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Chiing toi Uinh b^y cic ket qua nghiSn ciru, thiet ke va phat t r i^ b§ khu&h d î xung laser femto-giSy U n̂ 
cau hinh khuech d î CPA (khuech d î sau khi da giSn vk xung dugc n6n tro 1^ sau khi khureh dai). V6i v i^ chcyn 
cic thdng s6 ciia cic yeu to quang hQc thich h?p ciing thiet ke clu hinh ciia khu^h d î toi uu kh6ng nhOng chiing 
ta cd the thu dupe cdc xung laser femto giay vfn nSng lugng \ta dkn h^ng mJ ma c6n giam chj phi cho h§ khudch 
d?i laser nky rit nhilu. 

Tii khoa- Laser xung ngan, khuech dgi laser, gian vd nen xung laser cue ngSn 

1. Md- d^u 

Cdc laser xung cyc ngSn c6 nhu cau sii' dyng rat nhieu trong nghiSn cihi khoa hQC vi cdng nghe, 
d ^ bi^t trong cdc nghiSn cihi quang ph6 phSn giai then gian, nghien cuu cdc qui trinh vSt I'jr cyc nhanh 
vk cdc qui trinh phi tuyln. Laser xung cyc n g ^ d3 tao ra nhDng thay dSi mang tinh d$t phi ca trong 
khoa h9c v i cong ngh^. Dg rpng xung c5 femto giay (10''^ s) cho p h ^ con ngircri tiep c|n 6ixgc v6i 
nhung qui trinh cyc nhanh xay ra trong nguySn tii, phan tu* mang 1^ nhung kien thurc mdi ve d9ng hgc 
phin tir [1, 2]. Do dp rgng xung nho nen cong suSt dinh cCia laser 16n hon r^t nhilu so vdi laser liSn tyc 
hay laser xung dai vdi ciing mpt cong suat trung binh, Cflng suit dinh \6n cho phep nghi&i ciiu cac hieu 
iJTig phi tuyIn v i md r$ng cic ting dyng ciia v^t ly quang ph5. Sy ra d6i ciia laser xung cyc ngin da mcr 
ra sy phit triln ciia nginh quang pho cyc nhanh (ultrafast spectroscopy) vdi cac kj? thugt do phan gia 
th&i gian c6 dO chinh xic den femto giSy. Nhihig ky thu|t tifin tiln trong quang phfl cyc nhanh nhu ky 
thu|t quang pho 2 hay 3 chilu (2D, 3D spectroscopy), phfl h ^ thu qua d$ dya tren bom-do 
(pump/probe transient absorption), tin s6 t6ng (sum frequency), photon echo, fluorescence 
upconversion... cho phep khao sat m^t cich chi tiet cac miic ning lii(;mg cua trang thii ca ban h o ^ kich 
thich cung nhu th&i gian song cua cac trgng th^ trung gian va cac hpp chit trung chuyin [3-5]. Ngoii ra 
tiiy vio he nghien ciiu ta c6 th i xic djnh dugc tin s6 dao dong ciing nhir cau true ciia phin tii. Do c6ng 
s u ^ dinh cao laser femto giay dupe diing de t^o ra cic d u tnic c5 micro met (micro machining). No 
ciing dupe ling dyng trong y te nhu dl phau thu?t mit (femtoLASlK) sira cac t$t ciia m§t nhu cin thi. 
Laser femto giay c6n du^fc diing dl tgo tia X co dp rOng xung c5 femto giay diing trong cac nghien ciiu 
d u tnic va d^ng hpc cua phSn tii [61. Th6ng thudng laser femto giay phat ra tir b6 dao d^ng (oscillator) 
CO nang lupng khi thip (vii nJ) va tan so Igp 1^ rit cao (vai chyc MHz) [7, 8]. 

Trung tim Di^n tii hpc Lupng tii, Vi§n V^t ly, Yi?n Han lam KH&CN Vi^t Nam dupe dau tu mpt 
h? laser 100 femto giay Ti-Sapphire, Tsunami, tir dy in Phong thi nghifim trpng diem cip Vien Khoa 
hpc vi c6ng nghf ViSt Nam. Tuy nhien ning lupng ciia cic hg th6ng laser niy la rit nho c8 nJ. Vi viy 
de ling dyng dupe h? laser nay vio trong cac nghien ciiu cho quang phfl cyc nhanh, kich thich da 
photon, quang phi phi tuyIn thi v i ^ khuech dai nang lupng xung laser niy len cd m.f l i cin thiet. 
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Trong s6 c ic ky thu|t khuich d?i laser xung cyc ng5n thi k j thu§t khuich d?u keo dSn xung 
(chirped-pulse amplifiCT, CPA) [9] l i phfl biin v i hi?u qui nhit. Troi^ ky tiiugit niy laser xung can 
khuich d^i ban dau tir oscillator tnnSc khi dua vio bfl khuich d^i s6 dirpc k6o dSn ve m$t thdi gian boi 
bp din xung (pulse stretcher). Sau khi dupe khuech dgi nhilu lin trong bu6ng c0ng hudng v i dftt dupe 
ning luyng rat Idn, no sS dupe cho qua bp nin xung (pulse compressor) tnrdc khi dupe dura ra ngoii. 

[ i ^ C ^ r H I M 

Hinh 1. Scf d6 nguyen tic ciia bO khuich d^i laser sii dyng ky thu^t Chirp-Pulse Amplification [9]. 

2. Nghieo ciru vi thiit k l b9 gian \k b^ n£n xung laser cijrc n g i n 

D I nang cao hi^u suit khuich d^ d ^ b i^ l i trinh phi hdng cic linh ki^n quang hpc, ty biin di^u 
pha (self-phase modulation) v i ty hpi ty (self focusing) th! vi |c din xung laser femto tnrdc khi dua vao 
b$ khuich d^ l i rit quan trpng. Xung laser c6 dp rpng 100 fs cin dupe k6o din din khoing hing trim 
ps. Xung laser cyc ngin thudng cd d$ r$ng ph6 Idn hon so vdi laser lifln tyc (khoing 10 nm cho laser cd 
d$ rpng xung 80 fs). Trong mdi trudng tin sic duong inh sing cd budc sdng dii ban thudng cd vgn toe 
Idn hem do cd chilt suit nhd hon so vdi anh sing cd budc sdng ngin hoiL Nguyen t ic ciia bfl din xung 
diing tin sic dirong l i lim cho inh sing cd budc sdng dii hon cd quing dufmg di ngin hon trong h$ 
quar^ hpc, trong khi n6n xung thi ngupc l?i. Ok din hay n6n xung ta cd thS diing ling kinh ho |c cich 
tii. Thong thudng cich tir hi^u qui ban ling kinh do khi nine tin sic cao ban. Tiiy vio ciu hinh quang 
hpc va cic thong s6 cua cich tur mpt xung vio ban dau cd the dupe k6o din ra hing ngin lan. Ciu hinh 
gjin xung ciia chiing tdi dya tren dya tren ciu hinh ciia Oeffner [ID, 11] dupe trinh biy tr£n Hinh 2. 
Trong d u hinh niy chiing toi chi sur dgng mpt cich tii 1200 v^ch. guong <U$n mdi M| ,M2,M3vi Ms c6 
dp phin X? cao d viing budc sdng 74(M-840 nm. Guong d u di^n mdi M* vdi R=100 mm v i phin xg cao 
d viing budc sdng 740^840 nm dupe diing dl hiing chiim tia nhiSu x? sau cich tii. 

Laser 100 femto giiy, vdi ning lupng c5 nJ phat ra tii b$ dao d ^ g dirpc dua vao bp giin xung bdi 
guong M| vi Mj. Chiim laser sau khi din cich tu sS bj nhilu x^ v i den guong Mj. Sau khi din guong 
Ml, chiim laser sS bj phin x? ngupc trd I î cich tii v i din guong d u M<. Guong ciu MU cd tic d\ing 
giim dudng kinh chiim laser. Sau khi din guong phing M5 chiim laser sS bj phin X9 ngupc trd Igi cich 
tii va den guong Ma. Sau hai chu trinh nhu v|y, chCim laser se dupe dupe liy ra ngoii.. 

Hinh 2. H§ giin xung laser femto-giay. 
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HI sd tin sic cua c i h ? nen xung dupe dua ra bcri cong thiic I [10-13]: 

GDD -. (1) llc2d2cOS(e)3 

trong dd GDD - dfl s6 tin sic ciia ca h? ciia ca hfe z - khoang cich tu each tu din guong ciu M,; X 
. budc sdng ciia laser; c - vin toe inh sang trong chan khong; d - hin^ so cich tir, 6 - gdc nhieu x^. Vdi 
each tir 1200 v?ch thi gdc iittrow l i 28". Sy phy thuflc ciia dfl tin sic GDD vio gdc tdi each tCr dupe 
trinh biy trSn Hinh 3, ta thiy ring gdc giiia chum tia laser tdi vi phip tuyen cua each tii cing gan vdi 
goc Iittrow thi dp tin sic cing Idn. 

Gdc tdi (d$) 

Hinh 3. Sy phy thupc ciia dp tin sic GDD vio gdc tin cich tu. 

Dp rOng rOng cua laser trudc vi sau khi di qua bp giin xung lien h§ vdi nhau bing cong thuc 2 [10-

. = J l + (4ln2^)^ (2) 

trong dd Tô  l i dp rOng xung laser sau khi d i dupe giin; T„ l i dp rpng xung trudc khi vio h? giin 
xung. Tuf cdng thiic (I) v i (2J ta thiy dp rpng xung cua laser ra phg tiiupc vio hang so cich tii, khoang 
cich giira cich tur va guong ciu, budc sdng vi dfl rpng xung laser vio. 

Compressor 

" " ^ O u t p u t 

Hinh 4. H§ nen xung laser femto-giay. 

Trong h? thi nghifm nay, chung 161 dion chon goc laser tcS each tir IJ 34° v<Si goc \& niy chung la 
c6 the dl dang b6 Iri cic ylu to quang hoc cung nhu tin d\ing dupe kha nang lan s5c ciia each tir. m co 
thS glln dupe xung laser 100 femto giay len thanh 100 pico giay thi bang tfnh toil \</ thuya, khoing 
each giUa each tit va guong d u l i 0.4 m. Vi tri ciia guong Ms va Mj dupe d^ sao cho sau kh, chiim lia 
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ra khdi h | giin xung l i chiim song song. Sau khi xung laser d i dupe khuich d^i thi chiing ta phii ndn 
cic xung laser vl dp rpng ban diu. Do v^y, chung toi cOng di nghifin cuu v i thiet k l bO ndn xung lasw 
tren co sd h^ nin xung cua Oeffha- [10, I I ] , tuy nhiwi thay vi sii dyng hai each tii chiing tdi chi sir 
dyng mpt cich tii Hinh 4. 

Trong ciu hinh bp nen xung diiing toi ciing sir dyng cich tOf 1200 vgch, guong Mu vi M19 cd dp 
phin x? cao trong viing budc sdng 740-^840 nm 0 gdc 45°, guong M20 cd dfl phin x? cao trong viing 
budc sdng 740-^840 nm 0 gdc 0°. Myc tieu l i lim sao cd the nSn dupe c ic xung niy v l ngin nhit cd the 
thi guong M18 vi MiB dupe dit tren mpt bO dich chuyin dl cd the thay ddi dupe khoing cich glOa cich 
tii vi hai guong niy. Xung laser dupe dua vio b^n^n xung bdi guong M^; sau khi nhilu x^trwi cich tii 
chiim tia laser sS d ^ guong M|g v i M]9 rdi l^i bj phin x? ngupc trd I^ cich tii, sau khi chiim tia laser 
nhilu x? tr&i m?t cich tit lan thd hai s5 din guong MM- Guong M20 dupe d?it vudng gdc vdi chiim laser 
tdi do v |y chum tia laser s& bj phin x? ngupc Ud lai cich tir. Nhu v$y sau khi nhieu x? tren m ^ cich tu 
lin thii bon chiim tim laser sB dupe dua ra ngoii. Dfl rflng ciia xung laser ra phy thupc vio gdc tdi ciia 
chiim tia tdi, khoing cich giiia guong M^ vi M19 tdi m ^ cich ti^. Hem nOa, do chiim tia laser di 1^ 
nhilu lin trpng bp khuech d^i nen chung cung bj md r$ng ra (vl m$t thai gian), tuy nhien do xung laser 
trudc khi di vio bp khuich d^i cd dfl rflng hing trim pico-giiy nen sy md r^ng do inh hudng ciia tinh 
thi laser niy l i khdng ding ke. Bing tinh toin 1;̂  thuyet chung tdi thiy ring d l n ^ xung laser sau khi 
khuech d^ tir, 100 ps ve vdi dp rpng xung ban i:mu thi gdc tdi ciia chiim tia laser din cich tir l i 34° vi 
khoing cich tii hai guong Mig vi M|<) tdi cich tii l i khoing 0,4 m. 

3 . Nghien cuu vk thi^t k^ b$ khuich dai cho xung laser cvrc ng3n 

Sau khi d i nghifin cdu dupe bp giin vi nin xung laser cyc ngin, chung toi tilp tyc nghien cihi thilt 
k l bp khuech d^i cdng suit cho h$ laser niy Hinh 5. Sau khi xung laser can khuich d^i dupe gian ra 100 
ps bing bp gian xung. D I bp khuech d^i ho^t dflng hi^u qui, sy ddng bfl dif n tii l i rit quan trpng. Xung ' 
d^ng bfl chii phit ra tii oscillator thudng cd tin so vai chyc MHz dupe cho qua bp chpn xung l i te bio j 
Pockels. Sau khi laser cin khuich d^i cd tan s i bing tan s6 ciia laser bom si dupe dua vio b$ khuich 
d^ bang guong Mu. Mdi trudng khuich d?i laser l i tinh thi TiiSappbire 7x3x6 mm, hap thy 90-96% d | 
budc sdng 532 nm vi dupe v i dupe bom bing hda ba b ^ hai ciia laser Nd:YAG t^i budc sdng 532 nm, 1 
dfl rflng xung 8 ns, ning lupng cyc d^i 200 mJ. 

Hinh 5. Hf khuich dai xung laser femto-giay. 



Nghiin ciiu thiet ki vd phdi trien bp khuyech dai xung laser cifc ngdn 159 

. Xung laser sg bj khda trong bp khuich dai bing hai guong cau M13 v i M H cd R=I 000mm, v i 
phan xa cao trong viing budc sdng 740-^840 nm. Sau khi xung laser di l^i 8 lin ypng bp khuich d^i 
luc nay ning lupng ciia xung di d^t tdi mJ thi sS dupe dira ra ngoM bing guong Mjs vi dua VM bfl n^n 
xung de nin cic xung nay Igj, Sau khi ra khdi bfl nai xung thi dfl rflng cua xung laser cd dfl rpng xung 
laser ban dau (100 Is). Nhu viy vdi viflc sii dyng cau hinh khuich dai niy chiing ta cd thi khuech d^ 
ning lupng cic xung laser femto-giiy niy I£n vii mJ, 

4. Ket luEin 

Chiing tdi nghifin ciru, thiet kl thanh cdng bfl khuich dai xung laser femto-giay tren cau hinh 
khuich dai CPA (khuich d^ sau khi d i giin vi xung dupe nen trd l^i sau khi khuech d?j). Cic kit qui 
nghien ciiu niy l i co sd cho vi§c phit triln thyc nghi?m mflt h§ khuech d^i xung laser femto-giiy cdng 
suit cao trong thdi gian tdi tjii Mpn Viit 1 ,̂ Vi?n Han lim KH&CN Vi?t Nam. 

Ldi cam On: Cic t ic g i i xin cim on sy ho trp tii chinh tir de tai Ma so: VASTO1.05/14-15 ciia Vi?n Hin 
lam KH&CN Vi?t Nam. 
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