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Sem iconductor opt ical amp l i n ers( S0 A ) have been w i dely studied because of their f lex - i l iU compar ed to the

f iber amp l i f iers. B ut the m ost appl i cat ions based on the qu - tu m w el l (QW ) SOA suf f er * om m e- anisotrop ic

opt ical gain char act er ist ics, w h ich are caused by the m ass dependent behav ior of the l ight holes(L H ) a d the
heavy hd es(H H ) . So fa , the tensi l e sm ined Q W sm u t- -es have been w idely used to enh ance the T M mode

gain . B ut the al low ed s- ain a d the th ickness ar e l im ited by the cr it ical th ickness and n Uther more, the tensi le

s- am w i th lat t i ce m ism atch arou td l % , w here the L H ba d a d the HH ba d are crossing, mak e the e& d ive

mass so heav ier m at the dev ice cm not operate a low threshold cur rent [ 1] . T herefore, it is d i f f ¤ ult to ach ieve

the peak w avelength of 15 5 M n w i th convent ional tensue SHamed QW . T o avoid the cr it ical thickness prob lem ,

w e appl ied the w ave ¥ 1Id iot1 per turbat ion method to a lat t ice matched InGaA m rn aA SPAt- QW v ia

inu m ucing m in a d h i£ tensi l e sm ined lay ers in the Q W Ä shown h Og r e l [2] . T hese layers w ere p laced to

per turb the w ave ¥ nctions w i th the idea m at the L H feel the tensi le sv air- d layers much less than the H H do .

T hese phenom ena ref lected d irect ly m f igur e 2 Ä energy dispersion relat ions of QW w ith m d w ithout the layer s-

W e presented the f ir st tw o subbands o f valence bands for convenience. n e domed l ine represents £ e Q W
w ithout the lay ers and the so l id l ine is h t- the Q W w ith the three lay ers. A l£ OUI- m e bm ds are coup led

betw een L H M d H H , w e cal led m em Ä L H l a d M 1l according to the nam e of the bands at A=0 where L H

a d H H are decoup led - T he f ir st subband of Q W w ithout the lay ers is m ba d w h i le tha of the Q W w ith £ e

three layers i s L H ba d . In n - He 3, w e depicted E-k diag arn of the QW w ith the dr ee lay ers h crea mg m e

mult ip l ier N m m e He r e 1. A s the tw o lay ers approach to the center , the L H l is sInn ed w ith only smal l ra ges

w hereas the H H 1 m oves relat iv ely large deg ee since the l ay er l ocated near the center of t he w el l per turb £ e

even solut ion o¥ ¥ ® a la ger dÝ ee than the odd solution of LH 1. We must note tha the posit ions of £ e
lay ers do not cha ts the e& d i ve m ass of each subb and but shin s the ener - , levels of the suM a ds- The gah

character ist ics of correspond ing to the E-k d iag arn in the n - r e 3 are presented m f igur e 4 . T he upper £ r ee
graphs are T M mode gain a d the others M e T E mode gain . n e -ga n c- Yes w ere temporar i ly inc¤ a ed w ith

m ov ing the lay ers in the tw o si des tow ard th e center of the w el l . B ut th is v end w as van ished as w e k ept mov ing

the layer s to the center of the w el l . T his m ethod enab les us to avo id the L H and the H H crossing even at low er

tensi le Sn-ain Ä show n in the f igure 3. A nd the 3 dB gain bandw idths are much enha Iced 6 001 62 .8 mn of a

lat t ice m atched 100 A th ick Q W to M 2 .4 m of Q W w ith the lay ers as show n in the M ure 4 . For these m alyses-

w e used the 4 ¿4 L uRi nger -K ol- 1 H am i l ton ian based on Ap method. The eHed ive mass equat ions w ere solved

w ith f inite elem ent m ethod(FEM ) . W e used the potent ial as cont inuous var iable to avoid erroneous resuls .

Other w ise® som e num er ical er rors m ay occur dur ing calculat ion of the 1rst subband of valence ba d .
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Fig. 1. QW w ith three tcm ile SHah- d layers cmbcddcd in the

latt icc matchcd InGaA SA IGaAsPAr- QW . M C spacing of each
laycr was chÄ cn to pu tt»rb £ e wavc nmcOols - The * m ile
s- a n aPPI- d to £ C min laycrs is -23 5 % .

Fig. 3. W½C numerical sinM anor- resulB of the nm two valence

ba t. £f thc sOt¤ mre in the f igure 1.
- - - - - : N = 5 ¾Dunn--H¤H¤- : N = 6 ; - - - - - : N = 7
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Fig. 2. m e band diag arn of the f irst two st¤ b. ms of QW w ith
a d w ithout the ta mi lc strained min lay- - n e sol id l ines are
* r £ C QW w ithout the lu g s M d the dot- d l i t¤ s are fbr £ C

QW with thc laycrs

Fig. 4 . Thc trans¤ rse elecM c(TE) m d £ C Hang ers
map a id ThO modc gain of the squeal- in thc f igum l . The
upper thrce graphs are TM mode M d thc omer three are TE

mode gain. n e circlcd l it¤ is T E mode gain of latt ice ma ched
QW W1£ L z = 100 A .
- - - - - - : N = 5 ; en--¤euon----- : N = 6 ; - - - - - : N = 7
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