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Monolithic Coplanar Transmission Lines Loaded
by Heterostructure Barrier Varactors for a 60 GHz
Tripler

M. Fernandez, E. Delos, X. Mélique, S. Arscott, and D. Lippens

Abstract—Nonlinear transmission lines (NLTLs) loaded by InP-
based heterostructure barrier varactors (HBVs) have been fabri-
cated in a monolithic coplanar technology for the first time. The de-
vices were designed for a tripler with a 60 GHz output frequency.
The single HBV diodes, fabricated in a dual barrier scheme, ex-
hibit a capacitance ratio of 6:1, a normalized capacitance of 1.4
fF/p2m? and a voltage breakdown in excess of 10 V. Under mod-
erate pumping (20 dBm), a tripling operation with 30% bandwidth
was demonstrated with unsaturated conversion efficiency (1%) for
a eight-HBV prototype.

Index Terms—Harmonic generation, heterostructure barrier
varactor (HBV), millimeter-wave, nonlinear transmission lines.

. INTRODUCTION Fig. 1. lllustration of the device topology with the layout of the NLTLs and
ETEROSTRUCTURE barrier varactors (HBVs), protWe schematic cross sections.

posed by Kollberg and Rydberg [1], have recentl\ﬁI i i )
shown excellent performances for harmonic multiplicatiofline téchnology. In this case, the lines were loaded by GaAs
fiscrete devices fabricated at the University of Virginia.

at millimeter wavelengths notably at 250 GHz [2]. Thei ) - )
key advantages are the symmetry of the capacitancevolta Ewth_ls paper, we report fort_he _flrst _tlme the nonlinear charac-
eténzatlon of nonlinear transmission lines loaded by HBVSs, fab-

characteristic and the possibility to stack the active epilayer, s o ) ‘
during epitaxy to form a multi-barrier device. From a circuificated in a monolithic fashion. The other novelty is the use of

point of view, this means unbiased devices, a high breakdO\fi'/ﬂ,lnP'ba,SE'(,j technollogy, ip a coplanar cqnfiguration, for a peri-
voltage, a low capacitance level, and the rejection of evé’rq'ca"yd's?”bm?d tripler aimed atop(_aratlng at V-ban_d (5.0_75
harmonics when the devices are used for harmonic generatiGtf12)- Section Il is devoted to the design and the fabrication of
Nonlinear transmission lines (NLTLS), periodically loaded b{fansmission lines. Small signal experiments by means of vec-
Schottky varactor diodes, have been used for pulse generafgfi¢! Network analysis are reported in Section lll. The results
[3] and for harmonic multiplication [4]. For the latter, the po® the large signal characterization are discussed in Section IV.
tential advantages are a broadband operation, the fact that the
diodes form an integrated part of the transmission lines, the
natural frequency filtering of higher-order harmonics via the Fig. 1 is a schematic of two cross sections of the coplanar
band-pass character of NLTLs in case of Bragg periodicity. waveguide together with the layout of the prototypes. The active
The novel concepts which emerge from the use of multibaspilayer consists of two barriers integrated in series during the
rier quantum barrier varactors for NLTLs were theoreticallgpitaxial growth [2].
investigated by Shet al. [5]. The idea of a fully distributed  The topology of the transmission lines was based on non-
approach using a HBV-type active epilayer was also studitiflear harmonic balance analysis keeping in mind the techno-
through numerical simulations [6]. Recently, the Chalmetsgical constraints [8]. The first result of the analysis was to
group [7] has reported hybrid nonlinear transmission lines, inp@int out the fact that a periodically distributed scheme is prefer-
able to a full distributed one when harmonic generation is the
targeted application [9]. The primary reason is the benefit of
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(a) Schematic

Fig. 3. Schematic of the experimental setup implemented for the large signal
measurements.

Fig. 2. Optical view of two prototypes of coplanar lines integrating HBVa steep voltage-dependence. Th& characteristics exhibit an
active material. anti-symmetry with a large voltage range over which the leakage
current is extremely low (10 A/ch), the breakdown due to im-

the series resistance of the nonlinear devices dominated by Baét ionization occurring for about 12 V.

spreading and access resistances in the buried highly doped epfor the integrated scheme, the unbiased devices show rela-
layers [10]. Typically, the single diodes we fabricated havetiely high return loss. This is primarily due to the low char-
cut-off frequency in the Terahertz range. Under these condicteristic impedance~30 €2) of the loaded line under small
tions, it was decided to integrate the active epitaxial materigignal conditions with respect to the &0source reference. The
below the ridge-like central line, in a manner similar to a fulmpedance of the unloaded lines~80£2. The Sy; frequency
distributed one. However, disconnected regions are also realigg@endence exhibits a band pass filter characteristic as expected
owing to free standing sections (see Fig. 1). Technologicallyith a small-signal cut-off around 50 GHz.

the prototypes were fabricated by combining highly anisotropic

reactive ion etching (RIE) and iso_tropic wet chemical etching. IV. LARGE SIGNAL rf MEASUREMENTS

For the latter, severe under-etching effects, promoted by the

very high etching selectivity between InGaAs and InP, using aln the following, we will focus on the rf assessment of
HsPO; etchant, give air gaps as shown in cross sectionfA 200 pm?*-diameter eight-diode prototype with a slot of 20
Fig. 1. The interconnects to the side ground lines were achieve®d Whereas the strip width was pm. Fig. 3 depicts the

via the 18° cm 2 low-gap buried layer with trapezoidal-shape@xperimental set-up used for these large signal experiments.
patterns. The writing was implemented by electron beam ah@r the pump source, we used a swept frequency generator
photolithography techniques. between 200 MHz and 50 GHz. This primary signal served

The mask set includes four levels with several schemes §yfeed a medium power microwave amplifier which operates
varying i) the area of the single device (100-28@2), ii) the between 2 and 20 GHz with a maximum delivered power of 24
number of integrated device per line (5-15), and iii) the diodé8m. Above 20 GHz a roll-off of the delivered power can be
inter-distance. Also, a few unloaded lines and conventionleasured so that only moderate power measurements can be
coplanar waveguides were fabricated for reference purpo§enducted. The analysis, in the bandwidth of major concern,
Fig. 2 is an optical view of two typical lines. The active section&as set by the output waveguide in WR 15 (V band 50-75
are apparent with the trapezoidal shapes as seen above. A¥tz). Additional spectrum analysis was performed at Q-band
seen is the taper section which makes a transition betwdéfcond harmonic) and W-band (fourth and fifth harmonics).

the footprints for subsequent wafer probing and the nonliné@ving to the excellent symmetry of tiie-V" characteristic, the
coplanar lines. even harmonics were efficiently rejected. The fifth harmonic

rejection through Bragg reflections depends on the nonlinearity
of the diodes which is high for the present batch. For the power
measurements, we used as for the input section a calibrated
The discrete devices, as well the integrated ones, were mealometer head.

sured in a first stage by means of a network analyzer from 0.1 towe first checked that the line was properly designed for a
50 GHz. These measurements were conducted at 100 MHzy 20 GHz operation. This was demonstrated with several
varying the voltage betweenl0 and+10 V. It can be noted that transmission lines with a diode inter-distance between 260 and
the symmetry in th&€ -V characteristic was found to be excel290 m. A maximum in efficiency was achieved around 20
lent, a necessary feature for the even harmonic rejection. TBelz. Fig. 4 illustrates the spectrum analysis recorded in this
normalized capacitance is about 1.4ff for a dual barrier case. The up-converted signal peak is well centered at 60 GHz.
scheme. A high capacitance contrast between the zer@ljas The bandwidth was only estimated at moderate power be-
and the saturation valug,,; of 6:1 was also measured withcause of the limited power source over the full band (17-25

Ill. SMALL SIGNAL MEASUREMENTS
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sion line and diode losses which are determinant in these dis-
tributed approaches [8] could be further optimized by thicker
metal overlays, finger-shaped metallic contact pads, and air-
bridge technologies. Transfer substrate techniques onto quartz,
recently demonstrated in our group [12] for discrete devices,
could be interesting for this distributed technology.

V. CONCLUSION

A monolithic prototype of a nonlinear transmission line
loaded by high-quality heterostructure barrier varactors was
fabricated and rf tested for the first time to our knowledge.
The preliminary experimental results are in agreement with the
small and large signal analysis, with respect to the number of

devices, unwanted frequency rejection, and overall efficiency.
Further improvements through harder pumping conditions and
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Fig. 4. Spectrum analysis of an eight-diode device.

1
GHz). It was found that the devices operates readily between
17 GHz and 23 GHz. For the up-converted frequency window, [2]
this gives a value around 30% in agreement with the numer-
ical simulations. The theoretical frequency dependence exhibits
a gaussian shape similar to that shown with NLTLs loaded by
Schottky diodes. Experimentally, the variations of the output [3]
power versus frequency show some ripple due to reflections at
the output.

In a second stage, we tested the efficiency of the tripler ag4l
a function of the number of cascaded diodes. Theoretically it
can be demonstrated that there exists an optimum number of de-
vices. Intrinsically, such a maximum can be understood in thel®!
soliton-like model as it was proposed over the past for Schottky
barrier devices [11]. For the present non rectifying device, sim-[6]
ilar solitary waves can be used. The losses due to the distributed
sections and the series resistance lowers this optimum number
of diodes per line. Experimentally, the eight-diode chip gave the[7]
best results.

The last series of measurement concerned the up-conversi
efficiency at 20 GHz. The study of the efficiency versus the
input power did not show saturation effects. The highest conver-
sion efficiency achieved in these moderate power experiment
was 1% for 20 dBm of available power source. Such a finding
is in agreement with harmonic balance (HB) simulations in-10]
cluding the overall losses. Under 1 W pumping power, the ex-
pected efficiency calculated with HB code is around 10%. In
terms of voltage across the diode, it can be shown that this 2811
dBm pumping condition does not permit to pump the diodes
over the full voltage range, typically a 20 V peak-to peak value
for proper operation. We expect further improvements in termé'2l
of conversion efficiency for harder pumping conditions (larger
nonlinearity and better large signal matching). The transmis-

optimized topology can be expected with 10% efficiency under
1 W pumping.
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