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NGHIEN CUU CAC PAC TRUNG CUA LASER BAN DAN CONG SUAT
CAO PHAN HOI PHAN BO PHAT XA VUNG HONG NGOAI GAN
UNG DUNG BOM LASER RAN PHA TAP YTTERBIUM

Nguyén Thanh Phwong
Vién Vat ly Ky thudgt, Truong Pai hoc Bach khoa Ha Ngi
Ngay nhan bai 01/7/2018, ngay nhan dang 20/8/2018

Tom tat: Bé xay dung cac hé laser ran cd pha tap Ytterbium, laser bom can c6
budc séng nam trong ving 976 nm va c6 kha nang dich chuyén budc song. Laser phan
hoi phan bd (laser DFB) la mét lya chon t6t cho ung dung nay do dap ung dugc cac
y&u cau trén dong thoi €6 cau tao gon nho. Do do, viéc khao sat cac tinh chat quang
dién, tinh chat phd va phan bd khong gian truong xa cua laser DFB 14 rat can thiét
nham cung cap théng tin mot cach day du va chinh xé&c nhat cho céc tng dung.

1. Mé& dau

Laser ban din cong suat cao phat xa ving busc song 976 nm dong vai tro quan
trong trong cac tng dung bom laser ran. Dac biét, trong tng dung ché tao laser c6 pha
tap Ytterbium (Yb) [1, 3, 6], do cira s6 ving hap thu caa Yb nam trong viing tir 970 nm
dén 980 nm nén budc song laser bom phai duoc lya chon phil hop va dam bao tinh 6n
dinh. Bé str dung 1am nguon bom cho laser ran doi hoi hé laser nguon co kich thudc gon
nho, kha nang diéu chinh buéc song dé& dang cho phl hop vai cira s6 hap thy, phan b
khong gian chum tia hep va on dinh. Vi cdc yéu cau trén, laser ban dan phan hoi phan
bd (distributed feedback laser, viét tat 1 laser DFB) phat xa ving 976 nm la mot lya
chon téi wu do ¢6 ciu tao don chip, dé dang diéu khién buéc song bang nguon bom. Véi
y tuong nhu vay, viéc khao sat day du cac tinh chat quang dién ciing nhu phan bd khong
gian truong xa caa laser DFB ¢6 mot ¥ nghia quan trong, quyét dinh diéu kién 1am viéc
t6i wu cua linh kién. Cong suat phat quang cua laser DFB 976 nm duoc do tai nhiét do
phong, xac dinh cng sut cuc dai trong kha niang lam viéc va thé roi trén chuyén tiép
phu thudc dong bom. Tinh chat pho va phan bé khdng gian phu thuoc dong bom ciing
duoc khao sat nham cung cap cac thdng tin can thiét nhat, xac dinh cac diéu kién lam
viéc toi vu cho ung dung bom laser ran.

2. Phwong phap thuc nghiém

Laser DFB 976 nm c6 céu trac l6p tich cuc InGaAs va céch tir dugc tao trong
budng cong hudng vai chu ky céch tir 150 nm dé loc lya budc song. Chip laser ¢6 chiéu
rong w = 4 pum va chiéu dai chip L = 2 mm. Budng cong hudng dugc tao ra bang cach
cit mat tinh thé va phu 16p phan xa mit sau 1a Rsay = 95%, phan Xa mat truéc 12 Ryyee =
0,1%. Toan bo chip duoc han trén ¢é CuW va déng vé C-mount.

Cong suit laser va thé dat vao chuyén tiép phu thudc dong bom dugc khao sat
trén hé do nhu hinh 1. Ngudn nudi Thorlabs ITC 4005 cip dong cho laser can do; ngudn
nay cho phép diéu khién nhiét do hoat dong cua laser thdng qua pin Peltier. Thé roi trén
chuyén tiép cuaa laser hién thi truc tiép trén kénh do thé cua ngudn nudi. Tin hiéu quang
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dugc dwa dén dau thu photodiode dugc dit ngay sat laser dé thu toan bo birc xa cua laser.
May do cong suat quang dai rong Melles Griot 13 PEMO0 duoc két ndi véi photodiode
hién thi két qua thu duoc.

DPé khao sat dic trung phé cua laser, hé do duoc bd tri nhu hinh 1, tuy nhién may
do cong suit duoc thay thé bang phd ké Ocean Optics HR4000 va két nbi may tinh.

Laser

Nguon nuéi + Diéu khién nhiét 4§
Thorlabs ITC

Diu thu photodiode ————

Laser dugc ¢6 dinh trén pin Peltier

Miy do céng suiit quang dai rjng
Melles Griot 13 PEM001

Hinh 1: Hé do ddc trung cong suat quang va thé phu thuge dong bom

Khao sét phan bo khong gian truong xa ciia chim laser phy thudc dong bom dugc
bé tri nhu hinh 2. Luc nay, phia truéc cach laser mot khoang 10 cm dat mot man chin
mau trang c6 thé truyén qua mot phan tin higu laser. Phia sau man chin dat mot CCD
camera cO két ndi may tinh dé chyup anh ciia chum tia thu dwoc trén man. Hinh anh chim
tia dugc xur ly trén may tinh cho ta phan bé khéng gian theo phuong thang dung va
phuong ngang. Ddi véi laser DFB, hau hét duoc thiét ké chi ton tai cic mode co ban nén
cham tia duogc coi 1a c6 phan bé Gauss [4]. Do d6, vai két qua do phan bd khong gian cd
thé xac dinh dugc goc phan ky theo hai hudng.
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Hinh 2: Hé khdo sat phan bé khéng gian cham laser
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3. Két qua va thao luan

Laser DFB 976 nm duoc cung cap dong dén 600 mA & nhiét do 25°C - 1a ving
nhiét do lam viéc thudng xuyén cua laser trong cac ung dung. Su phu thuge cua cong
suit quang va thé roi trén chuyén tiép cua laser vao dong bom duoc thé hién trén hinh 3.
Laser c¢6 dong ngudng Iy, = 40 mA, dat cong suat cuc dai P = 350 mW tai 600 mA. Dong
bom giéi han tai 600 mA dé dam bao an toan cho laser trong qua trinh hoat dong khéng
bi hong do hiéu g danh thung bé mat guong. Laser ¢ mat do cdng suit tai 600 mA dat
8,75 MW/cm?, gié tri nay dudi ngudng cua hiéu tmg danh thung dbi v6i laser nén vat
licu GaAs (10 MW/ cm %) [1]. Hiéu suét do dbc dat 0,65 W/A, thé roi trén chuyén tiép
nam trong vang tir 1,4 dén 2,8 V.
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Hinh 3: Pdc trung céng sudt quang (dwong lien nét) va thé (dwong dirt nét)
phy thuéc dong bom ciia laser DFB 976 nm do tai nhiét do 25°C
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Hinh 4: Pdc trung phé cua laser DFB 976 nm tgi 25°C va cdng sudt quang P = 100 mW
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Tir théng tin vé dic trung cong sudt, tién hanh do dic trung phd cua laser, dic
biét 12 phd phu thude dong bom. Hinh 4 1a didc trung phd cua laser dang khao sét tai nhiét
d6 T = 25°C va cong suat quang 1i ra P = 100 mW. Budc song laser tai vi tri nay la
976,33 nm va ti s6 tin hiéu trén nhidu 1a 53 dB. Budc séng nay hoan toan phl hop Véi
y&u cau g dung.

Dé c6 thong tin day da vé bude séng va kha ndng dich Chuyen budc song theo
dong bom, ching t6i do phd laser phu thudc dong bom. Do thi 3 chiéu biéu dién su phu
thugc cua budc song vao dong bom nhu hinh 5. O day, dong bom bét dau tu ngudng phat
lt, = 40 mA cho t6i 600 mA, mdi lan do thay ddi dong 10 mA. Tai ving gan ngudng co
hién tugng budc song laser thay doi tir 975,97 nm dén 976,18 nm. Budc song chénh léch
0,21 nm do hién twong nhay mode trong laser DFB [5]. Tir 50 nm dén 600 nm budc song
dich tuyén tinh theo dong bom tir 976,18 nm dén 977,40 nm. Nhu vay d6 dich budc song
1a AA/Al = 10,0022 nm/mA.
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Hinh 5: Sir dich chuyén buéc séng phu thugc dong bom cia laser DFB 976 nm
tai nhiét do 25°C

Tinh chét dich chuyén budc song theo dong bom 1a mét dic trung riéng cua céc
laser DFB, laser c6 cAu tao cach tir trong budng cong huong. Khi dong bom hoic nhiét
do6 tang, chu ky cach tir tang 1én, dan dén budc song cua laser dich chuyén vé phia budc
s6ng dai [5]. Nhu vay, laser DFB 976 nm c6 thé dé dang thay dbi budc song trong dai
phU hop vai viée bom cac laser ¢6 cau tric pha tap Yb.

Trong qué trinh thay d6i dong, viéc khao sat phan bb khong gian caa cham tia la
rét quan trong. Hinh 6 Ia phan b6 truong xa cua chum tia theo phuong thang ding song
song Véi cau trdc p-n (hinh 6a) va theo phuong ngang cua laser (hinh 6b) tai nhiét do
25°C va dong bom | = 170 mA (twong tring cOng suat quang ra P = 100 mW). Gdc phan
ky duoc xac dinh theo phuong thang dung 1a 24,1° va phuong ngang 1a 10°. Nhu vay mat
cat ciia chum tia c6 dang hinh elip va toan bo chum tia cé dang Gauss trong khdng gian.
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Hinh 6: Phan bé trirong xa ciia laser DFB 976 nm theo phirong thang dimg (a)

va phuong ngang (b) tai 25°C va dong bom 170 mA

Tién hanh khao sat sy 6n dinh cua phan b khong gian truong xa caa chum tia
trong qua trinh thay doi dong bom, chung t6i thay doi dong tir 40 mA téi 600 mA véi
budc dich 10 mA (hinh7). Cudng d6 buc xa twong ddi thé hién bang cac duong dong
murc. Két qua khao sét cho thay, khi dong bom ting, 6 rong chum tia c6 thay doi, phan
cuong do birc xa manh & trung tdm chum tia nd rong hon, tuy nhién vi tri trung tdm cua
cham tia 6n dinh trong sudt qua trinh khao sat. Nhu vay, trong suét qua trinh hoat dong,
viéc thay d6i dong bom khong lam xé dich trung tam chum tia.
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Hinh 7: Phan bé #rirong xa cua laser DFB 976 nm phu thuge dong bom
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4. Két luan

Khao sat day du cac tinh chat quang dién va phan bb khong gian truong xa cua
cham tia cho thay laser DFB 976 nm hoan toan phu hop véi tng dung bom laser rin cd
pha tap Yb. Cong suit quang 16i ra cua laser ¢ thé dat dwoc dén 350 mW tai nhiét do
25°C va dong bom 600 mA. Mat do cong suat tai cuc dai trong ving khao sat 1a 8,75
MW/cm?, dam bao dué6i ngudng cua hiéu tng danh thiung déi véi laser trén nén vat lisu
GaAs. Hiéu suat bién ddi quang dién tuwong ddi cao, dat 0,65 W/A. Thé roi trén chuyén
tiép thay ddi tir 1,4 V dén 2,8 V. Laser DFB 976 nm d& dang thay ddi budc séng bang
cach thay d6i dong bom cho phu hop véi dai hap thu caa Yb véi do dich budc song 1a
0,0022 nm/mA. Trong suét qua trinh thay d6i budc song, phan b khong gian trudng xa
cua laser 6n dinh. Véi cac thdng sé khao sat trén, laser DFB 976 nm da xac 1ap dwoc ché
d6 1am viéc téi wu cho céc tng dung bom laser ran pha tap Yb.
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SUMMARY

CHARACTERIZATION OF DISTRIBUTED FEEDBACK HIGH POWER
DIODE LASERS EMITTING IN NIR REGION APPLYING
FOR PUMPING YTTERBIUM DOPED SOLID STATE LASERS

In setup of Ytterbium-doped solid-state lasers, the wavelength of pumping laser
should be around 976 nm and tunable. Distributed Feedback (DFB) high power diode
lasers are particular candidates because of their compactness. Therefore, characterization
of electro-optics, spectral and spatial beam properties are very necessary to provide
usefull information for the applications.
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