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18 GHz REVERSE CHANNEL HEMT OSCILLATOR
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ABSTRACT

A simple analytical equation is
proposed for describing the HEMT drain
current and has been implemented at the
SPICE simulator. It accurately modeled the
HEMT transconductance compression and was
applied to non-linear circuit simulation
without convergence problems. Using this
equation an oscillator design approach
combining linear and non-linear analysis
was used to design a DRO operating at 18
GHz employing a HEMT in the reverse channel
configuration. The performance of the
oscillator constructed confirmed the main
results predicted by the simulations. The
oscillator constructed generated + 11 dBm
at 18 GHz , anc~ the circuitldevice
interaction predicted by the simulation was
experimentally confirmed.

INTRODUCTION

The application of HEMT devices in
large-signal circuits has recently been
introduced [1,2] with promising results.
This is a direct consequence of the HEMT
device technology maturing and of the
successful work on accurate non-linear
device modelling. However, there is still a
lack of experimental work on HEMT
oscillator and o :E theoretical results
employing non-linealc simulators.

This paper presents a modified
equation for the HEMT drain current to be
used in the SPICE time domain simulator.
This model is applied to Study the
performance of a reverse channel oscillator
and its interaction with the external
circuit. The simulation results are
employed in the design of an 18 GHz DRO
using a 0.5 w gate length HEMT on reverse
channel configuration.

NON-LI’NEAR MODEL

At the present time, equivalent
circuit models [3,41 for MESFETS
implemented on SPICE are available to
simulate the large-signal behaviour of a

broad range of non-linear circuits.
Nevertheless, the application of these
models to HEMTs is restricted, since this
device presents differences when compared
to MESFETS, mainly on its transfer
characteristics [5].

In this paper a simple analytic
equation, to be used on SPICE, is
introduced for descri.bi-ng the HEMT drain
current source, which is capable of
representing the device transconductance
with good accuracy. This equation results
from a modi-ficati-on of the 1d(V9s,Vds)
expression proposed by Statz et al [4] to
model MESFETS drain currerlt. It has been
observed that the Statz equation can be
used to mode 1 the HEMT for gate-source
voltages within the threshold, VT and the
peak transconductance gate voltage, Vc .
However for gate-source voltages greater
than Vcr the drain current equation must be
modified in order to properly represent the
HEMT transconductance compression. This is
accomplished by multiplying the former
equation by a term employing an exponential
function, resulting expression (1) .

ld(vg~,vd~)❑
1 .-d!dF(Vd~) (,)

1 + A.exP(D.vgs) l+ b.(Vg!s-vT)

Where,

F(V&) = [1 -[1 - S#S13] - [1+ kvd~] fur vd~<3/a

F(vd~) = [1+ )iVds] for vd~ > 3/a

The HEMT non-linear equivalent circuit
used herein including package parasktics is
presented in figure 1. It contains, besides
the drain current nonlinearity three
additional non-linear elements: the gate-
source and gate-drain diodes and the gate-
source capacitance. Alt’bough the diode
current equation used for MESFETS is not
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adequate for HEMTs, it has been employed
since the effect of diode conduction may be
neglected when simulating class A
oscillators.

Cgd= 0.02
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Fig. 1 - Common-source large-signal HEMT
model (Capacitances are in pFr
Resistances in Ohms, and
inductances in nH) .

The gate-source capacitance, Cgs was
approximated by the capacitance of a
reversed Schottky diode [5], described by
equation (2).

CgsoCgs(vgs) = (1 ● v9s/vbi)m (2)

The model of figure 1 was used to
simulate the HEMT 2sK677 using SPICE. This
device manufactured by SONY, presents a
gate area of 0.5X300 J-u-m-l and an output
power greater than 10 dBm at 12 GHz.

In order to extract the parameters of
the HEMT model, DC and S-parameters were
carried out [61 along with fitting
techniques. The values of the mode 1
elements are on table I.

A = 2.42 A = 0.1
D = 0.95 VT = -0.95 v
b = 0.00 Vbi = 0.80 V
a= 5.2o

I? = 115E-3
%:0 : ;“:;4PF

.

Table I - Elements of the non-linear
model.

The ability of the model to predict
the actual common source drain current in
function of gate voltage is shown in figure
2 (a) , which compares the measured and
theoretical results. The comparison is more
evident when derivatives are made, which is
the case of the transconductance
represented in figure 2 (b) . The

transconductance calculated from the Statz
model is depicted in the same figure.
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Fig. 2 - Main static characteristics:
(a) Drain current x gate-source voltage,
(b) Transconductance.

Based on experimental data [6] the
output resistance was set to its high
frequency value at the saturated region by
means of a fixed resistance Ro.

To model the HEMT at reverse channel
configuration the package parasitic was
kept as in the common source model, but the
intrinsic transistor had its source and
drain connections interchanged as in the
common drain case. This approach implicitly
assumes that the transistor is symmetrical.

OSCILLATOR DESIGN AND

The approach used
oscillator consists of
analysis to determine the
circuit, followed by a
analysis to o~timize the

SIMULATION

to design the
a small-signal
basic oscillator

large-signal
load for maximum

outp;t power. ~his approach was employed in
the design of a dielectric resonator
oscillator at 18 GHz.

The linear analysis started by
calculating the S-parameters for the HEMT
in the reverse channel configuration biased
for maximum transconductance. Under these
conditions it was found that the device was
potentially unstable from 10 to 20 GHz. An
open stub resonator was then added to the
gate and had its length set to maximize the

424



reflection coefficient amplitude, ls221 at
the drain terminal. Applying this procedure
the drain terminal presented a linear
impedance equal to -29- j40 ohms .

The non-linear analysis was then
applied to the circuit in order to find out
the resistive load that gives the maximum
power output. The oscillation condition at
the drain port was imposed from the linear
analysis results, resonating the reactive
part of its impedance at the operating
frequency for several values of resistive
loads. The simulated results are presented
in figure 3, and the maximum output power
occurs for a load resistance of 15 ohms,
half the value of the negative resistance
predicted by linear analysis.
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Fig. 3 - Output power x load resistance.

The dynamic drain current x voltage
trajectory at the intrinsic HEMT was
simulated for the maximum power condition.
The results are represented in figure 4 on
the theoretical static Id X v~

characteristics. It is depicted in this
figure the slight invasion of the RF signal
on the region of gate conduction for a very
short period of time in the order of 10% of
aRF cycle. This confirms the assumption
that the effect of diode conduction may be
neglected.
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Fig. 4 - Dynamic current x voltage
trajectory.

OSCILLATOR CONSTRUCTION AND RESULTS

The experimental verification of the
predicted results started with the
investigation of the oscillating bandwidth

potential. Stable oscillations were
obtained from 10 to 22 GHz, by changing the
dielectric resonator at the gate circuit
and empirically tuning the output . This
result confirms that the circuit has the
potential of being relatively broadband.

The HEMT oscillator was implemented in
microstrip on 0.25 mm thick soft substrate

with <r = 2.2. The structure of the
experimental oscillator is depicted in
figure 5. It ~S shown that the gate open
stub resonator was replaced by a dielectric
resonator which is more practical to use
when advantages such as high Q, tuning
flexibility and elimination of
instabilities at low frequencies are
considered.
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Fig. 5 - Reverse channel oscillator
structure.

The matching circuit consists of a
series line cascaded with a double open
stub. This simple circuit is capable of
resonating the reactive part of the drain
impedance as well as to provide the
required resistive load. The photograph of
the oscillator is presented in figure 6.

Fig. 6 - Photo of the oscillator.

In the next step, the resonator was
fixed within the circuit, at the position
predicted for oscillating at 18 GHz. The

matching circuit designed for presenting
the oscillating conditions, was connected
to the drain and the circuit promptly
started oscillating at 17.9 GHz. The screw
located in the upper lid was used for
tuning the dielectric resonator to bring
the frequency to the expected value. The
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output power at this frequency was in the
order of + 11 dBm. The difference between
predicted and measured output power may
partially be attributed to losses at the
dielectric resonator and power leakage to
the gate load ( 1 dB ) and losses in the
output circuit ( 1 dB ). The remaining
power difference is due to the unability of
the model to account for all the non-linear
effects and circuit inaccuracies.

Final important experimental results
are the DC to RF efficiency, in the order
of 10 % and the phase noise characteristic
presented in figure 7.
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Fig. 7 - Oscillator phase noise.

CONCLUSIONS

The equation proposed for the drain
current of the HEMT presented good accuracy
to fit its static IxV and transconductance
characteristics. It was successfully
implemented in SPICE program, enabling non-
linear circuit simulation to be carried out
without convergence problems. The
application of the HEMT modeling to the
design of a reverse channel HEMT oscillator
was usefull to determine the optimum
oscillating conditions for maximum output
power. Experimental results obtained from
the oscillator constructed confirmed many
of the simulated predictions, encouraging
the continuity of the HEMT model
development to include additional non-
linear effects.

The electrical performance obtained
for the 18 GHz oscillator was + 11 dBm with
10% efficiency. The reverse channel
configuration looks attractive for HEMT
oscillators, due to its potential of
generating microwave power in a wide
frequency band.
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