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Trong bai bdo nay ching (6i tinh todn dong spin qua cdu tric di chdt ban dan nén
Gads. Chiing t6i sir dung mé hinh kp 14 vimg @é mé ta cdc vat liéu bdn ddn. Chiing téi
thiét ldp chwong trinh tinh todn va dwa ra do thi cia dong spin trong cdu tric di chdt bdan
din GaMnAs/GaAs/GaMnAs trong ba cdu hinh tir héa: song song, doi song vi cdu hinh
truyén spin. Mé hinh nay cho phép bao gom sw ¢é mdt cia ca twong tdc spin qui dao va
tirong tdc trao doi trong biéu thirc cia Hamiltonian.

T khéa: Spintronic, dong spin, spin ban dan, dién tir hoc spin.

1. DAT VAN BE

Spintronics 1 nganh khoa hoc méi rat dugc quan tdm phat trién trong khoang 3 thap
ki trér lai ddy. Spintronics khai thic cac tinh chét clia spin ctia céc electron thay vi dién tich
cta ching nhiam tao ra cac linh kién spin tir vi kich thuéc nho gon nhung da ning hon,
manh m& hon va c¢6 thoi gian sdng 1au hon so véi cac linh kién dién tir truyén thong. Céc
linh kién spintronics thé hé dau hién da duoc thuong mai hoa trén thi truong.

Dong spin 1a khai niém then chét cua cong nghé spintronics. Dong spin thudng
duge hiéu 1a higu sb cac dong hat tai mang spin up va spin down, va la hé qua caa su
khéng can bing vé mat do hay thé héa cua cac hat mang spin. Dén nay da co rat nhiéu
cong trinh nghién ctru, tinh toan va tim cach dinh nghia dong spin trong cac vat liéu khac
nhau [1-9]. Tuy vay, hién van chwa c6 cong trinh nghién ciru nao cho thdy déng diéu cu
thé cua dong spin.

Céc 16p tiép xuc xuyén ham tur tinh (Magnetic tunnelling junctions - TMJs) gém
c6 hai 1ép kim loai tir tinh duge cach ly béi 1 16p cuwe mong chét cach dién, dang hta
hen nhitng tng dung quan trong trong cong nghiép tich trit thong tin, sensor va trong
cong nghé spintronics. Trong cc ciu tric nay thi cdu trac tao boi vat liéu ban dan pha
tap tir GaMnAs rit dang chu y ca vé mat nghién ciu ly thuyét va cong nghé vi hai 1y do:
i) GaMnAs 1a vét liéu spintronics ban dan dién hinh & d6 mé men tir ciia tap Mn c6 twong
tac voi dién tir va 16 tréng clia ban dan; ii) Linh kién lam tir GaMnAs dé dang tich hop véi
cac linh kién dién ttr bang ban dan I1I-V d3 va dang ton tai. Trong bai bao ndy, ching toi s&
tinh toan cu thé dong spin qua cAu tric di chit ban din GaMnAs/ GaAs/GaMnAs két qua
dat dugc s& ¢6 ¥ nghia quan trong trong su phat trién ctia nganh khoa hoc spintronics.

! Khoa Khoa hoc Tw nhién, T ruong Dai hoc H5ng Purc
? Hoc vién Khoa hoc va Cong nghé, Vién Han lam Khoa hoc va Cong nghé Viét Nam
* Vien Vat ly, Vién Han lam Khoa hoc va Cong nghé Viét Nam

95



TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 45.2019

2. NOIDUNG

2.1. Hamiltonian

Ta xem xét bai toan van chuyén da ving, i.c., bao gdm ca dién tir va 13 tréng, qua
ciu trac don twong thé tao boi tiép xtc di chéit ban dan duoc céy doc theo truc [001] cia
tinh thé. C4u triic ndy bao gdm mot 16p ban dan thuan GaAs c6 d6 day a (nm) déng vai trd
twong thé (B) kep giita hai viing ban dan pha tir loing GaMnAs & phia trai (L) va phia phai
(R). Do cao tuong thé d (eV) duoc tinh bsi sy chénh 1éch ning lwong giira hai ving cim
cua hai vat liéu (Hinh 1).

a *
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Hinh 1. CAu tric MTJ GaMnAs/GaAs/GaMnAs

v

Theo Drouhin va cac cong su [9], toan tir dong spin duge dinh nghia bang phan giao
hodn tir ctia toan tir spin va toan tur van toc hat.

I A A

J; :E(Vj0a+ a j) (1)
O day, toan ttr van toc duge dinh nghia bang dao ham ciia Hamiltonian theo xung hrong.

0, =2 )

J ap]

Gia tri cua dong spin tai diém z duoc tinh:

J, =Re(y|J,|w) 3)
Trong d6 |¢) 13 nghiém ctia phuong trinh Schrodinger:

(71+7)w) = Elw) 0

A

Véi H= {ﬁ U ), j= L,B,R} la Hamiltonian mo6 ta vat li¢u trong tung vung,
V't =V*® =0 lathé nang va E 14 ning luong cua hat tai. Chiing toi str dung hinh thirc ludn k.p
14 vung dé mo ta cdu truc dién tir cta cac vat licu. Trong hinh thirc luan nay, Hamiltonian cé
dang mot ma trn 14x14, cho phép bao gdm trong tinh toan ving dan béc cao I',..Ig, ving
dan the nhat T, ving 15 tréng ning, 16 tréng nhe I's va ving 156 tréng bi tich do twong tac
spin quy dao I';. Biéu thirc cu thé ciia Hamiltonian c6 thé tham khao trong tai liéu [10]. Cho
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vat liéu GaAs (vung B), ching t6i chi st dung ma tran k.p véi cdc mic nang luong ¢ tam
vung Brillouin 1a Ege = 4.74; E7c = 4.54; Es = 1.519; Eg = 0; E; = 0.341 (eV). Céc thong sb
két cap k.p va cic tham sb Luttinger ciia mé hinh duoc liét ké o bang 1 dudi day.

Bang 1. Céc tham sé ciia ma trin k.p 14x14 cho vit liéu GaAs

Tham s6 két cap k.p va tuong

L N Tham s6 Luttinger
tac spin qu¥ dao

A=0,341(eV) v =—=1;y, = 0,375, =—0,318
A'=0,17(eV) e =1;

0 1. — o
p:9,88(6m) Yo ==Ly =0,y =0,1

P, = 8,68(eV£1) Vo1 ==L7p, =0,375,7,, = 0,318

P'=0 41(61/;1) j/'DCIZ_l;J/'D:O’l;j/'DCBZ(Ll

Déi vai vat liéu GaMnAs (ving L va R), ngoai ma tran k.p, ta phai thém vao phan
twrong tac trao doi gitra tap tir va vat liéu nén GaAs. Tuong tic nay thém vao ma tran k.p
mot s6 hang: I:Iexc = 0B, s.m (5)

O day m 1a @6 tir hoa, s 1a spin cta dién ti hay 13 trong. Trong hé co so ciia ma tran
k.p 14x14, phan tuong tac trao d6i nay duge viét dudi dang ma tran

H2 0 0

H, = 0 H} 0 (6)
0 0 H.»
0 do:
3m.  3m. 0 0 —Jem. 0
\/gm+ m, 2m_ 0 Zﬁm: —\/Emz
0 2m, —m,_ 3. ﬁn@ 2«/5mz
0 0 «/§m+ —3m._ 0 \fngr
—Jom, 2\2m, 2m. 0 —-m.  —m_
0 —\/Em+ 2\/§mz ng_ —-m, m,

r'/AS(‘

voi m, =m_+im ;m_=m_—im . Do tinh d6i xing, H

r7,8 — F7,8
H =B

exe

(7)

¢6 dang gidng hét nhu

H,.;*, nhung v6i hé s ti 1¢ twong Gng 14 B . Ma trdn H[ c6 dang:

exc 2
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H" =3B [m - j ©)

m, -—m,

T Hamiltionian xay dung dugc khi thém vao phan tuong tac trao doi, chéo héa ma

tran k.p 14x14 ta thu dugc cu tric toan viung ning lwgng va cdu truc ving dan ciia GaAs
va GaMnAs nhu hinh 2 va hinh 3.

6r 2

ol 19+
< o
) T 18}
& 0F &
g g
= = LT}
R, =
4t | ..
-6 - - * . ! L5 - - - ’
-3 -2 -1 0 1 2 3 -0.1 -0.05 0 0.05 0.1
Wave vector along [001] direction (A'l) Wave vector along [001] direction (A‘l)

Hinh 2. Ciu triic toan ving ning lwong (a) va cau triic ving din (b) ciia GaAs

Céu tric toan bd ving ning lugng va cdu tric ving dan cuia vat liéu trong twong thé

GaAs biéu dién tuong (g trén cac hinh 2a, 2b, v6i thanh phin véc to song song song duoc

chon la [kx,ky} = [0, 05,0]. Céu tric ving nang luong va vung din cua GaMnAs dugc

biéu dién trén Hinh 3a, 3b v6i ning lugng trao ddi 0.05 (eV). Ta thiy sy c6 mat cua twong
tac trao doi s& lam khur su suy bién theo spin cila cac ving niang lugng ngay tir tim ving.
Hinh 3b cho thdy ving din cia GaMnAs bi tich ra lam hai ving con véi khoang céch
nang luong 14 0.1eV, bang hai 1an ning luong cia twong tic trao d6i. Spin cua dién tir trén
hai viing con 1a ngugc nhau va cé dinh hudng song song v§i véc to tur hoa.
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Hinh 3. Céu triic toan vung nang lwgng (a) va cau tric viing dén (b) cia GaMnAs
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2.2. Piéu kién bién
Tré lai phwong trinh Schrodinger, xét trang thai dirng vé6i nang luong chui ngdm £,
va gia thiét ring thanh phan véc to song [kx,kV] song song voi tuong thé 13 bao toan,

bang cach tim nghiém ciia Hamiltonian ta ¢ thé tim duoc cac gid tri sb song k. tuong ng
v6i moi vung tai moi 16p ciia vat liéu. Goi nghiém k. twong tng véi ving ning lugng 7 1a
k... Do tinh nghich dao thoi gian, néu k, 1a mdt nghiém thi —k,, cling 1a m6t nghiém. Béi
vay ta tim ham song cua phuong trinh trong 16p vat li¢u j ( j= L,B,R) dudi dang:

) _ i a,(/')d)(j) (k,,z)+ b,Ej)QD(j) (—k,,z) )

o dé N =141as6 Vﬁ;;gl trong mé hinh k.p. Dé thuan tién ta ki hidu —k,, = kv

Pé tim cac hé sb a,g ), bg ) x4c dinh ham séng, ching t61 st dung diéu kién bién chuan cho

van chuyén da ving, & d6 ham song |¢/) va dong xac xudt (1|J.|+)) 1a lién tuc khi di qua

cac mdt phan cach. Ham & thong thuong dugc chon la cac ham song phing
O (kz, z) = exp(ik,z) ta thu dugc cdc phuong trinh cho a b dusi dang:

L B
Tai bién z=0: Mt [“ Jz ME [“ J (10)
b* b*
aB aR
Tai bién z=a M*PO? — M* (11)
b® b*
Dr(k) o @ (ko) (k) e @ (kay)
Trong do: ) ) i ) ’ ] 12
8000 L ol(k) @) | | @) . @) |1
LT (k) e 1,00 (k)| T | T,@0 (k) . T, (ko)
Joy (k) ... Joy(k,y) Jo% (k) ... 1,@%(k,y)
et 0
0| 13
0 0 e™v

Ta cling st dung céc ki hi€u rat gon
. N Y N AT . .
=] a",a,...al) | ;6 =[ o B),. b | Cc diéu kién diu vé song t6i cho ta gid

trj cta a®, didu kién khong ton tai song phan xa & vo cung cho ta b* =0. Cac phuong
trinh (10-13) cho phép ta xéc dinh cac hé s6 con lai cia ham séng & phuong trinh 9.
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2.3. Tinh toan dong spin

Mot khi ham séng da dwoc xac dinh, ta ¢6 thé tinh todn gia tri cua dong spin theo
cong thirc & phuong trinh 3. Pé dé dang cho viéc nhin nhan y nghia vat Iy cua két qua,
chung t61 chon tinh todn & muc ning lugng cia song toi la £ = 1.6eV tuong Uing voi
ving con thap hon trong cu truc vang din cia GaMnAs. Luc nay chi ¢6 duy nhat mot
ham séng dién tr dugc chiéu vao cdu tric. Cha ¥ rang do cac tham sé P’, A’ # 0 nén trén
ving din ¢ sy xudt hién cta tir trudong nodi hidu dung D’yakonov Perel [10].

) GER) ekl

or =7 k(K2 =) +ik, (k2 —K?) & (k2 -&2)

Pinh hudng cua spin duge xac dinh boi canh tranh gitra tir truong ndi Dresselhauss va
twong tac trao doi (phuong trinh 5). Chon [kx,ky] = [O, 03, 0] , 46 cao tudong thé dwoc chon 1a

d=0.5(V). Khong mét tinh téng quat, gia st véc to dd tir hoa trong vung L 1a m = [mX,O,O].
Ta s€ tinh todn dong spin o, = J2' v6i @ = 1,Y, 2 1a cdc chi s6 trong khong gian spin.

Xét cau hinh PA khi d§ tr hoa ctia viung R cung hudng véi do tir hoa vung L. Dang
diéu cua ba thanh phan cta dong spin trong cdu tric PA duogc biéu dién trén hinh 4. Chu y
rang & day ching toi biéu thi @6 16n trén thang log. Ta thay thanh phan dong o, c6 gia tri
rat nho va c6 thé bd qua bén canh céc thanh phan dong 0., 0> . Diéu nay 1a hop ly. That
vdy, do ky = 0, nén tir truong ndi D’yakonov-Perel 1& H,, =—yk k26 +yk k6, . Mit
khac tuong tac trao dbi chi hd trg dinh hudng spin theo phuong x, boi vy vé mit vét 1y s&
khong c6 dong spin o, duge glri vao hay truyén qua cau tric.

Do tuong tic trao d6i clia ca hai viing L, R déu hd tro dinh hudng spin T nén ta thiy
dong spin o, gan nhu dugc bao toan. . c¢6 gia tri twong dbi 16n trong dién cuc trai L, bi
suy giam trong rao thé do su dap tit ham séng trong hién twong chui ngdm va cé gid tri
khong d6i trong viing dién cyc phii.

=
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Hinh 4. Dong spin ciia dién tir trong cdu hinh PA

Hinh 5 biéu dién ba thanh phan cua dong spin trén cau tric ciu hinh tir hoa ddi song
(AP) tai hai dién cuc L va R. Piéu déng chi y xay ra v6i thanh phan o,: do tac dung nguoc
nhau cia véc to tir hoa, nd bi dap tat va co gid tri nhé trén ca ba ving.
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Hinh 5. Dong spin ciia dién tir trong cdu hinh AP

Cudi cung, ta tinh gia tri cua dong spin khi ciu trac c6 ciu hinh tir “vin chuyén
spin” (ST), & do véc to dd tir hoa trong 16p L 1a truc giao vdi vée to d6 tir hda trong 16p R.
O day chung t6i chon véc to do tir hoa cua 16p R 1a song song véi truc z (hinh 6). Ta thay,
giong nhu hai truong hop trude, thanh phan o, =0 rat nho va c6 thé bo qua. Thanh phan
0, ¢ gia tri dang ké trong ving L va trong tudmg thé, nhung bi suy giam khi di vao ving
phai R. Trong khi d6, thanh phan o, bi suy giam manh trong tuong thé nhung phuc hoi
trong vung dién cuc phai do sy hd tro cua tuong tac trao ddi trong ving R.
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Hinh 6. Déong spin ciia dién tir trong cAu hinh ST

3. KET LUAN

Trong bai bao ndy, chung t6i di tinh toan dong spin trong céu truc tiép xuic di chit ban
dan dién hinh. Két qua tinh todn cho thiy do 16n cta dong spin duoc quy dinh boi twong tac
spin quy dao (thong qua tir trudng ndi D’yakonov-Perel) va twong tac trao dbi. Su mé rong
két qua tinh toan cho dong spin ciia céc 16 trong trong viing héa tri ctia ban dan, va dong spin
trong céc cau tric da tuong thé 1a muc tiéu nghién clru ciia ching t6i trong thoi gian toi.
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LOI CAM ON
Bai bao nay la két qua nghién ctru tir dé tai cép co so mi s6 DT-2018-03 cua Truong
Pai hoc Héng brc.
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CALCULATING THE SPIN CURRENTS IN SEMICONDUCTOR
HETEROSTRUCTURE

Nguyen Thi Loan, Nguyen Thi Lam Hoai
ABSTRACT

In this paper we calculate the spin currents through semiconductor heterostructure
made of GaAs. We use 14x14 k.p approach to describe the semiconductor materials. We
establish the boundary conditions based on the continuity of the probability current and
then perform numerical calculations for spin current components. Profiles of spin
currents in GaMnAs/GaAs/GaMnAs semiconductor heterostructure were obtained in
three different magnetization configurations: Parallel, Anti-Parallel, and Spin Transfer.
This model allows one to include the presence of both spin-orbit interaction and
exchange interaction in the expression of the Hamiltonian.

Keywords: Spintronic, spin currents, semiconductor spins, spin electronics.
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