above 8:3GHz achieved at 10mW/facet optical power level
(3-41,,) exceeds that of conventional buried crescent lasers*
and that of ridge waveguide lasers.’
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Fig. 3 Temperature dependence of light power/injection current charac-
teristics of a buried crescent laser under CW operation

Discussion: In this letter wide-bandwidth and high-power
1-3 um InGaAsP buried crescent lasers have been made with
MOVPE-grown Fe-doped InP blocking layers that are
demonstrated to be effective in reducing parasitic capacitances
and leakage currents. With this laser structure, it should be
possible to achieve wide-bandwidth operation (above 10 GHz)
by reducing cavity length and contact pad size, and high-
power operation (above 75mW/facet) by improving the
quantum efficiency from that of the present device structure.
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Fig. 4 Room-temperature small-signal frequency response at various
optical power levels
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MICROWAVE CHARACTERISATION OF
1um-GATE Al 4Iny.5,As/Gay.45Ing.53AS/INP
MODFETs

Indexing terms: Microwave devices and components, Field-
effect transistors

We report microwave characterisation of nominally 1um-
gate Aly gIng.5,As/ Gag.45Ing.s3As (lattice-matched to InP)
modulation-doped field-effect transistors (MODFETs). The
Alg.4glng.s,A8/Gag 4;Ing.s;As  MODFETs  have room-
temperature extrinsic transconductances as high as 250 mS/
mm. A room-temperature unity-current-gain cutoff frequency
(f7) of 22GHz and an f,,. of 35GHz were measured for a
1-2 yum-gate MODFET.

Introduction: The modulation-doped field-effect transistor
(MODFET) in the Al Ga,_,As/GaAs system has been exten-
sively investigated for high-speed digital and microwave
device applications, demonstrating switching speeds of less
than 10ps,! room-temperature noise figures of 2-7dB? at
62 GHz and room-temperature current-gain cutoff frequencies
of 80 GHz.? Al,.,gIng.5,As/Gag.4,Ing.53As (lattice-matched to
semi-insulating InP substrates) MODFETs have potential for
yet higher frequency and higher-speed device applications.
Gag.45Ing.5;As has high electron mobility,® high electron
velocity®'® and a large separation in energy between the I' and
L valley (0-55eV).” The Alg,gIng.s,As/Gag 4,Ing.55As
MODFET has the advantages of having higher room-
temperature electron mobilities in the 2-D electron gas® a
larger conduction-band discontinuity (AE, of Aly.,gIng.s,As/
Gag.45Ing.53As ~ 0:5eV),>!% lower persistent photoconduct-
ivity!! and the possibility of higher 2-D electron sheet
concentrations'? over the Al,Ga, _ ,As/GaAs system.

The first AllnAs/GalnAs MODFETs reported had 90 mS/

mm transconductances for 1um-gate devices.'> High-
source gate drain
l—1-5pm *i.'_'z_""q._rSpm{
/ GalnAs 7Y '50’3
i-AllnAs —— 250A
Y f d! n -AllnAs 200A
S TRUNAS U4 OA
T 800A
2 - DK GalnAs I
—— 1000 A
i-AllnAs o
d =265A
SI InP substrate

Fig.1 Cross-sectional view of depletion-mode recessed-gate Alg. gIng.54-
As/Gay 47Ing 3 As/InP MODFET

Gagy.4,Ing.s3As  has  background
~1 x 10'®cm ™3 n-type

Hall measurements indicate room-temperature mobilities between
8000-10000cm?/Vs with sheet carrier concentrations of
-5 x 10'2cm™?

carrier concentration of

53



transconductance (250 mS/mm at room temperature)
depletion- and enhancement-mode 1 um-gate AllnAs/GalnAs
MODFETs were successfully fabricated using a recessed gate
structure with a layer of undoped AllnAs under the gate
metal.'* In this letter we report microwave characterisation of
these devices.

Results: A cross-sectional view of the AllnAs/GalnAs
MODFET is shown in Fig. 1. The epilayers are MBE-grown
lattice-matched to InP substrates. Epilayer growth and device
fabrication is described elsewhere.'*

Vg= 10V
60
0-6V
45 - 0-2v
<
E~30F =02V
©
151 06V
0 1 1 1
0 4-0
Vd_volt e¥azp)

Fig. 2 Current/voltage characteristics of 1-2 um-gate-length 200 um-

gate-width Alg ,gIng.s,As/Gag.41Iny.s3As/InP MODFET
Room-temperature extrinsic transconductance is 200mS/mm at
V, =0V and with a current density of 150 mA/mm. Source resist-
ance is 1-4Q mm. Maximum current density is 300 mA/mm

The current/voltage characteristics of the 1-2um-gate
MODFET illustrated in Fig. 1 is shown in Fig. 2. The micro-
wave scattering parameters were measured from 1 to 20 GHz.
The equivalent-circuit model used to fit the measured scat-
tering parameters is shown in Fig. 3 with the circuit element
values listed in Table 1. Typical circuit element values for a
1 ;m:—sgate AlGaAs/GaAs MODFET are listed for compari-
son.

Lg Rg Cag Ry Lyg
| AAA—~O
gate drain
Ri
9mo A L
P g
r Tcds ‘2 ¢
Cgs _]_

RS

LS
o 2
source source

Fig. 3 MODFET equivalent-circuit model

Fig. 4 shows the current-gain/frequency and power-gain/
frequency curves for the 1-2um AllnAs/GalnAs MODFET
shown in Fig. 1. The current-gain/frequency curve is extrapo-
lated at a slope of —6dB/octave to give a unity-current-gain
cutoff frequency fr of 22GHz. The power-gain/frequency
curve is extrapolated at —6dB/octave to give a maximum
available gain f,,,, of 35 GHz.

Conclusions: This letter reports the first microwave measure-
ments of AllnAs/GalnAs MODFETs. An f; of 22GHz for a
1-2 ym-gate  Aly.,gIng.s,As/Gag.49Ing.s3As/InP - MODFET
compared to an f; of 18 GHz for a 1-0 um-gate AlGaAs/GaAs
MODFET?? represents an improvement of 20-30%. Opti-
mised device structures will further improve device per-
formance. State-of-the-art values for extrinsic DC
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_ discontinuity of

Table 1 CIRCUIT PARAMETER VALUES FOR
EQUIVALENT CIRCUIT SHOWN IN FIG. 3

AlGaAs/GaAs* AllnAs/GalnAs
1 um gate 1-2 um gate
I,,=30mA I,,=33mA
Vs =4V V=3V
V= —02V =0V
Gmo» MS/mMm 140 400
C,s» pPF/mm 13 33
Ry, Qmm 220 140
R;,, Qmm 7-0 42
R,, Qmm 15 09
R;, Q@mm 0-84 0-9
C,,, PF/mm 0-09 0-08
C4, pF/mm 016 0-28
T,, ps 2-4 31

* Douglas Arnold et al., University of Illinois, IEEE TED, 1984
Circuit parameters are listed for 1-2um-gate Al ,qln,.5,As/
Gay.4,Ing.3As/InP and for a 1-0pm AlGaAs/GaAs MODFET
for comparison

transconductances for 1um-gate Alg.,glng.s,As/Gag.47-
Iny.s;As/InP MODFETs are 440mS/mm at room tem-
perature and 700mS/mm at 77K.!® The enhanced electron
velocities in Gag.44In,.53As and the large conduction-band
~0-5eV between Alg. gIng.5,As and
Gag.44Ing.53As, helping to confine energetic electrons, should
yield even higher frequency performance at short gate lengths.

30, e measured data
— modelled results
- - modelled results

(inductors removed)

ot power gain
g currentgain
gL
.
.
L o \\
0 1 1 1131l NN |
i 10 100

frequency , GHz

Fig. 4 Current gain and power gain against frequency curves for 1-2 uym
Aly.45Gay.5,A5/Gag.s3Ing 47 As/InNP MODFET
Current gain measured at a bias of V,; = —0-5V, V,, =20V and
I, =19mA. Current gain curve extrapolated to an f; of 22 GHz.
Power gain measured at a bias V=0V, V,;=3V and [,=
44mA. Power gain against frequency extrapolated to an f . of
35GHz
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SIMPLE METHOD FOR MEASURING
HOT-ELECTRON TEMPERATURE IN GaAs

Indexing terms: Semiconductor devices and materials, Hot
electrons

A simple method is proposed to measure the hot-electron
temperature, using an Au-GaAs Schottky barrier diode. The
obtained temperature of electrons under the electric field of
500 V/em and 1100 V/cm are 316K and 336 K, respectively,
while the samples are kept at room temperature.

Recently, more and more attention has been paid to real-
space transfer of electrons in heterojunction structures. Some
new device concepts based on hot-electron transfer between
two conducting layers in an AlGaAs/GaAs heterostructure
have been reported, such as NERFET, CHINT etc. One of the
important parameters in these devices is the hot-electron tem-
perature. Many methods have been used to measure the hot-
electron temperature in semiconductors, for example, the
tunnelling method,! luminescence and mobility measure-
ments.?> In this letter we propose a simple method, using an
Au-GaAs Schottky barrier diode, to measure the temperature
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of hot electrons heated by a high electric field. An undoped
GaAs layer with thickness 2-4 um is obtained by LPE on the
(100) face of a Cr-doped semi-insulating GaAs substrate. The
sample shown in Fig. 1 is prepared by a standard photolitho-
graphic technique. Electrodes 1 and 2 were used for conduct-
ing the current across the sample to heat the electrons.
Contact 4, which is made by evaporating Au, together with
GaAs form a Schottky barrier diode.

4 6
1 2
3 5

Fig. 1 Top view of sample

According to the thermionic emission theory, the I;/V; char-
acteristics of a Schottky barrier are given as follows:

InI;=1In I, + qV;/nkT, 1)

The electron temperature can be determined from the slope of
the In I;/V; characteristics. All measurements were made using
pulse voltages to prevent lattice heating. The duration of the
heating voltage pulse applied between contacts 1 and 2 is
25us and there are 100 pulses per second. The voltage pulse
across the Au-GaAs Schottky diode is measured for 20 us
while the heating pulse is being applied. The In I;/V; charac-
teristics of an Au-GaAs Schottky diode with the heating elec-
tric field as a variable parameter are shown in Fig. 2. Samples
are kept at room temperature. An undesirable bias voltage V
caused by misalignment of electrodes 3 and 4 has been cor-
rected. It can be seen that the In I;/V; characteristics under
zero heating electric field agree perfectly with eqn. 1, and the
ideal factor n was found to be 1-80. Eqn. 1 is still a good
description for In I;/V} characteristics in the large forward-bias
range when a high electric field is applied. The obtained tem-
perature of electrons under the electric fields of 500 V/cm and
1100 V/cm are 316K and 336K, respectively. For measure-
ments made at 77 K, the temperatures of electrons under elec-
tric fields of 600 V/cm and 1100 V/cm are 100K and 127K,
respectively. These results are consistent with those given by
luminescence methods.

Compared with other methods the Schottky barrier diode
method can be used to measure the temperature of hot elec-
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Fig. 2 1,/V; characteristics of Schottky barrier diode under various
heating electric fields
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