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Tdm t i t 

Chfing tdi trinh biy cic nghi&i cfiu vl vifc thi& ke vi phat trien hf laser toan rin Cr:LiSAF dugc bom 
Hng lasw diode. Nhd sxi dyng mfi hinh lan truyin chum Gauss ABCD, cic budng cf ng huong gip bing 4 girong 
cho laser CriLiSAF duyc bom bing laser diode da dugc thi^t kl. NguOng bom thip vi khi nSng hogt dfng hifu 
qui cfia laser CriLiSAF trong ciu hinh buing cfng hudng gip 4 guong chiing to cic kit qui tinh todn Î  thuylt 
phii hyp tdt vdi cic kit qui thyc nghifm. 

Abstract 

We present the design and development of diode end-pamped solid-state Cr:LiSAF lasers. Using the ABCD 
rormalism for intra-cavity Gaussian beam, folded four-mirror 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 four̂  minor resonators demonstrate that tiie calculated results are in good 
agreement with the experimental ones. 

1. Miy dSu 

Cic ngudn laser rin phit xung ngin, cd khi ning dieu chinh budc sdng trong mft dii phd rf ng, 
dugc bom bing laser diode ngiy cing dugc quan tim nghien ciiu vi phit trien, vi nd cd rit nhieu fing 
dimg tiling khoa hgc v i cdng nghf (Ursula Keller, 2003, Richard Scheps, 2002 vi S. A. Payne, 1989). 
GiOa cic mfii trudng laser rin dugc bom bing laser diode, Cr:LiSAF l i mft mfii tnrdng khuich dgi 
quang bang rfng luong duong vdi Tiisapphire (P. F. Moulton, 1986 v i S. A. Payne, 1989). Dinh pho 
h ^ thy rfng cfia Cr:LiSAF djch vl gin 670 nm cho phfip bom tryc tilp bing laser diode gii t h ^ , dilu 
<% lim giam ding k l ^ i tiiinh cfia laser rin Cr:LiSAF (S. A. Payne, 1989). TIdi sd giOa tilt difn 
phit xg v i thdi gian sdng bujnh quang (4,8.10"*" cm* x 67 ^s) Idn hon Tl:s^phire (4,06.10*° cm* >• 
3 ^ ps) giup laser CriLiSAF cd ngudng bom la khi thap (S. A. Payne, 1989 va(P. F. Moulti)n, 1986). 
Vifc phit triln cic hf laser rin dugc bom bing laser diode yfiu cau d n thilt k l mfl cich chinh xic 
budng cgng hudng laser. Cic yfiu ciu cfia budng cfng budng cho laser lim vifc hifu qui cao lai phy 
tiiufc mgnh vio chfi df hogt dfng cfia laser, chIng hgn nhu chl df Hfin tyc ho|c xung ngin. Trong 
tnrdng hgp laser hogt dfng lifin t^c, tinh on djnh trong hogt dfng laser nhu l i him cua ban kinh eo 
chfim trong mfii trudng laser, nhung trong hogt dfng laser khda mode thy dfng, tinh dn dinh trong 
hogt dfng laser nhu l i him cfia bin kinh eo chfim trong c i mfii trudng laser v i bf bip thy bao hfia 
(Ivaylo Nikolov, 2003 v i N . V. Hao, 2014). 
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Tnsng bii bio n ^ , diung tfii trinh biy cic kit qui ve hogt dfng cfia laser CrUSAF ti^ng che dg 
lifin tyc dugc bom bing cic diode don mode tren co sd tiiilt k l budng cfng hudng dya trfin sy lan 
truyin chum Gauss ABCD trong budng cgng hudng. Budng cfng hudng dugc tiiilt k l cho hogt d ^ g 
cua laser tin CriLiSAF dugc bom bing laser diode dya ti^n d u hinh ch&.X. Eo chfim Gauss trong 
budng cfng hudng cd till tiiu dugc vdi kich tfiudc khi nhd (< 20 pm) v i cd till tiiay dugc khi cic 
tiiam sd bi^ng cgng hudng nhu bin kinh cong cua cic guong hay chilu dai budng cfng hudng tiiay 
ddi. Kit qua tiiu dugc cbo tiily, laser CriLiSAF cd tiie hogt dfng fin djnh d TEM mode co bin vdi 
ngudng laser thip tdi 11,3 mW vihifu suit laser dgt tdi 35,6 %, 

2. Thi l t k l buoDg cfng hirdug 

M\ic dich cfia chung tdi ti-ong bii bio niy la de thilt k l budng cfng hudng cho laser rin 
Cr:LiSAF dugc bom bing laser diode tiong hogt dfng lien tyc. Cic buong cfng hudng nay cln dip 
fing yfiu d u cua vlt hfi ty du nhd v i dg dii dfi Idn (dl hudng tdi phit tiHln cic hf laser khda mode sau 
niy) hay budng cfng hudng vdi cic cinh gip hofc tuong duong, do dd, d u hinh buong cfng hudng 4 
guong gip dgng chiiX da dugc xem x6t trong cic khio sit cfia chfing t6i. 

Budng cfng hudng laser rin Cr:LiSAF dugc bom dgc bing laser diode m i chung tdi tiiilt k l gdm 
4 guong theo ciu hinh nhu dugc chi ra ti-ong Hinh 1, gdm hai guong phing v i hai guong d u dl hgi ty 
chum laser vio trong tinh till. Mft guong phing cd df phin xg cao (Mj) v i mft guong phing cdn 1^ 
cd df phin xg thip hon l i guong ra (M4). 

M, , 

M4 M , : a i CnLiSAF 1/ U 

Hinh 1: (a) Cau hinh BCH laser r in Cr:LiSAF 4 ^ u o n g g i p tiieo hinh chO X 
v i (b) BCH hrong duong (d^ng tuyen tinh). 

Tinh till laser CnLiSAF dii 4 mm vi hai diu dugc d t theo gdc Brewster. Vi tinh thi CriLiSAF 
cd tilt difn phat xg khi thip nfin dl cd thi tdi ini edng suit laser ldi ra, chdng tdi d n phii tfnh toin 
thilt k l BCH laser sao cho cd sy chdng chgp tdt nhit giDa mode laser trong tinh the v i mode bom. 
Chung tfii da sir dyng md hinh ma trfn truyen chfim Gauss ABCD dfi tinh toin viing fin djnh cua BCH, 
eo chfim laser trong tinh thfi v i chat hip thy bao hda cho vifc tdi uu vj tri cua cic guong laser. 

Hifu fimg cfia cic linh kifn quang hgc khfing ddi xfing nhu tinh th i d t theo gdc Brewster cQng 
giy la cic chfim Gauss bj quang sai. Cic chfim niy cd kich thudc vlt, m?! sdng v i vj tri eo churn l i 
khic nhau trong hai mat phing tryc giao ggi l i m$t phing fhngential (7) - mjt phing tdi v i m$t phing 
Sagittal (S) - m$t phing vudng gdc vdi m$t phing tdi. Ndi cich khic, do thilu ti'nh ddi xiing tr^c ci^ 
BCH nfin bin kfnh eo chfim Gauss dgc theo hai mgt phing 7" v i 5 cd till khdng chong c h ^ dugc vdi 
nhau do quang sai. Do dd, cic hifu ung do quang sai phii dugc tinh dfin khi tfnh toin thiet kfi BCH 
laser dn djnh. Ti^ nhifin, sy quang sai niy cd thi dugc bu trfi neu cd sy ki t h(;m eua guong cau d^ 
nghifing d mft gdc a thich hgp vi mft ylu td khfing ddi xiing tryc nhu tinh thfi cit theo gdc Brewster. 
G6c tdi guong d u dl nfin quang sai dugc xic djnh qua bilu thiic sau (H. Kogelnik, 1972): 
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-m-¥M^ (I) 

trong d6, Ig v i rig lln lugt I i df dii v i chilt suit cfia tinh till laser; i- l i bin b'nh cong cfia guong d u . 

, VI c ic guong d u trong BCH cung dugc dft d cic gdc nghifing ct, chfing se hf i ty cic chfim tia 
i ^ g song tiong hai mft phing 7" vi 5 d cic vj tri khic nhau nfin cic df dii hifu dyng cfia tinh thi laser 
^Ibewster ciing dugc tiiay till bing cic df dii l i /s = V " v i /T = /g/n' (Hinh 2) (D. M. Kane, 1994). Df 
dii tieu cy cua guong d u dugc thay th i bing cic tieu cy hifu d y n g ^ v i fj nhu sau (D. M. Kane, 
1994 vi H. Castillo-Matadamas, 2008). 

, r r c o s a 

f''2i^'-^^'^r p) 
Cic tinh toin dugc thyc hifn vdi vifc sfi dyng tham sd chfim Gauss phfic q(2) va ma trfn truyin 

ABCD cfia moi ylu td quang hgc tiong BCH. Cic tinh till laser v i bit k^ cic ngudn bfi ti-fi quang sai 
nio khic ddu phii dugc xem xfit trong tinh toin. Dieu nay dan din (H. Kogelnik, 1996): 

^ (3) -m 1 
^ z ) 2B B Riz) roB'(r) 

E)o dd, bin kfnh cong cua m$t sdng R{7) v i bin kfnh eo chfim Gauss o)(z) cd thi dugc cho bdi: 

R^.)-^•.^'^.^,M^IlIZ (4) 

d diy, X l i budc sdng inh sing trong chin khdng. 

Toin bf d c ma trgn truyoi chfim Gauss qua mgt lln dt lgi trong BCH cd thfi dugc xic djnh nhd 
sfi dyng tham sd chfim phfiic q(z) v i ma trgn Ian truyfin chiim tia ABCD: 

M,=\ ' 

Dilu kifn dn djnb cua budng cfng hudng lasen 

(5) 

(6) 

trong dd, J = T, S- la ky hifu cho cic m$t phing tangential v i sagittal tuong ung. 

Do c ic hifu fing quang sai, tham sd chfim Gauss phiic g(z), ma trfn truyin ABCD, tham sd dn 
< n̂h (A+D)/2 v i cic tiiam sd difim a)(z) v i R(zJ I i khic nhau trong hai m$t phing T va S. Khi quang 
sai ciiiB BCH dugc bfi trfr trfin guong ra thi 

fi>r(r) = fiJs(z): RAz) = Rs{2) (7) 

Phuong trinh (7) I i tifiu chuIn cfia sy bfi trfi quang sai trong BCH laser. 

Budng cfng hudng laser Cr:LiSAF (Hlnb I), bao gdm tinh till laser cd chilu d^ hinh hgc / = 4 
mm, nim d khoing gifla hai guong d u Mj (cd bin b'nh eong ri = - 50 mm) va Mj (cd bin kinh cong 
fi = - 100 mm), vdi c ic khoing cich d, (thudng cd dinh) v i di, vdi dj l i tham sd bifin ddi khi phin tfch 
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tfnh dn (^nh cua BCH. Guong phing Mj l i guong cd df phin xg cao (dugc d§t tgi vj tri cich guong] 
d u M2 mft khoing U) v i guong phing M4 Ii guong ra (dugc ( ^ tgi vj tri cich Mi mft khoing L,).! 
Cic cinh ^ L, v i Li cfia BCH lasCT dugc gip dudi cic gdc 2a, v i 2a2 hrong umg so vdi tryc cfia j 
chum bom (Hinh I a). | 

Ma tt^ ABCD cfia BCH tiiyen tinh niy (Hinh 1 b) dugc tinh toin bing cich bao gdm ^uang s^ 
dugc dua vio tii cac guong d u cOng nhu tfi tinh tiil laser dugc cit tiieo gdc Brewster vdi chiet suit n, j 
- 1,41. HM quang sai niy dugc sfi dyng theo mft cich de logi bd hifu umg cua ca hai de nhfn dugc] 
mft profile chum khdng quang sai bfin tiong tinh till. Ma ti^ di lgi ABCD cfia BCH tuyIn tfnh 41 
guong dugc ti'nh toin bing cich chgn mft phing tiiam chilu tgi vj tii cfia guong phing M4. Cic tinh | 
toin niy dugc tiiyc hifn tiong c i hai m| t phing T v i S. Chi tilt v l cic tinh toin vfi tfnh dn djnh vi vj 
tii cfia cic ylu td quang bgc trong budng cfng hudng niy dugc tiinh biy trong tii lifu (N. V. Hao,! 
2014). 

Hinh 2: Chfim Gauss di trong BCH laser Cr:LiSAF 4 guong gip dgng ch& X tiong c i hai m§t phing T 
v i S bit diu tii vj tii tgi guong M4 fine vdi cdc tham sd BCH: dl = 24,25 mm; d2 = 48,95 mm; tuih 

till Cr:LiSAF (dii Ig = 4 mm; chilt su^ ng = 1,41); cic khoang gip LI = 430 mm; L2 = 300 mm; hai 
guong d u Ml v i M2 cd bin kinh cong lln lugt 50 mm v i 100 mm; cic gdc tdi cua hai guong d u MI 

vi M2 tuong img vdi a l = 7,5o va a2 = 60 tgi budc sdng laser ~ 870 nm. 

Hinh 2 chi ra bin Icfnh chum Gauss trong BCH laser Cr:LiSAF 4 guong g ^ dgng chQ X trong ca 
hai m^l phing T vi S bit diu tfi guong M4 tiong vCmg dn djnh thfi nhat. Kit q u i cho thiy, dya vio dd 
thj niy ta cd thi xic djnh dugc vj tri cua cic guong M|, Mj, M3, M4 v i tinh till laser trong BCH mft 
cich chfnh xic khi ta chl tgo hf laser tiong thyc nghifm. Dong thdi dd thj cimg chi ra bin kfnh eo 
chfim Gau-̂ s trong tinh thi laser hoQc d cic vj tri bit 1^ trong BCH laser trong c i hai m$t phing T v i 
S. Bin kfnh eo chiim Gauss trong tinh t h l ~ 14 pm trong c i hai mft phing 7* v i 5 v i hai chiim niy khi 
ddng dgng vdi nhau. Dilu niy chfing td mode laser trong hai mft phing T\kS chdng chfp khi tot v6i 
nhau, do dd chfing ta cd thi tdi uu cdng suit laser ra fing vdi cic tham sd budng cfng hudng niy. 

3 . T h ^ nghifm \k thSo InSn 

Budng cfng hudng laser Cr:LiSAF tiong chl dg lien tyc dugc bom bdi laser diode don mode d 
budc sdng 660 nm bao gdm 4 guong, cd dgng chfi X nhu dugc dii ra trong Hinh 3. Chfim bom tfi laser 
diode vdi phin cue ngang, diu tifin dugc chuan tivc bdi mft thiu kinh phi c ^ cd tifiu cy rit ngin F| {f 
= 6 mm). Mft thfiu kfnh cd tifiu cy ngin F2 {/"= 50 mm) dugc sfi dyng dd hfi ty chfim bom vio tinh thi 
laser. Guong cudi M| dugc dft sau tiilu kfnh bom v i d gdc g ^ phfi hgp theo ti'nh toin dilu kifn dn 
djnh budng cfng budng (ai = 7,5"). 
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Hinh 3. Clu hinh bom vi BCH laser CnLiSAF a chl df lifin bfc bom bing laser diode dugc phit Uien trong 
viing 6n djnh Uifi nhit iing vdi cic tham sd BCH (L, = 430 mm, U = 300 mm, di = 24,25 mm, da = 48,95 mm, 

a, = 7,5 o vi 02= 6 -). Cic guong clu M, vi Mi c6 bin kinh cong Ian luyt li r, = - 50 mm va rj = -100 mm; Mj 
va M4 l i cic guong phing; tinh tiie laser Cr:LiSAF dai 4 nun, chilt sd t n = 1,41 dugc d t tiieo gdc Brewster. 

Tinh A l Cr:LiSAF (cung d p ben VLOC inc.. My) dugc cit dgc flieo fryc a v i cit tiieo gdc 
Brevrater dl giim thifiu tdi da cic mit mat do phin xg Fresnel. Tinh till cd kfch tiiudc 3 x 4 x 3 mm 
(trong dd chifiu dii l i 4 mm), ndng dg pha tap ion Cr̂ "" ti-ong LiSAF l i 3 %. Tinh tiie hip tiiy Ifin din 
98,5 % inh sihg bom phin cyc TM ^ b i n cyc ngang) tgi budc sdng tiong dii sdng tfi 630 - 680 ran. 
Tinh thi laser CriLiSAF dugc d|.t d vj tii tgi eo chum bom v i dudi gdc tdi - 55° (gdc Brewster) vdi 
cic khoing cich di = 24,25 mm v i da = 48,95 mm. Budng cfng hudng hinh chit X vdi cic cinh Li = 
430 mm v i U = 300 ram dl thu dugc ta'ch thudc eo chum Gauss ~ 14 pm. 

Cic guong laser dugc sfi- dyng tiong vifc xay dyng hf laser niy diu dugc thilt k l riSng cho dii 
s6ng rfng vi dugc phu cic Idp (Kfn mfii cd hf sd phan xa rit cao R > 99,96 % giiia 700 - 900 nm vi 
truyin qua cao d budc sdng bom CT > 95 % d quanh 660 nm). Cic guong laser diu dugc cung cip bdi 
Layertec (Dfic). Cic guong dugc sfi- dyng cho vifc thiet ke BCH laser CriLiSAF d chl df lifin tyc bao 
gdm hai guong clu Idm M| « i M2 vdi bin kfnh cong lln lugt li: ri = - 50 mm, ra = -100 mm. Ci hai 
guong niy diu cd hf sd phin xg rit cao (R > 99,96 %) d budc sdng laser (700 - 900 nm), tiong dd, 
guong Ml cd dg truyin qua cao d budc sdng bcrni (T > 95 % d quanh 660 nm). Hai guong cdn lgi l i 
hai guong phing, tiong dd mft guong M3 cd df phin xg rit cao 0^ > 99,96 %) v i guong M4 l i guong 
ra cd df phin xg R < 100 %. 

Ngudn bom dirge sii dyng cho hf laser CriLiSAF niy l i mft laser diode AlGalnP hifu suit cao, 
hogt dfng dn djnh, don mode khdng gian dugc cung d p ben Mitsubishi (101J27-01). Laser diode cd 
df chdi cao vdi cdng suit cyc d^i - 120 mW khi bom d ddng 200 mA (Hinh 4-a) d budc sdng ~ 660 
nm (Hlnb 4-b). Laser bom vdi phan eye ngang, ed chit lugmg chfim cao vdi mft profile chfim gan gidi 
hgn nhieu xg (Hinh 5-b), vdi tham sd chat lugng chiim M* ~ 1,1 (Hinh 5-a). Cdng suit laser dugc do 
nhd mft diu thu cong suit (Nova Ophir Photonics, Power Meter, do dugc cong suit tii 10 pW din 3 
W; 50 W/cm*, Newport, Hoa Ky). Phd laser dugc do bing mft may quang phd nhgy, phin giii cao va 
ldi vio dugc ki t ndi quasgi quang (AndoAQ63I7B Optical Spectiimi Analyzer, 600 nm - 1750 nm, 
df phSn giai 0,01 nm, Nhgt Bin). 
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Hinh 4: (a) D$c tnmg cfing suit cua laser diode theo d6ng bom vi (b) li phi phit xg cfia laser diode tgi 
budQ sdng quanh 660 nm. 
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Hinh 5: (a) Bin kinh eo chfim bom trong mfii trudng hogt dilt (do trong khdng khQ nhd sii dyng 
phinmg phip Knife-Edge vdi mft thIu kfnh c6 tifiu cy 200 mm. Bin kfnh eo chfim theo tryc jc li ~ 
13 tirn vi Uyc y li 10,1 pm khi sfi dyng thIu kinh bom cd tifiu cy 50 mm; (b) Profile chfim laser 
diode cd dgng g|n hinh trdn sau khi dugc chuIn tryc. Chum bom cd chit lugng chfim tdt (gin dgt 
Idigidi hgnnhiSuxg), vdiM*~ 1,1. ' 

Hinh 6 chl ra cic die trung cdng suit cfia hf laser CriLiSAF dugc bom bing laser diode vdi 4 girong 
ra cd df truyfin qua khic nhau gdm 0,46 %; 1 %; 2 % vi 5 %. Cfing suit laser cao nhit ( -31,8 mW) 
dgt dugc v(W guongracdjdgtiTiyenquali7„f = 2 % vingudng laser dat dugc thapnhl t (~ 11,3 mW) 
ling vdi guong ra cd df truyin qua Toe = 0i46 %. Cac d$c tnmg v l cdng suit, hifu suit v i ngudng 
laser n ^ cd thi so sinh tot vdi cic cdng bd cua cac t ic ^ i Idiic (U. Demirbas, 2008. 2012 vi A. 
Agnesi.2012). 

Nhd fit cic so Iifu thyc nghifm vl cfing suit ngudng laser P^, theo cong thiic Findlay-Clay (Findlay-
CI^ , 1966), chfing tdi dS xic dinh dugc mit mit do chfim laser di trong budng cfng hudng l i - 0,94 
%. Gii trj niy phu hgp tdt vdi cic mit mit do truyin qua cic guong v i tin xg thip tiong tinh till laser 
v i nd phfi \iqp vft cic bio cio khic (U. Demirbas, 2008,2012 va A, Agnesi, 2012). 

Phd phit xg ctia laser CnLiSAF c6 dinh gin 869 nm vdi guong ra cd df truyfin qua 7Vc = 1 % vi dugc 
bom d cdng suit Pp = 99 mW cung dugc chi ra trong Hinh 8-a. Eo chfim laser CriLiSAF theo hai m$t 
phing X v i y ciing dugc chi ra trong hinh 7-b, qua diy chfing tdi ti'nh dugc chit lugng chum laser 
CriLiSAF trong che dg lien tyc l i M* - 1,1. 
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Hinh 6: Cdng suit laser CT:LiSAF trong chl df lifin tuc tiieo cfing suit bom dugc hip thy, dugc bom bdi 
mft laser diode b cic guong ra cd df tmyin qua khic nhau (0,46 %; 1 %; 2 % vi 5 %). Hifu suit ciing 
dugc tinh din Idii^l cic sd lifu thyc nghifm theo h&m tuyen tinh. 
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Hinh 7; (a) Phd phit xg cfia laser Cr:LiSAF co dinh gan 869 mn trong che dp lifin tyc vdi guong ra 
c6 df trayfin qua T„ = 1 % vi dugc bom d cfing suit Pp = 99 mW. (b) Bin kinh eo chiim laser 

CnLiSAF trong ci hai m^ phing x vi y. Laser hogt dfng d mode co ban TEMm vdi chit lugng 
chum tdt (M* - 1). 

Hlnb 8: Giin dd laser 
Cr: LiSAF dieu chinh 
lien tyc budc sfing 
nhd sfi dung mft lang 
kinh P (Fused silica) 
dat trong buong cfng 
hudng dudi mft goc 
Brewster. 

Hogl dfng dilu chinh budc sdng cua laser CnLiSAF dirge thyc hifn nhd dua vio bufing cfng budng 
mft ling kinh dugc d t theo gdc Brewster (lim tfi vft lifu Fused silica vdi I'B = 60.6° - Thorlabs, USA). 
Hinh 8 chi ra d u hinh BCH laser CnLiSAF trong che df lien tyc dugc dieu chinh lifin tyc buoc sdng-
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Ling kfnh dugc d ^ cd djnh dudi mft gdc Brewst^ nhim lim ^ i m tdi da c ic mi l mil do phin xg t r ^ 
m| t ling kfnh. Laser CnLiSAF dugc dilu chinh budc sdng nhd quay guong ra M* d cic gdc thfdi hgp. 
Hmh 9 (a) bilu dien dii phd dilu difab liSn tyc budc sdng v i (b) dg rfng phd tgi budc sdng 850 nm 
cfia laser CnLiSAF dugc bom lien tyc bdi laser diode d cfing suit bcnii Pp = 99 mW vdi df truyin qua 
cfia guong ra JW = 1 %. Kit qui cho thiy, laser CnLiSAF cd df rfng vgch phd ~ 0,18 nm v i cd khi 
ning dilu dtinh liai tyc budc sdng tiong mft khoing phd rfng tii 800 - 945 nm. 

^ e i O 830 S50 870 890 910 930 95t 

Birorc song (nm) Biro^c s6ng (nm) 

Hinh 9: (a) D^ phd <filu chinh budc sfing ciia laser CnLiSAF vi (b) Pho laser Cr:LiSAF t^ budc sdng 850 nm 
vdi guong ra cd df tmyIn qua 7'oe = 1 % dugc bom d cfing sull Pp = 99 mW bdi mft laser diode don mode. 

4.Ketlu9n 

Nhd sfi dyng md Itinh lan truyin chfim GausS ABCD, cdc budng cfng hudng g ^ 4 guong cho 
laser Cr:LiSAF dugc bom bing laser diode d& dugc thi^ ke v i phat triln. Kit qui dio tiily, laser 
CrXiSAF cd th i boat dfng dn djnh vdi ngudng bom t h ^ , hifu suit laser cao, laser hogt dfng d mode 
CO bin vi cd till dilu chinh li&i tyc budc sdng tiong mft dii phd rfng hing trim nm. 
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