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Abstract- An effective and simple technique for divider at microwave frequencies has not been well
frequency division is introduced to generate a €xplored. As this paper demonstrates, this approach has
subharmonic signal in wireless VCO circuits, thus the advantages of high operating frequency, variable
eliminating the need for expensive digital prescalers. Infrequency-division ratio, efficient locking characteristics
this approach, frequency division is realised by and low power consumption. This compares favourably
injection locking an RC oscillator (multi-vibrator) at With —conventional ~ analogue ~approaches such as
microwave frequencies. This technique is compactregenerative dividers and harmonically locked LC
efficientand MMIC compatible. The feasibility of this Oscillators [6]. Furthermore, since the circuit does not
approach was demonstrated using a GaAs HBT RCrequire space-consuming low frequency inductors, it is
oscillator driven by a HBT MMIC VCO operating at 4 compact and MMIC compatible.

GHz. The RC oscillator can be effectively injection

locked without observable aidide phase-noise fo 4GHz
degradation and generates a subharmonic clock signal to front-end
at 250M!—|;, corre.spondlng toa d_|V|S|on ratio (N.) of 16. Oscillator] Analog
The division ratio can be varied by changing the Divider
frequency of the RC oscillator. Nonlinear simulation =N /N
. - 250MHz

results and analysis are also presented to explain the > OPLL
operating mechanism. "VCO IC/Package

. Fig. 1 Block diagram of a VCO with subharmonic output for phase
Introduction: As the spectrum for wireless locking.

communications extends to higher frequency bands, the
problem of cost effectively phase-locking the local
oscillator becomes more challenging. Digital frequency
dividers for frequencies above 3 GHz are expensive; in
addition, the upper operating frequency of low-cost PLL
chips is also limited to approximately 3GHz. Therefore,
the design of oscillator circuits with subharmonic outputs
is a tenable approach when compared with the alternative
solutions (e.g. divide-bj IC, and frequency Fig. 2 The circuit schematic of the 4 GHZ MMIC VCO. The MMIC size
multiplication [1, 2]). is 0.78x0.76 mfn

The conceptual block diagram of this approach is
shown in Fig. 1. The oscillator output signél, is
coupled to a simple analogue frequency divider that
generates the frequency information for the PLL IC. The
sampled signal is at a frequerfgiN whereN represents
the division ratio. In this paper, the approach is
demonstrated using an RC oscillator280MHz as the

The Circuit and Performance The proposed
approach shown in Fig. 1 was validated using a VCO and
an RC oscillator circuit based on GaAs HBT technology
[7]. The circuit schematic of the MMIC based VCO is
shown in Fig. 2. The Colpitts oscillator is formed by T1,
7 . . on-chip capacitors C1, C2, C3 and an off-chip inductor L.
frequency divider with a HBT MMIC VCO operating at rroquency tuning is achieved by varying the base voltage

4GHz corre§ponding to adivision rafibof 16. ._of the active bias transistor T2. The oscillator gives
RC oscillators have been widely used for generatind, 1 o4Bm output power at 4 GHZ with a 4% tuning
clock-signals and LO synchronisation at low frequenciesbandwidth_

for more than 40 years [3], and more recently have been
used in high speed clock recovery ICs in fibre-optic and
wireless applications[4, 5]. However, the approach of
using an injection-locked RC oscillator as a frequency
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Fig. 3 The circuit schematic of the RC oscillator
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The RC oscillator circuit was fabricated using a pair _ _ _ _
of 2-nger (2mi2Qum) HET with discrete chip 799 The e tace of e °C oxctaane ek ve
capacitors. The circuit schematic is shown in Fig. 3. ind?cate t);]e |ockigng range. '
During the oscillation process, the two HBTs T4 and T5, ATTEN 1048
are alternately turned on and off by the capacitors C4 and P e
C5 charging and discharging. A square-wave voltage
signal is thus generated at the collector terminals of the M
transistors. The period of this alternation of on/off state is R | il
primarily determined by the relaxation between the
capacitor and the input impedance of the HBT [8]. HBT
devices were selected to achieve short transit time and
increase the upper operating frequency of the circuit. This
oscillator is designed to generate a clock signal around A UL

250MHz, which is then injection locked by the 4 GHz ConTEn 2an. moome SPAN 2. DOOMH=
VCO signal to provide the frequency division function. Rew Senn= o vEw Sonns SvE e eme
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Fig. 4 The power spectrum of the output signal of the 250MHz RC (b)
oscilla_torunder_injection locking. The vertical scale of the plot is Fig. 6 The power spectra of the 250MHz clock signal, before (a) and
2dB/div. The signal level was attenuated by 30dB . after (b), injection of the locking signal from the 4 GHz VCO.

The output spectrum of the RC oscillator under Low residual phase-noise is one of the most
injection of the 4 GHz VCO signal is shown in Fig. 4. The jmportant criterion for any frequency divider to possess.
fundamentall freq'uency is locked at ZSOMHZ, a'factor ofThe strong frequency tracking capability of the RC
1/16 of the injection frequency. The rich harmonic contentoscillator shown in Fig. 5 indicates its intrinsic noise will
of the spectrum as well as the high odd-order signalsse suppressed. The frequency/phase-noise in its output
indicates a square-wave signal in the time-domain.signal will thus reflect the noise of the injected VCO
Effective locking of the RC oscillator was achieved with signal [9]. Fig. 6 clearly shows the difference in spectral
a +5dBmiinjection signal fromthe VCO. Fig. 5 illustrates pyrity/phase-noise of the RC oscillator with and without
how the frequency divided signal tracks the injectedinjection locking to the stable 4GHz VCO signal. The
signal as the frequency of the 4AGHz VCO was varied ovephase-noise of the RC oscillator signal is actually lower
a frequency range of 170MHz (=16x11MHz).  This than that of the MMIC VCO due to the frequency division
corresponds to a 4% change in relative bandwidth. process by the factor 20l(N).
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20 Discussions:

T 75 " Source Noise @ 2GHZ | Locking of an RC Oscillator The operation of the RC
3 g0 I— T Mreorstial prostcion | oscillator was simulated in the time-domain using a
a -80 Theoretical Prediction ! ' an !
o 85 nonlinear model of the HBT [7], to provide insight into
'§ 9% \D\, the locking mechanism. Fig. 9 shows the base voltage
3 g5 4 —ar waveform of Transistor T5 for the RC oscillator operating
T o0t B 1848 in the free-running relaxation mode and when injection
2 o Poceigl locked to a 900MHz signal. The simulated freening
110 e frequency is apout 240MHz, and the transition point for
100 1000 10000 the HBT switching from theff to on state corresponds to
Offset Carrier Frequencies (Hz) a base voltage of about 1.2V. In thff state, the base
Fig. 7 The single-side-band phase noise of the Rillavscinput and voltage gradually increases by discharging capacitor C4:
output signal at 2GHz and 250MHz. after reaching 1.2V, the HBT is turned on quickly within

100 pS. When a 900 MHz signal is injected at the input
The added FM noise contribution of the frequency port, the base voltage is modulated by the injection signal
divider was examined by injecting a clean synthesisedwhich delays the voltage from reaching the 1.2V transition
source into the RC oscillator and comparing the phasepoint, as shown in Fig. 9. The relaxation frequency is thus
noise of the input and output signals. Fig.7 shows result§orced to slow-down to 225MHz (=900MHz/4),
for an injected signal at 2GHz. The phase-noise of theindicating that the RC oscillator is locked to the injection
250MHz output signal is approximately 18dB lower than signal.
that of the input signal over the carrier offset frequency .
range, as predicted by the relationship of 20Q{bfy for = 144 - - - Free-uming . . j - - - -
frequency division. Similar noise performance was also s 134 - - [ Y P b m
measured with input frequencies at 3GHz and 4GHz. Thep 124 /-1 ) - Y
discrepancy around 100 Hz in Fig. 7 is due to the noise @ 114 - - - |- - Y % R
floor limitation of the spectrum analyser. Clearly, the 5 13/ -------| - * -7/ - Transition
results show that there is no significant signal phase-noise & 0.9 Under oall 77 points
degradation due to the frequency divider. The absolute% 0. -naeriocing) £ .
residual phase-noise contribution of the divider can be i i R A o

measured using the standard Two-port residual noise & °° ' ' ' !
o 20000 22000 24000 26000 28000

measurement method [10]. _
. Time (pS)
Locking Frequency (GHz)

100 05 1.0 25 50 Fig. 9 The simulated waveform of the T5 base voltage with the RC
g oms(c):glsléor operating in freeumning and injection locked
> .
g i ¥ Predicted )
12 1 Xy Limit Frequency Dependent Locking RangEne results of
é’ 10 % ¥ Fig.9 indicate that a wider locking range can be achieved
8 i T by employing higher injected signal levels. However,
© * 1% there is an upper limit for the locking rangifmax the
c;.‘rj’ 1 frequency change in the injection frequengy) (fias to be
x g — N smaller than the natural relaxation frequengy) for a

1 10 100 fixed division factor of N. This limit can be simply

Frequency Division Factor

Fig. 8. The locking range of the RC iflator as a function of the

injection frequency (or the division factor). Af max< frx _ 1

_ _ finj ~ finj N 1)

The locking performance of the RC oscillator for ) o ) )
other division factors was also measured by sweeping thd he locking range limit for the 250MHz RC alator is
input frequency from 500MHZNE2) to 4.25GHz i=17) plotted in Fig. 8. Clearly, there is good correlation
using a synthesised source. The locking range as &etween the measured locking range and the predicted
function of the division factor is depicted in Fig. 8. A limit line for low division factors. However, above
locking range of over 20% was recorded fér5 which 2.5GHz (corresponding to a division ratio of 10), the two
decreased to 4% fo¢=15..17. This frequency dependent traces begin to diverge as the injection frequency
performance is explained in the following discussion. ~ a@pproaches the switching speed of the HBT.

expressed as:
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The HBT switching time can be approximately Conclusions: An analogue frequency division

expressed as [11]: technique to generate a subharmonic output in VCO

(= B In Ig ] @) circuits has been demonstrated by injection locking an RC

S 2r, | _09|£ oscillator. A division factor of 16 has been achieved at 4
B ™ B GHz with a locking range of 170MHz and with no

where f{ is the cut-off frequencyf is the small signal observable phase—nqise degradation. This ap_proach
] . represents an attractive alternative for MMIC oscillator

current gain;g and t are the operating base and collector gynchronisation and can help obviate the need to use

currents. The HBTs in the RC oscillator shown in Fig. 3, expensive digital dividers at frequencies above 3GHz.

have a turn-on time of about 90pS witlof 30GHz;3 of
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Table 1 Performance comparison of digital and analogue dividers

Device Frequency Division Ratig DC power Input Power Output Power Chip Size
Digital divider MESFET 2-14GHz 8 8V, 80mA -2dBm -4dBm ~1fmm
Analogue divider GaAs HBT 0.5-5GHz 21016 1.5V, 11mA 5dBm -7dBm ~0.75mm
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