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MO PAU

Khi truyén qua méi truong vat chat, anh sang cd thé hoat dong theo cac co ché
khac nhau, phu thudc vao tinh chit caa né anh sang va moi truong. Anh séng cé thé bj
hip thy, truyén qua, phan xa, khdc xa, nhidu xa, tdn Xa, bién diéu ..v.v..T&n xa c6 thé
duogc chia 1am hai loai 13 tan xa dan hoi va tan xa phi tuyén: Tan xa dan hdi hay con goi 1a
tan xa Rayleigh, tan xa nay khong c6 su chuyén héa ning luong giita anh sang va vt
chat, dan dén khdng c6 sy dich chuyén tan sé cua song kich thich ms = wo (trong d6 wo la
tan sb cua séng kich thich hodc tan sé bom, ws 12 tin sé cua song tan xa): Tan xa phi
tuyén hay con goi 12 tan xa cudng buc, loai ndy c6 su chuyén hoa ning luong dua vao su
va cham gitra photons (lugng tir &nh sang) va cdc phan tir hoac nguyén tir ctia méi truong
hoat chat, két qua dan dén su dich chuyén tan sb caa song kich thich, vach phét dich
chuyén vé phia tan sé thap hon wo goi 1a vach Stokes ws = wo — Q, nguoc lai vach phéat
dich chuyén vé phia ting tan sdgoi la vach d6i Stokes (hoic anti-Stokes) was = wo + Q,
trong d6 Q 1a tan sé dao dong cudng btc cua phan tir hodc tan sb két hop nguyén tir do
anh sang kich thich gay ra.

Nim 1928 C.V. Raman da khdm pha ra hién tuong tan xa khong dan hdi mang tén
ong [1]. Ong goi n6 1 loai bixc xa mai thix cap véi cuong do tin hiéu duoc quan sat 1a rat
yéu. Qua that, d6 1a tan xa Raman tu phét véi ty 1& chuyén ddi tan sé cuc nho chi khoang
1:10°, c6 nghia 1a chi khoang 1 trong téng sé 10° sé photons cuia &nh séng téi dich chuyén
thanh photons cua tin hiéu Stokes. Nang cao hiéu suat dich chuyén tan sé 1a mét thir thach
cua quang hoc phi tuyén trong thoi gian dai, van dé chi duoc giai quyét khi laser duoc
phat minh vao nhitng nam 60 [2]. Laser 1a &nh sang két hop c6 cuong do sang rat cao, n6
c6 thé duoc sir dung dé kich thich tao ra hiéu ¢ng phi tuyén quang hoc néi chung va tan
Xa Raman néi riéng ma anh sang thong thuong khong thé. Néu nhu tan xa Raman ty phét
thi photon phét ra toan bo trong khdng gian goc 4x theo mé hinh ludng cuc dién co dién,
thi nay st dung thau kinh dé hoi ty c6 thé tao ra chiéu dai twong tac c& vai mm (chiéu dai
Rayleigh) dé tao ra ché d6 tan xa Raman cudng btic, do d6 hiéu suat cd thé nang Ién toi

hang chuc phan tram, tc 12 gap hang triéu 1an so véi ché do tu phat [2,3].



Tén xa Raman cudng buc (SRS) di duoc quan sat dau tién trong dung dich
Nitrobenzene str dung laser Ruby [3]. M6t thoi gian ngén sau kham phé d6, nguoi ta nhan
ra rang qué trinh tdn xa Raman cudng birc gén lién cung cac phonon quang [4]. Nhiing
phonon quang nay chinh 1a nhirng dao déng ddng bd cua cac nguyén tir mdi trudng hoat
chat, chiing c6 thé 1a cac dao dong hodc quay, hoic kich thich lién két ca hai. Nhitng kich
thich két hop nay chinh 1a nguén gbc tao ra cac phd dao dong Stokes twong tng [5]. N6
cling chinh 14 dai luong sinh ra qua trinh quang hoc phi tuyén trong hé phuong trinh mé ta
trrong dién tir Maxwell.

Pé tao hiéu tmg SRS trong méi truong khi thi cham kich thich phai dat cuong do
ngudng cao. Ban dau ngudi ta hoi tu chum laser qua mot khe nhotrong khong gian ty do
hozc trong binh khi hoat chat dé duy tri twong tac véi khi Raman hoat chat: khi Raman, vi
du nhu khi Hoduoc d6 dy doc bén trong binh dan khi, chum laser ¢& vai chuc mJ duoc
hoi tu vao bén trong binh dan khi nhu Hinh 0.1. Két qua thu dwoc hiéu suat tan xa Raman
chi vai % [6]. Hiéu qua thap nay co thé dugc giai thich mot cach dé dang: khi ting cuong
d6 anh sang bang cach hoi tu chum tia, thi do dai twong tac ngan lai, c6 thé xap xi véi
chiéu dai Rayleigh. Thong thuong cac chum laser dwgc hdi tu manh bang thau kinh thi
chiéu dai Rayleigh thuong khong dai hon vai mm (xem Hinh 0.1 minh hoa), mat do

photon du 16n dé phat SRS bi gigi han trong khoang Rayleigh.

. " > H
Chiéu dai Rayleigh |
Hinh 0.1: Chum Gaussian hgi tu trong khdng gian tu do.
Cuong d0 anh sang du 16n cho twong tic khi-laser bi gigi han boi chiéu dai
Rayleigh cua chum tia (gi¢i han boi nhidu xa). Trén hinh minh hoa mat do photon bang

mau sac xanh, mau cang dam thi mat dé photon (cudng d6 anh sang) cang 16n va nguoc

lai.



Dé cai thién hiéu suit tdn xa Raman, sau d6 ngudi ta thuc hién céac thi nghiém SRS
trong mot dng dan séng thay vi binh khi dé giam khi hoat chat va cai thién dwoc mat
quang hoc [7]. Tuy nhién, hing sé suy giam dbi vé&i dng dan song ty 16 véi A%/ad, trong d6
A 1a budc song anh sang kich thich, a 1a ban kinh trong éng dan song [8], do d6 néu ban
kinh trong cua éng dan séng cang nho thi tén hao quang hoc cang cao. Dan quang sir
dung dng dan séng duoc minh hoa trén Hinh 0.2, trong d6 mau xanh thé hién chum laser,
d6 ¢am minh hoa mat d6 photon. Chiing ta nhan thay sau khi truyén mot doan ngan thi

cham laser suy giam dang ké cuong do.

Hinh 0.2: Chum Gauss tap trung vao motongdan song duong kinh 2a

Hang s6 suy giam ty 18 véi dai luong A%/a%, dai lwong nay 1a rat cao d6i véi cac ong dan
song c6 ban kinh 18i nho.

Nam 1991, giao su Phillip St. John Russell cung cac cong su tai truong Pai hoc
Bath, Vuong quéc Anh da dé& xuat y twong giam chum laser vao mat 18i rdng cua soi
quang tir dya trén co ché viing cAm quang tir hai chiéu. Cau trdc cua nd bao gém céc
mang ong dan séng khi cuc nho chay doc theo va bao quanh toan bo chiéu dai cua soi
quang, hoat dong nhu 16p vé soi quang.Lop vé bao quanh mot 16i rong kich thudc ¢ pm,
1Gi rdng nay hoat dong nhu mot sai hong trong cau trdc quang ti. Néu duoc thiét ké phi
hop, 16p vo nay sé& tao ra cac ving cam va giam hau nhu toan bo anh sang trong 18i réng.
Cau tric tinh thé quang tt rdng (HC-PCFs) dugc thiét ké va ché tao lan d¢au nim 1995, nd
cho phép cac nha khoa hoc kha ning tiép can nhitng trang thai twong tac phi tuyén phirc

tap vat chat - laser ma trude d6 khong thé tiép can duoc [9,10].



