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11. Tém tat cac ket qua mdi cua luan an:

Lan dau tién thiét 1ap dugc phuong trinh dong luong tir cho ham phan bd dién tir trong
hé ban din mot chiéu (1D) trong ddy luwong tir hinh tru (CQW) va ddy luong ttr hinh chir
nhat (RQW) khi c6 mit song dién tir manh, dién truong khong doi, tir trudng manh va
c6 ké dén su giam cam cia dién tir va phonon.

Tim duoc biéu thic giai tich cla cic ten-xo dong, hé sb Ettingshauusen (EC) va hé sd
Peltier (PC) trong hé ban din mot chiéu (CQW, RQW). Cac dai lugng nay déu phu
thude vao cac tham sb dac trung cho truong ngoai (bién dog, tan s6 song dién tu, di¢n
truong khong d6i va tir truong), cac tham sé cau trac vat lidu (ban kinh day, kich thudc
day), nhi¢t do T cua hé va dac biét 1a cac chi sb luong tir ddc trung cho su giam cAm cua
dién tr va phonon.

Céc két qua giai tich thu duoc cho thay rang su luong tir hoa do giam kich thudc trong
CQW va RQW anh hudng rit manh mé& 1én EC, PC va c¢6 nhiéu su khac biét so v6i bai
toan twong tu trong ban dan khdi, hé mot chiéu khong xét dén su giam cam cia phonon,
trong hé hai chiéu (2D) (siéu mang pha tap va hd lugng tir). Nguyén nhan 13 do su khac
biét ctia thé giam cam v&i sy c6 mit cia chi s6 lwong tir my, M2 dic trung cho sy giam
cAm cua phonon va chi $6 lugng tir N, n dac trung cho sy giam cAm cua dién tir. Két
qua cho thiy rang khi mi, ma tién t6i 0 va thira s6 dang dién tir tr& vé biéu thirc nhu
truong hop khong giam cam thi két qua thu duoc s& tro vé gidng trudng hop phonon

khong giam cam.



- Két qua giai tich duoc tinh s, v& do thi va thao luan dbi véi CQW GaAs/AlGaAs,
GaAs va RQW GaAs. Cac két qua thu dugc phu hop tuong ddi tot véi mot sd két qua
thue nghiém va li thuyét cta cac tic gia khac trong cac trudng hop riéng. Két qua cho
thiy phonon giam cim 1am thay d6i dang ké d6 16n cua EC va PC trong hé ban dan 1D
so voi trudng hop phonon khong giam cadm va hé 2D. Ngoai ra, phonon quang giam
cAm 1am xuét hién thém cac dinh cong huong va khi vat liéu co kich thudce cang nho thi
cac hiéu Gmg xay ra cang rd nét dudi anh hudng cua dién tir giam cam va phonon quang
giam cam.

- Luén an chi ra duoc diéu kién cong huéng tir - phonon (MPR) trong hé ban dan 1D khi
c6 mit tir trudng manh, dién truong khong doi, birc xa laser va c6 ké dén phonon quang
giam cam. Diéu kién MPR gop phﬁn xac dinh duoc vi tri, d0 cao va do dich chuyén cua
cac dinh cong hudng khi khdo sat sy phu thuoc cia EC, PC vao truong ngoai va cac
tham s c4u tric cua vat liéu. Bén canh do, phonon am giam cam lam xudt hién cac dao
dong kiéu Shubnikov-de Haas (SdH) khi khao sat hé & nhiét do thap.

- Luén 4n goép phan khang dinh sy hiéu qua va ding dan cua phuong phap phuong trinh
dong lugng tir trong nghién ciru cc tinh chat dong cta hé ban dan thap chiéu. Cac két
qua ctia luan an 13 co s& dé giai thich céc tinh chat cia hé ban dan 1D dudi tic dung cia
truong ngoai khi xét hai co ché tan xa dién tir giam cAm - phonon 4m giam cam va dién
tir giam cam - phonon quang giam cam.

12. Kha ning tmg dung thuc tién:

Két qua cta luan an goép phan dinh huéng cho cong nghé ché tao linh kién dién tir trén co
s& ban dan thdp chiéu va tmg dung trong cac thiét bi dién tir siéu nho, thong minh, da ning
hién nay.
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11. Summary of the new findings of the thesis

- For the first time, the quantum kinetic equation for the electron distribution function in
cylindrical quantum wires (CQW) and rectangular quantum wires (RQW) was
established in the presence of a strong electromagnetic wave, a direct current (DC)
magnetic field, strong magnetic field, and the confinement of electrons and phonons.

- Finding the analytical expressions for the kinetic tensors, the Ettingshausen coefficient
(EC), and the Peltier coefficient (PC) in one - dimensional semiconductor systems.
These quantities all depend on the parameters characteristic of the external field
(amplitude, frequency of electromagnetic waves, constant electric and magnetic fields),
material structure parameters (wire radius, wire length), the temperatures of the system
especially the quantum numbers that characterize the confinement of electrons and
phonons.

- The obtained analytical results show that the size quantization reduction in CQW and
RQW strongly affects EC and PC, and have more different compared to the bulk
semiconductors, in the two dimensions (2D) (doped superlattices and quantum well).

The reason is the difference between the quantum mi, and mz which characterize



phonon confinement, and the quantum numbers N, n which characterize electron
confinement. And the results show that when goes to 0 and the electron form factor
returns to the expression as in the unconfined phonon case, the obtained result will
return to the case of the unconfined phonons.

- The analytical results are estimated, graphed, and discussed for CQW of GaAs/ AlGaAs
and GaAs, and RQW of GaAs models. The obtained results are in good agreement with
both quantitative and qualitative compared to the experimental and theoretical results of
the different authors (calculations in 1D do not consider the confinement of phonon and
2D). The results indicate that the confined phonon has changed significantly the
magnitude of the EC and the PC in 1D compared to the unconfined phonons case.
Additionally, confined optical phonons make more resonance peaks appear, and as the
materials have small sizes, the kinetic effects occur more clearly under the influence of
electron and phonon confinement.

- The thesis indicated the magneto — phonon resonance (MPR) condition in the 1D
system in the presence of a strong magnetic field, a dc electric field, a strong
electromagnetic wave and including confined optical phonon. The MPR condition
contributes to determine the posistion, the high and the shifts of the resonance peaks,
which obtained when examining the dependence of the EC and PC on the external
fields. Besides, confined acoustic phonons gives rise to Shubnikov-de Haas (SdH) type
oscillations when investigating low - temperature matter systems.

- The thesis also contributes to confirming the effectiveness and correctness of the quantum
kinetic equation method when investigating the kinetic properties in low - dimensional
semiconductor systems. In addition, the thesis’s results are the basis for explaining the
properties of the 1D semiconductor system under the influence of an external field when
considering two scattering mechanisms: confined electrons - confined acoustic phonons,

and confined electrons - confined optical phonons.

12. Paratical applicability, if any:

The results of the thesis will contribute to the direction of the technology of manufacturing
electronic components on the basis of low - dimensional semiconductors and its application in

today's ultra-small, innovative, and versatile electronic devices.

13. Further research directions, if any:



Quantum magnetic — thermal — electrical effects in asymmetric low - dimensional

semiconductor systems.
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