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Abstract

Long distance optical communications are affected by many problems; loss of signal is one of
them. Erbium doped fiber amplifier (EDFA) is the key to solve it. By using semiconductor laser as pumping
source for EDFA, the signal can brought back the performed of EDFA into normal condition. EDFA has
a good wavelength operation at 980 nm and 1480 nm in that case semiconductor laser using InGaAs at
980 nm and 1480 nm is suitable for them. By using selected wavelength and materials, the semiconductor
laser can be produced properly. Also, determining the parameter is the important things to construct
the Laser. By using rate equation, the performed of semiconductor laser can obtained several result.
Those are injection current as a function of voltage, carrier density, photon density and output power as a
function of injection current.

Keywords: EDFA, fabry-perot, InGaAs and InGaAsP, materials, semiconductor laser

Copyright © 2019 Universitas Ahmad Dahlan. All rights reserved.

1. Introduction

In last recent years, light amplification by stimulated emission of radiation (LASER) has
been used in many industries, from small scale like surgery in medical world until the large scale
like military weapon [1]. LASER also can be used in material processing, cutting material and
entertainment like laser lighting and compact disk (CD), however the widest application of
semiconductor laser are Telecommunication. LASER is an active device, it's a bunch of photon
produced from electron that flow from high energy to lower energy by pump using injection
current. Laser can be meant as processes or a device, and that means are same true.
Semiconductor laser has a unique properties such as high monochromaticity, narrow spectral
width and high temporal coherent. As a source of light, semiconductor laser can be used to
erbium doped fiber amplifier (EDFA) as amplifier the signal to brought back the performance of
EDFA into normal condition. The process of pumping laser as a part of EDFA pumping scheme
can be seen at Figure 1.
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Figure 1. EDFA pumping scheme [2-4]
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Semiconductor laser play an important key role in EDFA, the applicable wavelengths for
EDFA is around 980 nm and 1480 nm like Figure 1 [5]. Since InGaAs has wavelength range
between 900 nm — 1700 nm, therefore the semiconductor lasers for those wavelengths are
workable. As an active device, semiconductor laser have a waveguide structure. The basic
structure of semiconductor laser used in this paper can be shown in Figure 2, where
semiconductor laser have different structure depends on function and type of semiconductor
laser. In this paper, the structure that be used is the basic structure in Figure 2, where the other
works are using different structure like in Figure 3. The structure that be used in this paper is to
perform the basic semiconductor laser, make it simple with different method.
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Figure 2. Semiconductor laser Figure 3. The structure of gain-guided edge emitting
structure [6, 7] semiconductor laser [8]

The difference of semiconductor laser in this paper compared the other works are
the type of materials and the structure of semiconductor laser, using the same structure like in
Figure 2. Figure 4 illustrated the materials at active region and cladding, where the active region
is the place where the light are comes out. The length and width of semiconductor laser are
the same, but thicknesses are different in the active region. The calculation was based on
assumption made that the semiconductor laser only works on the active region.
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Figure 4. Structure for InGaAs [9]

2. Research Method

In order to activate semiconductor laser it is important to formulate rate equation in
order to obtain the output power. Rate equation shows the correlation between carrier density
and photon density where can be expressed as [9-13]:

dn 1 n Q)
— = ———=GMn)S

dt anCC n

dn S n @)
E— G(n)S—a‘}‘ﬁspa

where I is injection current, g is electron charge, V,.; is volume of the active region, t, is carrier
lifetime, 7, is photon density, B, is spontaneous emission coupling factor and G(n) is
stimulated emission where can be defined as [14-19]:

G(n) =Tge(n —no) ®3)
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The sign of T means optical confinement factor, n, gain slope constant, n, transparency
carrier density [20-25]. By using rate equation, the expression of threshold current can be

derived from (1) and (2). In steady-state, the rate of carrier density Z—: and the rate of photon

density % are zero and can be simplified to:

Lin Ntn ~0 (4)
anct Tn

where I, is the threshold current and n,, is threshold carrier density. The value of n will be
equal to n,, where I = I,;;, while injection current reach threshold the carrier density will reach
the threshold either. Rearranging (4), it can be obtained:

v
I, = AVact R (5)
Tn

by neglecting spontaneous emission coupling factor B, in (2) the photon density can be
simplified to:

1 (6)
(Fgo(n —ng) — T) §=0
14

(6) can be arranging into (7) as threshold carrier density:

1 (7)
F‘L'p Jo

Ny = Ny +
then substitute (7) into (5), the threshold current can be derived into:

% 1 8
I, = qTaCt (no n ) 8)

Injection current needs to activate semiconductor laser, in that case, must be obtained
using (1) and (2). Rearranging (1) and (2), the equation would be:

n 1 (9)
S=—fB —— -
Bs 7, G(n) — 7,71
n
I = qVge [G(n)s + _] (10)
Tn
the carrier density can be defined as:
n =n;ex (—qV ) (11)
= P\ T
where the intrinsic carrier concentration n; can be defined as:
2k Ty >/? E (12)
oot
m=2(E) e (~
by substituting (11) into (10) the injection current can be expressed as:
n,edv/2ksT Jo (niqu/ZkBT) n;ev/2ksT (13)
I =qVy [_ﬁsp T, go(nieqv/ZRBT) — Tp_l T, ]
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rearranging (1) and (2) will be obtained:

1
qVact

=G(n)S + Tl (14)
Z=26(0)S + Byp (15)

then substitute (3) into (14) and (15) can be formulated:

1
qVact

=Igo(n —ny)S + Tl (16)
%:Fgo (n —ny)S + By % (17)

therefore, the carrier density and photon density are given by:

Nth
n=— ———X—
2(1 - ﬂsp)

o Bsp X2 —Y (19)
" TgoTn2(1-By,) — (X —VXZ —Y)

T (18)

where the value of X and Y can be defined as [4]:

I N (20)
X=14+—-L,—
Iin ° Ntn

I 21
}':4(1—/35,,)E (1)

by substituting (20) and (21) into (18) and (19) we will have the final equation for carrier density
and photon density as

I \/ I noBsp .\, I 1oBs 2
nen | - = (E_n—er 1) +E(4ﬁsp - 4) —Th”+ 1
n= 2B, — 2
P L_ﬂL_wm+J+L@B_@_M&+1 )
P Iy, Iin Ntn Iin sp Ntn
S = —

I noﬁsp g I(4ﬁsp - 4) I noﬂsp
Lgotn \/(E_ Ntn + 1) + Iin Iy 2Bsp + Nth +1

The carrier density and photon density have a correlation where the value of threshold
current was same. After finding carrier density and photon density, we will obtain equation of
power against injection current by using photon density in the active layer. The output power
can be expressed by:

P = hwv,AS (24)

where h is Planck’s constant, w is angular frequency, V, is velocity group and A is area of
the active region. The output power is the final result for this final project, where we can
compare the output by looking at the wavelength and material.
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3. Results and Analysis

Based on simulation, the semiconductor laser used in this paper are InGaAs materials,
the specification is listed in the Table 1. Table 1 describes the fixed parameters used for
the simulation. The voltage and intrinsic carrier concentration are considered to be the important
parameter. Where in this paper the voltage can be assumed to be 1 volt for all simulation of
semiconductor laser. According to literature study, each parameter has different value depends
on wavelength and materials. Meanwhile this paper has same type of materials, so only
wavelength has an impact to the parameter. Therefore, the parameters are divided into two
tables. Table 2 is the parameter for InGaAs at 980 nm and Table 3 is the parameter for InGaAs
at 1480 nm. Table 2 shows the specification of InGaAs at 980 nm indicating that the most
influential variables that can affect the output are volume of active region and frequency.

Table 3 shows the specification of InGaAs at 1480 nm indicating that the most influential
variables that can affect the output are volume of active region and frequency. The first
simulation is compared injection current as a function of voltage for both semiconductor lasers
by using (13). After achieved the parameter for simulation, the result will be display in the next
section. The first result will be display injection current against voltage for both wavelength and
can be seen at Figure 5.

It is shown that Figure 5 shows the comparison of injection current as a function as
voltage of InGaAs at 980 nm and 1480 nm. The injection current for InGaAs at 980 nm is
greater than InGaAs at 1480 nm does. This is due to the InGaAs at 980 nm has greater volume
of active region compared to InGaAs at 1480 nm. This consequently leads InGaAs at 1480 nm
need more Injection Current compared to InGaAs at 980 nm. After obtained injection current,
the result of carrier density can be obtained at Figure 6. It shows the comparison of carrier
density as a function of injection current between InGaAs at 980 nm and 1480 nm. This result
can be obtained by using (22). It is shown that InGaAs at 1480 nm have smaller threshold
current along injection current compared to InGaAs at 980 nm. Even though InGaAs at 980 nm
have smaller carrier density compared to InGaAs at 1480 nm. Both semiconductor lasers were
conducted at 1 volt. The main cause is the differences in carrier density is due to threshold
carrier density and spontaneous emission coupling factor.

Where the carrier density has the same corelation with photon density due to same
time, the result of photon density can be seen at Figure 7. Figure 7 shows the comparison of
photon density between InGaAs at 980 nm and 1480 nm. This result can be obtained by
using (23). It is shown that InGaAs at 1480 nm has smaller threshold current than InGaAs at
980 nm does. This leads to the InGaAs at 980 nm has a larger output of photon but need more
injection current to reach above the threshold for photon density to rise. For InGaAs at 1480 nm
is more efficient than InGaAs at 980 nm, but has smaller value of photon density.

Table 1. Fixed Parameters Used for both Semiconductor Laser

Parameters Values Parameters Values
Cavity Length L 300 (um) Temperature T 20 (°C)
Emitter Width w 150 (um) Carrier Lifetime 7, 10 (ps)

Intrinsic Carrier

Vol \Y 1V . 108 3
oftage V) Concentration n; GaAs 9x10" (em)
High Reflection R2 0.9
Transparency Carrier
Partial Reflection R1 0.1 P y 4.7x10%° (m™®)

Density 1y

Table 2. Parameter of Semiconductor Laser for InGaAs at Wavelength 980 nm

Parameters Values Parameters Values
Spontaneous Emission 5 . .
Factor Be, 5.744x10 Velocity Group Vg 7.22x10° (cm/s)
c?”a”tum well Thickness 267 (A) Photon Lifetime 7, 0.343 (ns)
Volume V¢ 1.2x101% (m?) Optical Confinement Factor I 0.231
Area A 4x1072 (m?) Frequency w 1.92x10° (GHz2)
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Table 3. Parameter of Semiconductor Laser for InGaAs at Wavelength 1480 nm
Parameters Values Parameters Values
Spontaneous Emission 4 . s
Factor Bo, 8.7x10 Velocity Group I, 8.42x10° (cm/s)
Quantum well e
Thickness d 75.3 (A) Photon Lifetime T, 0.294 (ns)
Volume V., 3.38x10%6 (m®) Optical Confinement Factor I 0.204
Area A 1.13x10%2 (m?) Frequency w 1.27x10° (GHz)

Finally, the last result for this paper can be explained by looking graph at Figure 8.
It shows comparison of output power as a function of injection current for InGaAs at
980 nm and 1480 nm. This result can be obtained by using (24). The output power against
injection current can be analyzed and compared by looking InGaAs at 980 nm and 1480 nm. It
is shown that InGaAs at 1480 nm has smaller threshold current than InGaAs at 980 nm does.
However, the output power of InGaAs at 980 nm larger than InGaAs at 1480 nm. This can be
analyzed that InGaAs at 980 nm has larger output power but not efficient compared to InGaAs

at 1480 nm.
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Figure 5. Comparison of injection current vs voltage for InGaAs at 980 nm and 1480 nm
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By looking at Table 4, it can be concluded that the photon density for InGaAs at 980 nm
are greater than InGaAs at 1480 nm, but the threshold current for InGaAs at 1480 nm is smaller
than InGaAs at 980 nm. This leads InGaAs at 980 nm has a larger output power compared
InGaAs at 1480 nm, but InGaAs at 1480 nm more efficient than InGaAs at 980 nm because
it has low threshold current. InGaAs at 980 nm has larger slope efficiency compared InGaAs

at 1480 nm.

TELKOMNIKA Vol. 17, No. 5, October 2019: 2675-2683



TELKOMNIKA ISSN: 1693-6930 H 2681

11.759 mA 33767 mA
" X
22104 oarnaniTrnanensnesssnnarnnnnes PRI 0 £ 1 1% ol £ ot A
m’-"‘ 10"
E o ; . -
5 " i ) U - 1.756 x 105 cu™®
T H ¢
E 1.6.10% H ,/ X
: #

g 1.4.10" ’,"
W : *
5 12104 : ,” I IV

: » —

. X = Input at
Q 1.10% H // p
ia 7] g "
o B0 : g
2 : | —— InGaAs at 980nm
= £ A
O i A1 e InGaAs at 1480nm

.. "1
D [
£
C Dﬁ" | i B . “ + + i ' | 3
7 14 21 % 35 a2 an 56 63 0

Injection Current (mA)

Figure 6. Comparison carrier density for InGaAs at 980 nm and 1480 nm
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Figure 7. Comparison photon density for InGaAs at 980 nm and 1480 nm
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Figure 8. Comparison of power vs injection current for InGaAs at 980 nm and 1480 nm

Table 4. InGaAs at 980 nm and InGaAs at 1480 nm Result

Parameters Values Values
InGaAs at 1480 (nm)  InGaAs at 980 (nm)

Injection Current 18.714 (mA) 66.416 (MA)
Threshold Current  11.759 (mA) 33.767 (MA)
Carrier Density 2.166.10% (cm®) 1.756.10% (cm™®)
Photon Density 3.79.10% (cm®) 5.832.10% (cm™®)
Output Power 30.401 (mW) 214.811 (MW)
Slope Efficiency 4.371 (mW/mA) 6.579 (MW/mA)

4. Conclusion

From the simulation result in this paper, it can be concluded that InGaAs at 980 nm has
a larger injection current at 1 volt compared InGaAs at 1480 nm due to InGaAs at 980 nm has
a larger volume than InGaAs at 1480 nm. Meanwhile InGaAs at 1480 nm has a larger carrier
density compared to InGaAs at 980 nm at 1 volt due to InGaAs at 1480 nm has a larger
threshold carrier density and spontaneous emission coupling factor. Then for InGaAs at 980 nm
has a larger photon density compared InGaAs at 1480 nm due to InGaAs at 980 nm has
a larger spontaneous emission coupling factor. Last, for InGaAs at 980 nm has a larger output
power compared InGaAs at 1480 nm, the output power can be obtained by using photon density
where the output power was influenced by area of the active region and frequency of materials.
These cases are depending on parameters of semiconductor laser, by changing the value of
fixed Parameter the new result can be obtained.
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