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SU PHU THUOC CUA TiNH CHAT QUANG PIEN
VA TINH CHAT PHO VAO DONG BOM VA NHIET PO
CUA LASER BAN DAN CONG SUAT CAO PHAN HOI
PHAN BO VUNG HONG NGOAI GAN 940 nm

Nguyén Thanh Phuong*

Vién Vit ly ky thuat, Truong Dai hoc Bach khoa Ha Noi
S6'1 Pai C6 Viét, Hai Ba Trung, Ha Noi

Tém tat. Bai bao nay trinh bay viéc nghién ctru cac tinh chat quang dién va tinh chat phd
ctia laser ban dan phan hdi phan bd phét xa viing 940 nm. Laser duoc nghién ctru c6 cong
sudt quang dat téi 358 mW & 25 °C. Két qua nghién cttu cho thdy do dich budc séng ctua
laser theo dong bom 1a 0,0029 nm/mA va theo nhiét d¢ la 0,059 nm/°C. Bén canh d¢, laser ¢
d6 rong vach phd siéu hep ¢ kHz. Ngoai ra, vi tri trung tdm chum tia laser khong ddi khi
thay d6i dong bom.

Tir khéa: laser ban dan, laser cong sudt cao, laser phan hoi phan bé.
1 Mo dau

Ngay nay, laser duoc ting dung rong rai trong cac linh vuc nhu gia cong vat liéu, truyén
dan thong tin, y t&, nghién ctu, lwu trit dit liéu... va mdi tng dung yéu cau loai laser c6 cac déc
trung khac nhau. Viéc tng dung laser trong y t€ va cham séc stec khoe duoc ddc biét quan tam
tr nhitng ndm dau cta thé ky 21. Hién nay phuong phap diéu tri bang laser da la mot lua chon
cho ca bac si va bénh nhan trong nhiéu treong hop. Trong cac loai laser dung trong y t& va laser
ban dan cé nhigu wu diém vi chiing gon nhe, dé dang diéu chinh cong suat phat va hiéu suét
hon hin céc loai laser khac. Dic biét trong nha khoa, do dac diém diéu tri, yéu cau thiét bi gon
nhe la rat quan trong. Laser phat xa trong vung 940 nm duoc st dung rdng rai trong diéu tri cac
bénh déac biét la cac bénh vé nha khoa. Cac laser 940 nm véi cong sudt hang watt duoc st dung
lam dao mé trong cac phau thuat mdé mém do viéc st dung dé dang, déng mau t6t, khong can
khau, it sung va dau [1]. Tuy nhién, trong cac diéu tri viém nha chu, cac diéu tri khong dung
phau thuat, c4c liéu phép quang dong [2], hay cac diéu tri st dung laser mttc do thap [3, 4] thi
cac laser ban dan véi cong sudt khoang tir vai chuc dén vai tram mW chiém wu thé. Bén canh
dé, tinh chat hdp thu hoi nuwdc cua laser bude song 940 nm cliing duoc st dung trong diéu tri

[5]. Laser ban dan phéan héi phan bs (DFB) phat xa vliing budc séng 940 nm 1a mot tng dung
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sang gia cho viéc ché tao cac thiét bi sit dung cho cac diéu tri noi trén véi cac wu diém ndi trdi.
Cong sudt cac laser nay c6 thé duoc diéu chinh don gian bang viéc thay doi dong bom. Bén
canh d¢, cac laser nay c6 budc séng dich chuyén dé dang theo dong bom va nhiét d6 lam viéc.

Ngoai ra, d0 rong pho cta cac laser DFB nam ¢ mtec siéu hep.

Vi cac yéu cau trén, viéc khao sat cac tinh chat quang dién cta laser ban dan DFB phat
xa vung budc song 940 nm la vd cung can thiét cho viéc ting dung ché tao cac thiét bi dung
trong y t€ ndi chung va ddc biét trong nha khoa. Trong bai bao nay, cong sudt quang ra va thé
dat trén chuyén tiép phu thudc dong bom dwgc khao sat trén cac thiét bi c6 do chinh xac cao. Sy
dich chuyén budc séng trung tam cua laser dugc khao sat theo dong bom va nhiét d6. Phan bo
khong gian chiim tia dwegc khao sat nham cung cap cac dic trung quan trong trong viéc ché tao
cac thiét bi phuc vu nha khoa.

2 CAu tao laser va khao sat thyc nghiém

Laser DFB 940 nm dwoc ché tao cach tir ndm trong budng cong huong bang phuong phap
quang khéc. Chip laser c6 chigu dai 1,5 mm va chiéu rong 4 em. Guong trudc va guong sau
duoc phu mang phan xa v6i hé sd phan xa tuwong ung 0,1% va 95% tao thanh budng cing
hudng. Chip laser duoc gan 1én trén d& AIN trudc khi déng vo dang SOT.

Dé khao sat tinh chat quang dién va tinh chdt pho ctia laser DFB 940 nm, cac thiét bi duoc
b8 tri nhu trén Hinh 1. Laser duoc gan trén mot dé c6 pin peltier, cho phép diéu khién nhiét do
hoat déng ctia laser. Ngu6n Thorlabs ITC 4005 c6 hai kénh, vira cdp dong cho laser can do, vira
diéu khién nhiét d¢ thong qua peltier. Dong cap t6i da cua nguon la 5 A véi d6 phan giai 1 mA.
Dong diéu khién nhiét do trong dai —15 A dén +15 A. Sensor nhiét loai AD590 duoc sit dung
cho phép diéu khién nhiét do trong dai ttr —55 °C dén 150 °C v6i dd phéan giai 0,001 °C. Thé roi
trén chuyén tiép cta laser hién thi truc tiép trén kénh do thé ctia ngudén nuodi. Laser duoc diéu
chinh sat mat dau thu photodiode dam bao cho toan b btic xa cua laser dwoc thu hoan toan.
May do cong suat quang dai rong Melles Griot 13 PEM00 duoc két n6i voi photodiode hién thi
két qua thu dwgc. May c¢6 dai phd tir 200 nm dén 2000 nm, do dwgc cong sudt lién tuc tir nhd
nhét 10 oW t6i 16n nhat 2 W (Hinh 1a). Khi khao sat déc trung phd cta laser, ngudn cap va diéu
khién nhiét d6 duoc gitt nguyén. Tin hiéu laser tit photodiode dwoc dan vao soi quang két ndi
v6i pho k€ phan giai cao Ocean optics HR4000 va hién thi trén may tinh (Hinh 1b). Pho ké ¢
dai réng ttr 200 nm dén 1100 nm, dd phan giai dat t6i 0,02 nm.

Véi laser DFB, phan b khong gian truong xa duoc khao sat bang cach thu lai hinh anh
chiim tia trén mot man chan mau trang dat gitta camera va nguon laser. Két qua dugc phan tich

trén may tinh cho phan bs khong gian truong xa theo hai truc thang ding va ngang (Hinh 2).
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Hinh 1. Hé do déc trung cong sudt (a) va dic trung phd (b) ctia laser ban dan DFB budc séng 940 nm.
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Hinh 2. Hé do phan b khong gian trueong xa ctia laser ban dan DFB budc song 940 nm.

3 K&t qua va thao luan

D4i véi laser noi chung, ddc trung dau tién khong thé thiéu duoc la tinh chat phu thudc
dong bom ctia cong sudt birc xa quang va thé roi trén chuyén tiép. Thay d6i dong bom tir 0 mA
dén 500 mA, laser dugc gitt & 25 °C, cong sudt quang va hiéu dién thé twong tng thé hién trén
Hinh 3.

Puong lién nét trén Hinh 3 thé hién c6ng sudt quang ra nhu la ham ctia dong bom. Laser
c6 dong ngudng tai I = 34 mA, khi tang dong bom t6i 500 mA thi cong sudt quang 16i ra dat gia
tri P =358 mW. Véi céc laser ¢ cdu tric dan séng go (ridge-waveguide), mién tich cuc cé bé
day 1 em, do d6 dién tich guong 1a 1 x 4 em, dan dén mat d6 cong sudt 1a 89,5 mW/em2. O cac
laser nay, ngudng cta hiéu tng danh thung bé mat guong 1la 100 mW/em? [6], do d6 néu tiép
tuc tang dong bom sé& dan dén cong suat quang bi bao hoa va laser bi danh thing. Trén duong
ddc trung cong sudt xudt hién cac diém ma tai d6 cong sudt giam twong tng voi vi tri dong bom
105 mA, 255 mA, 320 mA, va 415 mA. Bon vi tri nay so sanh twong tng voi cac vach hdp thu hoi
nudce trong co so dit liéu [7]. Hién twgng hdp thu nudce chi xay ra trong treong hop laser c6 do

rong vach phd da hep. Bé qua cac diém cong suat giam, hiéu sudt do doc ctia laser kha cao dat
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0,87 W/A cho t6i tan 500 mA dong bom. Thé roi trén chuyén tiép tang tir 1,29 V dén 2,59 V khi
thay d6i dong bom.
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Hinh 3. Dic trung cdng suat (duong lién nét) va hiéu dién thé trén chuyén tiép (duong dit nét) phu thudc
dong bom ctia laser ban dan DFB 940 nm tai 25 °C.

Tién hanh déc trung phd tai 25 °C véi dong cap tit 50 mA dén 500 mA, budc thay d6i
dong la 50 mA. Két qua trén Hinh 4 cho thdy khi tang dong bom thi budc séng phat xa cua laser
dich vé phia budc song dai; diéu nay hoan toan phu hop véi cac laser c6 cdu truc DFB. Budc
song trung tam dich tir 937,52 nm dén 938,85 nm, do d6 dd dich budc song theo dong bom 1a
eveovyo=0,0029 nm/mA.
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Hinh 4. Dich chuyén budc séng theo dong bom ctia laser ban dan DFB 940 nm tai 25 °C.
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Hinh 5. Dich chuyén budc song theo nhiét d6 lam viéc ctia laser ban dan DFB 940 nm tai dong bom

=300 mA.

Khi thay d&i nhiét d¢ lam viéc ctia laser tir 22 °C téi 50 °C v6i mdi budce thay d6i bang 4

°C, budc séng trung tam cling dich vé phia budce séng dai tir 937,79 nm t6i 939,46 nm, do d6 do
dich budc séng trung binh theo nhiét d6 1a eeee+ = 0,059 nm/°C (Hinh 5). Cac dich chuyén theo

dong va nhiét d¢ la do hién twong nhiét Joule d6i véi laser DFB.
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Hinh 6. D6 rong vach phd cta laser ban dan DFB phét xa viing 940 nm tai 25 °C, do bang phuong phép

heterodyne.
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V6i phuong phép do déc trung pho nhw trén Hinh 1, d6 phan giai cia ph6 ké Ocean
Optics chua du d€ xac dinh chinh xac d¢ rong ctia vach phd laser. D€ khao sat ky hon déc trung
pho, laser DFB 940 nm duwoc do dd rong vach pho theo phuong phép heterodyne da duoc trinh
bay trong bai bao [8]. Két qua trén Hinh 6 cho thdy tai 300 mA dong bom va 25 °C, d6 rong pho
cua laser la 167 kHz. Diéu nay cho thdy gia thiét cac vach hdp thu hoi nude trén Hinh 3 la hoan
toan phu hgp. Laser DFB 940 nm dwgc khao sat c6 do rong phd siéu hep va khi thay doi dong
bom, budc song cua laser bi dich di; tai nhitng vi tri trung véi vach hdp thu cua phan ti nudce

xay ra hién tuong hap thu lam giam cong sudt quang ra cua laser.

Hinh 7 la phan b8 khong gian truong xa cua laser do ¢ nhiét d6 phong nhu mot ham cta
dong bom. Mau séic thé hién cuong dd tuong ddi ctia chum tia thu dugc theo phuong ngang.
Phuong thiang ding d6i véi cac laser 6 cau tric giéng luong tit, phan bs khong gian dwoc cho
la khong thay d6i, do d6 cac khao sat chi tién hanh véi cac do dac theo phuong ngang. Tai dong
bom 500 mA, phan chan cua chum tia mé rdng khoang 20% so v6i 6 dong bom 50 mA. Méc du
chum tia no¢ réng, nhung phan bé khong gian ctia chum tia trén Hinh 7 ¢ phéan trung tam 6n
dinh khi dong cap tang. Diéu nay gitup cho hiéu suat hoi tu chum tia vao soi quang hay cac hé

thong quang hoc it bi thay d6i trong sudt qua trinh hoat ddng cta cac thiét bi sit dung laser.
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Hinh 7. Phan b6 khong gian trueong xa ctia laser DFB 940 nm tai 25 °C.

4 Kétluan

Anh huoéng ctia dong bom va nhiét d6 1én cac dic trung phat xa chinh cta laser ¢6 cdu
triic phan hdi phan b phét xa viing budc séng 940 nm da duwoc khao sat chi tiét bang cac thiét
bi do dac v6i do chinh xdc cao. Cac laser ¢ chiéu dai budng cong hwong 1,5 mm va bé ngang
16p tich cuc 4 om cho céng sudt quang ra dat dén 358 mW véi hiéu sudt d6 doc 0,87 W/A. Bude
séng cua laser dé dang dich chuyén khi thay d8i dong bom hogc nhiét d6 véi d6 dicheeeseey =

188



jos.hueuni.edu.vn Tap 127,56 1B, 2018

0,0029 nm/mA vaeeeoovo= 0,059 nm/°C. B rong vach phd siéu hep c¢& kHz tao boi cau truc
DFB phu hop véi cac ing dung hdp thu hoi nudc. Quang truc ctia chum tia laser 6n dinh khi
thay d6i dong bom véi dd thiang gidng nhd. Cac dac tinh trén hoan toan phu hop cho viéc ché
tao cac thiét bi st dung trong diéu tri y t€, ddc biét 1a cac thiét bi sit dung ghép ndi laser — soi
quang.

Loi cdm on: Tac gia cam on Vién Ferdinand-Braun-Institut, CHLB Dttc da tai tro nghién

cltu nay.
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ELECTRO-OPTICAL AND SPECTRAL PROPERTIES VERSUS
INJECTION CURRENT AND TEMPERATURE
OF DISTRIBUTED FEEDBACK DIODE LASERS EMITTING
AT NIR 940 nm

Nguyen Thanh Phuong?*

School of Engineering Physics, Hanoi University of Science and Technology
No.1 Dai Co Viet, Hai Ba Trung, Hanoi

Abstract. This paper presents studies of electro-optics and spectral properties of distributed
feedback diode lasers emitting at the 940 nm region. The optical power of the lasers reaches
358 mW at 25 °C. The obtained results show that the wavelength shift vs. pumping current
is 0.0029 nm/mA and vs. temperature is 0.059 nm/°C. The lasers have a narrow linewidth of
kHz. Moreover, the centre of the laser beam is unchanged with the various injection
currents.

Keywords: semiconductor laser, high power laser, distributed feedback laser.
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