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Abstract—We report state-of-the-art performance of tripler efficiency and
output power for a new design of AlGaAs-based heterostructure barrier
varactor diodes. The new diodes were designed for reduced thermal resis-
tance and series resistance. An efficiency of 4.8% and a maximum output
power of 4 mW was achieved at an output frequency of 246 GHz.

Index Terms—HBV, varactor frequency tripler, self-heating.

I. INTRODUCTION

Recent progress in planar Heterostructure Barrier Varactor (HBV) design
[1], has given performance comparable to Schottky varactor diodes at output
frequencies below 400 GHz. The first planar HBVs were fabricated with a
non-optimal diode geometry with high thermal resistance (-2 K/mW) [2] as
well as high conduction current due to a low barrier height (0.17 eV). Conse-
quently, self-heating of these HBVs [3], resulted in an increased conduction
current as the temperature increased, and hence, reduced multiplier effi-
ciency. As therrnionic emission dominates the electron transport across the
barrier region of standard A10.7GaAs/GaAs HBVs, lattice matched InP mate-
rial systems have been used to significantly reduce the conduction current in
these devices [4]. However, to grow many stacked barriers and very thick epi-
taxial layers in an InP material system is difficult and expensive. Furthermore,
the conversion efficiency critically depends on the parasitic series resistance
which generally increases with temperature. The effect of current saturation
is also increased with temperature due to a lower maximum electron velocity
[5, 6]. A GaAs system is cheaper and is easier to process.

In this paper, we present a new batch of Al o.,GaAs/GaAs HBV (CTH-
NU2003) diodes. The new diodes were designed for reduced thermal resis-
tance and parasitic resistance. Experimental tripler results for the new design
(hbv-3a) show state-of-the-art performance for A1 0.7GaAs/GaAs based
HBVs.
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II. THE DEVICE

A. Fabrication
The A10.7GaAs/GaAs epitaxial structure (NU2003), MBE grown on semi-

insulating GaAs substrate by the University of Nottingham, consists of two
barriers, and an n" InAs/In i.0.0.0 6-a0.0_ 1.0 As/GaAs epitaxial capping layer to im-
prove the specific contact resistance of the resulting ohmic contacts (see Ta-
ble I). This material design is similar to the UVA-NRL-1174 HBV material
[2]. The measured I-V and C-V characteristic are shown in Figure 1. Simple
test structures were fabricated and the measured I-V and C-V characteristics
are consistent with the results from the UVA-NRL-1174 material. A back-to-
back geometry, shown in Figure 2, has been utilised to double the number of
barriers and to compensate for any asymmetries. The HBVs were fabricated
using standard photolithography techniques for isolation and ohmic contact
patterning, Cl-based reactive ion beam etching for anode definition, and wet
etching for the mesa/pad isolation [2]. The surface channel was planarised
prior to airbridge formation using a low-viscosity thermosetting epoxy and a
planarising superstrate [2, 7]. The fingers were Au-electroplated to a thick-
ness of -4 rim. Special attention was given to the ohmic contact formation and
the anode isolation etch, since these steps affect the series resistance, and
thus the tripler performance, drastically. The Au/Ge/Au/Ni/Au ohmic metallic
scheme [8] was alloyed for one minute at 400°C. The resulting specific contact
resistance is less than 50 S21.tm 2 . The HMIs were diced into individual chips
with the overall dimensions of 20 x 150 x 60 gm'.

TABLE I: NU2003 LAYER STRUCTURE

Material Doping [cm-3 ] Thickness [A] 
InAs lx1019 100
In10GaAs 1x1019 400
GaAs lx10i9 3000
GaAs 8x10' 2500
GaAs Undoped 35
Alo ,,GaAs Undoped 200
GaAs Undop6ed 35
GaAs 8x10 5000
GaAs Undoped 35
A10.7GaAs Undoped 200
GaAs UndoRed 35
GaAs 8x10 2500
GaAs 1x1019 40000
GaAs SI
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B. Parasitic resistances analysis
The new planar HBV design incorporates a shorter finger with a larger

cross section area, mainly to reduce the thermal resistance of the diode.
Changing the anodes from an almost circular to a rectangular shape will both
reduce the thermal resistance and the spreading resistance between the an-
odes. Furthermore, reducing the distance between the anodes from 5 gm
(hbv-o) to 3 gm (hbv-3a) will also reduce the series resistance.

Figure 1: Measured I-V and C-V characteristics (UVA-NRL-1174 material).

The parasitic series resistance is the sum of the resistance of the undepleted
active layers, the spreading resistance, and the ohmic contact resistance. All
these resistive elements have different temperature dependence. In general, it
is difficult to determine the series resistance of HBVs or back-to-back Schot-
tky varactor diodes from DC-measurements, given the large junction resis-
tance over the normal operating range of the device. For the HBVs described
and with a specific contact resistance of - 50 1lp,m 2 , a room temperature se-
ries resistance of 12 was estimated for hbv-o and 10 CI for hbv-3a, see
TABLE II. These values were calculated using standard expressions for con-
tact resistance, mesa resistance and spreading resistance in the n" island that
connects the two diodes, as well as using impurity dependent mobility values
for GaAs [9].

487



Tenth International Symposium on Space Terahertz Technology, Charlottesville, March 1999

Figure 2: SEM picture of the new planar design (hbv-3a).

Assuming a point heat-source in the middle of the active region, Jones [10]
has estimated the thermal resistance through the finger and the GaAs sub-
strate to R, 2 K/mW for the old device geometry, by using a combination of
analytical models and FEM-simulations. The same technique was used to es-
timate the thermal resistance of the new HBV diode design. The theoretical
parasitic resistance and thermal resistance for the new diode design and the
original planar HBV design [2] are summarised in TABLE II. Room tempera-
ture material data has been used for the calculations.

TABLE II: PARASITIC RESISTANCES
HBV / Batch Area Rs R, Finger

[1.1m2]
[n] [Kim'] size [p.m]

3a / CTH-NU2003J 52 10 0,7 17x4x5
o / UVA-NRL-1174 57 12 2 50x4x4

III. TRIPLER MEASUREMENTS

The tripler block used was a Rutherford Appleton Laboratory (RAL)
block (HBVII) which was designed for use with symmetric varactor diodes.
Compared to a conventional varactor tripler block, there is no need for idler
cavity or DC-bias line. The planar HBV chip was lapped to a thickness of
about 20 gm and mounted across the output waveguide. The tripler block is
equipped with two input tuners and two output tuners.

Input power was provided by a J.E. Carlstrom (H270) Gunn oscillator
which can be tuned over a frequency range of 75 - 90 GHz. For the higher
frequency range, 90 - 110 GHz, an ELVA BWO was used. Sufficient power
was available so that an isolator, an attenuator and directional couplers could
be included in the input chain to determine input and reflected power levels.
Input and output powers were measured using separate Anritsu power heads
and meter type ML 83A, which had previously been compared with a Thomas
Keating power meter and had been found to agree to +/- 5%. In order to
match the output waveguide to that of the output power head it was neces-
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sary to include a waveguide transformer section. The additional loss the trans-
former section introduced was not corrected for.

Figure 3: Conversion efficiency versus pump frequency for an input power of 50 mW
(hbv-3a).

Figure 4: Output power and tripler efficiency versus pump power (hbv-3a).
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Iv. RESULTS AND DISCUSSION

For an input power of 50 mW, the maximum output power was obtained at
a pump frequency of 82 GHz for hbv-3a, see Figure 3. A maximum output
power of 4 mW was generated at 246 GHz and a peak flange-to-flange effi-
ciency of 4.8% was achieved at an available input power of 50 mW. see Figure
4. These results should be compared with an efficiency of 3.1 % and a maxi-
mum delivered output power of 2 mW achieved with hbv-o in TABLE II
(UVA-NRL-1174-17) [3]. The improvement is expected to be due to a lower
series resistance and thermal resistance.

V. CONCLUSIONS

In this paper we have reported an improved planar HBV diode geometry.
The thermal resistance and series resistance have been reduced with the new
design and hence the tripler efficiency has been improved. Also, the use of
InGaAs spacer layers to improve the effective barrier height [11, 12], reduces
the conduction current and improves the elastance modulation ratio. This
should improve the overall tripler performance.
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