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TOM TAT:

Sir dung hé phwong trinh téc d¢ da budc song, cdc ddc trumg phdt xa laser tir ngogi
Ce:LiCAF dugc bom bing héa ba bdc bén cua laser Nd-YAG tai budc song 266 nm sir
dung cdu hinh Littrow va Littman da du'o'c nghién ciru. Két qua mé phong chi ra réng,
cde birc xg laser tir ngogi véi dé dom séc cao c vai chuc pic6 mét véi cdu hinh Littrow
va cé thé xudng téi mgt vai Dpicé mét véi cdu hinh Littman trong mét gidi pho rong da

dugc ghi nhdn.

Tic khoa: Tinh thé Ce:LiCAF, laser tir ngogi, laser bing hep, diéu chinh budc song,
Littrow, Littman.

1. MG PAU

Céc ngudn laser tir ngoai (UV) néi chung, dic biét 14 cic ngudn laser tir ngoai don sic,
c6 kha niing diéu chinh trong mot dai phd rong c6 nhiéu ung dung trong nghién ciru khoa hoc
va cong ngh¢ nhu nghién ciru thién vin hoc, gia cdng ban din, sinh hoc, y hoc [1]. Véi viéc
mét sb chét khi hip thu manh céc birc xa nim trong vung tir ngozu nhur ozon (240 - 340 nm),
SO, (230‘ 350 nm), thuy n‘gan (253,7 nm),... ma c4c ngudn laser tir ngoai dugc sir dung
trong nhicu cic nghién ciru vé méi trudng, nhu khio sat ndng dd chit khi, xac dinh kich thudc
hat, x4c dinh phan b nhiét do [2-4]. Cho dén nay, viéc nghién ctru va phat trién cdc hé laser
phét birc xa tir ngoai bing hep, c6 kha ning diéu chinh birdc séng trén mét dai phd rong da
duge nhiéu nha khoa hoc quan tim va phat trién [5]. Tuy nhién, cic bic xa laser tir ngoai nay
chii yéu thu duoc bing viéc sir dung tinh thé phi tuyén, nhén tan s tir cic laser phét bude
song dai hon [6]. Tai Viét Nam, nhom nghién citu tai trung tdm Dién tir hoc Luong tir, Vién
Vit ly da phat trién thanh cong hé laser tir ngoai Ce:LiCAF sir dung cdu hinh Littrow, cac biic
xa thu dugc cé d don séc c& 0,2 nm, kha ning diéu chinh trén pham vi 18 nm tir 281 nm dén
299 nm [7]. Tuy nhién, cc nghién ciru Iy thuyét vé dong hoc phat xa ciia laser CeLiCAF sit dung
cAu hinh Littrow niy van chira dugc thyc hién. Trong bédo cdo ndy, ching t6i trinh biy cic két qua
nghién ciru cdc dic tnmg phét xa ciia h¢ laser Ce:LiCAF sir dung hai cu hinh Littrow va Littman.

2. MO HINH LY THUYET
So b b6 tri hé laser tir ngoai Ce:LiCAF phit bing hep, diéu chinh buéc séng sir dung
c4ch tir dugc trinh bay trén Hinh 1.
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Hinh 1. H¢ laser tir ngoai Ce:LiCAF sir dung budng cong huéng a) Littrow, b) Litman

Trong céu hinh Littrow (Hinh 1a), tinh thé Ce:LiCAF, 1% dugc bom bing hda ba béc
bon ciia laser Nd:YAG & budc song 266 nm, d6 rong xung 7 ns. Budng cong huéng (BCH)
dugec tao bai guong ra R, va cach tir G. Bic xa sau khi bi nhiéu xa trén bé miit cich tir, phan
xa nguoc trd lai doc theo truc BCH, dugce khuéch dai va hinh thanh bic xa laser. So dd b tri
hé laser tir ngoai Ce:LiCAF sur dung ciu hinh Littman duge chi ra trén Hinh 1b. BCH duogc
tao boi hai gwong Ry, R, va mot cich tir G. Trong mét chu trinh di lai trong BCH, chiim laser
s€ bi nhiéu xa hai l4n trén bé mit cach tir. D¢ thu dugc d5 don sic cia birc xa laser 16i ra 16n
nhét, cich tir dugc b tri sao cho chim laser trong BCH t6i phii dy mit cach tir.

Nghién ctru dic trung phdt xa ciia hé laser tir ngoai Ce:LiCAF sir dung cAu hinh Littrow
va Littman dugc thuc hién b%.ng vigc gidi hé phuong trinh téc d§ da bude song, mé& rong cho
toan mién phd phét xa cita méi trudmg tinh thé Ce:LiCAF [9].

aN; ()

T Rp + X0, 0a:1;(£)INo (£) - [Z?:l oeili(t) + %] N, (t) 1)
a—'afii) = [2(0iN1(t) = 0Ny ()] — B] %)- + AN, () @
N =N0+N1 (3)

Phuong trinh (1) biéu di&n sy bién thién dg tich ldly cia mitc laser trén; phuong trinh (2)
biéu din sur bién thién cudmg do laser trong BCH. Nj, N, 1 do tich llly ctia ion hoat chét &
mirc co ban va mic laser trén (cm™); N=Np+N; 1a tng sb ion hoat chét ciia méi trudng
khuéch dai (em™). I 1a cuong df laser trong BCH tai buéc séng A; (photon.cm"'.s'l); R, 1a tbe

- g [y __ Paps —4ln2(t—to)?].
dd bom dugce xic dinh: R,(t) = 50 exp[ = ],

Pabs=Pin[l-exp(-a)] 1a céng suit
laser bom dugc hip thu béi moi trudng hoat chit (W), Py, 1a cdng suit laser bom (W); a,1a hé
s6 hép thu ciia méi trudmg khuéch dai tai buéce s6ng laser bom (cm™); Tp 14 40 rdng xung laser
bom (5); ty 12 toa dd dinh trdng biéu dién thai gian xung bom (s); E,=hc/A, 1 ning lugng
photon bom (J); V=rr] 1a thé tich cia viing duge bom trong méi trudmg hoat chit (cm’); r 1a
ban kinh vét bom (cm); 6, 0., 1 tiét dién hip thu va tiét dién phat xa tai budc song laser A;
(cm®); 12 thdi gian séng huynh quang cta dién tir & mirc kich thich (s); 8 12 hé s8 mAt mat
trong BCH, 8 = —In(R;R;) v6i clu hinh Littrow va B = —In(R{R,R;) véi clu hinh
Littman; R, 12 hé s§ phan xa cia guong ra, R; Ia hé s6 phan xa ciia guong cudi cdu hinh

Littman; / 1a chiéu dai BCH; Rg la hé sb nhifu xa ciia cach tir va duogc xac dinh theo cong
thire [1]:

Re=Ry(4;)exp[—4In2(A — 1;)?/AA2] @
13
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x 4 3 hé sb nhié cuc dai tai byg. .
trong d6: 4; 1a bu6e song nhiéu xa trung tim. Ro(4¢) 12 hé so nhi€u xa ct x p nlh buge Sén
A, A\ 1a @6 rong phd clia chum laser. Péi véi ciu hinh Littrow AL dugc xac dinh the, bi,

thitc A4 = -2 N Ia s& vach céch tir tham gia vao qué trinh nhiéu xa [1]. D61 véi cdy hig
2Nm’ g

'JiAz Y A A - .‘ A [x?\ ut ’ .
ittm roc x4c dinh A = ———t—— ciia vét laser trén bé mit cich ¢
Littman AA durg inh AA = Ty I, 1430 rdng [9,

D& nghién ciru dic trung phét xa ciia hé laser tir ngoai Ce:LiCAF, ching t6i g3 he

phwrong trinh (1-3) véi céc thdng sb dAu vao drge dura ra trong Bang 1 [9].
Bing 1. Céc thong sb st dung trong tinh todn

DPai rmg Gi tri (dom vi)

Nogdopaupcd | 1%mal
Mt a5 pha tap, N S s |
Chidu dai tinh thé, L (o I cm
HBG hép thut;1 budc sdng laser bom, a 3 cm’? !
Chiét sut tinh thé, n A _
| Thoi gian séng huynh quang, < 25 ns
| He sb ;;iuit xa t phat, 4; ¢ - 10" em.s?
L Budc song laser bom, 4, ; 266 nm

b§ réng xung bom, (1 ﬂ Tns K

Dudmg kinh vét bom trén bé mit tinh thé, r 1 mm

Hiing s céch i, d : 2400 mm”’
| Téc d5 dnh sang, ¢ C 3.10%mis
‘Hing s3 Plang, h | 662606957.10% 155 |

3. KET QUA VA THAO LUAN
3.1. Dic tring phit xa ciia laser Ce:LiCAF sir dung ciu hinh Littrow

Ddng hoc phit xa biang hep, diéu chinh budc song cho laser tir ngoai Ce:LiCAF sir dung
cach tir Littrow da dugc nghién ctru va bidu didn trong Hinh 2, véi céc théng sé: chidu dai
BCH L =2 cm, hé sb phan xa guong ra Ry = 14%, bic nhifu xa (m = 1). :

Hinh 2 chi ra phé phét xa cua laser tir ngoai Ce:LiCAF st dung cAu hinh cich tir
Littrow, dinh phd phit xa tai buéc séng 288,5 nm, do rong phd 13 30 pm, do rdng xung laser
ngé’n nhét sau khi ti wru nidng lugng laser bom 1a 299 ps, tai ning luong laser bom 9,5 mJ (c&
2 I4n trén ngudng).
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Hinh 2. Dong hoc phét xa cho laser tir ngoai Ce:LiCAF sir dung c4u hinh Littrow

Viéc didu chinh buéc séng cho laser tir ngoai Ce:LiCAF sir dung cach tir Littrow duwoc
thuc hién bé"mg viéc thay doi géc quay cach tir 4, tir 18,9° dén 23,3° ning lugng laser bom
Ey=15 mJ. Két qua didu chinh buéc séng dugc ghi nhn tir 278 nm dén 302 nm cua laser tir

ngoai Ce:LiCAF sir dung cach tir Littrow dugc chi ra trong Hinh 3.
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Hinh 3. Ving didu chinh buéc séng cia laser tir ngoai Ce:LiCAF sir dung cAu hinh Littrow

3.2. DPic trung phit xa ciia laser Ce:LiCAF sir dung ciu hinh Littman

bé nghlen citu cac dic trung phét xa cling nhu kha ning diéu chinh budc séng ciia laser
Ce:LiCAF céu hinh Littman ching toi di giai hé phuong trinh (1-3) v6i céc thong sb: hé sb
phéan xa cia cic guong Ry = 30%; Rz = 100%, nang lugng laser bom 5,6 mJ (c& 1,5 1an trén
ngudng) va chiéu dai BCH L = 10 cm. Dinh phd phét xa tai budc séng 288,5 nm twong ing
véi goc quay 8 = 17.6°. Véi c4u hinh nay, d9 rong phd phat xa c& 1 pm, d9 rong xung laser 16i

ra thu dugc 13 590 ps duge chi trén Hinh 4.
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Hinh 4. Cic &c trung phat xa cla laser tir ngoai Ce:LiCAF sir dung céu hinh Littman
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Hinh 5. Ving diu chinh buéc song tir ngoai Ce:LiCAF sir dung cau hinh Littman

Viéc diéu chinh buéc séng cia laser 16i ra dugc thyc hién bing viéc t%lay doi goc quay
clia gurong R,. Véi ning lugng bom 1a 21 mJ, géc quay guong R, thay doi tir 12.5°-19.5°
khoéng diéu chinh tir 278 nm dén 315 nm, dinh ciia phd phét xa tai budc séng 288,5 nm dugc
chi ra trén Hinh 5. Nhu viy, véi viéc sit dung cAu hinh Littman khong nhitng phét duge cic
birc xa laser tir ngoai c6 d6 don sic cao ma con thay ddi dwgc budc séng cia laser trong mjt
dai phd rong.

Nhin thy ring, ca hai cdu hinh Littrow va Littman déu d& dang thuc hién va c6 nhimg
uu diém riéng. DSi véi chu hinh Littman cho d6 don sic cao hon so véi cAu hinh Littrow khi
ciing théng s6 cach tir. Tuy nhién, ciu hinh Littman don gian hon va cho kha ning phit céc
don xung ngén hon bing phuong phap qua d3 budng cong hudng [7].

4. KET LUAN

Céc ddc trung phat xa clia laser tir ngoai Ce:LiCAF phat bang hep, diéu chinh budc
song sir dung cach tir 43 dugc nghién ciru tudmg minh. Véi viée sir dung hai ciu hinh Littman
va Littrow, 49 don sic cita laser 18i ra c6 thé dat tir vai pm dén vai chuc pm, c6 kha nang diéu
chinh budc séng trong mét dai phd rong, phat don xung ngin duéi nano gidy ciing da dugc
ghi nhin. Céc két qua nghién ciru nay co y nghia 1én trong viéc phét trién cdc ngudn laser
Ce:LiCAF dé phuc vu cho céc nghién ciru v& méi tnrong va quang phd laser phén giai cao.

LOI CAM ON

Céc tac gid xin cam on sy hd trg kinh phi tir 4 tai cdp Vién Han 1am KH&CN Viét
Nam, mi sb: VASTO01.03/20-21.
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