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Phit trién bo khuéch dai laser tir ngoai, bing hep diéu chinh bute song
sir dung tinh the Ce:LiCAF dinh hwdng nghién ciru moi truong
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Tém tit:

Trong bai bao nay, cac két qua nghién ciru cho ca hé phat va hé khuéch dai laser tir ngoai (UV) don sic, c6 kha ning diéu
chinh lién tuc buéc séng sir dung tinh thé Lithium calcium aluminum fluoride pha tap ion Cerium (Ce:LiCAF) dwoc trinh
bay. Céu hinh budng céng hwéong (BCH) Littrow sir dung cich tir lam gwong cudi phat birc xa laser ¢6 thé dwogc diéu chinh
trong khoing 285-296 nm véi cong suit 16n nhit 1a 8 mW & buée song 288,5 nm. Hé khuéch dai 4 1an truyén qua cho UV
Ce:LiCAF ciing d3 dwogc nghién ciru va phat trién. Laser tin hiéu véi cong suit 7 mW, dd rong xung 3,6 ns & buéc song
288,5 nm, sau 4 1an khuéch dai cong suit laser dat dwoc 12 49,0 mW, twong vng véi hé s6 khuéch dai la 7. Pong hoc khuéch
dai sir dung phwong trinh Franz-Nodvik mé rong khio sat sy phu thudc ciia ning lwong laser 16i ra vao so lin khuéch
dai ciing da dwoc thwe hién. Hon nira, UV Ce:LiCAF cong suit cao, diéu chinh buéc séng buéc diu di dwoc ing dung
cho viéc danh gia cwong dd tan xa theo goc ciia mot sé hat sol khi pho bién nhu carbon den, carbon nau va nwée 6 nhiém.

Tir khéa: k¥ thuit LiDAR, laser bing hep, laser cong sut cao, sol khi, tinh thé Ce:LiCAF.

Chi s6 phén logi: 1.3

1. Ddt van de

Laser noi chung va UV noi riéng dong vai trd quan trong
trong khoa hoc, cong nghé va doi séng, nho dugce Gmg dung
trong nhiéu linh vuc nhu: gia cong vat ligu, vi co khi, k¥ thuat
vién tham, y hoc, sinh hoc, quang phd va nghién ciru moéi
truong. Theo cac nghién ciu gan dy tai mot s6 thanh phd
16n & chau A, cac hat c6 klch thude nho hon 2,5 um (PM, )
chiém ty 18 hon 98% tdng s6 hat sol khi [1-3]. Trong d6, cac hat
carbon den, carbon nau, nudc 6 nhiém déng gop 16n vao thanh
phan sol khi PM, .. Ngudn gde ctia nude 6 nhiém 14 tir qua trinh
bay hoi cua soéng, ho..., trong khi d6 nguon gdc ctua carbon
den 1a tir qua trinh d6t chay nhiét do cao (dong co diesel, khu
cong nghiép...), carbon nau c¢6 ngudn gdc tir qua trinh ddt chay
chat hitu co. Hon nita, do mét sb chat khi c6 ph6 hap thy nam
trong vung budc séng tr ngoai nhu O, (300330 nm), SO,
(320+-340 nm), CS, (320+340 nm), Cl, (260300 nm) [4] nén
vi€c phat trién cac nguon UV don sac ¢6 kha nang diéu chinh
bude séng cho cac img dung méi trudng 13 can thiét. Bén nay,
viée tich hop laser vao céc trang thiét bi va k¥ thuat nghién ciru
khi quyén da tro' nén phd bién v6i may dém va do kich thudc
hat, may phén tich sol khi, may quang phd Raman va cac k¥
thuat vién tham tién tién nhu Laser doppler velocimetry (LDV)
va Light detection and ranging (LIDA) [5, 6]. Cac ngudn UV
thong thuong thu duge bang viée nhan tan s tir cc laser phat
bude song dai hon hodc phat truc tiép tir cac laser khi excimer
nhu KrF (248 nm), XeCl (308 nm)... Tuy nhién, nhuoc diém
chinh ctia cac laser nhan tan s 1a hiéu sudt chuyén doi laser
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thép va phu thudc vao tinh thé nhan tan, trong khi d6 cac nguén
laser excimer khong c6 kha nang diéu chinh budce song [7, 8].

Maéi truong tinh thé Ce:LiCAF da duoc chimg minh 1a moi
treong vat liu uvu viét cho viéc phat trién céc nguén laser rén
tr ngoai. Phat xa cua moi truong dua trén dich chuyén 5d - 4f
ctia ion Cerium trong nén tinh thé c6 d6 rong ving cam 1on
[9, 10] Mat khac, do sy tuong tdc manh gifra l6p dién tu 5d
va cau triic mang dan dén sy mo rong phd huynh quang, cho
phép méi trudng laser nay c6 kha ning phat truc tiép birc xa
UV va diéu chinh trén mot dai phd rong 280-320 nm [11]. Mbi
truong nay c6 dinh phd hip thu tai bude song 266 nm phi hop
v6i bom quang bang hoa ba bac bon cua laser Neodymium, tiét
dién phat xa laser 16n (7,5x10'® cm?), mat d6 nang luong bom
bédo hoa cao (115 mJ/cmz) ngudng pha huy 16n (5 J/cmz) [12,
13]. Tat ca cac wu diém nay thuan loi cho viéc phat trién cac
UV toan ran, biang hep, diéu chinh budc song va cong suit cao.

Céc nghién ctru gin day da chi ra rang, tinh thé Ce:LiCAF
¢6 hiéu suat chuyén dbi 1én dén 46% khi dugc bom bang hoa ba
bac bdn cua laser Nd:YAG (266 nm) hoic laser Nd:YLF (262
nm) [14]. Bang viéc sir dung cic tim etalon, hé¢ UV Ce:LiCAF
phat céc burc xa bang hep xudng t6i 14 pm va c6 thé diéu chinh
trén dai phd rong 14 nm, tir 284 dén 298 nm [15].

Tai Viét Nam, viéc phat trién UV ting dung cho nghién ctru
moi truong da dugc thuc hién. Béng viéc bién dbi tan sb tir
laser mau két hop v6i b khuéch dai nhiéu lan truyén qua, buc
xa UV & bude song 287,5 nm voi nang luong laser ¢d vai chuc
micro Jun da dugc phat trién. Tuy nhién, ning luong laser nay
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Abstract:

In this paper, the authors present results on the development
of both an oscillator and a 4-pass amplifier of ultraviolet
and narrow linewidth pulses using a Ce:LiCAF crystal. By
using a grating at one end of the laser cavity, the output
laser wavelength of the laser can be tuned from 285 nm
to 296 nm with a maximum output power of 8 mW at
288.5 nm. Moreover, amplification in a 4-pass amplifier
of the Ce:LiCAF laser was investigated theoretically and
experimentally. From the results, 49.0 mW amplified
pulses can be obtained using a 4-pass amplifier with 7.0
mW power and 3.6 ns pulse duration at 288.5 nm injection,
corresponding to an amplifier gain of 7. Furthermore,
the angular scattering intensity of some common single-
particle aerosols such as black carbon, brown carbon,
and polluted water has been studied using the Ce:LiCAF
laser. This result can serve as the basis for the multipass
laser amplifier’s environmental application, particularly in
identifying atmospheric particles.

Keywords: aerosol, Ce:LiCAF crystals, high power laser,
LiDAR technique, narrowband laser.
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con dudi ngudng cua nhiéu tng dung [16]. Viéc nghién ciru
va phat trién cac ngudn laser phat tryc tiép buc xa tir ngoai
sir dung tinh thé Ce:LiCAF ciing da duoc bao céo. Véi ciu
hinh BCH gbém 2 guong phang phét birc xa laser bang rong,
hiéu suét laser dat duoc 1én dén 33% va nang luong laser 16i
ra 16n nhét ghi nhan duogc 1a 3,4 mJ. Hon nira bé‘mg cAu hinh
BCH Littrow, birc xa laser c6 do rong phé 0,2 nm, diéu chinh
duoc trén mot dai phd tir 281 dén 299 nm véi nang lwong 16n
nhét 12 0,8 mJ da dugc ghi nhan [17]. Méac du hé¢ UV phat bang
hep, diéu chinh budc song Ce:LiCAF da dugc phat trién thanh
cong, tuy nhién ning luong laser 16i ra con thap. Dé mo rong
g dung cuia ngudn laser nay thi viéc khuéch dai ning luong
14 cén thiét.
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Trong bai bao nay, chiing t6i trinh bay viéc phat trién mot
hé khuéch dai 4 lan truyén qua cho céac xung UV, bang hep
sir dung tinh thé Ce:LiCAF. Bing viéc sir dung phuong trinh
Franz-Nodvik mé rdng, dong hoc khuéch dai cac xung laser
nay ciing da dwoc nghién ciru trdng minh. Két qua nghién ciru
cho thy su phu hop t6t giira Iy thuyét va thuc nghiém. Hon
ntra, viéc danh gid cuong do tan xa goéc cuia mot s6 don hat phé
bién trong khi quyén bang UV Ce:LiCAF ciing da duoc thuc
hién, 1am co s& cho viéc nhan biét cic chat khi nay trong khi
quyén.

2. Cau hinh hé thuc nghiém

Céu hinh hé phat va hé khuéch dai UV sir dung tinh thé
Ce:LiCAF dugc chi ra ¢ hinh 1. Trong cdu hinh nay, hoa ba bac
bdn cua laser Nd:YAG (Lotis II) tai buéce song 266 nm, do on
dinh 2%, d6 rong xung 7 ns véi nang luong cuc dai 120 mJ
duoc str dung 1am ngudn laser bom. Sir dung tim chia chim F,
laser bom duoc chia thanh hai phan, mot phan niang lwong cho
h¢ phat va phan con lai cho hé khuéch dai. Céc guong tr M,
dén M;la dién moi, co hé sf) phan xa cao ¢ budc song 266 nm
duogc sur dung lam guong dan chum laser bom.
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Hinh 1. H¢ khuéch dai cic xung UV bing hep 4 lin truyén qua sir dung tinh thé
Ce:LiCAF.

Vi h¢ laser phat, tinh thé Ce:LiCAF duoc cit gbc Brewster
voi kich thude 20x10x10 mm, néng do pha tap 1% mol dugc
s dung 1am moi truong hoat chét. Théu kinh héi tu L, (£=30
cm) duoc su dung dé hoi tu chum laser bom, sao cho duong
kinh chim laser bom trén mit tinh thé 12 2 mm. Goc gitra chim
laser bom va truc BCH duoc hiéu chinh nho nhat nhim ting
hiéu suat chuyén dbi laser. BCH laser c6 chiéu dai 7 cm, gom
mot cach tor G (2.400 vach/mm) cua Hang Thorlab duoc dat
trén gia vi chinh goc va guong ra R, c6 hé s6 phan xa 30% tai
budc song laser. Voi viée quay goc cach tir so véi truc BCH
ta c6 thé thay ddi duoc bude song cua laser 16i ra. Chum laser
sau khi ra khoi BCH, duoc chuan truc bﬁng ’2 thau kinh L,(-10
cm) va L, (10 cm) truge khi dua vao bo khuéch dai (chum laser
tin hiéu).



Hé khuéch dai cac xung UV bang hep 4 lan truyén qua
dugc cdu tao tir 8 guong phing (R, dén R,) c6 h¢ s6 phan xa
trén 90%, trong vung budc song 280 dén 300 nm ¢ goc 45° cua
Hang Thorlab (Hoa Ky). Tinh thé Ce:LiCAF cét goc Brewster,
voi kich thude 5x5x8 mm, néng do pha tap 1% mol dugc su
dung 1am méi trudng khuéch dai. Mot ph?ln chum laser bom
(266 nm) sau khi phan xa trén cac guong dan M, va M, dugc
hdi tu vao tinh theé khuéch dai Ce:LiCAF nh¢ thau kinh L,
(f=40 cm). Hi¢u suat khuéch dai phu thudc vao sy chong chap
gitta chum laser bom va chum laser tin hiéu. Do d6, géc Iéch
gitta chum laser bom va chum laser tin hi¢u dugc hi¢u chinh
nho nhit & mdi 1an khuéch dai.

Dé khao sat cong sudt laser, chung toi str dung dau do ning
luong Coherent v6i dai cong sudt do 1 dén 30 W, do phan giai
1 mW, ngudng pha huy 6 KW/cm? (1,75 J/cm?). Photodiode
Hamamatsu S9055 c6 thoi gian dap tmg 250 ps két hop vai dao
dong ky s6 5 GHz (Lecrosy) duoc st dung dé danh gia d6 rong
xung laser. Cac dic trung vé phd laser duoc khao sat bang may
quang phd Avaspec véi dai phd hoat dong tir 200 dén 1160 nm,
do phan giai 0,6 nm.
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3. Két qua va ban luan

Dé khao sat kha nang didu chinh bude song cua hé laser
Ce:LiCAF céu hinh BCH Littrow, goc giita cach tir va truc
BCH dugc thay ddi tir 19 dén 23°, cong sut laser bom dugc
diéu chinh dudi ngudng pha huy tinh thé. Két qua khao sat
dugc ¢ hinh 2 cho thdy, ving diéu chinh budc song laser thu
dugc trong khoang 285-296 nm véi do rong phd 0,6 nm (bang
gi6i han cua thiét bi do). Hiéu suét laser thu duoc 1a 8,5% tai
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Hinh 2. Birc xa thu dwoc trong viing diéu chinh bwéc séng cia cau
hinh BCH Littrow. (A) Buwéc séng ngén nhét trong dai diéu chinh 285
nm; (B) Bwdc sdéng tai dinh phat xa 288,5 nm; (C) Bwdc song 292 nm;
(D) Buéc séng dai nhat trong dai diéu chinh 296 nm.
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bude song 288,5 nm, véi cong suat 16n nhit 1a 8 mW & cong
suét laser bom 120 mW.

bé danh gia hiéu suét ctia bo khuéch dai 4 1an qua str dung
tinh thé Ce:LiCAF, chum laser tin hiéu & budc song 288,5 nm
véi cong sudt 7 mW, do rong xung 3,6 ns va do rong phé 0,6
nm duoc dua vao bd khuéch dai (hinh 3). Sau khi chuén truc,
duong kinh chum laser tin hiéu 1a 1 mm, twong Grng véi mat do
nang luong 1a 20 mJ/cm?, nho hon nhiéu so véi mat d6 ning
luong bao hoa.
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Hinh 3. D3 rong xung (A) va dé rong phé laser tin hiéu (B).

Cong suit laser bom (266 nm) cho hé khuéch dai 1a 190
mW, tuong img mat do ning lugng 14 0,6 J/cm?, nhé hon nhiéu
so voi ngudng pha hily tinh thé. Trong truong hop nay, hé
khuéch dai hoat dong & ché do tuyén tinh. Vi cu hinh khuéch
dai nay, cong sut laser 16i ra sau mdi 1an khuéch dai 1an luot
1a 17, 29, 44 va 49 mW, tuong Gng véi hé sb khuéch dai 1an
lwotla 2,3, 1,7, 1,3 va 1,2. Nhu vay, vdi cong suét laser tin hiéu
trude khi vao bo khuéch dai 1a 7 mW, cong suit laser thu dugc
sau 4 1an khuéch dai 13 49 mW, tuong tng véi hé s6 khuéch dai
1a 7 (hinh 4). Thong s6 chi tiét ciia xung laser tin hiéu va xung
laser sau khuéch dai duoc thé hién & bang 1.
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Hinh 4. Céng suét laser 16i ra sau méi lan khuéch dai.

Bang 1. Thong s6 xung laser tin hiéu va xung laser sau khuéch dai (hé
khuéch dai cac xung UV bing hep).

Thong tin Laser tin hi¢u Laser sau khuéch dai
Cong suat (mW) 7 49

Budce song (nm) 288,5 288,5

D6 rong phd (nm) 0,6 0,6

Do rong xung (ns) 3,6 3,6
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Bing viéc st dung phuong trinh Franz-Nodvik mé rong
[18], su phu thudc ctia cong suat laser sau khuéch dai vao cong
suat laser tin hiéu cling da dugc thuc hién:

) = Jeae T 14 Gy (expC=2 = D] (1)

trong do: J, la thong luong xung laser ra; A 1a budc song laser
k@ch thich; Jsat,lé thf?ng lwong bdo hoa; J, | 1a thong luong bar}
dau; T Ia h¢ so truyén qua ctia chum laser tin hi¢u; G_ 1a h¢ so
khuéch dai ban dau.

Bing viéc sir dung phan mém Matlab dé giai phwong trinh
1, sy phu thudc cta cong suit laser 18i ra vao cong sudt laser tin
hiéu sau mdi 1an khuéch dai cling dugc chira ¢ hinh 4. Két qua
nghién ctru thye nghiém va mé phong cho thdy sy phu hop tdt
trong 3 1an khuéch dai dau tién. Tuy nhién, cong suat laser theo
mb phong tai 1an khuéch dai tht tu 1a 57 mW, cao hon 15% so
v6i cac két qua thuc nghiém. Nguyén nhan trong thuc nghiém
su chdng chép giita chum laser bom va laser tin hiéu trong tinh
thé laser Ce:LiCAF chua cao.

Dé danh gia dac trung tan xa cua cac hat sol khi, ching
t6i str dung chwong trinh mé phong duya trén 1y thuyét tan xa
Mie [19, 20]. 2 buc xa laser kich thich tai budc song 532 va
288,5 nm, budc song 532 nm la phat hoa ba bac hai cua laser
Neodymium, trong khi dé budce song 288,5 nm thu dugce tir hé
laser Ce:LiCAF di duoc phat trién. Trong bang 2 1a chiét sudt
phtrc ciia nudce 6 nhiém, carbon ndu va carbon den dbi véi hai
birc xa laser kich thich [21, 22].

Bang 2. Chiét suat phirc clia nwéc 6 nhiém, carbon nau va carbon den di
v&i 2 bire xa laser kich thich 532 va 288,5 nm [21, 22].

Chiét suit tai cac budc song laser

Doi twong nghién ciru

532 nm 288,5 nm
Nudc 14n tap chit 1,54+0,015i 1,54+0,015i
Carbon den 1,77+0,63 11 1,70+0,641i
Carbon nau 1,52+0,182i 1,57+0,0311

Vé6i dudng kinh trung binh khi phat tan trong khi quyén tir
0,1 #n1,2 um, hé s6 kich thudce (x) cua cac hat sol khi carbon
nau, nudc 6 nhiém va carbon den duge tinh theo cong thirc (2)
va dugc chi ra trong bang 2.

x=5 @

trong do: r 1a ban kinh hat sol khi; A 1a budc song laser kich
thich.

Ly thuyét tan xa Mie duogc st dung cho cac hat c6 hé $6
kich thuéc nam trong khoang 0,2+2000. Nhu vay, voi hé )
kich thudc hat ndm trong khoang tir 1,2 dén 14,2 pm khi kich
thich bang budc song 532 nm; nam trong khoang tir 2,2 dén
26,1 um khi kich thich bang budc song 288,5 nm (bang 3) la
phu hop véi 1y thuyét tan xa Mie [21, 22].
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Bang 3. Hé s kich thwéc hat dwoe xac dinh theo bwéc séng.

% (nm) 532 nm 288,5 nm
r (um)
0,1 1,2 22
0,4 47 8,7
12 142 26,1

Dé danh gi4 anh hudng ciia bude song kich thich dén tan
xa goc cua cac hat, 2 birc xa laser tai budc soéng 532 va 288,5
nm lan luot kich thich vao hdn hop duogc tron cac hat sol khi
carbon den, carbon nau va nuéc 6 nhiém cé ban kinh lan luot
12 0,1,0,4va 1,2 um. Két qua mo phong dugc chi ra ¢ hinh 5
cho théy:

Hat c6 ban kinh 0,1 pm: Cuong d6 tan xa theo phuong
thudn (goéc 0°) 16n hon so v6i cuong do tdn xa ngugc (goc
180°). Tuy nhién, cuong do tan xa goc cia 3 loai hat nay khong
¢6 nhiéu su khac biét, dan t6i khong thé nhan biét dugc cac
hat nay bang tan xa goc voi budc song kich thich 1a 288,5 va
532 nm. Nguyén nhan do ban kinh hat nho hon budc song kich
thich dan t6i tan xa goc thé hién khong 1 rét.

Hat c6 ban kinh 0,4 pm: Cuong do tan xa ciia mdi hat da
thé hién rd sy thay ddi theo goc khi kich thich bang budc song
532 nm. Tuy nhién, vié¢c phan biét 3 loai hat sol khi nay kho dat
duoc do cudng do tan xa theo goc cua 3 loai hat nay kha tuong
ddng. Trong khi d6, cudng do tan xa theo goc cua cac hat nay
thé hién su khac biét 16n khi duge kich thich bing budc song
288,5 nm. Do vay, viéc nhan biét 3 loai hat carbon nau, nudc
6 nhiém va carbon den trong mét hon hgp cac hat cung kich
thude 1a c6 thé thuc hién dugc.

Hat c6 ban kinh 1,2 pm: Cuong do tan tan xa thay doi
nhanh theo goc khi dwoc kich thich bang budc song 532 hodc

0 , 0 4 0 g
120 0 120 60 120 60
15 3 4
5 150 2 30 150 30
180 180 @ 0 180 0
210 ik 330 210 3%
240 300 20 = o 240, 0
m 2
0,1 pm 0,4 pm 1,2 pm
A=532nm
0 0 g 0 4
120 60 120 60 120 60
2 4 4
150 30 150 30 150 30
210 330 210 330 210 330
240 300 240 300 240 300
210
0,1 um| 2 0.4 um tal 1,2 pm
A=288,5 nm
——Nudc 6 nhiém ——Carbon den ——Carbon nau

Hinh 5. Cwong do tan xa theo géc cua cac hat carbon den, carbon nau
va nwéc 6 nhiém.



288,5 nm. Do d6, viéc phan biét cac loai hat nay cé thé thuc
hién dugc. Tuy nhién, dé xéc dinh dugc dic trung tan xa theo
goc cua cac hat doi hdi phai st dung nhiéu cam bién dit trén
mat phéng tan xa.

4. Két luan

Hé khuéch dai cac xung UV bang hep 4 lan truyén qua st
dung tinh thé Ce:LiCAF da duoc phat trién. Xung laser tin hi¢u
bang hep tai budc song 288,5 nm céd cong suit 7 mW, do rong
phé 0,6 nm sau 4 14n khuéch dai c6 cong sult 1a 49 mW, tuong
g voi hé sb khuéch dai 7. Cac két qua nghién ciru 1y thuyét
cho the”iy su phu hop cao véi cac két qua thuc nghiém.

Bing viéc sir dung 1y thuyét tan xa Mie, déc trung tan xa
theo goc ciia mot sb hat sol khi phd bién trong khi quyén la
carbon den, carbon nau va nudc 6 nhiém di duge nghién ctru.
Két qua cho théy, hi€u qua cua viéc st dung budc song 288,5
nm so voi budc song dai hon 532 nm trong nghién ctru tan xa
ctia cac hat. Cac két qua dat dugc co thé mo rong cho g dung
xac dinh cac hat sol khi, cling nhu xac dinh kich thudc hat
trong thuc nghiém.

LO1 CAM ON

Nghién ctru duoc hd tro boi dé tai Quy Phat trién Khoa hoc
va Cong ngh¢ Quoc gia, ma so 103.03-2019.365. Cac tac gia
xin chan thanh cam on.
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