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1. Resonator Evaluation
A wide variety ofresonators are now used in anever increasing spectrum ofproducts such as microprocessorclock oscillators, tonegenerators TV IF filters ...etc. The types of resonatorsused include crystal, ceramic,polymer, mechanical and ferrite.
Until the HP 4194A becameavailable, serious analysis andtesting of resonators, anddetermining the device

Parameters from measuredrequency characteristicsrequired an externalcomputer/controller to performcomplex calculations and control 

functions. The HP 4194A is asingle instrument solution forobtaining frequencycharacteristics and computingparameters. Frequencycharacteristics are displayed ona color CRT and markers are usedto define an area to be analyzedand extract data from the pointindicated by the marker. Dataanalysis is carried out usingthe HP 4194A's computational,programmability and equivalentcircuit analysis functions Wewill discuss an efficient methodto evaluate ceramic resonatorsas the example. The singleinstrument solution to complexproblems!



2. Resonator CharacterizationUsing the HP 4194A
(1) Resonant/AntiresonantFrequency

The resonant/antiresonantfrequencies (series and parallelresonance modes) are theprinciple parameters of interestwhen analyzing resonators. The4194A's markers are used to zoomin on an area of the displayedfrequency characteristics toquickly find the points ofresonance.
Markers are used to readfrequency, impedance and phaseanywhere on the displayed trace.Measurement resolution of Imfizenables you to easily detectabrupt changes in frequencycharacteristics such as found incrystal resonators.

(2) Electro Mechanical CouplingCoef ficient
This parameter indicatesthe efficiency of electrical tomechanical energy conversion.The coupling coefficient iscalculated from the resonant/antiresonant frequency datausing the following equation.
Kt | tan Ja - fr Hi/2

2 fa \2 fa II
where kt is the electro­mechanical coupling coefficient,fr is the resonant frequency,and fa is the antiresonantfrequency.
Arithmetic operations suchas used in the above equationare possible from the HP 4194A'sfront panel, and the markerfunction can be used to specifythe values for fr and fa fromthe displayed measurement data.

A MIN 10.00 n START 29 845 000.000 Hz
B MIN -180.0 deg STOP 30 089 862.500 Hz

ELECTRO MECHANICAL COUPLING COEFFICIENT
A: IZI B: S X MKR 29 B94 584.656 Hz
A MAX 10.00 KO MAG 23.6625 0
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(3) Equivalent Circuit Analysis
The equivalent circuitmodel for a resonator is shownin Figure 3-1. The componentsused in this model, L, Ca, R andCb, are the basic elementsneeded to accurately model aresonator over the 4194A'sfrequency range. The 4194Acomputes the values of theequivalent circuit componentsfrom the measured data. Theequivalent circuit analysisfunction is a powerful tool,unique to the 4194A, thatdesigners can use to varycircuit constants whensimulating possible changes indesign, processing tolerances,and temperature. In a matter ofminutes an engineer can measurethe responce of a resonator,compute the values of theequivalent circuit components,and display the response of thehypothetical resonatorsimultaneously with theresonator's measured response(Figure 3-2).

FREQUENCY CHARACTERISTICS SIMULATION
EQUIVALENT CIRCUIT MODE

Figure 3-1

Figure 3-2

(4) Circle DiagramAdmi t tance
of

The circle diagram ofadmittance is a quick andconvenient method of evaluatingresonators. The diameter of theadmittance circle represents theQ of the resonator, and thecloser the admittance circlecomes to forming a perfectcircle, the better the stabilityof the resonator.
Previously, obtaining anadmittane circle diagramrequired the use of an X-Yrecorder or an externalcomputer. You can obtain anadmittance circle diagramdirectly without otherinstruments or a computer. Youcan use the 4194A's markerfunction to read the resonantfrequency or other informationfrom the admittance diagram.

ADMITTANCE CIRCLE

Figure 4-1



3. Automatic Evaluation ofResonators
The HP 4194A’s internalprogramming function. AutoSequence Program (ASP), givesyou the ability to performautomatic evaluation without theneed of an external computer.
ASP can control all of theHP 4194A’s operations:measurement, display, andanalysis. ASP can automate anyof the foregoing resonatorevaluations, for quick andefficient evaluation using onlya single instrument. Figure 5shows a sample program toperform quick automatedresonator evaluation bymeasuring the following items.

(1) Resonant/antiresonantfrequency(2) Electro Mechanicalcoupling coefficient(3) Equivalent circuitanalysis(4) Circle diagram ofadmittance

4. Ordering Information
All of the functions andevaluations we have describedcan be performed using the HP4194A Impedance/Gain-PhaseAnalyzer and the HP 16047D TestFixture furnished with the4194A.
When you order the HP
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4194A, you must indicate whichtest port impedance option youwant. Option 350 is for a testport impedance of 50 ohm. andOption 375 is for a test portimpedance of 75 ohm. Other testfixtures are availabe. Contactthe nearest HP Sales Office fordetails.
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