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Khi doc qua tai liéu ndy, néu phét hién sai sét hoic noi dung kém chit luong
xin hiy théng bao dé ching tdi sira chita hoic thay thé biang mot tai liéu
cung chi dé cua tac gia khéc.

Ban c6 thé tham khao nguén tai liéu duoc dich tir tiéng Anh tai day:
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Théng tin lién hé:
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NHA danh gia chat luong. 3.Ban quyét
T dinh thanh toan.
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NOi dung trinh bay

l. Pinh nghia mang mong tur.

IIl. Hi€u trng kich thudc doi vé&i vat liu tir & dang
mang mong.

IIl. Ung dung hiéu ng t trd khdng 16 clia mang
mong tw.
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l. Mang mong.
1. So lwoc vée mang mong.
< Mang méng (Thin film) 1a mot hay nhiéu 16p
vat liéu duoc ché tao sao cho chiéu day nhé
hon rat nhiéu so vai cac chiéu con lai.

< Cau trdc ciia mang méng tly thudc vao ky
thuat ché tao.

e e —
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Nhom 3 Nguyén Phan Hanh Dung - 0719017



Vat lieu tr nano Giang vién: TS. Nguyén Khanh Diing

CIGS Absorber Layer
Metallic Back Contact
Substrate

Hinh anh minh

hoa cua mét
spc vt sO0 mang
' mong.
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1.1 Mang don I&p va mang da 10p.

Mang mong
/ MANG PON LOP: \ / MANG DA LOP: \
gom nhiéu 16p vat lidu
khac nhau, xép chong

lén nhau, nham thay doi
duogc tinh chat cua mang

" A

Nhom 3 Nguyén Phan Hanh Dung - 0719017

gom mot 16p vat liéu
duoc ché tao trén mot
lop de.
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Maneo da lo

e
e T S

Anh chup cat ngang mang méng da

1€ risrss Ty
— I&pSi/SiO2/Cu/lrMn/CoFeB/MgO/CoFeB/Ta/Cu/Au.

Nhom 3 Nguyén Phan Hanh Dung - 0719017



Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

“» Xét cong thire:

{TM(tm)/ TNM(tom) } -

VO : TM: Fe, Co, Ni
TNM: Ag, Cu, Cr, Mo...

d Vidu:

{Fe/Cr/Fe}, {Fe/Cu/Fe}....

Nhom 3 Nguyén Phan Hanh Dung - 0719017
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1.2 Mang mdng sat tip.

: ,, L. Cac 16p kim loai st tur.
Mang mong sat tu P '

la mang da 16p \ va %
bao gdbm su xen
k& nhau Kim loa1l khong ttr tinh.

Nhom 3 Nguyén Phan Hanh Dung - 0719017
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IIl. Hi€u ng kich thuwdc ddi vai vat liéu
tw @ dang mang mong.
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*Tuong tac trao doi giira cac 16p
< DAc trwng twong tac gitba cac IGp sat tw

3 Xét cau hinh Fe/Cr/Fe c6 kich thwdc cac 1&p

Sat tu

Nhom 3 Nguyén Phan Hanh Dung-0719017
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¢ Thong qua vi€éc quan sat cau tric mémen tur:

* Sat tir
Tuy thudc vao do day cua Iop kim loai
khong tw tinh kep gitra ma twong tac

gitra céc I6p sét tir co thé 1a :

* Phén sat tir

* Kigu 90°

Nhom 3 Nguyén Phan Hanh Dung-0719017
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* M6 ta dinh luong cac tham so cla twong tac trao doi
< Mat do ning luong cua tuong tac trao doi giira
cac 16p :
E,=-J,.cos (Aa)- J,.cOS (Aa)?
Trong do
> Aa.: goc giita 2 vecto tir do M, va M,
cua cdac lop.
> J,,J,: tham s6 mé ta kiéu va cuong do
cua twong tac trao doi.

Nhom 3 Nguyén Phan Hanh Dung-0719017
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E,=-J,.cos (Aa)- J, .cos (Aa)?

% Néu J, c6 vai tro chu yéu
* J,>0 = tuong tac kiéu F.
* J,<0 = tuong tac kicu AF.

 Néu J, c6 vai tro chu yéu va J,<0
- tuong tac kicu 90°.

Nhom 3 Nguyén Phan Hanh Dung-0719017
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IIl. U'ng dung hiéu ng tl tré khong
|6 cla mang mong tur.
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1. Higu irng tir dién tré khong 16 (GMR).
M6 ta hiéu (Png GMR.
1.1 Cac khai niém.
*» Hi€u tng tir dién tro (MR): 1 su thay doi dién
trd cia mot vat dan gay bai tur truong.

() = 70) RO = R(0)
MR =""300  ~~ R©)

Véi: p(H),p(0),R(H),R(0) lan lrot 1& dién tré suat
va dién tro tai tu truong H va tu truong H = 0.

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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¢+ Hiéu &ng tir - dién tré thong thwong (OMR):
la hiéu itmg MR xay ra do luc Lorentz tac dung lén
chuyén dong cua cac dién tu.

¢ Hiéu trng tir - dién tré di hwéng (AMR): la

hién tuwong tang dién tré duodi tac dung cua tu
truong do Iuc Lorentz tac dung Ién cac hat tai dién.

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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< Hiéu ung tir dién tré khong 16 (GMRY): la mot hiéu
tng lugng tir quan sat thay trong mot sO mang mong tir tinh
da 16p hodc don 16p, véi su thay doi 16n gia tri dién trd suat
dudi tac dung cua tir trrong ngoai.

% Hiéu tng nay khong phai la do gia tri 16n cua ti s6 MR
ma do co ché tao nén hiéu tng, d6 1a co ché tan xa phu
thudc spin cia dién tr khi truyén qua cac 16p sat tr duogc
kep gitra béi cac 1op phi tr.

% Ngoai ra hiéu ing GMR con phat hién thay trén mot so
mang mong dang hat (vi du mang hop kim di thé CoCu,
CoAg...).

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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1.2 Mo ta hicu itng GMR.

O Lan dau tién phat
hién trén cau hinh
{Fe(3nm/Cr(0,9nm)}40
NGO co6 lién quan véi
cau trdc tir vira mo ta
gitta 2 16p vat liéu sat
tr (Fe) thong qua 16p
dém Kkhong coO tu
tinh(Cr).

Hinh vé - Cau tric d6 men twong trng v&i cac kiéu lién két khac nhau cla cac
mang mong da I&p {Fe/Cr/Fe}.

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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d Duo¢i tac dung cua R/ Risiea

tor truong ngoal, tur .
dd cua cac lop Fe co
XU huong dinh hudng
lai song song vo1 ~+B0%
nhau theo phuong
ciia tir truong. Pong
thoi vdoi qua trinh
quay do cua vecto tur
do, dién tré ctia mau e
(Rp) giam rat manh. " (kGauss]

LFe 2nm /A Cr 1, 8nm =

lFe 2nmJ/Cr 1,Z2nm ! S

Hinh vé - Hi¢u ung tur dién tré lom
trong cac mang da 16p Fe/Cr

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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d Su dao dong cua
hiéu tng tu-dién tro
theo do day 16p dém ot
khong tir tinh cling E i
dugc quan sattrong | . | |/
he mau | 4

{Co(1,5nm)/Cuts,) |+ |

}so- Ta thay ti so -y Vihah o
MR ludn duong; gia | o
tr1 16n cua MR Ung ", ,,
v6i cac cau hinh b

phén Sét tl‘l’ Hinh vé - Sy dao dong cua hiéu wng tir di€n tré cua hé
miu Co(1,5nm)/Cu(tc,)},.

AES
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3 Do tinh chat va cau hinh dic trung cta cac mang
mong da 16p, chi so tir-dién tré khong 10, tic la gia
tr1t GMR cua chdng con dugc dinh nghia nhu sau:

GMR = AR/R = (R — Rp)/RE
Hay:
GMR = AR/R = (R — Rp)/R,

Véi: R, va R twong tng 1a dién tré clia mau trong
trang thai phan sat tir va sat tur (hay bao hoa R.).

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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Q Trong nhiéu trudng hop, hiéu ung tu-dién trd ctia vat
liéu con dugc dac trung boi tham so6 (AR/R)/u H..

Bang : Hiéu trng GMR trong mét s6 mang mong da 16p

MR T u,H, Phuong phap

Mang da I6p (%) | (K)| (T) ché tao
{Fe(3nm)/Cr(0,9nm)},, 92 4,2 2 E
Cr(10nm)/{Fe(1,4nm)/Cr(0,8nm)}., 150 | 4,2 2 SP
Fe(5nm)/{Co(0,8nm)/Cu(0,9nm)},./Fe 115 | 4,2 1,3 SP
{NiFe/Cu} 25 4,2 1,5 SP
{NiFe(2nm)/Ag(1nm)} 50 4,2 0,1 SP&77K
{Co(0,6nm)/Ag(2,5nm)} 41 77 1 E
{Co, ;Fe, ,(0,4nm)/Ag(1,5nm)} 100 4 0,3 SP&77K

Trong do: T : nhiét dé khao sat; u,H,. tir truong bdo hda va cac phuong phap ché
tao E-epitaxi; SP: phdn xq catot(sputtering).
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1.3 MO0 hinh don gian cua hi¢u irng GMR.

< GMR dugc giai thich véi sy to hop dong thoi cia
3 gia thuyét sau:

» V1 do day cua 16p khong tir chi vao ¢& 1 nm, tirc
la nhé hon hodc xap xi bang quang duong tu do
trung binh cua cac dién t, nén dién tro cO kha
ning vuot qua 16p dém khong tir tinh dé chuyén
dong tur 16p tur tinh nay sang 16p tir tinh khac.

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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> Khi chuyén dong trong cac 16p vat liéu c6 tir tinh
hodc trong ving chuyén tiép ctia cac 16p tur tinh, sy
tan xa cua cac dién tr phu thuoc vao dinh huéng
spin cua chung.

> Dinh huéng tuong ddi cua cac vecto tir do trong
cac 16p co thé thay doi dudi tac dung cuaa tir truong
ngoai.

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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1.4 Co ché cta hiéu itmg GMR.
< Dién trd cua cac chat ran duoc tao ra do su tan xa
cua dién tir, va cO cac dong gop cho su tan xa nay
gom:
> Tan xqa trén mang tinh thé do dao déng mang tinh thé goi
la tan xq trén phonon.
> Tan xqa trén spin cia cac phan tir mang tir tinh, goi 1a tan
xa trén magnon.

> Tan xq trén sai héng mang tinh thé (defect).

» Gan ddy con cé cdc nghién ctru chi ra sw tén xa cla dién ti trén cdc polagon tir dé gidi
thich hiéu tbeng GMR.

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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4 Hiéu ing GMR c¢0 duoc la do sy tan xa cua dién
t&r trén magnon. Khi c6 cac phan t&r mang tir tinh co
su dinh huéng khac nhau vé mdmen tir (do tac dong
clia tir trudng Ngoai), sé dan dén sy thay doi vé tinh
chat tdn xa cua dién tir va do d6 s& lam thay doi
dién tro cua chat ran.

Mot cach chinh xac hon, hiéu itrng GMR trong
cac mang da 16p dugc giai thich bang md hinh hai
dong dién cua Mott (dé ra tir nam 1936).

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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v M6 hinh hai dong:

- L& khai niém duoc dé xuat nim 1936 boi Mott dé
giai thich cac tinh chat bat thuong ctia dién trd trong
cac kim loai sat tir. Mott cho rang ¢ nhiét do du thap
sao cho tan xa trén magnon du nho thi cac dong chuyén
doi dién tir chiém da so (cO spin song song vai tir do)
va thiéu so6 (c6 spin do6i song song véi tir dd) s& khdng
bi pha tron trong qua trinh tan xa. Su dan dién co thé
coi la tong hop cua hai dong doc 1ap va khong can
bang cua hai loai spin cé chiéu khac nhau.

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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Spin Fr1  FBR1 FRA Spin Fr1 Rk FRA

T —

Spin
Py Py
1

o

—
| HEED— -
Ry Ry

Hinh M6 hinh hai dong ciia Mott dé giai thich hiéu ing GMR.

Nhom 3 Lé Thi Ngoc Hién - 0719114
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3 Trong cac kim loai sat tir, cac hat tai dién chu
yéu la cac dién tir s (Vi cac dién tir d cO khoi luong
hiéu dung 16n). Trong truong hop nay, vung nang
lwong s khong bi tdch nén so6 dién tir s cO spin
thuan va spin nghich bang nhau.

Nhoém 3 Lé Thi Ngoc Hién - 0719114
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=> Ta thay phan
vung 3d véi cac spin
thuan chi yéu nam
bén dudi mic nang
lwong Fermi va hau
nhu bi lap day hoan
toan, con phan vung
3d vé6i spin nghich |
cd cat mirc Fermi.

Hinh vé-Su phu thudc nang lwgng E cua mat do trang
thai(N(E)) ciia cac dién tir 3d va 4s.

Nhoém 3 Lé Thi Ngoc Hién - 0719114




Vat liéu tir nano Giang vién: TS. Nguyén Khanh Diing

——

3

bee-Fe

' |=> Ta thay rang Fe
| (chat sat tir yéu), mat
dd trang thai cua cac
spin  thuan & muc
Fermi van ton tai
nhung nho hon nhiéu
S0 voéi trang thai spin
nghich.

Ty 3

W '

M3t 86 trang théi (states/atom.eV.spin)
-
:
-
g 3
o
r
r
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r
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»
r
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Hinh vé-Ciu tric viung ning lwong theo tinh toan 1y thuyét ciia Fe, Co, Ni
va Cu.Gia tri cua nang lwgng tinh chuan hoa theo nang luwgng Fermi.
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Hinh vé&- Dong gop cua cac dién tit s va d da so va thiéu so trong m6 hinh dong
dién 2 chiéu.
Q O trang thai song song, dién trd tuong duong ciia mach
dién gom 2 dong hat tai da so va thiéu so6 c0 thé duoc tinh
gua biéu thirc:

Pr =2 N, 1 _
(/O + /O ) (pss T /Osd )
Nhoém 3 Lé Thi Ngoc Hién - 0719114
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16p tur tinh nay voi dién tro:

xa yéu trong 16p tir tinh tiép theo voi dién tro:

_|_

P =P+ Py

4= 1 - T T
P :E(zpss’ +/Osd’ )z_psd’

1

2

Cau hinh nay sé& cé dién trd twong duong 1a:

1 O trang thai phan song song, tat ca cac dién tir
huong Ién va huéng xuong déu tan xa manh trong

va tan

P =py | . Vivay dién tré cia moi nhanh sé& la:

p o
Par = 5 -
(p"+p)

1 + +
— _(Zpss +psd) ~

1
4 4

+
_psd

Nhom 3
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2. Ung dung hiéu irng GMR ciia mang mong tie:
2.1 Spintronics
a) Khai niéem.
*» Spintronics ( Pién tir hoc spin ) la mot nganh

nghién ctru mdi nham tao ra cac linh kién méi dua
trén viéc diéu khién va thao tac spin cua dién tu.

Nhém 3 Tran Minh Hai — 0719121
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b) Suw ra doi cua Spintronics.
3 Xuat phat tir nhitng phéat kién vé hiéu ting tir dién tro.
[ Bat dau ra doi véi su phat hién caa hiéu ung tir dién tré
khong 16 (GMR) dugc phat hién vao nam 1988, dong thoi
bdi 2 nhdm nghién ciru ¢ Phap lanh dao boi Albert Fert va
& Ptic do Peter Griinberg dung dau va hiéu tng tir dién tré
chui ham (TMR) vao nam 1995.
O Muc tiéu quan trong cua spintronics 13 hiéu vé co ché
trong tac gitta spin cua cac hat va moi truong chat ran, tur
d6 co thé diéu khién ca vé mat do ciing nhu su chuyén van
(transportation) cuia dong spin trong vat liéu.
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3) %' Cwe naudén ™ Cue cédng Cire mang
S
J g 2 Tw truvong
- Cwrc coTm) 5 =
’g I Cwe mang 2
< — Q ——

c)

M6 hinh mét sé linh kién spin: a) Spin diode; b,c,d) Spin transistor.
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c) Cac khai niem va xu huong nghien curu.

A Po6 phan cwe la ti 1€ sai léch gitra spin dinh
hudong theo 2 chiéu Ién va xudng, duoc cho bai
cong thuec:

ﬂ.r—ﬂ.l

P

) 1

véi Ty T 1an luot 1a mat do spin up va spin down.
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3 Dong phan cwe spin 1a khai niém duoc dé xuat nim
1935 boi Mott dé giai thich cac tinh chat bat thuong
cua dién trd trong cac kim loai sat tu.

QA Tiém spin, bom spin: Trong mdt sd chat & trang
thai sat tir, mat do spin up va down la can bang nhau va
khong tao ra dong phan cuc spin va khong hiru ich cho
cac linh kién spintronics. Ngudi ta cO thé tao ra cac
dong phan cuc spin trong cac chat nay bang cach dung
cac nguon dé dua dong phan cuc spin vao tir bén ngoai,
go1 la qua trinh tiem spin (spin injection) hay bom spin
(spin pumping).
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Xu hudng nghién ctru vé Spintronics

$ $

Dua trén cac vat li€u tur Dua trén cac cac linh kién
kim loai. ban dan.

3 3

Tao ra cac linh kién

Phat trién da trén cc thanh tyu spintronics da trén viéc dicu

ve hi¢u ung tu dién tro, tao ra tu khién dong dién tir phan cuc

cac mang mong kim Joai sat tur. spin trong cac vat liéu ban
dan.

Nhom 3 Tran Minh Hai — 0719121



Vat l1éu tor nano

Giang vién:

d) Mot so linh ki¢n Spintronics.
¢ CO theé chia lam 3 thé hé:

/EI Goém céc linh kién\

dua trén cac hiéu ung
GMR, TMR, trong cac
mang mong tir tiép Xuc
di thé kim loai-kim loai
hoac kim loai-dién
moi...

Q Vi du: cac cam bién,
dau doc tir trd, cac bod
nhé RAM tu dién tré

(MRAM). ..
/

Thé hé thir nhat
Nhom 3

(&

/EI Gom cac linh kién\ /EI Gom cac linh ki

hoat dong dua trén viéc
titm hoac bom dong
phan cuc spin qua tiép
xuc di thé ban dan-sat tur
hay ban dan tir-ban dan.
O Vi du: cac mach
khoa siéu nhanh, cac bo
vi xtir ly spin va mach
logic 1ap trinh duoc ...

Thé hé thi hai

TS. Nguyén Khanh Diing

\

en
st dung CAc cau trdc
nano (dang cham luong
tir, day va soi nano) va
st dung CAc trang thai
spin dién tir don 1¢.

Q Vi du: cong logic
lrong tir (la co sé cho
may tinh luong tr), cac
transistor don  spin
(SSET)...

AN )

Thé hé thi ba

Tran Minh Hai — 0719121
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e) Uu diém cua cac linh kién Spintronic.

» Tiéu thu it nang lvong hon.

> Khong gay on/nhiéu nhu dién tich.

> Thao tac nhanh hon vi khdng phai mat thoi gian cho viée van
chuyén dién tich, chi mat thoi gian dao phuong spin.

> CONg nghé spintronics sé& gép phan quan trong vao su
phét trién cta céng nghé dién t& - tin hoc - vién théng
trong thé ky 21. Cac dac trwng cla cac thiét bj dién ti thé
hé md&i nay co tinh to hop cao, da chirc nang, théng minh,
nhd gon, tiéu thu it ndng lwong nhwng hiéu suat cao, xr
ly va kha lam twoi (refresh) thdng tin véi toc dé rat cao...
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Vat liéu tir nano Giang vién: TS. Nguyén Khanh Diing

% Mot trong nhiing linh kién tiéu biéu cho thé hé thu
nhat cua linh kién Spintronics la MRAM( Magnetic
Random Access Memories ).

1) Giéi thiéu vé MRAM.
MRAM la bd nh¢é stir dung hiéu tir tré cO:
» Mat do luu trir thong tin cao.
> Truy cap ngau nhién.
» Khong tu x6a (non-volatile).
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Vat lieu tr nano Giang vién: TS. Nguyén Khanh Diing
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Vat li¢u tir nano Giang vién: TS. Nguyén Khanh Diing

NMagR AN Architecture

Recad rna o bR /\@

—

- Ls.e
Wieritinma " 7"
Writans L 2
\» .
’ -,,;'
Eay
.
— = l;.\’

MTJ MagF AM promises
- density of DEAMNM
- soeed of SEAM
- nonr-wvolatihity

Nhém 3
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

0 Nam 1980 bo nhé MRAM dau tién st dung hiéu
ung tu dién tro d1 hudng.

d Ngay nay MRAM duoc phat trién dua trén hiéu
tng tir dién trd khong 16 (GMR) va tir dién trd chui
ham(TMR).
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Vat li¢u tir nano Giang vién: TS. Nguyén Khanh Diing

2) Cau tao MRAM.

CofFe /A¢203 /7Co |
JUNCTION

Pay 1a md hinh cau tao cia MRAM c6 céng thirc :sat tir/ dién mdi/sat tir ,trong
do I&p dién méi rat mong .
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Vat li¢u tir nano Giang vién: TS. Nguyén Khanh Diing

3) Co ché hoat djng ciia MRAM.
Ta c0 moO hinh don gian hoa MRAM:

Tac déng cua
tw trrong
ngoai

Thay doi dién

tré cau hinh
Lop ghim

Lop cach dién
Lop tw do

Moment ttr cua |&p tw do
c6 thé dao hwdng song
song hoac phan song voi
moment ttr c6 dinh
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Vat liéu tir nano

Giang vién: TS. Nguyén Khanh Diing

J MRAM st dung 101 ferrit
hoac mang moéng tir. Nguoi
ta ding tin hiéu cam tng dé
xac dinh trang thai “1” va
“0”.

 Dong dién di qua 0 nhd
co trang thai “1” s€ bi dao
tr va tao ra thé hiéu cam
Urng trong mach.

3 O nhé co6 trang thai “0”

khong bi ddo tir nén khong
CO tin hiéu cam tung.

Nhom 3
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Vat l1éu tor nano

Giang vién: TS. Nguyén Khanh Diing

Hoat dong theo 2 co ché : GMR va TMR.

d Theo GMR.
¢ Dién tir cO spin, dién trd
cia mot chat phu thudc vao
su tan xa trén:

> NUt mang tinh thé.
» Cac moment tir.
» Cac sal hong.

“ Tu truong ngoal gay ra
tan xa dién tir trén cac spin.

Nhom 3

¢ RIEH)

O nho Mix “cao” )
MEAM = f R+ AR
==l
==l ||

Hinh 8: a) Déng didn [t qua mis phdn 5t & nhé bt e df com ha [dp S
e 2008 song vOY anau, b) dong dda nho qua phda wd & and ol w49 cwa
hai (Gp sar t phan song WY ahaw, £) s dd trang tha dign trd sing vt cac
muic “caa” hode “thdp” (ndong dag v cac trang that logic "™ hode "0")

]
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Vat liéu tr nano

1 Theo GMR.

P,, P, do phan cuc spin.
< Khi 16p dién moi rat
nhé => hiéu Ung chui
ham luong tr => sy dan
dién.

s Su tan xa trén cac
6p sat tr dién tro
mang thay doi tuy theo
su dinh hudng cua
moment tir cia cac 1op
Sat tir.

Nhom 3

Giang vién: TS. Nguyén Khanh Diing

Ddng chn hdm
_ Lop sat r
“/_Lap dién moi
P, 7
P,
—— H

Cau hinh dién trd nho

TMR=P,P,/(1-P,P,)

Py
PE

f—
Cau hinh dién trd ldn
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Vat liéu tir nano Giang vién: TS. Nguyén Khanh Diing

4) U diém ciia MRAM.
» Khong tu x0a (non-volatile).

> Duy tri thong tin tot.

> S6 lan doc va ghi thdng tin cao.

> Thé hiéu thap.

> Strc chira thong tin 16n va tiéu ton it ning lugng.

> Kich thudc nho.
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

2.2 Pau doc/ghi dit liéu trong 6 dia cing
(HDD).
a) Cac khai nieém.

Spindle

< HDD:Ia thiét
bi ding dé luu
trac dor liéu trén
bé mit cac tam A e
dia hinh tron | ="
phu vat liéu tur
tinh.

Actuator Arm

Actuator
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Vat liéu tir nano Giang vién: TS. Nguyén Khanh Diing

¢ Pia twr (disk): dia tir thuong
lam béng nhom, thuy tinh hoac
gom dugc phu vat liéu tr va
16p bao vé o ca hal mat.

 Pau doc/ghi (header): mdi
mit dia dung riéng mét dau
doc/ghi nén 6 dia ctmg c6 2 dia
phai c6 4 dau tu.

Pao Thi Minh Hiéu-0719026




Vat liéu tir nano Giang vién: TS. Nguyén Khanh Diing

b) Nguyén tac luu trix vat Iy trén dia cing.

< Trén bé mat dia nguoi ta phu mdt 16p mang
mong chat cé tur tinh, ban dau cac hat tu tinh
khong c¢é hudng, khi ching bi anh huéng boi tir
truong cua dau tir ludt qua, cac hat co tir tinh dugc
sap xép thanh céac hat c6 hudng.
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

¢) Cau tao cta dau doc/ghi tu.

» Mot 101 thép nho hinh chit U.

> Mot cuon day quan trén 16i thép dé dua dong
dién vao (khi ghi) hay lay ra (khi doc).

> Khe ho goi 14 khe tir- ludt trén bé mit dia véi
khoang cach rat gan.

Nhém 3 Pao Thi Minh Hiéu-0719026



Vat li¢u tir nano Giang vién: TS. Nguyén Khanh Diing

d) Nguyén tic hoat dong ctia dau doc/ghi tur.

Bau tr doc ghi

Cac hat trong mai treerng
khong co twr tinh

|

w J o LRV g

Cac hat trong
i trusdeng W tink

Chuyén déng cia dia
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

Magnetic Field lines

Trong do
read head || | 5 strong field and field reversal | | O Head: Pau doc/ghi di chuyén
near boundary NN U '
tren bé mat dia.
Q Grain: Cac thanh phan hat tur
va phuong cua chdng sap x&p

s b A / A ;
f-u % |~ ‘,.."':L + ":L 2 5= dong huéng trong mot khodng.
U R, N: vi tri tr nguoc/thuan
| (theo quy udc).
grain PO T e .
magnetc egion d I\/Iagne_tlc FIE|d,|ITeS. Bum_1g
stre tir (Khi khong c6 dau doc/ghi).
R=reverse Q Binary value encoded: Gia tri
State: R ﬂ N N = ng reverse , . A . A o
‘ . tin hi¢éu nhi phan (0101...) nhan
Binary Value Encoded:; 1 0 du’Q’C.

Hinh minh hoa vé nguyén 1y doc/ghi bang tir trén bé
mat dia cirng véi phwong thirc tir nam ngang.
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

% Nhiing dau doc hién nay khong st dung dong dan trong
cudn day dé doc thdng tin thay vao dé bang cac nguyén Ii tur
dién tré(MR va GMR) cho nhiing vt liéu c0 thé thay doi
dién trd cua ching khi cac tir truong ap 1én ching thay doi
dau doc tr mang mong hoat dong bang cach st dung cia
hai nguyén tac chinh cta luc dién tir.

> Tht nhat 12 4p dung mot dong dién qua cudn day san
xuat ra mot tir treong; duoc si dung khi ghi.

> Tha hai thi nguoc lai, ma a4p dung mdt tir truong dé
cudén mot s€ gay ra mot dong dién chay;str dung khi doc lai
thong tin da ghi.

Nhém 3 Pao Thi Minh Hiéu-0719026



Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

% Do cau tric xép chit cua cac bit dir liéu trén dia

cting can luu y dé cic tur truong con khdng anh

hudng lan nhau.

< Pé dam bao diéu nay cac khu vuc Iuvu trit phai

rat nho VA tir rat yéu.

¢ Tang mat do trén dia nghia la tor truong tao ra

phai yéu hon suy ra dau doc phai nhanh hon va nhay

cam hon trong viéc nhan dang nhiing bit 0 va 1.
mmmm) 36 13 |i do nhitng dau doc mang méng tir vai
hiéu tng MR va GMR ngay cang pho bién.
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing
* Sur ghi tr.

G(‘Sm 2 loa’i : “Ring” writing elerment
> Ghi vudng goc. T
Lonoitudal Recording (standard
» Ghi song song. —
4 \\?Ej |4

¥\ Recording layer

“mionopole” writing elerment

E Perpendicular recarding
LT Lnnnn == Recording layer

<— Additional layer

Ghi vuong goc
dwoc nhiéu dit
11€u hon.

—
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

2.3 Linh kién Spin valve.

0 Mot cau tric vat liéu dién hinh khac ciing 6 thé
tao ra cau hinh spin phan song song cho hiéu ung
tir-dién tré khong 10 13 cau trdc van spin.
a) Cau tao.
< Van spin 1a mot linh kién tir tinh cau tao tir mot
mang mong da 16p gom cac 16p sat tir(FM) ngin
cach boi cac 16p phi te(NM) ma & do dién trd cua
hé thay d6i phu thudc vao sy dinh hudéng cia tir 6
trong cac 16p sat tu.
Nhom 3 Nguyén Thi Ngoc Anh - 0719122



Vat li¢u tir nano Giang vién: TS. Nguyén Khanh Diing

Spin Fr1  FBR1 FRA Spin Fr1 Rk FRA

'I'— -
i
E|:|.I.ir1 .y By
T —
Ry Ry

Mo hinh hiéu rng tir dién tré& khong 16 trong cac spin valve
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Vat liéu tir nano Giang vién: TS. Nguyén Khanh Diing

b) Hiéu ung tr dién tré va van spin ban dau.
1) Khai ni€ém van spin ra doi dua trén

phat kién vé hi€éu tng tir dién tro khong 10:

> Dién trd cia hé mang mong tir da 16p gdm CAC
16p sat tir ngan cach béi cac 16p phi tir s€ thay doi
duoi tac dung cua tir truong ngoal.

> Dua Vao co ché “tan xa phu thudc spin” cua di¢én
tur.
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Vat liéu tir nano Giang vién: TS. Nguyén Khanh Diing
11) Y tudng ve cau trac van spin ban dau:

» Dién trd cua hé mang mong da 16p phu thudc vao
su dinh hudng tuwong d6i cua tir do cua cac 1op sat tu.
» Tw dO cac Iop cé6 dinh hwdng song song hay
phan song song mmm) cho phép dong spin truyén qua
hay khong truyén qua.

m) tlr d6 cla céc I&p sat tlr nhw mot chiéc van
dong mo spin.

)\ td'ng ve cau trdc van spin dau tién
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

¢) Van spin véi lién két phan sat tu.

< V&i mo hinh van spin so khai dau tién la mang
mong da |&p gbm cac I&p sat tlr xen ké gilba cac
&p phi tlr thi viéc diéu khién tin hiéu trd nén kho
<han do sw quay cla cac I&p sat tlr theo tlr trudng
a kha tw do.

mmm) cau tric van spin co st dung mot 16p phan sat tur.
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Vat li¢u tir nano Giang vién: TS. Nguyén Khanh Diing

L Op sat tir (fr do)

| LEp phi 12 (Rogc dien rmoi)

L Op sat tor (ghim)

L Op pharn sat tor

Cau trac cat ngang ciia mang da I&p spin valve v&i lién két phan sat t.
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

d) Co ché hoat dong.

“* V61 m6 hinh trén, khi ¢6 tir truong ngoai H thi:
» Tu do cua 1op tu do b1 quay theg H. Do do, hi¢u
ung tur - dién tré phu thudc chu yéu vao tir do 16p
bén trén.
>? Tur do cua 16p ghim chi bi quay khi ¢c6 H du 16n
dé pha vo lién két voi 16p phan sat tur.
> Puong cong MR sé& thay d6i nhay bac sat nét.
> Pudng cong tir tré bi dich mot quang vé phia tur
truong am.
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Vat li¢u tir nano Giang vién: TS. Nguyén Khanh Diing

Ta xét Van spin véi hop kim phan sat tir Fe-Mn

Fe-Mn ——> LOp phan sat tlp(AF)

Ni-Fe m) LOP sat ttr(F;) bi ghim
Ni-Fe mm)> LOD sat tw(F,) tw do

 Khi H>0 va hudng la hudng tir d6 caa 16p F,
mmmm) (i 36 C4C 1Gp Song song véi nhau.
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

1 Khi giam va d6i chiéu H:
» Trong vung H am, rat nho => tir d6 16p F, bi ddo, tir
do 16p F, van bi ghim nhu cfi.

mmm=p> Thiét 14p trang thai tir 6 phan song song giira Cac
16p F; va F,=> giam tir d0 tong cdng nhung tang dién
tro R.
» Dén gia tri H @m du 16n, nang luong tuong tac trao
do1 di1 huong mo1 dugc vuot qua => tu do 1op F; b1
dao.

> Thiét lap trang thai tir 46 song song => tang tir do
tong cong nhung lam giam giam dién tré R.
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing
< DO thi mé té chu trinh tir héa cla van spin khi
bat dau tw gia tri H>0 twong Ung vOi trang thdi tur
do song song cta 2 10p F, va F, :

M| = _. R
—— G
— / - —
| — —/ : —
: H
h 1
| Heb H

DPudng cong tir tré Pudng cong MR
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Vat liéu tir nano Giang vién: TS. Nguyén Khanh Diing

T CEEEEE rv | [T

s VAT AYIAF Lﬁ” . X e
B V5 S (e e e o . DPuong tré dich
¥y vl [Ltrao a5 do lién keét trao
1T “;_' ' doi gitra hai
£8 y & \ N
4 B == —lop sat tu va

phan sat tu.
:"‘0‘"‘:::::;6 Buing tré dich

v" O trén nhiét d6 Neel, khong cé su dich duong tré
do khong c6 tinh sat tu.

v' O dudi nhiét do Neel, lién két sat tir-phan sat tir
tao nén dudng cong tur tré bi dich di mot khoang.
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Vat li€u tr nano Giang vién: TS. Nguyén Khanh Diing

e) Gibi thiéu thém.

% Hién nay co la hai cau hinh tir dién trd trong cau tric van spin,
duoc quy dinh boi chiéu dong dién chay trong linh kién la CPP va
CIP.

% Cau tric CPP c6 dong dién chay vubng goc v4i mat phang mang.
% Cau tric CIP c6 dong dién chay song song v&i bé mat mang.

% Thong thudng, cau tric CPP s& cho gia tri hiéu tng GMR 16n hon
so vdi cau hinh CIP vi khi @6 dién tir chu yéu bi tan xa trén chieéu day
mang,co quang duong tu do trung binh nho hon so véi cau hinh CIP.
«% Cau hinh CPP dang 1a méi quan tdm 16n ciia cac nha nghién ctru
trong irng dung spintronics vi kha nang tao ra cac linh kién mat do va
chat luong cao hon, tuy nhién cau hinh CIP lai chiém wu thé do viéc
ché tao cling nhu hoat dong rat don gian.
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