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A Novel MMIC Approach to Sampling Phase/Frequency Detection
for Microwave Quartz-Lock Oscillators
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Abstract - A novel concept in sampling
phase/frequency detection for microwave quartz-
lock oscillators is proposed, and its prototype is
developed in a GaAs MMIC. It is found out
experimentally that the proposed detector provides
drastic improvement over conventional sampling
phase detectors in pull-in range.

l. INTRODUCTION

The sampling phase detector (SPD) is one of
the key devices for quartz locking of
microwave oscillators [1]-[4]. It unfortunately
has an inherent disadvantage that the pulil-in
range of phase locked oscillators (PLOs) using
SPDs is narrow because SPDs have phase
sensitivity but no frequency sensitivity. To
recover the locked condition when the loop
becomes uniocked, a search circuit is necessary
in the SPD PLOs. However, the sweep frequency
range of a search circuit is severely confined
because it could possibly lock onto an unwanted
adjacent harmonic of the reference frequency.
A potential alternative is the direct division
type PLO, which uses frequency dividers and is
usually combined with a phase frequency
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comparator (PFC) [5]-[7]. However, the direct
division type has relatively high phase noise
and high subharmonic spurs due to the
frequency dividers.

This paper proposes a novel circuit for
sampling phase/frequency detection. It can
detect both frequency and phase without any
frequency dividers. The frequency comparison
output can extend the pull-in range to the limit,
which is equal to the reference frequency. We
call this circuit the "sampling phase frequency
comparator (SPFC)". The first trial of the SPFC
integration on an MMIC chip is also described,
with successful performances measured in the
Ku-band frequencies.

Il. PRINCIPLES

The proposed SPFC configuration is shown in
Fig. 1. The pulse generator creates narrow-
width pulses synchronized to the reference
crystal oscillator. The RF input is directly
sampled by the narrow-width pulises at
Switching Device 1 and the RF input through the
90° phase shifter is sampled by the same
narrow-width pulses at Switching Device 2.
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Fig.1 Configuration of sampling phase frequency comparator
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Outputs V1(t) and V2(t) are obtained on the hold
capacitors. The frequency of both outputs is
equal to the difference between the RF
frequency fo and the harmonic of the reference
frequency fr. The relationship between Vi(t)
and Vz(t) when fo is less than the harmonic of
fr is different from that when fo is greater than
the harmonic of fras shown in Fig. 2. Vi(t)
leads V2(t) by 90° if

nf, - 1Ef, <f, < nfy

(1)
and V1(t) lags Va(t) by 90° if

nf, < fo < nf; +;_—fr (2)

where n is the harmonic number. Therefore,
when fo is less than nfr, we may write the
following expression for the output wave forms
of Vi(t) and Va(t):

Vy (t) = sinAot (3)
Vs (t) = cosAwmt (4)

where Awis the frequency difference between
fo and nfr. The differential circuit output of
Va(t) is given by

Vi (t)=ad?(Vz {t)
= - AwsinAmt (5)

and the multiplier output of Va(t) by

Vg lt)=Vit)xVslt)
= - Awsin®Aot

) Am(1 - cos?_Amt)

2 (6)
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Fig. 2 Phase relationship between
outputs V1(t) and Va(t)
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This shows that Va(t) consists of DC component
-1/2Aw and an AC component, the frequency of
which is 2Aw.

On the other hand, when fo is greater than
nf, the outputs are

Vi (t) = - sindot (7)
Vo (t) = CcosAmt (8)
and
Vs (t)=j%(v2 (t)
= - A@sinAot. (9)

Consequently,
Valt)=Vq(t)x Valt)
= Awsin®Ant

_ Am(1 - coson)t)
2 (10)

By comparing Eqn. (6) with Eqn. (10), we find
the polarity of the DC component of Va(t) is
when fo is less than nfris the opposite of that
when fo is greater than nf. Therefore, by
implementing the SPFC in the PLO, the DC
signal Vs(t) obtained at the LPF will pull the
VCO frequency toward the harmonic. If fo is
within the pull-in range around nf: the phase
lock will be achieved by the phase detection
signal Vs(t) and the frequency comparison
signal Va4(t) will become zero because Aw is
zero.

Ill. MMIC FABRICATION

The circuits of the pulse generator,
switching devices and hold capacitors are
based on our previously-reported MMIC SPD up
to 20 GHz [4]. The pulse generator consists of
limiters, a delay inverter and a NOR-gate. The
switching devices are transfer gate FETs. The
design of these circuits was simulated on
SPICE. The optimization goal was to obtain the
maximum amplitude of the beat signal which
was generated when the RF frequency was not a
multiple of the reference frequency. To combine
the pulse generator, the switching FETs and
hold capacitors with an 11 GHz reduced-size



branch-line 90° hybrid [8] and buffer amplifiers,
the MMIC SPFC was integrated on a 3.0 mm x 2.0
mm GaAs monolithic chip as shown in Fig. 3.

IV. EXPERIMENTAL RESULTS

Frequen mparator rati

Fig. 4 shows the measured outputs V1(t) and
Vo(t) as functions of the RF input frequency.
The difference between Vi(t) and Vz(t) in
frequency dependence is due to the branch-line
hybrid. Outputs of more than 100 mVpp in the
Ku-band were obtained with a 100MHz-0dBm
reference signal.

The frequency was compared, and the
comparison results are shown in Fig. 5. The
symbols in this figure correspond to those in
Fig. 1. The reference input was 100 MHz and the
RF input was 10 MHz higher and lower than 11
GHz. It was found that Va(t) has an AC

Fig. 3 Photograph of the MMIC SPFC
Chip size: 3.0 mm x 2.0 mm
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Fig. 4 Outputs Vi(t) and Va(t) of MMIC SPFC
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component, the frequency of which is 20 MHz,
and a DC component which indicates whether
the RF frequency is above or below the multiple
of the reference frequency.

Application Ku-band PL

The SPFC was applied to a Ku-band PLO. An
MMIC VCO with a frequency range of 11.6-13.7
GHz [7] was employed in the PLO. The reference
input was 100 MHz. Fig. 6(a) shows the
spectrum when only the frequency comparison
output was put into the VCO. Fig. 6(b) shows the
spectrum when the phase detection output was
also put into the VCO. It was found that the
frequency comparison output pulled the VCO
frequency around the harmonic of the reference
frequency and by adding the phase detection
output, the phase lock was achieved. The little
deviation from the harmonic in Fig. 6(a) is
probably due to the DC offset of the multiplier.
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Fig. 5 Frequency comparator operation



A puli-in range of 100 MHz was achieved in this
PLO, while that in conventional SPD PLOs is
only about 10 MHz. Consequently, no search
circuits are necessary in this PLO.

The measured phase noise performance in the
locked condition is shown in Fig. 7. The phase
noise was below -70 dBc/Hz at 10 kHz off from
the carrier. No spurs were found throughout the
DC up to the 20 GHz frequency range.

V. CONCLUSION

A novel phase detector which we call SPFC is
proposed. It can detect both frequency and
phase without any frequency dividers. A GaAs
MMIC SPFC has been newly developed and
applied to a Ku-band PLO. The pull-in range was
extended to about 10 times that of conventional
approaches. It will hopefully be a key device in
a variety of frequency-stabilized and low phase

(b)

Fig. 6 Output spectrum of MMIC SPFC PLO
(a) frequency comparison alone

Center: 13GHz, H: 200kHz/div, V: 10dB/div
(b) phase and frequency comparison.

Center: 13GHz, H: 10kHz/div, V: 10dB/div
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noise microwave oscillators.
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Fig. 7 SSB phase noise of the developed
MMIC SPFC PLO



