
　第 20 卷第 12 期 半　导　体　学　报 V o l. 20,N o. 12

　1999 年 12 月 CH IN ESE JOU RNAL O F SEM ICONDU CTOR S D ec. , 1999

　3 Suppo rted by the key p ro ject of Ch inese A cadem y of Sciences (CA S) fo r the n in th five2year p lan and by the foundation

of p residen t of CA S.

N ing Yongqiang (宁永强) , m ale, w as bo rn in 1965. A ssociate P rofesso r, Ph. D. Engaged in the research of sem icon2

ducto r op toelectron ic devices, including the grow th of Sb2contain ing sem iconducto r m aterials, the fabrication and

characterist ics of m icrocavity devices.

Received 9 M ay 1999, revised m anuscrip t received 23 June 1999

Ultra low Threshold Lasing in InGaA söInGaA sP M QW
M icrod isk Laser3

N ing Yongqiang (宁永强) , W u Shengli(武胜利) , W ang L ijun (王立军) ,

L in J iu ling (林久龄) , Fu D ehu i(傅德惠) , L iu Yun (刘　云) ,

W u Dongjiang (吴东江) , Zhao J iam in (赵家民) , L iu X ingyuan (刘星元) ,

J in Y ix in (金亿鑫)

(L abo rato ry of Excited States P rocesses, T he Ch inese A cadem y of Sciences, Changchun 130021, Ch ina

Changchun Institu te of Physics, T he Ch inese A cadem y of Sciences, Changchun　130021, Ch ina)

Abstract　 InGaA söInGaA sP M QW m icrodisk lasers w ith the diam eter of 2Λm w ere fab ricated

by using ract ive ion etch ing and w et chem ical etch ing. A n u ltra low lasing w ith a th resho ld of on2
ly abou t a few m icrow atts w as ach ieved w hen the m icrodisk laser w as con tinuously pumped at

liqu id n itrogen temperatu re by A r ion laser. T he phenom ena of m u lt ip le mode lasing, mode

ch irp ing and ou tpu t satu rat ion w ere invest igated. A po ssib le exp lanation is that the op ticalmode

distribu tion and the competit ion betw een differen t modes are influenced by pump pow er.
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　　W ith the advance of sem iconducto r nanofab rica t ion techn ique and the need fo r u lt ra2
la rge sca le in tegra ted op t ica l electron ic devices, m icrocavity lasers have been m o re and

m o re a t t ract ive. Sem iconducto r fab rica t ion techn iques have advanced to a stage w here it is

po ssib le to m ake op t ica l resonato rs w ith d im en sion s of the o rder of an op t ica l w avelength.

In th is m icrocavity lim it there is on ly one low lo ss m ode tha t in teracts w ith the op t ica lly

act ive m ateria ls in the cavity. M icrod isk lasers rep resen t a class of st ructu res capab le of

p rovid ing th ree d im en siona l pho ton confinem en t in the sem iconducto r environm en t. Pho2
ton s can be confined in a d isk by m ean s of a w h ispering gallery m ode (W GM ) , w h ich is d if2
feren t from that of F2P cavity sem iconducto r laser. W GM op tica l f ield is con structed in a

m icrod isk cavity due to the to ta l in terna l reflectance a t the circum ference of the d isk. T here



have been m any repo rts on the lasing characterist ics of m icrod isk lasers up to date [ 1～ 8 ].

M o st of these m icrod isk s w ere pu lsely pum ped by an op t ica l sou rce. In th is paper, w e re2
po rted the fab rica t ion of InGaA söGaA sM QW m icrodisk laser w ith a d iam eter of 2Λm. A n

u ltra low th resho ld lasing w as ach ieved in th is d isk by con t inuou sly op t ica lly pum p ing.

InGaA söInGaA sP M QW structu re u sed in th is w o rk w as grow n on InP sub stra te by

gas2sou rceM BE techn ique. T he deta iled layer st ructu re is show n in F ig11. A ll the ep itax ia l

F IG11　L ayer structu re of InGaA söInGaA sPöInP M QW m icrodisk laser

layers w ere undoped. A n InGaA sP etch2stopp ing layer w as u sed to p reven t select ive etch2
ing in to the InP sub stra te du ring the m cirod isk fab rica t ion p rocessing. A 1Λm 2th ick InP

p illa r layer w as u sed to fo rm a p illa r to suppo rt m icrod isk in the a ir. M QW active layer

con sists of th ree 10nm 2th ick InGaA s quan tum w ells separa ted by 10nm InGaA sP barrier

layers. T he M QW active reg ion w as caped by tw o 70nm 2th ick end cap s on bo th sides.

N anofab rica t ion techn iques includ ing standard pho to lithography, react ive ion etch ing

(R IE) , and w et chem ica l etch ing w ere u sed to fab rica te the m icrod isk lasers w ith the d iam 2
eters of 2～ 20Λm. F igu re 2 show s a SEM im age of a 2Λm 2diam eter m icrod isk laser.

F IG12　SEM im age of a 2Λm 2
diam eter InGaA söInGaA sP M QW

m icrodisk laser

To study the lasing p roperty and the spectrum char2
acterist ics of the m icrod isk laser, the m icrod isk layers

w ere op t ica lly pum ped at liqu id n it rogen tem pera tu re by

a con t inuou s w ave 51415nm line of A r ion laser. T he

pum p beam w as focu sed w ith a 40X m icro scope ob ject ive

to a sing le d isk laser. T he diam eter of the focu sed spo t is

abou t 10Λm. L igh t sca t tered from the m icrod isk laser

w as co llected th rough the sam e ob ject ive and detected by

a liqu id2n it rogen coo led Ge detecto r. T he pum p pow er

ab so rbed by one disk is ca lcu la ted by m easu ring the

pum p pow er focu sed on one disk and sub tract ing the

reflect ion on the su rface of d isk.

F igu re 3 p resen ted the lasing spectra of a 2Λm 2diam eter m icrod isk laser a t d ifferen t

pum p pow er. W ith increasing the pum p pow er, a narrow lasing peak appeared. W ith in2
creasing the pum p pow er fu rther, som e new peak s appeared and becam e dom inan t in the
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F IG13　Pho to lum inescence spectra and th resho ld

characterist ics of a 2Λm 2diam eter InGaA söInGaA sP

M QW m icrodisk laser pumped at 77K

spectra. T h is phenom enon m ean t tha t

there w ere m u lt ip le op t ica l m odes in the

d isk and the cavity Q facto rs and the com 2
pet it ion capab ility of these m odes w ere

com parab le. T he ch irp ing betw een differ2
en t m odes m igh t be as fo llow s: w hen

pum p ing at h igh pow er, the tem pera tu re of

the d isk m igh t get a lit t le h igher, resu lt ing

the changes and m odifica t ion of the refrac2
t ive index of the d isk. T h is m odifica t ion

then resu lted in the changes of the op t ica l

m ode dist ribu t ion and the com pet it ion be2
tw een the d ifferen t op t ica l m odes.

T he in set of fig13 show ed the ou tpu t

characterist ics of the 2Λm 2diam eter m i2
crod isk lasers. T he in ten sity of the vert ica l

ax is ind ica tes the in tegra l sum of a ll lasing

peak s in the spectrum. W ith increasing the pum p pow er, the in ten sity of lasing line in2
creased dram atica lly, ind ica t ing tha t lasing w as reached. T he th resho ld pow er w as est im at2
ed to be on ly a few ΛW. It w as a lso ob served tha t the in ten sity of the lasing lines becam e

sa tu ra ted w ith increasing the pum p pow er. W e believe tha t the sa tu ra t ion is due to the

changes of the tem pera tu re in the d isk. W hen increasing the pum p pow er, the tem pera tu re

of the d isk w ill get increased. T he increase of the tem pera tu re w ill then reduce the gain in

the act iver reg ion, resu lt ing the decrease of the ou tpu t in ten sity of the lasing line.

In conclusion　 InGaA söInGaA sP M QW m icrodisk lasers w ith the d iam eter of 2Λm w ere

fab rica ted by u sing R IE and w et chem ica l etch ing. T he lasing th resho ld w as on ly abou t a

few m icrow atts w hen pum ped by A r ion laser a t liqu id n it rogen tem pera tu re. M u lt ip le

m ode lasing, m odes ch irp ing and ou tpu t sa tu ra t ion w ere invest iga ted w hen pum ped at h igh

op t ica l pum p den sity.
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