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Tinh chét pho va tinh chat chum tia ciia laser ban din taper cong suit cao
budng cong hwong dai phat xa ving d6 hoi tiép quang

bang cach tir phan xa Bragg
Spectral Properties and Beam Quality of Long Cavity High Power Semiconductor Tapered Lasers
Emitting at Red Region using Reflecting Bragg Grating
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Tom tat

Laser bén dén cong suét cao taper budng céng hudng 4 mm duwoc én dinh buéc séng bang céch tir phan xa
Bragg. Hé laser dat céng suét phat quang dén 1 W tai nhiét dé lam viéc 25°C. Buéc séng laser én dinh tai
670,95 nm véi do don mode cao. Chét luong chum tia - thé hién qua hé sé truyén chim M2 do tai mirc 1/e?
cta profile cwong do, gén dat téi gici han nhiéu xa ctia chum Gauss véi céc mire céng suét quang 1én téi 0,5
W. O céng suét cao hon, hé sé truyén chum téng lén dang ké do sw né réng cdia duong kinh ¢é chum.

T khéa: laser ban dan taper, cach tir phan xa Bragg, 6n dinh bwéc séng
Abstract

The wavelength of 4 mm cavity length high-power Semiconductor Tapered lasers are stabilized by Reflecting
Bragg Gratting. Optical output power of laser system reaches 1 W at working temperature of 25°C. The laser
operates at a stable single longitudinal mode with emitting wavelength of 670,95 nm. Up to optical output
power of 0,5 W, the laser beam quality defined by beam propagation ratio M? at 1/e? intensity profile level
remains nearly diffraction-limited value of the perfect Gaussian beam. At higher optical powers, the beam

propagation ratio increases remarkably because of the broadening of beam waist diameter.

Keywords: semiconductor Tapered laser, Reflecting Bragg Gratting, wavelength stabilizing.

1. Mé diu

Trong cac tng dung st dung laser, hang nam
dugc thdng ké boi tap chi Laser Focus World, laser ban
dan chiém gan 50% tong sd. S¢ di laser ban din c¢6 uu
thé nhu vay 1a do cac uu diém ndi troi. Pau tién cac
laser ban dan c6 kich thudc vo cliing gon nhé so véi cac
loai laser khéac. Sau d6 viéc bom laser ban dan don
gian, su dung nguén dién mot chiéu lién tuc hodc xung.
Do d6 diéu chinh cong suét phat dé dang, hiéu suat hon
han cac loai laser khac. Viéc tdi wu hoa céc laser noi
chung va ban dan noéi riéng nham t6i myc dich nang
cao cong sudt phat cua laser, ting hiéu suét bién d6i
dién quang, giam do rong vach phé, 6n dinh tan s phat
ctia laser. C6 rat nhidu giai phap da dwa ra véi muc dich
tao ra cac laser ban dan vira c6 cong suit cao dong thoi
chét lugng chum tia tdt. Céc loai laser ban dan cho
cong sut trong khoang 1 W va chat lugng chum tia t6t
nhu céc laser phan hoi phan bd (DFB laser) [1]. Céc
laser nay c6 d6 rong phd siéu hep, chum tia c6 dang
gan Gauss. Tuy nhién, cac laser ban dan budng cong
hudng ndi néi chung c6 bude song trung tdm phu thude
manh vao dong bom va nhiét d§ lam viéc cua laser do
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hi€u rng nhiét Joule. Mot loai laser khac d6 1a laser
“nguyén khéi” MOPA (monolithicall Master-
Oscillator Power Amplifiers) [2]. Loai laser nay do
dich dinh phd chi con phy thudc vao phan MO ma
khong phu thudc vao dong khuéch dai. Céc laser co
ciu tao taper [3], c6 cong suat hang W, nhung budc
song phu thuéc manh vao dong bom va nhiét do. bé
thoa man diéu kién cong suat va budc song 6n dinh,
mét mo hinh cach tr phan xa Bragg (RBG) duogc su
dung dé khoa bude song cua laser tai mot vi tri nhét
dinh. Trong bai bdo nay, co s 1y thuyét cia viéc khoa
budce song cua laser taper dugc phan tich. Thyc nghiém
tién hanh trén laser taper duoc khoa bude song tai 671
nm. Cac dic trung cong suét va thé dit trén chuyén tiép
phu thudc dong bom cua laser taper cé st dung cach
tr phan xa Bragg phat xa tai 671 nm dugc khao sat. Sy
6n dinh budc séng theo dong bom duoc do tdi 1,7 A.
Phén bd khong gian truong xa ciing dugc khao sat tir
day cho ta biét chat lwong chim tia ciia laser thong qua
hé sb truyén M>.
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2. CAu tao laser va co sé ciia phwong phap 6n dinh
bwéc séng.

Laser taper 670 nm c6 cdu trac giéng luong tir
don GalnP phat trién trén nén vat liéu GaAs tai
Ferdinand-Braun-Institut Berlin, véi bé day mién tich
cuc khoang 1 um. Toan b chiéu dai cua chip laser 1a
4 mm, trong d6 phan dan séng go c6 chidu dai 2 mm,
phan taper khuéch dai c6 goc mo @ = 3°. Mt sau ctia
laser dugc phii mang phéan xa véi hé sb 95%, mat trude
phit 16p chong phan xa c6 hé sb phan xa 1% (hinh 1).

Ciu trie
gieng lugng tir

Hinh 1. Ciu truc taper cua chip laser ban dn 4 mm
voi goc @ =3°.

Chip laser duoc gén 1én dé CuW va dé vi quang
AIN réi han 1én dé tan nhi¢t CCP (Conduction Cooled
Package). Céach tr phan xa Bragg su dung trong bai
duge ché tao boi OptiGrate c6 kich thuéc 3,5 x 1,5 x
2,5 mm (twong ung chiéu dai x rong x cao). RGB ¢6
budc song phan xa tai 671 nm, hé s6 phan xa tai goc
t6i cia chum tia 6= 0° dat 90%, d6 chon loc phd A4 <
100 pm, budc song dich theo nhiét dg 1a 2 pm/K. Cach
tir dugc gin 1én dé tan nhiét bang keo epoxy (hinh 2)

Taper
laser

RBG
AIN

CuW

Pé tin nhiét CCP

Hinh 2. C4u hinh chip laser ban dan taper két hop cach
tor phan xa Bragg (RBQ).

Co s& ctia phurong phap 6n dinh bude song vé mit
Iy thuyét nhu sau: ban than laser taper da c6 co ché loc
lya séng do cau tric ciia phan dan séng go, tuy nhién
day 1a co ché loc lwa nodi nén bude song phu thudc
manh vao dong bom va nhiét d6 chuyén tiép. Phan tin
hiéu di ra khoi guong trude dén dap vao RBG. Cach tir
Bragg tuan theo diéu kién:

81

_ 2Anesy (1

B
m

Trong d6 A 1a chu ky cua cach tir Bragg, ney 1a chiét
suét hiéu dung cua cach tir, s6 nguyén m tuong tmg 1a
bac cua cach tir. Chi nhiing budc song Az thoa man
cong thirc 1 méi dugce phan xa trd lai va dugc khuéch
dai. Nhu vay cach tir dugc lya chon phai c6 budce song
nam trong ving phd khuéch dai cia laser taper.

Hinh 3 1a phd khuéch dai ciia laser taper do tai
nhiét do 25°C tuwong tng voi duong dut nét, dinh phd
nam khoang 669 nm. Pudng mau do nét lién 1a budce
song phan xa cta cach tir Bragg, nim hoan toan trong
ving phd khuéch dai ciia laser.
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Hinh 3. Phé khuéch dai cua laser taper trong ving
budce song 670 nm (duong dit nét mau den) va budce
song phan xa cua cach tir Bragg tai 671 nm (duong lien
nét mau do).

3. Két qua thye nghiém

Pic trung cong suét phu thugc dong bom dugc
do dén gia tri I = 1,7 A. Puodng lién nét trén hinh 4 1a
cong suit cuia laser taper khi khong sir dung céch tir 6n
dinh budc song, duong dut nét 1a dic trung cong suat
khi ¢6 cach tir Bragg. Dong ngudng khong thay ddi I,
= 0,54 A. Tai dong bom cuc dai cong sult cua laser
taper 1a 1,1 W, khi sit dung RBG cong sudt giam con
1,0 W, cong sudt giam khoang 11%. Tir ngudng dén
1,4 A ca hai duong dic trung ting tuyén tinh, cho hi¢u
sudt do doc lan luot 1a 0,98 W/A va 0,87 W/A. Dong
bom 16n hon 1,4 A duong dic trung bit ddu nga xudng,
hiéu suét d6 déc giam. Hién twong nay phd bién trong
laser ban dan cong suit cao nguyén nhan dugc cho la
tai dong bom 16n dan dén dong ro ting, mat mat noi
tang va nhiét d§ tang lam giam thoi gian tai hop hat tai
[4]. Thé dit trén chuyén tiép cua laser tang tir 1,6 V
dén 2,5 V, giéng nhau trong hai lan do do viéc sir dung
RBG khong tac dong gi dén cau tric cua laser (dudng
chdm chdm mau den).
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Hinh 4. Cong suét quang phu thudc dong bom cua
laser taper trong vung budc séng 670 nm khong sir
dung RGB (duong lién nét mau do) va st dung RGB
(duodng @it nét mau xanh) tai 25°C.
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Hinh 5. Pho cua laser taper khong sir dung RBG va
st dung RBG tai 25°C va cong suat quang ra tuong
ung thay doi tir 0,25 W dén 1 W.

Két qua phan tich dic trung phd trude va sau khi
st dung RBG cua laser taper thé hién trén hinh 5. Phd
cuia laser taper dugc do tai cong suat quang tuong tng
tr 0,25 W dén 1 W & nhiét do lam viéc 25°C. O cong
sut 025 W phé laser don séc ¢6 dinh tai 670,30 nm,
tuy nhién tai vi tri 10% cuong do, xuét hién cac nhiu
va cac mode bén. Tai cic muc cong sudt cao hon do
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hiéu tmg dot chay 16 khong gian va hién tugng chiét
suét thay dbi khong dong bd & nhiét do cao dan dén
phd cua laser taper bi né rong. Bén canh d6 dinh ph
bi dich di do hiéu tmg Joule sinh ra trong budng cong
hudng cua laser [4]. Khi sit dung RGB budc song thu
dugc bi “khoéa” tai vi tri 670,95 nm. D6 rong pho tai
10% cudng d6 ting 1én tai cong suit cao tuy nhién
cling chi ¢ 0,18 nm tai cong suat 1W. Pho thu dugc
hoan toan khong c6 cac mode bén. Pho cua laser taper
dung RGB dugc do nhu mot ham cua dong bom téi 1,7
A thé hién trén hinh 6. Phé duoc do tir 0,4 A v6i mbi
budc thay d6i 12 0,1 A. Dinh ph6 hoan toan 6n dinh tai
670,95 nm va khong c6 mode bén.
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Hinh 6. Dac trung phé phu thudc dong bom cua laser
taper st dung RGB 6n dinh budc song tai 670,95 nm
tai nhiét @6 lam viéc 25°C.

Dé x4c dinh chit luong chum tia khi ting cong
sudt quang cua hé laser nghién ctru, phuwong phéap do
caustic dugc str dung. Gia tri hé ) truyén M? duoc léy
tai mic //e? cua profile do rong cd chum va phan bd
khong gian truong xa [5,6].
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Trong d6 w, 1a d6 rong cd chum, @1a goc phan ky cua
truong xa theo phuong ngang véi budce song laser A.

Hinh 7a 1a phan b khong gian ¢6 chum cua hé
laser tai cong suét quang ra 0,50 W. Tai vi tri 1/&°, 0
rong ¢6 cham ¢6 gia tri w, = 12 um. B rong goc phan
ky cua truong xa @ = 5,4° xac dinh trén hinh 7b. Vi
bude song A = 670,95 nm, st dung cong thirc (2) tinh
duge M? xap xi 1,33 (luu y gbc phan ky trong trudng
hop nay do bang rad). Twong tu khi do dic trung phan
bd khong gian tai cac gia tri cong suétra 0,25 W; 0,75
W va 1 W duge két qua chét luong chum tia thé hién
trong bang 1
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Hinh 7. Phan b6 khong gian c¢6 chum (a) va truong xa
theo phuong ngang (b) cta laser taper st dung RGB
6n dinh bude song tai cong suét 0,50 W va nhiét do
lam viéc 25°C.

Khi ting cong suit cua laser taper co sir dung
RBG dén 1W giit nguyén nhiét d lam viéc cua laser &
25°C, hé sb truyén ting dén 3,44 1a do d6 rong c¢b chum
& ving cong sudt cao nd rong. Tuy nhién, cong suat
quang ra dudi 0,50 W, hé ) truyén nho hon 1,33 gén
voi gia tri gidi han nhiéu xa cia chum Gauss hoan hao
(=1

Bang 1. Chét luong chum tia thé hién boi hé sé truyén
phu thudc vao cong suat quang.

Cong suat P (W)
Heé s6 truyén M?(1/%)

0,25
13

0,50
1,33

0,75
3,35

1,00
3,44

5. Két luan

Laser ban dﬁq taper st dung cach tir phan xa
Bragg cho cong suat quang dat téi 1 W hoat dong &
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nhiét d6 25°C. Hiéu suat do dbc dat toi 0,87 W/A. Viec
st dung cach tir phan xa Bragg da khoa dugc budc
song tai 670,95 nm. Chét lugng chum tia dén 0,50 W
gan nhu hoan hao, & cong suét cao hon hé s truyén
tang nguyén nhan do d rong ¢ chum ting. Nhu vay
v6i mo hinh laser taper sit dung RBG thoa man cac tiéu
chi: cong sut quang ra cao, chét luong chum tia t6t
ddng thoi 6n dinh duoc budc song.
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