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Abstract　 In th is art icle, first w e classified the con tro llab ility of energy gap in select ive area

grow th (SA G) techno logy. T he red2sh ift of w avelength from 1. 51 to 1. 58Λm w as realized w hen

the SiO 2 m ask stripe w idth varied from 0 to 30Λm. T he mono lith ic in tegrat ion of a distribu ted

feedback (D FB ) laser diode w ith an electroabso rp tion modu lato r by SA G techno logy w as

demonstrated. InGaA sP m ult i2quan tum w ell structu re w as emp loyed as the act ive layer of laser

and modu lato r,w h ich w as grow n at the sam e tim e w ith grat ing in the laser region. T he stat ic at2
tenuation of 5dB at - 2. 5V w as ach ieved.
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1　 In troduction

E lectroab so rp t ion (EA ) m odu la to r, w h ich is based on quan tum 2confined2Stark effect

(Q CSE) in quan tum w ell st ructu re o r F ranz2Keldysh (FK) effect in bu lk structu re, is very

p rom ising fo r app lica t ion in long hau l h igh2speed (GH z) fiber comm un ica t ion system. It

offers m any advan tages, such as low ch irp characterist ics, com pact, and easy in tegra t ion

w ith o ther sem iconducto r devices. M ono lith ic in tegra t ion of EA m odu la to r w ith d ist ribu ted

feedback (D FB ) laser d iode shou ld g ive po ten t ia l benefits of low er co st, h igher ou tpu t

pow er and ease of packaging. M any stud ies have been repo rted on in tegra t ion of D FB laser

d iode and EA m odu la to r [ 1～ 7 ]. Severa l in tegra t ion techno log ies have been u sed in p reviou s

repo rted papers, tha t is, stacked layer techno logy [ 1 ] , bu t t2jo in t techno logy [ 2, 3 ] , select ive area

grow th (SA G) techno logy [ 4 ] and iden t ica l layer techno logy [ 5, 6 ]. O ne m ajo r d iff icu lty in fab2
rica t ion of pho ton ic in tegra t ion devices has been to rep roduce good op t ica l w avegu ide cou2



p ling betw een the funct iona l elem en ts. In p reviou s research of bu t t2jo in t w avegu ide w e

found it w as no t so easy to grow h igh coup ling efficiency w avegu ide [ 3 ]. T he SA G techno lo2
gy u sing m eta lo rgan ic chem ica l vapo r depo sit ion (M OCVD ) has a t t racted m uch at ten t ion

recen t ly becau se it offers an idea l w avegu ide coup ling betw een D FB laser d iode and EA

m odu la to r au tom atica lly, and also becau se it enab les to sim p lify fab rica t ion p rocedu re. T h is

techno logy is based on the SA G induced grow th ra te enhancem en t and com po sit ion

changes[ 7 ] in the m ateria ls of quan tum w ell layer. In the SA G techno logy, the energy gap of

m u lt i2quan tum w ell (M QW ) act ive layer can be adju sted easily by changing the m ask di2
m en sion.

In th is art icle,w e invest iga te the con tro llab ility of the energy gap by SA G and em p loy

the SA G techno logy to in tegra te D FB laser d iode w ith EA m odu la to r. To ou r know ledge,

th is is the first t im e to in tegra te D FB laser d iode and EA m odu la to r u sing SA G techno logy

in Ch ina.

2　Exper im en ts

F irst, 0. 2Λm th ick SiO 2 f ilm w as depo sited on (100) S2doped InP w afer by p lasm a2en2
hanced chem ica l vapo r depo sit ion m ethod. T hen SiO 2 m ask s pat tern as illu st ra ted in F ig. 1

F ig. 1　Schem atic diagram of m ask

pattern. W g= 15Λm ,

W m changes from 0 (no m ask) to 30Λm

w ere fo rm ed by standard pho to lithography fo llow ed

by chem ica l etch ing in a buffered H F so lu t ion. T he

w id th of the grow th reg ion (W g) betw een SiO 2 m ask

w as 15Λm , and the w id th of the m ask reg ion (W m )

changed from 0 to 30Λm. T hen InGaA sP M QW struc2
tu re w as grow n on a pat terned sub stra te by low 2p res2
su re M OCVD. To ob ta in the energy gap at d ifferen t

W m and W g, the cen ter part of grow th reg ion w as

m ade in to stripe Fab ry2Pero t (FP) laser d iode and the

energy gap can be determ ined by the lasing w ave2
leng th of the laser d iode. W h ile in tegra t ing the D FB laser d iode and EA m odu la to r, the

gra t ing w as part ia lly m ade on the D FB laser reg ion by u sing ho lograph ic techno logy befo re

grow ing M QW structu re. T he th icknesses of w ell and barrier w ere 0. 6 and 0. 9nm , respec2
t ively, in the unm asked reg ion. A ll the ep itaxy grow th w as done on A IXTRON 2200 L P2
M OCVD system. T he grow th tem pera tu re w as 650℃. T he grow th ra te fo r InGaA sP w as

low er than 1. 0Λm öh.

3　Results and d iscussion

3. 1　Energy gap con trol

In th is sect ion, w e discu ss the con tro llab ility of energy gap by changing W m of SiO 2

m ask. T he lasing w avelength of FP stripe laser d iode under variou sW m is show n in F ig. 2.

O bviou sly, the lasing w avelength keep s basica lly linear rela t ion sh ip versu s W m a t equal
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F ig. 2　L asing w avelength of FP laser diode of

differen t W m ,w here W g= 15Λm

W g. L arger W m and sm aller W g lead to a

larger red2sh if t. T he w ide range of con tro l2
lab le energy gap is a t t ribu ted to the change

in quan tum energy level associa ted w ith d if2
feren t w ell th ickness, w h ich resu lted from

the grow th ra te enhancem en t and also w ith

the d ifference in w ell layer com po sit ion s

cau sed by diffu sion supp ly of group Ë a tom s

th rough the m ask. It offers an easy m ethod

to ob ta in d ifferen t energy gap s in d ifferen t

parts du ring sim u ltaneou s ep itaxy,w h ich has

w ide app lica t ion in pho ton ic device in tegra2
t ion such as m u lt i2w avelength laser array,

spo t size converter.

3. 2　M onol ith ic in tegra tion of D FB la ser d iode and EA m odula tor

T h is sect ion describes the device structu re and sta t ic perfo rm ance of an InGaA sP

M QW EA m odu la to r in tegra ted w ith a D FB laser d iode on the basis of p reviou s sect ion.

T he m ask pat tern em p loyed here con sists of a pa ir of 16Λm SiO 2 st ripes (W m = 16Λm ) w ith

15Λm separa t ion (W g= 15Λm ) in the laser reg ion,w h ile there is no SiO 2 m ask in the m odu2

F ig. 3　A ttenuation characterist ics at

various reverse vo ltages

la to r reg ion. Part ia lly gra t ing w ith a period

of 241nm w as m ade by ho lography m ethod

fo llow ed by R IE dry etch ing. M QW of m od2
u la to r con sists of 6nm th ick w ell and 9nm

th ick barrier; bo th w ere InGaA sP la t t ice

m atched to InP. A fter grow ing M QW struc2
tu re, 2Λm w ide stripe w as fo rm ed by stan2
dard pho to lithography and w et etch ing. T he

stripe w as then bu ried w ith reverse p 2n InP

junct ion as cu rren t b lock ing layer. A 50Λm

w ide electron ic iso la t ion groove w as fo rm ed

betw een D FB laser and EA m odu la to r to e2
lim ina te the electric in terference fo r EA

m odu la to r w o rked under reverse b ias and

h igh frequency. T he iso la t ion resistance of

the etched groove is 5k8 typ ica lly. F igu re 3

show s the sta t ic a t tenuat ion ra t io characterist ics under d ifferen t reverse b ias vo ltages of

the as2cleaved device. T he a t tenuat ion ra t io a t reverse b ias of 2. 5V is - 5dB. T he h igh2fre2
quency m odu la t ion characterist ics are being m easu red and w ill be repo rted elsew here.
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4　Conclusion

W e have dem on stra ted the energy gap con tro llab ility of InGaA sP M QW SA G techno l2
ogy by L P M OCVD. T he w avelength can be changed from 1. 51 to 1. 58Λm w hen W m is

changed from 0 to 30Λm. SA G techno logy w as successfu lly app lied to the m ono lith ic in te2
gra t ion of EA m odu la to r w ith D FB laser d iode. T he sta t ic a t tenuat ion ra t io a t reverse b ias

of - 2. 5V arrived a t - 5dB.

Acknowledgm en ts

T he au tho rs w ou ld like to exp ress their gra t itude to M r. M a Chaohua,L iu Gu ili, Chen Bo,

M s. Su H u iyun, T ian H u iliang, Bai Yunx ia, Zhao Yan ru i and D uan L ihong fo r their w arm

help and in terest ing discu ssion s.

References

[ 1 ]　K. W ak ita, K. Sato, I. Ko taka et a l. , E lectron. L ett. , 1994, 30 (4) , 302～ 303.

[ 2 ]　H. Soda, K. N akai and H. Ish ikaw a,“F requency response of an op tical in tensity modulato r mono lith ically in tegrated

w ith a D FB laser, ”in P roc. ECOC’88, 1988, pp. 277～ 230.

[ 3 ]　Yan Xuejin, Xu Guoyang et a l. , Ch inese Journal of Sem iconducto rs, 1999, 20 (5) : 412～ 415.

[ 4 ]　M. A ok i,M. Suzuk i, H. Sano et a l. , IEEE J. Q uantum E lectron ics, 1993, 29 (6) : 2088～ 2096.

[ 5 ]　A. Ram dane, D. D elp rat, A. O ugazzaden, Y. So rel, J. F. Kerdiles, M. H enry and C. T hebault,“H igh perfo rm ance

strained layer in tegrated laser2modulato r fo r 20Gbitös transm ission, ”in P roc. ECOC’96, 1996, pp. 3, 191～ 3, 194

[ 6 ]　Y. L uo et a l. , Ch inese Journal of Sem iconducto rs, 1998, 19 (7) : 557. .

[ 7 ]　T. Fujii,M. Ekaw a and S. Yam azak i, J. C ryst. Grow th, 1995, 156, 59～ 66.

[ 8 ]　E. J. T h rush, J. P. Stagg,M. A. Gibbon et a l. , M aterials Sci. Engineer. , 1993, B21: 130～ 146.

9078 期 Xu Guoyang et a l. :M ono lith ic In tegrat ion of D FB L aser D iode and E lectroabso rp tion ⋯


