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MO PAU

1. Ly do chon dé tai

V6i su phat trién cua khoa hoc ki thuat di xuét hién nhidu phuong
phap tao ra cac hé co ciu trac nano khac nhau, chang han nhu phuong
phép epitaxy dong phéan tir (MBE-molecular beam epitaxy) va két tia hoi
kim loai héa httu co (MOCID-metal organic chemical iapor deposition).
Ngay nay, d ton tai cac hé ciu triic nano phang 2 chiéu nhu mang moéng,
céu trac 16p, hd luong tir, sidu mang. .., hé cau triic nano 1 chiéu nhu 6ng
nano, day luong tir..., hé khong chidu nhu nhém tinh thé, chim luong
tir... Py 1a nhitng loai vat liéu quan trong. Trong cac dbi tugng mai néu
trén, chuyén dong cua hat dan bi gisi han nghiém ngit doc theo cac toa
d6 nao d6 v4i mot ving rat hep vao ¢ bac cua budc song De Broglie.
Khi d6 mot loat cac hién twong vat Iy méi dugc goi 1a hiéu tng kich
thudc s& xuat hién 1am bién d6i hau hét cac tinh chat vat Iy cia hé va mo
ra kha nang tng dung cho céc linh kién dién tur lam viéc theo nguyén ly
hoan toan mai. Viéc nghién cttu cac loai vat liéu madi nay da cho ra doi
nhiéu cong nghé hién dai c6 tinh chat cach mang trong linh vuc khoa hoc
ki thuat. Cac di6t huynh quang dién, pin mat troi, cac loai vi mach,... 1a
nhiing tng dung quan trong nhit cia cac thanh tuu dat dugc khi nghién
cru cac loai vat liéu méi nay. Chinh béi tinh thoi sy khoa hoc nay ma
viéc nghién ctru ban dan néi chung va ban dan thap chiéu noi riéng (siéu
mang, hd luong tir, day luogng tir, cham lugng tir) da thu hit dwoc sy quan
tam cha y ctia nhiéu nha vat 1y, ca Iy thuyét va thuc nghiem [1-26]

Trong céac hi¢u ttng vat 1y ctia ban dan noi chung va ban dan thap
chiéu noi riéng, cac hiéu tng Hall rat duoc quan tam nghién ctru. Trudc
day cac hiéu tmg Hall trong ban din khéi da duoc xem xét, duge nghién
clru, cong bd két qua trén cac tap chi khoa hoc quéc té. Pdi véi cac hé
ban dan thap chiéu nhu siéu mang, hé lwong tir chi mai nghién ctu cac
hi¢u ttng Hall khi chua xét dén anh huong cua phonon giam cam [27-
34]. Hiéu ing Hall trong day luong tir hinh chit nhat véi hd thé cao vo
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han khi xét dén anh huong caa phonon giam cam[35]. Tuy nhién, hiéu
tmg Hall trong day luong tir hinh tru khi c6 ké dén anh huong cua
phonon giam cam thi chua dugc nghién ciru. Nhu vay, mot s6 bai toan
vat 1y vé hiéu ung Hall trong cac hé thap chiéu khi xét dén su giam cam
ctia phonon ké trén van con bo ngo. Do do, trong luan an nay chung toi
lya chon d¢ tai nghién ciru “Ly thuyét lweng tir vé anh hwéng cia
phonon giam cim Ién cic higu tng Hall trong cac hé ban din hai
chiéu”.

2. Muc tiéu nghién ctru

Muc ti€u cua luan an 1a nghién cttu anh hudéng cua phonon giam
cAm 1én hiéu tng Hall trong siéu mang pha tap, trong hé lugng tir va
trong day lugng tir hinh tru v6i hd thé cao vo han. Két qua nghién ctu
bao gom: biéu thic giai tich cho ten-xo do dan, dién tro Hall va hé sb
Hall trong cac hé ban dan thap chiéu dugi anh huong cua phonon giam
cam; thuc hién tinh toén sb cho cac mau ban dan thap chiéu cu thé va so
sanh voi cac két qua trong trudng hop phonon khong giam cam dé thiy
dugc két qua méi va nhitg dong gop mai cua ludn an.

3. N§i dung nghién ciru

V6i myc tiéu nghién clru nhu trén thi ndi dung nghién ctru chinh
cuia luan an 1a: Trén co s& cac biéu thic ciia ham song va phd ning
lwong cua dién tir trong siéu mang pha tap, hé lwong tir va day luong tur
hinh tru hé thé cao v6 han, toan tir Hamiltonian cua hé dién tir giam
cam — phonon giam cam, chung t6i thiét 1ap phuong trinh dong lugng
tr cho toan tir s6 dién tir trung binh trong cac vat lidu trén khi co mat
dién truong khong doi, tir truong khong doi va song dién tir (buc xa
laser). Giai phuong trinh dong lugng tir, tim biéu thuc mat d6 dong
dién va tinh biéu thirc giai tich cho tensor do dan dién, tir trg, hé sb
Hall. Cac két qua giai tich duoc tinh sd, v& dd thi va dugc so sanh voi

cac két qua trong hé thap chiéu khi chua ké dén phonon giam cam.
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4. Phwong phap nghién ciru

Trong luan an nay, chung t6i st dung phuong phap phuong trinh
dong lugng tir. Tir Hamiltonian ciia hé dién tir - phonon dugc viét trong
hinh thire luan luong tir hoa 1an thir hai (tie 1a duoc biéu dién qua céac
toan tir sinh hay hat) chung t6i dung phwong trinh chuyén dong
Heisenberg dé xay dung phuong trinh dong lugng tir cho ham phan b6
dién tir. Tir d6 chung t6i tim biéu thirc mat do dong, tinh tenxo do dan,
hé s6 Hall trong siéu mang pha tap, hd luong tir va day luong tir hinh
tru v6i hd thé cao vo han. Ngoai ra, con két hop véi phan mém Matlab
dé tinh s6 va vé do thi cac két qua 1y thuyét thu dugc dé so sanh va
phan tich.
5. Pham vi nghién ciu

Trong luan an nghién ctru anh huéng cua phonon giam cam 1én
hiéu tng Hall trong siéu mang pha tap, trong hd luong tir va trong
day luong tir hinh tru véi hé thé cao vo han. Luan an sir dung gia
thiét twong tac dién tir - phonon dugc coi 1a troi, bo qua twong tac
ciia cic hat cung loai va chi xét dén sé hang bac hai cua hé sé
tuong tac di¢n tir - phonon.
6. Y nghia khoa hoc caia luan an

Két qua luan an gop hoan thién 1y thuyét luong tur vé hiéu Hall
trong cac hé thap chiéu. Bong thoi, cac nghién ciru nay con 1a co 6 1y
thuyét ctia cac két qua thuc nghiém trong viéc hoan thién cong nghé ché
tao vat lidu cau triic nano tng dung trong cac thiét bi dién tir siéu nho,
thong minh va da nang hién nay.
7. Céu tric caa luin 4an

Ngoai phan mé dau, két luan, danh muc cac cong trinh khoa hoc
lién quan dén luan an, tai liéu tham khao va phu luc, phan néi dung gom
4 chuong, 11 muc, 2 hinh v& va 17 db thi duoc bd cuc nhu sau:



Chuong 1: Trinh bay mét s6 vin dé tong quan vé sy giam cam dién ti,
giam cam phonon trong siéu mang pha tap, hd luong tir, day luong tir
hinh try véi h6 thé cao vo han. Ly thuyét luong tir vé hiéu tng Hall
trong cac hé¢ thip chiéu khi c6 mit dién truong khong ddi, tir truong
khong dbi va c6 mat cia séong dién tir cao tan nhung chua ké dén
phonon giam cam duoc.

Chuong 2: Sir dung phuong phap phuong trinh dong luong tur dé
nghién ciru higu ng Hall trong hé luong tir dudi anh huong cia phonon
am giam cam va phonon quang giam cam chung t6i thu duoc biéu thirc
giai tich cua tenxo d6 dan, hé s6 Hall va tir tro. Cac két qua trén duoc
tinh toan s va so sanh vdi truong hop phonon khong giam cam.

Chuong 3: Nghién ctru hi¢u tng Hall trong si€éu mang pha tap
duéi anh huéng cia phonon 4m giam cam. Trén co s& phwong phap
phuong trinh dong lugng tir tinh toan va thu dugc biéu thuc giai tich
cua tenxo do dan, h¢ s6 Hall va tir tré. Tién hanh tinh todn s6 va so sanh
v6i trudng hop phonon khong giam cam.

Chuong 4: Str dung phuong phap phuong trinh dong luong tir dé
nghién cttu hiéu ung Hall trong day luong t hinh try dudi anh hudng
ctia phonon 4m giam cam. Thu duoc biéu thic giai tich cua tenxo do
dan, hé s Hall va tir tro. Cac két qua trén dugc tinh toan 6 va so sanh
V6i trudng hop phonon khong giam cam.

Céc két qua chinh cua luan an da duoc cong bd trong 05 cong
trinh khoa hoc, trong d6 c6 02 bai bao trén cac tap chi qudc té thude
danh muc ISI/Scopus, 01 bai ding trong tap chi qudc té World Academy
of Science, Engineering and Technology International Journal of
Physical and Mathematical Sciences (Thdi Lan), 02 bai bao dang trong
tap chi VNU Journal of Science: Mathematics — Physics cua Pai hoc
Quéc gia Ha Noi).



Chuong 1
MOT SO VAN PE TONG QUAN

Trong chwong nay, tac gia trinh bay tong quan 1y thuyét luong tir
vé hiéu ung Hall trong ban dan khdi, ham song va phd ning luong caa
dién tur trong siéu mang pha tap, hd luong tir va day luong tir hinh try
v6i hd thé cao vo han khi dit trong dién truong khong doi va tir truong
khong d6i vudng goc vai nhau va sy giam cam caa phonon.

1.1. Ly thuyét lwgng tir vé higu &ng Hall trong ban din khdi

1.2. Ham séng va phd niing hrong cia dién tir va s giam cam caa
phonon.

1.2.1. Ham séng va phd ning hrong cia dién tir

Trong muc nay tac gia trinh bay phuong phap phuong trinh déng luong

ttr va tinh tir tré Hall, hé sé Hall trong ban khi.

1.2.1.1. Ham séng va phd ning luong cua dién tir trong siéu mang pha

tap

1.2.1.2. Ham sé6ng va phd ning lugng cia dién tir trong hd luong tir .

1.2.1.3. Ham song va phd ning lugng cua electron trong ddy luong tur
hinh tru.

1.2.2. Sw giam cAm ciia phonon
1.2.2.1. Sy giam cam cua phonon trong cac hé hai chiéu

a) Trong siéu mang pha tap

b) Trong hé luong tir
1.2.2.2. Sy giam cam ciia phonon trong cac hé mot chiéu.

Chuong 2
ANH HUONG CUA PHONON GIAM CAM LEN HIEU UNG
HALL TRONG HO LUQONG TU
Trong chwong nay, tac gia st dung phuong phap phuwong trinh

dong luong tir dé nghién ciu Hiéu tng Hall trong hé lwong tir khi tir
truong vudng goc voi mit phang chuyén dong tu do cua dién tir. Twong
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tac duoc xét dén 1a twong tac giira dién tir giam cam - phonon am giam
cam va tuong tac giira dién tir giam cam - phonon quang giam cam.
2.1. Biéu thirc giai tich ciia tir tré, tenxo dd din Hall va hé sé Hall
2.1.1. Trudng hop twong tac dién tir giam cam va phonon 4m giam
cam.

Xét hd lugng tir vudng goc cao vo han theo phuong z, véi do
rong hé 1a L, dwoc dit trong mot tir tredng, mot dién truong khong doi
E,(t) = (E,,0,0) va mét truong laser véi vector cuong do dién truong.

Biéu thuc giai tich cua tir tré Hall va hé s6 Hall.
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2.1.2. Trudng hep twong tac dién tir giam cam va phonon quang
giam cam.

Biéu thirc giai tich cia Hé sé Hall ngang va cac thanh phan cua tenxo
do dan Hall ngang:
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Bs=B1(C1>D31), Be=B2(C1>Ds), B=B3(C,>Dy), Bg=B4(C3>D3)  (2.53f)
Tir trg, tenxo d6 dan Hall va hé sé Hall phu thudc vao trudng ngoai,
nhiét do cua hé, do rong cua hd luong tir va dic biét 1a chi s6 luong tir
dic trung cho sy giam cam caa phonon.

2.2. Két qua tinh s, vé db thi va thao luin

Khao sat va v& dd thi sy phu thudc cua tir tré, tenxo do dan Hall va hé
s6 Hall vao cac dai luong dic trung ciia hé cho truong hop phonon am
giam cam va phonon quang giam cam.

a. Anh huéng sy giam cadm ciia phonon am
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Hinh 2.1: Sy phy thugc cua tir tro Hinh 2.2: Sy phu thugc cua tur tro
p,, vao tir truong B (E = 3.10°VIm, p, vao 1y s6 Ql e, (E=10"V/m,
L=15nm) L=15nm)

Db thi hinh 2.1 cho thay sy xuét hién cac dao dong kiéu Shubnikov — de
Haas trong tir trg. Khi co phonon giam cam thi bién d¢ cua dao dong tir
tro s& giam dan. Anh huéng cta phonon 4m giam cdm cang manh thi
bién do cta dao dong tur trg s€ giam cang sau. Vi B > 8T thi bién do
dao dong cua tir tré giam khoang 3 lan.

Do thi hinh 2.2 cho thiy rat rd céc gia tri cuc dai tai Q/w, = 1, 2,
3,...va céc gia tri cuc tiéu tai 0/ @, = 1/2, 3/2, 5/2, 7/2,...Trong trudng
hop phonon khong giam cam thi bién do cua dao dong tir tro 1a 16n. Khi
¢6 anh huéng cia phonon 4m giam cam thi bién d6 cua dao dong tir tro
giam dan. Anh huéng ctia phonon 4m giam cam cang manh thi bién do
ctia dao dong tir tré lai cang giam sdu va giam sau nhit khoang 2,5 l1an.
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Hinh 2.3: Sy phu thugc cia tir tré: p,, vdo dé réng cia hé lwong ti tai
cac gia tri Khdc nhau cua tw truong B véi T=4K va E, =2.10°V/m.
E, =3.10°V/m

Do thi hinh 2.3 mé ta sy phu thudc cua tir tré vao d6 rong L cua hd
luong tir tai tir truong B cac gia tri khac nhau. Két qua khi chiéu rong
cua hd lugng tir nhé hon, dao dong Shubnikov - de Haas rd rang hon va
khi chiéu rong cua hd twong déi 16n (L > 180 nm), dao dong bién do
ctia tir tré khong con ton tai, gidng nhu & ban dan khéi thong thuong.b.
b. Anh hwéng sy giam cAm ciia phonon quang
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Hinh 2.4. Sy phu thugc cua h¢ sé Hinh 2.5. Su phu thuge cia hé so

Hall ngang vao tir trwong Hall ngang vao tan so cua buc xq

laser

Db thi hinh 2.4 biéu dién su phu thudc cua hé sé Hall ngang vao tir
truong la phi tuyén cho ca hai truong hop phonon quang giam cam va
phonon quang chwa giam cam. Dic biét, xuat hién hai dinh cong huéng
cua hé sb Hall ngang tai vi tri c6 tir truong B = 18,5 T va 20,5 T. Binh
cong huéng trong trudng hop phonon quang giam cam cao hon truong
hop phonon quang chwa giam cam. Khi ¢é phonon quang giam cam thi
hé s6 Hall ngang c6 gia tri ting 1én khoang 5 phan tram so vdi trudng
hop phonon quang chua giam cam.
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D4 thi hinh 2.5 biéu dién su phu thudc cua hé s6 Hall ngang vao tan sb
cua birc xa laser trong truong hop phonon quang giam cam va phonon
quang chua giam cam 1a phi tuyén. Gia tri cua hé s6 Hall ting nhanh khi
gi4 tri cua tin sb cua bic xa laser (tir 1.10% s dén 4.10™ s™) va giam
gia tri khi tin sé cua biic xa laser (ting tir 4.10%%s™ dén 10.10%%s™). Két
qua cho thay hé s6 Hall ting khoang 20 phan trim trong trudng hop co
phonon quang giam cam.

Chwong 3
ANH HUONG CUA PHONON GIAM CAM
LEN HIEU UNG HALL TRONG SIEU MANG PHA TAP

Trong chuong niy tac gia thiét lap phuong trinh dong luong tir
cho dién ta trong siéu mang pha tap dudi anh huong cta phonon am
giam cam khi c6 mat dién truong khong doi, tir truong khong dbi va
song dién tir cao tan, giai phuong trinh dong lueong tir, tinh dong Hall va
tir d6 thu dugc biéu thuc giai tich cta tenxo do dan Hall va hé sé Hall.

3.1. Biéu thirc giai tich ctia tir tré, tenxo dd din Hall va hé sé Hall

Biéu thirc giai tich cua tir tré Hall, Hé sé Hall

oSMPTA
pSMPT(A) — XX (3 22)
2 21 .
Xx O_)i:\/IPT(A) + O_;(MPT(A)
1 SMPT (A)
RIVPT() __ yx (3.23)
H 2 2
B O_XXSMPT O O_nyMPT ®)
T
GEXMPT(A) =ﬁ{a+b|:l—a)c2‘[2i|}, (324)
1+ it
SMPT (A) __ T
o =————(a+2b)w.r. (3.25)
yx 1+ w’7? ( ).
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hao,

Biéu thirc giai tich cua tir tré Hall va hé s6 Hall trong siéu mang
pha tap véi co ché tan xa dién ti - phonon 4m giam cim phu thudc vao
tir treong B, tan s6 Q va bién d6 E cua bic xa laser, nhiét d6 cua hé T,
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d6 day d va dac biét 1a cac chi s6 lwong tir m dic trung cho sy giam cim
ctra phonon. Khi m tién ti khong chiing ta thu duoc két qua nhu truong
hop phonon khong giam cam.

3.2. Két qua tinh s6, vé @6 thi va thao luan

Cac d6 thi két qua tinh sd bang chuong trinh phan mém Mathlab
cho thiy su phu thudc cia hé s6 Hall vao tir trudng B, cudng do truong
laser E, tin s6 Q va nhiét do T.

70
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M
g
8

Tir tr& py, (0.m)
s
T 118 e (11

Hinh 3.1. Sy phy thugc cua ter tré Hinh 3.2. Sy phy thugc cua tor tro
vdo tir truong B trong siéu mang vao ti S6 Qlw, voi E=10"V/m,
pha tgp véi E=10°V/m, T=100K, d =20nm, ny =3.85x10°m™,
d=20nm, n,=10"m"* T=2K,B=3T,

Trong db thi & hinh 3.1 c6 su xuat hién cac dao dong trong tir tro
Hall. Bién d6 dao dong cua tu tré Hall giam khi c¢6 phonon 4m giam
cam. Pic biét, mic d6 giam cam cang manh thi bién d6 cua dao dong
s€ giam cang siu.

D6 thi trén hinh 3.2 cho thay bién d¢ cua dao dong tir tré giam
khi mac d6 giam gitt phonnon 4m giam cAm ting lén. Tai cac gia tri
nguyén Q/m, =1,2,3,4,5,... thi ti sb nay dat gia tri cuc dai, tai cac gia tri
ban nguyén Q/ e, =1/2,3/2,5/2,7/2,... thi ti s6 nay dat gi4 trj cuc tiéu.
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— phonon giam cim

-~~~ phonon khéngZgiam cim

Hé 56 Hall (. C-1)
g

Hé s6 Hall (m. C-)

phonon giam camm =1 -2

phonon giam cAmm=1->3
phonon khéi

1
4

Tén sb séag diéntir (s 1) e Bién d¢ song dién tir (V/m) L
Hinh 3.3. Sz phu thugc cia hé sé  Hinh 3.4. Sw phu thugc cua hé sé
Hall vao tan s6 séng dién tr Hall vio cwong dé truong laser E,
trong siéu mang pha tgp vdéi trong siéu mang pha tap Vdi
E=10°V/m, T=100K, d=20nm, T=100K, d=20nm, np=10"m",
np=102m=,

Db thi hinh 3.3 cho thdy hé s6 Hall phu thudc phi tuyén vao tan
s6 song dién tir. O tan sé nho hé sé Hall ting nhanh khi tan sb ting va
dat gia tri cuc dai roi giam manh. Khi tan sé song dién tir tiép tuc tang
thi hé sé Hall bao hoa. Ngoai ra, hé sé Hall trong trudng hop phonon
giam cam I6n hon rat nhiéu so véi truong hop phonon khong giam cam.
Diéu nay cho thy anh huong manh mé caa hé s Hall vao tan sé song
dién tir khi c6 mat phonon am giam cam.

D) thi hinh 3.4 moé ta sy phy thudc cua hé sé Hall vao cudng do
truong laser E, trong siéu mang pha tap. Ta thiy hé sé Hall giam khi
cuong do truong laser E, ting va bat dau giam manh khi cuong do E,
vao khoang 4.10" V/m tr¢ di. Su xuét hién caa phonon giam cam lam
cho d¢ 16n cua hé s6 Hall giam va giam cang sau khi mirc d6 giam cam

tang 1én.
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Hé sé Hall (m®. C-1)
I

phonon giam cAim m= 1 =2

phonon giam chm m=1 - 3
phonon khoi

Nhiét d T(K)
Hinh 3.5. Sy phu thugc cua hé sé Hall vao nhiét do T trong siéu
mang pha tap véi E=10°V/m, d=20nm, np=10*m

D) thi hinh 3.5 mé ta su phu thudc cua hé sé Hall vao nhiét 46 T
trong siéu mang pha tap. Ta thiy hé s Hall ting khi nhiét do ting va
taing manh & nhiét d6 thip (< 100K). Déi véi truong hop khéng co
phonon am giam cam, hé s6 Hall chi ting nhe khi nhiét do ting va c6
gia tri thip hon trong truong hop c6 sy giam cam phonon 4m. Khi muic
d6 giam giir phonon 4m ting 1én thi hé s6 Hall ciing tang.

Chuong 4

ANH HUONG CUA PHONON GIAM CAM LEN HIEU UNG
HALL TRONG DAY LUQNG TU HINH TRU VOl HO THE CAO
VO HAN
Trong chuong nay, tac gia st dung phuong phap phuong trinh déng
lugng tir nghién ctu higu tng Hall trong day lugng tir mot chiéu dugc
dat trong truong Laser E(t) = E,sin(Qt) (trong d6 Eq va Q la bién d6 va

tin sé cua song dién tir manh) dién truong khong déi E=(0,0,E) va tir
truong khong déi B =(B,0,0).

4.1. Biéu thic giai tich ciia tenxo dd din Hall va h¢ sé Hall
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4.1.1. Anh hwéng sy giam caAm ciia phonon am.
Biéu thirc giai tich cla h¢ s6 Hall va cac thanh phan cua tenxo do
dan:
ROLT® z_i & : oo ®(T,B,m,m,)

Bo (A (T B, m, m2)+GDLT(A) (T,B,ml,m )

02T (T,B,my,my) = S (a(T, B) + b(T,B,my,my)[1 — i)} (412)

(4.11)

o s (T, B,my,m;) = 7 (a(T, B) +b(T, B,m,,m,))eo, 1

(4.13)
eﬁ 7,
a(TlB)_Z”\/—m 1+ o rox (4.14)
olam(net o) (5
92 T .

o8 - —b ! 4.15
(T.B,my,m,) == b, (4.15)
(B )= (T8 )+ 5,7 B 5.7 B m) ¢ (4.16)

+84(T,B,ml,m2)+S(T,B,ml,m)+S(T,B,ml,m2)+S7(T,Bmlm)+S(TB L, M,)
STEmm) - Y LB m& kTEXp{ﬁ{SF—hw[N +2+ + ] Z[GQEI)H (4.17)

nremm 27 2pVV @, 33

1 2p2\V4 Bl
XZ{—Eexp( ﬂBl)(4m Bl) KS,Z[%j—Blmxexp(—%ij B) Km[%ﬂ

L 2 kT e°E op 5, B /2)m?
S (T.Bm,m)= > LB s Kl CBo orceommmn’ (4 1g)

2 2 2
ramm, 16775 pV V@, m-Q

X[_ 5 gsemerk, [581)_ 5 gszmerk [ BB ﬂ
2 ¢ 2 2 ¢ 2
1 5/2 ﬂBl m
{—E(ZmBl—ZmQ) KW[———H (4 19)

2
SS(T’B’ml'mZ) Z k1L, eEy ey _|:B1(2mB1_2mQ)SIzK3/2(%_

7
m32pvVrie, OF 2
_[Q(ZmBl -2mQ)**K,, (% —%
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_% (2B1m - 2Qm)5/2 Ks/z (T_TJ_ (4 20)

EKTB B L, plo-e, -B2ra-c2) a2, [ BB PQ
S,(T,B,m,m,) = e x{—(2Bm+20m)*?*K | E2L -2 -
memm)- 3 el R (@B 20myk, [ 22

~(2Bm+20m)**K,,, (ﬂ—B—@j

STEmm)= Y Em’k, T L2 Bz { ﬂzBl(szl)a/z Ks/z[ﬂTBlj+Bl(2me/2)K (;31]} (4.21)

TuFa:My My 8pVVa)0 r

S(T.Bmm)= L ﬁ%e‘*‘*'%'Eﬂ”’x{i(szmz)5”K&-,,z(sﬁsmBl(zlEifmz) (868, }(4 22)

sremm, 160V o
= &k TP E°Ed L, g, .
S7(T’B‘m17m2)7yly§ n 32,0VVa)0 Qz 7[29 (423)

{—f(ﬂm Bm)™ K, (|2~ pB,|) (B, -Q)[om - Bm["* S,Z(Z\m—ﬂal\)}

¢ ETEEL gy [ . (4.24)
sranm)- 3 SheRn e Baia ) (e m)-(mon o)

B=¢, —¢, +@, . B, =¢, —¢, —@, . (4.25)
Biéu thuc giai tich cho hé s6 Hall trong day lugng tir hinh tru véi hd thé
cao vo han véi co ché tan xa dién tir - phonon 4m giam cam. phu thudc
vao tir truong B, tAn s6 Q va bién do E, cua buc xa laser, nhiét do T cua
hé va dic biét 1a anh huong cua cac chi sb lwong tir giam cam cua
phonon m;, m,. Khi chi s luong tr my, m, tién vé khong, chung ta thu
dugc két qua gidng nhu truong hop ciia phonon khong giam cam.

4.1.2. Anh hwéng sy giam cam ciia phonon quang.

Biéu thuc giai tich ctiia hé sb Hall va cac thanh phan cua tenxo d6 dan
ROLT(O) _ _1_ oyx (4.27)

H Bcsxxz+csyx2
< DLT(O :
Vi U’xx () =ﬁ%12{a+b[1—m§’r2]},
DLT(O) _ _ —T 4.28
Opx T (Aa+blw,T (4.28)
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_Leph g exp{ﬁ{ (N+ +l+1)+ e’E? }( 2mj3’2\/2 (4.29)

27rm 1+ @} 2'0 2 2 2 mec2 ph? 2
€ T -
b=———5by
ml+oit® *
2rie m
b= ¥ (1) (A-A+ATA-A+A+A-A)  (430)
7172, M,

A- Lrﬂeza)o[l_1]eﬁ’[aFmc(N1+n/2+I/2+1I2)+1I2.(eE1/mc)ZJ1kBT

27 2eN Xo 27 @

- (4.31)
[ 207, ,m? Anexp[ ! A“j K%}M‘Zm“qam exp(—%}'&(%}
7mAnexp( /fAn)Kil(ﬂAnj am ,ﬂlexp( %]Kz(ﬂ?ﬂ
%_Mmﬁ 11 eﬁ[s; o (N4RI2H/2412) U 2(ey L, | % my (ﬂAn]
C4r? 25N 20 X, X, om 22
(4.32)
L Omm o (BA BA, BA,
2mK( j A“( 2) A”[ ﬂ
L, e*E2k,T( 1 1 pn? Au Q
A= i e - R o 2152 (4.39)
1 B A, - Q) é ﬂhz\Au Q|
+[\2mAu—2mQ\j K’”[ 2 JQq“ ™ " 2m ( ]
1 B A, -9 A, 0| 1
75‘2mA1172mQ‘K1[fJ*A11K0[ > Ji[‘ZmAumeQJ
(quil,mz + Allqri,,mz ) K s {WJ +%‘2mA11 - 2mQ‘ K, (WJ}
A4=mZeZkBT/3 e’EZ L, [i,iJexp[ﬂ[‘g’:f{oy - qm]m; K (4 34)

2sv T AmiQ® AP (X, X,

e e D [ iy
CmPetkT L B2 L, (1 1 o me [ (A
A=y Pamer 4n2[x XJEXPP[‘EF “nT T2 H[Zm K"( 2 J

+(lih2q§h,szK{ﬂh ] Gnm (o (ﬂhzﬂ
2 4I"I"IBl 2 4B 2 (435)
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m?e’k,T , e’EZ2 L, (1 1 1B,
= —z | — —— |ex — —
A= Pamar a2\ X, %, )PP AL T (4.36)

B
3/2
"B, (BB, hzq%,mzK P8 gy (L) k. (£B
2m (2 2m  ° 2 Himeme { 2B, 22

T €EL (1 1 7
A7:LZ€0V /7394 yp: [Xx xjeXp{ﬂ{ - 71+§(31+Q)}H2mm51‘m<1 (4.37)
m 1
(- 2-8- "0 - (2ot -

T B2 L (1 1 ?
Aa:ez‘soBV P ey a2 [T_Zjexp{ﬂ[gp_w71+§(51_9)}}{—h (B.2) (4.38)

Kl[ﬂ(Bl+Q):|—{Q+ Bﬁgi‘;ﬂ Ko[ﬂ(Bl+Q):|—q'$hT'm2 K.[BlB,-0f]}

m,m,,q,

_ _ #2202 .
A&l_g 22 +a)"h m;.0, ’B= 2::]2 t&, =8, ! Blzgm_gh""\)a)o_ﬂqrzwvz (439)

4.2. Két qua tinh s, vé d6 thi va thao luan
a. Anh hwéng sy giam cam cia phonon 4m

— phonon khéi
. —— phonon 4m giam cdm, m1 =m=0
phonon 4m giam cim, m1 =m2 =1

1
)

Ten-xo 46 dn Hall o, (0" .m™
=
—
~
=
=

" Temperture(K)
01 015 02 025

Tir trwmg B(T)

Hinh. 4.1 Anh huong cua tir trieong — Hinh. 4.2 Sy phy thuge cua hé
Ién tenxo dé dan s6 Hall vao nhiét do

Trén dd thi 4.1, c6 thé thiy rd rang su xuat hién cua cac dao dong duoc
diéu khién boi ty sb gitra nang luong Fermi va tan s6 cyclotron. Trong
truong hop co su tham gia ciia phonon 4m giam cam thi ta nhan thay c6
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nhiéu dinh cong huong (dao dong tir tré Shubnikov - de Haas), duoc tao
ra n6 sé& l6n hon va diéu kién cong huong khac so véi trong truong hop
phonon khong giam cam.

Do thi hinh 4.2 mé ta sy phu thudc cua hé sé Hall vao nhiét do trong
truong hop phonon giam cam va khong giam cam la khac nhau. Khi
phonon giam cam, trong khoang nhiét d6 20K-40K, hé sé Hall tang 1én
khoang 4,95 lan

%102
7 .

o N o B

Hall Co. (R,) / T=100 K # (m=1)

o

o 05 1 15 2 25 3 35 4 45 5
107
Bén kinh day hrong tir R(m)

Hinh 4.3 Sw phu thugc ciia hé s Hall Vvao bdn kinh cia ddy lieong tit.

Db thi hinh 4.3 mé ta sy phu thugc cua hé sé Hall vao ban kinh cua day
R cuia day lwong tir. Khi ban kinh 13 nho ta c6 thé thiy rd sy phu thudc
dang ké, khi ban kinh cua day ting dan thi sy phu thudc caa hé sé Hall
giam dan cho dén khi ban kinh I6n hon 0,5.10° (m) thi hé s6 Hall giam
manh.

b. Anh hwéng sy giam cam ciia phonon quang

onon chia giam ¢
———— Phonon quan giam cim 1
g | }
5 825 ‘
g .l 1 ]
°§ § .
tcﬁ, of 1 = “
i R Zos) |
o -——— . 1
° !t - 2 Ly
& 1 .7 E. URTRY
& ] s LAY
Fy 7 osb NS
(¥4 ‘_‘,‘- -
. i'"‘rnm -
3 w0 ® ) 100 20 S ¢ 5 -
Ning hegmg Cyclotron (meV) B.eqap ;mgmur(\ m)
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Hinh 4.4 Sy phu thugc cia tenxo  Hinh 4.5 Sir phu thugc cia hé sé
@6 ddn vao nang heong cyclotron  Hall vao bién do ciia séng dién
tur

Do thi hinh 4.4 cho thay trong truong hop phonon bi giam cam nhan
dugc nhiéu dinh cong huong hon so véi trong truong hop phonon
khong giam cam.,

Do thi hinh 4.5 biéu dién sy phu thudc phi tuyén cua hé sé Hall vao
bién do song dién tir & cac gia tri khac nhau cua sé chi sé6 my, m, dic
trung cho sy giam ciAm cua phonon. Khi bién d6 song dién tir c6 gia tri
nho, su giam cam cua phonon di 1am ting hé sé Hall 1én 2,3 1an so Vi
truong hop cua phonon khong giam cam. Ngoai ra, hé sé Hall giam khi
bién d6 song dién tir ting va hé sé Hall dat ti bao hoa khi bién d6 nay
I6n. Khi s6 lwong tar m; va m, vé 0, két qua giéng nhu trong truong hop
phonon khéng giam cam

KET LUAN

Bang phuong phap phuong trinh dong luong ti, ching t6i di
nghién ctru anh huéng cua phonon giam cam 1én hiéu tng Hall trong
céc ban dan hé thip chiéu. (hd luong tir, siéu mang pha tap, diy luong
ttr hinh tru v6i hd thé cao vo han). Cac két qua chinh cua luan an dugc
tom tit nhu sau:

1. Thiét lap phuong trinh dong luong tir cho dién tir trong hd
lugng tir dudi anh hudng caa phonon 4m giam cam va phonon quang
giam cam khi c6 mit dién trudng khong doi, tir truong khong ddi va
song dién tu. Giai phuong trinh dong luong tu, tinh dong Hall va twr
d6 thu duoc biéu thuc giai tich cho hé s6 Hall va tir tré Hall trong
H& lugng tir. Cac két qua giai tich thu dugc cho thay sy lugng tir hoa
do giam kich thuéc trong hd luong tr dién tar giam cam, phonon
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giam cam anh huong rat manh 1én hé sé Hall ciing nhu tir tré Hall
trong hé lugng tir. Vi anh huong ciia phonon 4m giam cam thu nhan
dugc biéu thic giai tich cho sy phu thudc cua hé sé Hall va tir tro Hall
vao cac tham sb nhu bién d6 E, tan sb Q cua buc xa laser, tir truong
ngoai B, ti S0 Q/w,, bé rong hé luong tir L, nhiét do T cua hé va dic
biét 1a chi s6 luong tir m dic trung cho sy giam cam caa phonon. Khi
chi s luong tir m tién dén 0 va biéu thic thira s6 dang tré vé truong
hop phonon khéng giam cam thi thu duoc két qua cho trudong hop
phonon khéi trong hé lwong tir. Khao sat sy phy thudc caa tir tré vao tir
truong véi co ché tan xa dién tir giam cam — phonon 4m giam cam —
dao dong Shubnikov — de Haas dudi anh huong ctia phonon am giam
cam céac tham sé cau trac cua hd luong tir cho nhiéu sy khac biét so
V6i bai toan tuong ty trong ban dan khdi, siéu mang va h luong tir.
Con su phu thudc cuaa tir tro vao tir trudng B véi co ché tan xa dién tir
giam cam — phonon giam cim la phi tuyén va rat manh cho ca hai
truong hop phonon quang giam cam va phonon quang chua giam cam.
Két qua tinh s6 cho ta thdy sy xuat hién rd hai dinh cong huong cia hé
s6 Hall ngang tai vi tri ¢6 tir truong B = 18,5 T va 20,5 T. Pinh cong
huéng trong truong hop phonon quang giam cam cao hon trudng hop
phonon quang chua giam cam. Két qua nay cho thdy khi co6 phonon
quang giam cam thi hé s6 Hall ngang c6 gia tri ting 1én khoang 5 phan
tram so véi truong hop phonon quang chwra giam cam. Ngoai ra, hé s6
Hall con phu thudc phi tuyén vao tan sé caa bic xa laser trong ca hai
truong hop phonon quang giam cam va phonon quang chua giam cam,
nhung Vi phonon quang giam cam thi anh huong cua tin sé buc xa
laser manh hon nhiéu. Két qua tinh sb gi4 tri cua hé sb Hall ting nhanh
khi gia tri cua tan sb cua buc xa laser ting trong khoang (tir 1.10™ s
dén 4.10" s) va giam gia tri khi tan s cua bic xa laser ting trong
khoang tir 4.10%s™ dén 10.10's™). Két qua ciing cho thiy hé s Hall

22



ngang tiang khoang 20 phan trim trong truong hop c6 phonon quang
giam cam.

2. Thiét lap phuong trinh dong luong tir cho dién tir trong siéu mang
pha tap dudi anh huong cua phonon am giam cam khi c6 mit dién truong, tir
truong va song dién tur. Giai phuong trinh dong lugng tu, tinh dong Hall va
tir d6 ta thu dwoc biéu thic giai tich cua tir tro trong siéu mang pha tap.
Biéu thirc nay phu thudc vao tir truong B, nhiét d6 T, d6 day d, bién
d6 E vatan s6 Q cua bic xa laser va chi s6 lwong tir m dac trung cho
su giam cam cua phonon 4m. Khi cho chi sé lwong tir m tién dén 0 va
biéu thuc thir s6 dang trg vé phonon khong giam cam thi ta s& thu duoc
két qua cho truong hop phonon khi trong siéu mang pha tap. Do thi
khao sat dao dong Shubnikov - De Hass — su phu thudc cua tir tré vao
tir truong dudi anh huong cua phonon 4m giam cam va vao tham sé caa
siéu mang pha tap GaAs: Be/GaAs: Si cho ta thay dwoc su khac biét
gitra dao dong Shubnikov - de Haas trong siéu mang pha tap khi phonon
giam cAm va phonon khong giam cam. Két qua tinh toan s6 cho Hé s6
Hall va tir tro Hall trong siéu mang pha tap voi ndng do pha tap khac nhau
GaAs:Be/GaAs:Si chi ra: Su c6 mit song dién tir va phonon 4m giam cam
thi lam xuét hién nhiéu dinh cong huong hon truong hop khong c6 song dién
tir va phonon khong giam cam.

3. Thiét lap phuong trinh dong luong tir cho dién tir trong day
lwong ter hinh tru v&i hd thé cao vo han dudi anh huéng cua phonon
am giam cam khi c6 mit dién truong khong doi, tir truong khong doi
va song dién tu. Giai phuong trinh dong luong tu, tinh dong Hall va
tir 6 thu duoc biéu thirc giai tich cho hé s Hall va tir tré Hall trong
day lwong tir hinh tru véi hd thé cao vo han. Biéu thire nay phu thudc
tir truong B, nhiét do T, ban kinh day lugng tir R, bién d6 E va tan sé
Q cua buc xa laser va hai chi s6 lwong tr m; va m, dic trung cho
phonon 4m giam cam trong day luong tir. Két qua tinh toan sé cho hé

23



s6 Hall va tir tre Hall trong day luong tir hinh tru véi hé thé cao vo han
GaAs/GaAsAl cho thay su phu thudc phi tuyén cia chiing vao tir trudng
B, nhiét d6 T va ban kinh day luong tir. Khi kich thudc cia day ting rat
I6n, tinh chat day gan nhu tinh chat ban dan khdi, khi 6 hé s6 Hall
khong phu thudc vao kich thuéc vat lieu. G mién tan sé song dién tur
nho hé sb Hall phu thuéc manh vao tan sé.

Cac két qua thu dwoc cua luan 4n c6 thé mo rong hudng
nghién ctu hiéu tng Hall cho hé ban din khong chiéu va gbp mot
phan hoan thién 1y thuyét luong tir vé cac hiéu ung Hall trong hé ban
dan mot chiéu va hai chiéu noi riéng va trong Vat 1y ban dan thap
chiéu noi chung; goép phan vao viéc phat trién khoa hoc cong nghé
cao, ché tao cac thiét bj dién tir siéu nho, théng minh va da ning trén
co s& Vat 1y ban dan thap chiéu.
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