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Abstract This paper discusses the design. and
implementation of a 25 GHz VCO in a 45 GHz Si(:e process.
The VCO is based on a full-wave rectification frequency-
doubling technique applied to a 13 GHz differential ring-type
VCO. The VCO occupies an area of 150 ym x 150 pm,
consumes a de power of 240 mW, exhibits a phase noise better
than -87 dBc/Hz at 1MHz offset and features a remarkably
high ratio (25/45) of the VCOQ frequency to the process f,.

I. INTRODUCTION

Voltage controlled oscillators (VCOs) are widely used in
many multi giga-bit per second systems, such as clock-data
recovery and clock synthesizer PLLs. While most high
frequency VCOs, reported in the literature, use some form
of LC tank or resonator to achieve good phase noise
performance [1], [2], they often occupy a large die area and
have very limited tuning range. The VCO presented in this
" work is an inductorless ring-type oscillator implemented in
a 45 GHz SiGe HBT technology and features a 25 GHz
oscillation frequency, a relatively small area, a good tuning
range and a phase noise performance comparable to
recently reported resonator-type VCOs [1], [2].

II. VCQ DESIGN

The VCO core used in this work, and shown in Fig. 1, is
similar to the core oscillator previously proposed by the
authors and implemented in InP HBT technology {3], [4].
In the circuit, a cascode amplifier is followed by an emitter
follower in a closed loop, thus producing a single-stage
ring oscillator. Bias currents are supplied by the current
mirrors at the tail of each branch to set the operating points
near the maximum /', of the transistors. A change in input
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bias wvoltage varies the bias currents and hence the
oscillation frequency. To maintain the oscillation,

Barkhausen’s criteria must be met [4].
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In the first step of the design, a 13 GHz differential VCO
was developed from the core oscillator mentioned above, A
voltage-to-current converter was added to the core
oscillator, to control the current mirrors providing bias for
different branches of the circuit. The complete schematic
of the 13 GHz VCO, including an output buffer, is shown
in Fig. 2. The resistors used in the current mirrors are
chosen to optimize signal power and noise, while isolating
the ac nodes of the VCOQ by increasing the impedance of
the tail current sources. The output buffer is a differential
pair with a gain designed to maximize signal to noise ratio
at the output. The outputs of the differential pair buffer are
terminated by 50 € resistors on chip. This leave)s the
emitter degeneration resistor, connecting the emitters of
the output buffer transistors, as the main design parameter
to control the gain of this stage. The degeneration resistor
affgcts the gain, noise and linearity of this stage.

The 25 GHz VCO is in most parts similar to the 13 GHz
VCO and the schematic is shown in Fig. 3. The core
oscillator and the voltage-to-current converter are identical
to those in the 13 GHz VCO. However, the buffer stage is
modified in order to rectify the two differential signals
from the core oscillator and sum up the two components so
as to produce a single-ended output at double the
frequency. The emitter degeneration of the buffer stage is
removed in this case and the emitters of the differential pair
transistors are connected together. As a result, the two
base-emitter diodes and the two paralleled emitter bias
resistors of the buffer stage form a full-wave reciifier. Since
the inputs to this stage are complementary, the signal
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generated at the emitter node, which is the resultant of the
two emitter current compenents, has a frequency twice that
at each base terminal. The collectors of the two transistors
in the buffer stage are tied together to sum a copy of the
emitter currents. While operating as a full-wave rectifier,
-the buffer stage also isolates the core oscillator from the
lcad. The fundamental VCO frequency and its odd
harmonics (f; 37, 5/, ...) are suppressed by the symmetrical
nature of the full-wave rectifier and its
implementation, The higher harmonics of the full-wave
rectified signal (4f, 6f, ...) are also highly attenuated by the
low-pass nature of the SiGe transistors which have an f/, of
45 GHz, leaving the 2f component as the main output
frequency. :

ITII. EXPERIMENTAL RESULTS

The 13 GHz VCO is fully differential and was
implemented using a symmetrical layout to reduce the
effect of common mode noise, substrate and supply noise.
It occupies an area of 150um X 150pum . The circuit was
tested on wafer using 40 GHz probes and a 50 GHz
spectrum analyzer. The measured results indicate that the
frequency can be swept from about 8 GHz to above 13
GHz. Maximum dc power dissipation of this VCO is about
240 mW from a -3.3 V supply voltage. The power
delivered at each output varies from -34 dBrm up to about -
4 dBm into a 50 & load. The measured phase noise is -50
dBc/Hz @ 1MHz.

The micrograph of the SiGe 25 GHz VCO with built-in
frequency doubler is shown in Fig. 4. The physical size of
the circuit is nearly the same as that of 13 GHz VCO
(150pmX150um). Although the circuit has a single-ended
output, the internal circuitry is fully differential and the
layout is symmetrical, thus reducing the effect of common
mode noise. In addition, the circuit symmetry helps to
suppress the fundamental core frequency and its odd
harmonics in the frequency doubler. ' ’

The circuit was tested by wafer probing. The near-carrier
spectrum of the VC(Q oscillating at a frequency above 25
GHz is shown in Fig. 5. This circuit demonstrates a ratio of
0.56 (= 25/45) between VCQ frequency and process /', a

remarkably high ratio for a ring-type oscillator. As evident
from the full spectrum of the VCO, depicted in Fig. 6, the
core VCO frequency f was attenuated by about 50 dB
compared to the desired output frequency 27, No frequency
component was measurable at 3f while the component at
4, within the 50 GHz range of the spectrum analyzer, was
more than 20 dB below the 2f component. As shown in
Fig. 7, the frequency tuning range of this VCO is about 3

circuit

270

GHz, from 22.5 GHz to 25.5 GHz. The dc power
dissipated by this VCO is approximately the same as that
in the 13 GHz VCO and the output power varies from -50
to about -10 dBm over the tuning range, as shown in Fig. 7.
The measured phase noise is below -87 dB¢/Hz @ | MHz
offset, as shown in Fig. 8. This value is about 3 dB better
than expected in practice (note that a phase noise
measurement at the 2nd harmenic automatically implies
20.log(2) = 6 dB baseline degradation [5]). The relative
phase noise improvement of the 25 GHz VCO (over the
2nd harmonic of the 13 GHz VCO) is largely due to the
conversion gain (differential to single-ended) of the output
buffer; with both collector currents going on to the same
equivalent load resistor the total signal power is”now
delivered on one output, rather than twe. In addition, the
removal of the emitter degeneration resistor reduces noise
at the output stage. The gain of the VCO is approximately
2 GHz/V around 25 GHz frequency.

IV. ConcLusion

Design and implementation of a 25 GHz inductorless
VCO in 2 45 GHz SiGe technology, was demonstrated, A
full-wave rectification scheme was used to double the
frequency of-a 13 GHz VCO and achieve the 25 GHz VCO
with a tuning range of 3 GHz. The technique results in a
ratio of 25/45 of the VCO frequency to the /', of the
technology: one of the highest such ratio ever reported for
a ring-type oscillator. The layout of the VCO is
symmetrical to improve phase noise performance, and the
circuit occupies an area of 150umX150pm. Power
consumption from -3.3 V supply is less than 250 mW, and

measured phase noise at 1 MHz offset to the respective
carrier is -87 dBc/Hz.
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Fig. 1. Schematic of the Core VCO [4].
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Fig. 3. Schematic of the 25 GHz VCO.

Fig. 4. Micrograph of the 25 GHz VCO.
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Fig. 2. Schematic of the 13 GHz VCO,
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Fig- 5. VCO Frequency Characteristics, Spectrum near 25 GHz
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‘Fig. 6. VCO Frequency Characteristics, Full spectrum depict-
ing various harmonics.
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Fig. 7. Characteristics of the 25 GHz VCO.
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Fig, 8. Phase noise of the 25 GHz VCO.
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