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33–43 GHz and 66–86 GHz VCO With High Output
Power in an 80 GHz �� SiGe HBT Technology

Gang Liu, Student Member, IEEE, Andreas Trasser, and Hermann Schumacher, Member, IEEE

Abstract—This letter presents a signal generation circuit that
combines a wide tuning range voltage controlled oscillator (VCO)
and a frequency doubler. The VCO provides two differential
outputs with different power levels. A push-push frequency dou-
bler is designed and cascaded to the high power output of the
VCO, while the low power output is reserved to drive a frequency
divider in a PLL. The VCO can be tuned from 33 to 43 GHz, with
around 0 dBm output power at the low power output. Simulta-
neously, signal generation from 66 to 86 GHz is achieved at the
doubler output, with a maximum output power of 1.1 dBm at
74 GHz ( 2.5 dBm at 81 GHz). The measured phase noise at
the VCO output and the doubler output are 91 dBc/Hz and

83 dBc/Hz at 1 MHz offset ( 112 dBc/Hz and 106 dBc/Hz at
10 MHz offset), respectively. The circuit is realized in a 0.8 �

SiGe heterojunction bipolar transistor process, with �� ����

of 80/90 GHz. The VCO consumes 81 mA current while the
doubler consumes an extra 17 mA from a 4 V supply. The circuit
demonstrates the possibility of wide-band signal generation up
to ���� with sufficient output power (e.g. to drive a mixer) in a
conservatively scaled, low-cost process.

Index Terms—Frequency multiplication, heterojunction bipolar
transistors, signal generators, voltage controlled oscillators
(VCOs).

I. INTRODUCTION

V OLTAGE controlled oscillators (VCOs) are crucial com-
ponents in most wireless systems. One important param-

eter of the VCO, the output frequency, is usually limited by the
maximum oscillation frequency of a technology. Fun-
damental oscillation beyond half of is generally difficult
to achieve, which limits the potential applications of the tech-
nology. One way to extend the output frequency range is to use
push-push oscillators. However, as the frequency approaches

, the output power from a push-push oscillator is usually
low, as reported in [1], [2]. The output power can be improved
through a tuning network at the output, but only for a narrow
bandwidth [3]. We have reported a wide band VCO [4], com-
bined with a frequency doubler for wide band signal genera-
tion at frequencies close to [5]. But the output power is
low when a simultaneous fundamental output is taken from the
VCO. In this letter, a different VCO and frequency doubler tar-
geting higher output power with simultaneous differential fun-
damental output will be shown.
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Fig. 1. Simplified schematic of the wide-tuning range VCO. � is
�� � ��� �� , � and � are �� � ��� �� . � has a stripe area
of ��� ���� �� . � is 300 fF and � is 500 fF. Lengths of � , � , � ,
� , � , � and � are 135 ��, 800 ��, 180 ��, 155 ��, 100 ��,
300 �� and 200 ��. All transmission lines are 3 �� wide.

II. TECHNOLOGY OVERVIEW

The technology used in this work is the SiGe heterojunction
bipolar transistor (HBT) process from Telefunken Semiconduc-
tors GmbH, Germany. It features a minimum drawn emitter
width of 0.8 and of 80/90 GHz. The process offers
two types of npn transistors, SIC (Selectively Implanted Col-
lector) and non-SIC, with different (80 GHz and 50 GHz)
and breakdown voltages (4.5 V and 2.5 V). Three metal layers,
four types of resistors, varactor diodes, as well as MIM capac-
itors are available. Two types of silicon substrate (1000
and 20 ) can be chosen. In this work, the low-cost 20
substrate was used.

III. CIRCUIT DESIGN

The signal generation circuit consists of a VCO and a fre-
quency doubler. The design criteria of the VCO are to have a
wide tuning range and high output power to drive the frequency
doubler. Meanwhile, the VCO should also provide an additional
output with sufficient power to drive a frequency divider, which
is necessary for locking the VCO with a PLL. Fig. 1 shows a
simplified schematic of the VCO.

The VCO core is a negative resistance type, as described in
[6]. Biasing voltages and are generated on chip. All
the inductors and matching networks are realized with thin-film
microstrip lines (TFMLs), with quality factors of around 8 at
35 GHz. The oscillation frequency is mainly determined by the
base inductor , degeneration capacitance and .

is realized with a varactor diode (150 fF to 600 fF tuning
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Fig. 2. Schematic of the push-push frequency doubler. All transistors are ���
��� �� , except for � , which is �� ��� �� . � , � and � are 550 �, 4.5
�� and 900 �. � is 100 �� and � is 300 fF.

Fig. 3. Photo of the signal generation circuit. The size is ��� � ���� �� ,
including the pads.

range, Q of 12, at 35 GHz). By changing the voltage across the
varactor diode, the oscillation frequency can be tuned. The tran-
sistors of the VCO are biased at the current for maximum ,
which simultaneously maximizes .

Different from [5], where a common-base stage was used as
an output buffer, two independent cascode amplifiers (only one
is shown in Fig. 1) are used to buffer the VCO core. This gives
the advantages that the two outputs are well isolated from each
other and the two buffers can be designed separately. One buffer
is designed to have higher output power, which is needed to
drive the frequency doubler, while the other buffer is designed
for less power consumption with still sufficient output power to
drive a frequency divider. The high power buffer directly drives
a push-push frequency doubler (Fig. 2) that can operate at fre-
quencies close to , as described in [5]. However, the is
realized with a TFML instead of an inductor, which results in
slightly lower conversion gain but wider bandwidth.

IV. MEASUREMENT RESULTS

The VCO and frequency doubler were simulated using ADS
2008. The TFMLs were modeled using a lumped-element
model, and the parameters for the model were extracted from the
EM simulation data of the line. The layout of the IC was kept as
symmetric as possible to preserve the differential characteristic
of the circuit, which is important for the conversion efficiency
and the suppression of the fundamental signal at the doubler
output. Fig. 3 shows a photo of the VCO and frequency dou-
bler. The circuit is very compact and occupies only 0.9 ,
including the bond pads.

Fig. 4. Measurement of output power and frequency of the frequency-doubled
signal, leakage of the fundamental signal at the doubler output, and the differ-
ential output power at the fundamental output.

The circuit was characterized on wafer. Multi-contact dc
wedges were used to supply the dc voltages. The fundamental
output (“Out1”) was connected through a GSSG probe to a
spectrum analyzer and a 50 load, while the doubler output
(“Out2”) was connected through a 110 GHz GSG probe to
a harmonic mixer (Agilent 11970 V), which extends the fre-
quency range of the spectrum analyzer to V-band. Both outputs
were monitored simultaneously. The circuit draws 98 mA cur-
rent from a 4 V supply. Fig. 4 shows the measured frequency
and output power of the circuit.

The oscillation frequency of the VCO can be continuously
tuned by changing the tuning voltage from 1.6 V to 7 V. The
output power at the doubler output is around 2 dBm from 66 to
81 GHz, with a maximum 1.1 dBm at 74 GHz, and decreases
to 10 dBm at 86 GHz.1 The decrease of the output power is due
to the increase of the conversion loss of the frequency doubler.
By increasing the supply voltage to 4.5 V (112 mA), 0 dBm at
66 GHz and 4.5 dBm at 86 GHz can be achieved. The leakage
of the fundamental signal at the doubler output ( 20 dBm),
which is mainly influenced by the symmetry of the circuit, is
well below the wanted signal. The differential output power at
the fundamental output varies from 4 dBm to 1.5 dBm, which
is quite sufficient to drive a frequency divider that has been real-
ized in the same technology. Fig. 5 shows a measured spectrum
at the fundamental output with 20 MHz span and 300 kHz res-
olution bandwidth (RBW). 4 dB should be compensated for the
cable and probe losses.

The phase noise of the VCO is difficult to measure, because of
the jitter of the spectrum, caused by the noise from the supply
and tuning voltages. In this work, the phase noise is roughly
measured using the Phase Noise Utility of the spectrum ana-
lyzer (Agilent 8565E). Fig. 6 shows the measurement results.
The phase noise of the doubler output is 83 dBc/Hz at 1 MHz
offset ( 106 dBc/Hz at 10 MHz offset), roughly 6 dB higher
than the phase noise of the fundamental output, because of the
frequency doubling.

A separate VCO without doubler was also fabricated and
tested. The measured differential output powers are 8 dBm

1The power at frequencies above 75 GHz is underestimated, due to the higher
conversion loss of the harmonic mixer.
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TABLE I
COMPARISON OF SIGNAL GENERATION CIRCUITS OPERATING AT FREQUENCIES CLOSE TO �

Fig. 5. Measured output spectrum from the fundamental output with a span of
20 MHz.

Fig. 6. Measured phase noise at the fundamental and doubler output. The VCO
was tuned at 43 GHz.

(from buffer 1) and 0 dBm (from buffer2), respectively. The
tuning range and phase noise performance remains the same.

Table I compares the performance of this work and some pre-
viously reported signal generation circuits that operate at fre-
quencies close to and above [7]–[9]. This circuit achieves
the highest output power with a very wide tuning range.

V. CONCLUSION

A fully integrated signal source consisting of a wide tuning
range VCO and a frequency doubler has been presented. The
circuit is realized in a cost effective, 0.8 SiGe HBT process
with of 80/90 GHz, yet it can generate signals from
66 to 86 GHz (26.3% tuning range), with acceptable power and
phase noise performance. The simultaneous differential output
(from 33 to 43 GHz) enables further frequency division and
locking the circuit to a PLL. By removing the frequency doubler,
a high power (8 dBm and 0 dBm, simultaneously), differential,
Q-band (33 to 43 GHz) signal source has also been realized.
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