Digest of Tech. Papers The 9th Conf. on Solid State Devices, Tokyo

13-—-7-——4. High Speed Repetitive Q-Switching in Semiconductor Acoustic
Distributed Feedback Lasers

M.Yamanishi, K.Ishii, M.Ameda, and T.Kawamura
Department of Electrical Engineering, University of Osaka Prefecture

Sakai, Osaka, Japan, 591

1) r
as an extension

We proposed an acoustic distributed feedback (ADFB) laser
of distributed feedback (DFB) laser.

An intense surface acoustic wave (SAW) at GHz range, needed to realize the
ADFB laser, has been excited on GaAs by mode conversion from bulk wave.Z}Also, we
have demonstrated the oscillation of the two-dimensional DFB laser3)which simu-
lated the operation of the proposed ADFB laser. The above facts encourage us to
realize the ADFB laser. On the other hand, Tsukada and Tang proposed Q-switching
semiconductor laser, based on electro-optic switching of the Bragg reflectivity
of the grating reflectors.4)Here, we propose a high speed repetitive Q-switching
laser where acoustic standing waves in the DFB cavity are used.

Principle When oppositely propagating SAW's are injected into a distrib-
uted Bragg reflector (DBR) laser (see Fig.l), the y-directed spatial variation of
the refractive index, due to the SAW’s, are written in a form of a standing wave:

Ang (y,t)=4ngcos (Ky-it) +Angcos (Ky+Qt+¢)
-Zdnacosdlt+£)xcos(Ky+£) (1)
=4N, (t) cos (Ky+£)

We can expect to have a laser where Q value of the two-dimensional ring modeljs)

changes periodically at the frequency of (20Y/2T).

We next discuss the characteristics of the Q-switchings quantitatively. In
the situation, represented in Fig.l(a), the reflection coefficient from the SAW's
is given in the form of

Ry=-isin (2MLAN, (£) /AcosBa) =)

In the case of Fig.1l(b), the reflection coefficient is given as follows:

o= —151n(2W£AN (t) /Acosfa)
x[1+Rg E/cosEh -2ikl/cosB;
xcosZ(ZNMNa(t}/A.cosea)] (3)

which includes the effect that a transmitting light wave is reflected from grat-

ings and SAW’s and return to the original point, shown as dashed line in the Fig.

1(b). In eq.(3), Ry is reflection coefficient from the grating and is represented

by the loss coefficient O in the grating region ( l(hkz ), the wave number of the

grating kg, the coupling constant of the gratlngd(g, the wave number of the opti-

cal wave k, and the incident angle ea- )We can estimate the threshold gain 9ih for

oscillations from egs. {1)(2)(3) and the following oscillation condition.
RgRaegﬁ/cosBa_e-lkl/cosea=tl ()

Now, we consider @ simplest and most interesting casel)l.e. kL/cosfy=NT (N:integer).

The condition is satisfied by the SAW with a proper frequency.l)ln this case, the
laser frequency of the 2-D.mode is equal to the Bragg frequency of the grating and
the required threshold gain is the lowest. Numerical example of the threshold
gain (gul.) as a function of timet is shown in Fig.2. As shown in Fig.2, switch-
ing characteristics for the situation (b) are almost ideal. The sharp switch-on (
—-off) behavior is due to the fact that the phase of the multiple reflected wave,
indicated by dashed lines in Fig.l(b), is opposite to that of the single reflected
wave, indicated by solid line in the figure.
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Dynamic behavior Assuming that the switching of the Q value was essential-

ly instantaneous and using rate equations4), we estimated the delay time At.,
pulse width At} and the pumping rate P, needed to sustain repetitive Q-switching.
Here, an example of the results is shown. For the case of gain exponent m of 2,
the pumping rate P of ~4.5P th' and the frequency of SAW’'s of 1.5GHz, we can expect
to have a laser which has a characteristic as shown in Table. 1. In the analysis,
we assumed that the gain coefficient g is expressed in the semiconductor as

follows: i
g=Bn (m=1.5~3).

Finally, the suppression of the oscillation of one-dimensional mode will be
required for successful Q-switching of 2-D.mode. For example, when the SAW’s at
the frequencies of 1.5GHz for GaAs are used, the separation of the laser wave-
length between one- and two-dimensional modes is about 20A. Therefore, by match-
ing the wavelength of the 2-D.mode to peak gain wavelength, the above requirement
will be satisfied.
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Table.l odL/cos@a=3
m frequency of SAW | pumping rate P nj At Aty |repetition rat
2 1.5GHz ~4,5P¢y 2nyy, | £100psec|~25psec 3.0GHz

* The suffix (th) denotes the static values for threshold when the Q takes
constantly high value. 2



