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Abstract

This paper describes a Quartz Crystal Anomaly Detector (QCAD) system for detecting jumps and other
anomalies n quartz crystal resonators. The crystal under test is operated at its minimum impedance
frequency in ahunt network excited by a FM modulated, DDS synthesized RF source. The resulting AM
signal is detected and used in a frequency lock loop servo tdHedkequency of the RF source to the
crystal resonance. The DDS tuning word is a direct measure afrybt@l frequency, and the DDS
amplitude sets the crystal drive level. Relatively fast (<1 sectowl)noise(pp10?), and high resolution
(pp10) frequency measurements are suppoblethe associated embedded software and user interface
and the crygl behavior can be observed as a function of time, temperature, drive level and other
variables in a convenient and inexpensive way.

Introduction

The Quartz Crystal Anomaly Detector (QCAD) is a measuring system for detecting frequency jumps and
other almmalies and characterizinthe general behavior, agintggmperatureoefficientand drive level
dependencef quartz crystal resona®r

The QCAD system was developed as a means to sérdeB . 4  MddtzZundarfiental modguartz

crystal resonators for anomalous frequency jumps in critical GPS rubidium atomic clock appfidation
Whil e crystal oscillator static frequency error
crystal frequency jump can cause a permanent phase (time) error as the loop corrects a relatively large (3
ppl1d) frequency change. The mechanisms behind such quartz crystal resonator frequency jumps are
complex, and beyond the scope of this paper. But wal known that they dependn both the
individual device and its operating conditions (in particular, temperature and drive level). It is therefore
necessary to test every resonator over a fairly long period of time (e.g., 1 month) under its actual
operding conditions to avoid anomalous behavior. Furthermore, it is more effective to perform that
screening prior to installing it into flight hardward@he equivalent circuit parameters for these crystals

are shown in Table 1.

Table 1. Equivalen€ircuit Parameters of 13.401344 MHz Crystal in PerkinElmer GPS RA
Parametel Units Value Remarks
Ly mH |35 Nominal value
C pF 0.00403034¢ Value sathatthe crystal is resonant with ispecified 25 pF
load capacitancat nominal 13.401344 MHz
R1 w 30 Maximum value
Co pF 1.2 Nominal value




The QCAD system operates the crystal under test as the shunt element in a two port network excited by
frequency modulated RF source. The network transmission is sensed by an AM detector whose output i
a minimum at te minimum impedance frequency of the crystal. That discriminator response is
amplified, synchronously detected, and integrated to produce a frequency control voltage for the source.
The overall arrangement, shown in Figdreresembles the frequency lo&bop of a passive atomic
frequency standardNo test oscillator is required.
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Figurel. QCAD System Concept

This process of locking a frequency source to a passive resonance response is similar to that firsi
described by R.V Pound for microwave itiator [2], and an arrangement for locking an oscillator to a
passive quartz resonator described by Walls and Stein [@Zjarticular, the QCABystem is based on a
similar one that the author developed in the f&t® 6 06 s f or me a s demperatgre t h e
characteristics of quartz crystalsed inuncompensatedoom temperature counter time bases. That
system used a single frequernopdulated source that excited a bank of crystal netwarksAM
detectors whose outputs were multiplexed intsirgle frequency lock servo. That system, which
required an external frequency measuring system, operated at a relatively slow sampling rate, but
performed very well for its intended purpose for crystal TC measurements. An important advantage of
the arrangenentis that no phassensitive RF switchings required. The calculated and actual resonance
characteristics for the crystal of Table 1 are shown in Figti&sThe actual resonance plistinverted

by the preamplifier

The current QCAD system also eates in a similar fashion. But, rather than multiplexing a single
frequency source, it uses separate DDS synthesizers clocked by a frequency reference to excite eac
crystal, whose tuning words directly indicate the crystal frequency. That parafigéenere can operate

at a faster rate and is easily expanded to the number of channels required. No external frequency
measurement system is needed, and it retains the feature that the RF phase is not critical, thus permittin
the crystal network to beotated remotely (e.g., in a temperature chamber) from the RF source and
processing circuits. The present embodiment includes a programmable crystal oven temperature ant
crystal drive power, both of which are important factors related to frequency jumps.



Photographs of the QCAD system are shown in FigRieesd 3.
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Figure2. QCAD System Exterior of Box

A circuit model of the QCAD crystal network is
shown in Figurel. The QCAD Windows
applications includes eans for sweeping the DD
frequency through the crystal resonance and
recording the detector response, as shown in
Figure5. It is somewhat asymmetrical, perhaps
because of the finite sweep spedthe data can be
replotted and fitted as shown in Fig@.eThe
Lorentizian fithas a full width at half amplitude o
287 Hzandinflection points at +83 Hgnearly the
same as the normal FM deviation of £100.Hz
The singletuned circuit fit impliesa Q=98,000

the typical specified valueNeither fit followsthe
resonance data at lower amplitudes, probably
because of detector nonlinearity.
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Figureb. Actual Crystal Resonance

Figure3. QCAD System Interior of Box
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Figure4. Model of Crystal Resonance

QCAD Frequency Sweep for Bliley Crystal S/N 040
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Block Diagram
The single chann&) C A

board contains the DDS RF source, the signal processor, and-2&2RC interface.

D system

Detector Section

i s

i mpl emented
diagram of Figure7. The detector board comprises the crystal and crystal network, its oven, oven
temperature controller and saint DAC, and the AM detector, preampif and ADC. The processor
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Figure7. QCAD System Block Diagram

Minimum Impedance Frequency

The QCAD system tunes the DDS to the minimum impedance frequency afydtal under test. That
frequency, f, is slightly below the series resonant frequengya$ shown in the impedance circle of
Figure 10 and impedance plot of Figu@[3-6]. F o r
minimum impedance fregmcy is lower than the series resonant frequency by about Z.1xIbe
QCAD system is not particularly concerned with the absolute crystal frequency but rather its stability.
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Quartz Crystal Resonator Impedance Circle Crystal Impedance
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Figure9. Crystal Impedance Circle Figure10. Crystal Impedance Plot

Detector Hardware

The QCAD detector board holds tbedB 50W RF drive input attenuator and crystal network, followed
by a forward biased temperature compensated dibife detector,a x25 signal preamplifier andhe
Analog DevicesAD7457 12bit analogto digital converter (ADC). It also has the oven temperature
controller with its thermistor bridge, DC amplifier, voltamecurrent convertersheater transistors,
demand current limiteland a Analog Devices AD5320 1hit digital-to-analog converter (DAC) to set
the oven temperaturel' hose circuits are shown in Figuté. The overusesfour thermistors and heaters
on each sidéo minimize thermal gradients, as shown in FigliPe Schematic diagrasiof the QCAD
detectorand tempeature controllecircuitsareshown in Figure 1and 14
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Figure 11. Detector Circuits




Figure 12. Crystal Oven
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Figure 13. QCAD Detector Schematic



Figure 14. QCAD Oven Temperature Controller Schematic

Processor Hardware

The QQAD processotboard uses a Microchip TechnoloyC16F648A singlehip micracontroller to
process the discriminator signal from the detector board, to control an Analog Devices ADY852 48
direct digital synthesizer (DDS), and to implement anZ233 userinterface via a MAX3235E level
converter. The DDS and PIC are both externally clocked at 20 MHz from a 10 MHz reference via a
discrete tuned circuit pugbush frequency doubler and MC100LVEL16 ECL and LMV7219 5V

comparators.



