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PUQC BOM BANG LASER DIODE
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TOM TAT

Chung t6i trinh bay cac két qua trong viéc nghién ciru, thiét ké t6i uwu budng cong huong laser ran
Nd:glass dugc bom bang laser diode. Cac nghién ciru duoc tinh toan nho str dung mé hinh ma tran
truyén chim Gauss ABCD trong budng cong huong. Két qua nghién ctru da chi ra anh hudng ciia
vi tri guong cau, goc gp guong ciu va do dai cac canh 1én kich thudc chum Gauss (kich thudc
thudc mode laser) cling nhu sy hoat dong on dinh cua laser. Cac thiét ké buéng cong huong cho
laser Nd:glass duoc bom bang laser diode dugc thao luan cho cau hinh budng cong huong hinh
chit Z.

Tiur khéa: Buong cong huong quang hoc, laser ran bom bang diode, laser ran Nd:glass, thiét ké
buong céng huwong laser
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DESIGN OF THE DIODE-PUMPED SOLID-STATE Nd:GLASS LASER CAVITY
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ABSTRACT

We present our study of optimal design for resonators of diode end-pumped solid state Nd:glass
laser. Using ABCD matrices, we can calculate the fundamental Gaussian of the cavity for CW
operation inside the stability ranges of the resonator. We found that the arms length and mirrors
position affect the laser mode size and its stability condition. The cavity designs for a solid-state
Nd:glass laser pumped by laser diode is discussed for the Z-folded cavity configuration.
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1. Mé dau

Céc laser ran femto-gidy trong ving hong
ngoai gin ~ 1 um dugc bom bang laser diode
1a nhitng ngudn sang nhé gon va rat hip din
cho nhiéu umg dung nhu ngudn khuéch dai
cong suét dinh cuc cao, bom cho cac bd phat
thong sd, do luong cuc nhanh, k¥ thuat y-sinh
va quang pho hoc va qua trinh vat liéu [1-6].
Nd:glass 1a mdt vat liéu laser bang rong cho
phép phat dugc cac xung femto-gidy ¢ budc
song quanh 1 um véi tAm ving hap thu manh
gan budc song 808 nm, nén né cho phép bom
tryc tiép bang cac laser diode ban dan [7-10].
Nho bom bang laser diode nén laser Nd:glass
hoat dong hiéu qua va cho hiéu suit quang
kha cao, tuy nhién hiéu suét laser lai phu
thudc rt nhiéu vao sy tdi vu cia buéng cong
hudng va bom quang hoc. Ciu tric ciia cac
laser rin bom béng laser diode yéu cau sy thiét
ké chinh x4c budng cong huong laser. Dé dat
duoc hiéu suét laser cao chung ta cAn mot
budng cong huong on dinh va sy chong chap
t6t gitta mode laser va mode bom [11-19].
Trong bai bao nay, ching t6i trinh bay cac két
qua tinh toan trong viéc thiét ké t6i wu cho
budng cong huong laser rin Nd:glass dugc
bom bang laser diode & budc séng 808 nm
nh¢ sir dung md hinh ma tran lan truyén chim
Gauss ABCD trong budng cong huong.
Budng cong huong dugc thiét ké trong truong
hop nay 1a budng cong huong dang chit Z.
Laser diode dung lam ngudén bom cho laser
Nd:glass ¢6 ban kinh eo chum c¢& tur 20 - 50
pm. Do d6, cac tinh toan déu mong mudn dat
duogc kich thudc mode laser ¢ tir 20 - 50 pm
dé co thé tbi wu cong suét laser ra.

2. Thiét ké budng cong huong laser
Nd:GLASS

Budng cong huong laser Nd:glass duoc bom
bang laser diode & budc song 808 nm ma
chung t6i thiét ké bao gdm 4 guong theo cu
hinh quang hoc ¢6 dang hinh chit Z (nhu duoc
chi ra trong Hinh 1). Tinh thé laser Nd:glass

dai 4 mm, hai diu duoc cit theo goc Brewster
dé giam t6i thiéu mat mat do phan xa.

Theo ly thuyét vé chum sang c6 phan bd cuong
do dang Gauss duoc biéu dién dudi dang:

1(r)=1, exp(— 2#} (1)

0
va thong sd phurc g ciia chim Gauss duoc xac
dinh [13, 15, 17]:
1 _ 1 i A
q(z) R(z) mw*(2)
trong do, w (z) 1a ban kinh cfla tiét dién chum;
R(z) 1a ban kinh cong mat dang pha ctia chum
Gauss va A la budc song cta anh sang laser.

(2)

L A 4 Biz; o |
A, Mo J: glaw Vv

Hinh 1. (@) Cdu hinh buong cong huong laser rdn
Nd.glass dwoc bom bang laser diode
(dang hinh chir Z) va (b) la buong cong huwong
twong duong (dang tuyén tinh)
Tham s6 chum phtrc q & mot mat phang véi vi
tri z trong budng cong huong duge xac dinh
nh¢ dinh ludt ma tran truyén chum tia ABCD
[13, 15]:
1 C+(D/q,)
qout A+ (B/qln)
& day, A, B, C va D 1a cac thanh phan cua ma
tran truyén mo ta sy truyén caa chum tia hoan
thanh mot vong trong budng cong hudng
laser. G mot diém bat ky trong hé quang, ban
kinh chum phtc nay c6 thé thu dugc voi ma

@)

tran truyén ABCD, céic yéu t0 cua ma trdn A, B,
C va D ¢o6 chura thong tin vé tat ca cac yeu to
quang hoc gitta diem dau vao va dau ra bat ky.
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Hiéu tng cta cac linh kién quang hoc khong
dbi xtmg nhu tinh thé cat theo goc Brewster
cling tao ra cac chum Gauss bi quang sai. Cac
chum nay c¢6 kich thudc, mat song va vi tri eo
chum khéc nhau trong ca hai mit phang truc
giao gdm mit phang chira tia toi goi 1a mat
phang T (Tangential) va mat phiang vudng goc
v6i mit phang téi dugc goi 1a mat phang S
(Sagittal) (nhu dugc chi ra trong Hinh 2). N6i
cach khac, do thiéu tinh ddi xiémg truc cia
budng cong huéng nén eo chum doc theo hai
mit phing T va S ¢o thé khong chdng chip
duoc véi nhau do sy quang sai. Do d6, cac
hiéu tng do quang sai phai dugc tinh dén khi
tinh toan thiét k& budng cong hudng laser 6n
dinh. C6 hai d6 dai tiéu cu cia guong ciu
dugc thay thé bang cac thau kinh (Hinh 1b)
vai tiéu cu fs = R/(2cosa) va fr = (R cosa)/2
[13, 15]. D6 dai hiéu dung cua tinh thé laser
cit theo goc Brewster ciing duoc thay thé
bang cac d6 dai la ls = I/n va | = I/n®[13, 15].
Tham s chim phtc trong cho mot lan di
trong budng cong huong laser tir vi tri guong
M, ¢6 thé xac dinh tir ma trin ABCDy;

ABCD, = MLZMMZM(,ZMNdelMMIML1 =

_[A B
- Cl Dl
)

Khi chum sang di theo chiéu nguoc lai, ta co
ma tran ABCD, nhu sau:

o A
ABCD, = 5)
C, A

Khi chim séng di duoc mot vong trong budng
cong hudng thi ta ¢6 ma tran ABCD, voi
ABCD = ABCD,.ABCD, (6)
Piéu kién dé budng cong huong lasqr ?)n dinh
1a: |[(A + D)/2|< 1 (nghia 1a tham s6 6n dinh

(A+D)/2 can nam trong doan gi tri tir -1 t&i
+1) [13, 15, 19].

Hinh 2. Cdc mdt phang tangential (mdt phang
chita tia 16i) va sagittal (mat phdng vuong goc voi
mdt phdng t6i) tir geong cau

3. Két qua va thao luin

Hinh 3 chi ra d6 thi m ta dai 6n dinh cta d;
(Hinh 3a) va d, (Hinh 3b). Két qua cho thiy,
cac khoang cach d; va d, chi duoc nam trong
mot dai kha hep ma ¢ do buong cong huong
cua laser Nd:glass con ¢6 thé hoat dong 6n
dinh (nghia 14 tham s6 6n dinh phai nam trong
khoang tir -1 dén +1. Nhu vay, d; chi c6 thé
thay d6i tir ~ 124 mm dén ~131 mm va d, chi
c6 thé thay ddi trong khoang tir 48,5 — 55,5
mm thi budng cong huong laser 1a on dinh.
Diéu nay cho thdy vi tri ciia cic guwong ciu
M; va M, ciing chi c6 thé dich chuyén trong
cac khoang tuong ung ¢ trén.

Hinh 4 chi ra d6 thi mé ta dai 6n dinh ctia hai
canh gép cua budng cong huong L, (Hinh 4a)
va L, (Hinh 4b) cua laser Nd:glass trong ca
hai mit phang T va S. Két qua cho théy,
khoang gap tir grong M t6i guong ra M, tmg
v6i Ly ¢6 d6 6n dinh tuong ddi cao. Pong thoi
kich thudc mode cta hai mat phang T va S
kha gan nhau khi tang khoang cach L,. Trong
khi d6, khoang gip tir guong M, téi guong
phan xa cao M; tuong rng voi khoang L, lai
¢6 d6 6n dinh thip hon va cang dich guong
M ra xa tinh thé laser thi budng cong hudng
¢6 xu hudng khong con on dinh nira va kich
thudc chum theo hai mat phang T va S cang
tang 1én. Didu nay chi ra, khi thiét ké budng
cong huong laser trong thuc té thi khoang
cach d6i voi canh Ly chung ta co thé kéo dai
trong khoang 1 m ma chum laser trong budng
cong huong it bi thay d6i va van nim trong
khoang 6n dinh. Trong khi do, ddi véi canh
L,, khi ching ta cang kéo dai thi ban kinh
chum ddi v6i hai mat phiang T va S cua chum
cang c6 xu hudng 1é€ch nhau, do d6, n6é lam
méo chum laser.
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Hinh 3. Gidn d6 mé ta dai én dinh cho phép ciia dy (a) va d, (b) trong buong céng huong laser Nd:glass
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Hinh 4. Gian d6 mé ta dai én dinh cho phép ciia hai canh gap ciia buong cong hwong laser Nd:glass
Hinh 5 chi ra chum Gauss di trong budng cong hudng laser trong ca hai mit phang T va S bét dau
tir gwong M, cua laser Nd:glass. Két qua cho thiy, dua vao db thi ndy ta c6 thé xac dinh duogc vi
tri cua cac guong M;, My, M3, My va tinh thé trong buf"mg cong huong laser mét cach chinh xac
khi ta ché tao hé laser trong thuc nghiém. Déng thoi dd thi cling chi ra do rong eo chum Gauss
trong tinh thé trong ca hai mit phang T va S. Ban kinh eo chim Gauss trong tinh thé ~18 pm
trong mit phang S va ~34 um trong mit phang T va hai chum nay kha dong dang v6i nhau (Hinh
6). Bidu nay chung té mode 1aser trong hai mat phang T va S chong chap kha tét voi nhau, do dé
ching ta c6 thé t6i uru cong sudt laser ra tai cac tham sé budng cong hudng nay.
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Hinh 5. Cham Gauss di trong buong céng hwong laser Nd:glass bdt dau tir vi tri tai guwong M, ung voi cac
tham s6 budng cong hwong: d; = 124,1 mm; d,=49,3 mm; tinh thé Nd:glass (dai | = 4mm,; chiét suatn =
1,55); cac khodng gap L= L, =400 mm; hai guwong cau My va M, ¢6 bdn kinh cong lan heot 250 mm va
100 mm; cdc gée gap ciia hai guwong cau My va M, twong iing véi oy = 5°Va ap = 7° tai buéce séng laser
1054 nm

36 http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Nguyén Vin Hao va Ptg Tap chi KHOA HQOC & CONG NGHE PHTN 200(07): 33 - 39

DO dai tinh theé laser {
-

> L —
§ 4
© *V
- ”’
&
= ~ a, /
3 \\ - ”
£ b PUDR
2

<04 26 427 25

Vi tri eo chum Gauss trong tinh thé (mm)

Hinh 6. Phéng dai eo chiim Gauss trong tinh thé laser tir Hinh 5

120+ T
= — 60 ——
5.105_ =T E s S
c 90{ |8 = 501
o | P |
£ 791 = 10]
S 60+ S
£ 451 < 304
= =
= 304 = 204
~@ (O
@ 154 )
T T T T T T T 10 T T T T T T T
124 125 126 127 128 129 130 49 50 51 52 53 54 55
a) dq (mm) b) dz (mm)

Hinh 7. Bé réng eo chiim Gauss trong tinh thé laser phu thudc vdo cdc khodng cach dy (a) véi d, = 49,3
mmva d, (b) véi dy = 124,.8 mm trong cd hai mdt phiang Tva S khi o =5°% a, = 7% Ly = L, = 400 mm
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Hinh 8. B réng eo chiim Gauss trong tinh thé laser phu thuéc vdo cdc géc gap on (a) véi ap, = 1°Va o
(b) véi oy = 5° trong ca hai mdtphcfng Tva S khi dy =124,8 mm; d, = 49,3 mm; L; =L, =400 mm
Hinh 7, 8 va 9 1a cac dd thi mé ta do rong eo chum Gauss trong tinh thé & ca hai mit phang T va
S (trong diéu kién budng cong hudng con hoat dong 6n dinh) phu thudc vao cac khoang cach d,
va d, (Hinh 7); cic goc gip clia guong ciu oy VA o, (Hinh 8) va cic canh gip L, va L, (Hinh 9).
Nhin chung, khi thay ddi cac gia tri nay thi eo chum Gauss trong tinh thé laser & ca hai mit phing
T va S co xu hudng thay ddi theo. Ty theo muc dich khi thiét ké budng cong hudng cho laser rin
Nd:glass ma ta c6 thé diéu chinh cac khoang cach, cac goc gap va cac canh gap cho phil hop dé ta
¢6 su chdng chap t6t nhit giita mode budng cong hudng (mode laser) va mode bom trong didu
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kién bué)ng cong huong con hoat dong on dinh. Nhu vay, trong thyc nghi¢m ché tao cac laser ran
n6i chung va laser ran Nd:glass bom bang laser diode néi riéng, ching ta dic biét can quan tim
t6i viée thiét ké toi uu budng cong hudng trudc khi bét tay vao lap dat, boi vi khi d6 ching ta
moi 6 thé biét dugce vi tri cac guong, tinh thé & dau dé cho laser hoat dong 6n dinh nhat va co
hiéu suit cao nhét.
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Hinh 9. B¢ réng eo chium Gauss trong tinh thé laser phuy thudc vao cac canh gd'p Ly (a) véi L, = 400 mmva
L, (b) voi Ly = 400 mm trong cad hai mdtphéng TvaSkhid,=1248mm; d, =49,3mm; oy =5% o, =7°
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