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ABSTRACT

Here we describe the stucmre of ™o types of quonmum spin laser form 1ype quonmm dotws and wells
according  the bucketmodel. Then, with according 1o the swucwres, we sudy the loser equotions
firstin the conventonal s, then we propagom te spin s © beteer goin. Tharis, corriers ond
phowns density, with according  the optcal goin in both the conventonal and spin swres, is roEo ©
t1me. In the end, we examine the sysem in o seady swwe for o s notcapmred (t1=0ps) ond ofer

passing (t,=2ps)which is copmred and phowns produced.

INTRODUCTION

The loser is atype of excired ond energetic lightthoris not
normoally seen in nomwre, butitcon be creored with special
wchnology ond equipment. Loser hos differences with
normal light, which these properdes couses it pordculor
capobilides ond opplicotons. Loser lightcon breok down
the hardestmemwils and easily poss from hord objects such
os diomond ond in itcreare hole. Low-power and delicomwe
exwoordinory swips other lasers con be used © perform
for very delicatre works, such as humon eye surgery. Laser
light can broughtunder contol with greor precision ond
used os acontnuous swip called acontinuous laser or fost
explosions called apulse loser. Unlike normal light, laser
lighthos aperfecdy concerwed energy, which through this
creows o lot of power © do different works. The word
loser is derived from the initiols of words thatdescribe its
propertdes, which meons "light amplificaion by
stimulored emission of rodiorion"”

Spin-to-semiconductor electric injection

Another possible spinwonic application is the injecton of
apolorized spin currentint asemiconductor syswem. The
polarized spin current, is current which in ita populotion
of aspin specie is more thon the other species. Since spin
coherence tme in semiconducwrs is much longer thon
thor of spin coherence ime in mewils, the discussion of
spin injecdon inw semiconductrs is imporwnt. When
elecwons are injectred from o ferromognetc moter © o
nonmognetc morer, they con keep their spin on o
dewrmined diswnce. The necessory conditons for
mainwining this spin polorizaton are successful spin
injectons, spin wonsitons in the semiconductor inwerior
with o mult-micron spin, spin Lifeime grearer thon 100
ns, ond ulumarely successful dewecton. In order 1 select
the suimble mawrial for spin injecdons, the momwriol
should include the polorized spin Corriers Unit
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Orienwmon ot room wmperomre. There ore mony
suggesdons for elecmon injectwors but the most obvious
ond definitw selecton of ferromognetic moteriols is due
high w©mperomre Curie, we have chosen their low
induction ond fost mognetization swiwcching. The
inducton of o ferromognetdc mowrial is defined os the
mognetic field intwensity applied 0 reduce the
maognetzoton of thot maeriol © zero, ofer the sample
mognetization hos reached somroaton. However, there are
problems with the use of ferromognetic momrials os spin
Injecwors ™ semiconductwrs. The moin problem is the
mismotwch of conductvity thot happens or the inwerfoce
between ferromognetic ond semiconductor. There are
three woys o fix this problem: use of 100% polarized spin
mawriol os on injector, use of mawriols with similor
conductvity with semiconducwor ond use of wnnel
barrier” . First possible solution is the use of semi-
mewllic ferromognedsm. The idea for semi-mewllic
ferromognetdc wos first proposed by Devere et al. In
1983°. Semi-memwilic ferromognetism ore moreriols thot
have abond gop in o Fermi level for a spin subswore thor
they moke them 100% spin polarized. Although research
on semi-mewillic ferromognetsm suggest the absence of
o syseem with a spin polarizaton of 100% or room
Mmperomre.

Analytical study of Polarized spin semiconducting
lasers

The loser is lightamplificomon by sumulowed emission of
radiodon. The imporwnce of losers w© their widespread
use, one of the key chorocwristcs of the loser is the
dependence of emitred light w injection. Two polarized
ond non-polorized spin semiconductor lasers con be
separaed. Depending on injecwed the spin corriers ore,
polarized or unconsolidoed. Both lasers have ore active
region, resonance cavity ond corriers injectr In polorized
spin semiconductng laser, laser operations oare directred
by charge carriers current in o laser cavity, while the
polorizotion of lightemited by the spins of the carriers is
defined. The spin loser heort is a fragment thor is colled



vertcol-cavity surfoce-emiting loser, which is bosicolly
asemiconductor laser, the laser beoms in the directon z,
emitred perpendiculor © the sub-layer moreriol on which
it grows. Spin elecwic injectons are made using wo
ferromognetdc connectons. Laoser resononce coavity
consiss of ™o Brogg reflector mirrors porollel © the
surfoce of the sub-layer ond loser active region including
awell or dotquonmm 1 produce loser lightomong them.
Diswibutwed Brogg Reflector (DBR) mirror consistung of
layers with o low ond high the refrocdve coefficient
inermitent Typically, the higher ond lower mirrors ore p
ond n types doping marerials respectvely, which moke
up a p-n bond. Sumulored emission occurs in the octve
region the semiconducwr Loser of the verdcal Cavity
Surfoce Emission.

In the elecmonically ocuve region in the conducton
bond, the semiconductor is subjecwed possoge  empty
swwe in the volioncy bond thor produces phowon ond
leaves the actve region. This process of recombination is
called elecwon-hole irradiaton. To replenish the elecrron
ond hole populations, the charge corriers mustbe injecred
inw the actve region with elecwical current. Populoton
inversion is achieved by threshold injectng which the
number of elecwons in the conducton bond is greower
thon the number of elecwons remaining neor the wp of
the volence band. When this happens, the loser covity
losses are defeared ond the loser acton begins. Threshold
currentis the currentthat mustbe injecred o allow laser
Operomons ™ occur.

If this currentis o high, the loser may be impossible for
portculor opplicatons. The elecdve rules for optcal
wonsitons in quonwm well ond quonwum dot sTucwres
depend on portcipotng corriers spin. A spin-up elecmon
of conducton band con only be recombinoton with o
spin-down hole. In this acton, a.photon is emission with
aleftword circulor polarization. Conversely, aspin-down
elecwon recombination with aspin-up hole thar o photon
is emission with o righword circulor polorizogon.
Accordingly, polorized spin semiconducwr losers host
™o unequal-intensity loser swmes with left ond right
circulor polarizatons. When the semiconducmor loser is
powered by o polarized spin current, o decreose in
threshold current density is observed. Now thor if the
loser is powered by up-polarized spin current, then the
™o loser swes have equal inwensites. Itis imporwnt ©
notw thor elecrons spin con be conversion withourt light
emission, ond this spin reloxomon con limitmony of the
propertes of polarized spin semiconductor loser.

In this poper, we exomine the similoriies between
quonmum well (QW) ond quonmum dot (QD) used os
morerial goin in semiconductwor lasers. For actve region
based on QD, o more complex descripton is needed.
Therefore, mopping between QD ond QW losers hos the
ability o eosily describe for powentol remrns. To creomw
such a mapping, our focus is on o conventonal losers
(spin un-polarized) and spin-losers thorin itthe corriers
are spin-polorized. And are injecwed by circular polarized
lightor electwic injection using mognetic conwct Figure
1 shows a diogram of the conducton bond using romw
equodons for quonmum well lasers ond quonwm dotws. In
quonwum wells, o spinal alignment between injectmble
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carriers leads © the recombinaton of o number of
elecwon-holes, which couses emited circulor light
polorization. S represents the emited phowns with
positive ond negotmve helicity, respectvely. But the
quonwum dotloser hos several additonal processes due
the wettng layer compared © the quonum well loser.
The weting loyer (WL) acts os the reservoir of corriers” .
Carriers conquered from WL © QD or, conversely, they
con escape from QD © WL.

Bucket model of lasers

One of the most useful comparisons © show the
operation of polarized spin semiconductor loser is by the
Bucketr model, which wos previously inended only for
un-polarized spin losers. To describe the Bucket model
for polarized spin semiconductr losers, must first
described this model for un-polarized semiconductr
losers. In Figure 2, first showed the bucketr model for
conventonal lasers (spin-unpolorized) ond then for
polarized spin losers using row equotions. For
conventdonal losers, the womr level represents the
density of the charge carriers, the warer foucetrepresents
the carrier injecton, the output womr represent the
emited lightwhich is the density of the photon, the small
leoks on the surfoce indicawre the processes of
spontmeous recombination ond the loarge slit on the
bucket indicawes the losing threshold (resononce
threshold). In low injecton (low pumping), the waomer
level is low ond some of this worer will drip ourt of the
leoks. In this ste, there is only insignificont amount of
oumpur light The operoton of such loser is like light
emissory, sponwmneous recombinoton is o response for
light emissary. At high injecton (high pumping), the
wower will reach a lorge slitond begin o erupr, reaching
the losing threshold (resononce threshold), ond Inducton
recombinoton dominomws the light emission. Excess
woter will only lead 1 o small chonge in worer level, but
the output will increase ropidly compoared m low
injection swmw. At the injecton threshold J, the
sponwneous emission begins ond the inwnsity of the
emited light increoses significondy. J>J Refers o the
inducdve recombinoton leosing performonce, which
indicomes how © work the lightemission. The description
of secton (o) in Figure 2 is similor © Figure 1-a
mechonism.

In sectdon (b) from Figure 2 illuswoms spin loser
swucwral with polorized spin carriers. If you pay
orenton, the bucker is divided in ™o halves by the
connectng woll. Which indicamwes the injection of wo
spin populations, which are filled pordculorly with hot
ond cold worer, respectvely. The openings on connectng
woll in Segmenwmion allow the hotond cold worer © mix,
the openings on connectng wall in segmentmion ollow
the hot ond cold water © mix, which by doing so, it
inends © show the spin reloxing thor couse mixes the
spin-up ond spin-down populagion’. If connecting wall
hos o smoll diometer thar con be ignorable. The ™o
populatons will notbe mixed, which corresponds t the
1me when is unlimited spin reloxotion. If the connectng
wall is o wide, the immediomwly unequal populotons



will be in equilibrium. This leads w© corrier polorizoton
of ignoroble. With on unequal injecton of hot and cold
womer, the spin injectuon polarizaton is defined os
follows'": P=(J.-J.)J Init J. injectons ore of wo spin
images thor ogether form the wl injecton (elecwic
spin injectdon) J=J.+J ~ The difference in levels is cold
ond hotwarer (see Figure 2, section b), this leads 1o three
functonal region of the carrier ond ™o differentleasing
thresholds J,,,” Small leoks shows corrier loss through
sponwneous recombinoton, ond large slit neor the wp
partindicore the losing threshold. Towl elecwon density
is writen os n=n,+ —wowl hole density is writen os
P=P_+P_ond wwl phown density is writen as S=S'+SIn
the ronge of ime when spin reloxotion is zero, we expect
polarized oand un-polorized spin semiconductor losers
behave the same way. Bosed on the Bucket model, con
provide on inmitve undersmnding of polarized spin
semiconductor loser operatons. Bosed on the Bucket
model for polarized spin semiconductr losers, which
confirms the exisence of two threshold currentdensites
J, ond J, for corriers with mojority ond minority spins, for
this type of loser, as we soid, three functonal region ore
considered. Region I, is region where there is no
inductve emission ond the loser is off. Region II, is the
region where in itcarriers have the mojority spin lead ™
losing (resononce), known os the normolized spin
filwering interval. Region I11, is the region where corriers
both types of spin leoad © resononce (losing).In low
pumping (when both hotond cold worer levels are below
the lorge slit), both carriers spin-up ond a spin-down ore
in off region of the lightemiwing diode (LED), thus, the
emiting is insignificont. In higher pumping, the hot
worer reaches o large slitond erupts as shown in Figure
(2, secton b). While the amountof cold worer that flows
outis swric ond insignificont. This indicomes thoraregion
of spin mojority is in the leosing swme. While the spin
minority is sull in the LED region, therefore the
inductve emission is due  the recombinodon of the
spin majority corriers. By describing section b in Figures
1 ond 2, we described the operaton of quonum dot
losers with polarized spin corriers os o schemoric ond o
bucketmodel.

Investigating rate equations in conventional and spin
lasers QD and QW:

Rate equations in conventional lasers:

In this poper, we first consider rowe equomons for
conventonal lasers thar used quonmwm wells os their
mawriol gain. Saucwrally, this loser is similor © Secton
(o) in Figure 1, olso in the previous secton swucwmre
simulotion of this laser with Bucketr model wos
presentwed (see Figure 2 of Secton (0)). Therefore,
occording © the row equodons, direct relodonship
beween moreriol propertes ond loser device porometers
con be provided. For QW conventonal loser, the row
equogions are os follows

dn/d=J-g(n,S)S-R,,
ds/d=T'g(n,S)S+I'BR-S<,,

"(2)"
"(3)"
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N Demonsmotve the corriers density ond S is photwons
density. The optcal goin is as follows

g(n,8)=(g,(n-n,,, )(1+°S) (4"

In the poper, g, is the gain coefficientreagentl4, n_wonis
the wonsporency density, ond here ~ is the gain
compression foacwrl3. R, Sponwmneous recombinomon
con be dependenton different densites8. Here we focus
on the quodratic equodions, Bn®, which B is emperamre
dependent constont. I' Represents the optical
confinement factor, B represents the spontaneous
emission factor12, 15. 7, Indicates the photon lifetime.
According to scrutiny rate equations of (4) and (5) and the
optical gain of (6), we find that rate equations are
exponentially increased on the variations of t from zero to
50 for n (carrier density), as well as for S (photon
density), as shown in Fig. 3, is negligible in relation to t,
This means that n is increased more than S versus t.

Rate equations in spin lasers:

Now, according  Figures 1 and 2, we describe the row
equamons for spin lasers with polarized spin corriers thor
use quonwum dots os mowerial goin. As we have said, since
QD spin losers swucwre hos several processes addition ©
QW conventonal losers, the rawr equotons of QD spin
loser are more complex thon QW conventonal loser. The
rowe equotdons for QD spin losers ore described os
follows"

dn /d=) -g (n ,SC)SIHn -n )/(tn)-R O] "(5)"
] ] | S sp

ds /d=I'g (n ,SC)S[ESTA -BGR "(6)"

0 0o o ph sp
In this paper, - / + subscript (superscript) represent the
elecron spin (phown helicity). Here, t," represents the
elecwon spin reloxodon tdme, which for P=0 in
conventonal losers, accordonce with spin reloxoton
F=(n -n, )/t,Sponwneous recombinomon rewriten os
follows:R,, =2 Bn p, whicht,” 0 approves hole spin
instmnmneous reloxadon. The hole density is thus
eliminowed p,=p=p/2=(n.+n_)/2 , While the results in
R, =B n (n+n) ore assumed w charge negomve.In the
review of the row equoton for spin losers according ©
equadon (5) ond (6), we find thorelecwons spin number in
posiive ond negotve swmes increosed exponentolly,
olso, Colculoion t1me voriotons of elecwons spin
number from elecmons helicity number in positve ond
negotve swres ore higher. Elecmons helicity in both
stes, there is o negligibly increased versus T In this
secton, we compare the rawr equotons for conventdonal
ond spin lasers according  Figures 3,4and Toble 1. We
find thot ime voriotons of elecwons spin number (n) in
the conventonal losers ore higher thon spin losers. Bur,
tme voriotons of elecwons helicity (S) in the
conventonal losers in reloton w spin losers is decreased
by opproximawrly 0.03. The carrier's density in



conventonal losers are initolly zero ond increose with
lopse 1ime, ond ofrer 25 seconds, the loser emiws o
conswnrt light The phowns density is such thor only
increosing it is very small compored w increosing the
carriers density. The carrier's density in spin losers are
initolly zero ond increase with lopse ime, ond ofwer 5
seconds, the loser emiws o conswnt light The phowns
density is such thar only increosing it is very smoll
compared  increasing the corriers density similor ©
conventonal losers.

The net rate of levels occupation probability by
electrons and holes in rate equations for QW
conventional lasers

Here is we writws briefly ime dependence of levels
occupying probobility by elecwons, for QW
conventonal losers (according w reference 16, 17):

(df,)/dr=I-C+(2/K) ER, ..7
(df))/d=(K/2) C-E-R-G "(8)"

(dfy)/dt=T"3,G+T ', BR -f %, .. "(9)"
Here, W and Q subscriptw represent the WL and QD
regions (occording  Figures 1 ond 2), ond the S
subscript is relored © phown (ploce the loser light is
emimed). Here f,, are indicomve the probobility of
elecwons occupying in QD ond WL regions, thot are
writen as f,=n, /N, ond f, =n_ /2N, ).(0<f, <1)In
these, n ,, are indicodve the elecwons corresponding
number, ond N, the swmes number in WL and N, are
quonmm dotw number, thot each dot has o wofold spin
degenerow level. The relodonship between the stwwes
number in WL ond quonmm dot number is shown by
K=N, /N, f Is indicomve the probobility of phown
occupoadion =S /2N, )which S is the number of cavity
photons, that doesn't have o high limitThe process of
elecwons injectng from witing layer region  quonmm
dot is I=j(1 -f, ), where j is the number of elecwons
injecred inw the loser in witing loyer swwe ond unit of
nme. Also, the process of elecwons injectung from
witang layer region © quonmm dotis C=f, (1-f))
and the carrier escape process that is the opposite with
capture process, is represented by E=f, (1-f)) £, . In
these, 1, and t, are the capture and escape times,
respectively. According to Figure 2-b, there are two
processes of spontaneous recombination and inductive
emission, which show the spontaneous recombination
process as R =b, fnz, and (n=w,q). Thus, the inductive
emission process is indicated by G=g(2 f,-1 ) f;, where g
is not related to gain compression factor and photons
occupied, and used in quantum dot lasers. Here the light
confinement factor in quantum dot lasers is equal to one
(Typ=1).

In here according to table.2, we reviewed first
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carrier capture and the escape for QW lasers, then carrier
injection and at the end responsible for stimulated
emission. We find out that in the states f, constant and f,
variation between(0-1), carrier escape increase and
carrier capture decrease, therefore E and C act on the
inverse. Then according to table.2 and Fig.8, we review
variation carriers' injection in the states that electrons
occupation in the wetting layer f, constant and j
variation. In here we conclude with increase f w and,
carriers' injection J decreases. Next, according to table.2
and Fig.9, we find that responsible for stimulated
emission in the state £ =0, G decreases and £f=1/2, G is
equal to zero, but in the states f=1 unlike £=0, G
increased. 6.

The net rate of levels occupation probability by
electrons and holes in rate equations for QW spin
lasers

In this part of the paper, the time developments of the
occupation probability in rate equations of spin laser are
analyzed. Then, by analyzing the difference between the
rate equations of spin laser with material gain QW and
QD, It is found that the rate equations for quantum dot
spin lasers have obvious terms for holes occupation.
However, in spin lasers with material gain of quantum
well, holes densities can be easily filled or replaced by
electron densities. Therefore, for spin lasers with
quantum dot material gain, unlike quantum wells, for
holes, the spin relaxation time is much faster(t,,,,t,,,” 0
). This couse more difficult © onolyze spin losers with
quonwum dot mariol goin ot seady swwe, as the holes
density associared with rawe equotons of the quonmum
dotspin laser does notincrease explicidy. Generolly the
t1me developments of the levels occupation probability
by elecmons in row equotons for spin laser, it is os
follows13.

dfwué dT':IuE Caj- 2/ 5) Eu; R\VJ_] fwa "(10)"
df, /d="/2C,-E, R -G Of,  "(11)"
df, /dt=G +PR, £, fy, "(12)"

Here is the subscript o=n,p, which n represents the
elecrons ond p holes, respecuvely. I, =j(1 -f,,.
)Represenws the injecton carrier, C,, =f, 1-f,., /&, the
copwre corrier ond E, =f , 1-f,. /7, in the spin laser.
While j, = (1 [P,,) j, represents the number of injecwed
carriers, in which P,=j,-j,. /],. T, expressive the spin
Polorizomon. The two processes of inductve ond
sponwmeous emission in spin lasers ore G = g(f,, +f,  -1)
fg, ond R = b.f f . In the process of sponwmmeous
emission is “=w,q ond the spontmmeous recombinoton
row is denowd by b.. In the sponwmeous emission,
f=ft. f.) A, represents the period of the spin
reloxoton, which t. is the spin reloxoton dme. To
colculoe ond onalyze the rowe equatons in this wpic,
T =Te¢ T Te¢ T T Ty =0 ¢ p=0 ¢ J,=J 5 P,, =P, are
assumed. Occupied electrons are 0 <f, <1, the

voq —



probobility of polarized spin occuponcies is shown in
three areos: weting layer f,,. =n .. /N, /2) ), quonmum

dotf,=n_ /N, f, (, and photon production f, =s, /N,
.In this secton, we examined the ime developments of
the occupamon probaobilides of elecwons ond holes and
phowns in the rawr equoton in both QD ond QW losers
for wo swm conventonal (un-polarized) ond spin-
polarized. In the conventonal s according o Figures
(5) ond (10) ond Table.3, we review the Ttme
developments of the occupaton probabilites elecwons
in wettng layer (WL) ond quonmum dotregions, then ot
end the ime development of the phowons producton
probability. In conventdonal swre, only are elecwons ond
phowns occupation probobilites. According  swucmre
of quonwm dotlosers, itis expected thor the probobility
of elecwon occupation in the quonmm dot region is
higher thon the wetting layer region, which according w©
Figure 10 ond smdy the ime development equatons in
oll three regions, we underswnd tharitis wue. Then, the
1me developments of the occupaton probobilities of
electwons, holes ond phowns in the weting layer and the
quonwm dots region, according  Figure (10) ond Toble
3, using the carriers of injecton, capwre, escope, The
excimmon ond sponwneous emission in the spin swe ore
onalyzed ond evaluoted. Here, we conclude thatf (7 n+)
the ime developments of the occupoton probobilites
elecwons with spin-up in the weting layer is 0.002
smaller thon the spin- down elecmons. But0.002 is larger
than the time developments of the occupation
probobilites holes with spin-up in the weting loyer. The
1me development of the occupotdon probabilites holes
with spin- down in the weting layer is close © 0.009
from the spin-up swe in the holes ond neor 0.015 from
the of occuponcy of the eclecwons in the tme
developments of the occupaton probabilites elecwons
with up ond down spin in weting layer. Then, we sudy
the ime developments of the occupation probobilities
elecrons and holes with up ond down spin arthe quonmm
dotregion. Here we find thor ime developments of the
occupoton probobilites elecwons ond holes in the up ond
down spin increoses more thon the ime developments of
the occupation probobilities elecwons ond holes in the up
ond down spin in wettng loyer, ond its like conventonol
losers close © one. The dme developmens of the
occupation probobilites elecwrons with up ond down spin
in weting loyer Both are the same size, ond from the
nme developments of the occupoation probobilites, holes
with up spin ot quontty 0.001 ond with down spin is
greowr quontty 0.002. Finolly, with review the tme
developments of the photons occupation probabilites,
we con see which, like conventonal lasers, are zero.

STEADY-STATE

According © the rowm equodons in Secton 2, we
examine the seady s mopping between ™wo quonmum
dot ond quonmum well lasers. Here, © check the sweody
ste, we first exwact the porometwers of quonmum well
losers from quonmum dot losers by solving the row
equoations in conventonal (un-polorized) ond polorized
spin swwes. In this swre, occording w Figure 1-b, the
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actve region laser includes the quonmum dot, ond the
wettng layer is considered os the quonwm well. Ideally,
the sweady st equatons are as follows13:

J=K(NV); (13)
n(N)=(N,/V)[2f, G)+KE ()] (14)
SIF2GNM£.() (15)

According © equotion (13) ond wble (5), we conclude
thorwhen the elecwons number in quonmum dotregion is
fixed and j chonge between zero ond wn, J(j) increoses,
Thoz is, the increose of J(j) is greawr thon oll swws
when thot the number of elecwon occupoton swes

within the quonmm dotregion is equal © N,= 100, ond
in the swmes thar N =10, J(j) has the leost increase.
Tharis depicwed in Figure (11) Here, by the figure (12)
and wble (6) we consider variaton n occording 1 the
w=mporal evolution REs QW ond QD losers in the
weting loyer ond quonmum dow region. We first
consider three conswmnt swres for f,, thor by examining
these swes, we find thorin oll ses, n - increoses © on
equol mogniwde. Then we ogoin colculow n vorioton
in the swmes where f, is conswnt ond f, variodon.
According © the calculotons done, we find thar in oll
swes there is on increose of 0.2. Here we compute the
varigdon in S according © Equaton (15) which is
shown in Fig. 13, which increoses with f; S hos o
unisonous lineor goin 0of 0.003. The resulws of the sweady
ste mopping are thar in different T, the injectwed light
ond the injeced corrier density are equol for the
quonwm dot ond well losers13,19. When isT,— 0, the
injeced corriers or quonwum dot region ore copwred
ond orrow equations is”_s=0. This meons thorbehavior
of both the QW ond QD loser is similor in this sme. And
photwn density increoses contnuous linearly. Butwhen
7, is finite, the carrier density is higher the threshold and
the photon density stops. The injection current density
is normalized at un-polarized threshold value, J,=N,%,
«with N, shows the total electron density is higher the
threshold N,.=n)J=J, )=( gT,,)" +n,,. The phowon
density is normolized in S,=J, ['T,,.
S./S8:=2/3[J/], (1+P/2) H
n,=(J1/(J;B))"’
(16)
Based on Figure 12 analysis, we find tharin oo quonum

& SJ/S, =0,

dot loser, the finiwe effect (ie, increasing N ond

sopping S by injecred corriers) corresponds ™ the
effect of the finie gain coefficient on quonmm well

loser. So in this s, the roawe equatons of quonmm dot
losers con be reploced by the roe equotons of the

quonwm well loser.
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Figure : 1 Conductdon bond diogrom in semiconductor losers. (o) Quonmum well (QW) laser. (b) Quonmm dot
(QD) loser.
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Figure : 2 Bucketrmodel of lasers. a) Bucketmodel simulation for conventonal losers. b) Bucket model
simulogon for spin lasers

Figure : 3 Calculation ime voriotons of rawe equatdons for carrier and photon density,
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Figure : 4 Colculotion ime voriotons of row equotions for corrier ond photon density,

Table:1 Investgoton numericol volues of ime voriatons of Raw equotion for convention ond spin losers

t 0 10 20 30 40 50

n 013761 | 15981 | 16.176 | 16.190 | 16.191
ng 0| 1.007 | 1.007 | 1.007 | 1.007 | 1.007
n_ |0 | 1.007 | 1.007 | 1.007 | 1.007 | 1.007
S (0] 0.031 | 0.042 | 0.043 | 0.043 | 0.043
Sy 0 0.060 | 0.061 @ 0.061  0.061  0.061
S_ 0] 0.060  0.061 | 0.061 | 0.061 | 0.061

Figure :5 Colculotion ime voriotons of rowe equations for carrier ond photon density, n ond s spin losers

http://jraas.anveshika.org/ 7
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Table : 2 Investigation numerical values of injection, capture, escape, and the stimulated emission carriers

fd i € | E |JIMI|flfg G

0 0 |0]0 0|0 0

1 o |11 1|1 —0.00

2 2 0 2

110 0 | 1|2 21 1| 0] —0.00

0 021010 0|0 0
5

1 01111 111 0

211 2| 4 g2t

1 0 |1 |2]2]1]1 0

2

0 0.5/ 010 0|0 0

i, 020 |1/ |ol1] |o.008

2 5 2

111 o o ]2/1|o]1]1]0.0014

iy
:" .,':* Hyégit i
ettt

1
0 o ]| =
L = £=3

Figure : 6 Voriotion corriers escope versus elecwon occupation in the wettng layer (WL) oand quonmum dot
regions (QD)

Figure : 7 Voriotion corriers capmer versus elecron occupotion in the wettng loyer (WL) ond quonmum dot regions

QD).
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Figure ; 8 Voriatdon coarriers injecton versus elecron occupaton in the weting layer (WL) and number of
carriers (elecwons) injected inw the loser per WL s ond unitame (j)
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Figure : 9 Voriaton responsible for sumulaed emission versus elecron occupation in the quonmm dot regions
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Figure : 10 The ime developments of the occupation probobility in row equations of spin laser
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Table :3 Investgadon numericol values of the 'emporal evoluton of the occupation probabilites in the RE
model for conventonal ond spin losers

t 0 10 20 30 40 50
fo 0 0.591 0.591 0.591 0.591 0.591
Fo 0 0.593 0.593 0.593 0.593 0.593
Fon_ 0 0.595 0.595 0.595 0.595 0.595
sy 0 0.591 0.591 0.591 0.591 0.591
I 0 0.580 0.580 0.580 0.580 0.580
fa 0 0.972 0.972 0.972 0.972 0.972
v 0 0.973 0.973 0.973 0.973 0.973
e 0 0.973 0.973 0.973 0.973 0.973
By 0 0.972 0.972 0.972 0.972 0.972
[ 0 0.971 0.971 0.971 0.971 0.971
2 0 0 0 0 0 0
s, 0 0 0 0 0 0
F 0 0 0 0 0 0

Table : 4 The QD loser parometrs are T,,=2ps, b, 1,,=0.01, , b, ,h=2.33, gr,h=2, =100 ond t.=1 ns (Ref.10,
16)

http://jraas.anveshika.org/

QW | 1. =0 | 7¢ 8]
parameters = 2ps | nit
s 0]1.62 cm?
X101
€a( 0|6.39 cm?®
Ref.50) x 10715
Yo 1.90 1.65 em3571
X107% | x1073
Nran 3.50 3.58 cm?
%30 | meagle
B 143 1.28 cm3571
X1077 | x1077
Tph 2
r 0.03
B 0
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Figure :11 Voriomon injecuon j versus number of QDs N, with number of corriers (elecwons) injected j

Table : 5 Compuwtion numerical values injecton in the RE for QW ond QD losers

J | Ng| ] | Ng | T | ]
0 0 | 10 0
5 5 [ 500 | 0
10 | © 10 | 100 0
0 0 | 10 4
5 |40 [ 20| 50 |4 | 20
10 40 | 100 40
0 0 | 10 8
5 |70 [ 35| 50 |8 | 40
10 70 | 100 80
0 0 | 10 10
5 50 | 50 50
10 |99 [100[100]0 | 100

[ T
wliea’| | "Nem

Figure : 12 Vorioton n versus elecwon occupamion in the weting layer (WL) ond elecron occupotion in the QD
region (QD)
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11



Journal of Recent Advances in Applied Sciences

Table : 6 Compumwmon numericol values n ond S in the RE for QW and QD losers

Tw fq n fq Jw n fs 5

0 0.2 0 0

1 0.52 1 0.1

2 0 2 0 0 0

1 1.02 1 0.2

0 0.2 0 5

1 0.52 1 551,

2 .- Y. - - 0.003
i, & 1.02 1| 2 L2

0 0.2 0 10

1 0.52 1 10.1

2 1 2 1 1 0.006

1 1.02 1 10.2

Figure : 13 Varioton phown densitdes (S) versus phown occupaton f S.
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Figure : 13 Varioton phown densitdes (S) versus phown occupaton f S.
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o r b4
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Figure : 14 Corrier (n) ond photwon densites (S) os functdons of injectdon n ond J are normalized 1 their threshold volues
n TO ond J TO for copwmre ime t_c=0Ps (QD lasers) or gain compression factor ~_s=0 (QW lasers), while (S) is

normalized wlJ S[0 _T0=S(2)J_T0 ) Now thar QW laser choractristcs for ~ s=0 are identdcal © QD laser
charocteristcs fort_c¢=0Ps. The mapping parameters used throughout this paper are given in Table 6.

http://jraas.anveshika.org/ 12



CONCLUSIONS

In this paper, we describe the stucmre of ™wo types of
quonmm spin loser form type quonmum dotws ond wells

occording 1 the bucket model. Then, with according
the swucwres, we sudy the loser equatons first in the
conventonoal s, then we propogow the spin SR

beter gain. Thor is, carriers ond photns density, with
occording  the optcal gain in both the conventonal

ond spin swes, is rato © ume. In the end, we exomine

the sysem in o seady swre for o s not copmured (T

=0ps) ond ofer possing ( F=2ps) which is copmred
ond phowns produced. We found thatthe photwon density
inidally thot sysem does work, but no copwre yet, the
phown does not emirt, but afwer the passage (= 2ps)
thar dose copwure, phowns are produced. So the phowon

density increoses in this cose. Also, the corrier density
increoses becouse we have o number of elecwons ond
holes in the actve region ond by injectng the corrier's
density inw the actve region loser, we find thor corriers'
density increoses in the syswem.
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