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We investigate the relationship between the beam intensity and the four-wave mixing diffraction efficiency of the

longitudinal-field multiple-quantum-well (LMQW) photorefractive device grown at low temperature. A optimum beam

intensity is found. We also explain the different mechanisms of the beam intensity effect on the diffraction efficiency of

the LMQW device and the transverse-field MQW device. Some advice on how to improve the diffraction efficiency is

given.
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Multiple-quantum-well (MQW) photorefractive
devices have wide applications in the field of high-
speed optical holography because of their advantages,
such as rapid response time, high sensitivity, high
resolution, low saturation intensity and operation
at diode-laser wavelength.l!~* The longitudinal-field
multiple-quantum-well (LMQW) device has attracted
more attention than the transverse-field MQW device
due to its higher diffraction efficiency and lower ap-
plied voltage. Since the diffraction efficiency is the
most important characteristic of the MQW photore-
fractive device from the practical viewpoint, it is im-
portant to study the effect of the beam intensity on
the diffraction efficiency of the LMQW device. In
this paper, we investigate the relationship between
beam intensity and four-wave mixing diffraction effi-
ciency. The optimum beam intensity has been found.
We could explain the different mechanisms of the ef-
fect of beam intensity on the LMQW device and the
transverse-field MQW device.

advice on how to improve the diffraction efficiency.

Finally, we give some

The sample used in our experiments was grown on
the semi-insulating miscut [4° off (001) towards (111)
A] GaAs substrate by molecular beam epitaxy (MBE)
in a V80H system at 380°C. The as-grown sample had

a resistivity of 107Q-cm. The structure of the sample
was as follows: 500 nm GaAs buffer layer, 50 nm AlAs,
and an electro-optic layer consisting of 100 period
MQWs of 4nm Al 3Gag.7rAs/8nm GaAs which was
sandwiched between two 150nm Alp3Gag.7As trap
layers. After the substrate was removed using the se-
lective lift-off technique, the epitaxial layer 5x5mm
was put on a piece of glass on which an electrode and
an insulating layer had been deposited with ITO and
SiN;O,. The final step was bonding another electrode

on the surface with transparent epoxy.

Fig.1. A schematic diagram of the experimental set-up:
1, He—Ne laser; 2, 4, 5 and 6, mirror; 3, beamsplitter;
7, diode-laser; 8, oscilloscope; 9, square-wave generator;

10, LMQW; 11, photodiode detector; 12, amplifier.
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The experimental set-up is shown schematically
in Fig.1. The output light of the He-Ne laser, which
is used as the write beam, is split into two beams by
a mirror and then focused on the LMQW. There is
an angle of 0.7° between each beam and the normal
of the sample. Due to the interference between these
two beams, a space distribution of carrier concentra-
tion exists in the LMQW. Consequently, absorption
and index of refraction gratings are formed as a re-
sult of the process of carrier migration and material
electro-optical effect. We used a laser diode (LD) with
a wavelength of 840 nm to read the gratings. The first-
order diffraction light is detected by an Si photodiode
detector, which has a response time less than 10ns. A
digital real-time oscilloscope (TDS340) is employed to

record the diffraction signal.
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Fig.2. The curves of diffraction efficiency n versus
the read beam intensity I, with the write beam inten-
sity Iy of 250uW /cm? (full squares) and 400uW /cm?

(open circles).
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Fig.3. The curves of diffraction efficiency n versus
the write beam intensity Iy with the read beam inten-
sity I of 1004W /cm? (full squares) and 310uW /cm?
(open circles).

With a different write beam intensity, the curve of
diffraction efficiency versus the read beam intensity I,
is shown in Fig.2. It indicates that the diffraction effi-
ciency decreases when I, increases to a certain value.
The optimum value of I, is about 100uW /cm?. Fig.3

presents the diffraction efficiency versus the write

beam intensity I, for different write beam intensi-
ties. The diffraction efficiency increases first, then de-
creases as I, increases. The optimum value of I, is
about 200puW /cm?.

Our experimental results indicate that different
LMQW devices have different optimum values of I,
and I,.
are relatively independent of each other; that is, when

However, the optimum values of I, and I,

I, (I,) changes, the optimum value of I, ( I,,) is almost
kept constant.

The diffraction of the LMQW device originates
from the electro-absorption and electro-refraction.
Therefore, a larger electro-absorption leads to a larger
diffraction efficiency. @ The curve of the electro-
absorption signal versus the He—Ne beam intensity is
shown in Fig.4. It indicates that increasing the He—
Ne beam intensity results in a smaller maximum of
the electro-absorption signal amplitude. This can be
explained by the effect of partial voltage. The exis-
tence of resistance and capacitance in the trap layers
should be considered and the effective voltage across
the MQW layer is only part of the whole voltage across
the device. The beam intensity is assumed to be pro-
portional to the carrier concentration which is pro-
portional to the conductivity. Therefore, the beam
intensity is inversely proportional to the resistance of
the MQW layer. Hence, the effective voltage across
the MQW layer decreases with the increase of the
He—Ne beam intensity and this results in the decrease
of the electro-absorption signal. The experiment also
shows that the diffraction efficiency reduces when the
intensity of the LD beam increases to a certain value.
The LD intensity I. at the maximum diffraction effi-
ciency is just the intensity of the maximum electro-
absorption effective, as shown in Fig 5. (The data is
of another LMQW device, so the optimum value of
I, which is about 1504W /cm?, is different from the

above.)
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Fig.4. The curve of the electro-absorption signal Vg
versus the He—Ne beam intensity I.
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Fig.5. The curves of the electro-absorption efficiency
p versus the read beam intensity Ir (full squares) and
the diffraction efficiency 1 versus the read beam inten-

sity I+ (open circles).

For the transverse-field photorefractive device,
the diffraction efficiency decreases when the read beam
intensity reaches a certain value. Physically, the num-
ber of the excited carriers increases as the read beam
intensity increases. This leads to the erasing of the
space modulation of the carrier concentration formed
by the write beam. When the write beam intensity
reaches a certain value, the diffraction efficiency of the
transverse-field device also decreases, because the dif-
fusion of the carriers from the light fringes to the dark
fringes will increase, and this results in the reduction
of the grating modulation.

Our experimental results indicate that the op-

timum write beam intensity and the optimum read

beam intensity of the LMQW device are relatively in-
dependent of each other. If the LMQW device has the
same erasion mechanism as the transverse-field device,
then the optimum read beam intensity will depend on
the write beam intensity. Although the diffraction ef-
ficiency of both the LMQW and transverse-field de-
vices decreases when the read or write beam intensity
reaches a certain value, the underlying mechanisms
are different.

From the above analysis, the principal factor for
the diffraction efficiency of the transverse-field device
is the grating modulation. In contrast, the diffrac-
tion efficiency of the longitudinal-field device depends
on both the grating modulation and the partial volt-
age across the electro-optical layer (the MQW layer).
Since the latter factor is more important for the
LMQW, the most efficient method to increase the
diffraction efficiency is to increase the thickness or the
periods of the electro-optical layers properly.

In conclusion, this paper investigates the mech-
anism of beam intensity on the four-wave mixing
diffraction efficiency of the LMQW photorefractive de-
vice. The optimum beam intensity is found. We also
explain the different mechanisms of the effect of beam
intensity on the diffraction efficiency of the LMQW
device and the transverse-field MQW device.

advice on how to improve the diffraction efficiency is

Some

given.
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