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Abstract or radar applications have better phase noise

performance, but require more complex architectures

For wireless LAN applications and the wireless and more expensive components [3,4].

ATM network demonstrator system "Magic

WAND", a phase locked oscillator was built with

standard, low cost components. Although a simple Architecture and Components

architecture is chosen, the oscillator has a phase

noise of -87 dBc/Hz at 10 kHz frequency offset andin Fig. 1 the architecture of the phase locked

an output power of 0 dBm at 16.2 GHz. By changingoscillator is shown with the internal frequencies. The

the reference frequency, the output frequency can bphase locked loop works at 4.05 GHz. Its output is

tuned from 15.61 GHz to 16.34 GHz without doubled twice to 16.2 GHz. A high reference

degradation of the phase noise. frequency of 96.43 MHz was chosen to minimize the
phase noise degradation by high multiplication

Introduction Basic Freg.
Reference Syntheﬂzer VCO Coupler Doubler  Doubler
Wireless local area networks (WLANs) are @%E’Zﬁmwi\ﬁlta% "2
standardized for a raw data rate up to 2 Mb/s in thes43mHz||: 21 1008 81GHz 16.2GHz
ISM frequency band of 2.4 - 2.483 GHz by IEEE il Pr%a 405 GHz
802.11 [1]. For higher data rates, higher transmitting 205GHz — '

frequencies have to be used due to the limited

available bandwidth in the ISM band. Currently Fig. 1: Architecture of the phase locked oscillator
different approaches are being investigated, e.gwith internal frequencies for 16.2 GHz output
HIPERLAN and wireless ATM [2]. The phase

locked local oscillator described in the paper can beactors. The realization of the architecture with
used in the European ACTS project "Wireless ATM standard commercially —available, low cost
Network Demonstrator” (Magic WAND) as signal components is shown in the photographs of Fig. 2
source for direct downconversion of the 17.1 - 17.3and 3. The circuit is built on two 2" x 2" substrates
GHz WLAN band to a 900 MHz IF. It was built with with an external reference oscillator. The reference
low cost, standard packaged components. oscillator, i.e. a standard TCXO, can still be built on
Phase noise of -87 dBc/Hz at 10 kHz frequencythe digital board due to its compact layout.

offset was measured at 16.2 GHz. The loopThe digital part, built on a FR4 epoxy (see Fig. 2),
bandwidth is 1 MHz and the output power O dBm. consists of a prescaler, frequency synthesizer and
By changing the reference frequency, the oscillatoroop filter. The GEC Plessy SP8902 prescaler
can be tuned from 15.61 GHz to 16.34 GHz withoutdivides the 4 GHz loop frequency by two. The basic
degradation of the phase noise. ComparablePLL frequency synthesizer, Qualcomm Q3236,
oscillators for the frequency range built for military works up to 2 GHz. The chip includes a phase
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detector and a prescaler. In the loop filter a high
speed bipolar operational amplifier, AD847, is used.
The passive components are beamlead or SMD
devices.

Fig. 2. Photograph of the 2" x 2" substrate including
prescaler, frequency synthesizer and loop filter

The high frequency substrate, shown in Fig. 3, is
Arlon E10 with a dielectric constant of 10.5 and a
thickness of 25 mil. The voltage controlled
oscillator, the coupler, the two doublers, al bias and
matching networks are integrated. The VCO uses a
S bipolar transistor HP HXTR3675 with a transit
freqguency fr = 6GHz and a varactor diode
MA46611D, the only chip component in the design.
For both doublers a GaAs field effect transistor
Siemens CFY 19 with f;y = 12 GHz was used. The
passive components on the high frequency substrate
arealso SMD or beamlead devices.

Design of the VCO and the Doublers

For the smulation of the high frequency building
blocks, the voltage controlled oscillator, the coupler
and the doublers, the circuit simulator HP EEsof
Libra was used. The voltage controlled oscillator
was simulated with measured small signa s
parameters. The VCO is of the negative impedance
type. The resonator circuit incorporating a varactor
diode is connected to the base of the transistor.
Shorted stubs at the emitter are designed to

maximize the negative impedance seen looking into
the base. The well known impedance equations for
an oscillator were fulfilled in the linear simulation
[5]. The coupler is a simple microstrip paralel line
coupler.

For the simulation of the doublers the harmonic
balance simulator was used. The FET CFY 19 was
modeled with a modified Statz model. The package

Fig. 3: Photograph of the high frequency 2" x 2"
substrate including VCO, coupler and two doublers

parasitics were added to the model with exernal
reactive elements. At the drain of the doubler FET,
the fundamental frequency f;, is reflected by a stub
tuned to fi,. The phase of the reflection at f;, is
adjusted by a series transmission line for optimum
conversion efficiency [6]. The gate is matched at fi,
and the drain at 2*f;,..

M easur ements

The RF measurements were done with a Spectrum
Anayzer HP 8563 E. The reference is a Marconi
2040 low noise signal generator with a phase noise
of -140 dBc/Hz at 10 kHz offset frequency (value
taken from the user manual). For the single sideband
phase noise measurement shown in Fig. 4, an
additional low noise preamplifier was used in front
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of the spectrum analyzer. At 16.2 GHz phase noiseis
-87 dBc/Hz at 10 kHz offset. Further measurements
showed that the two doublers do not limit the phase
noise. The phase noise is only determined by the
basic PLL frequency synthesizer. From the data
sheet [7] and the total multiplication factor of 168
the phase noise can be calculated as -83.5 dBc/Hz
for the chosen architecture. Thus, our particular
sample of the basic frequency synthesizer is actually
performing 3 ... 4 dB better than specified. With a
phase noise improvement of the basic PLL frequency
synthesizer chip, the chosen architecture could even
have lower phase noise.
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Fig. 4: Single side band phase noise a 10 kHz

offset with additional amplification

At 16.2 GHz an output power of 0 dBm was
measured with a power meter. The loop bandwidth
of 1 MHz can be determined from the spectrum of
Fig. 5. With a change of the reference source the
frequency of the phase locked signal can be tuned
from 15.61 GHz to 16.34 GHz, shown in Fig. 6.
Over the tuning range the phase noise characteristic
remains constant. Only the output power slightly
decreases at frequencies larger than 16.2 GHz. The
settling time, which is mainly determined by the loop
integrator, was not investigated. In Fig. 7 a plot of
the main signal a 16.2 GHz and the unwanted
spurious sidebands of the reference, 16.2 GHz £ 96.5
MHz, is shown. The lower spurious sideband at 16.2
GHz - 96.5 MHz is less suppressed than the higher.
Still, the lower spurious is suppressed by 42 dB. The
subharmonic at 8.1 GHz is only suppressed by

18 dB, because no provision for an additional filter
was made.

All components are biased from asingle 5V supply.
Only the operational amplifier of the loop filter
requires +5 V and dissipates 60 mwW. With 5 V the
basic frequency synthesizer and the prescaler
dissipate 188 mA of current. The voltage controlled
oscillator works at 5 V with 22 mA. The current
consumption of each doubler at a supply voltage of
only 25V is15 mA.
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Fig. 5: Measured spectrum for determining the loop
bandwidth (with additional amplification)
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Fig. 6: Tunable  freguency range  without
degradation of the phase noise. Measured oscillator
spectraat 15.61, 16.2, 16.34 GHz
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Fig. 7. Unwanted spurious side signals caused by
the reference oscillator (16.2 GHz + 96.5 MHz)

Conclusions

For wireless ATM, i.e. used in the European Magic
WAND project, and other wireless LAN applications
in the frequency range of 17.1 - 17.3 GHz, a phase
locked oscillator was built with low cost, standard
packaged components. At 16.2 GHz a phase noise of
-87 dBc/Hz at 10 kHz was measured with an output
power of 0 dBm. The oscillator can be tuned from
15.61 GHz to 16.34 GHz. The phase noise is limited
by the basic synthesizer chip.
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