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LOI CAM DOAN
T6i xin cam doan noi dung cuaa ban luan an nay la céng trinh nghién
ctu cua riéng toi dudi su huéng dan khoa hoc caa PGS.TS. HO Quang Quy va
PGS.TS. Binh Xuan Khoa. Céc sb liéu, két qua trong luan an 1a trung thuc va

chua duge cong bd trong bt ky mot céng trinh nao khéc.

Tac gia luan an

Mai Van Luu



LOI CAM ON

Luén &n dugc hoan thanh dudi su huéng dan khoa hoc cua PGS.TS. Ho
Quang Quy va PGS.TS. Binh Xuan Khoa, tac gia xin dugc bay to 1ong biét on
chan thanh tsi céc thay gi4o, nhitng nguoi da dat dé tai, dan dat tan tinh va
d6ng vién tac gia trong sudt qué trinh nghién ciru dé hoan thanh luan an.

Téc gia xin chan thanh cam on céc thay gido, ¢ gido, cac nha khoa hoc
va cac ban dong nghiép trong khoa Vat ly, khoa Sau dai hoc - Truong Dai
Hoc Vinh, Vién Khoa hoc & Cong nghé Quan su - Bd Qubc Phong da déng
gop nhitng y kién khoa hoc bé ich cho noi dung cua luan &n, tao diéu kién va
giup d& tac gia trong thoi gian hoc tap va nghién cuu.

Téc gia xin gui 161 cam on siu sic t6i ban bé, ngudi than trong gia dinh
da quan tdm, dong vién, gilp do tac gia trong qua trinh nghién ctru va hoan
thanh luan an.

Xin tran trong cam on!

Tac gia luan an



10

MO PAU

Mot trong nhing thanh tuu quan trong trong su phat trién khoa hoc va
cong nghé cua thé ky XX 1a su ra doi caa LASER (Light Amplification by the
Stimulated Emission of Radiation). Khac véi anh sang thong thuong, buc xa
laser 1a mot chum anh sang két hop, don sic voi d6 phan ky nho va co thé co
cuong do rat 16n. Ngoai cac tinh chat trén, con c6 mot so laser co thé thay doi
dugc bude song lién tuc trong mot ving phd nhat dinh. Nho 46, img dung cua
laser trong khoa hoc, cong nghé va cudc sdng ngay cang da dang, phong ph.

Mot trong cac tham sd ddc trung cho chim laser 1a cuong do chum tia.
Noi chung, cuong do ctia chum xung laser 1a dai lwong phu thudc khong gian
va thoi gian, ma hau hét c6 dang phan b Gauss. Khi chum laser truyén trong
moi truong, dudi tac dong ciia nd moi truong vat chat sé thay doi trang thai
(hay bi kich thich). Ching ta biét rang, méi trudong 13 tap hop cia cac hat vi
mé. Céc hat vi mo dé cd ciu trac vat chét, cau tric 1y - hoa, vi tri, tdc dd nhat
dinh va tap trung trong mét khong gian vé1 mat d§ xac dinh. Khi chiu tac
dong cua laser, cac thanh phan ctia moi trudng sé thay doi thong qua qué trinh
lwong tir (hdp thu va phat xa cudng birc), thay ddi nhiét d6 thong qua qua
trinh khong luong tir (tich thoat dao dong) hodc thay doi vi tri, van toc thong
qua qua trinh va cham lugng tur (twong tac xung luong).

Trong tu nhién khi xdy ra twong tac, cac qua trinh thay doi trang thai noi
chung va thay d6i nhiét d6 noi riéng, 13 tit yéu - theo dinh luat bao toan ning
lwong. Mit khac, theo dinh luat bao toan xung lugng, cac qua trinh thay ddi vi
tri va van tdc cling s& xay ra. Do d6, khi c6 tuong tac cua laser vi moi trudng
cling s& xay ra su thay doi trang thai néi chung, vi tri va xung luong ndi riéng.
Mitc d6 thay do6i phu thudc vao sé luong (hay mat d6) dong photon. Hay noi
cach khac, duéi tac dong ctia chum laser, su thay ddi tinh chat cia méi truong

s& phu thudc vao cuong do chim tia. Khi xay ra cic qué trinh thay doi trang
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thai cta vat chat (trong d6 co su thay d6i mat do cac hat), mat do cac hat bi
kich thich s& thay d6i theo khdng gian va thoi gian. Nghia 13, mat d6 cac hat
bi kich thich s& c6 su phan b lai theo khong gian va thdi gian. Phan bd mat
do cua vat chat trong do c6 su thay d6i mot tinh chét nao do (vi du murc nang
luong, nhiét do, vi tri, toc d9,...) dudi tac dung ctia chum laser goi chung la
qua trinh quang phén bd (optical deposition) [20], [60], [82], [92].

Sy thay ddi qua trinh quang phan bd xdy ra khi c6 tic dong cua laser véi
moi truong. Mai trudng hoat chat - mdi trudng khuéch dai laser dic trung boi
hé s6 khuéch dai (khuéch dai trén mot don vi d6 dai). Hé sé khuéch dai mo ta
tbc do ting ctia mat do6 dong photon (hay cuong do truong laser) [6]. Nhu
vy, phan bd tdm hoat trong laser anh huong dén hé sd khuéch dai cua moi
truong hoat chat va do d6 anh huéng dén hiéu suat va cong suét laser phat.

Mat khac, khi duoc kich thich, cac tam hoat sé chuyén tr mic nang
luong co ban 1én cac mic nang lugng cao hon, nghia la trong moi truong co
su thay ddi quang phan bd. Khi chuyén tir cac muc kich thich trén vé mirc
laser trén, cac tdm hoat s€ tao ra cac dao dong ndi lam cho nhiét do cua moi
truong hoat chat ting 1én [4], [7], [27], [47], [51], [58], [62], [67], [79], [92-
93]. Qua trinh bién dbi nhiét trong hoat chat phu thudc vao khong gian va thoi
gian. Nhu vy, qua trinh bién d6i quang nhiét da xay ra trong hoat chat ma két
qua 1a 1am tang nhiét d6 ca moi truong. Do sy thay doi chiét suit theo nhiét
d6 ma hiéu tng thau kinh nhiét hinh thanh trong hoat chat. Sy thay doi chiét
suat trong qua trinh hoat dong cua laser s€ bién hoat chat déng nhét ban dau
thanh mot thau kinh - goi 13 thdu kinh nhiét. Hiéu tng thau kinh nhiét s& anh
hudng dén ciu tric chum tia, anh hudng dén tan sé lam viéc cua laser [6].

Chum tia laser khong nhiing 1am thay d6i qué trinh quang phan bd trong
moi trudng hoat chat ma nd con ¢o thé 1am thay doi vi tri, van toc cta hat vi
mo. Sy thay ddi d6 anh hudng dén qué trinh 6n dinh trang thai cua hat va anh

huong dén qua trinh khao sat, nghién ctru doi tugng la cac hat vi mo.
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Ngay nay, laser rin bom ngang dang dugc quan tdm nghién ctu [42],
[65], [67], [73], [80], [83-85], [89], [92]. P6i voi laser ran, phan bd ning
lwong bom hay phan bd tdm hoat bi kich thich 1a van dé quan trong trong qué
trinh thiét ké, ché tao. Dua vao phan bd ning luong bom cua laser ban dan,
cac cong trinh nghién ctru trudce dy da gia thiét phan bd nang luong bom
trong moi truong hoat chit c6 dang Gauss [92]. Piéu nay hoan toan khong
thuc t& vi chi can mot su thay ddi nho cua vi tri thanh laser ban dan cling nhu
thay d6i kich thudc hoat chat, thay doi tham s6 thau kinh hdi tu,... s& lam thay
d6i phan bd ning luong bom trong hoat chat, do d6 1am thay doi tinh chét cua
laser ran. Khao sat anh huéng cua cac tham s trén dén qua trinh phan bd
nang luong bom trong thanh hoat chat laser ran s& dugc chung tdi tiép tuc
nghién ctru va trinh bay trong chuong 2 cua luan an.

Véi laser Raman, tiy thudc vao muc dich sit dung va yéu cau vé tinh
chat ma nhiéu loai laser Raman khac nhau da dugc quan tim nghién ctru [25-
26], [28], [31-32], [51], [53-54], [69], [77-79], [87]. Trong laser Raman, hi¢u
tg tiéu cyc anh hudng dén hiéu suat chinh 1 hiéu ing phét tan sé doi Stokes
[25], [84], [87]. Hién tugng sinh nhiét trong laser Raman ciing d3 dugc nhiéu
nha khoa hoc quan tdm nghién ctu [24], [51], [69], [77-79], [87]. Tuy nhién,
cac cong trinh nay mdi chi dung lai ¢ laser Raman phat song Stokes. Nghién
ctru qua trinh phan bd tdm hoat bi kich thich, dan dén phan bd nhiét va phan
b chiét suat trong mdi truong hoat chat laser Raman s& duoc nghién ciru va
trinh bay trong ndi dung chuong 3 cua ludn an.

Ung dung chum tia laser trong vi¢c khdo sat, nghién ctru cac hat vi mo
dang 1a van dé cap thiét, mang tinh thoi sy hién nay. Khai niém “Biy quang
hoc” d3 duoc nhic dén nhiéu trong cac cong trinh nghién ctru vé tac dung cua
laser [11-17], [19-20], [29-30], [35], [37-45], [59], [61], [75]. St dung mot
hay nhiéu chum tia Gauss dé bay cac hat c6 kich thudc ¢& nano (bdy quang
hoc) khong con 13 van dé méi hién nay. Tuy nhién, chua c6 céng trinh nao dé

cap dén viéc khao sat phan bd quang luc tac dung 1én hat dién mdi trong bay
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quang hoc sir dung hai chim xung Gauss nguoc chiéu. Noi dung nay sé& duoc
chung t6i tiép tuc bo sung nghién ciru va trinh bay & chuong 4.

Nhu vay, tir nhitng van dé néu trén, ching ta thiy mot sé noi dung can
quan tdm nghién cau: 1) Nghién ctru phan bé nang lugng bom trong laser
ran bom ngang bang laser ban dan. 2) Khao sat qua trinh sinh nhiét trong
laser Raman phat soéng ddi Stokes, anh huong ctia hiéu ung nhiét dén cau
trGc chum tia phat. 3) Nghién cru phan bd quang luc cua chum tia Gauss
trong bay quang hoc tic dong 1én hat dién moi co kich thudc ¢& nano.

Pé giai quyét nhitng van dé da dat ra, thoi gian qua ching toi di quan
tam nghién ctru. Cac két qua nghién ctru duogc trinh bay trong luan an “Mét sé
anh hwéng ciia cham laser xung Gauss 1&n quéa trinh phdn bé ciia moi
truwong bi kich thich”.

Vi tén luan an duoc xac dinh, muc dich nghién ctru cua dé tai 1a khao
sat anh hudng cua chim xung Gauss 1&n qua trinh phan bé tim hoat bi kich
thich trong thanh hoat chét laser ran bom ngang bang laser ban din. Nghién
ctru anh hudng ciia cac tham s6 dén ban kinh ving chdng 1an nang lugng bom
trong hoat chat, qua d6 tdi uu hod cac tham sd nham nang cao hiéu suat qua
trinh bom. Ddi vai laser Raman, luan an tap trung nghién ctru anh huong cia
chim tia Gauss 1én phan bd c&c tim hoat bi kich thich, dan dén phan bd nhiét
va phan b chiét suat trong moi trudng laser Raman budng cong hudng boi
ba. Cubi cing, luan an s& nghién ctru anh hudng cia cac tham sé chum tia 1én
phan bd quang luc tic dung 1én hat dién moi trong biy quang hoc hai chum
xung Gauss nguoc chiéu.

Pé nghién ctru cac noi dung da néu ra nhu trén, luan &n sir dung phuong
phap sb va tinh toan Iy thuyét. Két qua nghién ctru dugce trinh bay trong 4
chuong cua luan an:

Chwong 1. Mot s6 két qua di nghién ctru vé tac dung cua chum laser

xung Gauss.
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Trong chuwong nay ching t6i khai quat cac két qua da nghién ctru cua
mot sb tac gia vé phan bd ning luong bom trong laser ran bom ngang bang
laser ban dan; qua trinh sinh nhiét trong laser Raman phat song Stokes va
phan bd quang luc trong biy quang hoc st dung mot chum tia Gauss. Tur
nhimg diém tong quan, nhitng van dé can quan tdm hoan thién nhu: phan bd
cua cac hat bi kich thich khi hép thu anh sang va thuc hién dich chuyén két
hop; phan bd cac hat bi kich thich khi hép thu anh sadng va thyc hién dich
chuyén khong két hop (dich chuyén nhiét) va cudi cung 13 cac hat bi kich
thich khi khong hap thu anh sang (hat dién moi) s& dugc dé xuat nghién ctru
trong cac chuong sau.

Chuwong 2. Phan bd tdm hoat bj kich thich trong hoat chit laser rin bom
ngang bang laser ban dan.

Loai bo gia thiét phan bd ning luong bom c6 dang Gauss trong hoat chat
v6i cac tham sb cho trudc nhu trong cong trinh nghién ciru caa W.Xie [92],
trong chuong nay ching tdi dé xuat cac tham sb thiét ké can quan tam, khao
sat phan bd tam hoat bi kich thich trén tiét dién ngang va theo chiéu doc truc
hoat chat laser rin bom ngang bang laser ban dan. Qua dé tim ra phuong an
t6i wu hod cac tham s bom theo tham sb mode co ban nhiam ning cao hiéu
suat qua trinh bom.

Chuwong 3. Phan b6 tam hoat bi kich thich va cac hiéu tng gradient nhiét
trong laser Raman budng cong hudng boi ba.

Trong chuong nay ching toi trinh bay qua trinh sinh nhiét, huy nhiét
trong laser Raman khi quan tim dén séng dbi Stoke trong laser Raman budng
cong huong boi ba. Qua dé tim phan bd nhiét, phan bd chiét suat trong hoat
chit laser Raman va phan tich kha nang loai bo hiéu tng nhiét trong laser
Raman budng cong hudng boi ba.

Chwong 4. Phan b6 quang luc tac dung 1én hat dién moéi c¢& nano trong

bay quang hoc hai chum xung Gauss nguoc chiéu.
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Gidi thiéu cdu hinh by quang hoc sir dung hai chum xung Gauss lan
truyén nguoc chiéu. Noi dung chinh ciia chuong 1a nghién ctru phan bé quang
lwc cua hai cham tia Gauss tac dung 1én hat vi md. Qua d6 dé cap dén tinh 6n
dinh ctia biy quang hoc st dung hai chim tia Gauss lan truyén nguoc chiéu.

Bén luan an nay dugc hoan thanh tai khoa Vat li, truong Pai hoc Vinh. Két
qua cua luan &n da duoc bdo cdo ¢ cac Seminar tai b mon Quang hoc - Quang
phé, khoa Vat li, truong Pai hoc Vinh. Cac két qua cua luan an cling da dugc
trinh bay tai Hoi nghi Quang hoc - Quang phé toan quéc [45], [46], [47]; duoc
cong bb trén tap chi Nghién citu Khoa hoc, Ki thudt va Cong nghé Qudn sy [41],
[66], [67]; tap chi Communication in Physic [26], [27], [38], [42], [44], [65]; cac
tap chi chuyén nganh ngoai nudc (Computational methods for Science and
Technology, Ba Lan [39] va Chiness Optic Letter, Trung Quéc [43]).
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Chwong 1
MOT SO KET QUA PA NGHIEN CU'U VE TAC DUNG

CUA CHUM LASER XUNG GAUSS

1.1. Chum laser xung Gauss
1.1.1. Phin bé mode trong buéong cong hwong laser

Ly thuyét truong dién tir cho thdy cudng do trudng trong cac budng cong
hudng khéc nhau c6 thé phan tich thanh chudi cic ham phu thudc vao ba tham
s6. Mdi tham s tmg v6i mot dang dao dong (hay con goi 1a mode), duge ky
hiéu TEMpnq (Viét tit ciia mode ngang - Tranverse, mode dién - Electric va
mode tir - Magnetic, trong d6 m va n 1a cac s6 nguyén [10]). Cac s6 nguyén cho
biét s6 cuc tiéu, hay s6 diém cudng do bang khong, gitta cac ria cua chum tia
theo hai hudng vuong gdc nhau (m cho mode dién va n cho mode tir). Hai chi
s6 dau (m,n) ung v6i ham mo ta ciu trac ngang cua dao dong (dang dao dong
ngang) - TEMy,. Mdi dao dong ngang ung véi hang loat dao dong doc cach
nhau mdt nira budc song, sip xép theo chiéu dai budng cong hudng [6], cac
dao dong nay tmg véi chi sé g. Chiéu dai budng cong hudng va budc song anh
sang tac dong 13n nhau dé tao ra mode doc cua su phan bd nang luong trong
chum tia. Con thiét ké budng cong huong 1a nhan t6 then chot trong viée xac
dinh su phan bd cuong d6 theo chiéu ngang cuia chum tia [10].

Trong budng cong hudng quang hoc sé& ton tai cac song dung, do su giao
thoa ctia cac song phang truyén doc quang truc theo huéng nguoc nhau sau khi
phan xa trén hai guong. Khoang cach giita hai bung séng lién nhau bang mot
nira bude séng. Cac dao dong doc sap xép theo chiéu doc budng cong huong,
mdi dao dong doc tmg v&i mot tan sd riéng. Thuc té s6 dao dong doc (mode
doc) trong laser 1a sb nguyén 1an mot nira budc song so voi chiéu dai budng

cong huong. Bude song cua mode doc dugc tinh theo cong thire [6]:



