both curves gives the wavelength of a longitudinal mode. As
I, is much longer than /| in this laser, there exist many modes
that can be excited in the neighborhood of an active cavity
mode. In this figure, however, only mode A is excited, be-
cause it has the least threshold gain.® Since the modes next to
mode A have larger threshold gain and the mode with the
second least threshold gain (denoted as mode B) exists with
the spacing of about 18 A, the longitudinal mode of the laser
is transferred with this spacing.

Several improvements on the laser performance expect-
ed in this configuration are as follows: (1) narrowing of the
spectral linewidth,”® (2) reduction of the oscillation frequen-
cy chirping,*'® and (3) suppression of the intensity fluctu-
ation (intensity noise).” Concerning the spectral linewidth
narrowing, good result has already been obtained for the
IPC lasers, and the minimum spectral linewidth measured
so far was about 900 kHz at full width at half maximum by
the delayed self-heterodyne beat measurement.'* And for
the chirping reduction, an oscillation frequency change of
about 100 MHz/mA for 100-MHz sinusoidal current modu-
lation has been obtained, which is considered to be the lowest
value compared with the previously reported results that
range from 0.11 to 1.5 GHz/mA."*""7 Detailed results and
discussions about these improvements will be reported else-
where.

In conclusion, we have proposed the IPC lasers, which
have a novel, easily producible SAIL guide structure. The
long IPC laser with a 3.55-mm-long passive cavity was oper-
ated in a single longitudinal mode and showed the effects of
oscillation frequency stabilization, which are the essential
factors for future optical sources.
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Variable frequency picosecond optical pulse generation from laser diodes

by electrical feedback

S. H. lzadpanah, J. Paslaski, Z. Rav-Noy, S. Margalit, and A. Yariv
California Institute of Technology, Pusadena, California 91125
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High repetition rate picosecond optical pulse generation is achieved by providing electrical
feedback {with and without external gain) to a self-pulsating laser diode. The feedback improves
pulsation short-term stability { < 25-kHz frequency jitter) and narrows the laser pulses (14 ps).

Different techniques have been demonstrated to gener-
ate very short optical pulses from laser diodes. These include
mode-locked laser, ' regenerative feedback,” optoelectronic
feedback,* and mutual phase-locked loop.” In this letter, we
demonstrate that passive and active electrical feedback is an
effective way of generating picosecond optical pulses using a
high-frequency laser diode specially treated to self-pulsate.’

The electrical equivalent circuit of a self-pulsating laser
diode includes a negative resistance that leads to a micro-
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wave oscillation of electrical current through the diode,®
which thus acts as a microwave oscillator. An electrical feed-
back to such a diode plays electrically a role similar to that
played optically by an external optical cavity. The diode/
circuit interaction significantly improves the optical pulse
train regularity and reduces the pulse width. This is particu-
larly noticeable in lasers made on semi-insulating substrate,
where the small parasitic reactances lead to large microwave
bandwidth.

© 1985 American Institute of Physics 1030
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FIG. 1. (a) Passive feedback circuit arrangement; {b) microwave spectrum of
laser pulsation, light spectrum free-running and (d) locked condition {1/
I, = 1.2, central frequency 1.5 GHz). (c) Current spectrum, free-running
and (e) locked condition (I /I, = 1.4 central frequency, 2.2 GHz). Vertical
scale, 5 dB/div, horizontal scale, S0 MHz/div.

Figure 1{a) shows the circuit arrangement used to pro-
vide electrical feedback to a pulsating laser. The microwave
spectrum of the laser’s electrical signal or its detected light
can be displayed on the spectrum analyzer. For switch .S in
position 1, the free-running laser spectra of detected light are
shown in Fig. 1{b). The laser pulsation frequency at I/
I, ~1.2is 1.55 GHz, with a typical spectral width of 20

MHz. For switch S in position 2 and a proper selection of
delay line length, the spectra change to that of Fig. 1(d). The
intensity output from the laser now pulsates with much re-
duced linewidth as a result of self phase locking. This stabi-
lizes the optical pulsation rate and, as we will show, narrows
the emitted optical pulse width, increases the pulse ampli-
tude, and leads to an enhancement of its harmonic content.

The same effect of linewidth narrowing is observed for
the electrical microwave signal. Figure 1(c) shows the cur-
rent microwave spectrum of the free-running, self-pulsating
laser at I /I, = 1.4, with a self-pulsating frequency of 2.15
GHz. Figure 1(e) shows the electrical signal when the delay
time is adjusted for an optimum linewidth.

Next, an active feedback loop with gain and phase con-
trol is inserted into the diode electrical circuit. The gain and
return signal phases are independently controlled by the
variable phase shifter and attenuator. Again, depending on
the amplitude and phase of the feedback signal, phase lock-
ing takes place in a frequency range corresponding to a near-
by resonant frequency of the external loop and a multiple of
the diode free-running pulsation rate.

Figure 2(a) shows the circuit arrangement used to pro-
vide the active feedback. Shown in the same figure are the rf
spectra of the detected light in the unlocked mode [Fig. 2(b}],
just before locking [Fig. 2(c)], and after the onset of locking
[Fig. 2(d)]. The width of the locked spectrum is ~23 kHz
compared to 18 MHz in the free-running mode. This implies
a frequency jitter of better than two parts in 10°.

Figures 3{a} and 3(b) show the fundamental and second
harmonic components of the detected light and current in a
free-running laser. After the application of active feedback,
the spectra of both the current and detected light become
narrow and the amplitude of the rf component increases.
The frequency components of the detected light under the
locked condition are shown in Fig. 3(c). It is seen that the
harmonic contents are enhanced, and higher order harmon-
ics are now easily detectable. This fact is further confirmed
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FIG. 3. (a) and (b} Harmonics of free-running and (c) locked laser pulsation
under active feedback condition.

by the change in the laser output pulse width. As the free-
running, self-pulsation frequency varies with pump current,
variable frequency pulsation can be obtained by tuning the
diode current and feedback parameters.

The optical pulse width was measured by the intensity
autocorrelation technique using second-harmonic genera-
tion (SHG) in LilO,. Figure 4 shows the intensity autocorre-
lation traces of the laser output for (a} free-running and (b)
passive feedback conditions and (c) with active feedback of
20-dB gain. Assuming a Gaussian pulse, the full width at
half-maximum of trace (c) is ~ 14 ps compared to a 57-ps
pulse width for the free-running case.

In conclusion, we have demonstrated a new method of
generating picosecond optical pulses by applying electrical
feedback to a pulsating laser diode. A typical 15-20-dB gain
in the feedback circuit improves the pulsating regularity to
one in 10° and reduces the pulse width below 15 ps. The
technique is highly suitable for an integrated laser/micro-
wave oscillator, with the possibility of variable frequency
pulse train generation.
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FIG. 4. (a) Autocorrelation traces of laser self-pulsation under free-running,
{b) passive feedback, and (c) active feedback conditions.
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