
第 27 卷 　第 6 期
2006 年 6 月

半 　导 　体 　学 　报
C HIN ES E J OU RNAL O F S EMICOND U C TO RS

Vol. 27 　No. 6
J une ,2006

3 Project supp orted by t he National Natural Science Foundation of China (N o. 10374085)

 Corresp onding aut hor . Email :f ushenghui @se mi . ac . cn

　Received 13 J a nuary 2006 , revised ma nuscrip t received 27 February 2006 Ζ 2006 Chinese Institute of Elect ronics

High2Power Distributed Feedback Laser Diodes Emitting at 820nm3

Fu Shenghui , Zhong Yuan , Song Guofeng , and Chen Lianghui
( I nstit ute of Semiconductors , Chinese A cadem y of Sciences , B ei j ing 　100083 , China)

Abstract : By etching a second2order grating directly int o t he Al2f ree op tical waveguide region of a ridge2
waveguide ( R W) Al GaInAs/ Al GaAs dist ributed f eedback (D FB) laser diode , a f ront f acet outp ut p ower of 30mW

is obtained at about 820nm wit h a single longitudinal mode . The Al2f ree grating surf ace p ermits t he re2growt h of a

high2quality cladding layer t hat yields excellent device perf ormance . The t hreshold cur rent of t hese laser diodes is

57mA ,and t he slop e eff iciency is about 0132mW/ mA .
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1 　Introduction

High2power Al GaAs/ GaAs dist ributed2feed2
back (DFB) laser diodes are at t ractive light sources
for many applications ,including optical disc record2
ing systems ,fiber2optic dist ribution networks , and
fiber2optic sensors.

Alt hough Al GaAs/ GaAs DFB laser diodes
have been researched for over 20 　years[1～5 ] , t he
high reactivity of Al to oxygen is still a p roblem[6 ] ,
resulting in large performance degradation t hat oc2
curs during t he fabrication of Al GaAs gratings. To
alleviate t his p roblem , Al2f ree gratings have been
int roduced into Al GaAs/ GaAs DFB laser di2
odes[7～9 ] . In t his work , experimental result s of
820nm DFB laser diodes wit h Al2f ree gratings are
shown. Particularly , we choose Al GaInAs instead
of GaAs as t he material for t he active layer to make
sure t hat t he TE mode is favored.

2 　Device structure and fabrication
procedure

　　The DFB laser wafer was grown by metal2or2
ganic chemical vapor deposition ( MOCVD) in two
step s. The first step consisted of an n2GaAs buffer ,
an n2Al0. 42 Ga0. 58 As cladding , a 70nm Al x Ga1 - x As
( x :0142～012) waveguide ,a 7nm 0165 % compres2
sively st rained Al GaInAs active quant um well

(Q W) sandwiched by 15nm Al0. 2 Ga0. 8 As barriers ,
a 70nm Al x Ga1 - x As ( x : 012～ 0142) waveguide ,
and an In GaP layer in which t he second2order grat2
ing ( period 244nm ) was formed by holograp hic
p hotolit hograp hy and dry etching followed by wet
etching. Cross2sectional scanning elect ron micro2
grap hs (SEM) of t he gratings before and af ter t he
second epitaxial growth are shown in Fig. 1. The
gratings became smoother and flat ter af ter t he sec2
ond epitaxial growth due to the mass t ransport . Af2
ter surface cleaning ,a 100nm Al0. 2 Ga0. 8 As layer ,a
p2Al0. 42 Ga0. 58 As cladding , and a p2GaAs contact
layer were grown in the second step . The ridge
waveguide ( RW) was fabricated by wet etching in
combination with an etch2stop layer in our case.
Following device fabrication , t he wafers were
t hinned ,polished ,and metallized. The cavity lengt h
L was 400μm. The f ront and rear facet s were anti2
(5 %) and high2 (95 %) reflection coated , respec2
tively. The devices were mounted p side2down on
heat sinks. All measurement s were performed un2
der continuous2wave (CW) operation.

3 　Results

Figure 2 shows t he optical power versus drive
current (L2I ) and voltage versus drive current (V2
I ) for a typical DFB laser wit h L = 400μm. The
t hreshold current of the device was about 57mA ,
with a slope efficiency of 0132mW/ mA. The laser
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Fig. 1 　Scanning elect ron micrographs of cross sections of gratings before (a) and after (b) the second growth

achieves a maximum kink2f ree power of 30mW
f rom t he f ront facet . The optical spect ra of the la2
ser are depicted in Fig. 3 at a current of 130mA.
The side mode suppression ratio between the lasing
mode and ot her cavity modes was larger t han
30dB. The vertical and lateral far2field p rofiles are
shown in Fig. 4. The vertical and lateral far2field
had f ull widths at half2maximum ( FW HM ) of
3418°and 1315°, respectively , at a current of
130mA which were in agreement with t he calcula2
tions.

Fig. 2 　Light2current and voltage2current characteris2
tics of coated DFB laser (CW ,L = 400μm , T = 25 ℃)

The spect ral linewidt h was measured using an
interferometer . A linewidt h of 80M Hz was ob2
tained at a 5mW outp ut power . To achieve a higher
outp ut power , temperat ure cont rolling is needed ,
which will be f urther st udied. The spect ral line2

Fig. 3 　Optical spect rum at 130mA 　Device is the

same as in Fig. 2.

Fig. 4 　Vertical and lateral far2field profiles at 130mA

Device is the same as in Fig. 2. The lines give the exper2
imental result s and the dot s give the calculated ones.

widt h of a DFB laser diode is given by[10 ]

Δv ∝
α0

κ2 L 3 (1)
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whereα0 is t he internal lo ss ,κis t he grating cou2
pling coefficient , and L is t he cavity lengt h. The
linewidt h is relatively high in our experiment s.
However ,a narrower spect ral linewidt h can be ex2
pected as t he fabrication of the grating is improved
and t he laser cavity is lengt hened as shown above.
This will also be f urther st udied.

4 　Discussion

Lateral optical confinement was accomplished
with a ridge waveguide. Maintaining f undamental
mode operation up to high power levels required a
caref ul analysis of t he mode stability[ 11 ,12 ] , which
was p rimarily determined by t he ridge waveguide
geomet ry. The waveguide st ruct ure of t he index2
guided laser had to be designed such t hat f unda2
mental mode operation was ensured. Advanced la2
ser simulation sof tware[13 ] was used to determine
t he appropriate ridge widt h and height . Figure 5
shows t he calculated Ith and slope efficiency ηs as

f unctions of t ,w hic h is t he t hickness of t he resid2
ual cla ddi ng laye r af te r che mical etc hi ng. We ca n

see t ha t I t h decreases as t decreases , a nd ηs also

decreases simulta neously. These two asp ects must

be conside red w he n dete r mi ni ng t he ridge dep t h .

Our a nalysis showed t hat a ridge widt h of 3μm
and height of 114μm were approp riate to satisfy
t he conditions mentioned above. The calculated
vertical and lateral far2field p rofiles are shown in
Fig. 4 for comparison wit h t he experimental ones.

Fig. 5 　Calculated Ith andηs as f unctions of t

5 　Conclusion

In summary , we have fabricated Al Ga InAs/
Al GaAs RW2DFB laser diodes emit ting at about
820nm wit h Al2f ree gratings by two2step MOCVD
growt h. The maximum outp ut power is up to

30mW CW wit h a side mode suppression ratio of
more t han 30dB. DFB laser diodes emit ting at adja2
cent wavelengths of interest (e. g. ,852nm for t he
optical p umping and cooling systems of t he most
accurate Cs clocks ) can be easily fabricated by
slight variations of t he active layer widt h and com2
position and t he grating period.
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激射波长为 820nm 的大功率分布反馈激光器 3

付生辉 　钟 　源　宋国峰 　陈良惠

(中国科学院半导体研究所 , 北京　100083)

摘要 : 通过将二级光栅直接刻在脊形波导 Al GaInAs/ Al GaAs DFB 激光器的无铝光波导层上 ,实现了波长约为
820nm ,单面功率为 30mW 的单纵模激光器. 由于采用无铝光栅 ,保证了二次外延质量 ,从而得到较好的器件性能.

激光器的阈值电流为 57mA ,斜率效率约为 0132mW/ mA.

关键词 : 分布反馈激光器 ; 无铝光栅 ; 脊形波导
EEACC : 4320J ; 4270
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