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HIEU UNG AM PIEN TU TRONG HO LUQNG TU
Nguyén Vin Hiéu, Nguyén Thi Thiy Trang

*
TOM TAT
Hiéu ng am dién ti trong hé lwong t& dwoc khdo sat véi séng am cé budc séng
A=211/q nhé hon quéng dwéng tw do trung binh £ cha dién ti va trong mién siéu am qi>>1 (&
day q 1a sb séng am). Biéu thirc gidi tich ciia dong am dién tir jAME duoc tinh toan bang cach st
dung phwong trinh déng Boltzmann cho dién t& twong tac v&i song am trong treong hop thoi
gian phuc héi xung lwong t© xap xi 1a hdng sb va khi dién t& khéng suy bién. Sw phu thudc phi
tuyén cla jAME [&n nhiét d6 T clGa hé, sb séng am q va dd rong cha hé lwong tir da dat dwoc.
Két qua chi ra réng sw ton tai cia cac dinh jAVE 13 do sy dich chuyén gira cac mini ving n—n’
trong hé lwong t&r. Tinh toan sd dwoc thuc hién va két qua nay dwoc phan tich cho hé lwong tor
AlAs/GaAs/AlAs. Tat ca cac két qua nay dwoc so sanh véi ban dan khéi va siéu mang dé chira
sw khac biét.
1. Mé Dau
Chuing ta biét rang, khi c6 mot song am truyén doc theo mot vat dan thi do sy truyén
nang lugng va xung lugng tir séng 4m cho cac dién tir dan lam xuat hién mot hiéu ung
goi 13 hiéu tng am dién. Hiéu tng nay dugc nghién ctru chi tiét trong ban dan khéi [1-
4]. Gan day, hiéu tmg nay dugc nghién ctru bang 1y thuyét trong siéu mang [5-9], trong
ong lugng tir mot chiéu [10-14]. Tuy nhién, khi c6 mit cta tir trudng ngoai, séng am
truyén trong vat dan c6 thé gay ra mot hiéu tmg khac goi 1a hiéu tmg am dién tir. Hiéu
ung am dién tr tao ra mot dong am dién tu néu mach kin va tao ra mot truong am di¢n
tir néu mach ho. Viéc nghién ctru hiéu tng nay rat quan trong boi vi nd gitp chung ta
hiéu cac tinh chat dién va tir trong vat liéu, hiéu g ndy ciing dugc tng dung trong viéc
ché tao cac thiét bi do song siéu am.

w

Hiéu tng 4m dién tir twong ty nhu hiéu tng Hall trong ban dan, & diy dong am @
gilt vai tro cua dong j} Vé ban chat, nguyén nhan xuét hién hiéu ing am dién tir 1 sy
ton tai cac dong riéng cua cac nhém hat tai mang ning luong khac nhau, khi dong trung
binh toan phan trong miu bang khong.

Hiéu ung am dién tir duoc tién doan bang 1y thuyét 1an dau tién boi Grinberg va
Kramer trong ban dan ludng cuc [15] va dugc do bang thyc nghiém trong ban dan Bi
boi Yamada [16]. Trong thoi gian qua, c6 rat nhiéu bai bao nghién ctru hiéu tng nay,
nhu trong ban dan [17-20], trong siéu mang [21,22]. Tuy nhién, trong hd luong tir, bai
toan 1én quan dén hiéu Gmg am dién tir vin mo ra cho hudng nghién ctru méi. Chung ta
biét rang, trong hé thap chiéu (siéu mang, hd luong tir, day luong tir...) su chuyén dong
cua dién tir bi gidi han theo mdt chiéu hodc hai chiéu, va chuyén dong tu do theo céac
chiéu con lai. Su giam gilr cua dién tur trong cac hé thép chiéu lam thay doi dang ké do
linh dong cia dién tir, va n6 s& anh hudng dén hiéu tng 4m dién tir trong hd luong ti.

Trong bai b4o ndy, ching t6i xem xét hiéu tng am dién tir trong hd luong tir cho
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truong hop thoi gian phuc hoi xung lvong khong phu thudc vao ning luong va khi dién
tr khong suy bién. Chiing t6i chi ra rang, su ton tai cia cac mini ving ning luong trong
hé lwong tir 1a nguyén nhan xuét hién hiéu tmg 4m dién tir, hiéu tng nay xuit hién ngay
ca khi thoi gian phuc hoi xung luong khong phu thude vao ning luong, két qua nay dat
duoc hoan toan khac biét so voi két qua trong ban dan khéi. Bai bao nay dugc chia
thanh cac phan nhu sau: Phan 2 gi6i thiéu 1y thuyét va diéu kién dé giai bai toan, trong
phan 3 ban luin va so sanh cac két qua, va trong phan 4 1a mot sb két luan.
2. Dong am dién tir

Song am duoc xem xét 14 song siéu am trong mién q€>>1. Dudi diéu kién nhu vay,
song siéu 4m duoc xem nhu 13 phonon khdi don sic, va c6 ham phan b trong khong
gian I%Jnhu sau
@r)°
NV,

N(K) = o5&, (1)

& day @ 1a mat do dong am véi tan sd @, LyVan téc song 4m, va =h/27, h 1a hiang
s6 Planck.

St dung phuong phap phuong trinh dong Boltzmann [5-10] , ¢ day tur truong dugc
xem xét 13 tir truong yéu nQ << kT (Q 14 tan s6 cyclotron, kg 1a hang s6 Boltzmann, T
1a nhi¢t do cua h¢), chiing t61 tinh toan biéu thirc mat do dong am dién trong hé luong tir
khi c6 tur truong ngoai duoi dang

jac

J

“pd’p,, )

(2 )
Véi

g G0 ZﬂG& o] [F (g )= T(enp ) B(eng g—20p +nep)+

ﬂa’a’U n.n'

2
* ‘G BJ_“’& BJ_ [f (Sn.’ 8J_+8) - f (gnvgj_ )b(&‘n.‘ BJ_“’& - gnvlg - na)q )}’

Va f(g,p), &,p twong ing la ham phan bb va ning luong cua dién tir, n 1a chi sd
nang luong bi lugng tir hoa, Gp .gp la yéu td ma trén tuong tac electron-phonon, va v,
la nghiém cta phuong trinh dong

e P P oy, - [

=V H) LWl Ly} =V, ®3)

c op,
voi \z 1a van tdc cta dién tir, ¢ 13 van toc clia anh sang trong chan khong, e 1a dién tich

cua dién tu, I-}|J la tir trvong va V\7p{ Y= (6f 102) W (of /0e.....), V\A/p dugc xem nhu
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\ ’ 5 toe A , A 3 N A ) A AN 1
la toan tr Hermition, trong gan dung xap xi theo thoi gian hoi phuyc, ¢6 thé coi W, = —,
T

r = const (z 1a thoi gian hdi phuc). Chiing ta s& giai phuong trinh (3) bang phwong
phap lap nhu sau

v, =y +y P+ (4)
thay (4) vao phuong trinh (3) va giai bang phuong phép lip gan dung, ching ta dat duoc
trong gan dung bac khong (khong co tir truong), va gan dung bac 1 (khi c6 tir trudng),
dong am dién duoc viét lai nhu sau

o= mf:vs JZ er.an [ferp )~ Fenp) Vi (B + )~ 2, (B) x

2[f (enp.8)— Tlenp )]x

e’dr?
xO(&qp, 8 — &4 p +My)d ? BL _anzn;‘eﬁﬁﬁ’&

X [(\Zsﬁ& X ﬁ)i - (\Z&) X ﬁ)i ]5(8n:8fa —£,5 +n0p)d?p,. )

2 K72

;g , - 2 L gy A
y€u t0 ma tran tuong tac electron-phonon dugc cho boi ‘G B8 Bi‘ = , A 1a hang so

200
thé bién dang va o 1a mat do tinh thé cua hé luong tir.

O day, ching t6i khao sat cho truong hop song 4m truyén doc theo chiéu Ox vudng
goc véi truc hd lugng tir (thanh phéan bi gidi han), tir truong I-}|J song song vdi truc Oz
(truc hé luong tr), dong am dién tir xuét hién song song voi truc Oy. Sd hang dau tién
trong phuong trinh (5) twong tmg véi dong am dién, s6 hang thir hai twong tng véi
dong am dién tir dugc viét nhu sau:

e __ 0T
g MWEL,o ©)
<[ [f g )= fenp) B+ B -V (BDIx 8,5 =0, —me)d?BL.

v6i Q=eH /mc 14 tan s6 cyclotron.
Xét khi dién tir khong suy bién, ham phan bd dién tir tuan theo phan b Fermi c6
dang

(0. B) =y exp(- =), U ¢
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Véi no la mat d6 dién tr trong ho luong tr, er la nang luong muc Fermi,
2 2.2

2

6p = n’z 12 L P
T 2mL 2m
dung cua dién tr trong hé lugng ti, 5 L= (b)xl b)y) 1a thanh phén nim ngang cua chuin

la ndng lugng cua di¢n tir trong hd lugng tor, m 1a khéi lugng hiéu

xung lugng dién tuir, L la d6 rong cua hd luong tur.
Thay (7) vao (6) va thuc hién phép tinh tich phan theo cic thanh phan chuin xung
lwong, ching toi dat duoc biéu thirc méat do dong am dién tur:

2mk,T ed 7> A2 Qn, &
it = )" 3 Xp( = )><
T]Uso- B (8)
n? (A+mnq)° n” z’n?
2L2kT) xpl- 2kT] p(ZLZkT)}
22 2.2
Voi A=L(A, 410, ), va A, =20 (n2—n?),
n 2m T 2mL

Phuong trinh (8) 1a mat d6 dong am dién tir trong hd luong tir trong truong hop khi
dién tir khong suy bién va thoi gian phyc hoi xung luong xap xi 1a hang s6. Ta c6 thé
nhin théy su phu thudc cua mat dg dong am dién tir 1én nhiét do T cua h¢ va vector song
am q la khong tuyén tinh.

3. Tinh to4n s6 va thio luin két qua

Pé 1am rd két qua vira tinh toan & trén, trong phan nay ching t6i thuc hién tinh toan
s6 cho mat do dong am dién tir vdi cac tham s6 duoc sur dung nhu sau: v, =5378 ms?,
L=50(nm), o =5.32gcm3 m=0.066m,, m, la khdi luong cua dién to ty do,
ky =1.3807 x10*J /K, n,=10"m>, e=1.602196x10"°C, H=2.10° Am?*, ®=10*
Wm?2, n=1.05459 x10™**J s.

Két qua trong phuong trinh (8) ¢ thé viét dudi dang lién quan dén dong am dién

i = jror,

tisd j,M /) bang Qr, két qua nay giéng véi két qua clia [19] duge tinh todn bang
phuong phap ham Green, diéu nay cho thay su ding din ciia phwong trinh (8).

Tu Hinh 1, ta théy ré‘mg su phu thudc cia mat do dong am dién tu 1€n vector song q
khong tuyén tinh, xuat hién dinh cyc dai tai vi tri j*ME= 5.10"° (mA/cm?) va jAVE= 7.10°
(mA/cm?) twong tng véi nhiét d6 T=290K va T=300K cho gia tri g=3.10%(1/m). Nhu
vay, khi thay ddi nhiét d9, vi tri cac dinh khong thay d6i ma chi thay d6i vé gia tri ciia
mat do dong am dién tl‘r boi vi vi tri cia dinh phdi ing véi vector song am q théa man

LN

diéu kién n—= » —Nwg=0(n=n"), ma biéu thirc nay khong phuy thudc vao
m
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nhiét d6 nén khi thay ddi nhiét do thi vi tri dinh khong thay d6i. Mat khac, khi n=n’
(dich chuyén noi ving) khong 6 dich chuyén giita cac mini vung, luc ndy mat d6 dong
am dién tir s& bang khong, nghia 13 chi c6 sy dich chuyén giira cac mini ving (ngoai
ving) méi tao ra dong 4m dién tir. Két qua nay khac so voi két qua dat duoc trong siéu
mang [21,22], vi trong siéu mang nguyén nhan xuat hién mat d6 dong am dién tir 1a do
tinh tudn hoan cua siéu mang va né xuit hién ngay ca khi dich chuyén noi ving.

8)(10"5 me’“
5,
4
| £
| s
al
4l
10 % 0.2 0.4 06 0.8
q(1/m) x 10° L(m) <10
Hinh 1: Su phu thuéc cia mdt do Hinh 2: Sw phu thuéc cua mdt
dong dm dién tu lén vector song dé dong am dién twr lén do rong
o, L=50(nm), n’=2, n=1 hé heong tir, T=300K, n’=2, n=1I

Tir két qua trén, ching ta thiy rang dong am dién tir xuat hién ngay ca khi thoi gian
phuc héi xung lugng x4p xi 1a hang s6. Piéu nay khéac so voi ban dan khdi boi vi trong
ban dan khéi dong 4m dién tir 1a tuyén tinh theo vector song q, s khac nhau nay 1a do
dic trung ctia hé thap chiéu (dién tir bi giam gitr lam thay doi do linh dong cua dién tir).
Tu Hinh 1, ta théy mat do dong am dién tr cling phu thudéc manh vao nhiét do. Khi
nhi¢t do tang 1én thi mat d6 dong am dién tir cling tang theo, va mat d dong am dién tur
trong hd luwgng tir nho hon so véi ban din khdi va xap xi bang trong siéu mang, nén higu
g nay khé phat hién trong cac hé thap chidu hon 13 ban dan khdi.

Tir Hinh 2, ta thay khi do rong hd luong tir 10(nm) dén 80(nm) thi mat d6 dong am
dién tir ciing tang theo, sy ting nay 1a khong tuyén tinh, trong khoang tiép theo tir
>80(nm) thi mat d6 dong am dién tir gan nhu khong doi. Két qua nay cho ta thdy sy
giam gitr dién tir trong h6 luong tir dd anh huong rat 16n dén hiéu tmg nay.

4. Két ludn

Trong bai bao nay, chung toi da thu dugc biéu thirc giai tich cia mat d6 dong am
dién tir trong h6 luong tir trong truong hop khi dién tir khong suy bién va thoi gian phuc
hoi xung lugng xap xi 1a hang sd. Su phy thudc cia mat do dong am dién tir 1én nhiét do
T ctia h¢, do rong hd lugng tir L va vector song q la khong tuyén tinh. Két qua nay chi
ra rang nguyén nhan xuit hién hiéu tng 1a do dich chuyén giita cic mini ving (ngoai
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ving) va hiéu tng xuat hién ngay ca khi thoi gian phuc hdi xung luong xap xi hing sd.
Két qua nay khac so v6i ban dan khdi ca vé mit dinh tinh 1An dinh lugng [17-20] vi
trong ban dan khdi, mat do dong 4m dién tuyén tinh theo vector song q va xap xi JAME =
104(mA/cm?) con trong hd lugng tir 1a khong tuyén tinh theo vector song q va xap xi
jAME = 10° (mA/cm?), dong thoi cling khac so v6i siéu mang [21,22] vi trong siéu mang
nguyén nhan xuét hién 1a do tinh tudn hoan cua siéu mang. Ngoai ra, mat d6 dong am
dién tir ti 18 tuyén tinh voi tir trudng ngoai, két qua nay twong tu gidng nhu trong ban
dan khéi va siéu mang trong mién tir truong yéu.

Két qua tinh toan s cho hd lugng tir AIAs/GaAs/AlAs cho thiy c¢6 sy xuat hién cua
dinh khi diéu kién n%} + % —A,» —Mwg =0(n=n") dugc thoa man, diéu kién nay
gitip chung ta xac dinh duoc mién séng Am gy ra hiéu ing 4m dién tir manh nhat va do
1a két qua c6 ich trong thyc nghiém. Chung t6i hy vong trong thoi gian toi tim két qua
thuc nghiém dé so sanh két qua nay.
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ACOUSTOMAGNETOELECTRIC EFFECT IN A QUANTUM WELL

Nguyen Van Hieu, Nguyen Thi Thuy Trang
The University of Danang — University of Science and Education

ABSTRACT

The acoustomagnetoelectric effect in a quantum well is investigated for an acoustic
wave whose wavelength A=211/q is smaller than the mean free path { of the electrons and
hypersound in the region qf{>>1(where q is the acoustic wave number). The analytical
expression for the acoustomagnetoelectric current jAME is calculated by using the Boltzmann
kinetic equation for the interaction between electrons and acoustic wave in the case of
relaxation time of momentum t is constant approximation and the non degenerate electron gas.
The dependence of the nonlinear jA*ME on the temperature T of the system, the acoustic wave
number q and the width L of a quantum well are obtained. The result indicates that the
existence of jAME in a quantum well due to the transition between minibands n—n’ in a quantum
well. Numerical calculation has been done and the results are analysed for the AlAs/GaAs/AlAs
quantum well. All the results are compared with the bulk semiconductors and the superlattice to
show the difference.

* ThS. Nguyén Van Hiéu, Email: nguyenvanhieu@gmail.com, SV Nguyén Thi Thuy
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