
NEW FEATURES OF DIFFERENT FREQUENCY GENERATING SYSTEMS DUE 
TO THE USE OF ELECTRODELESS RIGIDLY MOUNTED BVA QUARTZ 

CRYSTAL RESONATOR 

A. Jendly/E. Graf/G. Busca 
OSCILLOQUARTZ S.A. 

Brdvards 16 
2002 NEUCHATEL - Switzerland 

D.A. Brownsea 
PLESSEY ELECTRONIC SYSTEMS LTD. 

Grange Road 
CHRISTCHURCH - England 

ABSTRACT 

Design and production data af bVA quartz crystal  resonators and asc i l l e to r s  have been 
present* d in the past a t  the Frequency Control Symposium. [1,2,3,41 
The BVA 5 MHz crystal  equipped frequency sources exhibit  a new blend of remarkable 
performances such as  10-11 daily sMbi l i ty ,  5x10-13 short term s t a b i l i t y  ( 1  t o  30 6 time 
intervals) and close t o  the ca r r i e r  low phase noise ( 1  tlz : -120 dBc, 10 Hz : -140 dBc), 
whereby retaining the customary crystal  osci l la tor  benefits  of smal:! volume, high 
re l i ab i l t ty  and low price, a s  opposed t o  oore sophisticated frequency generators which 
would be rewired to achieve comparable performances. 
EAamples i l lus t ra t ing  the impact of the Cscilloquartz PVA OCXO in di f ferent  frequencv 
generating uyrteas w i l l  be presented : 
- in zesium frequency srandards 
- in a hydrogen frequency standard 
- in a precision distribution sub-system for  s a t e l l i t e  ground s ta t ions  
- ill high hierarchy exchanges of d i g i t a l  networks, synchronized by the master-slave 

method 

i'!3?,CEDING PAGE BLANK NOT FJLZMED 

167 



INTRODUCTION 

Over the  p a s t  4 years ,  OSC'ILLOQIARTZ S.A. went through t h e  var ious  and chal lenging s t e p s  
of  tu rn ing  t h e  b a s i c  "BVA CONCEPT1 i n t o  an i n d u s t r i a l  product,  then t o  pu t  t h a t  product 
i n t o  the  f i e l d .  
This  paper in tends  t o  focus on t h e  l a s t  por t ion  of  the  p rogram,  namely t o  descr ibe  where 
and why BVA o s c i l l a t o r s  have been chosen f o r  var ious  frequency genera t ing  devices,  and 
how such devices b e n e f i t  from t h e  BVA technology. 

PRODUCT DESCRIPTION : BVA RESONATOR 

The BVA u n i t  ve a r e  d i scuss ing  here,  c o n s i s t s  of an welec t rode less l l  r esona tor  a t  5 MHz, 
5th  overtone, AT-cut, which is decoupled from h i s  mounting s t r u c t u r e  by 4 bridges. These 
br idges a r e  p r e c i s e l y  made (width : 0.4 ma) and located and se rve  t h e  purpose of keeping 
t h e  mounting s t r e s s  away fruin t h e  a c t i v e  c e n t e r  p a r t  ( resona tor )  a s  much a s  poss ib le .  
The e l e c t r o d e s  a r e  evaporated on two counterpieces,  l i k e  condensors, a l s o  made of AT 
quar tz  blanks with the  same cu tangle  as t h e  resona tor  blank ( s e e  f i g .  1 ) .  
'flie 3 p a r t s  a r e  r i g i d l y  held toge ther  with s t a i n l e s s  s t e e l  c l i p s ,  and the  whole sandwich 
i s  spring-mounted i n t o  a r i g i d  cage c o n s i s t i n g  of  a base p l a t e  and a cover p l a t e  which 
a r e  f ixed t o  four  columns. 
The BVA assembly is mounted i n  a cold-weld enclosure with a c- wney which enables  t o  bake v 
out  t h e  f in i shed  resona tor  a t  250°C while  pumping it t o  1 0  mbar with a r r y o  pumping 
system and s e a l i n g  t h e  enclosure by a pinch-off process ( s e e  f i g .  2). 

This f a i r l y  complex s t r u c t u r e  o f f e r s  many advantages, namely : 
- t h e  "e lec t rode less  design" eliminates most of t h e  problems l inked t o  sur face  

per tu rba t ions  and ion migrat ions 
- t h e  use of  a c r y s t a l  re5onator  mounting made out  of quar tz  m a t e r i a l  e l imina tes  

t h e  problems linked t o  d i s c o n t i n u i t i e s ,  r e l a x a t i o n  anti s t r e s s e s  i n  the  mounting 
p o i n t s  

- t h e  reduct ion of space surrounding t h e  a c t i v e  p a r t  e l i m i n a t e s  t h e  problem l inked 
t o  contamination 

Typical ly,  t h e  EVA rescna tor  provides t h e  following c h a r a c t e r i s t i c s  (: MHz AT 5 t h  
overtone c n i t  ) : Q = 2 . 5 ~ 1 0  

6 

R1 = 80 R 
-4 

C1 = 1 . 0 2 ~ 1 0  pf 
CO = 4.1 pf 
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PRDDUCT DESCRIPTION : BVA OSClLUfOR 

To match the outstanding performances of the resonator, the electronics of our best OCXO 
B-5400 has been redesigned, with high emphasize on low noise and high stability at a11 
levels of the package. Basically, the BVA oscillator (so-called 8600 or 8601) includes 
the following sub-sections (see fig. 3 and 4). 

Inside the oven assembly : - BVA resonator 
- 5 EMz oscillator and automatic gain control 

- ::equency pulling network 

- oven control circuit 
- 17 V/7 V voltage regulator 

Outside the oven assembly : - thermal isolation 

- 24 V/17 V voltage regulator 

- dual output buffers 
- nechnical frequency adjustment 

The most significant features and performances of the BVA oscillator can be outlined as 
folious (typical 'slues) : 

long term stability : s lx10-10/month 
short term stability (m) : S 5x13-!1 for T = 0.2 to 30 sec 

phase noise ( S$) : at 1 llz = -:20 dB / at 100 Hz = -lSO dB 

static I1gv1 sensitivity : 5x10-10/g 

In these areas, the BVA oscillator has considerably improved the performances obtained 
with cormnercially available OCXOs, and has set new standards to this category of fre- 
quency sources. This further, closes the gap between the best OCXOs and the Rb rources 
offered on the market. 
It should also be noted that due to its relative simplicity, the BVA oscillator compare8 
very advantageously to its nearest atomic competitor (rubidium standards) both in terms 
of prices and reliability. 
We shall now take a closer look at the various possibilities offered with this device, 
when integrating it into various frequency generating systems. 



APPLICATION IN CESEFREQUENCY STANDARDS 

Combined requirements for high accuracy and good spectral purity of the output signal can 
be found in Doppler Radar Networks, where many observation sites must operate in perfect 
synchronization. 
A cesium standard with BVA oscillator offers the ideal solution to fulfill these 
requirements : 

the cesium accuracy enables plesiosynchronization of the network while 
the BVA oscillator guarantees the spectral purity of the distributed output 

The crystal oscillator in a cesium frequency standard loop (see fig. 5) serves the 
following purposes : 

- provides a 5 MHz output to the user and to the multiplier chain 
- contributes to the determination of the loop time constant 
- contributes to the phase performances of the output signal ( S $ )  

for Fourier frequencies located above the loop band-width 
- contributes to the short term stability performances of the output signal 

(UT) for the time intervals (1) shorter than the loop time constant 

For a given device (in our example, the cesium oscillator OSA 3000), the replacement of 
the flywheel oscillator (conventional AT-PS OCXO) by a BVA oscillator results in the 
following advantages : 

POSSIBILITY TO INCREASE THE LOOP TIME CONSTANT FROM 1 TO 3 sec (SHORT) 
AND/OR 10 TO 30 sec (LONG) 

A conventional AT-cut, 5th overtone crystal oscillator has a typical static g-sensitivity 
of 2x10-9/g whlle the BVA oscillator improves that figure by a factor of 4 (typically 
5x10-10/g). In thc cesium loop, the BVA oscillator can therefore be more losely locked to 
the cesium beam tub?, thus allowing a better exploitation of its superior short term 
stability and spectral purity. 

IMPACT ON THE PHASE NOISE PERFORMANCES 

With a time constant set to either 3 or 30 sec, the cesium standard now exhibits the 
following characteristics (see fig. 6 )  : 

Frequency offset from carrier SQ T = 3 sec S$ T = 30 sec 



FIGURE 5 : CESIUM FREQUENCY OSCILLATOR BLOCK DIAGRAM 
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I N A C T  ON THE SHaRT TERM STABILITY PERFORMANCES 

With a time constant ee t  t o  e i the r  3 or  30 sec,  the cesium standard now ex>ibi ts  t b -  

following character ie t ics  (see f ig.  7) : 

Time in terval  (T) 

0.1 sec 
1 sec 
10 sec 
100 sec 

a (T - 3 aec) 

Figure 6B provides the same data,  looking a t  Fourier frequencies very close-in t o  the 
ca r r i e r .  Assuming that  the equipment could operate i n  a very s table  environment, the loop 
time constant could even be increased t o  100 sec,  providing even be t t e r  resul ts .  

S @ [dbl 
4 
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APPLICATION IN A HYDROGEN MASER OF POOR QUALITY 

The use in radioastronomy and VLBI (Very Long Baseline Interferometry) of increasingly 
higher observation frequenciea creates a unique requirement for an oscillator having the 
lowest spectral density of phase fluctuations (S$) obtainable for both high Fourier 
fre uencies (1.e. from 1 Hz up to a few Mllz) and low Fourier frequsncier (i.e. down .;o -3 
10 Hz). The LO (Local Oscillator) signal needed for a radioastronomv receiver is nor- 
mally derived from an H-maser atomic signal through at least 2 phase lock loops (see fig. 
8). A VCXO (Voltage Controlled Crystal Oscillator) having normally a 5 MHz output fre- 
quency is phase locked to the atomic signal with a typical loop bandwidth of a few Hz, 
and the microwave oscillator is phase locked to the VCXO signal. The bandwith of this 
last PLL (Phase Locke' Loop) depends on the p ase noise characteristics of the microwave a 
oscillator and is typically of the order of 10 Hz. The reason behind that design resides 
in the fact that the atomic signal has the lowest phase noise for Fourier frequencies 
below 1 Hz, the VCXO multiplied to the LO freq ency has normally the lowest phase noise Y 
in the Fourier frequency range between 1 and 10 Hz d the microwave oscillator has the 'fP 
lowest phase noise for Fourier frequencies above 10 Hz. Here we are concerned mostly 
with the phase locking of the VCXO on the atomic signal. 

OUT 

FIGURE 8 : E E R  PHASE-LOCK SYSTEM 



REALISATION OF AN llOPTIMUH" PU 

The rtate-of-che-art 5 lPlz BVA quartz crystal oacillatorr (4) has a spectral density, a t  
5 N, given by 

A mrer  orci l la tor  typlcal phare noire referred to  5 mz i r  given by (41 
12.9 -2 + lo-ll.l 0 

S - 10 xf 
4'A 

xf 141 

An l ~ o p t i m ~ l  P U  rlmilar to  the one dercribed i t1  ref.  7 ha8 been derigned and realized 
according t o  the criterion of minimum integrated rau phare noise. The experimental 
results are in good agreement with the theoretical calculation and are represented, a t  
che 5 M z  output frequency, in fig. 9, 10 and 11, for Fourier frequencies above 1 Hz. The 
result derived from the final setting (fig. 11) i s  believed to be one of the best avail- 
able today and i r  r t i l l  rurceptible to an improvement of U dB in the white phare noise 
region. 'P.e previous rerults give u total  rmr time j i t t e r  of 0.32 p8 in the 1 Hz-100 kHz 
bandwidt~t, Lhir mean8 that this rarer could be conveniently used up to 200 GHz interfero- 
meter :requency with u negligible 101, coherence lorr.  For tne details of the calculation 
we refer to  ref. 5 

SPECIFICATIONS DETERMINATION - FREQUENCY STABILITY - 
In addition to  the previous dircurrion r the requirement of the rhcrt term/long term 
frequency s tab i l i ty  the fo1lm:ing comacnt i r  in order. The optimum PLL previously descri- 
bed can be used coven~ently only in vibration free enviro~uaents, Irccaure the loop band- 
width i s  approximately 0.5 Hz and the BVA oscillator g-sensitivity 5x10-10/g the olow 
coherence requirement n o m l  ly i s  translated i n  the fo l l  ~wing epecif ication for the Allan 
Variance : 

a (T) = 7x10-l3 1-l 
and y 

1 5 T 5 100 rec 

u (TI = 2x10 -I5 To 1'000 S T  s 10~000 rec 
Y 

which appears fully satL~factory in conrideration of the 1x10-14 Allm "ariance limita- 
tion imposed by the atmosphere i t s e l f .  Ihe 5 EFOS H-masers (81 constructed and terted i n  
our laboratory have shown conristently s t ab i l i t i e r  within the previous rpecr (ace fip. 9). 



FIGURE 9 : MASER PLL & VCXO TYPE BVA 8601/5 ntz  
Fn - 10.6 Hz 

FICllRE 10 : HASER PLL L VCXO TYPE BVA 8601/5 W i t  
F n -  O . L > H Z  



FIWi 11 : HASER P U  L VCXO TYPE BVA 860115 KHz (FINAL SETTING) 
Fn - 0.55 Hz 



AI'PLICATION IN PRECISION DISTRIBUTION SUB-SYSWI FOR SATELLITE GROUND STATION - 
DESIGN PHIUISOPHY 
With the requiremiits in satellite conmunication systems to make maximum usage of the 
frequency spectrum, coupled w i ~ h  the reliability and availability requirements of a 
state-of-the-art cocanunications system, the technical specification of a frequency 
distribution sub-system is extremely stringent, especially since the  pera at ion of the 
station is totally depc lent on that sub-system. 
In order to meet this high technical specification within a relatively short development 
timescale, a design vas evolved making the maximum use of state-of-the-art proprietary 
equipment nodules. 
The main frequency references for the sub-system are provided by two crystal frequency 
standards, each including BVA oscillators. 
"ystal c?scillators although not as stable, long term wise, than rubidium standards, vere 
used becav.sr -f their extremely l w  phase noise and high MBF. 
Longer :e,.a ?.ends in stability are determined by comparing the oscillator outputs with a 
ruhidiun standard. Considering the typical aging of the oscillator below l0-ll/day, the 
number of periodic recalibration can be set to a minimum. 

IHPLEHEHTATXON 
The sub-system may be conveniently divided into five main areas for considerrtion : 

THE FREQUENCY GENERATION 
INTERMEDIATE CABLING 

REWTELY S ITUAT&D AMPLIFIERS 
THE POWER SUPPLY 

The relationship betveen these areas can be seen in fig. 13. 

FIGURE 13 : FREQUENCY DISTRIBUTION SUB-SYSTEM -BLOCK D I A W -  



FREQUENCY GENERATION E Q U I P M ~  (see f i p .  14) 

Two frequency r e f e r e n c e s  a r e  provided i n  t h e  f requency g e n e r a t i o n  equipment.  These s o u r -  
c e s ,  each o f  which is  provided w i t h  its own i n t e r n a l  backup b a t t e r y  supp ly ,  c o n t a i n  a 
unique type  of  c r y s t a l  o s c i l l a t o r  w h i ~ h  p rov ides  an  o u t p u t  s i g n a l  w i t h  a long term s t a b i -  
l i t y  of b e t t e r  than ? 2 p a r t s  i n  10 p e r  day, i e  approach ing  t h a t  o f  a rubidlum s t a n -  
dard .  lhe o u t p u t s  o f  t h e s e  two r e f e r e n c e  s o u r c e s  a r e  f ed  t o  an  au tomat i c  changeover u n i t  
i n  o r d e r  t o  i n c r e a s e  t h e  r e l i a b i l i t y  and a v a i l a b i l i t y  o f  t h e  ou tpu t .  The ou tpu t  from t h e  
automat ic  changeover u n i t  is i n  t d r n  fed  t o  a main d i s t r i b ~ t i o n  a n p l i f i e r  which p rov ides  
t h e  main feeds  f o r  t h e  v a r i o u s  a r e a s .  The o u t p u t  f r e q u e n c i e s  from t h e  r e f e r e n c e  s o u r c e s  
a r e  compared t o  t h e  o u t p u t  from a rub'dium s t a n d a r d  u s i n g  a f requency d i f f e r e n c e  me te r ,  
coupled wi th  a c h a r t  r e c o r d e r ,  e n a b l i '  3 a p p r o p r i a t e  f r a c t i o n a l  changes  t o  be e f f e c t e d  
manually. To f u r t h e r  i n c r e a s e  t h e  a v a i l a b i l i t y ,  b a t t e r y  backup is provided f o r  t h e  whole 
r ack  of equipnent  and coaprehenslve  moni tor ing is provided t o  enab le  f a u l t s  t o  be q u i c k l y  
r e c t i f i e d .  

IMEREIWIATE CABLING 

Having ob ta ined  a v e r y  h igh  s i g n a l ,  i t  is e s s e n t i a l  t h a t  i t  is n o t  degraded t o  any e x t e n t  
d u r i n g  tra.-smission t o  o t h e r  sub-systems. For t h i s  reason,  a c o a x l a 1  c a b l e  o r i g i n a l l y  de -  
s igneo  for e l ec t ro -magne t i c  p r o t e c t i o n  i n  n u c l e a r  r e a c t o r s  is used. I t  c o n s i s t s  o f  t h r e e  
b r a i d s  and two s p i r a l l y  wound mu-metal t apes .  T h i s  p r o v i d e s  g r e a t e r  p r o t e c t i o n  a g a i n s t  
e l ec t ro -magnz t i c  i n t e r f e r e n c e  than s e m i - r i g i d  c o a x i a l  c a b l e s ,  u h i l s t  r e t a i n i n g  a f l e x i b i -  
l i t y  s i m i l a r  t o  t h a t  of  s t a n d a r d  c o a x i a l  c a b l e .  S p e c i a l  c o m e c t o r s  a r e  used w i t h  t h i s  
c a b l e  i n  o r d e r  t o  p r e s e r v e  its h igh  s h i e l d i n g  p r o p e r t i e s .  

REHDTELY SITUATED AMPLIFIERS 

As many more o u t p u t s  a r e  r e q u i r e d  than can he s u p p l i e d  by on2 a m p l i f i e r ,  f u r t h e r  ampl i -  
f i e r s  a r e  s i t u a t e d  i n  t h e  sub-systems t h a t  t hey  se rve .  These a m p l i f i e r s  a r e  of t h e  same 
type  a s  t h e  main d i s t r i b u t i o n  a m p l i f i e r  and a r e  once a g a i n  o f  a ve ry  lw n o i s e  des igv .  
S i t u a t i n g  them i n  t h e  same a r e a  a s  t h e  equipments they  s e r v e  keeps  i n t e r f e r e n c e  t o  a 
lainimun and reduces  c a b l e  c o s t s .  Each a m p l i f i e r  is coupled t o  an  a l a rm u n i t  t o  d i s p l a y  
power o r  f requency f a i l u r e  f a u l t s .  

POWER SUPPLY 

Due t o  t h e  r equ i remen t s  f o r  extrcrnely low phase n o i s e  o u t p u t s ,  i t  is a l s o  v i t a l l y  tmpor- 
Sant  t o  a v c i d  components i n  t h e  phase  n o i s e  t h a t  a r e  d e r i v e d  from t h e  power supply .  
Lmi l s t  it i s  no t  p o s s i b l e  t o  e l i m i n a t e  50 Hz mains componerts comple te ly  i n  an  unsh ie lded  
e n v i r o n m ~ n t  they a r e  r e d ~ c e d  by p rov id ing  a 50 t o  400 H z  pover conver to r .  Host o f  t h e  
sub-system is run o f f  400 Hz, thus  reducing t h e  e f f e c t  of  t h e  components produced. Gene- 
r a l l y ,  t h e  400 Hz components i n  t h e  phase n o i s e  w i l l  f ~ ; l  o u t s i d e  tt.e loop bandwidth o f  
t h e  RF cor tver tors  and t h e  RF system is subsequen t ly  more t o l e r a n t  o f  such components. The 
c o n v e r t o r s  a r e  provided i n  d u p l i c a t e  t o g e t h e r  wi th  au tomat i c  changeover t o  ma in ta in  t h e  
o v e r a l l  a v a i l a b i l i t y  o f  t h e  system. 
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The frequency sub-system meets t h e  s t r i n g e n t  t echnica l  requirements with a  phase n o i s e  
performance t h a t  represen ts  t h e  b e s t  a v a i l a b l e ,  using today's technology. 

The phase noise f i g u r e s  obtained a r e  equal  t o ,  o r  b e t t e r  than,  the  foliowing : 

Frequency o f f s e t  from c a r r i c r  SSB phase n o i s e  i n  1 Hz bandwidth 
(llz) (dBc/Hz) 

Now harmonically r e l a t e d  and power supply r e l a t e d  spurious phase no ise  components ( s p u r s )  
a r e  b e t t e r  than 

-1U dBc i n  t h e  range o t  1 Hz t o  395 Hz f r m  c a r r i e r  
and - 94 dBc i n  t h e  range of  395 Hz t o  1 0  kHz from c a r r i e r  

The achievable system s t a b i l i t y  is  : s h o r t  term, f 1 p a r t  i n  10" per second 
long term, + 2 p a r t s  i n  10" per  day 

An a v a i l a b l e  f i g u r e  of 99.9995% ensures  almost continuous on- l ine  opera t ion  of t h e  
s t a t i o n .  
The modularity of the  sub-system makes simple provision f o r  f u t u r e  expansion t o  meet new 
requirements. Thf. sub-system can be c i t h e r  compressed o r  expanded in s i t e ,  o r  modified t o  
s u i t  d i f f e r e n t  p t ~ y s i c a l  c o n s t r a i n t s  without a f f e c t i n g  i ts  e s s e n t i a l l y  high t e c h n i c a l  
s p e c i f i c a t t a n .  



APPLICATION IN A SYNCHRONIZED DIGITAL NETWORK 

The needs and characteristics of reference clocks for digital communications systems are 
extensively described in ref. 10 and 11. From these information, we can sumarize trends, 
facts and requirements es follows : 

- Data transmissions by means of time division multiplex (TDMA) are 
becoming increasingly popular in modern telecomunication networks. 

- International data comunication are n.%ed by ITU (International Telecomuni- 
cation Union), hy means of CCITT recomendations. 

- CCITT recommendation G-811 calls for a maximum frequency offset of = 1x10-11 
between two international exchanges. This value is based on the m;aximm error 
rate (or slip rate) allowable between two nodes to ensure proper data 
transmission. 

To comply with this reconwendat ion, trends are nowadays to achieve "frequency 
synchronization" : 

- At an INTERNATIONAL LEVEL in a plesiosynchronous way, using master clock 
systems including cesium standards. 

- At a NATIONAL LEVEL in a synchronous way, using synchronizing modules at each 
nodes connected directly or indirectly to the master clock. 

A typlcal letwork ccnfiguracion is given in fig. 15. 

N 1 
N 2 

N1 N2 R 3  = PCM I ~ n k s ,  2048  k b ~ t  

To 3 rd order 

1 st order 

2 nd order 

FIGURE 15 : TYPICAL NETWORK CONFIGURATION (MASTER SLAVE MODE) 
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nR).IS AND DEFINITION 

It should be mentioned a t  t h i s  s tage  t h a t  t h e  requirements and concerns of t h e  @'telecom- 
munications people" i n  terms of frequency sources a r e  expressed i n  a very s p e c i f i c  
manner. 
- 1 9 0 s c i l l a t o r s  people" l i k e  t o  d e f i n e  and c h a r a c t e r i z e  t h e i r  product i n  terms o f  ACCU- 

RACY, STARILITY per  u n i t  of time o r  over a given environment, REPRODUCIBILITY, AGING, 
e t c .  

- 9Telecoaaunicat ion people" on t h e  o t h e r  hand s p e c i f y  t h e i r  needs by us ing  t h e  fol lowing 
terms : 

JIlTER : WS phase dev ia t ion  i n  a given bandwidth 
WANDER : systematic  and/or random phase o r  time f l u c t u a t i o n ,  

l inked t o  cab le  delay,  seasonal  temperature v a r i a t i o n s ,  
t ransmission e f f e c t s ,  e t c .  

TIE : "TIHE INTERVAL ERROR"; d e f i n i t i o n  of the  c lock  performances 
limits given by the  r e l a t i o n  

TIE ( t )  = AT ( t  + T) - AT ( t )  

AVAILABILITY : time during which t h e  system w i l l  remain wi th in  the  CCITT 
C-811 limits, i n  case of degradat ion o r  absence of  
synchronizing re fe rence  

The l a t t e r  is of p a r t i c u l a r  i n t e r e s t  t o  us  s i n c e  d i r e c t l y  r e l a t e d  t o  t h e  long term s t a b i -  
l i t y  (aging) ,  of the  fly-wheel o s c i l l a t o r  i n  the  synchronizing module. A law aging o s c i l -  
l a t o r  w i l l  indeed g ive  more time t o  t h e  o p e r a t o r  f o r  s e r v i c i n g  t h e  nodes i n  c a s e  o f  
reference f a i l u r e .  

lo' 

n1 

10' = 

EVA oscillator 
aging : 10-lllday 

FIGURE 16 : T I E  INTERNAL ERROR LIMITS, CCITT REC. G-811 (DRAFT REVISION 1980) 



SYNCHRONIZING MODULE 

A s  previously shown ( f i g .  I S ) ,  each ncde located a t  a secondary l e v e l  is connecte: t o  one 
o r  severa l  l i n e s  ca r ry ing  the synchronizat ion and reference s i g n a l  ( i n  our  example, a t  
2048 kHz 1. 
Each l i n e  a l s o  c a r r i e s  messages which, combined with t h e  e f f e c t s  of d i s tance  and t h e  
na ture  of t ransmission,  r e q u i r e  s p e c i a l  precaut ion t o  e x t r a c t  and use the  re fe rence  
frequency. 
The main purpose of t h e  synchronizing module is  t o  e x t r a c t ,  f i l t e r  and regenerate ,  from 
t h i s  s i g n a l  a c lean  reference frequency which is compatible t o  the  CCITT reconreendation 
G-811. 
This  frequency w i l l  be used f o r  d r i v i n g  the  frequency converter  and d i s t r i b u t i o n  ampli- 
f i e r s  intended f o r  loca l  use. 
A t y p i c a l  2nd l e v e l  node conf igura t ion  xould c o n s i s t  of 3 synchronizing modules each 
driven by one o r  p re fe rab ly  severa l  reference input  l i n e s  ( s e e  f i g .  17) .  

R3 '-1-1 Y E  - c  DIGITAL I OSCILLITOR I 
5000 SMHz To Bus 

TB - r  mad 8608 

F R I I 
I I 

W2 
5000 

IC - B  O S C l L L A 1 0 1  1 
to  

rc -r I 
P L L  

mad 8600 SMH2 Bus 
F R I I I 

I I I 

FR 5000 Compar~son Calibrat~m 

ALARMS* LOGIC 

FIGURE 1 7  : TRIPLICATE SYNCHRONIZING MODULE 



ROLE OF THE OSCILWTOR 

In view of these different constraints, many features only offered with the BVA oscilla- 
tor can be exploited to the benefit of the system performances : 

OSCILLATOR FEATURES 
-11 

Very low aging rate (< 10 /day) 

High KIBF 

SYSTEM BENEFITS 

24 hours autonomy (availability in 
case of loss of reference) 

Excellent short/medium term stability 
(S 5 x 1 0 - 1 3  from 0.1  to 3 0  s) and low 
sensitivity to environmental changes 

Improves system's availability 
figure. Decreases servicing and 
operating costs 

Possibility to use high P U  time 
constant, thus to improve the jitter 
rejection 

The data plots provided in fig. 18 and 19 exhibit the performances of the synchronization 
module we realized for this application, based on the use of a BVA oscillator in a loop 
bandwidth of % 1x10-4 Hz. 

Linearized frequency control function No variation of loop time constant 
with time (following compensation of 
XO Gging) 

FIGURE 18 : MAX. JITTER LEVEL VS G - 7 0 3  RECOMMEMIATION 

1 o' 

MO- 

M A X  ADMISSIBLE INPUT JITTER LEVEL 
FOR OSA SYSTEM 

G-703 REQUlREtiENTS 



Observation period (S seconds) a~n.~tuz 

FIGURE 19 : PERMISSIBLE TIE (G-703) AND TYPICAL SYSTEM'S PERFORMANCES 

CONCLUSIONS 

- BVA oscillators have now reached industrial maturity both in terms of their production 
and applications. 

- Substantial pcrformanccs lmprovements have been demonstrated in various frequency 
generating devices, following the repl~cement of the conventional OCXO with a BVA 
oscillator. 

- Developments based on the BVA technology arc being conducted in the areas of HF OCXO 
and low 8-sensitivrty osclllators. These efforts, combined with the growing number of 
applications calling for very high performances frequency sources, are contributing to 
further improve the ~tate-of-the-art in quartz crystal osclllators. 
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L/ 
1 QUESTIONS A N D  ANSWERS 

A L B E R T  BENJAMINSON, S. T. RESEARCH: Can you t e l l  u s  more a b o u t  
t t h e  B V A  r e s o n a t o r ?  

M R .  JENDLY: Do you mean s p e c i f i c a t i o n s ?  

M R .  EENJAMINSON: Yes. 

M R .  JENDLY: Yes ,  t h e y  a r e  i n  t h e  p a p e r .  I c a n  g i v e  yot: t h e  p a p e r  
r i g h t  a w a y ,  i f  you w i s h .  The Q f a c t o r  i 3  2.5 m i l l i o n ,  and t h e  
r e s r s t a n c e  i s  280 ohms, and C 1  and Cp  I can  g i v e  you r i g h t  away. 




