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Chiing ta s& tap trung vao nhitng qua trinh trong ban dan & do
electron thay dbi trang thai cta nd khi hap thu hoic phat xa
photon, nhung ciing can phai theo ddi tinh thé c6 thay dbi trang
thai dao dong cua no hay khong nira.

Nhitng qua trinh nay phai tuan theo quy tac chon lua trong do6
nhitng dinh luat quan trong nhat 13
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(a) Bdo toan ning luong:

Ephoton= Ef — Ei Epimmn

E; —Trang thai cudi cua tinh thé (bao géom E
bat ki su thay d6i ndo trong trang thai dao d
dong)

E; —Trang thai dau cua tinh
thé

1=

(b) Bdo toan vecto sbng
hodc déng lweng tinh thé:

kphoton
= kf

—k; Kohoton
k¢ 1a trang thai cuoi
k; 1a trang thai dau

Quy luat nay bit ngudn tir bac doi xang tinh tién cua tinh thé;
no tuong tu véi dinh luat bao toan dong lugng lién quan dén dbi
xang tinh tién lién tuc trong khéng gian tu do.
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Néu trang thai dao dong cua tinh thé khong thay doi thi qua
trinh nay duoc goi 1a qué trinh chuyén dich khdng phonon,
nguoc lai qua trinh duoc goi 1a dugc phonon hd trg. No6i chung,
bai vi ca photon va phonon chi lam nhiéu ham song cua
electron rat it nén xac suat chuyén doi lién quan dén ddng thoi
ca photon va phonon thuong nhé hon rat nhiéu so véi chuyén
doi khéng phonon. Vi thé, chi can xét qué trinh dich chuyén
duoc phonon hd trg khi quéa trinh dich chuyén khéng phonon bi
cam, chang han do vi pham dinh luat bao toan ning luong.

(1) Phé hdp thy toan phan

Ngoai trir nhitng trudng hop ning luong photon rat gan voi
ning lugng ving cam E, . Trong pho hap thy, nhitng qué trinh
khong phonon thuong chiém wu thé. Boi vi buéc séng cua
photon quang hoc thuong lén so véi budc song cuaa electron,
cling c¢6 nghia la vecto song cua photon quang hoc nho hon
vecto song cua electron nén mét quéa trinh hip thu khdng
phonon sé& dugc biéu dién bang mot duong thang dang trén gian
d6 E—k (boi vi ta d3 bo qua vecto séng cua photon).
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Hép thu toan phan ning lugng photon nao d6 (Total absorption
for a particular photon energy) la tong cua tat ca céac dich
chuyén thang dtiing c6 thé xay ra do nhitng trang thai tréng va
nhitng trang thai duoc lam day trén gian d6 cau trac ving ning
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luong. Pinh (hoic diém ki di) thuong tuwong tng véi nhitng
diém udn trén gian dd6 E-k. Theo mot hudng nao d6, ham mat
d6 trang thai ti 1& nghich véi o dbc

dk de)™
g(E)dE = g(k)EdE = g(k)(a) dE
Va biéu thtrc ndy s& khong xac dinh ¢ nhitng phan nam ngang
ciia duong cong E—k. Trong truong hop ba chiéu, moi tha tré
nén phuc tap hon nhung y tudng co ban van 1a ¢ mot dic tinh
ctia mot vai loai trong g(E) noi dudng cong E—k phang van con
ding (In 3-dimensions, things are more complicated but the basic idea
that there is a feature of some sort in g(E) where the dispersion curve is
flat holds good).
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Gian @6 ning lugng E-k clia Ge vi nhimg chuyén dich quang hoc chinh duoc
biéu dién



Phé hép thy toan phin ciia Ge, so sanh két qua thire nghiém va i thuyét

Hai btc anh nay chiing to rang phd 1i thuyét va thuc nghiém
hoan toan phl hop nhau va vi thé gian d6 ning lugng E—k hoan
toan chinh xac.

(2)Hdp thu tai khe ving (E)

Diéu nay phu thudc cha yéu vao viéc ban dan thuoc loai khe
ning luong truc tiép hay gian tiép
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Ban dan khe nang lugng tryc ticp Ban dan khe ning lugng gian tiép

Ddi vai ban dan khe nang luong truc tiép, viéc hap thu photon
ning lugng E, c6 thé xay ra ma khong c6 su hd tro ciia phonon.
Quy tac chon hya Ia:

Eohoton=E— Ei & dy E; va E; thuan tay la ning luong dién tir.
Va
Kpnoton = ks — k; ~ 0 (chuyén dich thang)

e Bit dau hap thu tai E4 rat dot ngot
e Hinh dang cua bo hap thu khong thay doi theo nhiét do
ma no chi dich chuyén theo nhiét do.



i
T f ;
E o 1 I
= ‘: Gads (I00K) -
w
1
i .
Bk e ! *  KETQUA THUC NGHIEM =
£ * | ——-- DUBNGCONG L THUYVET Wl
I ¥
; : a=Ahy=E,F % :
|
|
Q= 1.00-
L 2
S
I 0.9
[
15 Ll I a
L3 4 LS & L7 aal VAT LIEU Eq“” E“'a"?‘ a
PHOTON ENERGY [av] ce GOAS | 1319 | 5405 204
Dé thi hé sé hép thu ciia GaAs orf T~~oss |5 [1mo] a3
Ge O MM3IT4TT4 23S
Sw mé réng la do tap chiit el k\ : bk e
4] 200 200 600 800

1 Tk}

Déi véi truong hop ban din khe ning lugng gian tiép, qua trinh
hap thy tai E4 doi héi su hd trg ctia phonon
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Quy tac chon hra c6 dang

Phonon bi mét di

E =E -E=E,. *E,

photan prnonon
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Hé s6 hap thu tang dan dan bat dau tai E4 va hinh dang duong
cong hap thu thay dbi theo nhiét d6 bai vi trong qué trinh hap
thu dugc phonon hd tro, qué trinh pha hay phonon khéng thé
Xuat hién tai nhiét do thap (khi nhiét do thap trong ban dan co it
phonon duogc kich thich).

Phonon dugc tao ra
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Hinh bén trén biéu dién bo hip thu cua Ge tai mot vai nhiét do
khac nhau.

e Dich chuyén toan phan theo nhiét d6 1a hién nhién—né co
cling ngudn goc nhu dich chuyén trong ban dan khe ning
luong truc tiép.

e CO su bat dau ting manh dan d6 hap thu theo ning
luong.......coevveeeenneens
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(3)Phét xa photon

Dé photon dugc phat ra, ching ta can c6 su hién dién dong thoi
cua electron va 16 trong. Gia sir chung ta bom mat d6 (chang
han bang cach hap thu xung laser) ching nhanh chong dat dén
trang thai can bang nhiét trong viing dan va vung hoa tri. Thoi
gian (tinh trung binh) cho qua trinh nhiét hoa gan bang thoi gian
tan xa electron-phonon do chuyén dong o nhiét ¢6 phong va
khoang 10 *s.

Su két hop lai cua electron va I tréng cham hon nhiéu, dién
hinh khoang 10~%s hodc dai hon. N6 ¢6 thé dugc thuc hién bang
cach phat ra mot photon (su két hop lai c6 bic xa), hoic cé thé
la nhitng quéa trinh khong btc xa nhanh hon. Su két hop lai ¢6
birc xa thudng thay trong ban dan khe niang luong tryc tiép ¢ do
né la qué trinh khéng phonon. Su két hop lai khéng bic xa



chiém uu thé trong ban din khe ning lugng gian tiép bai vi qua
trinh phat xa phai dugc phonon hd tro. Vi thé ban dan khe ning
lugng truc tiép 12 ngudn phét xa cé hiéu qua trong khi ban dan
khe ning luong gian tiép thi khdng.
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Chu y rang ban dan c6 khe niang luong rong nhit ¢ chuong 5 1a
GaAS....... va day 1a budc séng khong nhin thiy. Bé c6 duoc
ngudn phéat buac xa nhin thdy ching ta phai ding mot vat liéu
khac d& ché tao hon.

Mot cach 1a sir dung hop kim chiang han nhu GaAsP va
AlGaAs. Ca GaP va AlAs déu c6 khe ning luong 16n hon GaAs
vi vay hop kim lam tang nang lugng photon phat xa. Nhung ca
GaP va AlAs déu l1a ban dan khe niang lugng gian tiép. Vi
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(4)Phét xa tap chdt—cdm ing

Khi ban dan khe ning luong gian tiép chira nong do tap chat
cao, d6i xung tinh tién cua mang tinh thé bi pha v& lam cho
dinh luat bao toan vecto song khéng con nghiém dang nitra. Su
két hop lai c6 phét xa khéng phonon ¢ thé xay ra.Vé mat vat If,
nhitng gi xay ra la electron va 15 tréng tré nén dinh xa & nhirng
tap chat thay vi tu do di chuyén trong tinh thé va su két hop lai
c6 btrc xa xuat hién tai phia tap chat. Tap chat hiéu qua nhat I3
dién moi, chang han nhu Nito trong GaP. Phuong phap nay van
con duge dung dé ché tao LED trong ving kha kién nhung dang
dan dan it dugc st dung boi su xuat hién caa nhitng hop Kim
AlGaAs va GaN c6 khe vung truc tiép.
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(5)Excitons

Khi mot cap electron-15 trong dugc tao ra do qué trinh hap thu
photon, phd hap thu chia nhitng dudng nhon & ngay bén dudi
ning lwong ving cAm. Nhitng cdi nay 1a do twong tac giita
electron va 15 trong. Chung 1a nhitng vach exciton.

Dé hiéu vé exciton can nhé rang nang lugng ving cam E, la céi
can dé tao ra cip electron-15 tréng chir khéng phai dién tich cua
chdng. Khi dién tich xuat hién, twong tac Coulomb lam cho chi
can mot nang luong hoi nho hon Ey cling c6 thé gay ra sy hap
thu. Su giam nay —ning luong lién két exciton— chi 1a ning
luong lién két cua electron va 15 tréng trong trang thai orbital 1s
gan mot trang thai khéc. Qua thuc, nhimg phép do can than
chung to rang c6 mot chudi nhitng trang thai exciton—1s, 2s,
3s....duoc phat hién hoi tu tai khe niang luong Ey. N6 tuong tu
nhu nhitng mac nang lugng cia nguyén ta hidro.

Nang luong cua exciton 1s dugc do so vdi Eg la
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(nghia la giam so vai gié tri cua Hydro)



O day R. l1a hiang s6 Rydberg=13.6 eV, ¢ la hiang sé dién moi
ctia ban dan thong thuong gan bang 10 va
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mex me mh

Déi voi GaAs: Eg= —4meV

Bai vi n6 rat nho so voi KT & nhiét d6 phong (25 meV) nén chi
c6 thé quan sat duoc phd exciton rd rang & nhiét do thap.
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Phd Exciton cua GaAs & mot vai nhiét do khac nhau. Tai 294K
phd giéng nhu ¢ trang 3. Db véi nhiét d6 thap hon hoat dong
dich chuyén 1én ving ning luong cao hon (ciing xem trang 3)
do sy tang cua Eg, va phd exciton 1s thu dugc 16 rang hon. Tai
4.2K va trong mau cuc ki sach) nhirng dinh 1s, 2s, va 3s c6 thé
duoc phan tich bing céch phoéng to.

Mot exiton I6n nhu thé ndo? Gidng nhu trong nguyén tir hidro
ning lugng lién két bi giam so véi ning lugng lién két cua cac
electron & trang thai 1s, vi thé, thé tich cua exciton sé ting. Ban
kinh Bohr cua exciton la

O day ap la ban kinh quy dao Bohr cua nguyén tir Hydro= 0.53
10 "°m. Pdi voi GaAs

8,=130.10 " m

Cha y rang dai lugng nay I6n so véi khoang cach mang cua
GaAs. Do d9, gia st hoi tho thién rang electron va 16 tréng dang
chuyén ddng trong méi truong c6 hang sé dién moi trung binh

&rcling duoc.
Exciton ¢6 duong cong E theo k khdng? C6. NO ¢6 dang
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& day ke 1a vecto song cua tam khéi cua cap electron-15 tréng.

‘E

Gidn do E-k Eq | ™ (k)20

citi exciton E; - Ep

Vecto song ciie exciton, Kex

Ching ta nén nghi vé exciton nhu thé nao ? Exciton la mot
trang thai kich thich cua toan hé

% x £
~  Cap electron-1o trong tu do
E, 5 <
3s
2s > Nhitng trang thai exciton

Is <

Mot bac anh khé hiéu (Puoc tim thay trong sach cua Kittel),
can tranh két hop nhitng trang thai ving va nhing trang thai
exciton
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