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Abstract- A new method of analyzing the chirp 
characteristics and self-heating effect for MQW laser is 
presented in this paper. With rate equations of MQW laser 
and thermal equation, this model allows the calculation of 
the electrical, optical and thermal interactions.  
With considering the threshold current as a function of 
temperature, we are able to analyze separately the effects of 
diode thermal resistance, series resistance, turn on voltage, 
characteristic temperature and well number on the chirp 
and self-heating parameter. We have shown when self-
heating occurs in the laser, the chirp effect is increased. 
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1. Introduction 
InGaAsP based lasers as the key elements in WDM 
optical communication, are very sensitive to temperature 
variations. Temperature affects the main parameters of 
the laser structure such as, the threshold current, the 
optical gain, the carrier lifetime and external quantum 
efficiency [1]. In this paper a model involving the self-
heating effect on the frequency chirping of MQW laser is 
presented. The seriousness of the chirping induced 
performance degradation increases with the transmission 
bit rate and can ultimately limit the performance of the 
system [2].  
Our results are in good agreement with the experimental 
and numerical results obtained considering chirp feature 
for MQW laser. In section 2, we obtain rate equations 
considering self-heating effect and output phase shifting 
(chirping) for MQW lasers. Simulation results and 
discussion are included in section 3. Finally, in section 4, 
a conclusion is presented. 
 
2. Theory of Model 
The rate equations in quantum well laser including the 
optical phase can be expressed as 
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were q is the electron charge, Va is the volume of active 
region, g0 is the gain slope, ε is the gain saturation 
parameter, τn is the carrier lifetime, Γ is the optical 
confinement factor, N0 is the carrier density at 
transparency, 

pτ  is the photon lifetime, α is the line-width 

enhancement factor. The optical power is defined as [3, 
4]: 

p

a hVtStp
τ

νη
Γ

=
2
)()( 0  (4) 

The relationship between frequency chirp and output 
optical phase is given by [2, 5] 
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Substituting (4) into (5) gives 

[ ]
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−−Γ=Δ

p
NtNg

τ
α

π
ν 1)(

4
1

00
 (6) 

The thermal rate equation is written as 
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where Rth is the equivalent thermal resistor defined as 
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where Lsub and Wsub are the substrate thickness and width, 
respectively and Lactive is the total active region thickness. 
The temperature rise in the active region of the laser due 
to current injection of magnitude I was calculated 
according to (12) 
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where Iapp is the applied input current intensity, U0 is the 
positive turn-on voltage of the corresponding ideal diode 
and Rs is the series resistance [6, 7]. The optical output 
power L can be written as 

( )thIIKL −=  (13) 

where K is the proportional coefficient. The threshold 
current density Jth increases when the temperature 
increases and it may be written as 

00
T
T

th eJJ =  (14) 

where J0 is the constant and T0 is the laser characteristic 
temperature. 

3. Results and Discussion 
Based on the model, we analyze L-I and chirp 
characteristics of MQW laser, the L-I characteristics of a 
four- well quantum laser for the cases of with and without 
considering the self-heating effect at T=300 K are 
depicted in Fig. 1. 
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Figure 1. L-I characteristic of a laser with four wells at T=350 K 

without self-heating effect and with self-heating effect and assuming 
U0=1 V, Rth=500 KW-1. 

In Fig. 1 optical output power is saturated with increase 
of input current when self-heating effect is considered, 
but without considering the self-heating effect, the 
saturation of output power does not happen. Fig. 2 shows 
the L-I characteristics of MQW laser for different number 
of wells with self-heating effect and Rth=500 KW-1, Rs=40 
Ω, U0=1 V, T=25 C. A smaller well number is suitable 
for lower threshold current and higher differential 
quantum efficiency at T=25 C. Ith increases 
monotonically from 19 to 23 mA at T=25 C when NW 
increases from 8 to 10. 
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Figure 2. L-I characteristic of laser with self-heating effect. 

In Fig. 3 shows the chirp variation of six well quantum 
lasers for different value of applied currents in the form 
of the pulse train. Self-heating effect happens with the 
increase of current. For I=50 to 52 mA the optical output 
power and chirping value increased while for I=53 to 55 
mA where the self-heating effect occurs, the optical 
output power and chirping value decreases.  
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Figure 3. Chirp characteristics of six well quantum laser for T=25 C, 

Rth=500 KW-1, U0=1 V. 

Fig. 4 shows the effect of well number on chirp 
characteristics without self-heating effect at T=25 C , 
I=40 mA for 6, 8 and 10 wells and Fig. 5 shows this curve 
with self-heating effect for Rth=500 KW-1 , Rs=40 Ω , 
U0=1 V . Having different threshold current densities the 
self-heating effects are more important for those laser 
with higher threshold current. In these curves with 
increase of well number the value of chirp is decreased. 
The laser characteristic temperature T0 is also responsible 
for the laser sensitivity to self-heating. If there is a similar 
increase in the active region temperature self-heating 
effect are less pronounced when T0 is high. Fig. 6 shows 
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the effect of T0 on chirp characteristics without self-
heating effect for several T0 at T=25 C, six - well, I=40 
mA and Fig. 7 shows this curve with self-heating effect 
and assuming Rth=500 KW-1, U0=1 V, Rs=40 Ω. 
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Figure 4. Chirp characteristics without self-heating effect for 8, 9 and 

10 wells with T=25 C, I=26 mA. 
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Figure 5. Chirp characteristics with self-heating effect for 8, 9 and 10 

wells with T=25 C, I=25 mA, Rth=500 KW-1, Rs=40 Ω, U0=1 V. 
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Figure 6. Chirp characteristics without self-heating effect for several T0. 

Effect of thermal resistance and series resistance on self-
heating and chirping characteristic is shown in Fig. 8. The 
curves are calculated at, T0=25 C for I=25 mA, U0=1 V 
and 6 wells. According to these curves, series resistance 
variation has larger effect for high values of thermal 
resistance. 

9.5 10 10.5 11 11.5
100

150

200

250

Time (ns)

C
hi

rp
 (G

H
z)

T0=100 K
T0=95 K
T0=90 K

 
Figure 7. Chirp characteristics with self-heating effect for several T0. 
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Figure 8. Effect of Rth and Rs in chirp characteristic. 

The increase of the thermal and series resistances tend to 
decrease the chirp value. The effect of Rth and Rs is also 
more pronounced at higher temperatures. 

4. Conclusion 
A model has been used to explain the self-heating and 
chirping effect in MQW lasers. This model identifies 
several laser diode parameters responsible for the laser 
self-heating, the diode thermal resistance, series 
resistance, turn-on voltage and characteristic temperature. 
When the thermal resistance and series resistance 
increased, the active region temperature and consequently 
the threshold current increased. This effect on chirping 
characteristics is especially important at high 
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temperatures and high currents and a decrease in emitted 
optical power with increasing current may even be 
observed. Also, the effect of well number on self-heating 
and chirping effect have been investigated. A smaller well 
number is helpful to decrease the thermal resistance and 
series resistance and the effects on chirp characteristics of 
laser. With increases of these parameters, the chirping 
value is decreased. 
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