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ABSTRACT

We research the problem solving for quantum wire of cylindrical ring geometry with the length L and radius
R in the vacuum, we gain the states and energies of conduction and valence electrons. Using the obtained results
to calculate the differential cross-section areas in Raman scattering by considering 7 =0 K (here, the assumption
that is, in the first state, the valence band is completely occupied and the conduction band is completely empty and
the energy of the incoming photon is %, ; the final state consists of an electron in the conduction band and a hole
in the valence band and the energy of the emitted photon is %, ). By utilizing Hamiltonian to describe interactions
of electrons with an electromagnetic field, and investigating two capable processes in electronic Raman scattering,
we can calculate their transition amplitudes. From that, we get transition velocity of the processes and finally
obtain the formula of differential cross-section areas. Numerical calculations with the GaAs quantum wire show
that the positions of the peaks of cross-section areas don’t depend on the frequency of the incident photons, they
only depend on the difference of the energy levels. Remarkably, the size of the quantum wire affects the intensity
of the peaks of cross-section areas in the opposite direction.
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Nghién ctru tiét dién tan xa vi phan trong tan xa Raman
trong day lwong tir khi khong cé6 mét phonon

Ly Thi Kim Cic’, Nguyén Thi Xuin Huynh

Khoa Vat ly, Truwong Pai hoc Quy Nhon

Ngay nhdn bai: 20/11/2018; Ngay nhan dang: 25/12/2018

TOM TAT

Nghién ciru bai toan day lugng tir tiét dién tron ¢ chiéu dai L, ban kinh R dat trong méi truong vo han la
chan khong chung t6i tim duoc trang thai va ning luong cua dién tir dan va dién tir hoa tri. Str dung két qua thu
duoc tir bai toan trén, thuc hién tinh toan tiét dién tan xa vi phén cho tan xa Raman xét & nhiét 46 7= 0 K (vdi gia
thiét dat ra 1a ¢ trang thai du, ving héa tri bi chiém hoan toan va viing dan tréng hoan toan, photon t6i c¢6 ning
lugng 1a fiw, ; trang thai cubi bao gdm mot dién tir & trong ving dan va mot 18 tréng & ving hoa tri va photon phat
ra c6 nang luong 7w, ). Bing cach sir dung Hamiltonian mé ta qué trinh trong d6 dién tir twong tac véi truong dién
tir va khao sat hai qué trinh kha di xdy ra trong tan xa Raman trén dién tir chiing t6i s& tinh cac bién d6 chuyén mirc
ctia hai qua trinh kha di nay; tir ddy, chung t6i s& duoc téc dd chuyén muc cho toan bd qua trinh tan xa va cubi
cung ching t6i thu duoc cong thirc tinh tiét dién tan xa vi phan. Thuc hién tinh sb v&i day lugng tir GaAs s& thiy
vi tri cua cac dinh cua tiét dién tan xa khong phu thude vao tan sb cua photon t&1, ma noé chi phy thudc vao hi¢u )
gifta cac mirc nang luong, tuy nhién khi thay déi kich thudc cua day lugng tir thi do cao ctia cac dinh thay déi theo
chiéu nguoc lai véi su thay doi kich thude cia day.

Tir khéa: Tiét dién tan xq, tan xa Raman dién tw, day lwong tur.

1. MO PAU Két qua 1a cac tinh chat vat 1y cua hat tai b thay

Khoi dau tir nhitng thanh cong ruc rd cua doi dang ke, vi du nhur pho nang luong cia hat

vat liéu ban dan vao thap nién 50, 60 cta thé
ky trude, cung véi su phat trién manh mé cac

tai bi gian doan. Nho kha nang diéu chinh chi tiét
d6 pha tap, d6 day 16p,... cua vat liéu ma chiung

cong nghé nudi tinh thé ngudi ta da ché tao dugc ta co the thay doi ho the giam cam; tir d6, lam

nhiéu cau tric nano.! Cé thé ndi rang trong hai
thap nién vira qua, bén canh céc vat liéu ban dan
khoi kinh dién, cac cau tric tinh thé nano (nhu

thay d6i mat do va cdu tric phd ning luong cua
dién tir. Piéu nay dan dén nhiéu tinh chat méi la
trong cac tinh chit quang, tinh chat dong (tan xa

mang mong, siéu mang giéng lugng tir, day v&i phonon, tan xa vai tap chét, tan xa bé mat,...).
luong tir, cham lugng tir,...) timg budc duge dua Cac tinh chat quang va di¢n ciia h¢ thay doi mo ra
vao st dung. nhimg tiém ning ng dung to 16n trong doi song,

o, Lo , trong linh vuc khoa hoc k¥ thudt ndi chung va
Trong cac cau tric nano, chuyén dong ctia trone [inh vire quane dién tir noi riéne.!
hat tai bi gioi han doc theo mdt hodc nhiéu hudng £ He quang dis &

toa do trong mot vung c6 kich thudc dac trung Tan xa Raman la mdt cong cu dac luc
cliing bac véi bude song De Broglie ctia dién tir.? trong viéc nghién curu cau trac dién tir cua vat

‘Tac gia lién hé chinh.
Email: lythikimcuc@gnu.edu.vn
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liéu nobi chung va cta vat liéu co cAu trac thép
chiéu néi riéng.* 5 Chinh vi nhimg 1y do do, dé
tai nay nghién ctru vé tan xa Raman dién tir trong
day lugng tu.
2. MO HINH VA LY THUYET AP DUNG
Nghién ctru cua chung toi xét bai toan day
luong tir tiét dién tron c6 chiéu dai L, ban kinh
R dat trong moi truong vo han la chan khong;
do do, tai bién cua day c6 sy chénh léch muc
nang lugng tao nén hé thé. Pién tr c6 ham song
V/(r) :u(r)(o(r) ¢ chuyén dong bén trong
day lugng tr dai vo han bi gidi han theo hai
chiéu va chi c6 mot chiéu dugc chuyén dong tur
do. Do vay, ta co thé coi day la bai toan dién tir
chuyén dong trong hé thé ¢ chiéu cao v6 han
v6i thé nang c6 dang:>’

0 R
R

Giai phuong trinh Schrodinger cho ham
bao cua dién tir

v (o)) @)

2m

dugc ham bao mo ta trang thai dung cta dién tir
nhu sau [6]:
1 1 X ok
—— — J | Zy ) <R
9 (1) ={VZLR J .. (X,,) ( R ) 3)
0, r>R

Chung t61 xét bai toan trong mo hinh hai
ving cu thé sau day:

e Ving dén (C): khéi lwong higu dung cua
dién tir dan 1a m’;

e Ving hoa tri (V): khéi luvong hiéu dung
ctia di¢n tir hoa tri 1a (—m; ) =m; <0.

Khi d6 ching t6i thu duoc:

+ Trang thai ctia dién tir dan:

1 1 X {(00+k

/ _ J In i(10+kz)
l//c,/ﬁk (r) ’ﬂ'LR JH] (XM) ! [ R I"Je uc (r) (4)
= |€nk>

e?

c6 nang lugng

i’ X?
E,  =—-o1 I+
c,Ink zm* ( RZ ] (5)

e

+ Trang thai cta dién tr hoa tri:

1 1 X i(£O+hkz
V)= ) 6

7LR J,, (in)

= 1nk),.
c6 nang lugng
n X
E, =-E, — K+ = 7
v,Ink g 2m;( R2 J ( )

O day, chang t6i chon gdc tinh nang lugng
tai ddy vung dan. Trong do:

+E, 1a d6 rong ving cAm;

+ Vécto song k dac trung cho nhém tinh
tién, ¢ ddc trung cho nhém quay, # 1a sb lugng
tur khac dac trung cho trang thai,

+ J,(k,,r) 1a ham Bessel;

+ X,, 1a nghiém th{r n ctia phuong trinh
J, (k,R)=0;

+ u, (l‘),uV (r)lén luot 1a ham Bloch cua
dién tir dan va dién tir hoa tri.

3. TIET DIEN TAN XA VI PHAN

Theo dinh nghia, tiét dién tan xa vi phan
bang xac sudt chuyén mirc chia cho mat do dong
photon

_ Wdﬂ
Vv
Trong do6:

+ ¢ 1a tbe d6 anh sang trong chan khong;

+ V'1a thé tich day luogng tir c6 ban kinh R,
chiéu dai L;

+ W, la tbe do chuyén muc, tirc 1a xac
sudt chuyén mtrc trong mot don vi thoi gian cia
photon ¢6 tan s6 o, bay vao trong goc khéi dQ ,
duoc dinh nghia nhu sau:®

d 2
Wia = EHC@) (t)‘ pE,de(ha)X )3 ©)
o day,
+ €% (¢)1a bién do chuyén muc béc 2;

+ 1 1a hang s6 Planck rat gon;
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+ @, 1a tan s photon phat ra;

+ Praq 12 mat do trang thai dugc cho boi

biéu thirc

V!
Prio=——"—dQ (10)
Fae (27[)3 hc’

Tur do, chiing t6i da tinh duoc tiét dién tan
xXa vi phan c6 tinh dén chiét suat ciia moi truong
nhu biéu thuc sau®*:

o Von(e,)

do,dQ (2;;)3 c'n(w)

W(a)s,ss). (11)
Trong do, 1 1a chiét suit,

2r 2
W(w,.e, )= 7Zfl|M1 + M| 12 xéc suét chuyén
muc trong mot don vi thoi gian véi photon tan xa
¢6 tan s6 @, bay vao trong goc khdi dQ va lay
tong theo tat ca cac trang thai cudi.

Trong cong thuc tinh xac sudt chuyén
mirc trong mot don vi thoi gian da dugce ky hiéu

bdi 26910,
a><a|Hf|i>|

_y 14,
M; _; E —E, +il,

;J=L2. (12)
E,=E
Trong d6, H, 1a Hamiltonian mo ta tuong
tac gitra dién tor va truong blic xa tdi trong
A a4 ~ e
gan dung ludng cuc H, :u @C’k LEPS
i ;o
H , 1a Hamiltonian m6 ta twong tac gitra di¢n
tir (16 trong) va truong birc xa thir cip trong gan

el |2zh o
dung ludng cuc H, = | - /Viazs ep;giatr
m; o,

J

i)va
| f > 1an luot 1a trang thai dau va cudi cua hé img

j=1,2 14 twong tng véi dién tir, 16 trong;

vOi nang luong E. va E ; a> la trang thai trung
gian ung voi nang lugng £ ¢6 thoi gian song 1a
I,, p 1a toan tir vi phan tidc dung lén trang thai
cua dién tir, m, 1a khdi lugng dién tir tu do, ¢
1a van tdc anh sang, €, la vécto phan cuc cua
photon ¢6 tan s6 @, twong tmg va a , (a;,a ) la
toan ti huy (sinh) photon.

C0 hai qua trinh kha di xay ra trong tan xa

Raman trén dién tia. Chung t6i xét lan luot hai
qua trinh sau day:

3.1. Céc trang thai trung gian trong viing din

Dién tir hap thu mot luong tir 4nh sang tGi
s& chuyén Ién trang thai |£}n/k/) trong ving dan
va dé lai mot 15 trong & trang thai |€ 2n2k2> trong
vung hoa tri. Sau d6, dién tir tiép tuc dich chuyén
tir trang thai |£ ;n{k1'> sang trang thai |€ 1n,k1>
trong vung dan va phat ra mét photon.

3.2. Cac trang thai trung gian trong viing héa
tri

Mot dién tir tir trang thai |€'2n;k2'> trong
ving hoéa tri chuyén 1én trang thai |€ 1”1k1> trong
vung dan sau khi hap thu mét photon toi. Mot
di¢n tr khac tir trang thai |¢,nk,) trong ving
hoa tri chuyén vao lap cho trong & trang thai
|¢,njk;) va phat ra mot photon.

Trong cé hai qua trinh kha di trén cua tan
xa Raman, trang thai du chi c6 photon t&i nén
c6 nang lugng

E =ha,. (13)

O day, ta chon niang luong trang thai dau
ctia hé dién tir lam gdc tinh ning luong.

Trang thai cudi bao gém mot cdp dién tu

- 15 tréng va mot photon phat ra nén ning luong
cua trang thai nay la

E =E,  +E . tho +E, (14)

1k

b> cua hai
qué trinh ¢6 ning luong lan luot 1a E,, E, va

Céc trang thai trung gian |a> ,

thoi gian song 1a T, T, . Str dung tinh chat bao
toan nang luong cua sy dich chuyén tir trang thai
déu sang trang thai cudi,® ta co:

E-E =E,

s

E, . +ho, (15

1mky

E -E,=E,, -E,, ~ho. (16)

1
Str dung cac ket qua trén dé tinh cac yeu to

a):(a| H i)/ H [b): 61H, i)

v6i chll y rang su dich chuyén cua dién tir trong

ma tran (f|Hjs

cung mdt vung va gilta cac vung cho tirng qua
trinh kha di cu thé chung toi thu dwoc két qua
nhu sau:
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_ H,a) (a1, ]i)
M= E—E +il

a

— Lk, +il, (17)
27e’ 1
= 8/pch(£ 3nlak19€’3n]'9k1,)
= mV VR o0, 1 1
va

MRSUICAGILTA

A E -E +lTb (18)

2 1 1A ! !
= Zm:Vf;R“/ &, Y (Lo 1.k, 05,11, K))

Tu d6, chung téi xac dinh dugc tbe do

chuyén mirc cho toan bd qua trinh tan xa:

2
W(a)s,ss)Z%;|M1+M2|2 (19)

E,=E,

Cudi cung, chung t6i thu dugc cong

thire tinh tiét dién tan xa vi phan® ©° nhu biéu
thue (20):
2 2 2
i (zVﬂ?cZ(?) Fioe)
s n a),) (20)
on(o)e'lep.|
~on(e,)c m RV

2

RGN RN IR
fla

DY (Ly,ny,ky, 0 my,k})
b

Trong do,

5k, K (5/; gt 5;;,;,71 )5;1;,”2 54 ,/zék;,kz

Y(fl’n]’k]’[l,nl’,k{): (E -E )+h(0 +il’
1k O\nik| s a

JJII . ml )rzdr
X(Ez,n,k. _Efi"w"‘l [ " (k R) 0+ (k .VﬁR)

fm

va

Bt (Bt #0010 O 1 Orc
(Efangk; uk) hao, +1iT,

Y(Ez,nz,kz,f'z,n;,kz')z

.TJ/Z (kfz”:r)‘] s (k/ ,, )V dr
0

X(E/@"Zkz ikt ] J/z +1 (kéz"zR) /”(k R)

4. TINH SO VA THAO LUAN

bé co két qua dinh lugng, chiing t6i thuc
hién tinh s tiét dién tan xa vi phan dbi voi day

luong tir GaAs. Trong cac tich toan st dung cac
thong sb cu thé sau day:"

h=1.054x10"*Js.

m, =0.067m, .
ho,=1.6eV , @, =2.4328x10"s".
E,=15177eV .

Két qua tinh s chi ra nhu trén Hinh 1 va
Hinh 2 cho pho tan xa Raman v&i tan s photon tGi
khac nhau twong Ung véi @, =2.4328x10"s™'
va @, =5.8065x10" s’

18x10% (3222 J&z,m
14x10 @D o312
E3
@ 1.x10Y ¢ ¢
= 22,1
6.x10" *
2:%00%8 1
6.x10" 8.x 10 1.x10'
wy(s™)

Hinh 1. Bb thi mé ta tiét dién tan xa vi phan cho
trudmg hop photon t6i c6 tan s6 o, = 2.4328x10" s
va ban kinh cua day la R =50 nm.

1.8x10*
r 14x10*
% 1.x 10"
6.x10%
2.x10% 1 J
6.x 10" 8.x10'* 1.x 10
wy(s™")

Hinh 2. D6 thi mo ta tiét dién tan xa vi phan cho truong
hop photon téi c6 tan s6 w, = 2.58065x10" s, ban
kinh cua day la R =50 nm.

1.8x10*7

14x10%7 0,2,1,2)
s |
7 Lx107}  (3222)
é {

6.x10%

6
2.x10* l.
6.x10'4 8.x10' 1.x10'S
ws(s™)

Hinh 3. D6 thi mé ta tiét dién tan xa vi phan cho
truong hop photon t6i ¢6 tan s6 , = 2.4328x10" ™
ban kinh cua day 1a (£,.7,4,.m,)

Cin cr vao cac két qua trén Hinh 1, chung
to1 nhan théy nam dinh cta d6 thi duoc dic trung
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b6i bo chisd (£,,n,,¢,,n) s& twong img véindm
qua trinh chuyén mirc sau day:

1. Trang thai dau |f ,=0,n, = 2> , trang
thai cudi |¢, =1,n =2). Khi d6 st dung dinh
luat bao toan nang luong cho ca qua trinh

Emzk2 +ho, =EM,€l +ho,

hay
2 X2 2 X2
'2h - [kf +—I§;”z jwm[ =—2h - [kf +—I;'2”' ]+th
mL’ me
S w, = f XZZ"Z— h XZ"HLa)
uyra Y 2m R® 2m R’ t

Két qua tinh duoc cho tan sb cua photon
phatrala o, =9.27x10" s,

2. Trang thai dau |€2 =1,n, = 2> , trang thai
cudi |€ \=2,n = 1>. Tuong ty nhu trén, két qua
tinh duoc uong ing lam, =7.89827x10" s™.

3. Trang thai dau |€2 =0,n, = 3> , trang thai
cudi |£1 =ln = 2>. Tan s6 photon phat ra

o, =8.87452x10" s

4. Trang thai dau | ¢, =3,n, =2}, trang thai
cudi |€1 =2,n =2>. Photon phat ra véi tan sb
o, =8.4458x10" s

5. Trang thai dau |f , =2,n, = 2> , trang
thai cudi |€1 =ln = 2>- Photon phat ra véi tan
s w, =7.47866x10" s

va tuong tuy nhu vay cho nhirng truong hop
con lai.

Nhu viy, khi thay d6i ning luong cia
photon tdi (tirc 1a thay d6i tan s6 cua photon t6i
®,) thi so sanh hai d thi (Hinh 1 va 2) véi nhau,
két qua cho thiy rang vi tri cia cc dinh khong
thay d6i. Piéu nay c6 y nghia la vi tri cua céac
dinh ciia tiét dién tan xa khong phuy thudc vao tan
sb cua photon t&i, ma no6 chi phu thudc vao hiéu
sO giita cac mirc ning luong.

Tuy nhién, khi thay d6i kich thudc cia day
luong tir (tirc thay doi gid tri R), két qua dugc chi
ra trén Hinh 1 va Hinh 3 tng v6i R =50 nm va
R=60nm (o, khong doi), thi do cao (cuong

dd) cua cac dinh thay ddi. Cu thé, do cao cua
dinh giam khi kich thudc cua day lugng tur tang.
Bén canh, s6 dinh ciing tang 1én theo kich thudc
ctia ddy. Nguyén nhan 1a do trong biéu thirc cia
tiét dién tan xa vi phan c¢o6 sy hién dién cua cac
ham song cua dién tir, do d6 ching xen phu Ién
nhau tao nén sy thay doi hinh anh cta pho khi
ban kinh day thay doi.

5. KET LUAN

Céc két qua tinh sb cho thay phd tan xa
Raman cho céc thong tin vé ciu tric ning luong
cua dién tr trong day lugng tir. Cu thé, vi tri cac
dinh tiét dién tan xa phu thudc vao hiéu cac mirc
ning luong ma khong phu thude vao tan sd cua
photon t6i, d6 cao cua dinh giam khi kich thudc
ctia day luong tir ting va sé dinh cling ting 1én
theo kich thudc cia day.

Trong gi6i han cia dé tai, ching t6i méi
quan tAm dén twong tac cua photon va dién tir
cling nhu anh hudng cua thé giam cAm 1én dién
tu ma bo qua tuong tac gilta phonon va dién tir
cling nhu tuong tic Coulomb giira 16 tréng va
dién tr. Van dé nay s& dugc chung t6i nghién
ctru trong thoi gian toi.

Loi cam on: Chung toi xin chdn thanh
cam on Truong Pai hoc Quy Nhon da tai tro kinh
phi cho nghién civu nay, thong qua dé tai nghién
curu khoa hoc 56 T2018.563.12, nam 2018.
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