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Abstract—We report on the fabrication and characteristics
of cascode-connected AlGaN/GaN HEMT’s. The HEMT’s were
realized using Al0 3Ga0 7N/GaN heterostructures grown on 6-H
semi-insulating SiC substrates. The circuit reported here employs
a common source device having a gate length of 0.25m cascode
connected to a 0.35 m common gate device. The gate width of
each device is 250 m. The fabricated circuit exhibited a current
density of 800 mA/mm and yielded an and max of 24.5 and
56 (extrapolated) GHz, respectively. Large signal measurements
taken at 4 GHz produced 4 W/mm saturated output power at
36% power-added efficiency. Comparisons to the performance of
a 250 0 35 m

2 common source device taken from the same
wafer show that the cascode configuration has 7 dB more linear
gain and 3 dB more compressed gain than the common source
device at 4 GHz.

Index Terms—Cascode, GaN, HEMT’s, SiC.

I. INTRODUCTION

PROGRESS in the materials growth and device processing
technologies for AlGaN/GaN HEMT’s on SiC substrates

have increased the state-of-the-art for microwave transistor
power densities to powers in excess of 9 W/mm at X band for
devices grown on SiC substrates [1]. Previously, GaN-based
dual gate HEMT’s and flip-chip bonded broadband amplifier
circuits based on HEMT’s grown on sapphire substrates have
been reported [2], [3]. This letter presents the dc, small signal,
and power characteristics of cascode-connected AlGaN/GaN
HEMT’s on SiC substrates. The higher thermal conductivity
of SiC ( 3.4 W/cm-K) compared to sapphire (0.4W/cm-K)
makes this the substrate of choice for AlGaN/GaN HEMT
MMIC applications. Cascode circuits find wide application in
microwave amplifiers [4], phase shifters [5], and pre-distorters
[6]. This paper presents dc, small signal, and CW power results
for 250 m cascode-connected HEMT’s on SiC substrates.
Power densities of 4 W/mm (1 W total power) at 4 GHz were
achieved with an associated linear gain of 22 dB. Comparative
data for a device show that the cascode
configuration produces an additional 7 dB linear gain and an
additional 3 dB gain at saturation.
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Fig. 1. Schematic digram, device cross section, and die photo of fabricated
250 �m cascode connected HEMT’s. Note that all gate-ohmic distances are
given from the gate center.

II. CASCODECONNECTEDHEMT DESIGN AND FABRICATION

The design of the cascode connected HEMT schematically
shown in Fig. 1 employs a short gate ( m) common
source device (CS) optimized for high current gain and high
cascode connected to a longer gate ( m) common
gate (CG) device optimized for high breakdown voltage. For
class A operation, the maximum gate-drain voltage on the
common source device occurs during the pinched off portion
of the RF cycle. Its value is given by

(1)

where , , refer to the threshold voltages of the
common source and common gate devices, respectively, and

refers to the dc bias voltage applied to the common
gate device. For these devices in typical large signal operation,

V and V. There-
fore, the maximum value of is 13–15 V. Because
of this, even shorter gate lengths could be used for the common
source device since the AlGaN/GaN HEMT’s with 0.25m gate
lengths are typically able to withstand gate-drain voltages in ex-
cess of 30 V. A 0.25 m gate length was used in this study to en-
sure reproducibility and device yield. As shown in Fig. 1, 1m
gate-source and gate-drain spacings for the common gate device
were chosen to minimize the source resistance and knee voltage.
The common-gate device was designed to have a 0.35m gate
length and a 2 m gate-drain spacing ( ) for further opti-
mization of the gate-drain breakdown voltage. Unlike a classical
dual gate FET where the gates of the CS and CG device have a
pitch on the order 1m, the CS and CG devices are separated by
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Fig. 2. Measured dc curves for 250�m cascode connected HEMT (V
V).

a 4 m wide strip of ohmic contact metalization. This metaliza-
tion provides a low-resistance cascode connection of the devices
while allowing the devices to operate as two cascode-connected
transistors with no interaction between the depletion regions of
the devices. Such a configuration has been used in other applica-
tions where it was desired to have a definite separation between
the two devices while maintaining a low interconnect resistance
[4]. Two of these cascode connected sets of gate fingers with a
finger length of 125 m are separated by a distance of 50m to
form a 250 m cascode cell.

Using these design guidelines, the cascode circuits were
fabricated. Details concerning materials growth, mesa etching,
ohmic contact formation, and e-beam gate lithography may
be found in [7]–[9]. Here, device passivation and dielectric
deposition for high breakdown voltage MIM capacitors is
accomplished using a 350 nm thick layer of SiN . The top
plates of the MIM capacitors and airbridges are formed using
gold plated to a thickness of 2.5m. A micrograph of the fin-
ished device with accompanying MIM capacitor, common-gate
biasing pads and input/output pads is shown in Fig. 1. The
contact for the common source device is accessed at the left.
Airbridges connecting symmetrical MIM capacitors at the top
and bottom provide a dc connection to the gate of the common
gate device.

III. DC AND SMALL SIGNAL CHARACTERISTICS

Fig. 2 shows dc curves produced by the fabricated cas-
code-connected HEMT with 0 V on the common gate terminal
of the fabricated devices. -parameter measurements of the
cascode-connected HEMT were performed over 1–26.5 GHz
with 3 V on the common gate terminal,3.4 V on the gate,
and 20 V on the drain. For the purposes of comparison,
parameter measurements were also made on common source
devices of the same cross-sectional geometry used for the
common gate device in the cascode circuit ( m,

m). A bias of 3.5 V on the gate and 10 V on
the drain were applied. As can be seen from Fig. 3 comparing
the maximum stable gain (MSG)/maximum available gain

Fig. 3. Comparison of maximum stable gain (MSG)/ maximum available gain
(MAG) for 250�m cascode connected HEMT’s and250�0:35 �m common
source device.

(MAG) for the casode and common source devices, the cascode
configuration exhibits 7 dB more stable gain than the common
source device with an increase in from 34 to 56 GHz.
However, a decrease was seen in from 28 GHz to 24.5
GHz for the cascode configuration compared to the common
source device. This decrease in compared to the common
source device can be understood by noting the additional pole
in the simplified expression for the current gain for the cascode
configuration given by

(2)

Here, and refer to the cutoff frequencies of the
common gate and common source devices, respectively. Using
this result and the measured ’s of the common gate and
common source devices (28 GHz and 34 GHz), an overallof
25 GHz is obtained, which is very close to the measured value.

IV. L ARGE SIGNAL CHARACTERIZATION

On-wafer power measurements of the cascode-connected
HEMT’s of this study were performed using a Focus Mi-
crowaves™ loadpull system. Fig. 4(a) shows power sweep
data for 250 m cascode-connected HEMT’s at 4 GHz. For
this measurement, the bias conditions were set at V,

V, and V. As seen from the figure, the
cascode configuration produced 4 W/mm (1 W total power)
with associated saturated gain and power-added-efficiency
(PAE) of 13 dB and 35%, respectively. The associated source
and load impedances were and ,
respectively. A common source device from
the same wafer yielded 4 W/mm with an associated gain and
power-added efficiency (PAE) of 10 dB and 30%, respectively,
as shown in Fig. 4(b) ( , ).

V. DISCUSSION ANDCONCLUSION

Characteristics of cascode connected AlGaN/GaN HEMT’s
on SiC substrates have been presented. It should be noted that
the results for this cascode circuit may be scaled to devices
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Fig. 4. Power saturation characteristics for (a) 250�m cascode device (f =

4GHz,V = 25 V, V = �4 V, V = 5 V) compared to (b) saturation
characteristics for250�0:35 �m common source device (f = 4GHz,V =

25 V, V = �4 V).

of larger peripheries since the thermal limit of 17 W/mm of
heat dissipation allowed for large, multi-finger devices on 330

m thick SiC substrates has not been reached [10]. Common
source devices with total gate peripheries up to 1 mm were
measured at 4 GHz and also exhibited 4 W/mm with only a

small loss in gain due to the distributed effects of the device. It
is expected that improvements in materials growth and process
technology of the devices will raise the 45 V gate-source break-
down voltage currently limiting the power density (4 W/mm)
and PAE (30%) of the common source devices. Nonetheless,
these results show the viability of AlGaN/GaN/SiC technology
for MMIC applications.
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