
was chemically etched in order to obtain a pinch-off voltage of
35 V and an /DSS of 35 mA, as can be seen on Fig. 2.

In this example, the transconductance is 12 mA/V, i.e.
60 mA/V/mm. This result can be considered as typical for a
doping level of 1017 cm"3 and a full planar structure with the
same gate length.

A voltage shift of 0-5 V is apparent in the characteristics
(Fig. 2), due to the knee voltage of the Schottky diode.

Such transistors have also been measured under high drain
voltage, and a typical example is given in Fig. 3. It can be seen
that, near IDss, the breakdown voltage is about 25 V and a
mean value of 30 V is obtained before irreversible breakdown.
This voltage shows an improvement of about 15 V compared
with a conventional planar MESFET device.

; 847/21

Fig. 2 I/V characteristics of Schottky drain FET

Fig. 3 I/V characteristics for high drain voltage. First step is — 1 V to
limit thermal effects

Near the pinch-off voltage, no excess current is observed
until 29 V and irreversible breakdown occurs at 35 V.

Preliminary microwave measurements on such transistors
have given a maximum gain of 9 dB and a minimum noise
figure of 3-8 dB with 4-5 dB associated gain at 10 GHz.

The power behaviour of this new device has also been tested,
with the transistor placed on a standard microstrip structure.
We found that the output power increases with VDS until 16 V
and then saturates. This saturation is probably due to thermal
effects. The maximum power at 1 dB gain compression for
VDS = 16 V was 50 mW, i.e. 250 mW/mm, with a linear gain of
6 3 dB at 6 GHz.

During the measurements the amplifier was power matched
at VDS = 20 V, and with high microwave input power levels no
particular burn-out problems were observed.

Conclusion: In conclusion, a technology has been developed
for the fabrication of GaAs Schottky drain FETs. Initial exper-
imental results have shown this new device to be promising for
high breakdown voltages. Further experiments will be carried
out to reduce the gate length to improve the microwave
performances.

Furthermore, Schottky drain devices with a fully recessed
gate structure will be realised in order to increase the device
transconductance.

References
1 BAUDET, p., et al.: 'Submicrometer self-aligned GaAs MESFET',

IEEE Trans., 1976, ED-24, pp. 372-376
2 FURUTSUKA, T., TSUJI, T., and HASEGAWA, F.: 'Improvement of the

drain breakdown voltage of GaAs power MESFETs by a simple
recess structure', ibid., 1978, ED-25, pp. 563-567

0013-5194/81/030107-02$!.50/0

BURIED HETEROSTRUCTURE AIGaAs
LASERS ON SEMI-INSULATING
SUBSTRATES

Indexing terms: Semiconductor lasers, Integrated optics

Buried heterostructure (BH) AIGaAs lasers were fabricated
on Cr-doped semi-insulating substrates. Low threshold cur-
rent (8 mA//jm stripe width for cavity length of 300 /im), a
high differential quantum efficiency (55%), and stable trans-
verse mode operation were realised.

The integration of semiconductor based optical and electronic
devices has gained considerable interest recently. Such in-
tegrated circuits would bring a significant simplification in
long distance communication systems and also improvement
of the high speed modulation characteristics. Semi-insulating
(SI) GaAs crystals are the most suitable substrates for such
devices wherever GaAlAs lasers are involved. We have recently
demonstrated monolithic integration of GaAs-GaAlAs injec-
tion lasers with several electronic devices.1 3 One of the key
factors in these devices is the fabrication of a reliable low
threshold current laser. This is important in reducing the heat
dissipation of the device which is necessary for long life opera-
tion. The beryllium implanted stripe geometry laser,3 which
has been monolithically integrated with a metal-semi-
conductor field effect transistor, and the transverse junction
stripe laser,45 can operate at relatively low current on GaAs SI
substrates. Another attractive candidate is the buried hetero-
structure (BH) laser,6 fabricated so far on conducting sub-
strates only. In this letter we report on the fabrication of the
BH laser on SI GaAs substrate, with characteristics compar-
able to the conventional BH laser on conducting substrates.
The attractive features of this laser include low threshold cur-
rent (approximately 8 mA/^m stripe width for 300/im of cavity
length), stable transverse mode operation, fiat frequency re-
sponse and linear light/current characteristics.

The cross-section of the device is schematically shown in
Fig. 1. The laser is fabricated by two step liquid phase epitaxy.
First, a 4 /̂ m n + -GaAs (2 x 1018 cm"3) layer is grown on a
Cr-doped SI GaAs crystal, followed by a growth of three
layers: n-Gao.62 A1O38 As (thickness 1-1-5 ^m), undoped
Gao.95Alo.o5As (0-2-0-25 fim) and p-Gao.62 Alo-38 As (1—1-5
^m). The n-GaAs layer serves as the laser cathode and as a
buffer layer between the SI substrate and the double hetero-
structure (the introduction of a buffer layer reduces the
amount of defects in the active region of the laser due to defects

Zn diffusion
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Fig. 1 Schematic cross-section of buried heterostructure laser on semi-
insulating GaAs substrate
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in the substrate). After etching mesa stripes down to the
n+-GaAs layer (stripe width 2-4 ̂ m) with H2SO4: H 2 O 2 : H2O
(1:8:8) in the <110> direction (inverted trapezoidal shape),
two burying layers are regrown over the wafer:
p-GaO62 A1O38 As and n-Ga0 6 2 Alo.38 As. The wafer is covered
with SiO2 and after a shallow Zn diffusion into the p-GaAlAs
layer on top of the mesa, Cr-Au is evaporated to form the
p-contact. Then a second mesa is formed with the same etchant
(1:8:8) down to the n + -GaAs buffer layer, and, using a lift-off
technique, the n-contact is formed by evaporation of Au-Ge
and Au, followed by alloying. Since both the p and n contacts
are on the upper side of the device, the lasers are indium
mounted with junction up on a copper heat sink.

The threshold current is approximately 8 mA/'/im stripe
width for 300 /im cavity length. These values are in agreement
with the results reported for BH lasers on conducting
substrates.7 The light/current characteristics are linear up to
average power levels of 10 mW, with differential quantum
efficiency of 55%. A stable fundamental transverse mode was
essentially found in the lasers with stripe width of 2 nm, while
higher order modes appear in the wider stripe lasers. These
values are somewhat better than those predicted by theory.7

The far field patterns of two devices are shown in Fig. 2. No
significant asymmetry was observed in the light patterns. The
series resistance of the devices was 15 Q compared to 10 Q for
vertical BH lasers (on conductive substrates) but, due to the
low operating current, this gives rise only to a small increase in
heat dissipation (~ 10%).

1-341,

achieved similarly, thus leading to higher optical powers with
only a small increase of the threshold current.

In conclusion, buried heterostructure lasers on semi-
insulating GaAs substrate have been fabricated with properties
such as low threshold current, stable transverse mode opera-
tion and linear light/current characteristics. These character-
istics are comparable to those of conventional BH lasers on
conductive substrates. These make this laser a potentially im-
portant light source for integrated optoelectronic applications.

N. BAR-CHAIM 2nd January 1981
J. KATZ
I. URY*
A. YARIV

California Institute of Technology
Pasadena, Ca. 91125, USA
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Fig. 2 Typical far-field patterns of buried heterostructure laser on SI
GaAs substrate

{a) 2 fim stripe width
(b) 3 /im stripe width
Vertical scale in arbitrary units

The main advantage of fabricating the laser on SI GaAs
substrate is that other parts of the substrate can be used for the
fabrication of electronic devices, e.g. photodetectors or field
effect transistors, which are necessary for optoelectronic cir-
cuits like transmitters and repeaters. The low operating cur-
rents will lead to a small power dissipation. The realisation of
the buried optical guide BH laser8 on SI substrate can be

DFT PROCESSING OF VARIABLE LENGTH
SEQUENCES

Indexing terms: Fast Fourier transforms, Image processing

A method is presented for the frequency domain digital
processing of signals of various lengths using a transform
processor or program designed for a particular length. The
proposed system employs a transform processor based on any
algorithm and a shift register with a few feedforward connec-
tions. The method is especially useful in digital processing
applications that involve two-dimensional signals. It can be
applied for the processing of signals using the conventional
discrete Fourier transform or number theoretic transforms.

Introduction: Frequency domain techniques are widely used in
many digital signal processing applications (e.g. digital filter-
ing). The transform processor required for this purpose is
usually designed for a particular length using an efficient algor-
ithm (e.g. a power of 2, using the FFT). The signals to be
processed can, however, occur with arbitrary lengths. In this
letter an efficient technique is presented for the processing of a
signal of arbitrary length using a fixed length transform proces-
sor or program. This method offers considerable savings in the
memory and computational requirements, especially in the
processing of 2-D signals.

Method: 1-D sequences: Consider the frequency domain
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