Gazi University Journal of Science
GU J Sci
23(2):171-176 (2010)

GCUIS

WWW.ZUjS.org

An Analysis for Losses and Confinement Factors for the

Regions of a Semiconductor Single Asymmetric Step-

Index Laser in Terms of Normalized Propagation

Constants for Even and Odd Fields

Mustafa TEMiZ'*, Mehmet UNAL',

! Pamukkale University, Engineering Faculty, Electrical and Electronics

Engineering Department, Denizli, Turkey

Received:.02.03.2009 Revised: 27.07.2009 Accepted: 07.12.2009

ABSTRACT

A requested quantity of the laser can be obtained in terms of normalized propagation constant, which is
represented by alpha, belonging to active region. As a new computation procedure this alpha method based on
structural property of material contains the computing of the requested quantity for the semiconductor laser
theoretically when width of the active region, refractive indices of the regions and wave length are given. In this
work, the loss and absorption constants or confinement factors have been analyzed in terms of normalized
propagation constants for even and odd fields in a semiconductor single asymmetric step-index laser. Some
important parameters, such as propagation constants, effective index of active region, phase constant, phase
velocity, absorption constants or confinement factors of the regions, percent of device loss and percent of active
region loss, coordinate variables 11, { for energy eigenvalues for charged carriers in the perpendicular coordinate

system ¢y for single asymmetric step-index laser have been obtained. The validities of found formulas have

been tested, numerically. Since effective refractive index belong to active region of the laser is constant, the phase
constant and the phase velocity are also constant for each of even and odd fields
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1. INTRODUCTION

In this work the analysis for a semiconductor single step-
index laser (SCSSIL) in terms of normalized propagation
constant (NPC) o is presented [1]. The SCSSIL, as
shown in Figure 1, consists of three regions. The region
II, which is called active region (AR), has thickness 2a,
refractive index ny, and the regions I and III_ which are
called cladding layers (CLs), have refractive indices ny

*Corresponding author, e-mail: mustafatemiz@pau.edu.tr

and np, respectively. Generally, if it is taken as

nn)n, and n)n,, n, =n, =n, then we have a
semiconductor single asymmetric step-index laser
(SCSASIL) and semiconductor single symmetric step-
index laser (SCSSSIL), respectively [2]. Referring to
Figure 1, the SCSASIL is a representative of many single

semiconductor laser structures.
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Figure 1 (a) The structure of a SCSASIL (b) Refractive index profile of a SCSASIL.

The SCSASIL is formed by two junctions between two
dissimilar materials, such as GaAs (Gallium Arsenide)
and p-type or n-type Al,Ga; As Aluminium Gallium
Arsenide), with x being the fraction of aluminium atoms
being replaced by gallium atoms. GaAs and AlAs
semiconductors have almost identical lattice constant
[3.4].

The operational functions of the SCSASIL are strongly
affected by materials used. The CLs of the SCSASIL act
as confining the light closely around the AR through
action of the total internal reflection with the reflection

constant T, :em, as shown in Figure 2 [3]. The

requirement is that all upward propagating plane waves in
the SCSASIL must be precisely in phase so that the same
is true for all downward propagating waves. This
condition will be satisfied if the net transverse phase shift
of the wave over this path is an integer multiple of 27 .
Consider a starting electric field wave with amplitude
value E,, and its amplitude value E4 at the end of a
complete round trip. That is, the amplitude E, of
field wave to upward is equal to the amplitude E; of
field wave to down according to transverse resonant
condition”. With the well controlled waveguiding to
confine the light to the AR, the electrons and holes
recombine most strongly. The AR provides a stable

Transverse  resonant condition is given by
4¢9-40ga=2mn, m =0,1,2,3,.. (m is mode number). It can
be shown that E,=E4 by transverse resonant condition: When the
field E , = E"e'ja"xe'jﬁzz arrives at point A (x=-2qa) in Fig.2, if

B,z =29 then the field E, becomes E , = E“eja”zae_qu) s
which has the amplitude E, . This field arrives at point B, it has
the amplitude E4 and the phase eI*24e729 and so this field

becomes

yIIA

E - E ej(lnzae' j2(pej(1“2ae—j2(p - E eja[14ae'j4q) - E
yIIB d d d .

by means of transverse resonant condition.

platform for the electronic interaction with the changes in
optical power [5].

In this work, it has been emphasized the important of
normalized propagation constant (NPC) a in the analysis
for the SCSASIL. This analysis of the SCSASIL has been
based on the NPC a.

For each of the regions I, II and III, the one-dimensional
wave equation of electric field [1] is given by

B}; +n (0K —BZZ}F“(X):O, i=I, II, III )

where ny(x), k,, B, and F,(Xx) are respectively index of

refraction, free space wave number and phase factor and
transverse electric field phasor given in the time-
dependent electric field e(x,z)= E(x)exp[j((ot - BZ)]

with time-harmonic dependence of the type €', in i®

region, i=I, II or III [6].

Energy states of the charged particles such as electrons or
holes are described by F,(x)=E,(x) for even field and
F(x)=e,(x) for odd field. E,(x) and e,(x) are given
by

E, =Aexple,(x+a)] @)
E, = Acosa,;x, 3)
E, =A,exp[-a,x-a)] (4)
and

e, :Blexp[a'l(x +a)], (%)
e, = Bsind'  x, @)
ey = Bmexp[f o, (x— a)] ®)

where a; is propagation constant (PC) of i region, i=I,

IT or III. They are given by
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o, = [(Zy 7 ©)
C
o =B, - (2 (10)
oy = le_(m)z (11)
C

for the SCSASIL for even fields. E E e and

v vl e Myl

e, are called evanescent fields which have a role in

confining of charged carriers to the AR.

The field probabilities of the AR for the even and odd
fields are normalized to 1 by the expressions

a 2

I,=][E,®)| d =1 (12)
a 2

= e, @] dx =1 (13)
—a

giving the amplitudes (Ams)

Ao |20 (14)
2{ + sin2¢

B | 2% (15)
20—sin2(’

where exponential sign (') represents the quantity
belonging to odd field[1,2,3].

The special variables {, n for even field and (', n' for
odd field are respectively given by (=a,a=Vcos(,
n=mn,=Vsin{ and {'=a,"a=Vsin(,
n'= n]':al'a:VcosC. These parameters satisfy the
eigenvalue equations [1,2,3] tan{=n/, cot{=n'/{ of
the waveguide for even and odd fields, respectively.
(—>{+2nk, n—o>n+2nk and { — {+2nk,
n' = n'+2xnk, k=0, 1, 2, 3,... are valid for solution (see
Figure 2).

nstafl <y’

Figure 2. The coordinate points of the energy eigenvalue
of the charged carriers in the normalized coordinate

system (-m in the SCSASIL (dotted lines belong to the
odd field).

V is called normalized frequency (NF) [1,2] and is given

o+a

by v = > m=0, 1, 2,.... in a

[mm + arctan
1-a 1-

o
SCSASIL [7] and V =/’ +1° =4/0%+0"” =ak,NA in a

SCSSSIL for a,=0 (n ) NA is numeric

aperture as NA =,/n,” —n,,~ in a SCSSSIL [1,2]. a, is

here asymmetric factor (AF) [8]. The phase constant
(PhC) P, in a SCSASIL is found by

B, =k, 1~ =k i’ ~(1-a)NA (16)

The effective refractive index (ERI) of the AR, the PhC
and phase velocity (PV) are respectively given by

n,=n _+1-2A(1-a), p, =k n, and velocity v=c/10
[3]. Here A=(n, —n,’)/2n,” is called normalized
refractive index difference (NID). Cut off frequency (CF)
f, for even field and fc for odd field is obtained from
V=nmn,n=0,1,2,3,....[5]

=0, =1

2. PROPAGATION CONSTANTS IN THE SCSASIL
AND SCSSSIL

o'y, and abscissa

1 '
The PCs a,, a,, o, and o', o',

€, ordinates 1, n,, and n', N',, in the regions I, IT and
III of the SCSIL are formulated by

o, =k NAYa, (17)
a, =k ,NA J/(1-0a), (18)
a, =k NAJ(1+a,)-(1-a), (19)

{=ak NA J(1-a), (20)
n, =1 =ak, NAVa 1)

Ny = ak NAJ(1+a ) —(1-a) (22)

for even field and

o, =k NAYI-a, (23)
o, =k,NA o , (24)
o, =k NA(I+a)-a, (25)
¢'=ak NA Yo , (26)
N, =ak NAVI-a @7)

', =ak NA,/(1+ ap) - (28)

for odd field in a SCSASIL.



174 GU J Sci, 23(2):171-176/ Mustafa TEMIZ'*, Mehmet UNAL'

3. FIELD PROBABILITY RATIOS IN THE

SCSASIL AND SCSSSIL and for odd field
The percent Ea of the AR loss (PARL) for even field [fa —a o
for odd field] in the region II in a SCSASIL is given by T 7{)0 ey[(x)| dx+£jz|e,m(x)|“dx
— _ L=y = 2
R, =L /1, [r,=I/1], where =1+, b jalerll(X)l dx G0
I''=TI'+1I, are the total of lost fields, as shown in N 1
. . = B’sin “C(T‘Fﬁ)
Figure 3. Here I, and I, are respectively field ®r 20w

probabilities in AR and CLs. For even field the ratio of

total evanescent field probability [1,2,3] to the AR field is in a SCSASIL [1,2,3,7].

given by
—a 5 0 )
| |Ey](x)| dx + nym(x)| dx
R, = = T “ (29)
u I|E,. (0| dx

—-a

1 1
=A’cos*{(—+—
C(201 20 )

1 i}

eIII

np<n<ng (Region 111)

Kk
C=oa,a ni<n; (Region I), I, :%:eﬂé’
|ku|=|kd|:|k”|:kll’ |kl|:kl’ |k111|=k111

ap =B, -k 0y 0.=sin”' nyny, [x

—ain-l
ap =B, -k’ 0y 0 .=sin” nu/ny z
Bz =n;kgsinb,
Ngp =nysing,

(;2
sinf, = _[(1 - — =)
a'n; k,
tan? c . . .
= (;2 LV = - Bz =nykosin®;; =nykgsin®, =n;kgsinb;
1+ tan *( nysin6,

a, a,: Unit vectors about directions x and z respectively

Figure 2 The regions of the SCSASIL confining the light closely around the AR through action of the total internal reflection.
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Figure 3. The field probabilities

Denoting input probability with I=1I,+1I,, I'=I' +TI',,

the percent of device loss (PDL) Ka and q, as total

evanescent field probabilities to the input probabilities
I,/1, and I',/I', for even and odd fields in a SCSASIL
[1,2,3,7] are respectively defined as

—a 2 o0 2
J B, ()] dx+ J[E,, (0] dx
Iw 72 — 00 a
T Kﬂ = —a 2 2
| 1+ [ B, dx+ﬂEym(x)| dx
—00 a
- L (31)
TR PR
2(+sin2{ 2n,  2n,,
—a 2 0 2
' | |eyl(x)| dx + j|eym(x)| dx
I - _ » a
£=q,
I —a 2 © 2
1+ | |ey[ (x)| dx + j|eyIII (x)| dx
0 a
= 1 . (32)
1+ !
200 1 1

)

+
2¢-sin2f 2n' 27,

Absorption constants of the regions I, II and III of a
SCSASIL for even field are given [2] by

2
| Eyl(x)| dx
EZF]: — —© ,
Ii a 2 0 2
1+ [ [E, (0 dx+ [[E,, (0 dx
— 0 a
_ A’cos’( (33)
11
20,1+ A’cos®((— +——
o[ cos C(2 oan )]
! 1
1 h= —a 0 ’
1+ [ [E, e[ dx+ J[E,, (0] dx
“w a

175

_ 1 (34)

- 11
1+ A*Cos*((—— + ——
[ cos C(Za . )]

1 i

© 2

[|E,. (0] dx
= a

il

I

m_

i

2
E,, ()| dx

—a ) 0
1+ [ B, dx+ |
— o0 a

_ A’cos’ (35)

1 1
20, [+ A’cos’{(— +——
ul &« e )]

1 1

and for odd field
—a ,
I [ le, (x)| dx
[ ——— —© >

—a 2 o 2
1+ | |eyl(x)| dx + j|eym(x)| dx
— a

(36)

B’sin’(

20, [1+ B’sin’¢(

1

1
' + '
Za 1

20!

aB’sin’(

)

1

21, [1 + aB’sin*{(

1
2‘rl'III

F'ZJ: 1

—a 2 o 2
I+ | |eyl(x)| dx + j’eym(x)| dx
— o0 a

1
'+
2n,

]

1

= 37
1+ B’sin*{( ! + ! ) o7
20/, 2d

1 i

o0
" ey o] dx

F' =lm_ a
it '

Sy (X)rdX

-a , ©

1+ ey[(x)| dx + |

— a

_ B’sin’ (38)
20, [1+ stinZC(L + ! )]

20/, 2d

1

The absorption constant (AC) for any region is also

called confinement factor (CnF) giving that
1 ' e

F1+F11+Fm:1’ FI+F‘II+FIII=1’ Ka+FII=1’ and

q,+F, =L

4. RESULTS

The coordinate variables 1, ( for energy eigenvalues
for charged carriers in the perpendicular coordinate
system  — 1, phase constant, phase velocity, effective

index of active region, percent of the active region and
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device losses, absorption constants or confinement
factors, propagation constants for the regions have been
obtained in terms of normalized propagation constants for
even and odd fields in a SCSASIL.

The quantities in Table 1 are computed numerically by
using found formulas for given data such as A =53.2 nm,
a=300 A°, n;=9.125, n;=9.128, n;;=9.123 in a SCSASIL
for even and odd fields. Thus, the validities of found
formulas have been tested, numerically. For example, by
using values of the quantities in Table 1, it is possible to

see that F+F +F =1. Since effective refractive index

belong to active region of the SCSASIL is constant, that
the quantities such as phase constant, phase velocity does
not change for each of even and odd fields have
observed. Since effective refractive index belong to
active region of the SCSASIL 1is constant as

9.12730124710783, the phase constant 3, and the phase

velocity \% are respectively constants as
1.077979794925373x10° 1/m and
3.286842319300691x107 m/s for each of even and odd
fields in a SCSASIL.

Table 1. Quantities for data A =53.2 nm, a=800 A°, n=9.125, n;=9.128, n;=9.123 in a SCSASIL for each of even and odd

fields.
ASYMMETRIC FOR EVEN ASYMMETRIC FOR ODD
Quantity Symbol Value Symbol Value
NF \ 2.21098592204107 \ 2.09697010488701
NA NA 0.23400641016862 NA 0.23400641016862
NID A 4.381100788014320x10™ A 4.381100788014320x10
NPC o 0.767053004185813 o 0.767053004185813
PC a, (1/m) 2.420520013886074x107 o', (1/m) 1.333903915312632x107
PC a, (/m) | 1.333903915312404x107 o', (1/m) 2.420520013886648x10”
PC a,, (1/m) 3.309028072929887x107 o', (1/m) 2.621077889934053x107
Ams A (V/m) 2.992220821953748x10° B (V/m) 3.265213125452570x10°
ERI n, 9.12730124710783 n, 9.12730124710783
zeta ¢ 1.0671231322503 ¢ 1.93641601110932
eta n=n, 1.93641601110932 n'=n, 1.06712313225011
Etapy Ny, (1/m) 2.64722245834391 ', (1/m) 2.09686231194724
AC (CnF) FI 0.04009219196865 ]-T'I 0.31356331880134
AC (CnF) F, 0.93058078181040 F, 0.52685983678140
AC (CnF) Fm 0.02932702622095 F'm 0.15957684441726
PARL R, 0.07459773460457 I, 0.89803801730097
PDL K, 0.06941921818960 Ja 0.47314016321864
PV v (m/s) 3.286842319300691x107 \4 3.286842319300691x107
PhC BZ (1/m) 1.077979794925373x10° BZ 1.077979794925373x10°
CF f. (Hz) 8.012601016565813x10" f (Hz) 1.602520203313163x10°
AF a, 0.66648404828450 a, 0.66648404828450
the Heterojunction Constructions”, Laser Physics,
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