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Abstracf - A vuractor tuned osciUator with an external 
SAW resonator and integrated frequency doubler is 
developed cm a low cost 0.8 pm SiGe BiCMOS te’chnology for 
a DSRC application. The measured phase noise is -95.5 dBe / 
Hz at 10 ldfi offset on a single-ended 50 n load. A PMOS 
accumulation-mode varactor is used for the tine tuning of the 
oscillation frequency within a tuning range of 800 !xHz 
Furthermore a Znd not tunable oscillator is fabricated with an 
impmved phase noise of -105.65 dBc / Hz at 10 kHz offset. 
Frequency doubling is achieved by using two unbalanced 
emitter coupled pairs with a fundamental frequency rejection 
of better than 20 dBc. 

I. INTRoDUCrroN 

Various wireless networks have been introduced 
dunng the last two decades and others are appearing such 
as DSRC (dedicated short-range communication). The 5.8 
GHz-band active DSRC system used for ETC (electromc 
toll collection: automation collection of charges) in Japan 
is an infrastructure which forms the foundation for ITS 
(intelligent transport systems) [l]. The ITS comprises 
several standards, like WCDMA or WLAN in order to 
obtain a seamless communication in and around the 
vehicle. For full-scale implementation of ITS services, the 
DSRC system must be able to receive a large volume of 
information at high speed at a data rate up to 4 Mbps. 
Due to this system constraints the performance on the RF 
front-end components are high. Particular, the spectral 
purity of the high frequencies generated in the front-end 
in order to convert the received frequency down to IF is a 
critical parameter in that system. 

In section II the applied system concept has been 
discussed in contrast to alternative approaches, followed 
by a detailed description of the RF circuit blocks and the 
implementation. In section 111 the experience results are 
summarized and discussed with respect to the work m 
section II. Section IV gives a short conclusion on the 
achieved results. 

II. DESJGN STRATEGY 
A. Architectural choice 

Since SAW resonators are currently not available for 
operating frequencies higher than 3 GHz, a frequency 
multiplication is essential for SAW oscillator designs at 
5.84 GHz. The cnmmnn used techniques for frequency 
doubling is the amplification of the first harmonic while 
simultaneously suppressing the fundamental oscillator 
signal. This topology requires filters with high quality 
factors and basically much chip space for integrated 
inductors must be spent. Due to the needed passive 
components on chip the die size increases in contrast to 
the here proposed active frequency doubhng techniques. 

An active multiplication of the fundamental 
frequency wth itself has been selected as the approach to 
circumvent the described problems. Fig. 1 shows the 
block level schematic of the oscillator system with a loop 
amplifier and an externally connected 2.port SAW 
resonator in its feedback path. Coplanar lines are used to 
interconnect the resonator with the amplifier in order to 
generate a proper phase shift without lossy components. 
The electric tunable circuit comprises an integrated 
varactor tuned phase shifter in the feedback path. This 
circuit operates as the fundamental wave oscillator and is 
buff&d to drive the single-ended to differential 
converter. 

A differential frequency doubler topology is required 
in order to obtain the needed fundamental frequency 
rejection in contrast to single-ended active doublers. The 
50 R load resistance is directly applied to the output of 
the frequency doubler. 
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B. Fundamental wave oscillator 

Fig. 2: Loop amplifier consisting of a tunable phase shifter 

Fig. 2 shows the three stage loop amplifier with a 
phase shifter connected as a T-nehvork between the 2”d 
and the 3” stage. One integrated inductor is used with two 
accumulation mode PMOS transistors to obtain a tuning 
range of 40”. Another integrated inductor is connected to 
provide a dc path for the varactor and simultaneously 
blocking the RF path. This inductor could he replaced by 
a high resistor because of the neglecting current through 
the gate of the varactor. All amplifier stages are common 
emitter circuits with emitter degeneration because of the 
high input swing. The phase shift of each amplifier stage 
is about 190” at 2.92 GHz. The simulated overall phase 
shift of the loop amplifier with the phase shifter is 
between -100” and -140”. 

A 2-port SAW resonator is used as the frequency 
determine device (Fig. 3) in the feedback path. Usually 
phase zero crossing occurs at this kind of SAW resonator 
at resonant frequency, but the static capacitances CT 
which arises due to the interdigitized metal fingers in the 
IDT’s lead to a remaining phase shift of 40” at resonant 

Fig.3: 2.port SAW resonator and the il equivalent circuit 

Fig. 4: Schematic of the loop amplifier with buffer stage for the 
2”d osdator chain without phase shifler 

frequency. In order to eliminate the effect of the parasitic 
capacitors, chip inductors could be placed in parallel to 
the resonator ports. This helps to alter the phase shift, but 
a 3 dB higher insertion loss has been simulated for such a 
structure. 

A 2” not tunable loop amplifier was also 
investigated with the intention to minimize the phase 
noise. Frequency tuning is still possible by varying the 
length of the coplanar lines in the feedback path on the 
printed board. Fig. 4 shows the 2 stage shunt series 
feedback amplifier with T2, T3 and R8 as the resistive 
feedback. Additionally series emitter feedback is applied 
to T2. The advantage of the feedback paths is to obtain a 
possibility to adjust the input and output impedance in 
such a mannw that optjmal power transfer is possible 
[7][8]. Furthermore a high stability of the operating point 
is the result of a feedback amplifier. Even though some 
gain must be spent by using feedback techniques, the 
phase noise performance can be increased ,because of 
avoiding maximum gain current in the transistors which 

would increase transistor noise [9]. 

C. Single-ended to differential converter 

An effective single-ended to differential converter 
regarding low power consumption and large signal 
compatibility is described in [5][6]. Such a class AB 
amplifier which amplifies the two half waves of the 
sinusoidal oscillator signal separately in two parallel 
braches (Tl and TZ), is shown in Fig. 5. While one branch 
consisting of Tl can amplify the negative half wave of the 
input current in-phase, the other branch (T2) will primary 
amplify the positive half wave with inverted phase. The 
currents in the two branches are not linear, but as can be 
calculated by applying the translinear principle, the 
difference of the current is linear to the input signal, even 
for high signal levels [6]. 

484 



Fug. 5: Schematic ofthe single-ended to differential converter 

The input impedance is the parallel sum of the r,‘s of Tl 
and T3 or T2 and T3 respectively, dependent on the sign 
of the input signal. Hence, the input impedance can be 
adjusted by varying the collector current because r. of 
each transistor is VT1 Ic at this contiguration. 

Compared to a differential emitter coupled pair as a 
common single-ended to differential converter, the used 
circuit provides a higher linearity at large signals. 
Whereas several series connected emitter coupled pairs 
with emitter degeneration would be necessary to obtain 
the same linearity. 

D. Frequency doubler 

A gilbert cell mixer operating as a frequency doubler 
as well as a two unbalanced emitter coupled pair topology 
is compared regarding their circuit complexity. The 
gilbert cell mixer requires two input signals with the same 
frequency and a 90’ phase difference. In order to save this 
90’ phase shifter, the hvo unbalanced emitter coupled pair 
topology, as shown in Fig. 6, is chosen. 

This concept has a transfer function of a parabola for 
small input voltages when each emitter coupled pair 
consists of two transistors with different emitter area 
ratios n [4]. Because of this parabola transfer function the 
differential output current is expressed as a function of 
the square of the differential input voltage swing 
frequency. The best performance was achieved with a 
ratio of n=3. RI and R2 transform this square current into 
a voltage swing. The simulated fundamental frequency 
rejection is more than 20 dB for this stage.’ 

Fig. 6: Schematic of the frequency doubler 

III. EXPERIMENTAL RESULTS 

A coplanar ceramic printed board was fabricated for 
the two versions of oscillators. The individual die was 
buried in a cavy in order to keep the wire bonds as short 
as possible. Coplanar lines with a characteristic wave 
impedance of 100 Q are used to interconnect the SAW 
resonator with the loop amplifier. This is the same 
impedance than the remaining series resistance of the 
SAW resonator at its resonant frequency. Also the port 
impedances of the loop amplifier are about 100 R. Hence 
an optimal power transfer can be expected. 

Fig. 7: Photograph of the verification board of the tunable SAW 
osciuator system 

485 



TABLE I 
SUMMARY OF MEASUREMENT RESULTS 

Parameter 1 Tunable / NotTunable 1 Unit 1 

rep?ctlon 
vcc I 3-4 I 3-4 I V 
ICC 14.2 13.4 1 mA@3V 
The length of these coplanar lines was chosen in that 

way, that the open loop phase is 0” at the oscillation 
frequency. Their calculated phase shift is 7.35” / mm A 
50 R coplanar line was used to connect the output of the 
oscillator chain with the SMA connector. 

Fig. 8 shows the measured output signal of the 
oscdlator system without tunable capability A summary 
of the achieved measurement results are listed in Table I. 
Investigation on the fundamental frequency rejection 
shows a possibility to improve the achieved 16 dBc by 
increasing the output power of the fundamental wave 
oscillator and to minimize the ground inductance of the 
frequency doubler. 

The phase noise of the fundamental frequency 
oscillator at 10 kHz was better than -105.65 dBc i Hz, 
since frequency multiplication of an oscillator signal 
results in increased SSB phase noise. A SSB phase noise 
of c -1 I2 dBc / Hz at 10 kHz offset can be expected for 
the designed fundamental SAW oscillator [9]: 

Wm)N,o = N2Ufm)h + A 
(1) 

wth N= multipllcatlon factor 
A = additive term 

IV. CoNCLUsIoN 

A silicon integrated high performance SAW 
oscillator system has been successiidly demonstrated 
which can be used in communication systems like DSRC 
without the need of using a complex synthesizer system to 
obtain the needed frequency stability. Even the center 
frequency of one SAW oscillator is adjustable over a wide 
frequency range. Although the performance of the SAW 
oscillator is very high, a low cost silicon 0.8~ SiGe 
BiCMOS process has been used. The low current 
consumption and the low supply voltage allows the use of 
these RF components in mobile applications. 

Fig. 8: Measured phase noise of the not tunable oscillator 
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