kenesas Quartz Crystal Drive Level AN-830

APPLICATION NOTE

Introduction

Crystal drive level is the amount of power dissipated in a crystal which is usually specified in microwatts or milliwatts. It can be
calculated by measuring the excitation current flowing through the crystal. The maximum drive level is the most power the crystal
can dissipate while still maintaining operation with all electrical parameters guaranteed. Drive level should be maintained at the
minimum levels necessary to initiate proper start-up and assure steady state oscillation. Some of the larger crystal packages like
HC49 tend to have higher drive level limits while the smaller crystal packages like 5x7mm and 2.5 x 3.2.mm have lower drive
level. To ensure that premature aging or damage to the crystal does not occur, drive level should be considered.

Though drive level is specified in most quartz crystal datasheets, at times it is overlooked. Drive level is an important factor when
designing or evaluating an oscillator circuit.

Measuring Drive Level

There are multiple ways of measuring drive level. Using a current probe is most reliable which is similar to current flowing through
a resistor. Using a FET probe is also common but has disadvantages on an inverter type oscillator, like a Pierce. On an inverter
type oscillator, there is phase difference between the signal at the crystal input and output which make it difficult to accurately
measure the voltage across the crystal. The equations and examples below will show the requirements for measuring drive level
using a current probe.

The drive level can be calculated by using the RMS drive current (Id) and the load resonance resistance (RL). Refer to equation 1.

2 Id = RMS drive current
Power =1," xR, (watts) (@) R. =Load resonance frequency

Since RL varies with load capacitance, equation 2 can be used to calculate RL.

Co = Shunt Capacitance

2
R =Ry 1+& Q) (2) C.=Load Capacitance
C, Rk =Resistance at series resonant
frequency

Combining equation 1 and 2 yields equation 3.

2
Power = 1,° xR, [1+g—°] (watts)  (3)

L

When RR is at FS (series resonance frequency), RR is equal to R1 (Motional Resistance).

2
Power = 1, x Rl[l+%j (watts) (4) R,=Motional Resistance
L

If using a series resonance crystal, CL goes to infinity.

Power = I,>xR, (watts) (5)
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Example Calculation
For this example, a Tektronix CT-6 probe was used to measure the drive current. When placing the current probe, special

attention should be given to the orientation. For inverter type oscillators, the drive current should be measured on the output side
of the crystal in order to contain the influence of the oscillator. Refer to Figure 1.

Figure 1. Oscilloscope and current probe connection
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Oscilloscopes measure voltage versus time, though the display value is in mV, the current probe converts the electric field to AC
current. The voltage can be ignored; in reality it is current. Oscilloscopes can display AC current in peak, peak to peak, or RMS.
For most cases, we can assume the waveform is a pure sine-wave, hence the equation 6 applies. Refer to equation 6 and Figure
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Figure 2. Sample AC Current waveform. IRMS = 1.74mA
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Using a Saunders & Associates 250B Network Analyzer, the relevant crystal parameters can be characterized. For this example,
a 25MHz, HC49 type crystal was used. Refer to Figure 3.

Figure 3. S&A Crystal Parameters, 25MHz

Description:  Sa4 2508
Reference F. 25,000,000 Hz
Fower: 1.00 myW into 25.00 Ohms
CL: 18.00 pF Using: Calculated FL
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Using equation 3 in combination with IRMs from figure 2 and RL from values in Figure 3 yields the drive level below.

2 2
Power = IdszR(l-i-g—O) = (1.74mA)° x14Q [1+ 21: F}f] =57.14uW

L

The drive level contains variables from both the crystal and oscillator; hence both the crystal type and frequency will affect the
drive level. When characterizing an oscillator, it should be verified across minimum and maximum frequency, CL, and RL. For
the example above, the drive level is 57.14uW for a 25MHz, HC49 crystal on this specific oscillator.

This example yielded 57.14uW of drive level. In order to avoid poor aging or crystal damage, this value should be compared to
the maximum level recommended by the crystal manufacturer.
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
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