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10 Cac Phonon

Trong chuong nay chung ta lai tip trung chu y vao tuong tac gira anh sang va
phonon trong vt rin. Cac phonon 1a sy dao déng cta cac nguyén tir trong mang
tinh thé, va c6 tan s cong huong trong ving hdng ngoai. Tinh chat cua nd trai
nguoc Véi tinh chat quang hoc cua céc electron lién két, xuat hién tai tin sé kha
kién va cyc tim.

Tinh chat quang hoc cta phonon cé thé dugc giai thich trén mot phuong
dién rong qua moé hinh c6 dién. Do d6, ching ta s& md rong dung md hinh dao
dong ludng cuc ¢ dién dugc phat xay dung trong chuong 2. Piéu nay cho phap
chiing ta hiéu tai sao chat ran c6 cuc phan xa va hap thu anh sang manh trong viing
tan s6 hong ngoai.Sau d6, ching ta s& dwa vao khai niém polariton va polaron,
trugc khi chuyén sang thao luan tinh chat vat Ii cua tan xa anh sang khong dan hoi.
Chung ta s& thay cac ki thuat tan xa Raman va Brillouin cé thé cung cap cho ching
ta thong tin b6 sung vé cé4c dit lieu phan xa hong ngoai nhu thé nao, d6 13 1i do tai
sao chung duogc str dung rong rai trong vat Ii phonon. Cudi cung ching ta sé thao
luan van tat tai sao phonon c6 thoi gian song xac dinh, va diéu nay anh huong dén
phd phan xa va tan xa khong dan hdi nhu thé nao.

Chuing ta s& gia str rang nguoi doc d c6 mot sé Kkién thirc co ban vé vat |i
phonon, né da dugc dé cap dén trong tat ca céc tai liéu vat Ii chat ran nhap mon.
Chiing t6i cling liét k& mot sé kién thire co ban duéi hinh thiac doc thém & cudi
chuong.

10.1 Céc phonon hoat tinh hdng ngoai







10.2 Phan xa va hap thu hong ngoai trong cac chat ran c6 cuc

Céc dir liéu thuc nghiém cho thay ring chat ran ¢ cuc hap thu va phan xa
anh sang rat manh trong ving phoé hong ngoai khi tan sé gan bang gia tri cong
huong véi cac mode phonon TO. Chung ta dd xét vai vi du lién quan dén hién
tuwong ndy roi. Vi du, phd truyén qua cua saphire va CdSe trong hinh 1.4 cho thay
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10.2.1 M6 hinh dao dong tir diéu hoa cb dién

Tuong tac giita cac song dién tir va phonon TO trong tinh thé ion dugc phan
tich d& dang nhat bang cach xét mot chudi thang, nhu duwoc minh hoa trong hinh
10.3. Chudi bao gom nhiéu 6 don vi, mdi 6 don vi chira mot ion duong (vong tron
den) va ion am (vong tron xam). Céc song truyén doc theo chudi theo hudng z.



Ching ta xét mode ngang, va su thay ddi vi tri ciia cac nguy@n tir 1a theo hudng x
hoic y. Hon nira, trong mot mode quang hoc cac nguyén tir khac nhau trong moi 6
don vi di chuyén theo hudng nguoc nhau, véi ti sé do dich chuyén vi tri cua ching
khong d6i va khéng nhat thiét phai bang mét.







10.2.2 Hé¢ thuc Lyddane-Sachs-Teller

Trudc khi rt ra sy phu thudc tan sé cua hé sé phan xa hong ngoai, ching ta s&
khao sat mot s6 ung dung kha noi bat ciia phuong trinh 10.10. Gia st chling ta c6
hé théng tat dan hoi yéu, vi thé chiing ta c6 thé dat y = 0. Thé thi tai mot tin s6 '
nao d6, phuong trinh 10.10 cho ching ta biét rang hing sé dién mdi c6 thé bang
khong. Piéu kién dé diéu nay xay ra la:

........................................



10.2.3 Restrahlen



Chung ta d thao luan tinh chat caa hé ¢ tan sb dic biét w = Q,,, bay gio ching ta
c6 thé tinh hing sé quang hdng ngoai. Céc tinh chat tong quat s& dé hiéu néu ching
ta gia sir rang hé s tit dan nho. Vi thé chung ta dit y = 0 trong phuong trinh
10.10, va thao luan tinh chat cua vat liéu véi hiang sé dién méi cé sy phu thudc tan
s nhu sau:




10N

10.2.4 Lattice absorpt



frequency matches the natural resonances of the medium. The reader might
therefore be wondering why we have been concentrating on calculating the
reflectivity rather than the absorption due to the TO phonon resonances.

Khi chung ta dua vao mé hinh dao dong tir co dién trong phan 2.2 cta chuong 2,
ching ta da di dén két luan rang chung ta mong doi hé sé hap thu cao bat ct khi
nao tan sé6 khap voi cong huong tu nhién ctia moi truong. Do d6, ngudi doc c6 thé
ngac nhién tai sao chung ta dang tap trung tinh hé s6 phan xa cha khdng phai hap
thu do cong hudng phonon TO.













10.3 Polaritons

The dispersion curves of the photons and TO phonons were discussed in broad
terms in connection with Fig. 10.2. We now wish to consider the circled in-
tersection point in Fig. 10.2 in more detail. As we will see, the two dispersion
curves do not actually cross each other. This is a consequence of the strong
coupling between the TO phonons and the photons when their frequencies and
wave vectors match. This leads to the characteristic anticrossing behaviour
which is observed in many coupled systems.

Puong cong tan sac cua cac photon va cac phonon TO duoc thao luan trong cac s6
hang rong lién hé véi phuong trinh 10.2. Bay gid chiing ta mudn xét cac giao diém
dugc khoanh tron mét cach chi tiét hon. Nhu chiing ta sé& thay, hai duong cong hap



dic tinh khong giao nhau dic trung duoc quan sat trong cac hé théng ghép.
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Pén ldc nay, trong chuong nay ching ta dang xét twong tac truc tiép giira
s6ng anh sang va cac phonon trong tinh thé. Nhu ching ta da thay, diéu nay lam
nay sinh hap thu va phan xa manh trong ving phé hdng ngoai. Tuy nhién, cac
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khac cua vat li¢u phu thugc chu yéu vao cac electron qua su ghép electron-phonon
Trong phan nay, ching ta s& xét hiéu tng polaron, né 1a mot trong nhing vi du
quan trong nhat cua hién tuong nay










10.5 T4n xa anh sang dan hoi

Tan Xa anh sang dan hoi md ta hién twong chim sang bi tan xa bai moi
truong quang hoc va sy thay doi tan sb cia né trong qua trinh. N6 trai nguoc Voi
tan xa anh sang dan hoi, trong d6 tan sd cia anh sang khong doi. Qua trinh tuong
tac duoc minh hoa trong hinh 10.9. Anh séng t&i véi tan s6 goc w4 Va vector s6ng
k, bi tdn xa bai mot kich thich cua moéi trudng tan s Q va vector séng g. Photon
tan Xa c6 tan sd w, va vector séng k,. Su tan Xa anh sang khong dan hdi cd thé
duoc trung gian boi nhiéu loai kich thich co ban trong tinh thé, chang han nhu
phonon, magnon hoac plasmon. Trong chuong nay chiing ta s€ tap trung riéng vao
cac qua trinh phonon.
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C.V.Raman di doat giai Nobel nim 1930 vé kham pha tan xa anh sang
khong dan hoi tir cac phan tir. Qua trinh mang tén 6ng ay la qua trinh tan xa tir cac



Optical phonons are essentially dispersionless near g = 0. We argued above

that inelastic light scattering can only probe the phonon modes with g ” 0.




H
o
o1
w
—
[N
>
X
S
o
=
o
<.
S

L. Brillouin da thao luan Ii thuyét vé tan xa &4nh sang boi song Am nam 1922.
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Thao luan vé cac mode phonon nhu cac dao dong tir co dién trong phan 10.2
dan dén viéc dua vao mot hing sb tat dan hién tuong luan y. S6 hang tit dan nay I3
can thiét dé giai thich tai sao sy phan xa trong viing restrahlen nhd hon mét. Viéc
phan tich cac dix liéu thuc nghiém dan chung ta di dén két luan rang y thuong nam
trong khoang 10'-10" s™. Sy tit dan rat nhanh nay la hé qua cua thoi gian séng
xac dinh 7 cua cac phonon quang hoc. Boi vi y bang t™1, cac dir liéu cho thay rang
T nam trong khoang 1-10 ps.













