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. Chang t5i trinh bly cde két qua nghlén ciru, thidt ké va phit tridn bd kbubch dai xung leser femto-giby trén
chu hinh khubch dgi CPA (Khuéeh dai sau khi 85 gian vA xung duge nén tr 143 gau khi Knudeh dai). V& vige chon
chc théng sb ciia ec yéu t quang hoe thich hep ciing thiét k& cdu hinh cia khuéch dai ti wu khdng nhing ching
1206 thé thu duge céc xung laser femto gidy véi néing lugng Ién dén hing m) ma cdn giam chi phi cho hé khuéch
dai laser nay rét nhidu,

Té khda: Laser xung ngdn, khudch dai laser; gidn vé nén xung laser cuc ngén

1. Mé ddu

Céc laser xung cye ngén c6 nhu cAu sir dyng rét nhidu trong nghién ciru khoa hoe va cong nghé,
dic bigt trong cdc nghién clru quang phé phin giai thirt gian, nghién cir cic qud trinh vit Iy cue nhanh
Vi cdc qud trinh phi tuyén. Laser xung cyc ngén 33 tao ra ohimg thay d4i mang tinh 43t phé ca trong
khoa hec va cong nghé. D9 rong xung cd femto gidy (107 s) cho phép con ngudi 1iép cian duge voi
nhilng qui tAinh cyc nhanh xay ra trong nguyén tir, phin t& mang ki nhimg kién thitc méi vé dgng hoc
phan tir [1, 2]. Do d§ rong xung nhé nén cdng sult dinh cita laser 16n hon rit nhidu so véi laser lién tyc
hay laser xung di véi cimg mét cong suit trung binh, Cang sudt dinh 16n cho phép nghién ciru céc hidu
g phi tuyén va md rhng cdc tng dung ctia vt Iy quang phé. Syt ra & cuia laser xung cye ngén & mo
ra sy phat trién ca nginh quang phé oyc nhanh (ultrafast spectroscopy) véi cdc ki thuit do phén gidi
thési gian c6 49 chinh xdc dén femto gidy. Nhitng k¥ thujt tién tién trong quang phd cwrc nhanh nhur ky
thufit quang phé 2 hay 3 chifu (2D, 3D spectroscopy), phd hdp thy qud d@ dva trén bom-dd
(pump/probe transient absorption), tin s& tdng (sum frequency), photon echa, fluorescence
upconversion... cho phép khao sat mét céch chi tiét cac mitc ning lugng cuia trang thai co ban hogc kich
thich ciing nhy thisi gian séng ciia céc trang théi trung gian va cac hgp chét trung chuyén [3-5]. Ngodi ra
tly vdo hé nghién ofru ta o6 thé xédc dinh dugo tin sb dac dong ciing nhu chu tride ota phan tir. Do céng
sudt dinh cao laser femto gisy dugc dimg dé tao ra cac cdu tric o micro mét (micro machining). Né
efing dugc éng dung trong y t& nhur d& phiu thut mét (femtoLASIK) sira cic 14t ciia mit nhur cin thi.
Laser femto gidy con dugc ding 8 tao tia X cb d6 rong xung o femto gidy ding trong cdc nghién ciiu
céu triic v& d9ng hoo cia phén tir [6). Thong thudmg laser femto gidy phét ra tir b dao ddng (oscillator)
€6 niing lugng kha thp (vai nJ) va tin s6 1ap dai rét cao (vai chyc MHz) [7, 8].

Trung tAm Bign tir hoe Lugng tir, Vign Vat Iy, Vién Han 1am KH&CN Viét Nam dugc dAu tr mjt
hé laser 100 femto gidy Ti-Sapphire, Tsunami, tir dwr 4n Phang thi nghiém trong didm cdp Vién Khoa
hoc va cong nghg Viét Nam. Tuy nhién ning lugng cia cic hé thong laser nay 12 tit nhé ¢ nl. Vi viy
¢é tmg dyng dugc hé laser ndy vao trong cic nghién cifu cho quang phd cyc nhanh, kich thich da
photon, quang phd phi tuyén thi viéc Kkhuéch dai ning lugng xung laser nay fén ¢ ml la céin thiét.



156 Pham Hdeg Mich, Pham Huy Thong, Phem Vin Diomg, Nguyfn Dai Himg

Trong sb cic ky thuat khuéch dai laser xung cyc ngén thi ky thudt khudch dai kéo dan xung
(chirped-pulse amplifier, CPA) [9] 12 phd bién va hién qua nhét. Trong k§f thuit nay laser xung cin
Khuéch @i ban dAu tir oscillator trxdc Khi due vao bg Khuéch dai s& dugc kéo déin v& mit thdi gian béi
b dan xung (pulse stretcher)., Sau khi duge khuch dai nhidu 4n trong bubng cfng hudng va dat duge
ning lugng it 16m, nd s duge cho qua bd nén xung (pulse compressor) trudc khi dugc dua ra ngodi.

Hinh 1. So dé nguyén tic ciia b khuéch dai Jaser sit dung ky thuit Chirp-Pulse Amplification [9],
2. Nghién ciru va thiét ké b§ gian va b nén xung laser cie ngén

Dé nang cao higu sufit khuéch dai dac bigt 1a tranh pha hong cée linh kign quang hoc, ty bién digu
pha (self-phase modulation) va ty hi ty (self focusing) thi viéc dan xung laser femto trude khi dua vio
b6 khubch dai 1a rét quan trong. Xung laser c6 43 réng 100 fs cdn duge kéo dan dén khodng hing trim
ps. Xung laser cyc ngén thudng c6 85 ring phé I hon so véi laser lién tyc (Khodng 10 nm cho laser ¢é
46 rong xung 80 55). Trong méi trudng tén sée duong énh séng c6 budc séng dai hon thudmg ¢b vén toe
16m hon do 6 chiét sudt nhé hon so véi anh sang c6 budc séng ngén hon. Nguyén tic ciia b dan xung
diing tan séc duong 1 1am cho 4nh séng c6 budc séng dai hon cd quang dudmg di ngin hon trong hi
quang hec, trong khi nén xung thi ngugc lai. B din hay nén xung ta c6 thé ding ling kinh hojc cich
tir. Thang thudmg céich tir higu qua hon ling kinh do khi nang tén sic cao hon. Ty vao chu hinh quang
hioc va c4c thong sb ciia c4ch tir mdt xung vio ban diu cé the duge kéo din ra hang ngin I4n, CAu hinh
gitn xung ciia ching t5i dya trén dya trén cAu hinh cia Oeffner [10, 11] duge trinh biy trén Hinh 2.
Trorg cu hinh ndy ching t3i chi sir dung mdt cich tir 1200 vach, grong dién méi My, Mz, M; vA M; ¢b
4 phan xa cao & vimg budc séng 740840 nm. Guong ciu dién mdi M, véi R=100 mm v phan xq cao
& ving buéc séng 746+840 nm dugc ding d& himg chim tia nhidu xa sau cch tir.

Laser 100 femto gifly, v6i ning Jugng o3 nJ phat ra tir b3 dao ddng duge dim vao by gidn xung boi_
girong M, V& M. Chinn Taser sau kbi dén chch tis s& bi nhifu xa va dén gwong M. Sau khi dén guong.
M, chiim laser 52 bj phin xp nguyc & lai cich tir va dén guong chu My. Guong ciu M, ob tc dyng
gikm dudng kinh chimm laser. Sau ki dén guong phing M; chim laser s& b phan xa ngugc tré lai chch
1r va dén guong M. Sau hai chu trinh nhu vy, chum laser s& dugc duge I8y ra ngodi..
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Hinh 2. Hg gifin xung laser femto-gidy. -
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Hé 56 t4n séc cisa ca g nén xung duge dura rs boi cdng thire 1 [10-13):
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cich tir 1200 vach thi goc littrow 13 28°. Sy phy thudc cia 48 tén sic GDD vo gbe 161 chich 1 duge
sioh by trén Hinh 3, ta thiy ring gb¢ gitta chim tia laser 161 v& phép tuyén clia cich tir cAng gin voi
goc littrow thi €6 tan sic cang 16n.
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Hinh 3. Syt phu thudc clia d tin sic GDD vap gée t6i céch ti.

D5 16ng réng cia laser trusdc va sau khi di qua b giin xuig [i€n hé vai nhau bing cong thire 2 [10-
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trong d6 7, 14 0 rdng xung laser sau khi 4 duge gidn; e 18 86 rong xung trude khi vio h¢ gian

xung. Tir cong thire (1) vi (2) ta thiy 46 ring xung cila laser ra phy thude vao hing sb cich ti, khoing
cich giita céch tir va gwang budc séng vi d5 rong xung laser vao.
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Hinh 4. H§ nén xung laser femto-gidy.

Trong hé thi nghi¢m nay, ching t6i chon chon géc laset t6i cdch tir 1 34° Vi gdc t6i iy ching ta
c6 thé dZ dang bd tri cdc yéu 18 quang hoc ciing nbu 15 dyng; diroe kha naing tin s8¢ cla cich (. DE cf
thé gifin dugp xung laser 100 femto gidy ién thanh 100 pico gidy thi bang tinh toén Iy thuyér. khoang
cich gitta cdch 10t va guong cAu 1 0.4 m. Vi trf ciia gwang Ms V& M, duge dat sa0 cho sau kb, chim tia
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ra khoi hé gifin xung 14 chiim song song. Sau khi xung laser 83 dupc khuch dai thi chiing 1a phii nén
che xung laser v& d¢ rong ban dBu. Do vdy, ching (i cfing @3 nghién cinu va thiét k& b§ nén xung laser
trén eo so hi nén xung ciia Deffner [10, 11], tuy nhién thay vi sit dyng hai cdch tir chiing 16i chi sir
dung mdt céch tir Hinh 4.

Trong ciu hinh b nén xung ching i cling sir dyng cch ¥ 1200 vach, guong M, va My, ¢ d§
phan xa cao trong viing budc séng 740840 nm & gbc 45°% guong Mz 6 4§ phin xa cao trong vin
buséc song 740+840 nm & ge 0°. Muyc tiéu 12 lam sao ¢6 thé nén duge ¢&¢ xung ndy v& ngin nhit o6 th
thi gwong Mis va Mis dugc 43t trén mdt b dich chuyén @& o6 thé thay ddi duge khodng céch gifta cich
tir v hai gwong ndy. Xung laser dugc dum vio b§ nén xung bai guang Miy; sau khi nhiku xa trén cach tir
chim tia laser sZ dén gwong Mis va M, ri l2i bj phan xa nguge trd lgi cch ti, sau khi chiim tia laser
nhifu x3 trén mat cach tir Kin th hai s& #én guong Mye. Guong Mae duge dit vudng goe véi chiim faser
t5i do viy chiim tia laser s& bj phin xa ngugc ird lgi cach tir. Nhir vy sau khi nhigu xa trén m3t céch ti
Jan thir bén chiim tim laser s& dugc dua ra ngodi. DY rdng cla xung laser ra phy thude vio goc 161 cla
chiim tia t&i, khodng cich gia guong Mz v3 Mys 161 mat cich tir. Hon nifa, do chiim tia laser 4i lai
nhidu Iin trong b khuéch dai nén ching cling bi mé r6ng ra (vé mat thdi gian), tuy nhién do xung laser
trude khi i vao by khuéch dgi b 89 rdng hang trdm pico-gidy nén sy mé rong do anh huémg clia tinh
thé laser ndy 13 khéng d4ng k&, Bing tinh toan 1y thuyét ching t6i thdy ring 48 nén xung Jaser sau khi
khuéch 44 117,100 ps v& vdi 8¢ rng xung ban diu thi go¢ 167 ciia chim tia Jaser dén cach tir 14 34° v
khodng cdch tir hai gwong Mia va My tdi cich tir 13 khoang 0.4 m. .

3. Nghién ciru va thiét ké b khuéch dai cho xung laser cyc ngin

Sau khi d2 nghién ciru duge b{ giZn va nén xung laser cyc ngln, ching 16i tifp tyc nghién ciru thié”
k& b Khuéch dai cdng sult cho h§ laser ndy Hinh 5. Sau khi xung Jaser cin khubch dai dugc gisn ra 100
ps bling b gitn xung. D& b khuéch dai hoat ddng hitu qua, sy ddng bd dign tir A rit quan trong, Xung *
dbng b chis phit ra tir oscillator thudmg cé tn s6 vai chyc MHz dugc cho qua b chon xung 14 té bio i
Pockels. San khi laser chn khuéch dai cé 1n 56 bing thn sb cia laser bom s& dgc dua vao b khubch
dgi bing guemg M,,. Mdi tnuémg khuéch dai laser 4 tinh thé Ti:Sapphire 7x3x6 mm, hip thy 90-96% & l
budc séng 532 nm va duge va duge bom bing hoda ba bic hai cia laser Nd:YAG tai burée séng 532 nim,
46 rling xung 8 ns, niing lugng cye dai 200 mJ.

Hinh 5. He khuéch d5i xung laser femto-gidy.
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. Xung laser s& b khoa trong bd khuéch dai bang hai gwong ciu My; va My, €6 R=1000mm, va
phan X3 ca0 trong ving budc séng 740-840 nm. Sau khi xung laser di 1zi 8 1in trong by khuéch dai
lic ndy nang lugng cia xung 43 Eat 167 mJ thi 58 drge dua ra ngodi bing guong My v dua vao b nén
xung 48 nén ce xunp niy 13i. Sau Khi ra khéi by nén xung tht dé rgng cha xung laser cir 4§ rgng xung
laser ban ddu (100 £5). Nhir vy véi viée sir dung céu hinh khuéch dai ndy ching ta cé thé khuech dai
niing lugng cée xung laser femto-gidy nay 1én vii m).

4, Kétluan

Ching t8i ng}uén ciru, thiét ké thinh cng bp khubch dai xung laser femm—glay trén céu hinh
khuéch dai CPA (khuéch dai sau khi &2 gidn va xung duge nén g lal sau khi khuéch dai). Cac két qua
nghién cim ndy 13 co s cho viéc phat trién thic nghidm mt hé khuéeh dai xung taser fernto-gidy cdng
sudt cao trong thoi gian t61 tai Vién Vidt 1y, Vign Han 1am KH&CN Vigt Nam.

Lir cdm on: Che the gid xin cam on sy b3 try tai chinh tir 88 12§ Ma s6: VASTO01.05/14-15 ciia Vign Han
lim KH&CN Vigt Nam.
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