
第 26 卷 　第 12 期
2005 年 12 月

半 　导 　体 　学 　报
CHIN ESE J OURNAL OF SEMICONDUCTORS

Vol. 26 　No. 12
Dec. ,2005

3 Project supported by t he Natural Science Foundation of Zhejiang Province (No. 602082)

　Fang Dawei 　male ,was born in 1958 ,professor . He is engaged in research on laser techniques and optical communications. Email :fangdw @

cjlu. edu. cn

　Received 27 April 2005 ,revised manuscript received 21 August 2005 Ζ 2005 Chinese Institute of Elect ronics

Effect of DBR Geometry on Reflectivity and Spectral
Linewidth of DBR Lasers 3

Fang Dawei1 ,2 , Zhang Yi1 , Li Chenxia1 , Manzaneda C3 , and Li Bo1 ,2

(1 College of I n f ormation Engineering , China J i liang Universit y , Hangz hou 　310018 , China)

(2 College of Optics and Elect ronics , Universit y of S hanghai f or Science and Technology , S hanghai 　200093 , China)

(3 Department of Elect rical Engineering , Universit y of I l linois , US A )

Abstract : The linewidths of In GaAs2GaAs2Al GaAs DBR lasers with varied DBR dimensional parameters are meas2
ured and analyzed. These lasers were built with different DBR grating lengths and depths in order to explore the

effect of the size of the DBR on it s coupling coefficient and reflectivity ,and hence on the linewidth of the laser di2
odes. The linewidths were measured by employing a self heterodyne linewidth measurement system. The experimen2
tal and calculated data for DBR reflectivity and spect ral linewidth are given. The relationship between these data and

the dimensions of the DBR is analyzed. Based on this analysis ,the effect of the DBR geometry on the linewidth of the

lasers is explored. The result s give useful information related to the design and fabrication of such DBR lasers.
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1 　Introduction

Dist ributed Bragg reflector (DBR) lasers have

very important applications in communications ,

p rinting , optical remote sensing , and as building

blocks for multiwavelength systems. The DBR

st ruct ure consist s of gratings of alternate media

with different ref ractive indices. This causes multi2
ple wave reflections t hat add up to generate a

st rong reflection at specific wavelengths. These

wavelengt hs are determined by t he spacing and pe2
riodicity of t he gratings and t he variations in the

ref raction indices. This st ruct ure p rovides very

high reflectivity at a selected wavelengt h , which

t ranslates to lower mirror losses and lower current

t hresholds. The linewidths of DBR lasers are main2

ly determined by t he DBR reflectivities. The de2
pendence of linewidt h of DBR lasers on DBR re2
flectivities , and t hus on coupling coefficient s , has

been t heoretically analyzed[1～3 ] . The investigation

of t he relationship between reflectivity ( and line2
widt h) and t he geomet rical parameters of DBR ,

however ,has hardly been touched. In t his paper we

report t he result s of cont rolled measurement s of

linewidt hs and reflectivities of first order surface

DBR lasers wit h varied DBR geomet rical parame2
ters. These result s are applicable to t he optimum

design and fabrication of such DBR lasers.

2 　Theory

According to the configuration of our DBR la2
ser ,we can divide it into four independent sections :
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a lossless mirror ,a gain section ,a DBR ,and anoth2
er lossless mirror . For a wave incident on a DBR

st ruct ure t hat has no gain or incoming light and os2
cillates at t he Bragg f requency ,t he expression t hat

relates the DBR reflectivity to it s coupling coeffi2
cientκcan be derived using t he met hod of scatter2
ing mat rices[4 ] :

R = | r | 2 = tanh2 (κL ) (1)

where r is t he reflection coefficient of t he DBR

st ruct ure , R is t he effective power reflectivity ,and

L is t he reflector length. From t he above formula

we see that the power reflectivity of t he DBR can

be obtained f rom t he product κL . Then the static

linewidt h of t he DBR laser can be expressed as[2 ]

Δν=
1
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W Ecv F(1 +α2 ) (2)
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where R1 is t he power reflectivity of t he right2hand

facet (emit ting side) , n is t he group index of t he la2
ser material ,L g is t he active region lengt h ,andαis

t he linewidt h enhancement factor . P is t he outp ut

power f rom t he R1 mirror . Physically , W corre2
sponds to the ratio of outp ut power P to t he p ho2
ton number in t he laser cavity , while Ecv is t he

spontaneous emission rate into t he mode. Since the

factor F is t he only quantity which differs between

t he above formula and t he corresponding expres2
sion for a FP laser ,it can be interp reted as t he ratio

of t he linewidt h of a DBR laser to t hat of an equiv2
alent“standard”laser wit h the same active layer

parameters operating at the same internal power

and wit h facet reflectivities given by t he moduli of

t he respective DBR reflection coefficient s.

3 　Experiment

The DBR laser is designed and fabricated to be

an asymmet ric cladding laser st ruct ure as reported

in Ref . [ 5 ] ,consisting of an etched ridge waveguide

t hat is 4μm wide wit h a contact window t hat is

2μm wide. The first 500μm of t he ridge waveguide

makes up t he gain section followed by t he DBR

section. The cont rol samples of t he DBRs were fab2
ricated wit h six different lengt hs and t hree dept hs :

50 ,100 ,150 ,200 ,250 ,300μm (in lengt h) ,and 011 ,

012 ,013μm (in dept h) , respectively. The gain peak

of t he quant um well st ruct ure was designed and

verified to be 11045μm , while t he gratings were

writ ten with a Bragg period corresponding to emis2
sion wavelengt hs of 11045 , 11050 , and 11055μm.

For t hese wavelengt hs ,t he corresponding effective

ref raction indices are 31316911 , 31316067 , and

31315233 ,respectively.

In t he experiment , t he value of t he coupling

coefficient can be derived by measuring t he ratio of

t he outp ut power of bot h t he DBR and t he facet

end of t he laser diode ( see Ref . [ 1 ]) . Then we can

get the DBR reflectivity f rom Eq. (1) .

The linewidt hs of the DBR lasers were meas2
ured by using a self heterodyne linewidt h measure2
ment system[6 ] . The principle of t his met hod is

shown in Fig. 1. The laser outp ut is divided into

two branches . The light through one of t he bran2

Fig. 1 　Schematic of the linewidth measurement setup
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ches is delayed byτd t hrough a single2mode fiber ,

and is regarded as the local oscillator power . The

light t hrough anot her branch is f requency2shif ted

by an RF f s (80M Hz) using an acousto2optic mod2
ulator . The beat signals between the modulated and

t he delayed signals f rom t he laser are mixed on a

high2speed p hotodetector and p ut into an RF spec2
t rum analyzer . According to t he principle of the

heterodyne met hod , t he beat waveform measured

by t he spect rum analyzer will t hen have twice the

spect ral widt h of t he original signal [ 1 ] . The resolu2
tion limit is given as t he inverse of the delayed time

τd
[1 ] . Figure 2 gives an example of t he mixer outp ut

spect rum.

Fig. 2 　Example of the mixer output spect rum

4 　Results and discussion

The emission wavelengt hs of t he cont rol sam2
ples fabricated were intentionally targeted at t hree

nominal values. For some samples wit h nominal e2
mission wavelengt hs differing quite largely f rom

t he gain peak (t hat is ,t he nominal wavelengt hs be2
ing 11050 and 11055μm) and wit h shallow2etched

or short gratings (mainly for t he 011μm deep or for

012μm deep but with short DBR) , t he DBR grat2
ings did not p rovide enough feedback at t he Bragg

wavelengt h , which means t hat the Fabry2Perot

mode may have oscillated , resulting in a passive

cavity broadening or multi2mode lasing p henome2
na. This complicated sit uation will be discussed

elsewhere. In t he following ,only t he data f rom the

samples wit h a nominal wavelengt h of 11045μm

(coinciding wit h t he gain peak) are p rovided. For

011μm deep DBR ,t he emission wavelength was ,on

average , 110475nm ( 215nm longer ) wit h a very

narrow spread. For t he 012μm DBR ,t he sp read a2
round t he nominal wavelength was 3nm. For t he

013μm deep gratings ,t he emission wavelengt h was

only 1nm longer t han t he nominal wavelengt h.

Figure 3 shows t he variation of DBR reflectivi2
ties wit h t he dept hs and lengt hs of the DBR grat2
ings. These data reflect t he average of all t hree tar2
geted wavelengt hs for all depths and lengt hs. The

reflectivity data include the reflection f rom t he fac2
et at t he end of t he DBR and the residual reflectivi2
ty p hase[1 ] . The average reflectivities are 1114 % ,

7218 % ,and 8416 % for t he 011 , 012 , 013μm deep

DBR st ruct ures , respectively. It can be seen t hat

t he dept h has a much higher impact on t he reflec2
tivity of t he DBR t han t he length.

Fig. 3 　Variation of DBR reflectivity with respect to

the length of the DBR structure for several grating

depths

Figure 4 shows t he variation of t he static line2
widt hs of t he DBR lasers wit h normalized bias cur2
rent s. All data were derived at 20 ℃ wit hout any

modulating. Figure 4 (a) shows t he linewidt h varia2
tion for several DBR lengt hs wit h t he same grating

dept h ,011μm. The range of linewidt h variation ob2
served above 112 Ith is ～8M Hz ,while for 012 and

013μm deep gratings t he variation ranges are bot h

below 4M Hz (this is not shown in Fig. 4) . Compa2
ring t hese result s with Fig. 4 ( b) ,we find t hat this

is similar to the reflectivity sit uation : dept h has a

much higher impact on t he linewidt hs of t he diode

lasers than lengt h. This coincides with what we

would expect int uitively. In addition , t he linewidt h
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dist ributions over ascending bias current are much

smoother for 012 and 013μm2deep gratings t han for

011μm deep gratings. On the ot her hand , t he far

field characteristic is poorer for deeper gratings

t han for shallow gratings. According to our obser2
vations , t he DBR samples wit h shallow2etched

gratings sustain a single mode up to an injection

current level of 55mA (～417 Ith ) ,while t he samples

with 013μm2deep and 300μm2long DBR sustain a

single mode only up to an injection current level of

15mA (～111 Ith ) .

Fig. 4 　(a) Variation of linewidth with respect to nor2
malized bias current for several lengths of the DBR

structures with grating depth of 011nm ; ( b) Variation

of linewidth with respect to normalized bias current for

several depths of the gratings with DBR length of

200μm

For all t hree types of t he cont rol samples ,we

also measured t he temperat ure coefficient of wave2
lengt h ,Δλ/ΔT ,wit h t he temperat ure ranging f rom

10 to 70 ℃. The observed values of Δλ/ΔT for

t hese t hree types of samples were about 017 ～

019nm/ ℃. Samples wit h shallower etching have

relatively smaller temperat ure coefficient . For sam2
ples wit h 011μm2deep gratings and a lengt h shorter

t han 150μm , however , t he emit ting wavelengths

were not able to be measured due to multi2mode or

mode2hop p henomena at 112 Ith bias current s and

temperat ures above 40 ℃. Thus t here is no point in

measuring temperat ure coefficient for samples wit h

too shallowly etched gratings.

From Fig. 4 ,it can be seen t hat there is appar2
ent linewidt h broadening above 118 Ith for 150 and

200μm DBR. We at t ribute this to t he activation of

some Fabry2Perot modes for t hese shallow2etched

gratings in t his high bias condition. Besides , t he

linewidt hs manifest apparent fluct uations along t he

intermediate current range , which must be caused

by the modulation resulting f rom t he reflection off

t he facet at t he end of t he DBR and t he residual re2
flectivity p hase. A detailed discussion of t his will

be p resented in a fort hcoming paper .

From t he analysis mentioned above , we con2
clude t hat longer and deeper gratings p rovide more

effective feedback at t he Bragg wavelengt h , in2
creasing reflectivity and hence improving linewidt h

performance of t he DBR lasers. On t he ot her hand ,

t his int roduces more losses , resulting in higher

t hreshold current and poorer operating conditions ,

decreasing the beam quality of t he laser diode ,es2
pecially in t he large current operating range. It also

can be deduced that deeper etching more st rongly

leads to these two negative effect s t han longer

gratings. Since a main factor of linewidt h broade2
ning for t his type of DBR laser ,as analyzed above ,

is the residual reflectivity in t he facet on t he end of

t he DBR ,one possible solution to enhance t he af2
fectivity of short (or shallow2etched) DBRs is to

coat t he end of t he laser diode wit h an antireflec2
tive coating to suppress t he feedback of t he Fabry2
Perot modes. This will p romote bot h t he improve2
ment of spect ral linewidth and t he enhanced per2
formance of t he diode lasers in a wider operating

range.
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DBR几何特性对其反射率和 DBR激光器线宽的影响 3
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摘要 : 对 DBR 几何参量不同的 In GaAs2GaAs2Al GaAs DBR 半导体激光器样品的输出线宽进行了测量和分析. 样

品激光器 DBR 光栅取不同的长度和蚀刻深度以考察其几何特性对耦合系数、反射率以及输出线宽的影响. 线宽通

过自差频测量系统测量得到. 对实验结果与理论计算结果进行了对比. 对测得的光学特性参数与几何特性参数之

间的联系进行了分析 .在此基础上讨论了 DBR 几何特性对激光器输出线宽的影响. 研究结果为该类型 DBR 半导

体激光器的制造提供了有用的信息.

关键词 : 线宽 ; 分布式布拉格反射器 ; In GaAs2GaAs2Al GaAs 半导体激光器

PACC : 7360F ; 6855

中图分类号 : TN24814 　　　文献标识码 : A 　　　文章编号 : 025324177 (2005) 1222315205

3 浙江省自然科学基金资助项目 (批准号 :602082)

　方达伟　男 ,1958 年出生 ,教授 ,长期从事激光技术、光通信技术等方面的研究. Email :fangdw @cjlu. edu. cn

　2005204227 收到 ,2005208221 定稿 Ζ 2005 中国电子学会

9132


