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ABSTRACT

High speed semiconductor devices are the essential component of telecommunication
systems, as they can handle analog and digital signals at high frequencies and high bit
rates. In the frequency range of interest, silicon devices are inherently limited by material
parameters such as inversion layer mobility and saturation velocity. Zinc Oxide (ZnO),
are very good alternative options to replace silicon because of many advantages, for
example, highly chemical resistance, potential for high power operation, and blue and
ultraviolet optoelectronic behaviors [1]. The techniques have been developed to grow a
Zn(0) polar ZnO and MgZnO layers on sapphire [2, 3]. In this study, the formation of the
two-dimensional (2DEG) using a Zn(O) polar ZnMgO/ZnO heterostructure and its
properties have been investigated. The relationship between polarity and device structure
is discussed. However, the electrical properties have not been investigated in detail. So,
we present a study the role of possible various confining potentials on the quantum
properties of the 2DEG in a MgZnO/ZnO quantum well (QW). We proved that effect due
to spontaneous and piezoelectrics polarization may significantly affect on 2DEG
distribution, then on the electron transport properties in ZnO SFQWSs.

Keywords: Nano physics, quantum well, two-dimensional electron gas, mobility, donor,
band gap, exciton

Title: Confining potentials and the distributions of the electron gas in single
heterostructure based on ZnO and its compound at the low temperature

TOM TAT

Cdc linh kién ban dan toc dé cao la thanh phan chinh ciia hé thong kj thudt truyén thong
Vi chiing c6 thé diéu khlen cdc tin hiéu $6 hay cdc tin hiéu twong tw & tan $6 cao va toc dg
cao. Trong khodng tan sé can quan tam, céc linh kién dwa trén Si von da cé nhiing gici
han cdc tham sé vat liéu nhw do linh dong o tdng ddo va vin téc bdao hoa. ZnO la mot
ing vién ddang chii y dé thay thé Si béi nhitng ddc tinh vieot tréi ciia né nhw déc tinh héa
hoc on dinh, kha nang hoat dong o cong sudt cao va ddc tinh phat xa buc xa quang dién
fir 6 mau xanh va cyc tim [1]. Nhiéu kj thudt ban dan da dwoc phdt trién dé nuéi ZnO va
MgZnO trén nén sapphire theo ca hai hiedng phian cwe O va phdn cuc Zn [2, 3]. Trong
cac nghién ciu nay sy hinh thanh khi dién tir hai chiéu (2DEG) trong cau tric di chat
MgZnO/Zn0O va mét s6 déc tinh vit 1y ciia ching da dwoc danh gid. Méi lién hé gitta cdu
truc linh kién va sw phan cwc da dwoc thao ludan. Tuy nhién, mot s6 tinh chat dién chua
dwoc danh gid chi tiét, dic biét la anh hwong cia phdn cuc lén sy hinh thanh 2DEG.
Trong bdo cdo ndy, ching téi muon thé hién vai tro ciia cdc thé giam giik dién tir ¢é thé
danh huéng dén ddc tinh lwong tir cia 2DEG trong giéng lwong tir dua trén MgZnO/ZnO.
Chung t6i chitng minh sy anh huong cua phdn cuc ty phat va phan cuc dp dién, I&n phan
bé ciia 2DEG, ma né sé anh hwéng 1én sy vdn chuyén cia dién tir trong cdc giéng hrong
tw dua trén ZnO.

Tir khéa: Vit Iy nano, giéng lwong tir, khi dién tiv hai chiéu, dp linh dong, khe ning
luong
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1 PAT VAN PE

Tién bo cua vat 1y chit ran trong hai thap ky cudi thé ky thtr XX va trong nhimng
nim gan day di chuyén hudng d6i tuong nghién ctru tir cac khdi tinh thé sang céac
d6i tuong c6 tinh chat thap chiéu nhu mang mong, cau trac nhidu 16p.... Ty theo
ciu trac cua cac h¢ nay ma nguoi ta goi la ciu trac giéng lugng tr (quantum well)
hay cac cdu trac day lugng tir (quantum wire) va chdm luong tir (quantum dot).
Trong cac ddi tuong mai, hau het cac tinh chit cua hat dan dién déu thay d6i mot
cach dang ké va xuét hién mot s tinh chat méi khac do thay doi kich thudc goi la
higu teng kich thwée. Cac cAu trac nay thuong duge goi 1a cdu triic nano (nano
structure) va vat 1y nghién ctru ciu triic nay duoc goi 12 védt Iy nano (nano physics).

Viéc nghién ctru cdu triic nano c6 nhidu huéng nhu Iy thuyét, thuc nghiém va tng
dung. Trong 1y thuyét, c6 nhiéu van dé can nghién ctru nhu tinh chét co, nhiét,
dién, tir, quang... clia cac cau tric nay. Tat nhién, nghién ctu ly thuyét, thuc
nghiém hay trién khai tng dung khong thé tach roi nhau ma bo sung cho nhau va
rat duoc quan tAm nghién ctru hién nay. Khi nghién ctru cic hé nay thi phai dua
trén cac chat ban dan cuy thé (co thé ban dan vo co hay ban dan hitu co...). Trong
pham vi bai bao nay, toi muén trinh bay tinh chat dién cuia mot hé vat liéu ban dan
vo co, cu thé 1a ciu tric di chét MgZnO/ZnO.

Trong vai nam gan ddy, ZnO di dugc quan tdm nghién ctru trd lai vi nhimg kha
nang ing dung cua no trong cac linh kién quang dién, dac biét vdi kha nang phat ra
anh sang xanh va cuc tim bdi do rong vung cam rong (~3.37 V) va nang luong
lién két exiton 16n (60 meV) [4]. Mit khac, ZnO c¢6 thé dugc nudi trén nhiéu loai
nén khac nhau va kha ning thay thé Zn boi cac nguyén t6 khac dé hinh thanh ban
dan keép (Zn, Mg, Cd)O ma co6 vung cAm trong khoang 3.0 dén 4.0 eV. Ta ciing luu
y rang, mic di ZnO ¢ uu thé vé nhing tinh chat quang nhung nghién ctru tinh
chat dién, dic biét 1a tinh chat van chuyen cua hat tai dién trong mau cling c6 vai
trd quan trong khi phén tich tinh chat quang. Mot dai lugng lién quan dén tinh chat
dién thuong duoc xem nhu hé s pham chat cua vat liéu 1a do linh dong (mobility).
Dé khao sat d6 linh dong cta hat tai trong hé nay vé mat 1y thuyét 1a ta di giai bai
toan dé xac dinh trang thai dién ctia chung trong sy giam giit mot chiéu va khao sat
cac anh hudng cia cac co ché tan xa khac nhau khi dién tir van chuyén trong hai
chiéu kia. Bai bdo ndy chi mudn trinh bay anh huéng cua giam gilr mot chiéu Ién
trang thai dién cta hé bang cach sir dung phuong phap bién phan, dung chuong
trinh mdy tinh dé mo phéong giéng the mé phong phan b6 dién tir trong giéng va
phan tich anh hudng ciia cac tham sé ctia hé 1én phan bd dién tir hay 1én hé dién tur
O trang thai co ban.

2 MO HINH TOAN VOI PHUONG PHAP BIEN PHAN
2.1 Phat biéu mé hinh vat 1y cho hé ké trén

St dung k¥ thuat nudi epitaxy chum phan tir (MBE) dé nudi Zn1-xMgxO/ZnO trén
nén sapphire, huéng dén timg dung cho transitor hiéu tmg truong di duoc nghién
ctru. Chinh do sy chénh léch giita day hai vang dan véi mot bén la MgzZnO con
bén kia 12 ZnO cong véi twong tac hut cua cac donor va thé hit cua cac dién tich
bé mit di chat boi hiéu tmg phan cuc da tao ra thé (hay ai luc) hit cac dién tir lai
gan bé mat, tac da hinh thanh giéng lugng tir gan bé mat. Ngoai ra sy twong tac
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gitra cac dién tur cling c6 anh huong dén thé nang nay. Khi dién tir nam trong giéng
thé ndy, n6 bi anh huong bai dang cua giéng thé. Xac dinh dang giéng thé s& xac
dinh trang thai cua hé khi dién tir nay. Trang thai caa hé khi dién tir bi luong tu
duoc xac dinh bai ham song w (F,z). Ta xac dinh trang thai cua hé dién tur la xac
dinh ham séng. Hé dién tir & day 1a hé hat ddng nhat va bai toan dé cap & day duoc
quy Vé bai todn mot hat. Bai bao nay ciing chi xét trong trudng hop nhiét do T=0K,
tirc 12 xét hé dién tr ¢ trang thai co ban. Két qua cua no sé giai thich va tién doan
cho cac hé thuc ¢ nhiét do thap. Sau day 1a mé hinh cua hé nghién ciru ma thé hién
khi dién tar duoc hinh thanh & bé mit di chit noi tiép gidp gitta ZnO va MgzZnO
bai hiéu tng phéan cuc. 2DEG tir hinh thanh bai hiéu tng phéan cuc véi hai mat cuc
khac nhau (mat cuc O va mat cuc Zn) thi vi tri hinh thanh khi dién tir khac nhau do
dac tinh bién dang khac nhau (bién dang dn va bién dang nén) va chiéu phan cuc
khac nhau.

O-face Zn-face
Tensile strained Compress strained
- Zno 0001 ngZm xo —» IS
[Oq(u)l] T T [ A ] l PET A
o Py =S I B 2DEG
_________ 2DEG @ zo p |
Relaxed T ! Relaxed
M xZn]_- O - g M O
g X 5. B g
c-sapphire c-sapphire
— .

Hinh 1: M hinh ciia h¢ nghién ctru thé hién khi dién tir hinh thanh & bé mit di chit trong
hai trwong hop hé phan cwe O va phan cwe Zn
Xét dién tir c6 3 bac tu do, trong mit phang (x, y) dién tir chi chiu tac dung cua
truong tuan hoan tinh thé, con theo truc z, ngoai trudng tuan hoan, dién tir con chiu
anh huong cua thé mot chiéu V(z) 1a to6 hop cua rao thé, thé bai dién tich phan
c... Phuong trinh Schrodinger ctia dién tir cO dang:

2 2 2 2 2
AL O v b2 —Ewr)
2m OX ay 2mz oz (1)

véi m* 1a khéi lugng hiéu dung cua dién tir trong mat phang (x,y), m; 1a khoi
luong hiéu dung cua dién tir theo phuong z, nd nhan céc gié tri khac nhau theo z, 7
1a vector dinh vi trong mat phang (x,y) va E 13 ning luong cua dién tir.

Giai phuong trinh vi phin theo phuong phap tach bién ta duoc:

{ W(7.2) = w(NEQ)
Esp =Ezp +Eip 2)
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. eiRr
- F,2) =——&, (2
w(F) o oikT w(T,2) /A &n (@
n? -, h2k?
E2D:2m*k EnRZ 2m*+En
©3) (4)

v6i A la dién tich cua tiét dién ngang ma hé chiém, dong thoi no dong vai tro l1a
thira s6 chuan hoa, Eip, 2p, 3p 1a nang lugng dién tr twong Gng truong hop mot
chiéu, hai chiéu, ba chiéu va k la vector song trong khong gian hai chiéu. Bo tham
so day du xac dinh ham song va nang lugng caa dién ti van gom bo ba (n, Ky, ky).
Ta can tim ham séng &, (z) tng véi nang luong En duoc mod ta boi phwong trinh
Schrodinger mot chiéu:

n? d?

-— X+ V(Z 2)=E,.&,(z
m, 4z (2) |En(2)=En.£n(2)

(5)
Giai phuong trinh Schrodinger mét chiéu nay ta tim dwoc cac mic ning luong
gian doan Ei, E», Es,...ta dugc buac tranh vung qé cac muc nang luong theo
phuong z bi tach ra duoc goi la cac vung con. Ta can xac lap dugc dang thé toan
phan V(z) tac dung Ién hat dién tur do tat ca cadc nguon tao ra trén toan truc z va
giai phuong trinh (5) dé tim ham séng mot chicu & (z) trén toan bo truc z.

2.2 Dén xuit cac biéu thirc toan hoc cho thé giam giir V(z)

Pé xac dinh phan bd dién tu, ta phai xac dinh ham séng dac trung cho hé. Trudce
khi xac dinh ham song ta phai xac dinh céc thé giam gift.

2.2.1 Cdc thé giam giir

Rao thé dit & mat phang z = 0 do ¢6 sy chénh 1éch ddy vung din gitra MgZnO va
ZnO hinh thanh nén thé rao co ban:

Vi (2) =Vo0(-2) (6)

voi 6(z) 1a ham bude don vi va V, =1.91x (eV) [5] , X 1a ham lugng Mg trong hop
kim MgxZn1-xO.
Ta biét ré’mg do c6 phan cuc tu phat va phan cuc 4p dién ma & bé mit di chat ton tai
cac dién tich hiéu Gmg phan cyc duong c6 nong do o =1.99x10"x (|e[/cm?) [2].
Céc dién tich phan cyc nay tao ra dién truong déng nhat voi thé.

V_(2) :2—”e0|z|, (7

&

a
Vv6i &, 1a hang s6 dién moi trung binh ctia MgxZns-xO va ZnO.

Vi thé c6 dang tam giac nén hé khi dién tir hai chiéu trong ving con thip nhat
dugc mo ta boi ham song Fang-Howard ¢6 bo sung béi Ando [6]:

AK,l/Z KZ/Z, 0
(@)= " - ®)
Bk' (kz+c)e "', z>0
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o day k, x 1a cac s6 song can dugce xac dinh; A va B 1a cac hé s6 chuan hoa.

Ham song trén s€ dugc xac dinh khi cuc ti€u hoa nang luong trng véi mot hat va
duoc xac dinh boi1 Hamilton:

H :T+Vtot(2) (9)

& day T 1a dong nang va Vier(z) 12 thé nang giam giir hiéu dung theo phwong z. Thé
ning hiéu dung ndy bao gém thé rio (Vi(z)), thé bdi cac dién tich phan cuc
(V o (2)), thé Hartree (Vh(z)) tao boi cac donor, cac hat tai va thé twong quan trao
d6i (Vex(2)):

Viot(2) = Vu(2) + Vo (2) + VH(Z) + Vex(2). (10)

Trong ving dién tich khong gian, thé Hartree duoc xac dinh theo phwong trinh
Poisson:

sz e )_472'e (11)

trong d6 Ni(z) 1a ndng do ion tap, n(z) la noéng do dién tir. Voi mau khong pha tap
chu dich thi Ni(z) xem nhu hang s6. Thé twong quan trao doi thuong co gia tri nho
nén ta c6 thé bo qua [7].

Nong do dién tir phan bo trong ZnO duoc xac dinh theo ham séng (8) bdi phuong
trinh sau:

n(z) =n,|¢ @) (12)

Ta giai phuong trinh Poisson (11) véi diéu kién bién 1a dién truong tuong u‘ng vOi
thé Hartree triét tidu & vo cung ta duoc cac thé thanh phan V,(z) va V«(z) [7] voi:

Vi(z) = Vi(2)+Vs(2), (13)
2.2.2 Téng nang lwong ciia mét dién tir ¢ viing con thdp nhat

Theo phuwong phap bién phan, ning luong ing véi mot dién tir & trang thai co ban
s€ la tong cac trung binh co hoc luong tir tng véi trang thai co ban dé nhu sau:

E(K) = <T> + <Vp> + <Vi>+ <Ve>/2 + <V (14)

Ta tinh dugc chiing véi cac két qua sau :

2
(T)= —8h+m[A2;<2 +B%Kk? (02-2c-2)] , (15)
<Vb> =Vo A%, (16)
2 2
(V)= 2reo [A—+B—(c +4C+6)} (17)
£, Kk k
2 4 2 4
<Vs>z4”e ; {i—i+8—(2c +12¢® +34¢® +50c+33)} (18)
&, 2k k 4k
2 2 2
v,)~ 2N [A Lb—B—L(c +4c+6)} (19)
8a
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v6i Lp VA L trong tmg 13 bé rong ctia MgZnO va ZnO.

3 KET QUA VA THAO LUAN
Véi cac két qua giai tich & trén, ta viét chuong trinh may tinh dé mé phong dang
giéng thé va phan bo dién tir trong giéng ¢ trang thai co ban (mo ta trang thai dién
cua h¢) cho truong hop phan cuc O voi cac thong s6 nhap vao dugc trich tir cac tai
liéu tham khao voi céc gia tri sau :

Bang 1: Cac théng sé nhap vao [5]

Khéi lugng hiéu dung (m") 0.28 me
Héng s6 dién moi trung binh (&,) 8.75 + 4.445x

Me ld khoi lwong dién tir tw do

3.1 P thi biéu dién dang giéng thé giam giir khi dién tir

1.0 —
0.6 |
o.s} Vb 3
= 047
0.6 = 02
< oaf
N oo} Y
=
0.0 -5
MgZnO Vo n
0.2}
0.4 . . .
40 20 0 20 40 60
z A

0
Hinh 2: D6 thj biéu dién dang giéng thé véicac tham s6: L, =1000 (A),

L, =500 (,&) , N, =8.107 (cm®), x = 0.4.

R rang, giéng thé tong hop cac thé thanh phan c6 dang tam giac va rao c6 chiéu

cao hitu han [7, 8]. Cac thé thanh phan c6 cac tinh chat sau :

— Thé tao béi céac ion tap donor la thé kéo hé dién tir ra xa rao.

— Thé tao boi cac dién tich phan cuc la thé hat cac dién tir vé phia rao.

~ Thé tuong tac cia cac electron 1a thé hat hé dién tir vé phia rao & mién gan rao
nhung n6 sé 1a thé day ra xa rao khi h¢ dién tir n6 & xa rio.

Vay, vai tro giam giit dién tir quan trong cta hé ndy 1a thé rao do chénh léch ving

dan cta hai vat liéu va thé hat cua céac dién tich phan cuc duong gﬁn bé mit. Dang

clia giéng thé v6i hé twong tu nhu hé nay ta thdy ching ludn c6 dang tam giac con

tinh chat ndng, sau cua chung phu thudc vao hé cu thé vé6i cac tham sb dic vao cu
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thé khac nhau, mot tham sb rat quan trong 1a ham lugng Mg, x trong hop kim
ngan-xO.

3.2 D thi bi¢u dién phan b6 dién tir trong giéng

' ' ' 8 ' ' ﬁ|.6I ) 16 Iﬁ|.7 - 3
N 10,5 10%, 10" cm
8 -
Ny© 5107 cm'?
6 - -
e o N, 10%cm ®
£ £
(8] (8]
=) g
SR § 3
N N
» »
= Pz
2t r
0 O = L L L
20 20 0 20 40 60
z. A z. A
Hinh 3(a): Phian bo dién tir trong giéng véi cAc  Hinh 3(b): Phin bo dién tik trong giéng
tham so: thay doi x va ns voi v6i cac tham so: thay doi Ny, ¢0 dinh:

n, = (0.48+1.99x)x10"(cm ) [2], ¢6 dinh: n, = (0.48+1.99x)x10"(cm™) [2], x = 0.4,
Ni=5.10 (cm?), L, =1000 (A), L =500 (A). L, 1000 (A), L =500 (A).

T T T T T
44
™’ B
IS
o
3
o
- 2}
N
»
=
0 L L
20 0] 20 40 60

z. A
Hinh 4 : Phéin b6 dién tir trong giéng véi cac tham sb: ¢b dinh n, =8x10"(cm™),
0 0
N;=5.10""(cm®), L, =1000 (A), L, =500 (A) va thay doi x. Pudng nét dut ing véi Ny = 0.
Tur cc hinh 3 va hinh 4 ta thiy rang dién tr phan b trong giéng gan chd tiép giap
di chat vdi khoang phan bo twong doi hep (khoang vai nanomet), ching thé hién
tinh chat cia khi di¢n tur hai chi€u (chinh xéc 1a gia hai chiéu).

. sz 3 0
Tat c4 cac hinh 3 va hinh 4 déu c6 dinh bé day cua hai 16p vat li¢u (L, =1000 (A),
0
L. =500 (A)).
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O hinh 3(a) ta thiy rang voi viéc ¢6 dinh ndng d6 donor nhung thay d6i ham
lwong Mg trong hop kim va ndng d6 ns thi phan bd dién tir s& tip trung gin bé
mit va huéng vé mit phan cach hon khi ham lwong hop kim ting, diéu nay 1a
do khi ham luong Mg tang thi giéng hep hon.

O hinh 3(b) ta thay rang v6i viée ¢d dinh ham luong Mg nhung thay d6i ndng
do donor, voi nong do donor tang, phan bb dién tir bi léch ra xa tiép giap di
chat boi tam khdi dién tir gan tdm donor bén 16p ZnO hon.

Trong hinh 4 ta thay rang véi viéc ¢b dinh nf)ng do donor nhung thay d6i ham
lugng Mg trong hop kim va khong thay d6i ndong do ns thi phan bd dién tir s&
tap trung gan bé mit va huéng vé mit phan cach hon khi ham lugng hop kim
tang giong nhu 3(a) nhung sy dich chuyen yéu hon. Néu ndng d6 donor khong
dang ké (N, = 0) thi phan bd dién tir ndm gin mat phan cach hon vi khong co vai
tro hit cua cac tam donor.

4 KET LUAN

Chung toi da thiét 1ap dugc m6 hinh giam gilr lugng tir cho hé dién tr trong giéng
lugng tir tao boi cau trac di chat don MgZnO/ZnO theo phuong phap bién phan.
Tir do, ching t61 khao sat anh huong cua cac tham s6 dic trung cia cau trac 1én su
phan b ciia hé khi dién tir hai chiéu trong gleng Nhirng két qua nay sé c6 ¥ nghia
rit quan trong trong viéc giai thich tinh chét ciia d6 linh dong bi anh hudng nhu
thé nao voi cac miu di chat co cac ciu trac khac nhau. Ttr do, xac dinh dugc pham
chét cua vat liéu dé ti wu cho viée phat trién linh kién quang dién ti.
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