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Khao sat laser ban din cong suit cao
phéan hoi phan bo c¢6 dd rong vach pho siéu hep
Investigation of highpower Distributed Feedback diode lasers with ultra-narrow linewidth
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Tém tat

Laser ban dén cong suét cao phat xa vung héng ngoai gén cé rét nhiéu (rng dung trong doi séng ciing nhw
trong nghién ctru do tinh chat gon nhé, hiéu suét bién déi quang dién cao, do tin cdy cao. Céc tng dung cén
dé chinh xéc cao nhw déng hé nguyén ti, phé hép thu nguyén ti... doi héi cac laser c6 dé réng vach phd hep
& vuing cong suét cao. Do do viéc xac dinh do rong vach phé clia cac nguon laser la rét quan trong. Bai bao
nay cung cap ky thuat do d¢ rong phé clia céc laser c6 do rong siéu hep. Trén co s¢ phuong phap do, laser
ban dan DFB phét xa ving 780 nm duoc khéo sét cho thdy d6 réng phd & cong suét quang ra 250 mW tai
25°C la 19 KHz.

Tu khéa: laser ban dan cong suét cao, laser vach phd hep, self-delayed heterodyne
Abstract

High power diode lasers emitting at near infrared have many important applications because of their
compactness, high energy-conversion efficiency and their reliability. Some high-accuracy applications such
as: atomic clock, atomic absorption... require lasers with narrow linewidth at high output power. Therefore,
measuring linewidth of the lasers is very necessary. In this report, techniques to characterize ultra-narrow
linewidth laser are shown. Base on these technique, semiconductor 780 nm DFB laser is investigated having
linewidth of 19 KHz at 250 mW output power and 25°C.

Keywords: high power diode laser, narrow linewidth laser, self-delayed heterodyne.

1. Mé dau

Laser cong suét cao budc song vung hong ngoai
gan birc xa don mode ngay nay c6 rat nhidu img dung
nhu trong phd phan giai cao, dong ho nguyén tir, do
ludng chinh xéc cao... [1-5]. Cac ngudn laser ban dan
v6i cAu tric cach tir noi phan hdi phan bé (Distributed
Feedback: DFB) 1a mét trong nhing ngudn tbi uu cho
c4c g dung nay. Uu diém ndi trdi cua cac ngudn laser
nay 1a gon nho so vai cac ngudn laser khac, hiéu suat
bién d6i quang dién cao, do tin cdy cao... Ddi voi nhidu
ung dung doi hoi do chinh xac cao, dd rong vach phé
ctia laser 1a mot yéu cau quan trong, cac tmg dung d6
can cac ngudn laser ¢6 d6 rong vach phd hep & ving
cong suat cao. Do do, viéc xac dinh d9 rong vach phd
cua laser rat quan trong, tir ddy cung cép cac thong tin

can thiét cua laser nham dap ng cac ing dung trén.
Dé xéac dinh d6 rong vach phd, mot sé phuong phap
dugc sir dung nhu: cac phuong phap dua trén co ché
giao thoa, nhidu xa trong may phan tich ph6 (OSA),
phuong phéap dya trén budng cong hudng Fabry-Perot
[6], ky thuadt phan tach cac pha Coherent
discrimination [6,7], ky thuat self-delayed
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heterodyne/homodyne [8] va k¥ thuat heterodyne [6].
Céc may phan tich pho trén thi trudng, do phan giai
thudng bi giéi han & mirc ¢& hang chuc GHz. Budng
cong huong Fabry-Perot, d6 phan giai nim ¢ muc c&
hang chuc MHz. Ky thudt Coherent discrimination cho
phép do dac voi d6 phan giai cao, tuy nhién k¥ thuat
nay doi hoi viée xay dung hé do rat phtc tap [6,7]. Giai
phap don gian hon d6 1a sir dung k¥ thuat self-delayed
homodyne, nhung ky thuat nay dan dén viéc tin hiéu
“beat note” nam tai vi tri 0 Hz, ving gia tri bi anh
hudng rat 16n boi nhiéu tan s6 thap [8]. Trong k¥ thuat
heterodyne, tin hiéu “beat note” khong nam tai gi tri
0 Hz, tuy nhién d¢ phén giai cua phep do phy thuge
vao laser so sanh [8]. Bé dung hoa giita hai yéu cau:
do6 phan giai cao va hé do khong qua phuec tap, ky thuat
self-delayed-heterodyne duogc st dung dé xac dinh do
rong vach phé cua laser ban dan DFB.

Gi4 tri d6 rong vach phd cua laser thu duoc phu
thugc khong nho vao phuong phap ghi va phan tich dir
liéu do 4nh hudng cta cic nguon nhidu. Bai bao nay
mo ta ky thuat seft-delayed-heterodyne va so sanh hai
phuong phap ghi va phan tich dit liéu thu dugc tir hé



Tap chi Khoa hoc va Cong nghé 129 (2018) 087-091

do. Két qua thyc nghiém d6i v0i laser DFB phat xa ¢
vung budce song 780 nm cho thay phuong phap toi uu
trong do dac xac dinh d6 rong vach pho cua laser.

2. Hé¢ do seft-delayed-heterodyne

H¢ do d6 rong vach phé cua laser dugc mo6 ta nhu
hinh 1. Ngudn nuéi c6 d6 chinh xéc cao va nhiéu dong
thap (Lightwave ILX-LDC 3724B) cung cap dong cho
laser can do. Nguon nay di kém diéu khién nhiét do
cho phép diéu khién nhiét d6 hoat dong cuia laser thong
qua peltier. Tin hiéu laser dugc hoi tu va di qua mot b
cach ly quang hoc (optical isolator) Qioptiq DLI, 60
dB. B0 nay c6 tac dung ngan tin hi¢u laser phan xa trd
lai budng cong huéng. Sau khi qua bd cach li quang
hoc, tin hiéu laser dugc chia ra thanh hai phin nhd mot
bd tach tia gdm mot ban nira budc song (Thorlabs
AQWP05M-950) va ban tach tia nhd co ché phan cuc
(Linos G335-725-000). Tin hiéu ra khoi bd tch tia,
mot ph?in dugc dua truc tiép vao bo diéu tan
(IntraAction ATM-804DA2B) lam dich tan sé t6i 78
MHz, sau d6 dugc héi tu vao bo ghép tin hiéu béng so1
quang (Fiber coupler). Phan tin hiéu con lai di qua hé
thdng soi quang dai 2 km, pha cia tin hiéu laser thay
ddi trude khi vao bod ghép tin hiéu. Tai bo ghép tin hi¢u
xay ra giao thoa, tin hiéu giao thoa duoc thu bang
photodetector nhanh (New Focus 1554-B) c6 bang
thong 3 dB & 12GHz va ghi bang may phan tich phd
RF (FSW 26 by Rohde & Schwarz GmbH & Co. KG).

Bin tich tia

Laser 1‘_ 60dB O1 :DE

Bin /2

peltier

2 km sgi
quang

]

B{ ghép tin higu
biing sgi quang
ohd RF Photodetector

Hinh 1. H¢ do seft-delayed-heterodyne do do rong
vach pho cua laser.

3. Co s6 phwong phap do

3.1. Phuong phdp do phé ning lwong phu thujc tan
s0 va phan tich két qud theo phwong phdp fit ham
Voigt.

Gia st laser duoc do ¢6 tan s vs, sau khi di qua
bd tach tia, phan di qua bo diéu tan, tan sb bi dich
chuyén di mot doan 14 (vs-8v). Tin hi¢u laser trudc bo
ghép tia dugc mo ta:

Ei(t)= Eoexp {j[27wt + o(t-2)]} 1
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Eo(t) = Eoexp {jl22(vs-oV)t + o (B)]} .

Trong do Ej, E> 1a trudng dién cda tin hiéu laser
twong ing di qua soi quang 2 km va qua bo diéu tan. ¢
1a pha cua tin hi¢u, phu thudc thoi gian. Luc nay tin
hiéu di qua soi quang bi tré pha phu thudc vao thoi glan
truyén va tan s6 trung tam qua bo diéu tan dich dén vi
tri (vs-8v). Tai dau thu photodetector trudng giao thoa
co giatri:

E(t)= Ea(t) + Ea(t) 2

Cong suat quang tuong ing P o |E2, nhu vay
dong ma photodetector thu dugc lic nay dugc mo ta :

() = 7IEWP @)
n & day 1a d6 nhay ctia dau thu (don vi do A/W). Nhu
vdy tin hi¢u dién ma ta phén tich bang mdy phén tich
pho RF dugc ghi trong “mién thoi gian” la mot ham
cta d¢ dich pha giira hai truong quang hoc Ag(t).
(4)

1(6) = n{P, + P, + 1\/P,Pycos[2nv st + Ap(t)]}

Tan so trung tdm dich chuyén veé vi tri :

VIE = Vs — (Vo—OV) = OV (5)
B Se(v)
2
e
H 1
Vs v
B Se(v)
E S\
= 1
V=0V v
[¥]
E1S(v)
= =
_'..D 1
oV Tén sb v

Hinh 2. Co ché dich chuyén tin s laser vs vé tan sd
dv trong hé do self-delayed-heterodyne.

Ta gia thiét phé tin hiéu c6 dang Lorentz thi do
ban rong cua tin hi¢u “beat note” thu dugc co gia tri
bang 2Av. Hinh dang phd duoc miéu ta

1

v — v+ 6v(D)]
Av/2

SL (V! t)~

1+ (©)

i Phd liF thu dugc c6 dang Lore;ntz. Tuy nhién cz%c
ngudn nhicu s€ gy anh huong dén hinh dang phd,
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nhitng ngudén nay dugc miéu ta dudi dang gan dung
1/f. Do d6, dang Lorentz trong thuc nghiém s€ bi thay
d6i, co xu hudng chuyén sang dang Gauss, tuong ting
su nd rong vach khong dong nhat ciia phd birc xa. Phod
dang Gauss dugc miéu ta boi [9]:

’4ln2 1 vV —Vip\?
SG (V) = TE@X}? [—4ln2 (TGIF) ] (7)

Ave 14 d6 ban rong cta phd dang Gauss.

Khic phuc nhuoc diém cua hai dang pho, dang
Voigt dugc xem nhu 13 sy két hop gitta Lorentz va
Gauss [9, 10].

[ee]

Sy(v) = 2f Se(WNS (v —=v)dv'
0

(8)

Ham Voigt biéu dién dang diéu ctia Lorentz &
ving canh va Gauss ¢ ving trung tam duong phd. Mbi
quan hé giira d6 rong phd Av va vi tri do d6 rong phd
tai cac mirc nang lugng twong ddi tir ham Voigt dugc
thé hién & bang 1.

Bang 1: Gia tri d6 rong vach phd tuong tng tai cac
muc cuong do twong doi tir ham dang Voigt

Cwong 40| 34g | -10dB | -20dB
tuwong doi
Gia tri tuong \/§ /99
ung 2Av

(ZAV) (ZA\/)

Do rong Av trong truong hop nay phu thude vao
thoi gian tré pha gitia hai pha, hay n6i cach khac phu
thudc vao d¢ dai sgi quang L.

A = g
v
MIN I

9)

c

Trong d6 vg = c/ng 14 van tdc nhém cua tin hiéu
laser truyén trong soi quang c6 chiét sudt nhom ng. Nhu
vy voi do dai soi quang 2 km, phuong phap ndy cho
phép xac dinh duogc d6 rong vach phd nho nhat xap xi
30 kHz.

3.2 Phwong phdp do phé cong suit nhiéu tin so

Dé khic phuc su phu thudc vao thoi gian tré, mot
phuong phép ghi va phan tich két qua khac duoc sir
dung. Trong phuong phap nay, thay thé viéc phé dugc
ghl trong “mién thoi gian” bang ghi trong. “mlen tan

. Ham mat d6 phd cong suét ctia nhidu tan sé duoc
bleu dién dudi dang
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Su(v) = Sp(WV (10)
Trong d6 Se(v)1a ham mat do cong sut cia
nhiéu pha (t).

Dé xé4c dinh d6 rong pho, dau tién tin hi¢u dugc
chuyén tir tin hiéu RF nhu phuong trinh (4) sang tin
hiéu trung gian gom thanh phan cung pha I va thanh
phan vuong goc Q. Céc thong tin nhiéu pha phu thudce
thoi gian dugc rit ra tir dir liéu 1Q. Mat do pho cong
suat nhidu pha dugc biéu dién dudi dang [11]:

N-1 2

Z ) (nAt)eZm'vnAt

n=0

Sp(v) = % (11)

Trong d6 At 1a nghich dao cua toc d6 lay miu va
T = N. At 1a thoi gian do, n 14 sb 1an 1iy miu. Cubi
cung chuyén ddi tin hiéu tir phd mat do cong sudt nhiéu
pha sang phd mat d6 coéng suit nhidu tin sd nhu
phuong trinh (10). Nhu vdy, v6i phuong phép ghi va
phan tich két qua nay, d¢ rong vach phé thuc chat cua
tin hiéu la:
AVbeatnote _ T[Sv

Ay =
v 2 2

(12)

khong phu thudc vao thoi gian tré pha giita 2 tin hi¢u.
4. Két qua thye nghiém

Trong pbén nay két qua do dac va phén tich d6
rong vach pho cua laser ban dan DFB phat xa ¢ ving
bude song 780 nm dugc tién hanh theo ca hai phuong
phap va so sanh ket qua.

300[F

2501

200}

150|

Pién thé/ V

100

Cong suat P/ mW

50

0
0 50

L L L L L L L L 0
100 150 200 250 300 350 400 450 500
Dong dién I/ mA

Hinh 3. Dic trung cong suit va thé phu thuoc dong
bom cua laser ban dan DFB phat xa ving 780 nm tai
nhiét d6 25°C. Dong ngudng 12 47 mA, cong suit cuc
dai 1a 303 mW.

Trude tién, dic trung cong suét va thé phu thugce
dong bom va dic trung phd cua laser duoc khao sat dé
lam co s6 tién hanh do d6 rong vach phé. Toan bd cac
do dac dugc tién hanh & nhiét do 25°C. Hinh 3 1 ddc
trung cong suét va thé phu thude dong bom cua laser
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thtr nghiém. Dong ngudng cua laser Im = 47 mA.
Pudng dic trung cong suét phu thudc dong bom tuong
dbi tuyén tinh dén cong suat cuc dai Pmax = 303 mW
tai dong bom I = 500 mA. H¢ sb bién ddi quang dién
n = 0.67 W/A.

Hinh 4 13 dic trung phd phy thudc dong bom ciia
laser thir nghiém. Dong bom tir 50 mA dén 500 mA
v6i bude nhay 1a 10 mA. Két qua cho thiy laser hoat
dong don mode cho dén dong bom dat 460 m, c6 hién
tugng nhay mode tai vi tri dong bom 200 mA.

Budc song A / nm

781

100 200 300

Dong dién I/ mA

400 500

Hinh 4. Dic trung phd phu thudc dong bom ciia laser
ban dan DFB phat xa viing 780 nm tai nhiét d6 25°C.
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Hinh 5. Phd RF cua tin hiéu beatnote cua laser 780 nm
do trén hé do self-delayed heterodyne st dung phuong
phép fit ham Voigt. Gia tri do rong 2Av tai - 3 dB 1a
71694 Hz.

Tir két qua do dic trung quang dién cua laser
DFB 780 nm, d6 rong vach phé duogc do khao sat tai
cong sudt quang ra cta laser 250 mW (tuong tmg voi
dong bom 417 mA), tai do laser phat don mode va
khong c¢6 nhay mode.

Hinh 5 12 ph6 RF cua tin higu “beatnote” ciia laser
780 nm sau khi di qua h¢ do dugc mo6 ta nhu trén hinh
1. Cuong d6 twong dbi cua tin hidu “betanote” phu
thudc vao tan s6 véi tan sb trung tdm 1a 78 MHz. Su
dung phuong phép fit ham Voigt thu dugc két qua do
rong vach phé thuc cua tin hiéu beatnote tai vi tri — 3
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dB c6 gia tri 71694 Hz. Nhu vay d¢ rong phé thure
Av cua laser DFB 780 nm do duoc béng phuong phap
nay la xap xi 35 kHz.

Hinh 6 1 phd cong suit nhiéu tin s6 cua laser
dugc do & cong sut quang ra 250 mW tai nhiét do
25°C. Tdc d6 ghi dir lidu IQ 1a 150 MS/s voi dai rong
1a 120 MHz. Thoi gian do 14 100 ms, vé 1y thuyét cho
phép d6 phan giai ciia tan s6 toi hang chuc Hz [11].

Két qua thu dugc tir phép do cho ta gia tri tan sb
nhiéu thu dwoc xép xi 12000 Hz. Tir phuong trmh (1D
ta tinh dugc do rong phd thuc Av co gia tri xép xi 19
kHz.
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Mat dé phé cong suat nhiéu tan sé [Hz/Hz]

T T T T T
0 110" 2x10°  3x10"  4x10"  5x10"  6x10'

Téan so Fourier [Hz]

Hinh 6. Phd cong sudt nhidu tin sé cua laser ban dan
DFB phat xa ving 780 nm, do & cong sut phat xa 250
mW tai nhi¢t 6 25°C. Gia trj tan sd nhiéu cua tin hi¢u
beatnote x4p xi 12000 Hz.

5. Két luén

Bang phuong phap do d6 rong pho thong qua do
mat d6 phd cong sudt nhidu tan sb, d6 rong vach pho
cua laser siéu hep dd duoc khao sat. Laser ban dan
DFB 780 nm c6 cong suit cuc dai 12 303 mW, phat birc
xa don mode trong ving 780 nm. P9 rong vach phd
thyc cua laser tai cong suit 250 mW thu duoc 1a 19
kHz. Phuong phap nay khic phuc dugc sy phu thude
vao thoi gian tré clia tin hiéu so véi phuong phap do
phé nang lugng phu thude tan s6 va hoan toan co thé
xac dinh dugc d6 rong vach phé cua laser tdi cd hang
chuc Hz.

Loi cam on

Tac gia cam on phong thi nghiém Joint Lab Laser
Metrology, Vién Ferdinand Braun Institut, CHLB Ptc
da giup do trong qua trinh thuc hién nghién ctru nay.
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