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ANH HUONG CUA CAC THONG SO BUONG CONG HUONG VA CHAT
MAU LEN PONG HQC PHO CUA LASER MAU NANO-GIAY BANG RONG

Hoang Hitu Hoa
Pai hoc Hué

TOM TAT

Tién trinh phé trong cdc birc xa laser mau xung nané-gidy, bang rong, hoat déng cao
trén nguéng, & trong ché dé laser dao dong va khéng dao déng da duwoc nghién ciru béi hé
phirong trinh téc dé6 mo rong cho cdc buée séng. Cdc két qua thu dwoc trong cd hai ché d
laser dao déng va khong dao dong dd chimg 16 toc d¢ quét phé khéng chi phu thudc vao thong
$6 ciia cde phdn tir mau ma con phu thuée vao cdac théng sé cia buong cong huéng (BCH) laser.
Toc dé quét phé trong birc xa laser mau xung bang rong cé thé dwoc diéu khién nho lwa chon

cdc thong so thich hop.

1. Mé dau

Tién trinh phd trong phat xa laser mau xung bang rong sé& hoan toan bi bé qua
khi nghién ctru chi st dung hé hai phuong trinh tbc d6 dé dién ta laser tai mot budc
song (mot phuong trinh cho d¢ tich luy N, va mot phuong trinh cho cuong do laser).

Nhimng két qua nghién ctru nhu vay da han ché viéc lam sang to cic qué trinh
laser qua d9, dic biét 1a qua trinh dong hoc phd trong phat xa laser cta cac méi truong
laser bang rong, mé rong phd dong nhat nhu méi trudng laser mau hiru co. Dé 1am sang
t6 tién trinh phd trong phét xa laser mau xung bang rong trong nhimng diéu kién vat 1y
khac nhau, ching t6i da sir dung hé phuong trinh téc d6 mé rong cho mot sé tuy y cac
budc song dé nghién ciru nhitng anh huong cua cac théng sé phan tir mau va thong sb
budng cong huéng (BCH) 1én dong hoc phd trong phat xa laser mau xung bang rong.

2. Hé phwong trinh toc dd

DPé mé ta qua trinh phd-thoi gian trong phét xa laser mau xung bing rong (mod
hinh hoat dong laser mau hai murc rong) chung t6i da sir dung hé phuong trinh tdc do
sau, khi c6 chu y dén su khuéch dai bdo hoa, su tai hép thu buc xa laser ctia cac phan tu:
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trong do n 1a s6 kénh budc song, chi s6i=1,2,3,.; A 1a budce song thtr i; 1,1a

cudng d¢ laser tai budc song 4;; o, va o, lan luot 1a tiét dién hp thy va tiét dién phat

xa cudng birc ¢ budc song A ; N, N, la d tich luy phéan tir ¢ trang thai don S,va S, ;

r 1a thoi gian séng huynh quang cia phan tr mau; P 1a téc d6 bom;
T= 2[L +1(n, —l)]c_1 la thoi gian anh sang di mot vong trong BCH, L la chiéu dai

BCH, / 1a chiéu dai méi truong hoat chét, c¢la téc do anh sang, n,la chiét sut cua

dung dich mau. Dai lugng A N,, dic trung su dong gop cua phat xa tu phat khoi phat

cho qué trinh laser. Gi4 tr1 cua A4, it bi anh hudng véi cac budc song khac nhau,

A =10""cm.s7; o, 1a 6 mat mat trong mot chu trinh BCH & budc song 4. .

thong s6 bom Iy thuyét r = P/Ppgusng, trong do:

Hé phuong trinh tbc d6 md rong cho mot s cac bude song duge giai bang
phuong phép s6, sir dung thuit toan Runge-Kutta bac 4. Xung bom c6 dang Gauss v6i
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3. Anh huéng cic tham s6 BCH 1én dong hoc pho laser
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3.1. Anh hwéng chiéu dai BCH lén dgng hoc pho laser
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Hinh 1. Béng hoc phé cia laser mau Rh6G/ethanol véi 3 burde séng dién hinh.

a) L=2cm, R, =1, R,=0,1, N=5.10" cm™, r =15.

b) L=30cm R, =1 R, =01, N=510" cm™, r=15.
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Dé so sanh su khac biét vé tién trinh phd trong phat xa laser mau xung bang
rong véi cac BCH khéac nhau, ching t6i nghién ctru tién trinh phd cta 3 budc séng dic
biét trong ving phd laser, d6 1a: budc song & phia song ngan xuat hién laser sém nhét;
budc song Gmg voi cudng do cuc dai ciia cong tua khuéch dai phd va bude song co laser
tdn tai 1au nhat.

Xuét phét tir hé phuong trinh toc do, chung t6i da tinh toan dong hoc phd laser
trén nhiéu chit mau c6 phd nim trong mién tir ngoai, nhin thiy va hong ngoai gan. Sau
day 1a mot két qua dién hinh véi hai laser mau Rh6G/ethanol c6 chiéu dai BCH 1a 2 cm
va30cm, Ri=1,R,=0,1, néng d6 chit mau N = 5.10" cm'3, murc bom trén ngudng r
=15.

Két qua cia cic dao dong laser trong tién trinh phd cua phat xa laser
Rh6G/ethanol voi BCH 2 cm va 30 cm duoc trinh bay trén hinh 1a va hinh 1b.

So sanh tién trinh phé cta hai laser nay (hinh 1) ta thiy: BCH ngan c6 tién trinh
phd va su dap tit dao dong ¢ phia song ngan nhanh hon so v6i BCH dai. Mt khéc,
budc song c6 laser kéo dai 1au nhat nam vé phia séng dai so véi bude séng c6 cudng do

cuc dai.

3.2. Anh hwéng hé sé phin xa gwong lén dong hoc pho laser
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Hinh 2. Déng hoc phé ciia laser mau Rh6G/ethanol véi 3 bude séng dién hinh.
a)L=2cm R; =1 R,=01 N=510"cm?, r=15.

b)L=2cm R; =1 R,=06 N=510"cm™, r=15.
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Céc nghién ctru trong t dd duoc tién hanh dé danh gia anh hudng cua hé sd
phan xa guwong BCH 1én dong hoc phd cua laser mau xung biang rong Rh6G. Giai hé
phuong trinh tdc d véi chidu dai BCH 14 2 cm, mirc bom r =15, ndng d6 chit mau N =
5.10 "7 cm'3, hé sb phan xa guong R, 1a 0,1 va 0,6. Két qua dong hoc phé cua laser mau
Rh6G/ethanol véi 3 bude song dién hinh dugc trinh bay trén hinh 2.

So sanh két qua thu duoc ta thay: khi hé s6 phan xa guong R, nho, tién trinh phd
va sy dap tit dao dong & phia séng ngin nhanh hon so véi BCH c6 hé sb phan xa guong
cao (BCH c6 d6 pham chit cao).

3. 3. Anh hwéng nong d chit mau lén dong hoc phé laser

Két qua tinh toan dong hoc phd cua laser mau Rh6G/ethanol véi BCH dai 2 cm,
hé sb phan xa guong R; =1, R, =0,1, mlrc bom trén ngudng r = 15, néng do chat mau
1aN=5.10"7 cm™ va N = 5.10" ecm™ dugc trinh bay trén hinh 3. So sanh cac két qua
thu duoc ta thay tién trinh phd it bi anh hudng khi thay d6i ndong d6 chat mau.
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Hinh 3. Déng hoc phé ciia laser mau Rh6G/ethanol véi 3 bude séng dién hinh.
a)L=2cm R; =1 R,=01, N=510"cm?, r=15.
b)L=2cm R; =1, R,=0,1, N=>510"cm? r=1I5.

4. Pong hoc phd ciia laser mau xung biing rong

Chuing t6i di nghién ctru dong hoc phd cta laser mau Rh6G/ethanol khi str dung
hé phuong trinh téc d6 mé rong cho 25 phuong trinh cudng do va mot phuong trinh cho
do tich luy ¢ trang thai kich thich, budc tinh phé 0,5 nm. Tinh toan véil=1cm, L=2
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cm, N = 1.10" cm'3, R, =1, R, = 0,1, tdc dd bom P co dang Gauss, d6 rong 10 ns
(FWHM). Thong sé bom 1y thuyét r =15 1an trén ngudng.
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Hinh 4. Déng hoc phé ciia laser mau Rh6G/ethanol

Két qua dong hoc phd cia laser mau Rh6G/ethanol v6i chiéu dai BCH 1a 2cm
dugc trinh bay trén hinh 4 d4 cho thdy mot cach bao quét toan bd qua trinh quéa do phat
xa laser theo thoi gian, cuong do va budc song.

5. Két luan

Céc két qua nghién ctru da ching t6 rang dong hoc phd laser mau xung bing
rong hoat dong trén ngudng, khong nhitng chi phu thudc vao cac thong sb cua phan tir
chdt mau ma con phu thudc rit manh vao céc thong s6 cua BCH. Phat xa laser mau
xung bing rong, hoat dong trén ngudng ton tai mot tién trinh quét phd nhanh, khong
dao dong trong qua trinh phat laser mau. Cac BCH laser ¢ chiéu dai ngin va d6 pham
chat thip, tién trinh phd quét rat nhanh. Sy dap tit cac dao dong & mot sb bude song
ngin cia phd laser trong truong hop nay nim trong dai thdi gian pico-gidy. Pac diém
nay ctia phd co thé s& duoc sir dung dé phat cac xung laser ngin pico-giy.

TAI LIEU THAM KHAO

1. Nguyen Dai Hung, Meyer Y. H. Simple generation of 400-700nm picosecond dye laser
pulses with nanosecond laser pumping, Appl. Phys. B 53, (1991) 226-230.

2. Berman L. B. Handbook of fluorescence spectra of aromatic molecules, Academic Press,
NewYork, 1971.

3. Flamant P. Rate equations for dye lasers: commention the spiking phenomenon, Opt.
Com., Vol. 25, No. 2, (1978) 247-250.

59



4. Juramy P., Flamant P., Meyer Y. H. Spectral properties of pulse dye lasers, IEEE J,
Quantum electronics, Vol. QE-13, No. 10, (1977) 855-865.

5. Yokoyama H. Suzuki M., Nambu Y. Spontaneous emision and laser oscillation
properties of microcavities containing a dye solution, Appl. Phys. Lett., Vol. 58, No. 23,
(1991), 2598-2600.

INFLUENCE OF DYE MOLECULAR AND CAVITY PARAMETERS
ON SPECTRAL EVOLUTION OF BROADBAND
NANOSECOND DYE LASERS

Hoang Huu Hoa
Hue University

SUMMARY

The spectral evolution of broadband nanosecond dye laser emissions in oscillating and
non-oscillating laser regimes are investigated by using a system of rate equations extended to
multi-wavelength.

From the results, it is demonstrated that the spectral evolution depends not only on dye
molecular parameters but also on cavity parameters. Spectral sweeping in the laser emissions
can be controlled by an appropriate choice of parameters.
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