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MO DAU

Laser c6 trong rat nhiéu tng dung trong doi séng cling nhu trong nghién
ctru nhu ghi dir liéu, mdy in laser, may quét mi vach, truyén din thong tin, gia
cong vat liéu, y té, phau thuat thAim my. Trong quan doi laser dugc dung dé déanh
dau, do khoang cach va toc do cta muc tiéu. Trong giai tri laser duoc s dung
trong cac san khau nhu hoa 4m anh sang. Laser phat xa & budc song 780 nm do do
cling duoc Gmg dung trong nhiéu linh vuc, dic biét trong quang phd phan giai cao,
lam lanh bang laser, do ludng quang hoc...

Tuy nhién véi cac laser hién nay nhu cac laser ran hodc khi c6 nhan tan
hoic laser budng cong huong ngoai... viéc dwa vao tng dung trong cac linh vuc
nay gip khé khan do kich thuée, trong luong con kha 16n, co cau phirc tap.

Véi nhitng thach thirc trén, laser ban dan cong suét cao phan hodi phan bd
(Distributed feedback laser: DFB laser) 1a mot lya chon thay thé hoan hao do kich

thudc gon nho, hi€u suat quang dién cao, do tin cay cao.

Do d6 dé tai dugc chon: “NGHIEN CUU TINH CHAT QUANG DIEN
VA PHO CUA LASER BAN DAN CONG SUAT CAO DFB 780 NANO MET
PHU THUQC PQ DAI BUONG CONG HUONG”

Céc két qua nghién ctru dugc trinh bay trong ba chwong cua luan van nhu sau:
Chuong 1: Cac nguyén 1y co ban cia laser ban dan va tinh chat quang dién va phd
cta laser ban din cong suat cao DFB
Chuwong 2: Phuong phap, ki thuat thuc nghiém dé do va tinh toan cac thong sb co
bén ctia laser ban dan.

Chuwong 3: Céac dic trung va tinh toan cac thong sb cia laser cong suat cao va két
luan.
Chuong 1. TONG QUAN VE LASER BAN DAN CONG SUAT CAO DFB

1.1. Laser ban din — nguyén ly co bén [13]

1.1.1. Co ché hép thu va phat xa trong laser ban din

Laser ran va laser khi thong thuong c6 cac mirc ning luong bicu dién boi
cac vach hep 1a cac muc ning luong cua cic nguyén tir riéng biét. Trong ban dan,
cac muc nang lugng duoc mo rong thanh vung nang lugng do sy chong phu cua

cac quy dao nguyén tir. Vi ban dan khong pha tap va khi khong co6 bat ky su kich
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thich tir bén ngoai nao, ¢ nhiét 460 T = 0 K, vung nang luong trén cung dugc goi la
vung dan va trong hoan toan, vung ning luong bén dudi ving din duge goi la
vung hoa tri va dugc 1ip ddy hoan toan boi cac dién tir. Vung dan va ving héa trj
cach nhau mot khe nang luong c6 gia tri E, = 0,5-2,5¢V cho vat li€u ban dan lam

laser.

Ey(ks;)
Dién ti

_'n"f‘un‘u’_)" Aw

Photon

L4 tréng Ic

Viung hoéa tri
Hinh 1.1: Céu tric ving E(k) cud cdc dién tir trong ban dan ving cam thang.
Viing dan cach ving héa tri mét khe néing lwong E,.

Véi mot mire ning luong photon c¢d dinh A, chi c6 hai mic ning luong
riéng biét E,(k) va Ex(k) vi su chuyén mirc chi co thé xay ra ¢ cung véc to song k
nhu trong Hinh 1.1. Trong ban dan c6 ba dang cta birc xa ving — ving duge minh
hoa trong Hinh 1.2.

Ving dan 1 ? Diéntr )
T NN\~
E AVAVAVE - AVAVAV o AVAVAVE - fw
f Photon V>
Viung hoa tri o O Lb trong b4 Y
Hap thy Phit xa tw phat Phat xa kich thich

Hinh 1. 2: Su chuyén mirc phdt xa ving — viing trong vdt liéu bdn dan

- Su hép thu, cling dugc goi 1a hép thu kich thich, 1a qua trinh tht nhat
minh hoa trong Hinh 1.2. Mot photon duoc hép thu va moét cdp dién tr - 16 tréng
duoc phat sinh.

- Qua trinh thir hai dugc goi la phat xa tu phat.

- Qua trinh thir ba 1a phat xa cudng buc - cdm tmg. Mot su tai hop cua cap

dién tr - 16 tréng dugc kich thich bo1 mot photon va mot photon thir hai dugc sinh



ra dong thoi co cing hudng va pha nhu photon thir nhat (cam tng). Qua trinh nay
6 thé dugc st dung dé khuéch dai buc xa quang, vi cac photon dugc phat ra hoan
toan gidng photon kich thich vé tan s, pha, phan cuc va hudng, két qua 1a ta co
phat xa co tinh két hop. Ngudn anh sang dua trén qua trinh phat xa ndy cling voi
thanh phan phan hdi quang (vi du budng cong huong Fabry-Perot) dugc goi 1a
laser, viét tat cua “Light Amplification by Stimulated Emission of Radiation” .

1.1.2. Céc thanh phin co ban ciia laser ban din
Laser ban dan phai duoc ciu thanh tir cac thanh phan khong thé thiéu dudi day:
e MOt mdi truong tao ra su khuéch dai quang bdi phat xa kich thich.
e Mot dan song quang dé giam giir cac photon trong mién tich cyc cta linh kién.
e Mot budng cong hudng tao ra sy hoi tiép quang.
e Sy giam giit dong bom vao, cac hat tai va cac photon theo chiéu ngang can thiét
cho hoat dong don mode ngang (mode khong gian) co ban.
1.1.3. Khuéch dai quang va diéu kién ngudng

Trong laser ban dan sy khuéch dai quang dat duoc trong vat liéu 16p tich cuc.
Trong trudng hop nay, su ting theo ham mil ctia cuong do song quang cé thé dugce
dién ta boi mot gia tri Am cua o twong ung v4i hé sé khuéch dai quang g = —o.
Trong dén séng quang, chi mdt phan cuong d6 cia mdt quang nam trong ving tich
cuc ma thong thuong nim & trong 16i cua din séng quang.
1.1.4. Dén so6ng va budng cong hwong [13]

Laser ban dan hoat dong doi héi mot diéu kién quan trong, cu thé 1a dan

song cuia séng quang hoc trong mién tich cuc. Pon gian 1a theo huéng thang dimng,
dan séng dya trén téng ) phan xa ndi cua séng quang tai hai giao dién theo luat

cua Snell, xem Hinh 1.9.

L]

ny Iﬂ"

Hinh 1.9: So' d6 ciia mét ong dan séng ba I6p. [13]

bicu kién cudi cung dugc dé cap lién quan téi dao dong laser 1a di€u ki¢n

budng cong huéng. Hau nhur tat ca cic budng cong hudng laze ban dan cé thé



duoc xem nhu budng cong huong Fabry-Perot. Budng cong hudng Fabry-Perot
bao gém hai guong dugc song song voi nhau. Déi véi laser ban dan dé hai guong
song song dua trén viéc tach cac mit cua tinh thé ban dan mot cach hop 1y. Cac
mit cua laser ban dan duoc phul voi do phan xa cao ¢ phia sau va véi do phan xa
thép ¢ mat trudc sao cho phu hop véi ti 1€ cong suat hiéu dung cua h¢ laser. Chu
hinh ctia mot laser ban dan duoc dua trén bué)ng cong hudng Fabry-Perot dugc thé
hi¢n trong Hinh 1.11.

Guong sau R, Guong truwée Ry
N
N
P
Mién tich cre QW Lép dém

Buong cdéng hwéng L
Hinh 1.11: Cdu hinh ciia laser ban dan sir dung buéng céng hwong Fabry-Perot.

1.2. Laser ban din cong suat cao DFB

Trong tAm ctia phan nay néu mot sé dic diém co ban cua laser DFB (laser
phan hoi phan bd) bang viéc dua vao budng cong hudng mot cach tir loc lua bude
song. Trong laser DFB phan hdi quang khong duge bd tri & cac mit guong ma
duoc phan bd trong sudt chiéu dai budng cong huong. Do cé cach tir trong budng
cong huong da 1am thay doi co ché loc lua mode. Hinh 1.12 cho thay ciu trac dién

hinh ctia mot laser ban din DFB v&i mot cach tir Bragg ndm ngoai ving tich cuc.

I —/(y)

iH

Hinh 1.12: So d6 cdu triic laser DFB tich hop cdch tir Bragg, cwong do phan bé
theo chiéu ngang I.. [17]
Phan hoi quang xay ra dya trén nguyén 1y nhifu xa Bragg, khi két hop céc
song truyén theo hai hudng tir phia trude va phia sau. Co ché chon loc mode doc

tuan theo diéu kién Bragg.



