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ABSTRACT

Our Laboratoire National d'Essai (LNE) associate
laboratory is accredited to deliver calibration
certificates in the short term domain. For spectral
density of phase noise and short term fregquency
stability measurements, it is necessary to have the
best reference source signals. However, the noise of
the distribution amplifier has to be the weakest
possible in order to keep the lowest noise floor. In
order to deliver references signals, we achieve a high
performances distribution amplifier. In terms of Allan
variance, performance of the realized four channels
distribution amplifier is respectively better than
Sy(t =19 =1,410" and 7,3.10"™ a 5 and 10 MHz.
The intrinsic spectral density of phase noise is then
better than § (1Hz) =-141,4 dB.rad®Hz a 5 MHz
and —141 dB.rad?Hz at 10 MHz with a U/f slope.
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INTRODUCTION

Any laboratory needs the Allan variance parameter in
order to characterize its standards in terms of short
term frequency stability for an integration time (t)
typicaly in the 0.1 s - 100 s range. Of course it is
necessary to have the best references.

However, if we use 5 MHz and 10 MHz distribution
amplifiers with the lowest phase noise floor, the
performances of the reference standard are not
limited by the distribution amplifier. For an
integration time of 1 s, the frequency stability of the
distribution amplifier has to be better than the best
available quartz references which present typically
6.10 frequency stability.

1. DISTRIBUTION AMPLIFIER DESIGN AND
REALIZATION
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Fig. 1. Electric schematic of the 5 and 10 MHz
distribution amplifier
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Figure 1 describes the electric schematic of the
distribution amplifier. The distribution amplifier
performances have been previously evaluated
through a SPICE simulation. At 5 MHz, the isolation
is expected to be equal to —107.9 dBc whereas phase
of the signal is much closed to —180°. We aso
observe a good output power signal flatness for both
5 and 10 MHz frequencies. Our purpose consists in
optimizing the performances of thisdevicein order to
integrate it with the best available commercia
oscillators. Moreover this distribution amplifier is
able to deliver two 5 MHz outputs and two 10 MHz
outputs.

—

Fig. 2. Lay out of the distribution amplifier



In order to deliver the 10 MHz signals, on one arm,
we placed an amplifier and a x2 multiplier based on
an hybrid junction. We connected the two 10 MHz
outputs after the amplifiers and a power splitter.
Between the different output channels, the
distribution amplifier to be realized has to reject the
signals as good as possible. In the table |, we present
the regjection of the harmonic signals. A ‘4643A’
Hewlett-Packard synthesizer was connected to the
input of the distribution amplifier delivering 7 dBm.

TABLEI
LEVEL OF THE HARMONICSFORA 7 dBm5
MHz INPUT SIGNAL

Frequency OUTPUT
(MH2) (dBc)
10 -41
20 -56
30 -63
40 -71
50 -91

For an improvement of the performances, we added a
filter before the input of the distribution amplifier.
We obtained the following results: -41 dBc, -76 dBc,
-91 dBc respectively for the 10 MHz, 20 MHz, 30
MHz harmonics at the 5 MHz output.

2. DISTRIBUTION AMPLIFIER
PERFORMANCES

Realization of the distribution amplifier allows us to
provide several outputs distributed at 5 and 10 MHz.
As the reference standard we can possibly use an
ultra-stable 5 MHz Quartz Voltage Controlled Crystal
Ocillator (VCXO0). The distribution amplifier
contains x2 multipliers developed in our laboratory.
The realized distribution amplifier is shown on the
figure 3.

Using a ‘3048 Hewlett-Packard phase noise
measurement bench, the spectral density of phase
noise characterizing the distribution amplifier has
been measured. To achieve such measurement we
rejected an Oscilloquartz OSA 8607 5 MHz Swiss
oscillator known as an ultra-stable source. Typically
such quartz oscillators present an Allan variance
sy(t =19 =8.10™. As it was mentioned above, the
distribution amplifier has to present a better
frequency stability performance in order to avoid
limitations in the performances for such reference.
Applying this experiment, the distributed signal on
the 5 MHz and 10 MHz outputs are able to keep the
performances of the reference in terms of frequency

stability. According the equivalence formula of the
frequency Flicker noise, we deduce from the phase
noise obtained in the spectra domain, the
corresponding Allan variance in the time domain.
Then these results have been compared with those
obtained by measuring the Allan variance using an
timeinterval analyzer TSC 5110A Timing Solutions.

Fig. 3. 5 and 10 MHz distribution amplifier

First of all we measured the spectral density of phase
noise of the VCXO on the phase noise measurement
bench. We obtained —127 dB.rad?Hz at 1 Hz from
the carrier at 5 MHz. Then we measured the Allan
variance on the time interval analyzer as 8.8.10™.
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Fig. 4. Distribution amplifier measured Allan
variance at 10 MHz on the time interval analyzer

Our results show a rejection of the oscillator noise,
through the distribution amplifier. Actualy,
connecting two outputs of the distribution amplifier
on the time interval analyzer, measured Allan
variances are respectively equal to 4.8.10™ and
2310 a 5 MHz and 10 MHz. Moreover, the
obtained Allan variances s,(t) exactly corresponds
to the instrument floor given by the manufacturer, i.e,
5.10™ and 2.5.10™ respectively at 5 MHz and 10



MHz. In our case, the measure of the Allan variance
was immediately computed by the system which
counts frequencies. However it is limited by the
performances of the bench. Phase noise measurement
principle is presented on figure 5.
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Fig. 5. Phase noise measurement principle

Then we deduced the performances of the
distribution amplifier by analyzing the results of the
phase noise measurement as presented on the figures
6and 7. § (1Hz) = -141.4 dB.rad?¥/Hz at 5 MHz and
—141 dB.rad?Hz at 10 MHz with a L/f slope. It was
obtained by measuring the phase noise of two similar
outputs of the distribution amplifier.
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Fig. 6. Phase noise of 5 MHz distribution amplifier
measured on the 3048 bench
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Fig. 7. Phase noise of the 10 MHz distribution
amplifier measured on the *3048 bench

We deduced the value considering that the two output
have identical contribution to the noise. For a 1/f

dlope in the spectral domain, we use the following
relation [1] that allows to deduce s,(t) versus the
spectral density of phase noise :

sy(t)? = hi/(4p2.t2) + [9/2 + 3 Ln(2pFit) - Ln2]

where h, is the coefficient of the slope at 1Hz, t the
integration time, F, cutoff frequency of the noise.

This equation alows us to estimate the frequency
stability in terms  of  Allan  variance,
sy(t) =1,39.10" a 1s for the 5MHz signa, and
Sy(t)=7,29.10™ at 1sfor 10 MHz.

SUMMARY

The distribution amplifier realized in our laboratory
presents efficient performances. At 5 MHz and 10
MHz, we obtain better than s,(t )= 1,4.10™ and
7,3.10"™ respectively, that corresponds to phase noise
floor better than Sj (1Hz) = —141,4 dB.rad?/Hz at
5MHz and —141 dB.rad¥Hz at 10 MHz with a l/f
slope. These results are closed to the state-of-the-art
NIST results[2].
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