tu dong chay [6n dan theo huéng vudng goc véi bé mat.

Xung laze cd thé gay ra hiéu ung quang-phét xa dién tir tr bé mat bia, dong thoi ciing
gy ra hiéu tng quang-ion héa trong khéi ellip gian né trude khi xung laze két thic, dé hinh

thanh trang thé plasma. Khi mat d6 cua dém

pha hoi giam nhidu thi sy gian no doan nhigt Graphit (C)

ciing dirng tai tc 6 dong hoi thodt ra. Cac
phan tir khi do tiép tuc ling dong trén dé theo

co ché dong phan tir ty do. Trong ky thuat
laze, sy ban pha hay boc (ablation) bia doi hoi

mat d6 nang luong caa chum tia laze phai dat
duoc gia tri ngudng nhat dinh. Gia tri ngudng
nay la mot ham phu thuéc mat d6 nang luong

toan phan. Khi chum tia c6 niang luong vuot

N (107 ¢ xung.cm?}

ngudng thi lwong vat chit béc bay sau d6 phu
thudc gan nhu tuyén tinh vao ning luong laze
va dat dén gia tri bdo hoa, khéng ting thém

nita, mac du nang luong cua laze van ting. B6

|a trang tha b&o hoa cua qua trinh bdc bay.

Hinh 4.2 14 d6 thi md ta hién twong ndy nhan
duoc tir thuc nghiém ché tao mang mong siéu ¢ { Jiem?)
dan nhiét o can. Cho dén nay, cé hai loai vat Hinh 2.10 Ham phy thugc nang liueng laze

lieu duoc ché tao bing phuong phédp béc bay cua mst o vat lieu boc bay tir bia: trén
. . o _ cung logi bia (thach anh) bé mat béng hap
laze nhiéu nhat la mang mong siéu dan nhi€t  th, nang lwong laze kém hon.

d6 cao YBCO vamang hitu co hydroxyapatite canxi, mé phong ciu trdc sinh hoc .

2.2.2 Ché tao mang méng ding hep thirc
Phuong phép bdc bay laze ¢6 wu diém vuot troi so vai céc phuong phép khéc 1a vat liéu

dé 1am bia rit da dang va cau tric caa bia thi lai rit don gian: vat liéu bia cd thé 1a don chit
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hodc hop chit, mot hoac nhiéu th anh phan; bia co thé 1a vat liéu bot, vat liéu da hoac don
tinh thé, vién ép sau khi da tong hop thiéu két, tham chi “bia’ c6 thé | a chat long. Nang sut
bdc bay (sd nguy én tir 13ng dong trén mot photon) ladai lwong rat nhay véi hinh thé hoc bé
mit bia, cd ma luén thay doi theo thoi gian sir dung. Bé mit bia ma thd, x4p thi han ché
phan xa tia laze, do d6 hip thu nang | uwong laze tét hon bé mat nhin (nhu don tinh thé ching
han). Nhiéu cong tr inh nghién ciru da chiing to vat lidu 1am bia tét nhat cho phuong phép
bdc bay laze 1a vat liéu cach nhiét tot, véi do khuéceh tan nhiét thip hon 10° cm?/s va vat liéu
c6 kha nang hip thu anh sang manh véi hé s hap thu trén 105 cm™. Sir dung chim tia laze
cO mat do dong cang thap thi ching té phuong phép cang uu viét. Mt trong nhitng loi thé
ndi bat cia phuong phép bbc bay laze thé hién ¢ chd, n6 to ra co hiéu qua nhat khi chiing ta
can tai hinh thanh trén mang mong céc cau tric va thanh phan hop thiee caa vat liéu goc. Boi
vi, vai ky thuat laze xung cong suat 16n thi qué trinh boc bay xay ra rat nhanh, nhanh dén
muc su phan hiy thanh phan hda hoc caa vt liéu “khéng cd” thoi gian dé xay ra. Tuy nhién,
trong mot sb truong hop, khi ma cac hop chat chira phan tir 6xy hay cac khi nhe khéc thi hop
thirc hda hoc cua ciu tric mang ciing can dugc cai thién. Khi do, ching ta s3 thuc hién boc
bay laze trong diéu kién duy tri &p sut riéng phan caa khi phan ang (thi du dxy, nito, ...).
Phuong phép bbc bay phan tng ding laze xung ciing da dugc tng dung thanh cong dé ché
ta0 mang mong siéu cirng, chat lwong cao nhu TiN va BN.

Do kha nang truyén xa va kich thuge caa chum tia laze rat bé cho nén phuong phép bbc
bay laze con c6 thé &p dung dé “ma” céc chi tiét co khi tinh vi, thi du cac thanh bén trong
dng hay hop rat nho, hoic bé mat cua c&c cau tric phirc tap ma bang céc phuong phép khéc
khodng thé ndo thuc hién duge. Gan day xuat hien mot sd laze cong suat 16n nh u laze YAG
vaArF véi céc thdng sd tuong tng 1a (20 nm, 5Hz, 1J/xung) va (20 nm, 50Hz, 300 nJ/xung)
Véi mat do nang luong cao d&én (5 x 10°W / cm) ngudi ta da ché tao duoc vat liéu cac-bon
gia kim cuong sach, khéng con tap chat hydrd. Vi tia laze truyén qua mot sb vat liéu trong
sudt ma khéng giam nang luong, cho nén sir dung ki thuat laze xung con 6 thé 1am héa hoi
vat liéu [op pha trén dé trong sudt. D6 la ky thuat boc bay nguoc. Tia laze dugc chiéu qua
mot mat caa dé, nang luong dugce tap trung trén 16p phu caa mat kia va lam bbc ay [6p pha

nay, roi lai ling dong 1én trén dé khac dat ddi dién vai 16p phu.
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2.3 Epitaxy chum phéan ti (MBE)

2.3.1 M ta thiét bi

BE (viét tit tir tiéng Anh: Molecular Beam Epitaxy) ding dé chi phuong phép moc
mang bang chim phan tir. MBE cho d&n nay ciing da trg thanh khé niém rat quen thuoc
khdng nhiing trong ng anh vat |y ma ca trong céc Iinh vuc cdng nghé khéc. Thuc chit MBE
ciing 1a phuong phép 1ing dong pha hoi vat Iy boi vi dé tao cac phan tir ¢ trang théi h oi
ching ta ciing dung phuong phép vat Iy Sau ndy ngudi ta phét trién phuong phap MBE
thanh AL-MBE (MBE I6p nguyén tir) dé ché tao vat liéu ciu tric si éu mang, vt liéu quang
tir cu trdc nand.

So @6 hé thuc nghiém MBE duoc V& trén hinh 2.11. Hé ndy bao gdm hai chudng va hé
van déng ma. Mot chudng dé moc mang (goi 1a chudng moc mang) va mat chudng phu (céc
thé hé dau khéng cd chudng phu). Ca hai chudng déu duoc gan véi hé bom chan khéng. Nho
céc van chu trinh, c6 thé dua vao hodc 1y ra cac mau ma hau nhu khdng 1am anh huong dén

chan khéng trong chuéng moc mang.

Cam

Chudng
phu

I:ETI:; pihan
tich mau)

Hinh 2.11 So do hé thuec nghiém MBE.
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Hinh 2.12 Sod6 chubng mopc ciia hé MBE.

Chubéng phu ¢6 chira cac cong cu d phan tich bé mit, ma ching khéng dé dugc trong
chudng moc, thiét bi 1ang dong bé tro hay céc thiét bi cong nghé khéc. So d6 chudng moc
mang duogc V& tach riéng trén hinh 2.12. Cac bo phan chinh caand bao gom ngudn cap chim
phan tir, bo @6t dé, bo quay va dich chuyén mau, b che chan chum tia, dau do &p suat va
mat do6 cia chim tia, sting nhiéu xa dién tir phan xa (RHEED) va man hinh theo déi, may
phan tich khdi lwong céc hat (phan tir, nguyén tir, ion, ...) va thanh phan héa hoc caa chum
tia. Chudng phu co thé coi 1a t6 hop cua cac phuong phdp phan tich nhu pho ké dién tir
Auger, khéi phd ké ion thir cap (SIMS), phé ké dién tir ¢é phan tich hda hoc (ESCA), phd ké
dién tir - quang tia X (XPS). Ngoai ra, con cd c&c bd phan i mau va sing ion dé xu |. bé mat
lién quan, thiét bi con co cac ngudn dé 1ing dong hodc an mon bang chum tiaion. Nhd ¢ bo
che chin va khdng ché chinh x&c nhiét do ngudn, lién quan dén viéc phai dinh lwong dong
hoi nguyén tir hodc phan tir hudng 1én dé 1a don tinh thé (co nhiét do dét nong mot céach
thich hop), qué tr inh moc mang bang MBE c¢6 thé thuc hién theo ding nguyén ly trai ting
16p nguyén tir. Khi lam viéc trong hé thuc nghiém MBE phai c6 d6 tinh khiét rat cao, chan

khdng ciing can dat mirc siéu cao, dén 10™ Torr. Trong chan khéng nay quang duong tu do
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cua phan tir trong chudng ciing nh u trong ban than chum tia phan ti c6 gia tri rt 16n, gap
vai bac liy thira khoang céch tir ngudn téi @é (thi du khoang cach ngudn-dé 1a 20 cm, quang

duong tu do cé gidtri lén trong khoang tir 200 m dén 20 km).

232 Ché tao mang meéng tinh thé chat lwong cao

Dé co thé so sanh c&c phuong phédp hién dai dung dé ché tao mang mong tinh thé GaAs
chat luong cao, ching ta xem xét c&c théng sd ky thuat caa ching trong bang 2-3. Trong
phuong phdp MBE, téc d6 moc mang co thé khdng ché rat chinh xéc, vi thé dat gia tri nho
dén 0,6 mm/gio (nho hon 2A%s). Viéc khdng ché qué trinh moc dugc thuc hién chinh xéc
dén tirng 16p nguy én tir. Vi thé, bang phuong phédp MBE c¢6 thé ché tao mang mong don
tinh thé, trong khi cac phuong phép khéac chi cd thé ché tao mang véi sy kiém soét bé day
chinh x&c, con ciu tric cua vat liéu thi thuong 1a v dinh hinh hodc da tinh thé véi nhiéu
bién hat.

Epitaxy Epitaxy pha hoi Epitaxy
pha long CVD MO- chum
. han tu
LPE CVD P
( ) (MBE)
Tdc d6 moc (pm/pht) ~ 1 ~0.1 ~ 0.1 ~0.01
Nhiét do6 moc (°C) 850 750 750 550
Khéng ché bé day (A°) | 500 250 25 5
Doorc_mg bién phan cach > 50 65 <10 5
(A7)
Mét dé tapl Chét (Clll-j) 1013_1019 1013_1019 1014_1019 1014_101(}

Bang 2-3 So sanh théng sé ¢ng nghé trong cac phuwong phap epitaxy.

Hau hét céc vat liéu si@u mang tir c&c nguyén té nhém 111 vaV (vi du Al, Ga, In, As, P
va Sb), hay véi Si, Ge, cac hop chat nhém [1-VI, nhém phu 1V-VI va nhiéu kim loai khéc da
Trang 26



Céc phuong phép ché tao mang tir MANG TU

duoc thue hién bang phuong phdp MBE. Ciing bang phuong phap MBE, nguoi ta da ché tao
thanh céng céc linh kién tinh vi dung trong ky thuat vi song, théng tin quang dién tir, linh
kién t wong tu va sb hoat dong véi tdc do cao, c&c vi mach mat do 16n, ... C6 thé thiy trén
bang 2-4 sb lwgng cac hop chét ciu tric tinh thé & woc ché tao bang phuong phép MBE |a
rat [on. N6 bao gdm hau hét cac ciu tric tir kim loai, ban dan, chit cach dién dén hop chat
hai, ba thanh phan, sir dung céc loai dé khéac nhau.

Hau hét cac vat liéu si éu mang tir c&c nguyén tb nhém 111 vaV (vi du Al, Ga, In, As, P
va Sh), hay véi Si, Ge, cac hop chat nhém 11 -VI, nhém phy 1V-VI va nhiéu kim loai khéc da
duoc thue hién bang phuong phdp MBE. Ciing bang phuong phap MBE, nguoi tada ché tao
thanh céng céc linh kién tinh vi dung trong ky thuat vi song, théng tin quang dién tir, linh
kién tuong tu va sd hoat dong véi toc do cao, c&c vi mach mat do lon, ... CO thé thiy trén
bang 6.8 sb lwong cac hop chat cau tric tinh thém duoc ché tao bang phuong phép MBE la
rat lon. N6 bao gdm hau hét cac ciu tric tir kim loai, ban dan, chit cach dién dén hop chat
hai, ba thanh phan, sir dung céc loai dé khéac nhau.

Ngay nay, cong nghé¢ MBE duoc phét trién rat nhanh dé dép tng nhu ciu ché tao cac
linh kién, mach t6 hop IC, c&c hé théng diéu khién, ma trong d6 vat liéu déu cé kich thuse
nho tir vai dén vai chuc nandmét. Cong nghé nhu vay goi 1a MINATECH (cong nghé micro-

nano).
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Bang 2-4 Céc logi mang meng tinh thé ché tzo bang phuwong phap MBE

111-V (Mang : dé)
AlGaAs. GaAs
AlGaAs. GaAs, S
AlGaSh: GaAs

AlSb: GaSh

GaAs. GaAs, Ge, S
GaAsSh:GaAs,InP, InAs, GaSh
GaP: Si, GaP

GaSh: GaAs, GaSh
InAIAS: InP

INnAIP: InGaP

InAs. GaAs, GaSh
INAsSh: GaSh, InSh, GaAs
InGaAlAs: InP
InGaAlP: GaAs
InGaAsP: InP
InGaAsSh: GaSh, GaAs
InGaP: InAIP

InP: InP

InSh: GaAs

1V (Mang : dé)

S: S

Ge: S

GeSi: S

-Vl (Mang : dé)
CdMnTe: CdTe, GaAs
Cds: InP

CdTe: GaAs, InP, InSb
CdzZnS: GaAs
CdzZnTe: GaAs
HgMnTe: GaAs

HgTe: CdTe
HgZnTe: GaAs
ZnMnSe: ZnSe, GaAs
ZnS. GaP

ZnSe: GaAs, InP, S
ZnSeTe: GaAs

ZnTe: InP

Céach dién (Mang: dé)
BN: S

BaF2: InP, CdTe
CaF2: Si, GaAs, InP
CaSrF2: GaAs

LaF3: S

SrBaF2: InAs,InP
SrF2: GaAs

Metals (Mang : dé)
Al: GaAs, InP

IV-VI (Mang : dé)
PbEuSeTe: PbTe
PbSnSe: BaF2, PbSe, CaF2
PbS: BaF2, PbSe
PbSe: BaF2, PbSe
PbTe: BaF2
PbYbSnTe: BaF2, PbTe
Ag: InP

Au: GaAs

CoS2: S

Fe: GaAs

Mo: GaAs

NiS2: S

Sn: GaAs

Trang 28




Céc phurong phédp do tinh chat caia mang tir MANG TU

3 CAC PHUONG PHAP
PO TiNH CHAT CUA MANG TU

31 Tir ké miu rung
Tir ké mau rung, (vibrating sample magnetometer, viét tit 1a VSM) 1a mot dung cu do
céc tinh chat tir caa vat liéu tir, hoat dong trén nguyén tic thu tin hiéu cam ung dién tir khi

rung mau do trong tur truong.

3.11 Lich sir

Tir ké miu rung 1an dau tién dugc phét minh vao giira nhitng nam 50 caa thé ky 20, boi
tién si Simon Foner, mot nha nghién ctu caa Vién Céng nghé Massachusetts (MIT), My.
Simon Foner da nhan giai thuong Joseph F. Keithley cho phat minh nay vao nam 1999 va
VSM dalamét trong nhirng thiét bi phd théng nhat trong nghién ciru vat liéu tur.

312 So lwgc

a  So dé khéi ciia tir ké mdu rung

Nhu d&néi, tir ké mau rung hoat dong theo nguyén tic cam tng dién tir. N6 do mémen
tir cia mau can do trong tir treong Ngoai.

MAu do duoc gin vao mot thanh rung khéng co tir tinh, va dugc dit vao mot ving tir
truong déu tao boi 2 cyc cia nam cham dién. MAau la vat liéu tir nén trong tir treong thi nd
duoc tir hda va tao ra tir truong. Khi ta rung mau véi mot tan sd nhit dinh, tir thdng do mau
tao ra xuyén qua cudn day thu tin hiéu s3 bién thién va sinh ra suat dién d¢ong cam tng V.

Hiéu dién thé sinh rado hién twgng cam tng duoc cho béi biéu thirc:

V=- naE
at
Tu trudng xuyén qua cudn day truéc khi cd mau dat vao la
B=mH
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Tu trudng Xxuyén qua cudn day sau khi co mau dat vao &

B=m(H +M)
Vay:

DB =mM
Suy ra

Vdt = - namM
Trong do:

a tiét dien caavong day thu tin hiéu.
n: S6 vong day thu tin hiéu.

M: Do tir hda caamau

véi M 1a mémen tir cia mau do, S, latiét dién vong day, n 1a sb vong day cua cudn day thu

, N
tin hiéu.
chirt nang
Bo dan dgng
Cudn ddy thu

tin hidu \

B do Hall \

Marm chém dién :
R \ a8

B didu khidn quay

Hinh 3.1 So d6 khai cia tir ké mau rung

B tan n'n.
————T1 hli§uchuan

Mau do
-
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b  Cuén day thu tin higu

Trong céc tir ké phd thong, nguoi tasir dung 2 cudn day thu tin hiéu déi xtirng nhau, goi
la cap cudn day pick-up (pick-up coil), 1a hé 2 cuon day ddi xing nhau, cuén nguoc chiéu
trén 16i 1 mot vat lidu tir mém.

Ngoai ra, dé ting d6 nhay cho tir ké, nguoi ta cé thé thay cuon day thu tin hiéu bing
thiét bi giao thoa ké lwong tir siéu dan (superconducting quantum interference device -
SQUID), 1amét tiép xuc chui ham Josephson c6 thé do cac luong tir tir théng, do d6 d6 nhay
cua thiét bi duoc ting Ién rit nhiéu. Vi cudn day thu nay, ta cé tir ké SQUID, thuong hoat
dong & nhiét o thap (vi hién nay chi cd cac vat liéu siéu dan dat trang théi siéu dan & nhiét
do thap.

Coil 2 /
| Magnet Magnet
: Pole Pole
Piece Piece
Ylbratmg +

/ DI.]JI}].E \

"i"(t}

Hinh 3.2 So'dé cugn day thu tin hiéu
¢ Namchamdién
Trong tir ké ciing 1a mot bo phan rét quan trong dé tao ra tir truong tir héa vat liéu can
do. Néu nam cham dién 1a cuon day tao tir truong bang dong dién mot chiéu 6n dinh, thi tur
truong tao rala mot chiéu 6n dinh, nhung thuong khodng [6n, do bi han ché bai tir d6 b&o hoa
cua 16i thép va cuon day mot chiéu khdng thé cho dong dién [6n chay qua (s3 téa rat nhiéu

nhiét). Loai nam cham kiéu ndy chi sir dung tir truong cuc dai ¢ xung quanh 3 T.
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Nguoi ta o thé tao ra tir treong [on bang cach sir dung tir truong xung. Tuc 1a ding
mot dong dién cuc I6n dang xung phéng qua cudn day, dé tao ra tir truong 16n (co thé toi
hang chuc Tesla) trong mot thoi gian cuc ngan. Tuy vay, han ché caa cach ndy 1a vi thoi
gian cua tir trudng ngan, nén phai ¢ cach ghi tin hiéu khac (vi tir truong qué ngan co thé
anh huong dén kha nang cam tng caa vat liéu trong tir truong ngoai).

Cudn day siéu dan ciing & mot céch tao tir truong mot chidu 16n va 6n dinh. Nguoi ta
sir dung nhitng cudn day siéu dan (hoat dong ¢ nhiét do thap) dé tao ra tir treong cuc 1é6n 6n
dinh. Han ché caa céch ndy 1a cudn day phai hoat dong ¢ nhiét do thap nén chi phi hoat dong

thudng cao. Cudn day siéu din thuong st dung trong tir ké SQUID

d B¢ phdn dat mdu

B6 phan dit mau phai dugc lam tir chat cach dién, khéng bi nhidm tir ¢é khdng 1am anh
huang dén phép do tinh chat tir cia mau.

Dudi day la hinh anh ciabd phan dé mau dugc thiét ké véi nhitng hinh dang khéac nhau
dé c thé dat cac mau khéc nhau.

L. P der Sampe hodder 2 U bn Uil bl

@6.4 mm [0.25 n)

4 Bulk sample holder:

X Rigguinh ssompibe balider:

«— 27 mm (1.06 in) —

D35.5 MM —— e
(0.22 in) 'fm i

1

Hinh 3.3 bg phdn dé mau duroc thiét ké véi nhimg hinh dang khac nhau dé c6 thé dat cac mau
khac nhau
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3.13 Céc phép do dac sir dung tir ké miu rung

Nhu d& ndi, tir ké miu rung do mémen tir caa vat tir. Pon vi cia mdmen tir thudng sir
dung trong tir ké mau rung 1& emu (electromagnetic unit), lemu =103 Am?, va tly theo
viéc do mbmen tir theo dai luwgng nao s& ¢6 tuong tng phép do do:

Phép do tir hda, tir tré: do su bién d6i caa mémen tir theo tir trudng ngodi

Phép do mOémen tir theo si thay dbi cua nhiét do dudi tac dung caa mot tir truong
ngoai: phép do tir nhiét. Dua vao phép do tir nhiét, cé thé thuc hién céc phép do dong hoc tir
tinh, hay dong hoc két tinh caa vat liéu tu.

Do thay d6i mémen tir theo thoi gian: do phuc hoi

Xé&c dinh céc tinh chit di huéng dua vao viéc quay vat liéu (bé phan quay caa VSM)

vanhiéu phép do khéc tly thuéc vao do manh yéu caa mdi thiét bi

Hinh 3.4 Anh chup tir ké mdu rung DMS 880 ¢ Trung tAm Khoa hoc Vit liéu, Pai hoc Quac gia Ha Nai
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3.2 Kinh hien vi lyc tw

Kinh hién vi lyc tr (Magnetic Force Microscope, thuong
viét tit A MFM) 1a mdt loai kinh hién vi thuoc nhém kinh hién vi

quét dau do (SPM), duoc sir dung dé xay dung hinh anh sy phan

bd cua tinh chit tir trén bé mat vat ran dua trén viéc ghi nhan

lwe twong téc (luc tir) gitra miii do tir tinh véi bé mat caa mau.

321 Nguyén ly hoat dong

MFM Signal

Vé mat nguyén ly, MFM hoat dong tuong tu nhu AFM. \LL_’;

=T 0 <
Magnetic Domains
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Mii do quét trén bé mit mau duoc sir dung la vat liéu tir tinh khi quét trén bé mat mau sé co
su twong téc vaGi cac thanh phan tir tinh trén bé mit, qua d6 vé ban d6 phan bd cac thanh
phan tir tinh bé mat, ma cu thé & day 1a cau tric démen caa vat ran.

Luc tuwong tac tir gitra miii do vabé mit vat ran duoc xéc dinh boi:

H,

a ST
P =~y | My ™32 0y

hodc trong ché do hoat dong tiép xuc, ngudi ta co thé ghi lai gradient luc tir duoc xé&c dinh
bai:

: E-L-rz sample dV

d
-F; = —Hp f ﬂf{zﬁp 822
VG Maip, Hzsample lan lwot 1 thanh phan theo truc z caa do tir héa ciia mii do, va cuong do tir

treong tai bé mit mau vat.

Data type Helght 18.0 = U Data type Fhase 18,0 m
00 rm ' PARGE

Hinh 3.7 Anh chup phan bé démen

£ raRge ]

z .00 © &1
ter cua bé mat 6 cung, sy twong phdn o day |a twong phan ve tinh
chat tur

322 Uu diém va han ché

a UudiémciaMFM:
+ MFM lathiét bi dung dé phan tich ciu trdc tir caa vat ran ¢é nhiéu vu diém. Uu diém

dau tién 1a c6 kha nang phan tich ciu tric tir ma khdng doi hoi sy pha hay hay xu Iy mau
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nhu kinh hién vi Lorentz, ddng thoi do phan giai khong bi gi¢i han bai hién tuong nhidu xa,
ma chi phu thudc vao kich thudc va budc quét caa mii do trén bé mit mau vat.

+ MAu khdng nhit thiét phai 1& chat dan dién.

+ C6 kha niang phan tich ciu trdc tir makhdng doi hoi sy phéa hay hay xir Iy mau

+ Khong doi hoi phai ki thuat xir i mau hay bao phu gi dic biét.

+ MFM ¢4 thé ding nhu méy STM hay AFM

b Piém yéu ciia MFM:

+ MFM ghi anh dua vao hién twong quét nén d6 phan giai thoi gian thip, kha niang ghi
anh cham. DBong thoi, viéc ghi anh tac thoi trong qué trinh tir héa ciaa MFM kém hon rat
nhiéu so véi kinh hién vi Lorentz. Viéc ghi lai cau tric tir caa céc vat liéu tir mém kho hon
do truong phan tan trén mii anh huéng dén ddmen tir cia mau Vvat.

+ Néu tir truong cia miii do qua manh né co thé 1am thay d6i démen tir trén bé mit
Mmaul.

+ MFM ghi anh dya vao hién tuong quét nén kha nang ghi anh cham. Bang thoi, viéc
ghi anh tic thoi trong quatrinh tir héa chaMFM kém .
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Ung dung ciamang tir

MANG TU

4 UNG DUNG CUA MANG TU

Mang mong va cau tric da tang d& thu hat duoc rat nhiéu sy quan tm do kha nang vé céc tinh

chét tir doc déo va dang mong udc. Hién nay, mang tir da dugc (ng dung trong rat nhiéu linh vuc

nhu trong nanochip, trong MEMS, trong HDD. Trong phan béo c&o nay, xin trinh bay vé ing dung

mang mong tir trong HDD.

Ngay nay 6 diaceng sir dung mang mong tir & rat nhiéu bd phan: mang mong phu trén dia tir

(platter), trén céc dau doc/ghi. Cac mang mong tir ding ¢ day chii yéu 1a mang mong tir nhu mang

FePt va mang CoPt vai tinh tir cng rat cao, do bén va kha niang chéng mai mon, chéng 6xi

hoa tét. Hién nay, xu thé dang tap trung |a nang cao mat do ghi tir (phd bién dang 1a 100

Gb/in®) nang dén Tb/in? bang cach ghi vubng goc véi bé mat mang va giam kich thuéc cac

bit tur.

4.1

Ung dung trong cam bién (sensors) va bd din déng (actuators)

Layer | beposi
. ol- &
Mate- | thick- [ -0 Deposition ;
, "~ | tion rate Other properties
rial ness i type
[ um/h] *
[um]

Soft magnetic materials:

NiFe | max. /7 PVD/electro B=09T,H=400A/m,
81/19| 15/75 - plating UL max=1 000-200
NiFe | max. 27 PVD/electra B=1.6T,H=650A/m,
45/55 15 B plating U e max=1 600-200
Hard magnetic materials:
SmCo| max. B,=0.72T,H~=1,140kA/m
5_ T y d -
R3/17 50 =1 FeL BH,,,=85kJ/m’]
; max. Electro- B=03T,H=160kA/m,
CoP 10 ; e
40 plating I|BH =5 kJ/m’]
Antiferromagnetic materials:
TV
ol I 0.93 PVD -
Pt

Bang 4-1 Phan logi tinh chdt cia mang meng tir
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Nho v&o nhitng tinh chat dic biét, mang tir dugc tng dung trong cac cam bién vaca bo
dan dong. Cac mang mong tir dung trong cam bién thuong 1& mang mong mém (soft) duoc
lam tir cé&c vat liéu nhu NiFe81/19. Cac cam bién tir truong ciing ¢6 thé tng dung hiéu tng
GMR. Trong truong hop do, yéu cau cac céi chuyén mach (sandwitches) mong chira ca céc
vat liéu sit tir (NiFe81/19, Co) va vat liéu phan sit tir (CoCrPt). Do day caa mang thuong 1a

vai chuc nanometre.

Suspended Slider

Inductive Write Head
FZ Layer ;
-\-\"'-\.
Copper Write Cails
inductive Head P1
Shiald2

Spin Valve/GMR Sensar

&nﬁferroma%nem
Exchanpe Fim

Contact

S emusamme.Hard Bias

Contact Contact

Hard Bias ~=———====== Hard Bias
NIFa GMR

GMR
Frea Film Sinced Film

[Sensing Layer]

Hinh 4.1 Cdu tgo ddu doc MRva GMR
Hinh 4.1 1a cdu tao cia mot cam bién sir dung hiéu thg GMR. Hai dau cam bién 1a hai
|ép chén tir, khéng cho tir truong bén ngodi 1am anh hueng dén 16p & gitta. O gitra la mang
da |op gdm 4 16p mang mong: 16p sensing (Iam tir NiFe), 16p spacer (vat liéu dong), 16p
pinned (1am tir Co) va I6p exchange. Ba l6p dau rat mong, cho phép céc electron dan cd thé
di chuyén ty do tir 16p sensing sang 16p pinned va nguoc lai théng qua l6p spacer. Hudng tir
hoa caa 16p pinned 1a ¢ dinh, trong khi huéng tir hda cua cua 16p sensing co thé thay doi

theo tur truong ngoai.
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Nguyén |y caa cam bién GMR la dwa trén hiéu tng luong tir cia electron. Mdi electron
thudng ¢ spin theo mot trong hai huéng: spin huéng Ién hodc spin huéng xudng. Céc
electron dan vai huéng spin song song véi hudng tir héa cua vat liéu di chuyén ty do va dé
dang, tao radién tré nho. Nguoc lai, cac electron dan véi huéng tir hda nguoc véi hudng tur
hda cua vat liéu s2 bi can tré do va cham vaéi cac nguyén tir trong vat liéu, tao ra dién tro

Cao.

Air
Bearing
Surface

Magnetic
orientation {M)
of pinned and
sensing layers
are parallel --
low resistance

Conducting
Spacer

Magnetic
orientation of
pinned and
sensing layers
are opposite --

high resistance

& = Spin up electron © = Spin down electron

Figure 8. GMR sensor basics

Hinh 4.2 Nguyén |y ciia cambién GMR

Ung dung tinh chit nay vao hoat dong caa cam bién nhu & hinh 4.2: Khi 16p pinned va
[6p sensing cd cung huéng moment tir, cac electron cd spin song song voi moment tir nay s&
di chuyén tu do trong ca hai [6p mang mong, va dién tré thu duoc 1a nho. Khi tadéi hudng
tr héa 16p sensing, [6p pinned va I6p sensing cd moment tir nguoc hudng nhau, thi khi d6
electron ¢6 spin huéng 1én bi can tro boi mot 16p mang tir, va electron ¢é spin huéng xubng
s3 bi can tro bai 16p mang tir con lai, két qua ladién tré thu dugc rat 16n.

Trong khi d6, c&c mang mong tir ding trong bo dan déng gdbm ca mang mong tir cing

vamang mong tir mém. Céc vat liéu thuong ding 1a SmCo83/17, CoP.
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Actuator Arm

Acruator

Plarmers

Hinh 4.3 B¢ dan déng trong HDD
4.2 Ung dung trong dia tir (platter)

Nhu tén cho thdy, phuong tién mang mong bao gdm moét 16p rat méng caa vat liéu tir
tinh duoc &p dung cho bé mit cua dia tir (platter) trong HDD. Céc k¥ thuat san xuat dic biét
duoc tuyén chon dé 1ing dong vat liéu truyén thong trén dia tir. Mot phuong phép 1ama dién
(electroplating),phuong phdp ndy ling dong céc vat liéu trén dia tir bang cach st dung mot
qua trinh teong tu nhu duoc str dung trong ma dd trang sitc. Mot phuong phép khéc 1a phin
Xa (sputtering), str dung mot qua trinh hoi-ling dong dé lang dong mot [ép cuc mong céc vat
liéu tir tinh trén bé mat. Phin xa |én dia tir 6 loi thé 1& c6 mot bé mat phiang hon va déng
nhat hon ma. Do nhu cau gia ting vé chit luong cao trén 6 dia méi hon, phin xa |1a phuong
phép chir yéu duoc sir dung trén 6 dia méi, mac du chi phi cao hon caa né.

Hinh 4.4 1a mét dia tr phu mang mong 5.25” (phia trén) canh mot dia tir pha oxide
5.25” (phia duéi). Biatir phu mang mong phan xa that sy manh, chup hinh ching gidng nhu
chup hinh caa mot tim guong. Day 1a Ii do tai sao cé&c cong ty ludn thé hién cac anh dia

clirng & Mot goc.
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Hinh 4.4 dia tir phi mang mong 5.25"

4.3 Ung dung trong dau doc /ghi
Mang mong vat liéu tir tinh c6 thé duoc sir dung cho dau doc/ ghi tdc do cao trong
HDD. Hién nay céc dau doc/ ghi chi yéu laloai dau doc/ ghi sir dung hiéu tng GMR, trong

d6 ciing sir dung mot cam bién GMR ¢ gitra.

Pirmed Layer
(Exchange Layer
nﬂtﬂmﬂ

mdmﬂl‘lﬁ

fl FACEr
‘_',Se-nﬂng Layer

Contact

Antiferromagnetic
Exchange Film

Cu
Conducting [

Spacer
NiFe
Finned Layer

Free Layer Exchange La L esma

"““mzm L Seraing Layer

Hinh 4.5 Pau hoc GMR
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4.4 Xu hwéng phét trién

44.1 Phat trién cac mang méng tir irng dung trong PMR

Su ghi @m tir vubng goc (PMR) da duoc sir dung trong HDD tir 2005. Viéc sir dung
HDD cho phép ting mat d6 bé mit ghi nhiéu lan so véi viéc ghi tir doc. Mat dé bé mit [én
dén 230Gb/in2 da duoc ching minh va tinh kha thi vé mat d6 1én dén hang tram Gb/in? véi
PMR dang duoc thir nghiém.

Ly thuyét vé PMR da dugc gidi thidu dau tién nam 1976 va tir 6 ki thuat PMR da
duoc nghién ciru trong gan 30 nam cho dén khi cudi cuing né ciing dugc tng dung thuong
mai trong HDD. M4t trong nhitng then chét trong ki thuat PMR, mdi truong mang mong ghi
vudng goc daduoc cai tién trong subt thoi gian quanham giating mat do bé mit.

Track density (kTPI) FCUTPI, 1

10000 1000 100 10 p Pollen
m Products \,“ FCUTPI:]D
10 [l W Demonstrations P FCI/TPI=20
L . A B /z / ,--..\
- k Red blood cell v 10 U
g L \ b ] @,
2 1t Bactor;
L acterium E'
3 . Z
E; i /%\ rus I CES/_ 100 3
= 0.1 25 ,/ v 2
E ")G‘/g 2 , 1 7 '99‘9 | §
= ~ - # C' . c
2 ¥ p é? 9 bj
e I /y = | 1000
0 b -y /’:0 AN
. v .’u Magnetic 2N @ 900 e B S
N -" . Lr\%tdl grain %y »3';)9 (/] ]
DBA ':_-‘ 5 Ry | 1 | I 11 10000
A 0.01 0.1 1 10 100
Track width (um)

Hinh 4.6 Xu hurong vé kich ¢4 bit tir trong HDD

442 Mai trwong ghi vudng goc

Co hai loai méi truong ghi vudng goc: Mot loai [a mdi truong vubng goc don 16p tir,
loai ndy duogc phu trén bé mot bé mat, cha yéu |a qua mot 16p dudi dé giating su phét trién
cua lop tir theo hudng dé tir héa vudng goc vai bé mat. Loai thi hai 1a médi treong vudng goc
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hai 16p tir,véi loai ndy mot 1op tir mém duoc dit dudi 16p tir ghi vand déng vai trd nhu mot
phan caa dau ghi trong qua trinh ghi. Do do, hiéu suit ghi dugc ting 1én valoai méi truong
nay thich hop hon vai cac tng dung ghi tir mat do cao. Trong HDD thuong mai, nguoi ta Sir
dung loai mdi truong nay.

Hinh bén cho thay ki thuat caaloai méi truong ghi vuéng hai [6p tir. Hai 16p tir ¢6 tinh
chat tir khac nhau. Lép ghi ¢6 tinh chat tir ciing trong khi 16p dudi ¢6 tinh chét tir mém. Vi
cau tric va tinh chit tr caa hai 16p ndy can duoc tdi wu héa cho viéc ghi tir mat do cao va
can két hop lai. N6i chung, mot 16p trung gian s& dugc dua vao hai 16p ndy va nd dong vai
tro didu khién tryc dé tir hoa, duong kinh hat, tinh cht tinh thé cualép ghi vadong thoi diéu
khién tuong tac tir gitta hai 16p tir. Su diéu khién trong téc tir 1a rit quan trong dé cé dugc

mdi trueong ghi vai dac tinh nhiéu thap.

Soft magnetic back-layer

%

///////////////////

Substrate
MW 7%

Hinh 4.7 Méi trieong ghi vudng goc bang hop chat Co

Trong loai mdi truong ghi tir vudng, 16p tir trén thuong 1a mang mong tir dugc ché tao
bai cac vat liéu tir cang (vi du hop chat caa Co), con 16p tir bén dudi & mang mong tir mém.
Khi ting mat d6 ghi tuyén tinh, d6 tir khang vuéng can phai duoc ting Ién trong khi do day
16p ghi can phai duoc lam giam xubng dé ting cuong hiéu suit ghi caa dau ghi. Khi do day
16p ghi giam xudng nhé hon 30 nm, d6 khéng tir vubng bat dau giam. Cac nghién ciu cho
thiy c6 mot ving khéng trat ty rat mong (vai nm) & ving tiép gidp giira hai 16p. Diéu nay 1a

do su khéng hop mang gitta 16p tir ghi & trén va op tir bén dudi. Bé khic phuc nguoi ta st
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dung céc 16p trung gian khéng co tinh chat tir dé tao thanh céc vang tiép gidp muot hon. Khi
d6 tinh chat tir vudng duoc cai thién, khi ¢ day cua lép mang mong tir giam thi ¢o khang tir
giam cham hon so véi khi chua cd [6p trung gian.

Hinh 4.8 Anh chup cdit ngang TEM cua |6p tiép gidp CoCr/Ti

hep-CoCrPt
(magnetic)

hep-CoCrRuinterlayer

(nonmagnetic)

Hinh 4.9 4nh chup cit ngang TEM cia |6p tiép giap gida I6p dudi va 16p tir. Mét 16p trung gian
hop chat CoCr hep khong cd tinh chat tir duoc thém vao giiza |6p hop chat Ti bén dudi va lép man
ter hop chat CoCr hep ¢ trén.
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B

7 _

;/ B CoCr,:Ru,/TiCry,
—~ O TiCry, —
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Hinh 4.10 S cdi tién tinh chat tir vudng cua lép mang meng tir bang cach thémI6p trung gian
khéng tz tinh CoCrRu

Sy céch ly tir (magnetic isolation) va diéu khién duong kinh cua cac hat tinh thé cua
|6p ghi & can thiét cho viéc ghi tir mat d6 cao nham tang d6 khéng tir va giam sy nhidu cua
moi trudng. su cach ly tir thu dwoc bing céch tach riéng cac yéu té phi tir tinh ¢ bién tinh
thé. Su céach ly céc yéu t6 phi tir tinh Cr doc theo bién hat duoc nhan thiy déi véi cac moi
truong ghi phua trén bé mat & nhiét do 230 OC. Viéc thém oxy hoic oxide vao céc |6p CoPt
hodc CoCrPt da cho thay 1a co hiéu qua trong viéc ting cudng su cach ly hat tinh thé tir tinh.
Céc tinh chit tir vudng bao gdm tinh khéng tir va tinh vudng goc dugc cai thién dang ké
bang céach thém vao cac oxide nhu SiOx. Viéc thém SiOx vao mang CoCrPt 1am ting niang
lwong tinh thé tir khéng dang hudng (magneto — crystalline anistropy) Ku trong mang tir.

Trong céc nghién ciu gan day, Shen va cong su [1] d& st dung mang cang [Co/PdSi]n
mang tir mém FeSi/O, mang trung gian PdSi =>co thé tao mdi trudng ghi tir voi Ku cao voi
tinh 6n dinh nhiét thip . Hoidc mot nghién ciru khéc caa Das va cong su sir dung Ru/RuTa
lam mang trung gian giita mang tir cing CoCrPt-SiO2 [2] ¢6 thé 1am giam do day 16p mang

trung gian tur d6 lam giam sy khéng hop mang gitra hai 16p.
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5 KET LUAN

Nhu vay, xu huéng hién nay trong phét trién mang mong tir 1a phét trién céc loai vat
liéu tir cang va vat liéu tir mém méi, ciing nhu tim cach giam kich thuéc caa cac mang mong
ma khéng 1am giam di céc tinh chit tir dic biét cia mang nhu tinh siéu tir, tinh tré tir, do tir
khéng... nham phét trién c&c tng dung caa nd trong céc linh vuc ghi dit liu tir, c&c cam
bién, dau doc/ghi...

Mot van dé& dang duoc tap trung nghién ciru manh mé chinh & giam bit leu trir théng
tin tir dément tir xudng con spin dién tir. Néu thanh cong, kha niang luu trir cing nhu xir ly

théng tin cia con nguoi S& tién mot budc rat xa
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