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1 　Introduction

Tunable lasers will be key component s in

f ut ure wavelengt h2division2multiplexing ( WDM)

t ransmission and p hotonic switching system. The

classical t unable laser is the dist ributed bragg re2
flector (DBR) laser [1 ] . In t his st ruct ure an integrat2
ed Bragg reflector performs t he wavelengt h t uning

selection. By current injection in the Bragg section

t he laser wavelengt h can be t uned. The t uning

range of these lasers is normally in t he order of 5～

10nm[ 1 ,2 ] , limited by the ref ractive index change

caused by current injection (Δλ/λ=ΓΔn/ n) ,where

Γaccount s for t he overlap of t he optical mode wit h

t he region of index change , n is t he ref ractive index

in t he Bragg section.Δn/ n is usually no more t han

0101. To achieve wider t uning range , several t una2
ble laser st ruct ures were int roduced[3 ] , such as su2
per2st ructure2grating ( SSG) DBR laser [ 4 ] , grating2
assisted codirectional coupler ( GACC ) laser [5 ] ,

grating coupler sampled reflector ( GCSR) laser [6 ] ,

sampled2grating DBR ( SG2DBR ) laser [7 ] . All of

t hese st ructures can achieve t uning range of 40～

60nm. The fabrication of GCSR laser is difficult ,so

it is hard to integrate with ot her component s. The

SSG2DBR laser needs expensive elect ron2beam

etching grating technology. Sampled2grating DBR

(SG2DBR) lasers are one of t he most p romising

t unable lasers for WDM applications since t hey can

provide bot h wide t uning range and high mode sup2
pression ratio [7 ] . Moreover , t he fabrication proce2
dure is also relatively simple compared to ot her

st ruct ures.

2 　Tuning mechanism of SG2DBR

The sampled2grating is a conventional grating

with grating element s removed in a periodic fash2
ion. Figure 1 shows a schematic st ruct ure of sam2
pled2grating. L s is sampled period and L g is t he

grating burst for each sampled period. Due to t he

sampling of t he grating ,t he reflectivity of a SG re2
flector exhibit s several peaks , regularly spaced a2
round the main peak corresponding to t he Bragg

wavelengt h ,as shown in Fig. 2. We call t he reflec2
tivity of t he SG reflector comb2like spect rum. The

peaks spacing of t he comb2like spect rum is defined
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by t he following relation : p =
λ2

2 ng L s

[7 ]

. The main

peak reflectivity is determined by t he formula : R =

tanh2 (κL G) ,κ denotes the coupling coefficient of

grating ,L G is t he total length of grating in one mir2
ror . And the envelope of t he reflective widens as

t he L g / L s is reduced. The reflectivity spect rum of

t he sampled2grating can be comp uted using t rans2
fer2mat rix met hod[8 ] .

Fig. 1 　Schematic st ructure of sampled grating

Fig. 2 　Reflectivity of SG2DBR reflector

Figure 3 shows a schematic st ruct ure of our 32
section SG2DBR. The gain section is sandwiched by

two SG2DBR mirrors. The two SG2DBR reflections

are designed with slightly mismatch of peaks spac2
ing ,so t hat only one pair of reflective peak can be

aligned. And lasing occurs at t he pair of reflective

peaks t hat are aligned. When a small index changes

in one mirror , t he adjacent reflective peaks will

come into alignment . So t he small index change

causes a large mount lasing wavelengt h t uning. The

t uning between t he reflective peaks can be obtained

by inducing identical index changes in t he two mir2
rors.

The laser has t hree sections : a 400μm2long

gain section and two sampled2grating mirrors , t he

back mirror contains ten 57μm sampling periods

and t he f ront mirror has six 55μm sampling peri2

Fig. 3 　Schematic st ructure of 32section SG2DBR

ods ,for bot h sampled periods L G = 7μm. The peaks

spacing in the f ront2SG is 61804nm and 61565nm

for t he rear2SG if t he Bragg wavelengt h is

1550nm.

3 　Fabrication process

The fabrication involves two step s of MOV PE

growt h and an ion implantation induced disordering

( IID ) quantum well intermixing ( Q WI) process

which blueshif t t he quant um well band edge to cre2
ate nonabsorbing sections for t he sampled2grating

mirror [9 ,10 ] .

The epitaxial base st ruct ure was grown on

(100) oriented n2IP subst rate using low pressure

MOCVD. The active region is st rained multi2quan2
t um well st ruct ure , which is sandwiched by step

separate confinement heterost ruct ure ( SCH ) of

112Q and 111Q waveguide. Above t he upper 111Q

waveguide are a 120nm IP mask layer and a 300nm

implant buffer layer .

The gain region was masked wit h 5μm of re2
sist ,and the ion implant was carried out using P +

at an energy of 100keV with a dose of 5 ×1014

cm - 2 . The implant buffer layer was designed to

completely capture t he ion implant ,creating vacan2
cies far f rom t he active region. The vacancies were

t hen diff used t hrough t he quant um well region

during a 680 ℃ rapid t hermal anneal ( R TA) ,so t he

quant um well interfaces were smoot hed causing an

increase of quantized energy level in the well , due

to a reduction of t he As concent ration in t he well .

A blue shif t of 90nm was measured by room tem2
perat ure p hotoluminescence. The implant buffer

layer was t hen removed by wet etching leaving a

planar surface.

The 120nm InP layer was used as sampling
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mask. After the holograp hic exposure ,t he sampled2
grating mirrors were defined by reactive ion etch2
ing ( RIE) and chemical etching , 80nm. Then the

InP mask layer was etched away. Figure 4 is the

SEM pict ure of the sampled2grating.

Fig. 4 　SEM picture of sampled2grating

Then t he ridge waveguide st ruct ure and elec2
t rode were performed af ter t he p2type InP and the

In GaAs contact layer regrowt hing.

4 　Results

Figure 5 is t he P2I relationship of t he SG2DBR

laser . The t hreshold current is 37mA and the out2
p ut optical power is about 915mW at 200mA driv2
ing current . The twisting of t he curve dues to the

mode hopping when the injecting current increa2
ses.

Fig. 5 　P2I curve of the SG2DBR laser

Figure 6 shows the t uning range obtained by

current injection in the back SG2reflector . The t un2
ing range is above 30nm. The side mode suppres2
sion ratio maintains over 30dB. Figure 7 shows the

superimpo sed spect rum of t uning range.

The wavelengt h t uning is discontinuous since

Fig. 6 　Wavelength tuning with rear SG2reflector cur2
rent

Fig. 7 　Supperimposed spect ra of 32section SG2DBR la2
ser

t he Bragg section is not optimized well . The injec2
tion causing index change is too small so that t he

comb2like spect rum shif ting can not cover t he

peaks spacing. Furthermore ,t he p hase section is in2
dispensable for t he quasi2continuous t uning of any

DBR laser because t he lasing occurs only when t he

cavity mode coincides wit h t he reflectivity peaks.

5 　Conclusion

We apply implant2enhanced intermixing to

fabricate t he 32section SG2DBR laser . The over

30nm discontinuous t uning range is achieved and

t he corresponding SMRS is greater t han 30dB.
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宽带可调谐取样光栅 DBR激光器 3
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摘要 : 利用离子注入量子阱混杂技术 ,成功研制了三段取样光栅 ( SG)2DBR 激光器 . 器件不连续调谐范围超过

30nm ,边模抑制比大于 30dB.
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