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Background

Rectangular quartz crystals mounted in hermetic ceramic packages are currently the most widely used 
timing source or frequency source in the MHz frequency range in commercial electronic assemblies. 
AT cut quartz crystals are used due to favorable frequency accuracy over a wide temperature range. 
Conventional rectangular quartz crystal resonators in ceramic packages have been used as a frequency 
source in modern systems for the last 3 decades. 

However, the dynamic performance of a quartz crystal resonator will degrade under adverse environmental 
conditions such as G forces (acceleration) or vibration. The most popular rectangular ceramic-packaged 
quartz resonators have one axis (X, Y, Z) that performs up to 10 times worse for acceleration/vibration 
performance than the other two axes. 

Fox introduced the FC3VR product series to improve customers’ system performance when exposed to 
modern world environmental conditions. The state-of-the-art resonator incorporates patented technology 
that allows the FC3VR devices to hold system performance nearly uniform on all axes. 

The FC3VR often has the exact same form, fit and function as conventional crystals. No other circuit 
substitutions are required to try the low G-sensitivity crystal, and the benefits in performance and 
reliability begin immediately. 

Low G-Sensitivity Crystal

Wireless communication applications benefit from a vibration-resistant crystal. The improvement under 
discussion is not about survivability; that is already satisfactory. The FC3VR is equal to the conventional 
devices for these conditions. Instead, the FC3VR advantage is about providing dynamic performance 
under vibration, specifically phase noise. 

Today’s communication devices require a clean and stable frequency source, but what happens when a 
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train or large truck goes by the 5G base station? The resulting vibration is an acceleration event that can 
create a frequency shift in an otherwise stable source. 

G-sensitivity is the change in frequency resulting from an acceleration force applied to a frequency 
control device. The less sensitive an application’s frequency source is to acceleration, the better the 
operating phase noise will be. Improved phase noise enhances communication and reduces data loss. 

The development of the FC3VR began several years ago when a telecommunications customer presented 
a problem: When a frequency control device in an application was exposed to vibration, the frequency of 
the vibration modulated the frequency and thereby degraded the phase noise. The traditional method 
to combat this problem is mechanical isolation, but this approach can introduce extra costs and require 
extra design work or larger package sizing.

Fox attacked the issue at the basic quartz structure, and the resulting solution was the patented vibration-
resistant technology used in the FC3VR, which has a 0.2ppb/G acceleration sensitivity rating. The FC3VR 
crystal blank can be used without requiring mechanical isolation to maintain low phase noise at a desired 
operating temperature.

With the IoT (Internet of Things), wireless communications 
are expanding into more challenging environments in a 
wide range of technologies, standards and applications. 
5G base stations, WiFi, Bluetooth, BLE, WiFi/BT combo 
chipsets, including V2X both 802,11p and cellular, will 
benefit from improvements in phase noise, which can 
mean less distortion, higher reliability and better overall 
system level performance. 

Those systems meant for portable communications may be the most obvious to benefit from low 
G-sensitivity crystals due to the likelihood of experiencing external movement while operating. However, 
towers and buildings, and the telecommunication systems within them, can also be subject to vibrations 
from peripheral sources such as construction work and traffic. 

The familiar AT cut quartz crystal is most typically designed to operate as a bulk acoustic wave resonator 
(BAW). Acoustics are the coupling mechanism that can make them sensitive to environmental vibration. 
The path for the mechanical coupling is through the solder joints into the package and into the crystal 
mounting structure. The external vibration energy mixes with the piezoelectric vibration energy and is 
upconverted to the crystal’s operating frequency. 

If the external vibration energy is a single tone, a single sine wave at a given frequency, and this couples 
to a quartz crystal that is in an oscillator circuit, then the phase noise of the oscillator will include a 
spurious response at an offset frequency (sidebands) equal to the external vibration frequency. 

Instead, it is about dynamic performance under vibration, specifically phase noise.
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The magnitude of the spurious response is related to the crystal’s acceleration sensitivity by the following 
equation:

Where:
Γ = acceleration sensitivity in direction i, (i = x, y or z) in ppb/G (or smaller).
fv = vibration frequency (sinusoidal) in Hertz.
ai = acceleration magnitude in G, (G = 9.8 meters/sec2)
fo = oscillator (crystal) frequency in Hertz (ex. 40e6 Hz)
  (fv) = phase noise magnitude of spur in dBc/Hz.

If the vibration energy is characterized as a profile, as in the case of random vibration testing, then it has 
an analog (by way of Fourier) to a series of sine waves, each at different frequencies and each causing 
a separate spur. The envelope of the spur peaks becomes the measure of actual performance. Either 
method results in the same numerical value in ppb/G. 

It is not unusual to see an oscillator at rest (no external vibration) outperform one under vibration by 30dB 
at 1G. The acceleration sensitivity is linear from zero to about 50G. It is possible to see the spurs become 
larger than the carrier (crystal oscillation frequency) at high acceleration. For systems that use phase 
lock loops, even temporary loss of the reference lock is a reliability concern. For systems that use phase 
lock loops and other frequency multiplication methods, the noise at the upconverted frequency has the 
additive term of 20 log(M) where M is the multiplication factor. This includes any vibration induced spur 
from a single tone or vibration induced envelope from a random profile of tones. 

Acceleration Sensitivity Comparison 

The graphics below show the acceleration test results, comparing a conventional crystal to the FC3VR. 
The Y and Z axes display minimal improvement, but the X axis illustrates significant improvement when 
going from the conventional crystal to the FC3VR, which translates to a substantial difference when 
looking at total acceleration sensitivity. As demonstrated in the Acceleration Sensitivity Comparison chart, 
replacing a conventional quartz crystal with the FC3VR can greatly improve sensitivity to acceleration. 

Generally, the lower plot lines are FC3VR, upper conventional crystal.
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Phase Noise Comparison

When looking at this in terms of phase noise, the phase noise plot for the conventional crystal shows 
spikes are created under acceleration, effectively 30dB higher than what the spec sheet and at-rest 
phase noise plots indicate. With the FC3VR, these spikes are significantly reduced, so there is minimal 
phase noise difference between when it is at rest or under acceleration. Additionally, some of the low 
frequency degradation seen on the FC3VR is due to the increasing contribution from wires and cables 
used in the test setup.

Table 1

Phase Noise X axis acceleration 2.5G 
Conventional Quartz Crystal Design 

Phase Noise X axis acceleration 2.5G 
FC3VR
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DUT Test Setup

Below is an illustration of the Fox Electronics vibration test set up used in the creation of the charts above. 
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PART NUMBER FREQUENCY
(MHZ)

PACKAGE 
SIZE (mm) TOLERANCE STABILITY TEMPERATURE 

RANGE
LOAD 

CAPACITANCE APPLICATIONS

FC3VREEDM38.4 38.4 3.2 x 2.5 ±20 ppm ±20 ppm -40°C to +85°C 8pF IoT, DECT, WiFi, 
Bluetooth

FC3VREEDM38.88 38.88 3.2 x 2.5 ±20 ppm ±20 ppm -40°C to +85°C 8pF 5G Base stations, 
SONET, SDH

FC3VREEDM40.0 40 3.2 x 2.5 ±20 ppm ±20 ppm -40°C to +85°C 8pF

Automotive Vison Sys-
tems, NXP S32V234, 

802.11p, V2X
RF Transceiver, WAVE,
DRSC, IoT, Qualcomm

QCA4020, WiFi, 
Bluetooth, BLE, NFC, 
Simplelink, Zigbee

FC3VREEDM48.0 48.0 3.2 x 2.5 ±20 ppm ±20 ppm -40°C to +85°C 8pF WiFi, Bluetooth

FC3VREEEM38.4 38.4 3.2 x 2.5 ±20 ppm ±20 ppm -40°C to +85°C 10pF

IoT, DECT, WiFi, 
Bluetooth, Silicon 

Labs WF200 series 
Transceiver, BLE, 

Silabs, Wireless Gecko 
SoC

FC3VREEGM36.0 36.0 3.2 x 2.5 ±20 ppm ±20 ppm -40°C to +85°C 12pF G. Fast, xDSL

FC3VREEGM38.4 38.4 3.2 x 2.5 ±20 ppm ±20 ppm -40°C to +85°C 12pF IoT, DECT, WiFi, 
Bluetooth

FC3VREEGM38.88 38.8 3.2 x 2.5 ±20 ppm ±20 ppm -40°C to +85°C 12pF 5G Base stations, 
SONET, SDH

FC3VREEGM40.0 40.0 3.2 x 2.5 ±20 ppm ±20 ppm -40°C to +85°C 12pF

802.11p WiFi, 
Bluetooth, BLE, NFC, 
Simplelink, V2X RF
Transceiver, WAVE, 

DRSC, IoT, Qualcomm 
QCA4020, Zigbee

FC3VREEGM50.0 50.0 3.2 x 2.5 ±20 ppm ±20 ppm -40°C to +85°C 12pF

Ethernet, PLLs, 
Frequency
Generators,

Microcontrollers, 
Processors

Popular Frequencies and Applications 

The list below shows the most requested frequencies and specs. However, there are far more frequencies 
and specs available, and many more have been developed. In addition, Fox can create custom variations 
to meet specific design requirements.
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Conclusion 

Traditional frequency control products can achieve extremely low phase noise required by most 
communications, networking, and wireless application. However, this is only true at rest. Add in 
external movement while under operation, and the phase noise will increase dramatically. The dynamic 
performance of a quartz crystal resonator will degrade under the adverse environmental conditions, 
such as G forces (acceleration) and vibration, that impact real-world applications.

The 3.2 x 2.5mm FC3VR crystal blank can be used in both new or existing oscillator and TCXO designs 
without requiring mechanical isolation to maintain low phase noise at a desired operating temperature. 

The FC3VR is in stock and available via Fox/Abracon’s global distribution network. Please contact your 
local Abracon sales representative for more information.


