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Significant step in ultra-high stability quartz
crystal oscillators

P. Salzenstein, A. Kuna, L. Sojdr and J. Chauvin

The best frequency stability ever measured on a quartz crystal oscillator is
reported: this new Boitiers a Vieillissement Amélioré (BVA) oscillator has
an estimated flicker frequency modulation floor of 2.5 x 10~ % at 5 MHz.

Introduction: Tt is generally supposed that the resonator is the main lim-
iting element on the ability to manufacture ultra-high stability quartz
oscillators. Fabrication processes of SC-cut quartz resonators have
now enough maturity, and allow achieving ultra-low noise crystal reso-
nators. To choose the best resonator, a tool can be used to sort out the
best resonators showing its capability to be integrated into the best oscil-
lator design [1]. Hence the new step presented in the first part consists in
working on the resonator environment. As far as 1/f noise of the ampli-
fiers and temperature variation around the turnover point seems to be the
two main limiting factors on the electronics contribution to the fre-
quency stability of the oscillator, it is necessary to optimise the design
of the oscillator to decrease the noise. The latter part of this Letter pre-
sents performance on oscillators in terms of ultra-high frequency stab-
ility and state-of-the-art obtained results.

Main limitation on frequency stability of oscillator: The frequency stab-
ility is determined by the crystal’s loaded quality factor (Qp). It is inver-
sely dependent on the frequency, and is dependent on the particular cut.
The temperature sensitivity depends primarily on the cut. The temperature
compensated cuts are chosen as to minimise frequency and temperature
dependencies [2]. The stress compensated (SC) cut is less sensitive to
mechanical stresses. It is a double-rotated cut for 6 ven-stabilised oscil-
lators with low phase noise and good aging characteristics and low sensi-
tivity to drive level dependency [3]. Hence, the chosen resonator (serial
number: 4304048SN35) manufactured by the Oscilloquartz Company
in 2010 is placed in an appropriate thermostat [4] in the first prototype
of an oven-controlled crystal oscillator (OCXO) called 8607-C. It consists
of a new Boitiers a Vieillissement Amélioré (BVA) type oscillator where
electrodes are deposited not on the resonator itself but on inner sides of
two condenser discs made of adjacent slices of the quartz from the
same bar, forming a three-layer sandwich with no stress between the elec-
trodes and the vibrating element. Turnover temperature of the resonator is
88.6°C. The unloaded Q factor is 2.63 x 10°. Regarding experimental
phase noise measurements, Q; can be given by the 1.6 Hz intercept
point between the 1/f slope (phase flicker noise) and the 1 /£ slope
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(frequency flicker noise). Qu = 1.57 x 10°. Thermostats are especially
developed by Oscilloquartz with a double oven for this new model,
with drastic optimisation. Electronics circuits are entirely renewed to
reduce the contribution of the 1/f noise of the amplification elements
[5], considering the goal is to decrease the 1 /7 curve in the time
domain, where 7 is the integration time.
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Frequency stability measurements on new oscillator: Determination of
the short-term frequency stability of the new oscillator is performed
thanks to a dual mixer time difference multiplication (DMTDM) [6]
based ‘TPE3’ system developed at the Institute of Photonics and
Electronics (IPE) in Prague, with a beat frequency of 5 Hz, where each
measure gives 5000 samples separated by a basic 200 ms integration
time [7]. The frequency stability limit of the IPE3 bench is determined
with the rejection of one BVA oscillator. Then it is possible to deduce a
flicker phase of respectively 8 x 107 and 1.1 x 10725 at 1 and 13 S.
The limit of the IPE3 bench is presented in F ig. 1. The contribution of
the instrumentation can be negligible between 0.2 and 100 s where the
flicker frequency modulation (FFM) floor is expected. To determine the fre-
quency stability of the 8607-C prototype, it is measured with two other
ultra-stable BVA oscillators, respectively serial numbers 543 and 567.
Fig. 2 presents the frequency stability curves obtained for each pair of oscil-
lators. The contribution of each oscillator is deduced for €Very measure per-
formed on each pair by the three-cornered hat analysis [8]. One can note
that, even if the two oscillators referenced 543 and 567 are much more
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stable in terms of aging, the new one has the best FFM floor. The curve rep-
resented in Fig. 3 shows that the frequency stability of the 8607-C prototype
islessthan4.5 x 10~ for integration times between 1 and 50 5. The FFM
floor is determined to be equal to 2.5 x 107'* for an integration time
around 10 s. Estimated uncertainty is equal to +3 X 1052 [0

Conclusion: This new prototype of a 5 MHz 8607-C BVA oscillator,
with a highly optimised double oven and low noise electronics, presents
the best FEM floor ever measured on a BVA quartz oscillator, at 2.5 x
107", Since the limit of 8 x 10~ * for the available FEM floor on com-
mercial quartz oscillators is for the first time in the last 15 years signifi-
cantly reduced, this new step in quartz oscillators opens new hope to
approach 10~ ultra-high stability oscillators.
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Stripe-based connected components
labelling

H.L. Zhao, Y.B. Fan, T.X. Zhang and H.S. Sang

A fast stripe-based connected component labelling algorithm is pro-
posed for binary image labelling. Stripe extraction strategy is used to
transform the pixel-connected issues, which most of the previously
proposed algorithms focused on, into stripe-connected issues. The
stripe-union strategy treats the combination of the neighbouring
stripes as the mergence of rooted trees. Finally, comparisons are per-
formed with other famous fast labelling algorithms. The proposed
algorithm has shown better performance than the state-of-the-art algor-
ithm in real images test, while the auxiliary memory is not required at
all compared with all competitors.

Introduction: Labelling connected components in a binary image is one
of the most fundamental tasks in image processing and pattern
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recognition. Unfortunately, owing to the complex connectivity possibi-
lities of the connected components in images, labelling is a time-con-
suming process and cannot be simply divided into parallel local
operations without any global consideration. In recent years, several
famous labelling strategies have been proposed for speed-up of the lab-
elling process [1—4]. Although these techniques obtain great perform-
ance, there is still room for acceleration. Furthermore, the common
disadvantage of proposed algorithms is that the auxiliary memory
space is needed for their intermediate data which is often very large
especially for high resolution images.

In this Letter, a fast and memory-free stripe-based connected com-
ponent labelling algorithm (SBLA) is presented. High-performance
for the labelling process is obtained while extra auxiliary memory is
not required. Unlike other labelling algorithms based on pixel neigh-
bourhood examination, the SBLA takes the contiguous pixels in two
rows as stripes. The equivalent connected components merge process
is performed between stripes. So the efficiency of neighbourhood exam-
ination is greatly improved and the merge time is significantly reduced.
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Fig. 1 lllustration for SBLA
Part of 16 x 16 image example illustration for SBLA

Preliminary: To simplify the problem and better illustrate the algorithm,
we presume the binary image (where the original image is binarised into
the foreground and background) is N x M, where N is the number of
columns; M is the number of rows and is even. If M is odd, then a
row of background value is appended to the original image, which
will have an even number of rows, and the problem will be made
equivalent to the previous assumption. The foreground value of the
binary image is 1, and the background is 0. The SBLA is composed of
three phases: stripes extraction and representation, stripes union, label
assignment.

Stripe extraction and representation: In this phase, we take every even
row with the following odd row as a work-region. The aim of this phase
is to extract and represent the connected components in every work-
region. In our scheme, we call these connected components stripes.
The steps to obtain the stripes are as follows:

Step 1: Fetch out two pixels P;(x;, y;) and P;(x;, y; + 1) from the current
work-region every time.

Step 2: If the two pixels’ values are both 0, return to step 1. If one of two
is non-zero, the global position value of this non-zero pixel G(P;) is
assigned to itself, i.e. Pi(x;, ;) = G(P;) = y; x N + x;. If both pixels
are non-zero, they are assigned the global position value of the one in
the odd row.

Step 3: Continue to fetch out the next two pixels. If at least one pixel is
non-zero, assign the previous G(P;) to the non-zero pixel, and then
repeat step 3. If both pixels are 0, return to step 1 directly.

These steps are continued until the whole image has been traversed. The
second part of Fig. 15 is one example illustration for the result of the first
phase of the SBLA. From the steps mentioned above, we can get the prop-
erties of stripe. Suppose a stripe S is extracted from » and » + 1 rows,
where r is even, then the stripe S has the following properties:
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