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An MMIC Local Oscillator for 16-QAM
Digital Microwave Radio Systems

Hideo Suwaki, Tadao Nakagawa, Member, IEEE, and Takashi Ohira, Member, IEEE

Abstract-The first MMIC local oscillator for 16-QAM digital
microwave systems is presented. The key advance is achieving
the very low phase noise required by such systems. Low phase
noise is realized with a low phase noise VCO (voltage-controlled
oscillator) that is installed into a new PLL (phase-locked loop).
Although the developed local oscillator is 90% smaller than the
existing Dielectric Resonator-based local oscillators, it achieves
comparable receiver performance.

I. INTRODUCTION

oSCILLATOR phase noise is a major hurdle to designing
new receiver systems. As digital microwave systems

transfer information using signal phase, oscillator phase noise
degrades the BER (bit error rate). The latest oscillators use
dielectric resonators to achieve sufficiently low phase noise.

Unfortunately, such oscillators (DRO) increase the equip-
ment’s cost and size. DRO’s are not planar, unlike most other
components, so it is very difficult to reduce equipment size.
Our goal was a small planar oscillator suitable for 16-QAM

systems.
DRO’S inherently have very low phase noise, so they can

be applied without determining their actual levels of phase
noise. In fact, DRO’s can be considered as overkill in that their
phase noise performance far exceeds system requirements. If
the phase noise of an oscillator could be evaluated precisely
in the design stage, it would be relatively easy and cheap to

construct new types of oscillators having the necessmy phase
noise. Several methods to analyze oscillator phase noise have
been reported [1]–[6]. However, as all method were intended
for specific oscillators, it is near impossible to apply any one
of them to other oscillators. We have developed a general
evaluation method suitable for any oscillator. This method
allows us to precisely evaluate phase noise.

To down-size communication sets, several kinds of MMIC
chips and multichip modules have been proposed, including
local oscillator MMIC’S [7]–[1 1]. Despite the low Q factor
of MMIC’s, high frequency stability and low phase noise
have been successfully obtained using phase locking [7],
[10]. However, practical systems demand lower phase noise
characteristics than offered by conventional PLO’s (phase-
locked oscillators). To overcome this problem, we proposed
a new PLL.

An MMIC local oscillator for 16-QAM digital microwave
systems is developed for the first time based on the new
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technology. The local oscillator is 94% smaller than the
existing local oscillators based on DRO’s. A receiver is
constructed around the new oscillator and found to have

performance comparable to those of existing sets. This paper
describes the key technologies and the performance of an
MMIC local oscillator for 16-QAM digital microwave radio
systems.

II. PLO PHASE NOISE ANALYSIS

The block diagram of a typical MMIC PLO with additive
noise sources is shown in Fig. 1. The PLO consists of a
reference crystal oscillator (REF), a frequency divider (DIV),
a phase/frequency comparator (PFC), a loop filter (FIL), and

a voltage-controlled oscillator (VCO). The output phase noise
spectral density is theoretically given as follows [12]:
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division ratio,
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the phase detector sensitivity constant, i’V is a
S$,..., n(f) is the noise power spectral density,

and JiI(j2T~) is the transfer function of loop filter. In the loop

filter passband (l17(j2nj) I % 1), all the loop elements noise
except the VCO noise contribute to the PLO noise, and outside
the loop filter passband (llY(j27rj) I % O), the PLO output
noise is eqwd to the VCO noise.

The contributions of the noise power spectral density to
the MMIC PLO output in the passband have been estimated
experimentally [13]. The results, shown in Fig. 2, indicate that
the PFC noise is the dominant PLO noise.

111. NEW PHASE LOCKED LooP

The new loop configuration is shown in Fig. 3. From (l), it
is found that the PFC noise contribution can be suppressed by
increasing Kd. An exclusive-OR (EXOR) is used here since
its Kd is twice that of the PFC. However, the pull-in range of
the single EXOR loop is narrow. To overcome this problem,
the frequency comparison signal of the PFC is added to the
phase detection signal of the EXOR. The cutoff frequency of
the PFC loop filter is very low (several hertz) so that only the
frequency comparison signal is obtained and the PFC noise is
eliminated. Therefore, a PLO with low phase noise and a wide
pull-in range can be achieved.
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Fig. 1. Diagram of PLO with additive noise sources.
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IV. REQUIRED PERFORMANCEOF VCO

The performance required for the target system is a phase
noise of –50 dBc or better as integrated from 3.8 kHz-10 MHz

offset from the carrier. The phase noise of the VCO is expected

to be less than – 125 dBc/Hz at l-MHz offset frequency
according to estimations based on (1). In general, phase noise
is inversely proportional to the variation in frequency range.
Although the variation in frequency range must be small to
reduce the phase noise, the frequency range should cover the
frequency error generated by implementation and the change
caused by environmental temperature. We determined that the
required variation in range is about 100 MHz.

V. Low PHASE NOISE VCO

The negative resistance type oscillator circuit is shown in

Fig. 4. The oscillation conditions are

I?(uo) – ~(uo) <0 and X(UO) + ~(wo) = 0 (2)

where

Z= ZD+ZR=ZDI+ZD2+ZR= Rl+R2–~

+j(X1+X2+~) -R–z+j(X+x).

ZD1 = –~ + j~ is the impedance of the negative resistance

generator. ZD2 = RZ + jX2 and ZR = RI + jXI represent
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Fig. 3. New contiguratiou for PLO phase noise reduction.

the passive parts of the negative resistance generator and the
resonator circuit, respectively. The phase noise of the oscillator
is caused by fluctuation of the oscillation current driven by the
noise close to the oscillation frequency. This noise consists
of the noise that inherently exists close to the oscillation
frequency and that unconverted from low frequencies by the
nonlinearity of the active devices. Oscillator phase noise can
be described as follows [14]:

(le(q +Wm)]z + Ie(wm)lz G

L(w~) =
R(Q + Wm) R(w)m) )

2P

“( )
& 2(l+@) (3)

where

Q +~2 +u2)1/2,
(Su + ?t)z

a=(?-u - St)z’
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Woax ‘“ WO i3R A 8X A i3R
t=xz,

‘=%%’ ‘= Z31’ ‘“z%

e is noise voltage
A is magnitude of oscillation current
G is upconversion gain from Wm to W. + Wm.
The combination of using a low-noise device and raising the

Q factor is effective for creating a low-phase-noise oscillator.
As Si BJT’s [15] have lower noise than GRAS MESFET’S
[16] at low frequencies, a Si BJT was used to construct the
negative-resistance generator. However, Si substrates are not
suitable as transmission lines because of their high insertion
loss. Accordingly, we formed a microstrip line resonator on
an alumina substrate and externally connected it to a Si
MMIC chip and a hyperabrupt GRAS varactor diode. Fig. 5



1232 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 43, NO. 6, JUNE 1995

m;,
1 I 1

,

(a)

x
,

I 1

k
(b)

Fig. 4. (a) Negative resistance type oscillator circuit. (b) Equivalent circuit.
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shows the VCO configuration. As a direct connection would
reduce the Q factor of the oscillator, the resonator was
connected to the Si MMIC and the varactor diode through
a small capacitor. Adequate capacitors were used to satisfy
the required frequency variation range and phase noise. The
relation between Q and the capacitance of C 1 is shown in
Fig. 6(a) without capacitor C2. The condition of (2) can only
be realized if Cl exceeds 0.25 pF. We set Cl at 0,3 pF.
The relation between Q, variable frequency range, and the
capacitance of (2’2 is shown in Fig. 6(b) with Cl = 0.3 pF.
Capacitor C2 is set at 0.25 pF to achieve the required phase-
noise performance and frequency variation range. The phase

noise calculated from (3) with selected Cl and C2 values
are shown in Fig. 7 for three values of varactor diode control
voltage, Vcont. The results show that the proposed VCO has
a phase noise of less than – 125 dBc/Hz at 1-MHz offset
frequency.

VI. VCO PERFORMANCE

Fig. 8 shows the oscillation frequency and output power
versus V&t. The VCO has a frequency variation range of
about 90 MHz. The output power characteristics are flat.
The difference between measured frequency and calculated
performance as determined from (2) is less than (f.s~o.
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Fig. 6. The relation between Q, variable frequency range, and the value of
capacitors (a) Cl and (b) C’2.
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Fig. 7. Phase-noise characteristics of the VCO.

VII. PLO PERFORMANCE

A photograph of the local-oscillator module prototype is
shown in Fig. 9. The VCO, amplifier, divider, and phase
detector form one package. A crystal oscillator and loop
filters are connected to the module. A complete PLO is
shown in Fig. 10. The volume of the developed PLO is 90%
smaller than those now in use. Fig. 11 shows the phase-noise

characteristics of the phase-locked oscillator. The dashed line
represents characteristics predicted by (1). The integration
phase noise from 3.8 kHz to 10 MHz was –50.9 dBc,
which satisfies the phase noise requirement. Fig. 12 plots the
temperature characteristics from – 10–60° C. In all range, the
PLO requirements are satisfied.
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Fig. 9. A photograph of the developed local oscillator module,

VIII. BIT ERROR CHARACTERISTICS

The BER characteristics of the developed local oscilla-
tor were examined. Measurement configuration is shown in

Fig. 13. An existing DRO local oscillator in a commercial 16-

QAM set was replaced with the new oscillator. Fig. 14 shows
the measured BER characteristics of the receiver as well as that

of the modem only. Measured data (o) show the BER when the
modem (MOD) was directly connected to point (*) shown in
Fig. 13. The CNR degradation of overall performance was less

than 0.3 dB at a BER of 106. This is comparable to the effect
recorded with DRO local oscillators. This result confirms that
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thedeveloped local oscillator is applicable to 16-QAM digital
microwave radio systems.

IX. CONCLUSION

The first MMIC local oscillator for 16-QAM digital mi-

crowave radio systems has been developed. Two key tech-
nologies have been proposed: a new phase-locked loop and a
low phase noise VCO. Very low noise characteristics (less than
– 100 dBc/Hz at l-kHz offset from the carrier) were achieved.
The phase noise value of the MMIC local oscillator is 10
dB lower in the passband of loop filter and 20 dB lower
in the stopband than conventional phase-locked oscillators
using GaAs MMIC VCO’s. This low phase noise performance
allows the developed MMIC local oscillator to be used in 16-
QAM systems. The MMIC oscillator will significantly reduce
equipment cost and size.
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