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Chiing ti trinh bay céc két qua gin day trong viéc nghién cir vi phit trién csc h§ laser toin rin pht xung
cye ngin dirge bom biing laser bén din, laser todn rén phét xung nghn trire tiép trong vilng tir ngogi, faser Raman
hign dgi dya trén hidu img ty chuyén dbi Raman trong budng cing huing va cdc kél‘qui ban ddn trong viéc
nghién ciu phét ridn he klw?ch dai ¢dng sublt cao cho cdc laser xung femto-gilly. Cac két qua nghign el ndy 48
v dang dugc img dyng trong ce nghlén clu khoa hoe va sin sing trong vide chuyén giao va phit eridn cbng
nght.

Tie khda: Laser toém réin, Bom biing laser diode, Vi1 li¢u laser:

1. Mé& dhu

Nhs nhiing phit trién nhanh chéng trong vt Iy, céng ngh va tmg dyng céc ngu&n séng két hgp -
laser ndi chung, dac bigt Ja céic laser phét xung ng&n nbi riéng, nhidu linh vy khoa hpc-cong nghé di
thu dugc nhiing két qua quan trong, mang tinh cich mang treng vt 1y, hoa hos, sinh hyc va khoa hoo
vt liéu... Nghién ctu Vit Iy v cong nghé laser todn rin phét xung ngfin 1a huéng KH &CN théi sy,
dang dugc phét trién rit manh 1ai céc trung tm KHCN quéc té, vi né khong chi mang § nghia khoa
hpc co ban va phit tridn cong nghg ma cdn cb § nhia thyc tidn va imy d\mg cép thitt, Cac laser 12
nhimg thiét bj khoa hoc quan trong, dang tac dng cach mang dén rat nhicu finh virc nghién cira
KH&CN va img dyng (1-5]. D4c bigt trong cc nghién cim khoa hoc, laser cho phép nghién cir trémg
minh cdc qua trinh vat ly vi mB xay ra ma tnrée ddy cic phuong phép khic khéng thé ghi nhin va
quan sit duge. Nhd cdc két qua nghién ciru ndy chiing ta o6 thé tao ra hay sir dyng nhimg higu g vét
1§ dfc déo, méi, cling nhur mé ra nhitng linh vyc nghién cins vi img dyng hodn toan méi [1-5]. Do vy,
c6 thé coi vt Iy va odng ngh¢ laser nhu 1 cong nghé nén — c6 tic ddng céich mang t6i cic finh vyre
KH-CN khic. Hiu hé céc nutc déu cb cho phong thi nghiém qubc gia v& nghiln ciru, phat tridn
KHE&CN laser va img dyng laser. Cc trung tim va phéng thi nghiém khoa hor quée t6 v& vit Iy va
cbng ngh¢ laser xung cye ngin dang duwgc phét trién manh mé. Cic nghién ciru 14p trung véo hai
hudng chinh: phat trién vt 1y vA cong nght laser; phit trién cic mg dyng laser d3c bigt 46i véi cac
laser cye ngfin va cye manh trong cac finh vy KH-CN khéc nhau. O nuéc ta hign nay, nhidw oo 5
n%hién ot khoa hoc-cong nghé va dao tao (vat 1y, KH vét liéu, hod 1y, Y-Sinh hoc...) dang c6 yéu cdu
cap thiét vii khach quan sur dyng céc laser nhim ning cao kha niing, chit Jugng vA trinh 45 cha chc
nghién cim, img dung va dio tao, d4p tmg cc ddi hoi cua sir hai nhépvé trinh 46 KH-CN véi khu vge
va quéc t8, Tuy nhién, céo b thong laser phat xun§ cyc ng;in hién nay chi yéu 13 sin phém cia cic
nwée Grtl, vi dy odc hé laser phét xung ngln (1077 - 10 gidy) nay con kha dit (~100 00p UsD)
phirc 13p va kich thudgc 1dn. Da vgy cho dén nay, com rit it co s& nghién eiu, fmg dyng v dao ta0 ;;
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Viét Nam duge trang bj laser cho nén vige nghién et va phat tridn cic ngudn laser dic bigt la cic
laser todn rin phét xung ngén trong ving tir ngoai va hdng ngoai 14 v6 cing quan trong déi véi chiing
ta.

Trong béo c4o ndy, ching t57 trinh bay cdc két qua ghn day trong vige nghién ciu va phit trién
céc hg Iaser 104n vin phat xung cuc ngin duge bom bang laser bin din, laser toan rén phit xung ngin
tryc tidp trong ving tix ngoai, laser Raman hién dai dya trén higu img tr ¢huyén d6i Raman tmng
bubng cong hudmg va cdc két qui ban diu trong vige nghidn cfu phét trién hé khuéch dai céng sult
cao cho cic laser xung femto-gidy tai Vign Vat Iy, Vién Han Jam KH&CN Viét Nam.

2. Phét trién c4c laser toan rin dwgc bowm béing laser bén dfn

2.1. Laser toan rin Nd: YVO, digc bom béng laser bin din

Trén co sd vit ligu laser Nd:YVO,, ching 101 ¢ nghién clm pht trién thanh cong cac h laser
phét xung ngén nano-glﬁy bé.ng k¥ thudt didu bién d pham chét buong cng hudng; cdc h§ Jaser phit
xung cye ngin o pico-gidy bing ky thuit khéa mode v6i nhidu ciu hinh budng edhg huong khac
nhau [6-10].

a Ngh;én citu phit trién laser Nd:YVO, hogt 35 & ché dp Q-switching [6-8]

Chu hinh BCH nhy trén Hinh 1 véi b diéu bién 12 guong bin din hip thy bio haa SESAM,
nguén bom laser d\ode & budc song 808 nm cﬁng suft cuc dai 2,2 W chiing 161 d4 thu duge chudi xung
nghn 22 ns, thn s8 13p lai 2,2 MHz va cong sufit cyre dai thu duoc 460 mW.

Hinh 1. (2). Cau hinh BCH Q-switching, (b). Xung va chudi xung
Taser Nd:Y VO, Q-switching bing SESAM.

Ngodi ra céc hg laser sir dyng tinh thé Nd: YVO, hoat déng trong céc ché d lién tuc va xung sir
dyng laser diode cfing sufit a0 1am nguén bom quang hoc dd duoc nghién va thue hién. Trong ché 4
hogt ddng lién tyc, cdng sudt trung bink cuc dai 1a 2150 mW di thu duoc, véi higu suft chuyén d5i
quang 14 21.5 %. Trong ché 40 Q-switching thy dgng bing tinh thé Cr'* YAG, laser Nd:YVO, phit
xung ¢6 6 rong 62 nis & thn 58 Hip lai cao ~ 710 kHz va cing suft trung binh 434 mW.

b, Luser Nd: YV Oy mode-locking thu dgng bing guong SESAM [ 9, 10]

Trén cg s& vit ligu Nd:YVO,, chiing téi da phét trién thimh cong laser toan vén phat xung oye
ngin pico-gifly bing k¥ thugt khéa mode sir dung guomg ban din hip thy bio hda SESAM véi cdc cau
hinh BCH khac nhau.

Vi chu hinh BCH nhu trén Hinh 2, sir dung nguén bom laser bin déin 808 nm, cang suét bom
cye dai 2,2 W ching t5i d2 thu duge xung laser cuc ngén 12 ps, 3 Igp lai 40 MH; cong st trung
binh cyc dgi tai bude séng 1064 nm & 940 mW tuong dng v& hiéu suiit chuyén 85i ning lugng leser
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& 43%. Dac tnmg odng suft, chudi xung, 8 ng xung, phin bb ning lugng chiim laser duge md 1
trén Hinh 2.
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Hinh 2. CAu hinh BCHlaser Nd:YVO, mode-locking thu dgng bing
guong SESAM duoc bom bing laser ban din [9, 10).
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Hinh 3. Céc d§ic timg vé niing ugng ciia laser mode-locking. (2) - Déc timg oéng suft. (b) Chudi
xung laser pico-gidy. (c) Vét fuong quan cudmg 4. (d) Phan bé nang lugng cia chim laser.

V& myc dich phat trién da dang céc g dung vdi hé laser Nd(YVO, khéa mode, chiing t6i tiép
tyc phét trién hé laser Nd:YVO, khéa mode v&i BCH siéu dai myc dich 13 8¢ giam tin s§ 13p lai cia
laser. Gidi phép duge si dung 13 dua vao BCH laser mot ciu hinh phin xa nhidu lin trén hal cip
guong oliz bén kinh cong =1 m dugc djt theo cu hinh ddng tiéu (cén hinh Herriot). Véi cgp gu'on
chu iy, chiing ta cb thé kéo di BCH 161 hing tram mét (né si dung cdc yéu 16 gutong die bigy ma
vin cho hoat ddng laser mode-locking dn dinh.
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Guong chu 18m: M2, M5, M8, M10
Guongphing: M1, M3, M4, M6,
M7, M8, Mt
Guuong ra: M12 R=-03m AayvD,
Hirh 4. So 43 laser Nd:YVO, mode-locking v6i BCH sigu dai.

Véi 4 dai BCH 14 15 m, chudi xung laser thu dugc cé 46 rgng xung 12 ps, 18n 8 13p Jai 8,8
MHz. Céc @c trung cia laser da duge nghién ciru va biéu didn én Hinh 5.
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Hinh. 5. Bic ‘rmg cda chim laser mode-locking: (a). chudi xung mode-locking,
(b). Vét trong quan cudmg d9, (¢). dic trung cdng sudt ciia laser

2.2, Nghién cicu v phat trién laser CriLiSAF thepc bom bing laser bin dén [11-13]

Véi dinh huéng phét trién cAc ngudn laser phit xung laser cyc ngén c& femto-gidy, ching t8i da
tp trung vio nghien clu cdc moi n'u'bng laser ran c6 phd phét xa 19ng, thich hop véi bom quang hoe
bang luser ban din. M6t trong nhimg mbi trudmg d6 1a Cr:LiCAF i1 phé ‘huymh quang réng tir 775
nm dén 950 nm, day 13 moi mn‘mg o6 tiét dign phat xa lon va thoi gian song huynh quang ddi (67 ps)
do viy ngudng bom 13 kha thap Dic biét. méi trutmg laser nay c6 phé hap thy manh & budc song 670
nm thich hgp cho viée bom bing laser ban din.

Tren o s& mb phong, tinh todn, thiét ké cic BCH cita laser rin Cr:LiSAF duoc bcvm doc biri laser
diode, gdm bén guong gdp theo hinh chix X (Hinh 6a) nhr sit dung md hinh lar, truyén chim Gauss
ABCD trong BCH. Py 12 ciu hinh BCH cho phép thut hién duge cac laser Cr:LiSAF trong cac ché
d6 hoat dBng li€n tyc voi higu sudt cao v ngudng laser thip. Teén co sa 36, ching t3i da phat trién
thinh céng laser CrLiSAF (Hinh 6a) phit & ché do Jién tuc véi higs suft chuyén d6i nang lueng cyc
dai khodng 35%. Béng viéc dva vao BCH mdt y:u (5] chon loc phé, ching 157 d3 thu duge phat xa
Taser c6 kha nang diéu chinh budc séng trong mét ving phé rgng tir 890 — 950 nm.
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Hinh 6. (a) Céu hinh BCH laser rin CriLiSAF 4 guong gép theo hinh chit X. (b) (a) Chu hinh

BCH laser rin Cr:LiSAF khéa mode sir dung guong SESAM. (¢) Chiim Gauss di trong BCH laser
Cr:LiSAF 4 guong ghp dang cht X trong ¢4 hai m3t phiing T va

Vi cﬁu hinh BCH (Hinh 6a) ciing cho phép dé ding kéo dai BCH trong ché do phét xung oyt
ngan nhd k§ lhuat mode-locking thy ddng bing chit hép thy bio hoa (Hinh 6b). Céc higu img quang
sai do tinh thé ¢t theo p6c Brewster va hai guong cau khi chim tia t6i & mét géc nghiéng cling 62
duge xem xét (Hinh 6b va &c). Dy 1a nhimg tin d& quan trong cho vige phat trién laser Cr:LiSAF
phét xung ey ngén fs biing k§ thudt khéa mode v&i guong bn din hép thy bio hoa s& duge thyc hién
tai Vién VAt Iy trong tuomg lai ghn 153 day.
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3. Nghigo ciru va phit trién laser tir ngogi todn rin Ce:LiCAF [14-16]

Ngay nay, c4c ngudn laser tir ngoal (UV) d% duge tmg dung nhidu trong céc linh vire khoa hoe va
cdng ngh nbu: ¢hm b-én tir xa (dién hinh 12 LIDARY), chufn dodn sir dét chdy cta dong ca, gia cong
ban din, vi co khi, lruycn théng quang hoe, va c4c img dung trong sinh hoc, ¥ hoc va dic bit trong
nghién ciru quang pho Tuy nhlcn, e ngudn laser UV trong thuong mai chit yéu c6 duge nhd siy
dyng tirh thg hi tuyén 4 bién 65 thn 58 tir nhitng laser o6 ving budc séng dai hon (hdng ngoai holie
ving rhin thép y). Do vdy, viéc nghién i va phét tién nhimg ngubn laser todn rin phit trye tiép &
ving budc séng tir ngoai & Vigt nam 13 clin thiét vi mang nhidu y nghfa thye tifn.

Trong cdc vét Tigu cho laser tir ngoai Ce-Fluoride thi Ce:LICAF duoc img dung rdng rdi hon ci.
Diic didm cia m6i trudng ndy 18 hip thy manh 1ai bu'éc s6ng 266 nm (7f phid hop véi viée bom quang
foc bling hga ba bac bén cﬂa Iascr Nd:YAG), vimg didu chinh bute séng réng (280 -320 nm), tiét dign
phét xa laser 16n (o, = 6x10"* em? ) mit 46 ning lugng bio hda cao (~115 mliem®) Tét ca nhing dic
8iém ndy thudn Igi cho viéc phat trién ngudn taser tir ngoai didu chinb birdc séng, cong suft cac.

Vi vige sir dung tinh thé laser Ce:LiCAF (pha tap 1%) ching (5i 43 phét tridn thénh cbng h§
laser tir ngoai todn rin phat trye tip trong dai budc séng tir 280 nm dén 200 nwn. V&i cau hinh BCH
nher Hinh 7a, sir dyng tinh thé Ce:LiCAF chidu ddi 1 cm; chidu dai BCH 14 8 om; guong cubi v&
guong r2 cua BCH ¢6 h¢ 56 phan xa 96% va 30% & budc séng laser tuong img, chiing t3i 4 thu duge
hiéu svét chuyén 0di ning luong laser 14 33%, niéing xung & mJ Hinh 7b. Hon nir, bing nghién ciru
¥ lhuyel ching tdi d nghién ciru tudng minh déng hoe ciia logi laser ndy. Cic két qua nghién edru cho
thy véi viéc sir dung BCH nghn, chit lugng lhap, bom gan ngudng c6 thé phat duge nhimg xung
laser tir ngoai tir vii trim pico-gidy dén vai chye pico-gidy [ 14,15].
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Hinh 7. (8) Hg thuc nghiém laser tir ngoai toan rin Ce:LiCAF
(b) Diic tnmg cong sudt ciia laser UV Ce:LICAF ra.

4. Nghién efru va phat trién laser raman toan rin

’ _

Hinh 8. Céu hinh h¢ laser Raman.
Tidp cfn v6i xu hudng phét trién cia thé gi6i trong viéc nghién ctru phét trién cic ngudn laser
hién dai - tw chuyén d6i Raman trong BCH, qua d6 cho ?hép chiing ta c6 thé lya chon bude séng phat
laser phit hop trai dai tir ving burdc song tir ngoai dén hang ngogi khi sir dung cic méi trudmg Raman
voi dich chuyén Raman phi hop. Trén co s& Iya chon phit hop véi céce didu kién sin c6 tai Phong thi
nghi¢m, 1An diu tién tai Viét Nam chiing t6i d# phat trien thinh cong b laser Raman tir chuyén déi tn
56 trong BCH sir dyng tinh thé Ba(NO;3},. Céu hinh hé laser duge thiét ké va ché tao nhu trén Hinh 8.
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Hinh 9. Dic trung cita b¢ laser Raman. (a) Dic trung cong suit clia laser & bude séng 638am,
(b) dic trung phé ctia laser Raman 3 bude song 563 nm, 598 nm vi 638 nm

trong db, laser bom Nd:YAG buéc séng 532 nm, ning hrgng cuc dai tai 532 nm 14 400 m), tinh thé
Ba(NOy); - kich thudc 7x7x40 mm, Guong cudi laser: Phin xa cao tzi bide séng 563 nm (1" stock),
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598 nm (2% stock) va 638 nm (3" stock), truyén qua bude séng bom 532 nm; Guong ra: Phan xa cao
tai budc séng 563 nm (1" stock), 568 nm (2" stock) va truydn qua tai 638 nm {3rd stock). V&i cdu hinh
BCH Hinh 8, két qua thu dugc laser phdt xa & 3 budc séng 563 nm, 598 nm va 638 nm, tuong img véi
c4c dich chuyén Stock bac 1, bic 2 va bac 3, Higu sudt chuyén d8i ning lugng faser cyc dai tai bude
séng 638 nm 1én 131 25%.

5. Nghién cira va phat trién b khuéch dai cong sudt cao cho laser xung cuc ngén

Laser xung cuc ngin da 120 ra nhing thay d6i mang tinh d@t phé ca trong khoa hoc vi cbng nghé.
D rong xung o& femto gidy (107% 5) cho phép con ngudi tiép ¢én duge v6i nhitmg qua trinh cye nhanh
ity ra trong nguyén tr, phin tir mang lai nhing kién thitc méi vé déng hoc phn tir. Trung tim Dign
t& hec Lugng tlr, Vign Vit 1y, Vién Han iam KH&CN Vigt Nam di dwge trang bi mt h§ laser Ti-
Sapphire phat xung circ ngdn 100 fs. Tuy nhién, ning lugng cta hé thdng laser ndy 13 rdt nhé & nJ,

M

Output
Hinh 10. H$ khuéch dai xung laser femto-gidy.

Do vy, vige khai thic vA sir dyng 1§ leser cho céc nghién cu va img dung con khé han ché, Bé
nling cao hi¢u suat st dyng laser ny thi viée nghién ci va phi trién b khuéch dai cho hé laser
Ti:Saphire 14 thye sy cin thiét. Trwde yéu clu can thiét do, ching 5i da va dang tién hanh nghién cin,
phit trien bY khuech dai cho h¢ laser nidy. Céc két qua buréc du thu dugc d6 13: tinh todn, thiét ké cic
b5 nén, din xung laser cyc nghn; thiét ké b chon loc xung; xac dinh duge cae tham sé 4nk huémg dén
qué trinh kiiuach dgi; tinh toin va thiét k& b khukch dai hodn chinh phiy hop véi didu kign sin o6 tai
Vign VAt 19 vi cho tham sé cia laser TizSaphire digc trang bi. Céu hinh bo khuéch dai duge thiét ké
nhu‘trén }«!Inh 10, cic xung laser femto-gidy s& dugc gian ra hang tréim pico-gidy trudc khi dura vio bd
khuech dai, xung laser pico-gify sau khi 84 dugc gidn s& duoc dua qua b chon xung sao cho tin 6
Jip lai clia xung laser kbuéch dai bang v6i tin sb 13p Iai cia xung laser bom (10 Hz). Xung laser
sau khi 43 di qua b§ chen xung duge dua vio b khuéch dai 8 IAn truyén qua, tinh thé Ti-Sapphire
(7x3x6 mn} hap thy 90-96% tgi budc séng 532 nm duge sir dyng 1am mai truimg khuéch dai va dirge
bom bing hda ba béc hai cia laser Nd:YAG, Xung laser pico-gidy sau khi 48 dugc khubch dai sé duge
dua qua bb nén xung )guﬁng 4% rong xung ban dAu. Vi cAu hinh khuéch dai ndy, ning lugng cira xung
laser fernto-gidy c6 thé Ién dén hing m1 sau khi da dirge khuéch dai. Qua trinh ché t20 hé khuéch dai
da va dang duge lién tyc phét trién va dy kién hodn thanh vio [2/2015. i
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6. Két lugn

Cic hé laser todn rin phét xung cyc ng}in dirge bom bang Iaser ban dén, laser toan rin phit xung
ng,én tnye tiép trong ving Hir ngoai, laser Raman hi¢n dai dua trén higu (mg fur chuyén dbi Raman trong
budng cong hudmg d2 duge nghién ciru va phat trién thanh cong tai Trung tim Dién tir hoc Lugng tr
Vign Val 1y, Vign Han 1am KH&CN Vigt Nam. Ngoai ra, cic nguén laser femto-gidy voi ning lugng
Ién gén ‘hing mf ciing dang dugc nghién ciru vi phit triéa. Cic ké& qua nghién ciru va céc laser duge
phat trien ndy d vi dang dugc img dyng trong céc nghién cifu khoa hoc cling nhu chuyén giao cong
ngh¢.

L& cdm om: Chc tho gid xin cam on sy hd trg tai chinh tir 4¢ tai M s6; VASTO01.05/14-15 cip Vign
Hén lam KH&CN Vit Nam.

Taili¢u tham khao:
[1] W.Demiroder, Laser Spectroscopy, 3 £d. (Springer, 2009)

{2] F. J. Duarte (Ed), Tunable Lascr Applications, 2nd Ed. (CRC, 2009) Chapter 9. Opricyjournal com
Retrieved 2011-09-25.

F. ). Duarte {EQ.), Tunable Laser Applications, 2 Ed. (CRC, 2009) Chapter 12,
""Light Warfare”; by Matthew Swibel; 04.23.07;". Forbes.com. Retrieved 2011-09-25.
Joint High Power Solid-State Lasez, Northrop Grumman Corporation, 2012.

Nguyen T. Nghia, Nguyen V. Hgo, Valontin A. Orlovich and Nguyen D. Hung {2011), “Generation of
nanosecond laser pulses at 8 2.2-MHz repetition rate by a cw diode-pumped passively Q-switched
Nd™:YVO, laser”, Quantum Electronics, 41 (3), pp. 790-793.

{71 Nguyen Ven Hzo, Nguyen Trong Nghia, Vuong Van Cuong, Nguyen Dai Hung., “ Laser rin Nd™*:YAG
ien digu thy adng duge bom dec bing cdc xung laser diode™ Advances in Optics Photonics Specstrocopy

& Application, ISSN 1859 — 4271(210)) pp 759-763

NguyEn Vin Hao, L€ Thi Kim Cuon Keryang, A.G ikov, Pham Long vi Nguyén Dai

Humg., “M0t sb dic tnmg cua laser rin Nd Y VO, duge bom bing lascr diode cong sufit cao®, Advances in

Optics Phofonics Specsirocopy & Application, 1SSN 1859 - 4271(212), pp 523.

191 Do Quoc Khenh, Nguyen Trong Nghia, Galieno Denardo, Vi Thi Bich, Pham Long, and Nguyen Daj
Hung, “Generation of Pico-second Laser Pulses at 1054 nro From All Solid-state Passively Mode-locked
Lasers™, Communication in Physics, Vol. 19, Special lssue (2009), ppl25 — 136.

{10} Nguyen Trong Nghia, Do Quoc Khanh, Nguyen Dei 1lung, and Philippe Brechignac, “Rescarch and
Development of Diode-pumped Solid-state Nd”: Doped Lasers”, Communication in Physics, Volume 19,
Special Issuc (2009), ppl45 — 155,

il1] Nguyen Var Hao, Phem Liong Minh, Pham Van Duong, Nguyen The Binh and Nguyen Dai Hung,
“Numerical investigations of leser diode end pumped solid statc Cr™ILISAF lasers passively Q-switched
with Crd: YSO crystal » Communications in Physics 24, (2014), 71-84.

(12} Nguyen Ven Hao, Pham Yan Duong, Pham Hong Mink, Do Quoc Khanh, and Antonio Agriesi, “Design and
development of the folded 4 mirror resonators for diode end pnmped solid state CriLiSAF lasers”
Communications in Physics 24, (2014), 105-120.

[13) Nguyen Van Hao, Pham Hong Minh, Pham Van Duong, Do Hoang Tung , Npuyen Dai Hung, ef al,
“Diode-Pumped Tunable Solid-State Cr**:LiSAF Lasers Passively Q-Switched With Cr:YSO Crystal™,,
Advances in Optics Photonics Specsirocopy & Application, ISSN 1859 — 4271(2014), pp 362

114] Phem Hong Minh, Nguyen Phan Nhet, Do Quoc Khanh, Nguyen Dai Hung et &l., “"Investigation of the
Spectral And Ternponl Processes Of All Solid-State Ultraviolet Ce:LiCAF laser emission™, Advarnces in
Optics ) P 2py & Application, ISSN 1859 - 4271 { 212), pp 419.

[3
[4
[s
6

8]




16 Phgm Hdng Minh, Pham Vin Duong, DS Quic Khénh, NguyZn Van Hio, Nguyén Dgi Humg

[15]) Minh Heng Pham, et al Numerical simul. of uliraviol i Ce:LICAF laser emission by
oplimized resonator transients, Jpn. J. Appl. Phys. 53 (2014) 062701
[16] Pham Hong Minh, Pham Van Duong, Pham Huy Thong, Do Quoe Khanh, Nobuhiko Sarukurs, Nguyen Dai

Hung, “Possibility of Generation and Amplification to High Power of Ultraviolet Ce:LiCAF Laser Short
Pulses”, Communications in Physics, 24, 2014, 91-102.






