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Abstract 　 T he design and fab ricat ion of 1155Λm w avelength M ult ip le Q uan tum W ell

(M QW ) D istribu ted Feedback (D FB ) laser in tegrated w ith electroabso rp tion modu lato r is re2
po rted. A stat ic single longitudinal mode ou tpu t pow er greater than 6mW in free space is ob2
ta ined, w ith 0V b ias to the 150Λm length modu lato r and an ex tinct ion rat io of up to 11dB at

4V at 100mA operat ion cu rren t of 300Λm length D FB laser. T he modu lato r side and D FB laser

side are coated w ith A n tireflcet ion (A R ) and H igh reflect ion (HR ) coating respectively. T he

th resho ld cu rren t of D FB laser is abou t 16mA and the side mode supp ression rat io is alw ays

greater than 35dB w hen the reverse b ias vo ltage of the modu lato r is varied from 0V to 4V.

PACC: 4282, 4280S, 6865, 4255, 6150C

1　 In troduction

M u lt ip le Q uan tum W ell (M QW ) E lectroab so rp t ion (EA ) m odu la to r in tegra ted w ith

D istribu ted Feedback (D FB ) laser is fu ll of p rom ise fo r long2hau l, b road2band op t ica l f iber

t ran sm ission system and op t ica l netw o rk s. F irst ly, u sing it as the tran sm it ter of a system

the signa l t ran sm ission distance, w h ich is b ite erro r2free, is m uch longer than the one u s2
ing D FB laser as t ran sm it ter, fo r the w avelength ch irp of the fo rm er is sm aller than tha t of



direct m odu la t ion of D FB laser. A t p resen t, pena lty2free 10Gbös t ran sm ission over 100km

of standard fiber a t 1155Λm have been ach ieved w ith th is ex terna l m odu la t ing ligh t

sou rce [ 1 ]. N ex t, in com parison w ith L iN bO 3M ach2Zehnder m odu la to rs, M QW InGaA sPö

InP electroab so rp t ion m odu la to r offers long term stab ility, com pactness, and less vu lnera2
b ility to self2phase2m odu la t ion. In addit ion, the EA m odu la to r in tegra ted w ith D FB laser

is a very a t t ract ive op t ion becau se of the very low laser to m odu la to r in sert ion lo ss and the

reduct ion in packaging effo rt com pared to ex terna l m odu la to r. F ina lly, it is a lso u sed as

u lt ra sho rt op t ica l pu lse sou rce w ith variab le repet it ion ra te w hen driving EA m odu la to r by

harm on ic vo ltage and the t im e2bandw id th p roduct of the op t ica l pu lse equals to 0132 and it

is very clo se to the 01315 of the sech2 pu lse shape [ 2 ]. Its pu lse w id th is m ain ta ined w ell

over 6000km tran sm ission in the recircu la t ing loop experim en t [ 3, 4 ]. T herefo re, it is an im 2
po rtan t ligh t sou rce fo r fu ll op t ica l netw o rk.

To m atch the band2gap betw een EA m odu la to r and D FB laser, severa l k inds of tech2
n iques have been devised fo r th is pu rpo se, such as, respect ive ep itaxy of D FB laser and

EA m odu la to r[ 5～ 8 ]; band2gap energy con tro l select ive area M eta lo rgan ic Chem ica l V apo r

D epo sit ion (M OCVD ) [ 9 ]; vert ica lm ode coup ling [ 10 ] , select ive quan tum 2w ell a rea in term ix2
ing [ 11 ]; and iden t ica l act ive layer app roaches[ 12, 13 ]. In th is let ter, w e repo rt the Q uan tum

W ell (QW ) structu re, its characterist ics, and the p rocess of EA m odu la to r in tegra ted

w ith D FB laser by respect ive ep itaxy m ethod.

2　D ev ice Structures

T he D FB laser act ive layer con sists of six pa irs of st ra ined InGaA sP M QW w ith 018%

com p ression stra in, the w ell is of 710nm th ick and the barrier is of 13nm th ick InGaA sP

w ith ten sile st ra in fo r st ra in com pen sa t ion. T he ab so rp t ion layer of the EA m odu la to r con2
sists of ten pairs of st ra ined InGaA sP M QW w ith a pho to lum inescence w avelength of

1149Λm , the w ell is of 9nm th ick InGaA sP w ith 015% com p ression stra in, w h ile the barri2
er is ten silly st ra ined fo r st ress com pen sa t ion, and its th ickness is 6nm. D FB laser leng th

is 300Λm and EA m odu la to r leng th is 150Λm , and the d istance betw een them is 50Λm. T he

advan tage of respect ive ep itaxy structu re lies in tha t the QW stra in am oun t, num ber, and

w ell and barrier’s th ickness m ay be op t im ized independen t ly fo r D FB laser and EA m odu la2
to r.

3　Fabr ica ting Process

T he w afers fo r the in tegra ted devices are grow n by fou r2step L ow P ressu re (L P )

M OCVD. F irst of a ll, f irst2o rder co rruga t ion of period abou t 240nm is fo rm ed on the up2
per w avegu ide layer by u sing tw o beam ho lograph ic expo su re, R eact ive Ion E tch ing (R IE)

and chem ica l etch ing. T hen, p 2InP cladding layer is grow n by L P M OCVD at a grow th

tem pera tu re of 650℃. N ex t, M QW EA m odu la to r is grow n after rem oving the laser

M QW layer a t the EA m odu la to r po sit ion. T he fou rth step is to fo rm m esa by R IE and
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bu ry it w ith reverse p 2n junct ion. R IE can crea te a lm o st vert ica l w alls and yield the etched

pat tern and dim en sion un iquely defined by tha t of the m ask since it is in sen sit ive to crysta l2
lograph ic o rien ta t ion w ithou t w et etch ing p rob lem s such as etch ing dependence on m ateria l

com po sit ion and crysta llograph ic o rien ta t ion and m ask undercu t t ing. T he fina l step of ep i2
taxy is to grow the p 2InP up 2cladding layer and the p + 2InGaA s ohm ic con tact layer.

4　Exper im en ta l Results

F igu re 1 show s the ligh t2cu rren t characterist ics of the device. T he typ ica l va lue of

F ig. 1　L 2I characterist ics of a D FB laser

in tegrated w ith EA modu lato r

at differen t reverse b ias.

F ig. 2　F iber ou tpu t of a D FB laser

in tegrated w ith EA modu lato r at

differen t reverse b ias.

th resho ld cu rren t is 16mA and the D FB laser

and m odu la to r leng th s are 300Λm and 150Λm

respect ively. Bo th facets of the EA m odu la2
to r and D FB laser are coa ted w ith A R and

HR film respect ively; the reflect ivity of EA

m odu la to r facet is est im ated to be less than

1% , and tha t of D FB laser facet is m o re than

90%. T he iso la t ion resistance betw een the

D FB laser and EA m odu la to r is grea ter than

10k8. T he peak pow er is m o re than 10mW

w ith laser2driven cu rren t of 150mA w hen the

m odu la to r is unb iased, the a t tenuat ion ra t io

is - 12dB w hen the m odu la to r is b iased a t

- 4V at the laser in ject ion cu rren t of

100mA. T he lasing w avelength is 1155Λm

and the m odu la to r have the pho to lum i2
nescence w avelength of 1149Λm.

F igu re 2 show s the a t tenuat ion charac2
terist ics of th is m ono lith ic in tegra ted ligh t sou rce

m easu red from the coup led in to the tapered m i2
cro len s fiber w ith d ifferen t laser2driven cu rren ts.

T he residua l ligh t ou tpu t a t a h igher vo ltage ap2
p lied is very sm all and the ex t inct ion ra t io is m o re

than 20dB w hen the b ias is changed from 0V to -

4V. T he ex t inct ion difference of fiber ou tpu t and

EA m odu la to r’s facet ou tpu t a t the sam e b ias

com es from separa te confinem en t ligh t.

5　Summary

T he w avegu ide structu re and p rocessing of

EA m odu la to r in tegra ted w ith a D FB laser have

414 　　　　　　　　　　　　　　　半　导　体　学　报　 20 卷



been described. T he ou tpu t pow er of EA m odu la to r’s facet is grea ter than 10mW w hen

the D FB laser is in jected 150mA cu rren t w ith a 0V b ias to the 150Λm length m odu la to r,

and its ex t inct ion ra t io of up to 12dB is ach ieved at 100mA opera t ion cu rren t fo r 300Λm

length D FB laser w ith 4V b ias to the m odu la to r. T he th resho ld cu rren t of the D FB laser is

abou t 16mA and its side m ode supp ression ra t io is a lw ays grea ter than 35dB w hen the re2
verse b ias vo ltage of the m odu la to r is varied from 0V to 4V and the resistance betw een the

laser and m odu la to r is m o re than 10k8.
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