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Abstract New investigations on a “light storage device”
[} based on a lateral potential superlattice are presented.
An improved sample structure enabled us to achieve storage
of photogenerated electron-hole pairs for several seconds at
storage efficiencies of about 10%.

1 Introduction

Optical interconnects and solid state memories are vi-
tal in today’s communications networks. On the other
hand, the current method to delay or store photonic sig-
nals is rather unhandy, using miles of optical-fiber delay-
lines. A different approach is to store optically generated
electron-hole-pairs in a modulated direct band-gap semi-
conductor and letting them recombine radiatively. This
redices device dimensions to the mm range, neverlhe-
less providing rather long storage times. Such a modu-
Iation can be obtained for example with self-assemblod
qnantum dots [2] or, as in our case, with a lateral poten-
tial. This madulation, which is in some respect similar
to that of nipi-deping superlattices [3], is achieved ei-
ther by the piezo-electric componeut of surface acoustic
waves [d] or, as presented here, by static electrodes. The
latter approach provides extremely long storage times,
which are easily tunable over orders of magnitude.

2 Samples and Experiment

All samples are grown by molecular beam epitaxy. Sam-
ple Ais a quantum well (QW) structure with 8nm GaAs
cap, dinm AlgsGapsAs top-barrier, 20nm GaAs QW,
300um Alp 3Gag 7 As vear-barrier and a 40nm Si-doped
GaAs back contact with n = 4-10"em=3. Sample B con-
sists of 10nm GaAs cap, 100nm Aly 4CGag g As top-barrier,
two Tnm wide Inp1;GagggAs QWs in a 50nm GaAs
cladding layer, 1000nm Aly 4GaggAs rear-barrier and
20nm Si-doped GaAs back contact with n = 4-10'%cm~3.
All barriers are short-period-superlattices.

Ou top of the grown structure, semitransparent, inter-
digitated titanium-electrodes are evaporated on an area
of 400 x 500pm?. Both electrode-finger width and spacing
are lpm. Applying different voltages V) and V), between
each electrode and the back contact results in a stripe-
like lateral potentiat modulation in the QW layer due to
the voltage difference AV = 17 ~ 15,

The sample to be examined is mounted in an opticat
Cryostat. It is excited by a pulsed laser diode at 780nm,
whick is below the band gap of the barrier material but
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Fig. 1 Operation principle: photoinduced carriers are stored
as long as the voltage is apptied

above the band gap of GaAs. The luminescent, light is
collected by a microscope objective, spectrally filtered by
a Dilor XY-Spectrometer ami detected by a photomul-
tiplier with a gated counter, thus providing a temporal
resolution of 10ns. The setup is also suitable for spatially
resolved measurements with a resolution of about 10pm.
Principle of Operation

Initially, a voltage difference is applied to the electrodes.
Then the sample is illuminated by a short "loading” laser
pulse to create electron-hole-pairs in the QW. Due to
the interdigitated shape of the electrodes, AV induces a
lateral potential modulation of the conduction and va-
lence band, resulting in different potential minima for
electrons and holes. This spatially separates the opti-
cally generated carriers. In addition, confinement along
the growth direction is obtained by the QW potential,
preventing the carriers from escaping to the electrodes.
The carriers accumulate underneath the positive and
negative electrode respectively and are stored for a de-
sired time ¢,. Turning off the bias restores the flat-band
condition. The separated carriers attract each other via
Coulomb interaction and recombine radiatively within
less than 100ns (cf. Fig. 1): A short, intense light pulse
can be detected, the stored signal is "read out”.

3 Sample A
Sample A wasg designed with a thin top barrier, thus
providing strong and homogencous potential modulation
in the QW layer at small voltage differences.

In Figure 2 the time resolved luminescence during the
storage cycle is plotted: [rom £ = 0 to ¢ = 1ps, residual
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IMig. 2 Timeresolved measurement of the storage cvele on
sample A; inget: same wmeasurement with 10ns resolution

photoluminescence (PL) from the exciting laser pulse is
visihle. No light is emitted from the sample until the bias
AV is removed after ¢ = 1.9us: then, a short, intense
light. pulse can he detected (cf. inset).

Figure 3 shows the intensity of the stored signal as a
function of the storage time £ at diflerent parameters. It
is clearly visible that lower A1 initially leads to smaller
signals, but also the loss of signal over time is slower:
The life time Ty 5 doubles at AV = 0.4V,

This can be understood, as low voltage dillerences
resitlt. in weak potential modulations, reducing therelore
the amonut of storeable carriers. On the other hand,
{he thin Lop-barrier leads to a sullicient. potential mod-
ulation even at low M7, resulting in rather long stor-
age tiwes at reasonable signal strempth. However, this
thin barrier cannot effectively prevent timneling of the
stored carriers to the electrodes. "Uhis seems to be the
main reason for carrier losses. It especially explains the
faster decrease of the signal at high Al7, There is also
an influence of the laser intensity on both storage time
and eflicieney. This behaviour is not. fully understood,
but we atiribute it mainly {o optically charging surface
stales and traps. creating local poteniial fluctuations.

With this sample, a tradeofl between storage time
and storage efficiency has to be made. Storage is possible
in this structure up to temperatures of about 100K,

4 Sample B

The second sample was in general designed with wider
barriers, but keeping the ratio of barrier widths ahmost
constant to achieve again strong lateral modulation in
the QW layer. In addition, using InGaAs, decper wells
were achioved. and (be GaAs cladding layer improves
absorption of the initial laser pulse.

Figure 4 illustrates the storage capabilities of this
sample, in particular the dramatic increase in storage
timie as compared to sample A, The inset on the upper
right. again shows a time resolved measurement. of the
storage cycle, now for {, = 1s. With this sample, storage
is possible for many seconds without any measurable loss
of signal infensity. In the main figure, the stored signal is
plotied vs. storage times up to 100ms for different A1
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Fig. ® Storage cfficiency of sample A at different parame
ters, time axis linear
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Fig. 4 Storage efliciency of sample B at diflerent. AV both
scales logarithmic; inset: 1s storage time

For AV = 3.5V, no decrease at all oceurs in the signal,
Ouly for AV = 1.7V, a slight decrease is visible.

These results clearly indicate thatl the rather broad
barriers eflectively reduce carrier losses, providing an
enormous increase in storage time as compared to sam-
ple A. In addition. higher voltages can be applied. result-
ing in strong potential modulations. This maintains an
overall storage cfficiency at T 2 4K in the range of 10%
(compared to the PL of the structure with AV = 0).

5 Conclusions

We present new investigations on a "light, storage device”
based on voltage-induced lateral potential superlattices,
revealing losses through the QW barriers ag nain limi-
tation in storage time. A new sample with broader QW-
barriers now provides high storage efliciencies and stor-
age times of several secouds at temperatures of 41
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