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Abstract: We solve the single mode coupled rate equations by computer,simulate the behavior of a gain switch of an Al-

GalnP red light semiconductor laser diode,and find the characteristic of FWHM of pulses changing with the amplitude of

modulation signal, the bias current, and the modulated frequency. On this basis, we conduct experiments. The experiment

results accord with the simulations well.
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1 Introduction

An AlGalnP red light laser diode (wavelength
from 650 to 670nm) is an important type of semicon-
ductor laser and has been widely used in communica-
tion, information storage, medical treatment, and
measurement fields. The development of ultra fast op-
tical data communications in LAN and E-O sampling
applications''*) has made the red light ultra short
pulse laser diode important.

Ultra short pulses can be generated from a laser
diode though a gain switch and mode lock. The gain
switch modulates the laser diode directly. It has many
advantages, including that the pulses can ecasily be
synchronized with the modulation signal and that the
frequency can be easily changed. In a gain switch,the
laser diode can be biased below the threshold™* , mod-
ulated by a large sin signal’’ or current pulse sig-
nal™ . Optical pulses tens of picosecond (ps) or shor-
ter'® can be generated. In the near infrared band.
technology for gain switches has been intensively
studied, but there is little research on red light laser
diodes and hardly any such papers have been pub-
lished in domestic journals.

In this article,we demonstrate the gain switch of
an AlGalnP red light semiconductor laser diode.
First, the simulation is made near the frequency of
1 GHz by computer,then experiments are conducted,
and 70 ~ 100ps optical pulses are generated under
large sin signals at a frequency of 0. 8~1GHz.

2 Simulation

The dynamic behavior of laser diodes can be sim-
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ulated by solving the single mode coupled rate equa-
tions through numerical simulation:

dn_ ms _n _ vg(n)s

dr ~ g.d, 74
ds _ (rvg(n) - i)s oy
dt Tph Top
In the equations, n is the electron density (cm™?), s is
the photon density (cm™?), is the injection current
efficiency (commonly j is the current injected into
the active region,so 5 =1), j = j, + j. X cos(w t) is
the current density (A/cm®) (j, and j. are the bias
current and amplitude of the injection current,and w
is frequency) ,d, and q. are the thickness of the active
region (cm) and the electron charge (C),z,, is the e-
lectron spontancous recombination lifetime (s™'), zy,
is the photon lifetime (s™'), v is light velocity in the
active region (cm/s),g(n) is the peak gain (¢/m),I’
is the optical confinement factor,and y is the sponta-
neous radiation factor. g(n) can be expressed in log
form in the quantum well active region:

n
gln) = gwlnn—

where g, is the gain constant (¢cm™ ') and n. is the
transparent carrier density (cm™®).

When the laser diode modulates, it usually works
in several modes. The simulation of the rate equations
cannot accord absolutely with real experiments, but
we can find some qualitative conclusions to instruct
our experiments. We mainly simulate the optical pulse
width’s variation with the amplitude and frequency
of the modulation signals and bias current. In a quan-
tum well AlGalnP red light laser diode,for example,
the typical parameter values are'” .

d,=4xX107% cm, v =8.328 X 10 °cm/s,z, = 3 X
107%™, £, =3.26X107%s7!, ¢g,=1500 cm™', T =
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Fig.1 Gain switch of s.n,and j versus time tude:1. 6jth)

0.06,y=1%X10"",n,=1.1X10" cm~®.

Figure 1 shows the result of simulation for a gain
switch of s, n,and j as a function of time (t). The
pulses occur in the process of n falling quickly.

The laser diode used in the experiment is an Al-
GalnP ridge waveguide quantum well laser made by
our lab. Its 3dB bandwidth is relatively small. When
biased slightly higher than the threshold value, its
bandwidth is 1. 2GHz. So we mainly simulated the
gain switch of the laser diode under a large sin modu-
late signal near 1GHz. Figures 2~4 show the curves
of the full width half maximum (FWHM) of optical
pulses as a function of amplitude of modulation signal
(Fig. 2), bias current (Fig.3), and modulation fre-
quency (Fig. 4) when the laser diode is biased under
the threshold value (jth in the figures is the threshold
current of the laser diode).

From the results of Figs.2~4,we can conclude
that.

(1) When the DC bias is slightly lower than the
threshold,the FWHM of the optical pulse decreases as
the amplitude j. increases.

(2) The FWHM of the optical pulse decreases as
the DC bias increases, when the DC bias is under the
threshold value.

(3) The FWHM of the optical pulse increases
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Fig.2 FWHM versus amplitude of modulation signal (Fre-
quency:900MHz, bias DC:0. 8jth)
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Fig.4 FWHM versus frequency of modulation signal (Ampli-
tude:1. 5jth,bias DC:0. 9jth)

slowly as the frequency increases slowly near 1GHz,
when the DC bias is under the threshold value.

3 Experiment and analysis

The laser diodes used in experiments had a wave-
length of 660nm,a cavity length of 900m,a thresh-
old value of 40mA,and an output power of 20mW at
50mA. After packaging, the laser diode was directly
modulated by a large sin signal. At the same time,a
DC bias was injected into the laser through a Bias T
(T bias connector), which can separate DC and DC
signals. An optical lens converged the output light to
high speed photo-detectors ( Hamamatsu G4176). A
high speed oscilloscope was used to detect the current
pulse signal. Figure 5 shows the experimental equip-
ment and Figure 6 shows the ultra short waveform de-
tected by the oscilloscope.
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Fig.5 Equipment diagram of the experiment
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2 g0l / Figures 7~9 show the results of the experiments,
E / the FWHM of optical pulses changing with signal
2 70t " power,which is a direct ratio with the square of the
amplitude of signal, bias DC,and modulation frequen-
60r cy.Compared with the simulation results, we find that
sol_ ) ) ) ) the variation trend is the same. The FWHM of optical
080 085 05 095 100 pulses from the experiments is relatively large (70~
Frequency/GHz .
100ps), and the parameters of the diodes should be
Fig. 9 FWHM versus frequency  Frequency under 1GHz
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optimized to reduce the optical pulse width.
For clarification, we separately plot n, s, j,and
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gain (g) as a function of time in Fig. 10. The figure
indicates that there is a time delay between n and j,
s,and g.Gain g is synchronized with n. At the initial
time of injection current j,n is very small, g is below
zero,and s is almost zero. As j increases, n rapidly
reaches a maximum 7n,,, which is larger than the
threshold carrier density n,. n, is the density that
the gain produced by laser light traveling a round trip
is equal to the loss in the cavity. When n is larger
than n, ,stimulated emission and nonradiative recom-
bination will consume the inject carriers instantly.
When n reaches n,., g reaches g...and simulated
emission will increase rapidly under 7., and gm. . As
the emission rate increases, s starts to increase rapidly
like an avalanche. When s starts to increase rapidly, n
and g decrease rapidly. When n decreases to below
n.,g is lower than zero again, s decreases to a very
small value, and the optical pulse emission process is
over. Thus, the pulses occur as n falls quickly.

So, if n accumulates to a larger value before s
starts to increase rapidly,the emission rate will be lar-
ger,the pulse generation process will shorten,and the
power of the pulse will be larger. Increasing the am-
plitude of the modulation signal and DC bias aids n
accumulation,so the pulse width will decrease. When
increasing modulation frequency,the current injection
rate will be fast and n has little time to accumulate,so
the pulse width will increase. On the contrary,a laser
diode working at a higher speed will shorten the
whole lase period, including the pulse generation
process. Increasing the modulation frequency is doub-
le-faced to pulse width. Because the bandwidth of the
laser diode used in the experiment is relatively small,
we can only study its characteristic near 1GHz. In a

wide frequency range, Yeung"®' demonstrated that the
pulse width may change as the frequency increases,
but it will not change significantly.

4 Conclusion

We can conclude from the simulation of gain
switch of ridge waveguide AlGalnP red light laser di-
ode that:when the bias DC is lower than the thresh-
old of the laser diode.the FWHM of optical pulse de-
creases with increasing bias DC and amplitude of
modulation signals, when the modulation frequency is
near 1GHz,the FWHM of optical pulse increases with
increasing frequency. The experiments prove that the
results accord with the simulations well.
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