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Reliability Calculations for SiTime Oscillators

1 Introduction

Semiconductor components are expected to perform reliably over the lifetime of the product.
Choosing devices with the highest reliability ratings limits the likelihood of faulty components
causing product failure in the field. SiTime provides oscillators that meet this goal, with zero
MEMS field failures over 250 million units (as of January 2015).

Zero field failures is impressive, but engineers want assurance that parts have been adequately
tested for reliability. The key metric for gauging reliability of semiconductor components is
mean time between failure, or MTBF. The higher the MTBF, the longer the expected lifetime of
the device and therefore the more reliable the device. This application note describes the testing
process and calculations of predicted MTBF for SiTime MEMS oscillators.

2 Accelerated testing

The predicted MTBF for semiconductor components is the inverse of the failures in time (FIT)
rate, which is the number of failures statistically expected after one billion operating hours. It is
obviously not realistic to test devices for one billion hours, so the common approach is to
conduct accelerated testing at elevated temperature and voltage (burn-in) for a shorter number
of hours and extrapolate.

SiTime conducted burn-in testing in a chamber set to an industry standard temperature of
125°C. However, due to heat dissipation when the part is powered up, there is typically a five-
degree rise in junction temperature during stress testing and during operation. This is factored
into the values in Tablel. The acceleration factor due to temperature, Agr, follows an Arrhenius
relationship and is calculated in reference to standard operating temperature using equation 1.

Eq\ (1 1
App = e(T)*(T_S_ﬁ) (1)
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Table 1. Parameter values for acceleration factor due to temperature

Parameter Description Value
Ea Activation energy 0.7 eV
k Boltzmann's constant 8.63x10°
To Operating temperature 30°C or 303K
Ts Temperature under stress 130°C or 403K

Nominal operating voltage for the tested SiTime oscillators is 3.3 volts. Stress testing was
conducted at a power supply voltage to 3.6 volts, or about 10 percent above nominal voltage.
The acceleration factor due to voltage, Ary, is calculated using equation 2, with the parameters
as specified in Table 2.

Vs=Vo)
AFV = e VYtox 2)

Table 2. Parameter values for acceleration factor due to voltage

Parameter Description Value
(| Comaeegesteren |
tox Gate oxide thickness 32A
V, Operating voltage 3.3V
Vs Voltage under stress 3.6V

3 Results for SiTime Oscillators

SiTime stress tested thousands of oscillators for a cumulative test time of 3,307,000 device
hours with no failures. Using statistical methods it is possible to predict the number of failures
after one billion hours with a certain degree of confidence, using equation 3, where n is the
number of device hours of burn-in testing.

x2x10°
2xn

FIT, =

®3)
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For a 90 percent confidence level of zero fails, the x? statistic has a value of 4.6. Plugging into
equation 3 results in a FIT, rate of 696.3. It is now necessary to correct for accelerated test
conditions using the acceleration factors from equations 1 and 2. The adjusted final FIT rate is
given by equation 4.
FIT,
FIT = —— (4)
AfFTXAFV

Using the values in Tables 1 and 2 to calculate the acceleration factors and the FIT, value
above, the final FIT for SiTime oscillators is:

FIT = 0.88 (5)

The MTBF is the inverse of the FIT rate, expressed in billions of hours. For the FIT rate
calculated above, MTBF is about 1140 million hours or over 130,000 years. This greatly
exceeds reported MTBF for competing quartz-based oscillators, as shown in Figure 1.
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Figure 1. Reliability of SiTime MEMS-based and quartz-based oscillators in terms of MTBF

4 Conclusions

SiTime reliability testing demonstrates a FIT rate of less than 0.9, corresponding to MTBF of
1140 million hours. This is a factor of 30 times better than MTBF of quartz oscillators, making
SiTime MEMS oscillators the most reliable oscillators on the market.
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Other reliability and resiliency application notes on SiTime oscillators
http://www.sitime.com/support/application-notes

SiT-AN10045 Resilience and Reliability of Silicon MEMS Oscillators
SiT-AN10032 Shock and Vibration Comparison of MEMS and Quartz-based Oscillators
SiT-AN10031 Electromagnetic Susceptibility Comparison of MEMS and Quartz-based Oscillators
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© SiTime Corporation, 2008-2015. The information contained herein is subject to change at any time without notice. SiTime
assumes no responsibility or liability for any loss, damage or defect of a Product which is caused in whole or in part by (i) use of any
circuitry other than circuitry embodied in a SiTime product, (ii) misuse or abuse including static discharge, neglect or accident, (iii)
unauthorized modification or repairs which have been soldered or altered during assembly and are not capable of being tested by
SiTime under its normal test conditions, or (iv) improper installation, storage, handling, warehousing or transportation, or (v) being
subjected to unusual physical, thermal, or electrical stress.

Disclaimer: SiTime makes no warranty of any kind, express or implied, with regard to this material, and specifically disclaims any
and all express or implied warranties, either in fact or by operation of law, statutory or otherwise, including the implied warranties of
merchantability and fithess for use or a particular purpose, and any implied warranty arising from course of dealing or usage of
trade, as well as any common-law duties relating to accuracy or lack of negligence, with respect to this material, any SiTime product
and any product documentation. Products sold by SiTime are not suitable or intended to be used in a life support application or
component, to operate nuclear facilities, or in other mission critical applications where human life may be involved or at stake.
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