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Tém tht

. Ching 16i trinh by cic nghién ciru v& vige thict ke vi phit rién hg laser 10an rin Cr:LiSAF duge bom
biing laser diode. Nhé sif dyng mé hinh lan truyén chizm Gauss ABCD, cic budng cing huing ghp bing 4 guang
cho laser Cr:LISAF duge bom bing laser diode da duge thiét ké. Ngudng bom thip v& kha niing hoat dgng higu
qua cia laser CriLiSAF trong chu hinh budng cdng huémg gép 4 guong chimg to cac két qu tinh toan If thuyét
phit hgp tdt véi ce két qui thyc nghigm.

Abstract

We present the design and development of diode end-pumped solid-state CriLiSAF lasers. Using the ABCD
formalism for intra-cavity Gaussian beam, folded four-mirmor resonators were designed for all solid-state
Cr:LiSAF diode end-pumped lasers. Low pumping threshold and effective and feasible all solid state Cr:LiSAF
laser operations with the folded four- mirror that the results are in good
agreement with the experimental ones.

1. M#& diu

Céc ngudn Taser rin phat xung ngin, o6 kha ning didu chinh budc song trong mdt dai phd rong,
dugc bom biing laser diode ngdy cang dugc quan tim nghién ctu va phét trién, vi né co rit nhiéu img
dyng trong khoa hoc vA cong nghé (Ursula Keller, 2003, Richard Scheps, 2002 va 8. A. Payne, 1989).
Gifia céc mdi trudmg laser rin dugc bowm bing laser diode, Cr:LiSAF 13 m{t méi truémg khuéch dai
quang bing rong tuong duong véi Tizsapphire (P. F. Moulton, 1986 va S. A. Payne, 1989). Diph phé
hép thy rgng ciia CriLISAF dich v& gAn 670 nm cho phép bom tryc tiép bing laser diode gi4 thép, ditu
ndy lim giam d4ng ké gid thanh cia laser rin Cr:LiSAF (S. A. Payne, 1989). Tich s gitta tiét dién
phiit xg vi thdi gian séng huynh quang (4,8.10% cm’ x 67 ps) 1én hon Tizsapphire (4,06.10™ om® »
3,2 is) giip laser Cr:LiSAF o6 ngudng bom 12 kha thip (S. A, Payne, 1989 va (P. F. Moulton, 1986).
Vigc phit trién céc hg laser rin duge bom bing laser diode yéu cdu cln thiét k& mot céch chinh xdc
budng cong hudmg laser. Cic yéu chu cia budng chng hudmg cho laser 1am vige higu qua cao lai phy
thupe menh vao ché d6 hogt ddng cia laser, ching han nhu ché 4§ lién tyc hoic xung ngén. Trong
trrémg hop laser hoat dong lién tyc, tiah én dinh trong hogt djng laser nhu 12 ham ctia ban kinh eo
chiim trong mdi trudng laser, nhymg trong hoat 8ong laser khéa mode thy dfng, tinh &n dinh trong
hogt dgog Jaser nhu 12 him cia ban kinh eo chiym trong c& mbi trudng laser va b hip thy bio haa
{Ivaylo Nikolov, 2003 va N. V. Hao, 2014).
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Trong béi bio niy, chéng 16 trinh by cc két qua vé hoat adng clia laser CrLISAF trong ché 49
lién tyc dugc bom bing cic diode don mode trén co s<‘11thié| ké budng cong hudng dya trén sy lan
truyén chim Gauss ABCD trong budng cfng huémg. Budng cang hiring duge thiét ké cho hogt dgng
ciia laser rin Cr:LiSAF dugc bom bing laser diode dya trén cau hinh chir. X. Eo chum Gauss trong
budng céng hiromg c6 thé thu duge Vi kich thude kha nho (< 20 pm) va 66 thé thay duge khi céo
tham sb budng cong hudng nhur ban kinh cong cia céc guong hay chiéu dai budng cong hudng thay
a1, Két qua thu duge cho thdly, laser Cr:LiSAF <6 thé hogt dfng n dinh & TEM mode ca bin véi
ngudng laser thip 16i 11,3 mW v higu sudt laser dat 191 35,6 %.

2. Thiét ké bubng cdng hudmg

Muc dich cia ching t6i trong bii béo ndy 12 dé thiét ké bubng cong hudmg cho laser rn
Cr:LiSAF duge bom bing laser diode trong hoat dong lién tuc. C4c budng ofng huémg ndy ciin dip
img yéu chu ciia vét hoi ty dit nhe va d5 dai di lon (d hudng 181 phat trién céc hé laser khéa mode sau
ndy) hay bubng cdng hudng véi cic cinh ghp hoje tuong duong, do 86, cAu hinh budng efng huimg 4
guong gép dang ch¥ X 83 duge xem xét trong céc khio st olia chiing t3i.

Bubng cfng hudng laser rin CriLiSAF duge bom doo bing laser diode mé chiing 161 thiét ké gbm
4 guong theo chu hinh nhuz duqe chi ra trong Hinh 1, gbm hai guong phéng va hai guong cAu dé héi w
cham laser vio trong tinh thé. Mat guong phing o6 49 phan xa cao (M;) va mdt guong phing cbn lai
¢4 3% phan xa thip hon 1a guong ra (My).

M, Mya, CrLiSAF

Hinh 1: (a) C4u hinh BCH laser rin CriLiSAF 4 guong gdp theo hinh chir X
va (b) BCH hrong duong (dang tuyén tinh).
Tinh thé laser CELiSAF dai 4 mm va hai diu dugc ot theo goc Brewster. V) tinh thé CrLiSAF
o6 tiét dign phat xg kha thip nén 43 cb thé t&i wu cng suit laser 161 ra, ching t5i cln phii tinh todn
thiét k& BCH laser sao cho cd sy chdng chip 16t nhét gifa mode laser trong tinh thé va mode bam.
Ching 16 d sit dyng md hink ma trén truyén chiim Gauss ABCD dé tinh toan viing 3n djnh ciia BCH,
&0 chim laser rong tinh thé va chét hip thy bio hba cho vige t8i 1 vi tri cta cde gurong laser.

Hiu tmg cua cc linh ki¢n quang hoe khong d8i ximg nhu tinh thé o4t theo gac Brewster ciing
gly ra cic chim Gauss bj quang sai. Cac chim ndy ¢6 kich thude vét, mat séng va vi i eo chim 1
khéc nhau trong hai mat phang trire giao gof 12 mét phing Tangential (T) - mit phing 161 va mat phing
Sagirtal (3) - mit phing vuéng géc v6i mi phang t6i. N6i cach khic, do thidu tinh 46 ximg tryc ciis
BCH nén bén kinh eo chim Gauss dge theo hai mat phing T'vi § 6 thé khong chéng chip duge véi
nhau do quang sai. Do 49, céc higu mg do quang sai phai dugc tinh @én khi tinh toan thiét ké BCH
laser &n dinh. Tuy nhién, su quang sai ndy cb thé duge bi trir néu cb sy két hop cua guong chu it
nghiéng & mét géc a thich hop va mdt yéu 15 khing d5i ximg tryc nhur tinh thé cat theo poc Brewster:
Gie té1 guong clu dé nén quang sai duge x4c dinh qua bidu thirc sau (H. Kogelnik, 1972):
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trong 88, 7; va n, IAn lugt 14 9 dai va chiét sust cia tinh thé laser; r 1 ban kinh cong ciia guong clu.

,  Vichc guong chu trong BCH ciing duge dit & céc gde nghieng , chiing s€ hoi ty cdc chim tia
‘gang; song trong hai mgt phang T va S & cdo vj trf khdc nhau nén céc dg dai higu dung ciia tinh thé laser
{Brwster ciing Guge thay thé bing cdc ) 6di 1a & = I/n v Iy = [gn’ (HInh 2) (D. M. Kane, 1994), D6
dii tiéu oyt cia gurong cAu duge thay thé bing cic tigw oy higy dung fy va fr nhu sau (D. M. Kane,
1994 va H. Castillo-Matadamas, 2008},
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Chc tinh to4n dugc thyc hign vei vige sir dung tham sb chim Gawss phiic 42} va ma trn truydn
A4BCD cia mdi yéu t& quang hoc trong BCH. Céc tinh thé laser v bt ky chc ngudn b trir quang sai
nlo khic déu phii duge xem xét trong tinh todn. Didu nay din dén (H. Kogelnik, 1996):
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Do d6, ban kinth cong cia mat séng R (z) va ban kinh eo chiin Gauss axz) c6 thé duge cho béi:
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& dhy, A 14 bude séng &nh sang trong chdn khong.

Toin b§ c4c ma trgn truyén chim Gauss qua mét |an i lai trong BCH c6 thé durge xéc dinh nher
sir dyng tham sb chum phic g(z} v ma trdn lan truyén chim: tia ABCD:

A, - [" B'] 10
Cl Dl

Didu kién 4n dinh cia budng cong hudng laser:

440
2

trong 46, j = 7, §—la ky hi¢u cho cic mit phing tangential va sagittal tuong dmg.

Do céc hiu tmg quang sai, tham sb cham Gauss phirc ¢fz), ma trin truydn ABCD, tham s8 &n
Qinh (4+D})/2 vA cic tham s8 chim wfz) va Rfz) 1 khéc nhau trong hai mat phéng T va §. Khi quang
sai qlia BCH duge b trir trén guong ra thi

or(7) = ax(z); Rrlz) =Rs(@) (G
Phrong trinh (7) 12 tiéu chudn cla sy bb trir quang sai trong BCH laser,
Bubng ofng hwimg laser Cr:LiSAF (Hinh 1), bao gém tinh th laser ¢6 chidu dai hinh hoc / = 4

mm, ném & khoing gilla haj gwong ciu M, (cé bén kinh cong 1, = - 50 mm) va M (e6 bén kinh cong
2= 100 mm), véi c4c khoang céch d, (thudng ob dinh) vA ds, v4i d; 12 tham sb bién ddi khi phan tich

<1 ©6)
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tinh én dinh ctia BCH. Girong phing M; 13 guong e d6 phan xa cao (duge dit tai vi tif céch guong
chu M, mdt khoang Lz) vA gwrong phing M, 14 grong ra (duge @3t tai vi tri cdch M, mét khoing Ly),
Cc cinh ghp Ly va L, ciia BCH laser duge ghp dudi ee gbc 20, Vi 20, twong img so vi trpe cia
chiim bom (Hinh 1 a).

Ma trdn ABCD cia BCH tuyén tinh ndy (Hinh 1 b) duge tinh todn bing cdch bao gbm %uanisai
duge dira vao tir céc guong cBu cilng nhu tir tinh thé laser guqc c&t theo gbc Brewster véi fhiel sudt iy
~ 1,41. Hai quang sai ndy duge st dung theo mgt chch de loai bd hidu img ctia ¢ hai d¢ nhén duge
mjt profile chum khong quang sai bén trong finh thd. Ma trin & lai ABCD cba BCH tuyén tinh 4‘

guomg dige tinh todn bang cich chon mit phiing tham chiéu tgi vi tri clia grong phing M,. Céc tinh i

tofin niy duge thye hién trong cd hai mit phing 7' va §. Chi tidt vé cdc tinh tedn vi Fiqh 6n djnh vi vj .
trl et cdc yéu t6 quang hoc trong bubng chng huémg niy duge trish bay trong i ligu (N. V. Hao, |

2014).

Tinhthé laser

-
200 400 600 800
Vi tri trong budng ¢dng hudng (mm)

Hinh 2: Chisn Gauss i trong BCH laser Cr:LiSAF 4 guong gfp dang chiy X trong ca hai mt phing T
va § bt dAu ¢ vi trf tai grong M4 tmg véi céc tham s§ BCH: d1 = 24,25 mm; d2 = 48,95 mm; tinh
thé Cr:LiSAF (dai Ig = 4 rm; chidt suit ng = 1,41); c4c khoang ghp L1 = 430 mm; L2 = 300 mm; hai
guong clu M1 vi M2 c6 ban kinh cong 14n iugt 50 mm va 100 mm; cic gbe t6i cla hai guong chu M1
vd M2 tuomg img véi al = 7,50 va a2 = 6o tai budce séng laser ~ 870 nm,

Hinh 2 chi ra b&n kinh chim Gauss trong BCH laser Cr:LiSAF 4 guong gép dang chit X trong ci
bai mt phing T va S bit dBu tir guang M, trong ving én djnh thir nhat, Két qua cho thiy, dira vio b
thj nay ta co thé xéc dinh duge vj tf cia cde guong My, My, My, My v2 tinh thé laser trong BCH mjt
chch chinh xéc khi ta ché tao b laser treng thyc nghigm. Dong thid 48 thj cing chi ra ban kinh eo
chism Gauss trong tinh thé laser hojic & cic v iri bt ky trong BCH laser trong cA hai mijt phing T va
8. Bén kinh eo chiun Gauss trong tinh thé ~ 14 pm trong o hai mit phng T vi S v bai chiim ndy khi
#bng dgng véi nhau. Didu ndy chimg 16 mode laser trong hai m3it phing T va § chbng chap kbé tét véi
nhauw, do 46 ching ta o6 thé 3] uu odng sult laser ra img v6i cic tham sb bubing cong huémg ady.

3. Thyre nghigm va thio luin

Bubng cing huimg laser CrLiSAF trong ché d{ lién tuc duge bom béi laser diode don mode &
butc song, 660 nm bao gom 4 guong, o6 dang chit X nhu disge chi ra trong Hinh 3. Chiim bom tis Jaser
dicde véi phén cpe ngang, dbu tién dupe chuln rye béi mt théu kinh phi cAu c6 tiu oy rit ngln Fi (f
= 6 run). Mt thiu kinh c6 tigu oy ngin F {f= 50 mm) duge stz dung d& ngi ty chiim bom vao tinh thé
laser. Guong cudi M, duge ¢t sau thiu kinh bom va & géc ghp phu hop theo tinh todn didu kién én
dinh budng cdng hudng (e, = 7,5%).
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CrLiSAF &
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Hinh 3. CA hinh bom va BCH laser CriLiSAF & ché dg lién tuc bom bling laser diode duqe phit trién trong
viing 60 dinh thr nbdt tng v6i céc tham s6 BCH (L; = 430 mm, L, = 300 mm, d, = 24,25 mm, d, = 45,95 mm,
@=7,5 ° v 62 =6 *). Céc guong cu M, va M; o6 béin kinh cong lin lugt K ry = - 50 mm va r; =- 100 mm; M,
v My 1 cic gurong phiing; tinh thé laser Cr:LISAT di 4 mm, chidt sult n = 1,41 duoc i theo g6c Brewster.

Tinh thé Cr:LISAF (cung cfip boi ZOC inc,, M§) duge cit doc theo truc & vA cit theo g6c
Brewster d& giam thidu t8i da csc mAt mit do phan xa Fresnel. Tinh thé o4 kich thudic 3 x 4 x 3 mm
(trong d6 chicu dai 13 4 mm), idng &9 pha tap ion Cr* trong LiSAF 13 3 %. Tinh thé hip thy lén dén
98,5 % 4nh séhg bom phin cye TM (phan cyc ngang) tai budc séng trong dai séng tir 630 - 680 rm.
Tinh the laser CLiSAF dugc dit & vi tri tei eo chirm bom va duéi géc téi ~ 55° (gdc Brewster) v6i
¢he khodng céch d; = 24,25 mm v d; = 48,95 mm. Budng céing huong hinh chit X v&i cic canh L, =
430 mm va L, = 300 mm & thu diqge kich thudc eo chum Gauss ~ 14 pm.

Céc guong laser duge sir dung trong vige xay dyng hé laser ndy deu dugo thiét k& riéng cho dai
séng rong va &uge phi céc 16p dign moi b hé sd phan xa rht cao R > 99,96 % gitra 700 — 900 am va
truyén qua cao & budc séng bam (T > 95 % & quanh 660 nm). Cic guong Jaser déu dugc cung chp béi
Layertec (BHrc). Cic gwong duge six dung cho vige thiét k& BCH laser CriLISAT & ché db lién tyc bao
gom hai guomg cAu 16m M, ¥4 M, véii bén kinh cong 1n hret 1a: 1, = - 50 mm, rp = - 100 mm. €4 hai
guang ndy ddu cb h$ sé phan xa rét cao (R > 99,96 %) & budx séng laser (700 —~ 900 nm), trong 46,
guong M, ¢ &6 truydn qua cao & bude séng bom (T > 95 % & quanh 660 nm), Haj gwong cdn lgi 13
hai guong phing, trong d6 mét gwong M, c6 do phin xa rit cao (R > 99,96 %) va grang M, Ja guong
racd d§ phin xa R < 100 %. -

Ngudn bom duge sir dung cho hg laser Cr:LiSAF nay Ja mt laser diode AlGalnP higu suét cao,
hogt ddng &n dinh, don mode khéng gian dugc eung cp bai Mitsubishi (101J27-01). Laser diode c&
4% chdi cao véi cong suft cye dai ~ 120 mW khi bom & dong 200 mA (Hinh 4-3) & buée s6ng ~ 660
nm (Hinh 4-b), Laser bom vdi phiin cye ngang, ¢6 chét lugng chim cao véi mét profile chim gin gioi
han nhi&u xa (Hinh 5-b), v6i tham s& chit lugng chim M ~ 1,1 (Hinh 5-a). Cdng suét laser dirge do
nhdy mét ddu thu cong suft (Nova Ophir Photonics, Power Meter, do dugc cong suft tir 10 pW dén 3
W; 50 W/em®, Newport, Hoa K3). Phé laser duge do bing mdt méy quang phd nhay, phan gisi cao va
16 vao duge két néi qua sgi quang (Ando AQ6317B Optical Spectrum Analyzer, 600 nm ~ 1750 nm,
46 phan giai 0,01 nm, Nhit Ban).
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Hinh 4: {a) Dic tnmg cong sukt ciza laser diode theo ddng bom v (b) 1& phb phat xg cia laser diode g
buéc séng quanh 660 nm.
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Hinh 5: (a) Bén kioh eo chim bom trong méi truémg hoat chit (do trong khong khi) nh sir dyng
phuong phép Knife-Edge vei mgt thu kink o6 tiéu cy 200 mm. Bén kinh eo chim theo tryc x 12 ~
13 pm va trye y 18 10,1 gm Khi sir dyng théu kinh bom cé tiéu cy 50 mm; (b) Profile chim laser
diode c6 dgng ghn hinh trdn sau khi duge chudn tryc. Chim bom c6 chit lugng chidm tét (gin dat
44 giéi han nhilu xg), v6i M*~ 1,1, *

Hinh 6 chi ra cAc d3c trung cong sult cia he laser OrLiSAF duge bom biing laser diode véi 4 guomng
18 6 45 truyén qua khic nhau gbm 0,46 %; 1 %; 2 % va 5 %. Céng svét laser cao nhit (~ 31,8 mW)
gt duge v6i guong ra c6 & truyén qua 13 7, = 2 % vA nguimg laser dat dugc thip nhét (~ 11,3 mW)
img v6i guong ra o6 4§ truyén qua 7, = 0,46 %. Cic dic tnmg v& cong sudlt, higu suit va nguing
laser niy cb thé so sénh t8t v6i céc cdng bb cia cdc thc gid khic (U. Demirbas, 2008. 2012 vi A.
Agnesi, 2012).

Nhi fit cic 56 ligu thyc nghiém vé céng suft ngutmg laser P, theo cong thirc Findlay-Clay (Findlay-
Clay, 1966), ching 181 d5 xac djnh duge mét mét do chim laser 8i trong budng chng buémg 13 ~ 0,04
%. Gié trj ndy phit hop 18t véi cic mét mét do truyén qua c4c guong va tén xa thip trong tinh thé laser
va n6 phid hgp véi cic bio cio khac (U. Demirbas, 2008, 2012 vi A. Agnesi, 2012).

Phé phit x3 clia Jaser Cr:LiSAF c6 dinh gin 869 nm véi gwong ra c6 66 truyén qua T, = 1 % va duge
bom & cdng suft P, = 99 mW ciing dugc chi ra trong Hinh 8-a. Eo chim laser Cr:).iSAF theo hai mdt

phing x va y cling duge chi ra trong hinh 7-b, qua a3y ching i tinh dugc chit lugng chitm Jaser
Cr:LiSAF trong ché 85 lién e A M* ~ 1, 1.
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Hinh 6: Cong sufit laser Cr:LiSAF trong ché d§ lién tuc theo cong st bom duge hip thy, duge bom béi
mit laser diode & cic guomg ra ¢ 45 truydn qua khac nhan (0,46 %; 1 %; 2 % va 5 %). Higu suft ciing
duge tinh déo khi fit cic sé 1ign thye nghigm theo ham tuyén tinh.
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Hinh 7: (s) Phd phat xa clia laser Cr:LiSAF c6 dinh gin 869 nm rong ché 43 Lign tye véi grong ra
€6 8 truyén qua T =1 % v duge bom & efng sudt P, = 99 mW. (b) Bén kinh eo chim [aser
CrLiSAF trong cd hai miit phéng x viy. Laser hoat dng & mode co bin TEMoe véi chdt Tugng
chim 18t M2~ 1).
Hinh 8: Gidn db laser
Cr: LiSAF di¢u chinh
lién tye budc sdng
nher sir dung mft ling
kinh P (Fused silica)
dit trong bubng cfng
hudng dubi mdt goc
Brewster.

M, M g B

Hoat déng diéu chinh budc séng ciia laser Cr:LiSAF duge thyc hign nhér dua vae huéng cong hudng

mét ling kinh dvgc cét theo goc Brewster (lam td vit ligu Fused silica vdi jp = 60,6°- Thorlabs, USA).
Hinh 8 chi ra cdu hinh BCH laser Cr:LiSAF trong ché 4§ lién tye duge didu chinh lién tyc buge séng.

T TTT——————
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Lang kinh duge &5t ob Ginh dusi mpt géc Brewster nhim lam gidm t3i da céc mét mét do phin X3 trén
miit Jang kinh. Laser €rLiSAF duge didu chinh bude séng nhé quay grong ra M, & cic goc thich hgp.
Hinh 9 (a) bidu dién d&i phd didu chinh lién tye buéc séng va (b) 46 19ng phd tai budc séng 850 nm
cita laser Cr:LiSAF dugc bom lién tuc béi laser diode & cong suit born P, = 99 mW véi ﬂl}n'uyénqm
cba guong ra T = | %. K& qui cho thély, laser CrLiSAF ¢6 49 rong vach phé ~ 0,18 nm vi o6 kii
ning dido chinh Sién tyc bidc séng trong mot khoang phé réng ti 800 — 945 nm.

0.02 0.2
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cr al e, :
C.015]
g € oo 5 18 n
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vt vt
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Hinh 9: (a) Déi ph dibu chinh buéc song cia laser Cr-LiSAF va (b) Phd laser CriLiSAF tgi budc séng 850 nm
véi guong ra 6 0 truyén qua T = 1% duge bom & cbng suét P, =99 mW boi mot laser diede don mode.

4. Xé lugo
Nhé sit dyng mé hinh lan truyén chim Gauss ABCD, céc budng cong huémg glp 4 gwong cho
leser Cr:LiSAF duge bom bing Jaser diode a8 dugc thiét ké va phét trién. Két qua cho thiy, laser
Cr:LiSAF c6 thé hoat ddng dn dinh véi ngudng bom thip, higu sust faser cao, laser hogt djng & mods
co bén va c6 thé didu chinh lién tyc budc séng trong mét dai phd réng hing trim nm.
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