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NGHIEN CU'U PHAT TRIEN KY THUAT QUENCHING-CAVITY
VA UNG DUNG VAO PHAT KHONG KHOA MODE
CAC XUNG LASER PICO-GIAY
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Tém tat Béo c4o trinh bay cic két qua nghién clru ca vé ly thuyét va thuc
nghiém vé ky thuit laser mau quench1ng-cav1ty khi d& y dén méi trudng hoat chit
md rong ddng nhat. Lan déu tién, dong hoc pho cua phat xa laser mau quenching
—cavity va kha ning phat xung laser ngin v&i kha nang thay dbi budc song clia
loai laser nay dd dugc ching to6. Hon nira, chung toi da nghién clru va két hqp
thanh cong k§ thuat quenchmg cavity (QC) vao céc laser mau phat xung pico- glay
phan hdi phan bb (DFB) va chon loc thoi gian phd (STS) — tuong img duoc goi la
laser QC-DFB va QC-STS. Céc nghién ctru Iy thuyét va thuc nghiém da duoc
thyc hién véi céc loai laser nay khi sir dung nhiing hoat chit mau khac nhau ¢
dang rin va dung dich. Nhimg két qua thu dugc da chimg té6 mét so ru viét trong
cac ky thuat laser hon hop phat xung pxco—gxay va cho phép phat trién thanh cong
céc thiét bi laser phat xung pic6-gidy, trong mién phd kha kién, dugc bom véi mot
laser nand-gidy.

Tir khéa: Laser mau xung pic6-gidy, quenching- cavity, phan héi phdn bo, thoi
gian phé

1. Mé dau

Laser phat xung ngén, diéu chinh budc séng tré thanh thiét bj khoa hoc quan
trong cho nhiéu nghién clru va img dung & céc linh vyc khac nhau. Mot s6 phuong
phap phét xung laser ngén da dugc cong bd, vi du nhu k¥ thuit laser mode- locking
[1-3] ching kha phic tap va yéu céu nhimng diéu kién k¥ thuat dic biét va dit.
Trong bao céo nay, phin dau tién trinh bay céac két qua nghién ctu ly thuyét va thuce
nghiém vé laser mau quenching-cavity, tuy nhién, viéc sir dung hé phuong trinh toc
d6 m& rong da budce song da cho phép ching téi quan sat dugc dong hoc phd laser
cua phat xa laser mau quenching- cav1ty trong moi trudng hoat chat mé rong ddng
nhit. Cac két qua thu dugc cho thiy viée _phét xung laser don va ngén tir mot laser
mau quenching-cavity phu thugc vao nhleu yéu t§ nhu: thé tich dung chung cua hai
buong cdng hudéng (BCH), mirc bom, nong d6 chit mau va céc thong sé cia BCH
chét luong cao. Pic biét, phat xa xung ngan tir laser quenching-cavity dugc phat
hién c6 mdt do rong phé dang ké& (~ 100 A%, diéu nay goi y cho viéc phat Xung
laser ngin, bang hep, c6 kha ning thay ddi lién tyc budc séng trén mdt ving phd
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rong (~100 A’ v6i m&i chét mau). Trong phdn hai, ching t6i bao céo cac két qua
nghién ctru trong viéc két hop thanh cong k§ thudt quenching-cavity (QC) véi hai
k¥ thuit phat xung laser ngén (khong khéa mode): laser phan hdi phan bd (DFB) va
laser chon loc thoi gian phd (STS). Cac loai laser nay dugc goi 1a laser QC-STS va
laser QC-DFB. Cac nghién ctru thuc nghiém da dyoc thuc hién véi mot sb moéi
trurdng laser mau ran va long khac nhau. Cac két qua thu dugc phi hop tét véi céc
nghién ctru ly thuyét va chimg td mot sé uu viét trong cac k¥ thuét laser hdn hop
phat xung pic6-gidy. Dua trén cac k¥ thudt ndy, cac thiét bi laser phat xung pico-
gidy trong mién phd kha kién v&i mot laser bom nand-gidy da duoc phat trién.

2. Laser mau quenching —cavity véi
mdi trudng hoat chit mé réng ddng nhit

K¥ thust Quenching cavity (QC) - dé tao ra xung laser mau ngén véi mot laser
bom nané-gidy, dua trén nguyén tic canh tranh ning lugng tich trit trong mdi
tredmg hoat chét. Trong cdu hinh cia laser mau quenching-cavity dugc bom ngang
(Hinh 1), hai buéng cong hudong (BCH) laser khac nhau cung st dung chung mot
moi trudng hoat chat, do vay, ¢ su canh tranh néng lugng tich trlt trong moi trudng
hoat chét. Laser c6 BCH Q-cao chiém hau hét kha niing khuéch dai (gain) trong méi
trudng hoat chit. Nhor d6, laser c6 BCH Q-thip chi dugc phat ra mot xung ngén [5].

Phuong phép phat xung ngén bing LASER BOM
laser quenching-cavity 14 don gian, tuy
nhién hé s6 nén xung (ty sb gitta do dai

Laser ra BCH Q - cao

IR er ra BCH Q - thip

xung bom va xung laser mau) trong thuc AT
te 1a thap (<10). - Phin thé tich

Dung dich min hoat chit ding
Chiing t6i st dung hé phuong trinh chome
tdc d9 - nhu trinh bay & dudi ddy, mé
rong dén cic budc song laser khic nhau
dé mé ta hoat dong loai laser nay khi
hoat dong v6i mot mdi truong hoat chit
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mé rong dong nhét nhu chit mau [5]:  Hinh 1. Cdu hinh BCH quenching
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Céc tinh toan trén md hinh 1y thuyét nay dugc 4p dung véi chit mau rin PM
567, ndng d6 le-3 mol/l. Nguén bom 13 phat xa hoa ba bic hai cud mét laser
Nd:YAG tai budc séng 532 nm. Budng cong hudng laser chét luong cao (Q-cao)
dugc tao bdi mt guong. Mg hé sé phan xa 99 % va mdt mit bén cia chit mau rin
(hodc cuvet dung dung dich mau) c6 hé s6 phan xa R4 ~ 4%. Quang tryc cia BCH
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Q-cao tao mot gbéc 1&ch rat nho o ¢ 5 °,véi BCH Q- thip. Chiéu dai hoat chit 1a
lcm, va chiéu dai khoang khong khi cia BCH Q-cao 13 0.5 cm. Két qua tinh toan
v6i chit mau PM 567 cho ta thdy: 1) Pong hoc phd ctia phat xa laser tir laser mau
chua c6 hiéu uimg quenching-cavity (Hinh 2); 2) Viéc phat dugc birc xa laser mau
don xung va ngin khi c6 higu ing quenchm§ —cavity, dic biét, d6 rong phd ctia birc
xa ndy nim trén dai phd rong khoang 100 A% (554 nm-564 nm) (Hinh 3).
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Hinh 2: Tién trinh pho cua birc xa laser ~ Hinh 3. Tién trinh phd ciia xung laser mau ngén
mau rdn PMS567 khi chiea c6 hiéu img tir BCH Q -thdp khi c6 hi¢u umg quenching
quenching

Bo tri c4u hinh thuc nghiém nhu (Hinh 1), véi chét mau PM 567 va céc théng
s6 cAu hinh BCH-QC nhu trén. Céc phd va xung laser mau phat ra tir BCH-Q thép
duoc quan sat bing mdt hé thu: photodiode nhanh (200 ps), dao dong ki s6 1,5 GHz
(Tektronix, 20 G mauw/ gidy) va may don sic (J obin-Yvon) (Hinh 4). Cac xung laser
mau ngén do hiéu ing quenchmg-cavxty c6 mién phd rong ~ 100 A°. Ching t5i da
st dung mét su chon loc phé don gian véi mét cach tir Littrow dé thu duoc birc xa
laser mau quenching-cavity pic6-gidy, c6 d6 rong phd hep (khoang 5A%) va diéu
chinh dugec lién tuc budce song [5].

3. Laser mau picd-gidy chon loc thoi gian phd (STS) sir dung quenching-cavity

Phuong phap chon loc thoi gian phd (STS) dua trén mdt tién trinh quét pho rat
nhanh cia buirc xa laser méau béang rng phat tir mét budng cong huorng laser ngin va
Q-thap Pé thu dugc mdt xung laser ngén, ta loc lya mot bang phd hep & phla song
ngan cua phd laser mau bang rong [3]. Kha nang phat xung laser STS picd-gidy c6
the thuc hién v6i tht ca cac chit mau tir , hé sé nén xung cua céc laser mau STS la
rat cao (~ 200). Ngudi ta co thé diéu chinh budc séng cua xung laser STS (trong
mdt ving phd hep 1-3 nm) bing quay céach tir. Tuy nhién, diéu nay géy ra nhugc
diém 1a sy tai diéu chinh quang hoc cho toan hé laser. D& khéc phuc diéu nay,
chung t6i d4 nghién ciru két hop k§ thuét chon loc thdi than phé (STS) véi
quenching -cavity.

CAu hinh laser mau STS két hop véi quenching-cavity duge d& xuét va thyuc
hién nhu chi trén hinh 4. Trong d6 Gy: guong phén xa cao; O,, O,: Céac cuvette mau;
L,: Thiu kinh try; L, L,, L3: thiu kinh cu; A/2: TAm nira séng; G: Cach tir; S, S;:
Céc khe hep.
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Chum laser phét ra tir BCH 1-cm, Q thép Yurg laserbom
1a xung laser bang rdng (Hinh 3) va bi tac dong
cua hiéu ing quenching-cavity tir guong Gy,.

Hé phuong trinh téc d6 dugc mé rong dé
mo ta hoat ddng cua laser QC-STS tuong tu
nhu hé phuong trinh laser mau QC (1-3). Két
qua tinh toan thu dugc chi rd cac xung laser
pico-gidy, bang hep va cé kha ning didu chinh
lién tuc dugc budc séong (Hinh 3). Cac thi
nghiém dugc tién hanh (Hinh 4) v6i chit mau
PM 567 da phat nhitng xung laser don, bang
hep, d6 rong xung c& 80 - 95 ps, diéu chinh
lién tuc buéc song trén dai phd rong tir 558 nm
dén 570 nm (Hinh 5). Céc két qua thu duoc 1a
phi hop tét v6i két qua tinh toan ly thuyét. Hinh 4: Cdu hinh laser QC- STS

Céc xung laser ngén thu dugc tir laser mau QC-STS van con ¢6 dd rong phd 16n
~4 A° (so vdi gi6i han blen dbi). Dudi day, chung toi da d& nghi mét ciu hinh laser
c6 thé phét cac xung ngin pico-gidy voi do rong phd t6i han nhor két hop k¥ thujt
quenching-cavity cho laser phan hdi phén b4 (DFB).
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Hinh 5: Cdc xung laser thu dwoc tai cdc buoc song 556 nm, Hinh 6: Vét
560 nm, 565 nm va 570 nm trong gici han thiét bi do (dao dong autocorelator tai
ky sé Tektronix, 1,5 GHz, tan s6 20 G méu/gidy). 560nm. D6 réng xung

laser QC-STS c& 78 ps
4. Laser mau phan hdi phan bo (DFB) sit dung quenching-cavity

Béi tinh chon loc budc séng cua phan xa Bragg, laser DFB c6 thé phat birc xa
c6 do don séc rt cao va didu chinh lién tyc budc séng [6], tuy nhién, laser DFB chi
c6 thé phéat duoc cic don xung ngén pico-gidy khi hoat dong laser sat ngudng, do
vay né ¢6 nhuoc diém 13 d6 én dinh khong cao.

Chung t6i da Ung dung k¥ thuat QC cho laser mau DFB, goi 12 laser mau QC-
DFB (Hinh 6). Trong c4u hinh laser QC-DFB, guong Mg c6 hé¢ sb phan xa 99 %, vi
tri va géc cua guong Mq lam véi quang truc cua laser DFB mét goc 1éch nho va cé
thé duoc didu chinh cho khéo sat hiéu img dp tit. Vi laser QC-DFB ta vira c6 thé
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thu dugc xung laser ngén (nho hi¢u tmg QC) ngay ca khi laser hoat dong cao trén
ngudng, vira ddm bao d6 don sic cao va kha ning diéu chinh lién tuc budc séng
(hiéu tmg DFB). Chuing t6i st dung hé phuong trinh téc d6 sau ddy dé mé ta hoat
dong cua laser QC-DFB [6]:

27 harmonic of YAG:Nd
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Hinh 6. Céu hinh laser mau QC-DFB
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Vi chit mau PM 567, cac két qua tinh da dugc cong b chi tiét [6]. Pong hoc phd
laser (Hinh 7) va anh hudng cua nong dd chat mau 1én qua trinh dép tat (Hinh 8).

Cdng suit (kW)
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Hinh 7. Béng hoc laser mau rdn QC-DFB  Hinh 8. Xung laser mau r:d'n QC-DFB vdi
vdi PM 567 cdc néng do hoat chat khdc nhau.
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Hinh 7 thé hién sy dap tit khong
hoan toan cua laser QC-DFB ¢ vung
budce song dai (>570 nm). Piéu nay do
tiét dién phét xa 16n cia chdt mau PM567 _
tai vung cyc dai huynh quang. Cac sop
nghién ctru thyc nghiém cho thy, viéc '
didu chinh guong dap tit phu hgp cho i
phép ta thu dugc xung laser d§ rOong xung e R—
40 ps (Hinh 9). D6 rong phd c& ~0.05 A° LR
clia burc xa laser dugc do boi giao thoa ké gm0
Fabry- Perot (17 GHz, F = 35) né hiu
nhu khong thay dbi khi diéu chinh bude ik 9: Vér autocorrelator tai 559 nm,

song [6]. do rong xung laser QC-DFB c& 40 ps

5. Két luan

Pong hoc phd laser va kha ning didu chinh lién tuc budc séng cuia laser mau
quenchmg cavity dd dugc nghién ciru khi dé y dén méi truong hoat chit mé rong
ddng nhit. Cac két qua thu dugc di cho phép chiing toi két hop thanh cong 1in déu
tién hiéu ing quenchmg-cav1ty véi céac laser phan hdi phén b6 (QC-DFB) va laser
chon loc thoi gian phd (QC-STS) trong viéc phét bn dinh cic xung laser pico- gidy
vé6i kha ning diéu chinh lién tuc budc séng. Céc thiét bi laser pic6-gidy dua trén ky
thu4t hdn hop QC-STS va QC-DFB, ma chung t6i phat trién, da hoat dong tbt véi
céc chit mau laser hitu co khéc nhau dé cung cdp céc xung laser pic6-gidy trén céc
budc séng khac nhau trong viing phé nhin thay.
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