
Hgi nghi I^f"'" A?c A? nl^m 40 n&m ngdy thdnh Igp Vi$n Hdn l&m KH&CN Vi$t Nam 
Tiiu ban Cdng nghf thdng tin. Di$n tit, Tg-Opng hda vd C6ng ngh$ vQ trg 

HdNgi, 7/10/2015 

Nghien cuu va phat triin cac he laser toan ran djnh huong phat trien 
c6ng nghe laser 

Phgm Hong Minh, Phgm VSn Duvng, Do QuIc Khdnh, Nguyen Vdn Hdo, Nguyen fiai Hung 

Trung tam Difn tu hgc Lugng tit, Vifn Vgt ly, 
Wpn Hdn 1dm Khoa hgc vd Cong nghf Vi^t Nam 

Email liin Igc: phminh@iop.vast.ac.vn 

Tdm tfit: 

Ch^ng tdi trinh bdy cdc ket qud gin ddy trong vifc nghi&i cihi vd phdt triln cac hf laser t o ^ rin phdi xung 
cyc ngin dupe bom bdng laser bdn dSn, laser todn rin phdt xung ngin tryc tilp trong viing tir ngo^, laser Raman 
hifn d î dya tr€n ^i^u ling tu chuyin dii Raman trong buing cfng hudng vd cdc k^t qud ban diu trong vi^c 
n^i£n cuu phdi Uiln hf khuech dgi cdng suit cao cho cdc laser xung femto-^dy. Cdc kit qud nghi6n cihi ndy dS 
vd dang dugc ung dyng trong cdc nghi6n cihi khoa hpc vd s9n sdng trong vifc chuyin giao vd phdt uiln cong 
nghf. 

Ti khda: Laser todn rSn, Bam b^g laser diode, Vdi li?u laser. 

l.Mfrdiu 
Nhd nhimg phat triln nhanh chdng trong vft K, cdng nghf vd tmg dyng cdc nguIn sdng kit hpp -

laser ndi chung, d$c bift Id cdc laser pbdt xung ngdn ndi rifng, nhilu ITnh vyc khoa hpc-cdng nghf dd 
thu dupe nhthig kit qud quan trgng, mang tfnh cdch mgng trong v$t 1;̂ , hod hpc, sinh hgc vd khoa hgc 
vgt lifu... Nghifin cdu V^t 1;? vd cdng nghf laser todn rin phdt xung ngdn Id hudng KH &CN thdi sy, 
dang dugc phdt trien rit mgnh tgi cdc trung tSm KHCN quIc t l , vi nd khdng chi mang ^ nghia khoa 
hpc CO bdn vd phdt triln cdng nghf md cdn cd ;? nghTa thyc tiln vd line dyne cip thiet. Cac laser Id 
nhihig thilt bj khoa hpc quan trpng, dang tdc d^ng cdch mgng din m nhieu ITnh vyc nghifn cihi 
KH&CN va ling dyng [1-5]. D$c bift trong cdc nghifn ciiu khoa hpc, laser cho ph^p nghifn ciiu tudng 
minh cdc qud trinh v|t ly vi md xdy ra md trudc ddy cdc phuong phdp khdc khdng th i ghi nh§n va 
quan sdt dugc. Nhd cac ket qud nghien clhi ndy chung ta cd thi tgo ra hay sii dyng nhOng hifu iing vdt 
IJ dOc ddo, mdi, ciing nhu md ra nhihig ITnh vyc nghifn cim vd ling dyng hodn todn mdi [1-5]. Dovgy, 
cd thi coi vgt ly vd cdng nghf laser nhu Id cdng nghf nln - cd tdc dfng cdch mang tdi cdc ITnh vyc 
KH-CN khdc. Hau hit cdc nude diu cd cdc phdng thi nghifm quIc ^ a v l nghifn ciiu, phdt triln 
KH&CN laser vd ihig dyng laser. Cic trung tdm vd phdng thi nghifm khoa hgc quIc t l v l v§t IJ va 
cdng nghf laser xung cyc ngdn dang dugc phat triln manh m€. Cdc nghien cihi tdp trung vdo hai 
hudng chinh: phSt triln v§t ly vd cdng ngh? laser; phdt triln cdc (hig dyng laser dgc bift doi vdi cdc 
laser cyc ngin vd cyc mgnh trong cdc ITnh vyc KH-CN khdc nhau. 6 nude ta hifn nay, nhilu ca sd 
nghifn cihi khoa hgo-cdng nghf vd dao tgo (vgt IJ, KH vdt lifu, hod 1 J, Y-Sinh h g c . ) daiig cd yfu ciu 
cap thilt vd khdch quan sir dyng cdc laser nhdm ndng cao khd n5ng, chit lupng vd trinh dp eiia cdc 
nghifn cmi, ling dyng va dao tgo, ddp ling cdc ddi hdi ciia sy hdi nh$p v l trinh dp KH-CN vdi khu vyc 
vd qudc tl . Tuy nhien, cdc hf thong laser phdt xung cyc ngin hifn nay chii ylu Id san phim ciia cdc 
nude G7+I, vi dy cdc hf laser phdt xung ngdn (10"'^ - 10 " giay) ndy cdn khd dit (-100 000 USD) 
phdc tgp va kich thudc Idn. Do vdy cho din nay, cdn rit it co sd nghi«i ciru, ling dyng vd ddo tgo d 
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Vift Nam dugc trang bj laser cho nfn vifc n^ ien cihi vd phdt triln cac ngudn laser die bift la cdc 
laser todn rdn phdt xung ngdn trong viing tii ngogi vd hdng ngogi la vd cdng quan trgng doi vdi chdng 
ta. 

Trong bdo cdo ndy, ehiing tdi trinh bdy cdc kit qud gan ddy trong vifc nghien ciiu vd phdt triln 
cdc hf laser todn rin phdt xung cyc ngin dugc bom bdng laser ban din, laser toan rin phdt xung ngdn 
tryc tiep trong viing tur ngo^, laser Raman hifn d̂ u dya trfin hifu iing ty chuyin ddi Raman trong 
fauong edng hudng vd cdc kit qud ban ddu trong vifc nghiSn ciiu phdt triln hf khuich dai cdng suit 
cao cho cdc laser xung femto-gidy tgi \^fn V|t ly, Vifn Han lam KH&CN Vift Nam. 

2. Phdt triln c i c laser toan ran dirge bom b i n g laser ban d i n 

2.1. Laser todn rdn Nd: YVO4 Sttgc bctm bdng laser bdn ddn 

Tren co sd v^t lifu laser Nd:YV04, chung tdi da nghien cihi phdt triln thanh cdng cdc hf laser 
phdt xung ngdn nano-gidy bdn^ ky thugt difiu bien dp pham chit budng cpng hudng; cdc hf laser phdt 
xung cyc ngdn cd pico-gidy bdng kJ thugt khda mode vdi nhilu ciu hinh budng cpng hudng khdc 
nhau [6-10]. 

a. NghiSn cim phdt triin laser Nd: YVO4 hogt dg & chi dp Q-switching [6-8] 

c i u hinh BCH nhu trfn Hinh 1 vdi bp dieu bien Id guong ban dan hap thy bdo hda SESAM, 
nguIn bcfm laser diode d budc sdng 808 nm cdng suit cyc dgi 2,2 W chiing tdi da thu dugc chuoi xung 
ngdn 22 ns, tin so ldp lgi 2,2 MHz vd edng suit cyc dgi thu dugc 460 mW. 

Hinh 1. (a). Cau hinh BCH Q-switching, (b). Xung va chudi xung 
laser Nd:YV04 Q-switching bing SESAM. 

Ngo^ ra cdc hf laser sur dyng tinh the Nd:YV04 hoat ddng trong cdc chf dp lien tyc vd xung sir 
dyng laser diode cdng suit cao 1dm ngudn bom quang hpc da duoc nghien vd thyc hifn. Trong chl dg 
hogt d§ng lifn tyc, cdng suit trung binh cue dgi la 2150 mW da thu dupe, vdi hifu suit chuyin ddi 
quang Id 21.5 %. Trong ehl dO Q-switching thy dgng bdng tinh thi Cr**.YAG, laser Nd:YV04 phdt 
xung cd do rdng 62 ns d tin so l |p lgi cao - 710 kHz vd cdng suit trung binh 434 m W. 

h. Laser Nd: YVO4 mode-locking thff dgng bdng guong SESAM [ 9,10] 

Trfn CCT sd vdt lifu Nd:YV04, chung tdi da phat triln thanh cdng laser toan rdn ph^ xung cyc 
ngin pico-gidy bdng kJ thu|t khda mode sir dung guong ban din bap thy bao hda SESAM vdi cdc cdu 
hinh BCH khdc nhau. 

Vdi ciu hinh BCH nhu tren Hinh 2, sii dyng nguon bom laser ban dan 808 nm, cdng suit bom 
cyc dai 2,2 W chiing tdi da thu dugc xung laser cyc ngin 12 ps, tan so Igp lgi 40 MHz, cdng suit trung 
binh cyc dgi tgi budc sdng 1064 nm c5 940 mW tuong umg vdi hieu suit chuyin dii nang lugng laser 
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cd 43%. Dac trung cdng suit, chudi xung, dg rpng xung, phdn b l nSng lugng chCim laser dupe md ta 

tren Hinh 2. 

Hinh 2. Ciu hinh BCHlaser Nd:YV04 mode-locking thy dpng bdng 
guong SESAM dupe bom bdng laser bdn din [9, 10]. 

b " 

aĵ  "n 

cing tuat U»T btfm im\X) 

Hinh 3. Cdc ddc trung ve ndng lupng cda laser mode-locking, (a) - D$c trung cdng suit, (b) ChuSi 
xung laser pico-giay. (c) Vlt tuong quan cudng dO. (d) Phan b l nang lugng ciia chiim laser. 

Vdi myc dich phat triln da dgng cdc iing dyng vdi hf laser Nd:YV04 khda mode, chung tdi tilp 
tyc phdt triln hf laser Nd:YV04 khda mode vdi BCH sieu ddi myc dich Id d l gidm tin so ldp lgi cua 
laser. Giai phdp dugc sii dyng Id dua vdo BCH laser mf t ciu hinh phdn xg nhilu Idn tren hai cdp 
guong cdu bdn kinh cong f = 1 m dugc djt theo ciu hinh ding tieu (cdu hinh Herriot). Vdi c|.p guoiig 
ciu ndy, chiing ta cd th i kfo ddi BCH tdi hang trdm mdt (nlu sir dyng cdc ylu to guong a^c bift) ma 
vln cho hogt dgng laser mode-locking In djnh. 
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Hinh 4. So d l laser Nd:YV04 mode-locking vdi BCH sieu ddi. 

Vdi dddai BCH Id 15 m, chuoi xung laser thu dupe cdddr^ng xung 12 ps, tin so li 

MHz. Cdc ddc tnmg ciia laser da dugc nghiSn ciiu va bilu diln trdn Hinh 5. 

i 
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Hinh. 5. DJc '.rung eda chum laser mode-locking: (a), chuoi xung mode-locking, 
(b). Vft tuong quan cudng dO, (c). dac tnmg cong suit cua laser 

2.2 Nghien ciru vd phdt triin laser CnLiSAF dirge bam bang laser bdn dSnf 11-13] 

Vdi djnh hudng phdt triln cdc ngudn laser phat ximg laser cyc ngin cd femto-gidy, chdng tdi da 
tdp trung vdo nghien cuu cdc mdi tnrdng laser ran cd phd phdt xg rgng, thich hgp vdi bom quang hgc 
bang Liser bdn din. Mgt trong nhiing mdi trudng dd Id CriLiCAF vdi phi huynh quang r^ng tir 775 
nm den 950 nm, day Id mdi tnrdng cd tilt dien phat xa Idn va thdi gian sdng huynh quang ddi (67 ^s) 
do vgy ngudng bom Id khd thip. Ddc bift. mdi trudng laser nay cd phd hip thy mgnh d budc sdng 670 
nm thich hgp cho vifc bom bdng laser ban dan. 

Trfn CO sd md phdng, tinh todn, thiet ke cdc BCH cda laser rdn Cr:LiSAF duoc bom dpc bdi laser 
diode, gom bin guong gip theo hinh chir X (Hinh 6a) nhd sir dung md hinh lan truyin chum Gauss 
ABCD trong BCH. Ddy Id ciu hinh BCH cho pbqi thyc hifn dugc cac laser CriLiSAF trong cdc chl 
dp hogt dpng lifn tyc vdi hifu suit cao vd ngudng l a s^ thip. Tren co sd dd, chdng tdi da phat trien 
thanh cdng laser CrLiSAF (Hinh 6a) phdt d chl do lien tyc vdi hifu suit chuyen ddi nang lugng cyc 
dgi khodng 35%. BSng vifc dua vao BCH mpt yeu td chgn Igc pho, chiing tdi da thu dugc phdt xa 
laser cd kha nang dieu chinh budc sdng trong mpt viing phd rpng tir 890 - 950 nm. 
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VI trf trong b j&ng rtng hu^g (mm) 

Hinh 6. (a) Ciu hinh BCH laser rin Cr:LiSAF 4 guong gip theo hinh chO' X. (b) (a) Ciu hinh 
BCH laser rin Cr:LiSAF khda mode sir dyng gucmg SESAM. (c) Chum Gauss di trong BCH laser 

Cr;LiS AF 4 guong gip dgng chD X trong ed hai m$t phing T vd 
Vdi ciu hinh BCH (Hinh 6a) ciing cho phfp dl dang kfo ddi BCH trong chl dp phdt xung cyc 

ngin nhd kJ thugt mode-locking thy dpng bing chit hip thy bdo hda (Hinh 6b). Cdc hifu iing quang 
sai do tinh thi cit theo gdc Brewster vd hai guong ciu khi chdm tia tdi d mOt gdc nghifng cDng da 
dugc xem xft (Hinh 6b vd 6c). Ddy la nhihig tiln d l quan trgng cho vifc phdt triln laser Cr:LiSAF 
phdt xung cyc ngdn fs bdng kJ thugt khda mode vdi guong bdn dan hdp thy bdo hda sg dugc thyc hifn 
tgi Vifn V§t IJ trong tuong lai gin tdi ddy. 

3. NghiSn cihi v i phdt triln laser tu- ngoai todn rdn C e : L i C A F [14-16] 

Ngdy nay, cdc nguon laser td: ngogi (UV) dd dugc img dyng nhieu trong cdc ITnh vyc khoa hgc vd 
cdng nghf nhu: cdm biin tir xa (diln hinh Id LIDAR), chuin doin sy d i t chdy cua dpng co, gia cdng 
bdn din, vi co khi, truyin thdng quang hpc, vd cdc img dyng trong sinh hpc, y hgc vd ddc bift trong 
nghien cuu quang phd... Tiiy nhien, cdc nguIn laser UV trong thuong mgi chd ylu cd dugc nhd sii 
dyng tinh the phi tuyIn d l biin doi tan s i tir nhthig laser cd viing budc sdng ddi hon (hdng ngogi ho$c 
viing nhin thay). Do vgy, vifc nghien cihi vd phdt triln nhthig nguon laser todn rdn phdt tryc tilp d 
vimg budc sdng tii ngogi d Vift nam la cin thilt vd mang nhilu J nghTa thyc tiln. 

Trong cdc vgt lifu cho laser td ngogu Ce-Fluoride thi Ce:LiCAF dugc dng dyng r^ng rdi hon cd, 
D$c dilm cda mdi tnidng ndy Id hdp thy manh tgi budc sdng 266 nm (ril phii hgp vdi vifc bom quang 
hgc bang hga ba b |c bin ciia laser Nd:YAG), viing dilu chinh budc sdng r^ng (280-320 nm), tilt difn 
phdt xg laser Idn (o^ = 6x10"'* cm^ ), mgt d0 ndng lugng bao hda cao (-115 mJ/cm') Tit cd nhOng d$c 
dilm ndy thudn lgi cho vifc phdt triln nguIn laser tii ngoai dilu chinh budc sdng, cdng suit cao. 

Vdi vifc sd' dyng tinh the laser Ce:UCAF (pha tgp 1%) chung tdi dd phdt triln thdnh cdng hf 
laser tu ngogi todn rin phdt tryc tilp trong ddi budc sdng tir 280 nm din 300 nm. Vdi cau hinh BCH 
nhu Hinh 7a, sir dyng tinh thfi Ce:LiCAF chilu ddi 1 cm; chilu ddi BCH Id 8 cm; gucmg culi vd 
guong ra cda BCH cd hf s i phdn xg 96% vd 30% d budc sdng laser tuong iing, chdng tdi dd thu dugc 
hifu suit chuyen dii ndng lugng laser Id 33%, nang xung cO mJ Hinh 7b. Hon ntia, bang nghifn cCm 
IJ thuyet chiing tdi da nghiSn cihi tudng minh d^ng hgc ciia logi laser ndy. Cdc kit qud nghifn cihi cho 
tfiay vdi vifc sd dyng BCH ngin, chit lugng thip, bom gan ngudng cd th i phdt dugc nhDng xung 
laser tir ngogi tir vdi trSm pico-gidy din vdi chyc pico-gfay [ 14,15]. 
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Hinh 7. (a) Hf thyc nghifm laser tir ngoai toan rin Ce:LiCAF 

(b) Dgc trung cdng suit cua laser UV Ce:LiCAF ra. 

4. NghiSn cihi vd p h a t t r ien laser r a m a n todn rdn 

Hinh 8. Cau hinh hf laser Raman. 

Tilp cgn vdi xu hudng phat trien ciia the gidi trong vifc nghien ciiu phat triln cdc ngudn laser 
hifn dgi - ty chuyin ddi Raman trong BCH, qua dd cho phep chung ta cd thi lya chgn budc sdng phat 
laser phii hpp trai dai tii viing budc sdng tii ngogi din hong ngogi khi sir dyng cdc mdi tnidng Raman 
vdi djch chuyin Raman phii hgp. Tren co sd lya chpn phu hpp vdi cac dilu kifn sin cd tai Phong thi 
n^ifm, lin diu ti£n tgi \^f t Nam chiing tdi dd phdt trial thanh cdng hf laser Raman ty chuyin ddi tin 
sd trong BCH sii dyng tinh the Ba(NOj)i. Cau hinh hf laser dupe thilt k l vd chl tao nhu tren Hinh 8. 

I \ '• '' 

Hinh 9. Ddc tnmg ciia hf laser Raman, (a) Dac tnmg cdng suit cua laser d budc sdng638nm, 

(b) ddc tnmg phd cua laser Raman 3 budc sdng 563 mn, 598 nm vd 638 nm 

trong do, laser bom Nd:YAG budc sdng 532 nm, nang lugng cyc dai tai 532 nm la 400 mJ, tinh the 
Ba(N03)2 - kich thudc 7x7x40 mm, Girong cuoi la^r: Phdn xa cao tai budc sdng 563 nm ( l " stock). 
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598 nm (2*^ stock) va 638 nm (3"* stock), truyin qua budc sdng bom 532 nm; Guong ra: Phdn xg cao 
tai budc sdng 563 nm (1" stock), 598 nm (2"" stock) va truyin qua tgi 638 nm (3rd stock). Vdi ciu hinh 
BCH Hinh 8, kit qud thu dugc laser phdt xg d 3 budc sdng 563 nm, 598 nm vd 638 nm, tucmg iing vdi 
cac djch chuyin Stock bgc 1, bgc 2 vd b§c 3. Hifu suit chuyin ddi ndng lugng laser cyc dgi tgi budc 
sdng 638 nm len tdi 25%. 

5. Nghien ciiu va pbdt t r i l n b§ khu ich dai cdng s a i t cao cho laser xung circ n g i n 

Laser xung cyc ngdn dd tgo ra nhiing thay ddi mang tinh dft phd cd trong khoa hgc vd cdng nghf. 
Do rfng xung cd femto gidy (10''* s) cho ph^p con ngudi tilp cdn dupe vdi nhiing qud trinh cyc nhanh 
xdy ra trong nguyen tir, phdn tii mang Igi nhihig kien thiic mi^ v l dpng hpc phan tii. Trung tdm Difn 
tir hpc Lugng tii, Vifn Vdj IJ, Vifn Han ISm KH&CN Vift Nam da dugc trang bi m§t hf laser Ti-
Sapphire phdt xung cyc ngin 100 fs. Tuy nhien, nang lugng cda hf thing laser ndy Id rit nhd cd nJ, 

Hinh 10. Hf khuich dgi xung laser femto-gidy. 
Do vdy, vifc khai thdc vd sir dyng hf laser cho cac nghien cihi vd iing dyng cdn khd hgn chl. De 

nSng cao hifu suit su dyng laser ndy thi vifc nghien cihi vd phat triln b§ khuich dai cho h? laser 
'n:S^hire Id thyc sy cin thil t Trudc yeu ciu can thilt dd, chung tdi dd vd dang tiln hdnh nghien cim, 
phdt triSn bf khuich dgi cho hf laser ndy. Cdc kit qud budc diu thu dugc dd Id: tfnh toan, thill k l cac 
bf nfn. dan xung laser cyc ngdn; thilt k l bf chgn Igc xung; xdc djnh dugc cdc tham s i Snh hudng den 
qud trinh khuech dgi; tfnh todn vd thilt k l bd khuich dgi hodn chinh phil hgp vdi dilu kifn sdn cd tgi 
Vifn Vdt IJ va cdc tham s i cda laser Ti:Saphire dugc tiang bj. Ciu hinh b$ khuich dgi dugc thilt ke 
nhu tten Hinh 10, cac xung laser femto-gidy sS dugc giSn ra hdng trdm pico-gidy trudc khi dua vdo bO 
khuech dgi, xung laser pico-gidy sau khi dd dugc gian sf dugc dua qua bf chgn xung sao cho tin s i 
Igp lgi cua xung laser cin khuich dgi bang vdi tin s i ldp Igi cda xung laser bom (10 Hz). Xung laser 
sau khi da di aua bp chgn xung dupe dua vdo bg khuich dgi 8 lin tniyin qua, tinh tbf Ti-Sapphire 
(7x3x6 mm) hip thy 90-96% tgi budc sdng 532 nm dugc sii dyng 1dm mdi tnidng khuich dgi vd dugc 
bom bang hda ba b§c hai cda laser Nd:YAG. Xung laser pico-gidy sau khi dd dugc khuech dgi se dugc 
dua qua bf nen xung xuing dd rpng xung ban diu. Vdi ciu hinh khuich dgi ndy, nang lugng cda xune 
laser femto-giay cd thf len din hang mJ sau khi dd dugc khuich dgi. Qud trinh chl tgo hf khuich dai 
da vd dang dupe lien tyc phdt triln vd dy kiln hodn thdnh vdo 12/2015. 
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6. K i t l u | n 

Cdc hf laser toan rin phat xung cyc ngin dugc bom bdng ]aser ban dan, laser todn rdn phdt xung 
ngin tryc tilp trong vdng tir ngogi, laser Raman hifn dgi dya trSn hifu iing ty chuyen ddi Raman trong 
buIng cgng hudng da dugc nghien ciiu vd phdt triln thanh cdng tgi Trung tam Difn tir hgc Lugng tu 
Vifn Vgt ly, Vifn Hdn Idm KH&CN Vift Nam. Ngoai ra, cdc ngudn laser femto-gidy vdi nang lugng 
len den hdng mJ ciing dang dupe nghien cuu va prfiat t r i ^ . Cac kit qud nghien ciiu vd cdc laser dugc 
phdt trien ndy da vd dang dugc irng dyng trong cac nghien cdu khoa hpc ciing nhu chuy^ giao cdng 
nghf. 

LOI'cdm (»i: Cdc tdc gid xin cdm on sy h i trg tdi difnh tii d l tdi Ma sd: VASTOl.05/14-15 cap Vifn 
Han lam KH&CN Vift Nam. 
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