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MO PAU
1. Tinh cép thiét caa luan an

Khi quyén cta Trai dat 1a mot hdn hop gdm hai loai khi chiém ti 1¢
I6m 14 Nito (~78 %), Oxy (~21%). Mac du chi chiém mét lwong nho trong
khi quyén nhung céc hat aerosol va mét s6 khi phét thai tir qua trinh hoat
dong cua con nguoi nhu: Ozone (Os), Carbon dioxite (CO2), Sulfur dioxit
(SOy), ... c6 anh huang 16n dén qué trinh phét trién cia dong thuc vat trén
Trai dat. Mot s chat khi ¢ phd hap thy nam trong viing budc séng tir ngoai.
Do vay, viéc phat trién cac ngudn laser tir ngoai c6 kha ning diéu chinh buéc
song va c6 do don sic cao dinh huéng nghién ctiru méi truong 1a can thiét.

Mbi truong tinh thé laser tr ngoai Lithium Calcium Aluminum
Fluoride (Ce:LiCAF) ¢6 nhiéu uu diém dugc tng dung phé bién cho phat
Xung ngian, bang hep, diéu chinh budc séng va céng suat cao. Mac du hé thyuc
nghiém laser tir ngoai Ce:LiCAF dd duoc phat trién thanh cong, viéc wng
dung cac nguon laser nay bi han ché do nang luong laser 16i ra dudi ngudng
cua nhidu tng dung. Do vay, viéc khuéch dai cac xung laser tir ngoai
Ce:LiCAF c6 y nghia quan trong trong thuc tién.

Bang thuc nghiém, tinh thé Ce:LiCAF ciing da duoc ching minh 1a
moi truong khuéch dai hiéu qua céc birc xa nam trong ving tir ngoai véi
nhiéu cu hinh khuéch dai khac nhau. Tuy nhién, cac nghién ctru trudc day
chi tap trung vao nghién ciu thyc nghiém. Nham hiéu hon vé cac qua trinh
dong hoc trong khuéch dai laser, viéc nghién ciru dong thoi ca thuc nghiém
va ly thuyét c6 ¥ nghia quan trong. Xuét phat tir cac yéu cau do, ti chon dé
tai “Nghién ciu dong hoc khuéch dai xung laser tir ngoai 280-320 nm va
dinh hwéng &ng dung trong ki thuét Lidar” lam hudng nghién ctu chinh
cua minh.

2. Muc tiéu chinh ciaa luan an bao gom:
- Nghién ctu duoc dong hoc phd khuéch dai cac xung laser UV sir
dung tinh thé Ce:LiCAF.
- Phét trién hé khuéch dai cac xung laser UV sir dung tinh thé


https://vi.wikipedia.org/wiki/Cacbon_%C4%91i%C3%B4x%C3%ADt
https://vi.wikipedia.org/wiki/Sulfur_dioxit

Ce:LiCAF.
- Budc dau ung dung cac ngudn laser UV Ce:LiCAF da phat trién
vao nghién cau, quan tric moi truong.
3. Céac ndi dung nghién ciu chinh caa luan an

Str dung phuong trinh Frantz-Nodvik ma rong, nghién ctiru dong hoc
phd khuéch dai céc xung laser UV sir dung tinh thé Ce:LiCAF.

Phat trién hé thuc nghiém laser phét xung tin hiéu va hé khuéch dai
céc xung laser UV sir dung tinh thé Ce:LiCAF. Panh gia dic trung cua Xung
laser tin hiéu va xung laser sau khuéch dai.

Ung dung laser UV Ce:LiCAF vao hé quang phd hap thy vi sai
nghién ctu ndng do khi & nhidm SO, va dénh gia dic trung tan xa cia mot
sb hat sol khi phd bién.

CHUONG 1: VAT LY VA CONG NGHE
TRONG KHUECH PAI LASER
1.1.  Téng quan vé khuéch dai laser
1.1.1. Nguyén ly khuéch dai laser
Nguyén ly khuéch dai laser dya trén hién tuong phat xa cudng buc
duoc chi ra trén Hinh 1.1.

E2 \—\ Héi phuc khéng birc xa
|
Bom M\~ Phat xa _\[\N\/+

cwdng birc Photon ra

I Photon t&i ‘
E1

Hinh 1.1. Nguyén ly khuéch dgi laser

1.1.2. Mgt sé van dé vat ly trong khuéceh dai laser

Trong khuéch dai laser can chu ¥ dén mot sb van dé nhu: Lya chon
mdi trudng khuéch dai; Ngudn bom va ciu hinh bom; Khuéch dai phat xa tu
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phéat (ASE); Phan b ning lugng cua chum laser sau khuéch dai; Hiéu tng
quang hoc phi tuyén
1.1.3.  Cdu hinh khuéch dai laser

Viéc lira chon cdu hinh ciing nhu cac thanh phan cua bo khuéch dai
laser 14 quan trong, phu thudc vao yéu cau cong suat laser sau khuéch dali,
dic trung ctia xung laser tin higu va dic trung ctia méi truong khuéch dai.
1.1.4. Phwong trinh Franz-Nodvik cé dién

Ning luong laser sau khuéch dai c6 thé dugc tinh toan theo phuong
trinh Frantz — Nodvik ¢ dién:

_ Ein
Eour = EsIny1 + |exp A — 1] exp(gol)
N

1.2.  Téng quan vé méi trudong laser Ce:LiCAF
1.2.1. Mai trwong fluoride pha tgp ion Cerium

Dén nay, nguoi ta da phat trién thanh cong sau méi truong tinh thé
Ce:Fluoride phat tryc tiép birc xa tir ngoai trén mot dai phd rong.

1.2.2. Cdc déc trung ciia moi trwong Ce:LICAF
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Hinh 1.13. Phé hdap thu va phat xa ciia méi trurong Ce:LiCAF.
Trong cac moi truong Ce-Fluoride, moi treong Ce:LICAF la moi
truong phat va khuéch dai laser tir ngoai hiéu qua véi nhiéu wu diém vuot
troi. Moi truong hap thu manh tai budce séng 266 nm (Hinh 1.13). Tiét dién
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phét xa 16n, phd phét xa cia Ce:LiCAF rong tir 275 nm dén 325 nm. Thoi
gian sdng huynh quang cia ion Ce®* & trang thai kich thich 1a 25 ns + 30 ns,.
mat do nang luong bdo hoa cao ¢& 115 mJ/cm?, ngudng pha huay cao 5 J/cm?,
1.2.3. H¢ laser tiz ngogi dera trén tinh thé Ce:LiCAF

V6i nhitng wu diém vuot troi nhu trén, moi truong Ce:LiCAF da
dugc nhiéu nhém nghién ctu lva chon cho viéc phét trién cac ngudn laser
UV bang hep, laser UV xung ngan va laser UV cong suit cao.

1.3.  Ungdung laser tir ngoai

Trai qua sau thap ky phat trién, laser n6i chung va laser UV néi riéng
gan lién véi nhiéu thanh ty khoa hoc mang tinh d6t pha ¢ nhiéu linh vuc khac
nhau nhu gia cdng vat liéu, vi co khi, y hoc va nghién ctru méi truong.

Két luan chwong 1: Trong chuong 1, tong quan vé van dé khuéch
dai laser ciing nhu phuong trinh khuéch dai Franz-Nodvik c¢6 dién da duoc
trinh bay. Phwong trinh Franz-Nodvik c6 dién khéng cho phép khao sat qua
trinh khuéch dai cua cac xung laser tin hiéu bang rong. Do vdy phuong trinh
Franz-Nodvik ma rong cho phép khao sét sy khuéch dai trén toan mién pho
laser tin hiéu s€ dugc trinh bay trong chuong 2.

Dén nay, viéc nghién ciru twong minh cac qua trinh dong hoc trong
khuéch dai cac xung laser bang rong sir dung tinh thé Ce:LiCAF van chua
dugc thuc hién. Do vay, viéc nghién ciru ddng thoi dong hoc va phat trién
thuc nghiém hé khuéch dai cac xung laser UV sir dung tinh thé Ce:LiCAF s&
dugc nghién ctiu lan luot trong chuong 2 va chuong 3.

CHUONG 2

PONG HQC PHO KHUECH PAI CAC XUNG LASER TU NGOAI
SU DUNG TINH THE Ce:LiCAF
2.1. Céu hinh hé khuéch dai nhiéu lan truyén qua sir dung tinh thé
Ce:LiCAF
Hé khuéch dai laser UV Ce:LiCAF tam lan truyén qua da duoc thiét
ké, cau hinh cua hé duoc chi ra trén Hinh 2.1.
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Hinh 2.1. Cdu hinh hé khuéch dai cac xung laser UV nhiéu lan truyén qua

st dung tinh thé Ce:LiCAF.
2.2.  Mb hinh ly thuyét cho khuéch dai laser

Dé khao séat qua trinh khuéch dai xung laser biang rong, Peter Kroetz
va cong su di dé xuat phuong trinh Frantz-Nodvik mé rong, phuong trinh

nay dinh nghia mot dai lwong méi 1a hé s6 nghich déo do tich liy f3:
— e
B =+
Tiét dién khuéch dai c6 thé duoc xac dinh theo cong thuc:
O-g,i—l(/l) = Bi(o-em(/l) + O'abs(l)) - O'abs(/l)-

Hé s6 khuéch dai mot 1an truyén qua dugc xac dinh bang cong thuc:

Gi-1(4) = exp(ag,i-1(A)NL).

Thong luong laser 16i ra J; dugc lién hé voi thong lwong dau vao:

Ji®) = Jsat DTN [1+ Gy (exp2T - 1)

Théng luong bdo hoa duoc xac dinh bang:

hc
]sat (/1) T ACem M +ogps(D)’

Hé sé nghich dao d6 tich lity dwoc cap nhat sau mdi lan khuéch dai:

5 g J [A(’T"((j))—liﬂu))]ciz
i = Bi-1—

hclN

Khi tinh dén ca mat mat do phét xa tu phat:

Bi = Brexp(— ).



Qua trinh md phong khuéch dai duoc chia thanh ba budc:
(1)  Thong luong laser tin hiéu ddu vao duogc chia thanh nhiing
4t ct theo nhitng khoang thoi gian bang nhau t.
(2)  Céc lat cat nay lién tuc di qua moi truong khuéch dai, hé sb
B duoc cap nhat sau mdi lat cit di qua.
(3)  Thong luong laser 16i ra 1a tong cua céc thdng luong thanh
phan sau qua trinh khuéch dai

(a)

Nghich dao dé tich liiy
ban dau ff,

Théng s0 dau vao Tamnpi(A) Tampl(4)
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Pién k_iE‘u
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Hinh 2.4. So do khai cho qué trinh mé phang khuéch dai xung laser.
2.3.  Thong sb sir dung trong md phéng
2.3.1. Théng sé ciia linh kign va thiét bi quang
Céc thdng sé sir dung trong md phong dugc lay tir cac linh kign, thiét
bi hién c0 tai phong thi nghiém Quang tu - Vién Vat ly.



2.3.2. Tiétdign khuéch dai va hép thu ciia méi truong Ce:LiCAF
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Hinh 2.5. Tiét di¢n khuéch dai hodc hap thu ciia méi trirong Ce:LiCAF
o Cac gia tri B khac nhau.
2.4.  Pong hoc khuéch dai xung laser UV sir dung tinh thé Ce:LiCAF
24.1.  Swthay dbi ciia nghich dio dé tich lity trong qud trinh bom va khuéch dai
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Hinh 2.6. Anh hwéng ciia cong sudt laser bom
1&n hé s6 nghich ddo d¢ tich liy
Cong suit bom cang 16n thi hé sé nghich dao d6 tich lily cang nhanh
dat dén trang thai bdo hoa. Trong khi d6, su suy giam nghich dao do tich liy
khi laser tin hiéu di vao méi trudng khuéch dai duoc thé hién trén Hinh 2.7.
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Hinh 2.7. a) Nghich ddo dg tich liiy sau méi lan khuéch dai.
b). Hé sé nghich dao dg tich liy trong ting lan khuéch dai.
2.4.2.  Anh huwéng ciia cdng sudt laser bom Ién cong sudt laser sau khuéch dai

Két qua khao sat anh huong cua laser bom 18n cong suét laser 16i ra
duoc chi ra trén Hinh 2.8. Vi cting cong suét laser tin hiéu 1 mW, cong suat
laser sau tam 1an khuéch dai 1a 54 mW, 60 mW, 62 mW twong Gng véi cong
suit laser bom lan luot 12 120 mW, 160 mW va 240 mW. Nhu vay, cong suét
laser sau tam lan khuéch dai s& tang khi cong suit laser bom ting, nguyén
nhan do cong suét laser bom ting thi d6 khuéch dai ciia méi truong ciing
tang dan ti cong suit laser sau khuéch dai tang.
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Hinh 2.8. Anh huong cia cong sudt bom Ién cong sudt laser
sau khuéeh dai Pi=1 mW, Ppunp= 120, 160, 200 m\V.
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2.4.3. Anh huéng ciia cong sudt laser tin higu 1én cong sudt laser sau khuéch dai

Két qua md phong duogc chi ra trén Hinh 2.9, hé s6 khuéch dai ¢d xu
huéng giam khi cong suit cham laser tin hiéu ting va khuéch dai laser chi
hiéu qua trong mot vai lan khuéch dai dau khi céng suat cham laser chua dat
dén trang thai bao hoa.

80
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¥ 30 mW
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4 1mW
FI0mW 4
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Hé s6 khuéch dai
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Céng suit laser sau khuéch dai (mW)

0 T 2 3 4 5 8 1 8 % 2 3 4+ s o 71
S6 lin khuéch dai S0 Lin Khuéch dai
Hinh 2.9. Anh hirong cua cong sudt laser tin hiéu 1én a). Céng sudt
laser sau khuéch dai va b). Hé sé khuéch dai. Pin=102mW, 1 mW, 30 mW.

2.4.4. Anh hwong ciia burgc song laser tin higu 1én cong sudt laser sau khuéch dai

288,5nm
60 F W=295,0 nm

-9-300,0 nm
| #-312,0 nm

70 T T I

t laser sau khuéch dai (mW)

ong sual

C

S6 1an khuéch dai
Hinh 2.10. Anh huong cia buéc song laser tin hiéu 1én cong suat
laser sau khuéch dgi, Pin=1 mW, 1=288,5, 295, 300 va 312 nm.

Két qua khao sat dwoc chi ra trén Hinh 2.10 cho thiy, budc séng
laser tin hiéu cang gan dinh phét xa ciia moi truong Ce:LiCAF thi cong suat
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laser sau khuéch dai cang Ién. Nguy@n nhan do buéc séng laser tin hiéu cang
gan dinh phat xa caa méi truong Ce:LiCAF thi tiét dién khuéch dai cang lon.
2.45. Anh hueng ciia dé rgng phé laser tin hiéu 18n phé laser sau khuéch dgi

Két qua khao sat duogc chi ra trén Hinh 2.11.(a) cho thay, laser sau
mbi lan khuéch dai ¢ cuong do pho tang 1én nhung dinh phd van giir khdng
ddi tai budc séng 288,5 nm. Do rong pho laser sau mdi 1an khuéch dai da bi
thu hep lai, Hinh 2.11.(b). Diéu nay dwoc giai thich do tiét dién khuéch dai
tai dinh phd 16n hon so vé6i hai bén sudn phd do d6 phan ning lwong khuéch
dai duoc thém vao dinh phé 12 16n hon so voi hai bén sudn phd.
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Hinh 2.11.a). Phg laser tin hiéu va phé laser sau ting lan khuéch dai.
b). Phé laser tin hiéu va laser sau 8 lan khuéch dai.
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Phd laser tin higu cang rong thi higu tng thu hep phé trong qué trinh
khuéch dai cang thé hién rd. Tuy nhién, véi d6 rong phd laser tin hiéu nho
hon 3 nm thi hiéu ang thu hep vach phé gan nhu khdng danh ké (Hinh 2.12).

. =M1 nm

S $:3mnm
st \* Ww:5nm
~ 7 nm

\*\ =#:10 nm

- *
V- - -
4I ¥ = -v- _.,:_ _":-___*_-_-
i Al R SRR S S SR S

D6 ring ph::i laser (nm)
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T---I--l-—-l—-l--l—-l——l—-

0
0 2 4 6 8
$6 ldn khuéch dai

Hinh 2.12. Phé laser sau tirng lan khuéch dai,
4=288,5 nm, FWHM=1 nm, 3 nm, 5 nm, 7 nm, 10 nm.

2.4.6. Djch dinh phé laser tin higu trong qua trinh khuéch dgi

1.0
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O 02F
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Hinh 2.13. Hiéu fong thu hep phé trong qua trinh khuéch dai
Pin=1mW, 1=292 nm, FWHM=10 nm.
Két qua khao sét trén hinh 2.13 cho thay, dinh pho laser 16i ra da
dich 3 nm vé& budc séng 289 nm so vai laser tin hiéu, dong thoi do rong pho
laser cling bi thu hep lai. Nguyén nhan do mdi trieng Ce:LiCAF ¢ tiét dién
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khuéch dai 16n nhit tai budc song 288,5 nm va giam dan vé hai bén suon
pho, do d6 sau mdi lan khuéch dai phé laser c6 xu huéng dich vé phia dinh
phét xa. Piéu nay ciing dan t6i pho laser sau khuéch dai c6 xu huéng wu tién
sudn trude va pho laser sau khuéch dai khdng con ¢ dang Gauss.

Két luan chwong 2: Trong chwong 2 bang viéc giai phuong trinh
khuéch dai Frantz-Nodvik mé rong, dong hoc phd cho bo khuéch dai
Ce:LiCAF tam lan truyén qua da dugc nghién ctru twdng minh, anh huong
ctia cOng suat laser bom, ciing nhur cong sudt va budc song laser tin hiéu 1én
cong suat laser sau tirng 1an khuéch dai di duoc danh gia.

Hién tuong thu hep phé trong qué trinh khuéch dai da dwoc ching
minh. Chum laser tin hiéu c6 dinh phé & budc song 288,5 nm va do rong phd
10 nm sau tdm lan khuéch dai da bi thu hep vé 3,5 nm. Laser tin hiéu c6 d6
rong pho 16n thi hién tuong thu hep phd cang thé hién rd rét. Trong khi do,
hién tuong thu hep phé trong qué trinh khuéch dai gan nhu khong déng ké
véi laser tin hiéu co do rong phé dudi 3 nm.

Hién tuong dich dinh phd trong qué trinh khuéch dai ciing da duoc
khao sét, laser tin hiéu c6 d6 rong phd 10 nm va dinh phé tai buéc song 292
nm sau tdm lan khuéch dai da dich 3 nm vé phia gan dinh phét xa cua mdi
treong Ce:LiCAF.

CHUONG 3

KHUECH DAl XUNG LASER TU NGOALI
SU DUNG TINH THE Ce:LiCAF
3.1.  Phéat trién h¢ khuéch dai xung laser tir ngoai bing réng sir dung
tinh thé Ce:LiCAF
3.1.1. Cdu hinh h¢ khuéch dai
So db hé phét va hé khuéch dai cac xung laser UV s dung tinh thé
Ce:LiCAF duoc chi ra trén Hinh 3.1.
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Hé khuéch dai Ce:LiCAF ¥ 288.5nm

bén Iin truyen qua
Hinh 3.1. So do hé phat va khuéch dai cac xung laser tir ngoai, bing rong,
bon lan truyén qua sir dung tinh thé Ce:LiCAF.
3.1.2. Pdc trung phdt xq ciia hé laser tin higu Ce:LiCAF si dung cdu hinh
budng céng huwéng Fabry-Perot
H¢ laser tir ngoai Ce:LiCAF sir dung BCH Fabry-Perot phat cac xung
laser bang rong dugc chi ra trén Hinh 2.10. Ngudng phat laser dugc xac dinh
tai cOng suat bom 25 mW. Hiéu suat dat duoc 12 19,5 %, ning luong I6n nhat
thu dugc la 18 mW tai nang lugng bom 1a 120 mW.

I -
—

e [JR~96% Théu kinh
Guong290 Ce:LiCAE, pPinhole

pinhole

Tam chan Tam chia ¢
chum

Hinh 3.2. Hé thuc nghiém laser UV Ce:LiCAF cdu hinh BCH Fabry-Perot.

Tai ning lugng bom 55 mW (16n hon ~2 14n trén ngudng) laser hoat
d6ng 6n dinh, ning luong laser 16i ra 1a 7 mW, d6 rong xung 3,13 ns, phd
laser 15i ra rong 2,0 nm dwoc chi ra trén Hinh 2.12.
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Hinh 2.12.(a) D¢ réng xung va (b) dé réng pho laser 14i ra.
3.1.3. Khuéch dai xung laser tiz ngogi bing réng si dung tinh thé Ce:LiCAF
Hé thuc nghiém khuéch dai cac xung laser tir ngoai bang rong sir
dung tinh thé Ce:LiCAF dugc chi ra trén Hinh 3.5. Thong s xung laser tin

hiéu va xung laser sau khuéch dai chi ra trén Bang 3.2.

Timchia
cham

Hinh 3.5. Hé th nhiém khuéch dai cac xung laser ti ngoai bang réng
bon lan truyén qua si dung tinh thé Ce:LiCAF.
Bdng 3.2. Théng sé xung laser tin hi¢u va xung laser sau khuéch dai
(hé khuéch dai cdc xung laser bang rong).

Thoéng tin Xung tin higu Xung sau khuéch dai
Cong suat (mW) 7,0 54

Budc song (nm) 288,5 288,5
FWHM (hm) 2,0 2,0

Do rong xung (ns) 3,0 3,0
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Céc két qua thyc nghiém va mo phong chi tiét vé cong suat ciing nhur
hé s khuéch dai trong mdi 1an truyén qua duoc chi ra trén Hinh 3.7.
60 T T . T 3.0

3
50 | °\\ /
LA 25

40+ Sy

t (mW)
A

ol = TR L k
S a0} /‘ 120
4

S0 N

=

S 20 //\.‘v ________ >

REY
TR 415
SN
10 -‘-Cong suat (thi nghiem) \'-' = -
~ - Cong suat (mo phong) - ’
-

~@~He so KD (thi nghiem)
~@~He 5o KD (mo phong)

0 " 1 A N
0 1 2
S6 lan truyén qua
Hinh 3.7. Cong sudt va hé sé khuéch dai sau méi lan truyén qua

(hé khuéch dai cdc xung laser bang rong).

1.0

w
S

Két qua thuc nghiém (dudng mau den) cho thiy, cong suat laser 16i
ra sau mdi lan khuéch dai lan luot 1a 18 mW, 31 mW, 44 mW, 54 mW tuong
ng voi hé sé khuéch dai lan luot 12 2,5; 1,7, 1,4; 1,3. Hon thé nita, cac két
qua md phong cong suat sau khuéch dai va hé s khuéch dai (dudong mau do
trén Hinh 3.7) cho thiy su phi hop tot giita thuc nghiém va ly thuyét.

3.2.  Phat trién hé khuéch dai xung laser tir ngoai biang hep sir dung
tinh thé Ce:LiCAF
3.2.1. Cau hinh h¢ khuéch dgi

Hé khuéch dai cac xung laser UV bing hep st dung tinh thé
Ce:LiCAF duoc chi ra trén Hinh 3.8.



16

266 nm
Nd:YAG 4w > \M:

M;
Rs
"266nm
‘<--. H¢laser phit xung tin hi¢u --* v
’_-----------___________________------.-Ls\
/ Ro Ru
A ey
: Re¥ N Ce:LiCAF
1 RIO
\ Hé khuéch dai Ce:LiCAF {

bén lan truyén qua
Hinh 3.8. So do hé khuéch dai cac xung laser tiz ngogi, bang hep,
bon lan truyén qua si dung tinh thé Ce:LiCAF

3.2.2. Laser tin hleu bang hep sw dung cdu hinh BCH Littrow

i lf(n chia chum
@
R~30% K|
e ] == ¥
- < - inhole
? S Ce:LiCAF Cachti '

Hinh 2.13. H¢ thuc nghlem Iaser UV Ce: LICAF phat bic Xa bang hep
str dung cau hinh BCH Littrow.

Hé laser tur ngoai Ce:LiCAF s dung BCH Littrow phat cac xung
laser tir ngoai bang hep duoc chi ra trén Hinh 2.13. Khi goc quay cua cach
tir S0 Vi truc cia BCH duoc giir khong ddi 1a 20,3, tang dan cong suit laser
bom, ngudng phat laser duoc xac dinh tai cong suit bom 40 mW va bic xa
laser 16i ra dugc xac dinh tai buéc song 288.5 nm. Tiép tuc ting cong suat
laser bom, ning luong laser 16i ra ting dan va hiéu suat dat 8,5 %.
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Tai nang lugng laser bom duoc ting 1én 120 mW (=3 lan trén
ngudng), goc quay cua cach tir so véi truc BCH thay ddi tir 19° - 23°, viing
diéu chinh budc song dat duogc 1a 11 nm lién tuc tr 285 nm dén 296 nm. Tai
gdc quay cua céch tir 1a 20,3°, niang lugng 120 mW, do rong xung la 3,6 ns
va do rong phé 12 0,6 nm duoc chi ra trén Hinh 3.12.

1.0 10 ?
= I3
08 S o8 N
= 1
g "
0.6 = 086 ' ~0,6 nm
- et B
=2 '
0.4 S04 e
g P
0.2 02 Pt
g L3
D U o e
-20 -10 0 10 20 280 285 280 295 300
Thai gian (nm) Bwréc song (nm)

Hinh 2.12.(a) D¢ réng xung va (b) dé rong pho laser 1oi ra
Véi cdu hinh BCH Littrow.
3.2.3. Laser tin higu bing hep sit dung cdu hinh BCH Littman

Céu hinh hé laser Ce:LiCAF st dung BCH Littman phat cac xung
laser tir ngoai bang hep duoc chi ra trén Hinh 2.15.

P'\\;o\e T\\f\u_\dlihl g
i

Hinh 3.15. Hé thuc nghiém laser UV Ce LzCAthat bang hep
st dung cau hinh BCH Littman.
Ngudng phat cua hé laser 14 120 mW, tiép tuc ting ning luong laser
bom 1én 160 mW, ning luong laser 16i ra thu duoc 1a 1,5 mW (hiéu suit ~
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1%). Do rong xung laser 1a 3,9 ns duoc chi ra trén Hinh 2.16.a va d6 rong
phd laser 16i ra 1a 0,6 nm, dat dén gigi han cua thiét bi do (Hinh 2.16.b).

08 1.0 +
L}
(a) % (b) ‘
0.6 5 1‘
8 "
:
04 5 06 i ~0,6 nm
- “g sl
= 04 ::
O
< .
0.2 °0 M
0.2 e
£ ¥
XN
0 0
-20 -10 0 10 20 280 285 290 295 300
Thoi gian (ns) Buéc séng (nm)

Hinh 2.16.(a) D¢ réng xung va (b) dé réng pha laser 1oi ra
Véi cdu hinh BCH Littman.

Pé khao sat kha ning diéu chinh budc séng cua hé laser UV
Ce:LiCAF phat bang hep sir dung cdu hinh BCH Littman, guong cudi cua
BCH duoc xoay goc tir 12,50° -19,50°, viing diéu chinh budc song dat dugc
rong 4,5 nm tu 286 nm den 290,5 nm.

3.24. Khuéch dgi xung laser ti ngogi bing hep sir dung tinh thé Ce:LiCAF

Hé thuc nghiém khuéch dai cac xung laser tir ngoai bang hep sir dung
tinh thé Ce:LiCAF duoc chi ra trén Hinh 3.20.

Hinh 3.20. Hé thirc nghiém khuéch dai cac xung laser tiz ngogi bang hep
bon lan truyén qua siz dung tinh thé Ce:LiCAF.
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Bang 3.3. Thong sé xung laser tin higu va xung laser sau khuéch dai
(Hé khuéch dai cac xung laser tir ngoai bang hep)

Thoéng tin Xung tin hiéu  Xung sau khuéch dai
Cong suat (mW) 7 49

Budc song (nm) 288,5 288,5
FWHM (nm) 0,7 0,7

Do rong xung (ns) 3,5 3,5

Céc két qua thuyc nghiém vé cong suat ciing nhu hé sé khuéch dai
trong mdi lan truyén qua duoc chi ra trén Hinh 3.22 (duong mau den). Cong
suit laser 16i ra sau mdi lan khuéch dai lan luot 1a 17 mW, 29 mW, 44 mW,
49 mW tuong tng véi hé s6 khuéeh dai lan luot 14 2,3; 1,7; 1,3; 1,2.
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Hinh 3.22. Két qua mé phong va thic nghiém cong sudt birc xa laser
sau mai lan truyén qua.

Két luan chwong 3: Chuong 3 trinh bay cac két qua thuc nghiém phat trién
hé khuéch dai xung laser UV st dung tinh thé Ce:LiCAF tai phong thi
nghiém cua Trung tim Dién t hoc Luong tu, Vién Vat ly, bao gom:

Phat trién hé khuéch dai cac xung laser UV bang rong bdn lan truyén
qua sir dung tinh thé Ce:LiCAF. Hé khuéch dai dugc bom bang hoa ba bac
bdn cua laser Nd:YAG tai budc song 266 nm, cdng suit bom 1a 160 mW.
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Xung laser sau bdn 1an khuéch dai c6 cong suit dat dugc 1a 54 mW tuong
tng vai hé sé khuéch dai ~8 lan, két qua thuc nghiém nay cho thay su phu
hop 6t (sai s6 khoang 5 %) véi két qua md phong bang phwong trinh Frantz-
Nodvik mo rong.

Hé khuéch dai cac xung laser UV bang hep bdn lan truyén qua sir
dung tinh thé Ce:LiCAF ciing da duoc phat trién. Xung laser tin hiéu bing
hep c6 cong suat 7 mW, do rong pho 0,6 nm tai budc song 288,5 nm sau bén
lan khuéch dai cac dic trung vé pho cua laser sau khuéch dai khong thay doi
so vai laser tin hiéu. Trong khi d6, cong suét laser sau khuéch dai 12 49 mw
tuong tng vai hé s6 khuéch dai 7.

CHUONG 4

UNG DUNG LASER TU NGOAI Ce:LiCAF
TRONG QUAN TRAC MOI TRUONG

4.1. Phat trién hé quang pho hap thu vi sai xac dinh mat @ khi SO,
4.1.1. Hé quang phé hdp thu vi sai #ng dung laser tir ngogi Ce:LiCAF

Hé DOAS ng dung laser UV Ce:LiCAF da dugc xay dung trong
phong thi nghiém cho viéc xac dinh ndng do chat khi chuan SO,. C4u tao cua
hé c6 thé dugc chia thanh ba bo phan gdm: Hé laser; Binh chira khi; Hé thu
tin hiéu va xur ly sé liéu.

4.1.2. Po mdt dp khi SO, bang hé quang phé hdp thu vi sai

Piu thu

Laser UV Ce:LiCAF

S . (SI : S, ‘
L Upamageft -
B - ,«“.‘“ . :
Y & Vi ~ Binh khi

Hinh 4.2. Hé thi nghiém khao sét nong dé khi SO,
bang ki thudt quang phé hap thu vi sai.
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Dua trén so dd hé thi nghiém da duoc thiét ké, he DOAS khao sat
nong do khi da duoc phat trién trong diéu kién phong thi nghiém (Hinh 4.2).

Céc dic trung pho cua laser Ce:LiCAF sau khi di qua binh trong
truong hop binh khéng chira khi SO, va c6 chtra khi SO da dugc ghi nhan
va chi ra trén Hinh 4.3. Sau khi dit liéu phd duoc xir ly bang phan mém Q-
DOAS, két qua cho thay nong do khi SO, do dugc 1a 100 ppm véi sai s6 phép
do 1a nho ¢& 6%. Nhu vay, tng dung laser tir ngoai Ce:LiCAF vao ki thuat
DOAS cho phép xac dinh dugc chinh xac nong do khi SO, vai sai s6 thap.

05+

Binh khéng chira khi
Binh chrra khi

Cwing 44 phé twong d6i

Budc song (nm)
Hinh 4.3. Phé laser thu diege trong hai trweong hop khi binh chiza khi
va khong chiza khi SO..
4.2. Nghién ciru dic trung tan xa cia mt so hat sol khi bang laser tir
ngoai diéu chinh budéc song Ce:LiCAF
4.2.1. Thdng sé si dung trong md phéng tan xa
Céc thdng sb sir dung trong md phong dwoc lay tir s6 liéu thuc nghiém.
4.2.2. Anh hwéng ciia buwdc séng kich thich dén tan xa goc cia c4c hat
Két qua khao sat anh huong cua budc séng laser kich thich dén tan
Xa gOc cua Cac hat dwoc chi ra trén Hinh 4.4. Két qua cho thdy so véi viing
budc séng nhin thiy, viing buéc séng UV phit hop hon cho khao sét tan xa
cua cac hat sol khi ¢o6 kich thudc nho.
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Hinh 4.4. Cuong do tan xq theo goc cua cac hat carbon den, carbon ndu
va nweéc 6 nhiém véi kich thuréc khac nhau.

Két qua nghién ctu con chi ra buéc song ph hop nhat trong dai diéu
chinh dé khao sat tan xa ngugc cta cc hat sol khi 1a tir 280 dén 290 nm hoic
tir 305 dén 320 nm.

Két luan chwong 4: Chuong 4 trinh bay viéc phét trién mot hé quang
phd hép thu vi sai tmg laser UV Ce:LiCAF cho viéc xac dinh mat do khi SO..
Trong diéu kién phong thi nghiém, hé quang phé hap thu vi sai cho két qua
khao sat voi d6 chinh xac cao, sai s6 phép do khoang 6%. Bén canh d6, cuong
d6 tan xa theo goc ciia mot s hat sol khi phé bién trong khi quyén 1a carbon
den, carbon nau va nuéc 6 nhidm bang Iy thuyét tan xa Mie.
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KET LUAN CHUNG

Luén an d3 dat dugc mot sé két qua chinh nhu sau:

DPong hoc phd cho bo khuéch dai Ce:LiCAF tam lan truyén qua da
dugc nghién ctru tedng minh, anh hudng cua cong suat laser bom, ciing nhu
cong suit va budc séng laser tin hiéu 1&n cong suat laser sau tirng lan khuéch
dai da duoc nghién ctu. Hién twong thu hep phd, dich dinh phé trong qua
trinh khuéch dai ciing da duoc khao sét.

Hé khuéch dai cac xung laser UV bang rong bon lan truyén qua sir
dung tinh thé Ce:LiCAF da duoc phat trién thanh cong, xung laser tin hiéu
tir BCH Fabry-Perot véi cong suat 7 mW & bude song dinh phd 288,5 nm va
d6 rong phd 2 nm sau khi di qua bo khuéch dai, céng suat laser thu duoc 1a
54 mW tuong (ng vai hé sé khuéch dai 12 8.

Hé khuéch dai cac xung laser UV bing hep ciing da duoc phat trién,
xung laser UV bing hep tir BCH Littrow véi ¢6ng suat 7 mW ¢ budc séng
288,5 nm sau bén lan khuéch dai cong suét laser thu dugc 1a 49 mW tuong
g véi hé s khuéch dai 7. Hon nira, cac két qua md phong bang phuong
trinh Frantz-Nodvik mé rong va thi nghiém cho thay su phii hop cao.

Budc dau tng dung laser UV Ce:LiCAF trong hé quang phd hip thu
vi sai cho viéc xac dinh mat do khi SO2. Két qua khao sat cho thiy dé chinh
X4C cao Vai sai s6 phép do 6%.

Céc két qua nghién ctiu cua luan an khdng chi ¢ y nghia khoa hoc
ma con cho thay tinh (g dung thuc tién cao. Céc hé laser tir ngoai Ce:LiCAF
c6 khuéch dai da phat trién thanh cdng cho thdy trién vong tng dung cua
ching trong nhiéu linh vire nhu y hoc, sinh hoc, va dic biét trong nghién cau
Vé méi truong.
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