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Negative Impedance Measurements
of Crystal Oscillators

- HP 4194A Impedance/Gain-Phase Analyzer -

Introduction

Negative impedance, one of the most im-
portant parameters to be considered when
characterizing crystal oscillators and resonators,
can be measured easily by using the HP 4194A
Impedance/Gain-Phase Analyzer and the HP
41941A/B Impedance Probe Kit, This ability to
perform negative impedance measurements pro-
vides a powerful tool for oscillator development
and evaluation,

The relative ease with which negative im-
pedance measurements can be performed with
the HP 4194A and the HP41941A/B also means
you can significantly reduce oscillator and clock
generator cost and development time in crystal/
ceramie oscillator and rescnator manufacturing
labs, and in the labs of electronic instrument
manufacturers.
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X: Reactance of crystal
R: Resistance of crystal
C): Load capacitance of oscillator

-R1: Hegative resistance of oscillator

Figure 1. Equivalent Circuit of a Crystal
a Crystal Oscillator
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Measurement Requirements and HP 4194A
Solutions

Figure 1 shows an equivalent circuit for a
erystal oscillator. Because an oscillator must
have enough negative resistance to compensate
for the resistance of a crystal for osecillation to
start, negative resistance measurements are
important when determining oscillator
characteristics,

Figure 2 shows an example of a crystal
oscillator chip. The negative input impedance
of an oscillator cireuit should be measured
under actual operating conditions to verify that
the circuit is performing as designed, As a
rule, all oscillator circuits are low-grounded,
The HP 4191A, 41924, and 4193A Impedance
Analyzers have the capability to perform low-
grounded measurements, but these instruments
limit the ability to fully characterize oscillators
for the following reasons.
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Figure 2. Example of Crystal Oscillator



» The HP 4191A only covers the higher
frequency range of 1MHz to 1GHz.

« The HP 419%2A only covers the lower
frequency range of 5Hz to 13MHz.

« The HP 4133A only measures Z-9, and
has & spot oscillator level.

The HP 4194A with the HP 41941A/B, how-
ever, can measure grounded circuits and can
evaluate the negative input impedance of oscil-
lator circuits with the following features.

s Wide frequency coverage of 10kHz to
100MHz with an accuracy of 1.5% to 1%
for Z-8, plus R~X measurements.

» Variable OSC level and OSC level sweep.

« The 4194A's Auto Sequence Program
(ASP) function enables automatic evalua-
tion without the need for an external
computer.

Measurement Specifics

To determine whether an oscillator operates
at its specified frequeney, wvoltage (¥cc), and
output level, the items discussed in the follow~
ing paragraphs are required when evaluating
oscillators,

Connect an external DC power supply (Vec)
to the oscillator circuit (without a erystal in-
stalled), as shown in Figure 2, and connect the
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HP 41941A/B probe to the location where the
crystal is to be installed.

= Vec Effects on Input Impedance

Confirm that the oscillator works at the
Vee value as designed. Vee margins can be
evaluated by varying the Vee and observing the
value of R vs. Yec on the display.

s Oscillator Input Impedance as a Function of
Frequency (Figure 6}

This measurement is for evaluating negative
impedance characteristics in detail at Irequen-
cies around the designed oscillation frequency.
The frequency range of oscillation can be found
by determining the frequency range over which
the input impedance is negative.

s Oscillator Input Impedance as a Funetion of
Input Level (Figure 7)

You ecan substitute the input level charac-
teristics for the output level characteristics of
an oscillator. Use the HP 4194A's oscillator
level sweep function to determine the dependen-
cy of negative input impedance on input signal
level,

The HP 4194A is also cost effective for
evaluating the resonators used in oscillator cir-
cuits., Figure 3 shows an ASP program for
automatically measuring the frequency and OSC
level (input signal level) characteristics of an
11.904 MHz crystal oscillator. This ASP pro-
gram performs sequential measurements as
follows:

Figure 3, ASP Program List



1) Measure the impedance characteristics of a
crystal. Refer to Figure 4. The marcker indi-
cates the design oscillation frequency (11.904
MHz),

2) The OSC level required to drive a crystal at
1lmW can be determined from the OSC level
characteristics of the crystal. Measure the
resistance R~OSC level characteristics at 11.904
MHz and calculate power P from OSC level and
R. The marker in Figure 5 shows the OSC
level that produces 1mW,

Figure 4. Impedance Characteristics of
a Crystal Resonator

3) Measure the frequency characteristics of the
oscillator input impedance. The marker in Fig-
ure 6 shows the oscillation frequency, This
indicates that the -R of the oscillator is enough
to cancel the crystal's R, sllowing oscillation at
and around 11.904 MHz.

4) Measure the input level characteristics of the
oscillator input impedance. The marker in Fig-
ure T shows the oscillation level {135m¥). This
indicates that the -R of the oscillator is enough
to cancel the R of ecrystal at eapproximately
135mV.

Figure 5. R/Power vs., OSC Level Characteristics

of Crystal Oscillator
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Figure 6. R vs. Frequency Characteristics
of Crystal Oscillator
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Figure 7. R vs, 0SC Level Characteristics
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