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Abstract: The well number and the cavity length of 1.55p¢m wavelength Ini- - ,Ga,Al:As MQW DFB lasers are

optimized using a simple model. A low threshold, maximum operating temperature of 550~ 560K, and high relax-

ation oscillation frequency of over 30GHz MQW DFB laser is presented.
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1 Introduction

It is well known that there are two main mate—
rial systems for fabricating long-wavelength semi-
conductor lasers. The Ini- «Ga:Asi- Py system has

extensively'"?, and  the

been worked on
Ini- - yGayAl:As system is starting to produce
good results'” recently. For the Ini- ., Ga,ALAs
system, a large band offset of 0.7(= AE./AE.)
presents better electron confinement, which im-
proves temperature stability.

We know that complex Poisson’s equation,
Schrodinger equation, electron and hole continuity
equations, along with Helmholtz equation, photon
rate equation, and thermal conduction equation
have to be solved on every different grid of 1,2 or 3
dimensions by the method of finite difference and
iteration in the conventional simulation of MQW
(multi-quantum well) DFB lasers. Using the com—
plex model, the CPU takes a long time and conver—

gent solutions are very difficult to obtain'", if the
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initial values are not right. Besides, some parame-
ters used in the calculation can not be obtained ex—
actly, which affects the results of simulation. Using
the complex model, we can analyze some special ef-
fects, such as longitudinal hole burning effects, but
for optimization design introducing a great calcula-
tion points, the model is unsuitable. For above rea-
sons we try a simple model for a DFB laser.

In this paper, a simple model is presented to
optimize the active structure of Ini- .-, GayAl:As
strained MQW DFB lasers, which begins with the
oscillation condition of DFB lasers and some ex-—
pressions of parameters for MQW, such as gain,
confinement factor, density of threshold current,
maximum operating temperature and relaxation os—
cillation frequency, have been derived. Through
solving the oscillation condition and application of
these expressions, the effect of the well number
and the cavity length on threshold current, maxi-
mum operating temperature, and relaxation oscilla-
tion frequency can be investigated easily in the case

of Ini-«-, GayAl:As system. At the same time, a
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complex model which includes substantial calcula-
tion as mentioned above is used to this optimization
calculation and the result agrees well with the for-
mer. Compared the simple model with the complex
one, 90% of CPU time can be saved.

We hope that this work is helpful to design
high-performance MQW DFB lasers.

2  Model

T he oscillation condition of a DFB laser can be

. 5

written as'”
{l"l;? - I'I]{rl:l - r”]

(l - r|r|:|){ 1 - T?Fl:?)

where L is cavity length, rci and rc2 represent two

exp(— 2i¥.L) =1 (1)

complex reflectivity, and can be written as

__kexp(i® ‘
re = y _ &3 (Za]
_ Y- 0B
re: = kexp(iP (2b)

where Kk is couple coefficient, Pis initial phase of
the grating,

g — Toves — 0
2

Yo= [(AB) - kk 1° (3b)

where g is the material gain, which is a function of

AB= 6+ i (3a)

temperature T and the carrier density N7,
N
N.(T) (4)

where ax and N represent temperature dependence

g= ax(T)ln

of characteristics gain and carrier density for trans—
parency respectively, the Harrison’s model and
anisotropic parabolic approximation are used to
calculate the material gain g of Ini-.-y GayAliAs
compressively strained MQW'™".

In Eq. (3), avea= ¥Ynu is the loss induced by
the intervalence band absorption, ¥ is the IVBA co-
efficient, nin is threshold carrier density, 8 is offset
of wave number, oo is the residual loss, ri and r2
represent facet reflectivity, which can be written as

ri= | ri exp(i®) i= 1,2 (5)
where @ is offset of phase caused by facet reflec—
tion. T' is the optical confinement factor of the

. 5
quantum wells, and is calculated as'”

ﬂ.Lz
r = an + (n _ I)th—‘",“r (6}

where T ww is the confinement factor of a five-ayer

conventional DH structure, n is the well number, L.
is the well thickness, and Lu is the barrier thick—
ness.

From Egs. (1) and (4), nu can be obtained. nm
and the threshold current density have the follow -

. .16
ing relation':

Ju= gnL.(Anu+ Bni+ Cni) = kniw (7)
where A, B and C represent recombination coeffi-
cient. Another aspect, the temperature dependence
of the threshold current density, can be described

6
]Jg,,'I I

Ju= Jo(1- TT‘“)'* (8)

where Tuwa is the maximum operating temperature,
which is independent of temperature. A laser with
larger T'ma has higher stability of temperature. T he
parameter £ has been found to have a value of 2
more or less.

The value of ¥nu from IVBA losses in Eq. 3(a)
can be described by'":

(Ynw) '= U(N,L) - S(N,L)T (9)

where U and S represent fitting parameters.

By solving for nu in Eq. (9) and substituting

into Eq. (8),it can be shown that
T . _:
Jun= Jo(1- U/S} (10)

According to Egs. (10) and (8),we have T
= U/S.

Relaxation oscillation frequency can be given

by
_ 1| we , T | V2
So= om g, war,(98/AN) (1 = 1u)|

(11)
where vg is the group velocity, W is the active layer
width, (dg/dN) is the differential gain, and (/-
Iw) is the driving current pulse height over the

threshold.

3 Results of simulation

[n this section, we are going to analyze a
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- 0.78% compressively strained QW structure
studied in experiments'”. The active region con—
sists of Inoes GaossAloor As wells of 5.4nm thick
and Inos3sGao2sAlo2i As barriers of 5. 7nm thick.
The MQW stack is sandwiched between an un-
doped 100nm thick 1. 21pm Ine.s3sGao.26Alo.21As SCL
matched to InP with the 2000nm InP cladding and

1. Sum stripe. Parameters used can be seen in Table

1 and Refs. [ 3, 5].

Table 1

Parameters of the simulated DFB laser

A= 4X10% 1

B= 1X10 Wep= 3 e 5= 1
C=2X10" Pem~ 0o g1
o= 15em~ !

Shockley4tead-Hall recombination coefficient
Bimolecular recombination coefficient

Auger recombination coefficient

Absorption loss

ri=r2=0

re= 8. 5% 10%m/s
Feonv= 0.3

k= 40cm™ !

W= 3pm

¥= 8X10- ep?
- Iih= 40mA

Facet reflectivity
Average group velocity
DH confinement factor
Coupling coeflicient
Active layer width
IVBA coefficient

Driving current_pulse height over the threshold

For the InGaAlAs system, the Harrison’s
model and anisotropic parabolic approximation
have been used to calculate the material gain g of
strained MQW'"'. The characteristics gain and
transparency carrier density are presented in Figs.
1 and 2.

sEEB5B

Chamcteristic gainfem-!

=

Fig. 1

Relations between the characteristic gain

and Al composition

Figure 3 shows that the threshold current
varies with the well number and the cavity length.
When varying the cavity length or well number, the
threshold current has a minimal value for a certain
well number or cavity length. We found that large

well number and short cavity can result in a low

S

Transparcncy carrier density/10" cm-3
&
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Fig. 2 Relations between the transparency carrier

density and Al composition

Fig. 3

Threshold current versus well number and

the cavity length

threshold current (7~ 8mA). However, Figure 4
shows that a short cavity leads to a high current
density (1600~ 1700A/cm®) and a low maximum
operating temperature( 450~ 460K), as indicated in
Fig. 5. Another aspect, large well number can not
lead to low current density, as shown in Fig. 4. Fig-
ure 6 shows that f+ has a maximum value with an
increase of the well number for a certain cavity
length, and the well number of the maximum is
about 10. In addition, f+ has decrease with an in-
crease of the cavity length for a certain well num-
ber.

According to Figs. 3~ 6, we obtained the opti-
mized well number of 9~ 10, the optimized cavity
length of 200~ 300um, which gives a threshold cur-
rent of 9~ 10mA, the maximum operating tempera—

ture of 550~ 560K, and the relaxation oscillation
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able are presented in Table 2. We found that the
results of simple model are almost the same as the
results of complex one, and 90% of CPU time can

be saved.

Table 2 Comparison of results

n, | Simple Complex Exp.
L/um [Tw/mA, Twi/K, [ /GHz|[lin/mA, Twa /K., [ +/GHz| I 1/m A
3,200 35,500, 34.3 37,487, 32 -
4,500 16,520,21.3 17.6,513,20.7 -
5.890 12.6,525,19.2 12. 8,519, 13.1 12,013
9. 800 | 17. 4,550, 16. 4 16. 9,547, 15.9 -
10, 500] 13.2,556,22.3 12. 9,549, 21.7 13, 5191

Fig. 4 Threshold current density versus well num-

ber and cavity length

4 Conclusion

To optimize the well number and the cavity
length of Ini-+-y GayAl:As strained MQW DFB
lasers, a simple model is presented. Theoretically, a
low threshold current, high maximum operating
temperature, and high relaxation oscillation fre-
quency Ini-:-yGarAliAs strained MQW DFB laser

are investigated. We find that the simple model is

advisable for optimization design of MQW DFB

lasers.
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