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NGHIEN CUU THUA SO DANG CHAN PE KHAO SAT ANH HUONG
CUA PHA TAP LEN TiNH CHAT PIEN TRONG
GIENG LUQNG TU

Tran Mai Loan', Trin Thi Hai?, Nguyén Vin Can®
TOM TAT

Chiing t6i dea ra mot 1y thuyét nghién civu vé thira so dang chan hai chiéu trong cdc
mé hinh giéng lwong tir pha tap diéu bién mét phia va hai phia. Bang viéc xdy dung céc
céng thire todn hoc phit hop, gitip cho viéc mé ta anh hwéng cia pha tap diéu bién trong
giéng lwong tir diege dé dang hon, ching t6i di dwa ra céng thire tinh todn chinh xdc cho
thiva s6 dang chdn hai chiéu. Chiing téi ciing tién hanh tinh sé cdc dang cia thira sé dang
chan trong mé hinh giéng lwong tir pha tap diéu bién mét phia va hai phia. Anh huéng cia
chan tang lén khi tang bé rong giéng lwong tir va nong do pha tap.

T khéa: Thira s6 dang chdn, giéng lwong tir, pha tap diéu bién.

1. DAT VAN BE

Khoa hoc cong nghé nano 1a mot nganh khoa hoc dang dugc quan tdm va thuc day
phat trién manh m& hién nay [1,2,6,9,10], cong ngh¢ nano da mé ra mdt budc ngodt mai,
con duong maoi cho nganh khoa hoc, d@ mé ra mdt trién vong mdi trong viéc rng dung
nhting dung cu thong tin k¥ thuat c6 nhiing chirc ndng ma trudce kia chua tung c6. Cac
dong may tinh dién tir ngay cang dugc nang cip nho ting mat do va tbc do xur 1y thong tin
bang cach thu nho kich thude ctia nhitng thanh té co ban. Sy hoat dong ciia cic cau tric
nano c6 d6 linh dong cao dugc quy dinh bdi cac tinh chat van chuyén (tinh chit dién) cua
chung. Vi vdy viéc nghién ctru tinh chat dién cua hat tai 13 van dé duoc nhiéu nha khoa
hoc trong va ngoai nudc quan tam.

Cac nghién ctru Iy thuyét va thuc nghiém [3] chi ra rang co ché giam hdm gy boi pha
tap c¢6 anh hudng rat 16n 1én d6 linh dong cua cau trac di tinh. Véi mau ving ning luong bi
udn cong do pha tap [3] nguoi ta da giai thich duoc mot s6 van dé c6 tinh chat thach d6 cua
hé hat tai hai chiéu nhu su phu thudc khong don di¢u cia do linh dong vao do rong giéng va
nguyén nhan ciia sy giam d6 linh dong khi mau dugc pha tap diéu bién bat dbi xtng.

Két qua tinh toan tir cong trinh [4,5] cho thay ring dudi anh hudng cta hiéu ing ubn
cong ving ning lugng, hinh dang ciia ham song biéu thi sy phan bd cua cac hat tai trong
giéng c6 su thay doi dang ké, khong con dbi xtmg nhu trong mé hinh flat-band ma né ting
vé& phia c6 pha tap va giam vé phia khong c6 pha tap trong trudng hop pha tap mot phia va

! Trwong Trung hoc phé théng Nguyén Mong Tudn, huyén Dong Son, Thanh Héa
23 Giang vién khoa Khoa hoc Ty nhién, Truong Dai hoc Hong Dikc

108


http://www.foxitsoftware.com/shopping

o

<

TAP CHi KHOA HQC TRUONG DPAI HOC HONG DUC - SO 39.2018

tap trung vé ca hai phia trong truong hop giéng lugng tir pha tap hai bén. Su thay d6i nay
phu thudc vao mirc pha tap va bé rong kénh dan.

Hiéu tng udn cong vung (band bending) anh huong 1én tinh chat dién trong giéng
lugng tur duogc thé hién rat rd nét & thia sb dang chin bai thira sb dang chin phu thudc vao
su phan bo ciia hat tai theo phuong z (phuong giam ham) [3]. Vi nhitng ¥ nghia do, viéc
nghién ctru thira s6 dang chin cua hé hat tai trong cic cu triic giéng lwong tir 1a van dé
nghién ctru mang ¥ nghia khoa hoc 16n va can thiét.

Tuy nhién, mdt trong nhing tré ngai chinh cua cac 1y thuyét hién co 14 viéc sir dung
ham Fang-Howard [2]. Ham song duoc x4c dinh bang phuong phap bién phan nay di cho ta
cong cu toan hoc don gian mo ta giam ham lugng tir giy boi pha tap, ap dung rét tot cho cac
truong hop giéng lugng tir tam giac duoc tao boi cac tiép xtc di tinh. Khi 4p dung cho cac
giéng luong tir vuéng goc, mo hinh Fang-Howard chi c6 thé mé ta gan dung sy phu thudc
cua dd linh dong vao nhi¢t dg, vao mat do hat tai chtr hoan toan khong thé dan ra sy phu
thudc vao d6 rong cua giéng. Cho dén nay ngudi ta méi xay dung duoc Iy thuyét vé anh
huéng cta pha tap 1én giam ham lugng tir cho giéng tam giac, ddi véi cac giéng luong tir
vudng goc van chua dua ra duge biéu thirc tinh toan trong minh va thoa dang. Vi vy, trong
bai bao nay ching toi tap trung tinh toan thira s6 dang chan trong cdc mé hinh giéng lugng
tir vudng goc va so sanh giita cac mo hinh pha tap khac nhau dé thay dugc sy anh hudng ciia
thira s6 dang chin 1én tinh chat dién cua dién tir trong cau truc giéng luong tir.

2. NOI DUNG
2.1. Ly thuyét tinh thira s6 dang chin

Mot tap hop cac dién tich phan b déu (uniform/ homogenous) trong khong gian s&
khong tao ra truong. Gia st ta tha mot dién tich thir Q vao trong hé dién tich. Pién tich Q s€
day cac dién tir gan no, xung quanh Q c6 mot ving khong gian thiéu dién tich 4m, khéi dién
tur bi phan cyc. Nhu vay, dudi tac dung cua mot nguén ngoai nao do thi h¢ dién tich s€ phan
bd lai va phan bd tré nén khong déu, hé bi phan cuc, sy phan cuc tao ra mdt trudng phu,
treong phu c6 xu hudng chdng lai ngudn di sinh ra no, tac dung nguoc chiéu voi truong
chinh. Khi d6, trudng tong hop bao gdm trudng chinh cong véi truong phu sé yéu hon trudong
chinh. D6 13 hién tugng chin. Cac phan tir tham gia vao chin 1 cac dién tich linh dong.
Dudi tac dung cta nguén ngoai nao do (dién tich thir, dono, axepto, do nham bé mat. . .) cac
dién tich nay s€ di chuyén, phan b lai khong déu, chung bi phan cuc, tao ra truong phu lam
yéu truong ban dau.

Diéu kién dé c6 chan: Phu thudc vao do linh dong cua cac dién tich va cac di¢n tich
phai tuong tac véi nhau.

Cdc yéu t6 dé xdc dinh chan

(i) Chin dugc xac dinh dua vao do co dong cua cac dién tich. Khi dién tich dé di
chuyén, chung s& d& bj phan bd lai, tir d6 hé dién tich d& bi phan cyuc va vi thé chén s& ting
1én. Bén canh do, sd dién tich tham gia vao chén cling anh huong dén chén.
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(ii) Chén trong ba chiéu manh hon trong hai chiéu, chén trong hai chiéu con phy thudc
vao ciu tric cua giéng luong tir chtra dién tich.

(iii) Ngoai ra, nguyén 1y Pauli khong cho phép hai hat nam trong ciing mét trang thai,
diéu nay 1am giam kha ning di chuyén cia cac dién tich, chin vi thé ciing giam. T4t ca cac
twong tac (Coulomb, d6 nham bé mit, thé bién dang khop sai...) lam thay ddi phan b cua
khi dién ttr déu bi chin dong.

Hiéu tng chin dong dugc dinh lugng bang ham dién méi £(q) . Dé xac dinh &(q) ta
sir dung biéu thirc trong gan dung pha ngiu nhién duoc dua ra bai [1].

£(g)=1+ %Fs(qm[l ~G(q)] véi q <2k, (1)

* 2
VOl G =——5—
L

1a nghich d4o ban kinh chan Thomas-Fermi hai chiéu.

F, (gL) 1a thira s6 dang chén phy thudc vao su phan b cta khi 16 trong hai chiéu theo

phuong z.

+00

F(qL) = jdzj dz | C() P EE) [ e @

G (q) 1a hiéu chinh trudng cuc bd khi tinh dén tuong tac trao doi, tirc 1a twong tac ctia
cac dién tir xuat hién do nguyén ly Pauli. Theo nguyén Iy Pauli, khong thé ton tai qua hai hat
Fermion ciing ndm trong mot trang thai, diéu nay di han ché kha ning di chuyén cua cac
dién tich, 1am giam sy phan cuc ciia hé, lam yéu trudng phy, chin vi thé ciing giam di.

Trong phép gan dung Hubbard, G(g) c6 dang [7]:

q
G =—5777
2(q° +kz)"?

Thira sb dang chin F, (2) phu thu¢c vao su phan bd cua khi 15 trong theo phuong z.

3)

Khi ham song thay d6i thi thira s6 dang chin thay doi, c6 nghia la khi dang pha tap (doping)
thay ddi thi chin thay doi. Dé khao sat anh hudng ciia pha tap (doping) 1én tinh chat dién
trong giéng luong tir, ngudi ta xac dinh thira sé dang chén.

2.1.1. Thira s6 dang chdn trong giéng lwong tir pha tap mét phia

St dyung biéu thirc (2) & trén va ham song trong md hinh giéng lwong tir pha tap mot
phia cho bdi phuong trinh (1) trong tai liéu tham khéo [4], két hop véi cac ham phu 7, (x)
va o, (x) cho boi (Al) va (A2) trong phan phu luc cua tai liéu tham khao [4], ta thu duoc:

Thira sb dang chin phu thudc vao tuong tac cua hat doc theo phuong nudi, dugc xéac
dinh boi:

’B*
8

F@)= [ () + F, (2] “4)
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t = gL 1as6 séng hai chiéu.

2.1.2. Thira s6 dang chdn trong giéng lirong tir pha tap doi xirng hai phia
St dung biéu thie (2) ¢ trén va ham séng trong md hinh giéng luong tir pha tap hai
phia cho boi phuong trinh (1) trong tai liéu tham khao [8], két hgp v6i cac ham phuy y, (x)
va o, (x) [7] ta thu duoc biéu thirc giai tich dang twong minh cua thira sé dang chin cho
truong hop giéng luong tir pha tap ddi ximg hai phia nhu sau:
7*B* { 4¢
8 17 -4c
J{ t—2c N t+2c
(t=2c) +47°  (t+2c) +4r°

8¢ ~ i 167ct 6
+t2+4;z2[72(c)+271(c) 7(e)te 7‘(t/2)+1/2]+[(t—2c)2+47z2][(t+2c)2+4;z2])

F()=

[71(2c>+1]+§[2n(c>—e”%(r/2>+1]+

j[% (2¢) +27,(2¢) = 7, (2c) + 1]+

c—t/2
e

2 T
(t—-2c)[(t—2c)" +4r7]
e*(c+t/2) 464/2

+ 2 2 + 2
(t+20)[(t+2¢) +47°] U +4rx

x[w,(2¢) + 2w, (2¢)] - 87°[

2]]{]/1(c+t/2)+}/1(c—t/2)}}
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(5), (6) va (7) 1 biéu thirc giai tich ciia thira s6 dang chén trong mé hinh giéng luong tir
pha tap mot phia va pha tap d6i xtng hai phia. Viéc tinh toan ra biéu thirc thira s6 dang chan
nay hét strc kho khin do sy phirc tap clia qua trinh tinh toan. Vi cic tac gia trudc trong [2] chi
dwa ra biéu thirc gan diing cua thira s6 dang chan ma khong thé nao tim dwgc biéu thic giai
tich chinh xac. Nhom tac gia chung t6i, bang viéc xay dung mot sé ham phu [4] gitp cho
viéc tinh toan dugc dé dang hon, ching t6i da dua ra biéu thirc giai tich cia thira s6 dang
chén theo cac phuong trinh (5), (6) va (7).

2.2. Két qua va thao luin

Chung t6i tién hanh khao sét thira sé dang chin phu thudc vao cac tham sb cia giéng
lwong tir nhu ndng do hat tai va bé rong cua giéng.

D6 thi hinh 1 cho biét sy phu thudc cia thira s6 dang chin vao xung luong vo hudng ¢
d6i v6i khi 16 tréng hai chiéu trong giéng luong tir vudng goc GaAs [8] véi cac gia tri khac
nhau cua bé rong giéng luong tir L =150, 3004 .

D6 thi hinh 2 cho biét sy phu thudc ctia thira s6 dang chan vao xung luong vo hudng
t d6i v6i khi 16 trong hai chiéu trong giéng luong tir vudng goc GaAs [8] voi cac gia tri khac

nhau ctia néng d¢ hat tai p, =10",10"cm ™.

1.0 . I :
~ 13 -2
\\\ b: p5=1012(cm)
. \\\ rp,=10
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Hinh 1. ¥, phu thudc vao ¢ v6i cac gia tri Hinh 2. F, phu thuc vao xung lwong ¢ véi

khac nhau ciia bé rong giéng lwong tir L cac gia tri khac nhau ciia ndng do hat tai D,

Trong d6, cac dudng dut nét (dot line) 1a thira sé dang chin trong mé hinh flat-band,
duong dut nét (dash line) 1a thira s6 dang chin trong mé hinh bent-band do pha tap mét phia
va duong lién nét 1a thira s6 dang chén trong mé hinh pha tap ddi xing hai phia.

Quan sat hinh 1 ta thiy, khi ta thay d6i bé rong giéng luong tir bang cc gia tri
L=1504 va L=3004 g v6i cling mot gia tri ciia ndng d6 pha tap 1a p, =10%cm™ thi
thira 6 dang chin trong mé hinh flat-band (dot line) khong thay dbi, thira sé dang chan trong
md hinh pha tap mét phia (dash line) va pha tap hai phia (duong lién nét) thay d6i r6 rét, dac
biét khi ta ting bé rong cta giéng lwong tir thira s6 dang chin trong hai mé hinh trén cang
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khéc biét nhau, diéu nay dan t6i tinh chét dién cua dién tu trong hai m6 hinh pha tap mot
phia va pha tap hai phia la khac nhau 10 rét.

Quan sét hinh 2 ta thiy, khi ta thay d6i ndng do hat tai trong giéng lwong tir bang cac
giatri p, =10%cm™ va p, =10"cm™ tng voi cing mot gia tri clia bé rong giéng luong tir

L =150 thi thira s6 dang chén trong mé hinh flat-band (dot line) khong thay dbi, thira sb
dang chin trong mé hinh pha tap mot phia (dash line) va pha tap hai phia (duong lién nét)
thay doi rd rét, dac biét khi ta ting nong do hat tai trong giéng thira s dang chén trong hai
md hinh trén cang khac bi¢t nhau, diéu nay dan t&i tinh chét dién cua dién tu trong hai mo
hinh pha tap mot phia va pha tap hai phia l1a khac nhau ro rét.

3. KET LUAN

Chung t6i tinh toan thira s6 dang chén ciia cac mé hinh giéng luong tir khong pha tap
(flat-band), giéng lugng tir pha tap mot phia va giéng luong tir pha tap ddi xtng hai phia.
Céc tinh toan nay hét sirc phirc tap, ma cac nhoém trudc ddy chua dua ra dugc biéu thic giai
tich. Tuy nhién, bﬁng viéc st dung cac cong cu toan hoc thich hop véi viéc dat cac ham phuy,
ching t6i d4 dua ra duoc dang tudng minh cta cac biéu thirc dang chan. Chung t6i ciing tién
hanh tinh s6 va két qua cho thay, dbi voi cac giéng luong tir pha tap khac nhau thi chéin la
khac nhau. Dang ctia chin tang khi ta ting bé rong giéng luong tir va nong do6 hat tai trong
giéng. Diu nay giai thich duoc tinh chat dién, tinh chit van chuyén cua hat tai trong cac mo
hinh giéng lwong tir pha tap khac nhau 1 khac nhau, phu thudc vao néng do hat tai va do
rong cuia giéng luwong tir.

Tinh toan ra biéu thirc giai tich ctia thira s6 dang chin va mé phong dé tinh sd, so sanh
dai luong nay giita cac md hinh giéng lugng tir khac nhau dd gop phan hoan thién thém 1i
thuyét nghién ciru tinh chét dién cuia hat tai trong cac cau tric giéng luwong tir.
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STUDY SCREENING FORM FACTOR TO INVESTIGATE
MODULATION-DOPING EFFECTS ON ELECTRIC
CHARACTERISTICS IN QUANTUM WELLS

Tran Mai Loan, Tran Thi Hai, Nguyen Van Can
ABSTRACT

We present a theoretical study of the 2-dimensional (2D) screening form factor in a
single-side and double-side doped square quantum well (QW). By introducing some
mathematical functions, which make up a helpfu tool [ to the description of the modulation-
doping effects in an infinite square QW, we derive a special formula allowing to exactly
calculate the 2-dimensional screening form factor. We have carried out numerical
calculations to evaluate the band-bending effects from single-side and double-side
modulation doping on the 2D screening form factor. The bent-band screening is raised with
a rise of the channel width and of the doping level.

Keywords: Screening form factor, quantum well, modulation-doping.
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