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Background

Computers, microprocessors, and data-acquisitistruments rely on accurate timing
signals for proper operation. Ceramic resonatacs @ystal oscillators are traditionally
used to provide such signals due to their accuraesilability, and low cost. They are,

however, sensitive to vibration and shock, reqexéernal components, and prone to
electro-magnetic interference (EMI). Over the ldstv years, silicon oscillators,

including those built using MEMS (Micro-Electro-Meanical Systems) technology,

began to be offered by a few companies as comnh@itithe-shelf (COTS) parts as

potential replacement for these traditional crysistillators in providing timing signals

in digital and analog circuits. These quartz-foseillators cover a wide frequency range,
offer great tolerance to shock and vibration, aredismmune to electro-static discharge.
They are generally supplied at specific factorgatried frequencies or require few or no
external components for frequency determinatiorilek fast startup times, consume
very low current, and are reported to provide erely stable output frequency.

Although the industrial-grade parts of the majoofythese oscillators are specified for
temperature operation between -40 °C to +85 °C,sthall size of these silicon-based
oscillators; in particular the MEMS type, along lwtheir reliability and thermal stability

make them ideal candidates for use in space exmoramissions. Limited data,

however, exist on the performance and reliabilitytheese devices under operation in
applications where extreme temperatures or thecy@ing swings, which are typical of

space missions, are encountered. This reportmsetiee results of the work obtained on
the evaluation of some of these recently-introdu@@TS silicon oscillators under

extreme temperatures.

Test Procedure

Silicon oscillators from five manufacturers werdested for evaluation in this work.
Table | shows some of the manufacturer’'s specitoatfor these device [1-5]. While
some had a fixed frequency, others required theofigeset resistor to obtain the desired
frequency. Performance characterization of eacilla®r was obtained in terms of its
output frequency, duty cycle, rise and fall timasd supply current at specific test
temperatures. Restart capability at extreme teatpess, i.e. power switched on while
the device was soaking at extreme (hot or coldptrature, was also investigated. The
effects of thermal cycling under a wide temperattaege on the operation of these
silicon oscillators were also investigated. Eashilator was subjected to a total of 12



cycles within a temperature range (specific to edelice) at a temperature rate of 10
°C/minute and a soak time of 20 minutes at the t¥atpre extremes.

Table I. Manufacturer’s specifications of silicoscillators [1-5].

Parameter LTC6906H ASFLM1 EMK21 STCL1100 SiT1100AlI
Manufacturer Linear Tech Abracon Ecliptek STMicexgtonics| SiTime
Type Si Si MEMS Si MEMS Si Si MEMS
Oper. volt (V) 2.25t05.5 3.0 1.8 5.0 1.8
Freq. (MHz) 0.01lto1l 1.8432 1 10 1
Oper. temp. (°C -40 to +125 0 to +70Q -40 to +8 0 t@+85 -40 to +85
Duty cycle (%) 45 to 55 45 to 55 50 15 40 to 60 td®0
Freq. tol. (ppm) | [drift+0.005%/°C] +50 +50 [accuracy £1.5 %] +50
Output &/t (nS) 25 5 2 5 2
Package Plastic SOT-23  Plastic QFNPlastic QFN Plastic SOT23-5lL  Plastic QR
Part # LTC6906HS6 ASFLM1-| EMK21H2H- | STCL1100YBF- | SiT1100Al-
1.8432-C 1.000M CWY5 33-18S
Lot number 5K77 | LTBIN AB C0729 0020 10A Y832 2364

Test Results

Temperature Effects

The following remarks need to be pointed out pitiorpresenting the experimental
findings in this report:

* The data documented in this report is based onlg preliminary work that was
performed to gain insight on the potential of theeistigated devices for use in

extreme temperature environments.
gauge of reliability or usefulness for long termeusf these parts.

comprehensive testing is required to address smatecns.

It should nointexpreted, therefore, as a
Additional

* The test temperature range differed for each offitree oscillators, and it was
based on performance stability of the device-unidst- Thus, all five devices

were subjected to testing in a temperature regimaé éxceeded their specified
operating range where normal operation was denatastby all oscillators.

It should be noted that the findings reported hamee based purely on in-house
experimental work and the results, therefore, showlt be do not construed as
NASA endorsement of any or all of these productisrather used as a guide to
aid in the proper selection of parts for use ircgpeapplications.
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The LTC6906 silicon oscillator exhibited excelletdbility in its output frequency in the
temperature range between -25 °C and +140 °C, ewrsln Figure 1. As the test
temperature was lowered from - 25 °C to -55 °C, éwav, the oscillator continued to
operate but its frequency began to increase withedse in temperature. This increase in
frequency at - 55 °C amounted only to about 4%t®froom temperature value. At
temperatures below -55 °C, the oscillator begaextubit instability in its operation. In
terms of duty cycle, the output signal did not thgpny significant change over the test
temperature range between -55 °C and +140 °C,@stdd in Figure 1.
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Figure 1. Frequency and duty cycle of LTC6906 ltegor as a function of temperature.



The rise and fall times of the output signal of thEC6906 oscillator displayed weak
dependence on temperature as shown in Figuresc2n be seen that both exhibited very
slight decrease with decrease in temperature fommnemperature, and the reverse was
true when the circuit was exposed to high tempegatuThe quiescent supply current of
this oscillator, which is infinitesimally small as falls within the micro-amp range,
increased very slightly with decrease in tempeeaftom room temperature. When the
temperature was increased beyond room temperaheeninute current attained even
lower values, as depicted in Figure 2.
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Figure 2. Rise & fall times, & supply current of C6906 oscillator versus temperature.



The ASFLML1 silicon MEMS oscillator exhibited exasit stability in its operation as its
output frequency retained its 1.84 MHz value thioug the temperature range of -190
°C to +140 °C, as shown in Figure 3. Similarlye tuty cycle of this MEMS oscillator
output signal, also shown in Figure 3, did not Big@ny significant change over this test
temperature range.
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Figure 3. Frequency and duty cycle of ASFLM1 dator as a function of temperature.



The output’s rise and fall times of the ASFLM1 distor displayed similar dependence
on temperature as both were found to exhibit graduavery small reduction in their
values as temperature was decreased below roonetatape; and the reverse was true
when the circuit was exposed to high temperaturBlsese changes in the rise and fall
time of the oscillator's output signal are shownFigure 4. The supply current of this
oscillator, which is also shown in the same figuended to exhibit an almost linear
dependence on the test temperature. For instaritks the current exhibited a gradual
drop in value as test temperature was decreasadrfyom to cryogenic temperatures; it
increased slightly as temperature was varied frato 140 °C.
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Figure 4. Rise & fall times, & supply current o6ALM1 oscillator versus temperature.



The EMK21 MEMS oscillator exhibited excellent stdapiwith variation in temperature
between -112 °C and +110 °C. Throughout this ratige frequency exhibited hardly
any change with temperature, as shown in FigureAS.the temperature was reduced
below -112 °C, however, the oscillator began todveherratically as its output became
unstable and the frequency fluctuated continuoushhis instability was found to be
transitory as the oscillator recovered when tentpesawas increased to about -112 °C
and above. High temperature testing was limitedllibO °C because the device is rated
for -40 °C to +85 °C operation. Nonetheless, thip @roduced very stable output in a
temperature range that exceeded both ends of theufewdurer's specified limits.
Similar to frequency, the duty cycle of the outdid not display any significant change
over the test temperature range between -112 °G-ahd °C, as depicted in Figure 5.
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Figure 5. Frequency and duty cycle of EMK21 oatdli as a function of temperature



Figure 6 shows the rise time as well as the falktiof the output signal of the EMK21

MEMS oscillator as a function of temperature. Boflthese characteristics were found
to display similar but weak dependence on temperadis they underwent gradual but
very small reduction in their values as temperatwas decreased below room
temperature; and the trend reversed as tempenrageéencreased. Similar behavior was
experienced by the supply current of this oscitlatdh change in temperature as shown
in Figure 6.
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Figure 6. Rise & fall times, & supply current dVIE21 oscillator versus temperature.



The STCL1100 silicon oscillator exhibited very gosi@bility in its output within the
temperature range of about -50 °C to +130 °C, amswvshin Figure 7. The upper
temperature of +130 °C was well above the +85 °Ecifigation temperature. At
temperatures below -50 °C, however, the oscilldiegan to exhibit a decrease in
frequency as temperature was decreased furthee intansity of this decrease ranged
from being slight between -50 °C to -125 °C to betw more intense as temperature
was further lowered toward the cryogenic test poirtl95 °C. For example, while the
output frequency changed by only about 1.8% betwB@nC and +130 °C, it decreased
by about 11% between -50°C and -125 °C, and attaasemuch as 49% drop at -195 °C.
The duty cycle of the output signal of this ostdladisplayed minor variation over the
test temperature range as its value swung betwé#nahd 48% at the test temperatures
of +130 °C and -195 °C, respectively, as depicteligure 7.
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Figure 7. Frequency and duty cycle of STCL1100llasor as a function of temperature



The rise and fall times of the STCL1100 oscilladodutput signal displayed similar
dependence on temperature. Both of these chasdisriwere found to exhibit an
increase in their values as the test temperatusedaway in either direction from room
temperature. This increase in the rise as welihasfall time was more profound at
cryogenic temperatures than at the other band @srsim Figure 8. While the supply
current seemed to exhibit a gradual but very sligbtease as the test temperature was
increased from ambient to higher temperaturesydeuvent a decrease in its value as the
silicon oscillator was subjected to test tempergtdower than room temperature. This
decrease in the supply current with temperature m@aie noticeable in the temperature
vicinity of -125 °C to -195 °C, as depicted in Fig8.
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Figure 8. Rise & fall times, & supply current of SI1100 oscillator versus temperature.



The SiT1100Al silicon MEMS oscillator exhibited eflent stability in its output
frequency with variation in temperature betweer0-1C and +100 °C. Throughout this
range, the frequency exhibited hardly any chandk temperature, as shown in Figure 9.
As the test temperature was reduced below -11Mh8@ever, the oscillator continued to
deliver an output but with continuously changinggiuency. Similar to frequency, the
duty cycle of the output signal did not display asignificant change over the test
temperature range between -110 °C and +100 °Cgaistdd in Figure 9.
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Figure 9. Frequency and duty cycle of SiT1100Adilketor as a function of temperature.



The rise time as well as the fall time of the otitgignal of the SiT1100AI silicon MEMS
oscillator displayed similar but very weak depermdenn temperature. Both of these
characteristics were found to exhibit linear, abwrinute, dependency on temperature
throughout the range of -110 °C to 100 °C as shimwifigure 10. The supply current of
the oscillator, which is also shown in the samerkgas a function of temperature, was
found to remain steady between the test tempematafe25 °C to 100 °C but it
experienced small and gradual reduction in its ntada as the temperature was
decreased below room temperature.
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Re-Sart at Extreme Temperatures

Re-start capability of all these silicon oscill&avas investigated at the extreme (high
and low) test temperatures at which each spec#uillator maintained stable operation.
Each oscillator chip was allowed to soak separaéelthose two extreme temperatures,
with electrical power off for at least 20 minuteBower was then applied to the circuit,
and measurements of the oscillator’'s output wawefcnaracteristics and frequency were
recorded. Each one of these five silicon oscitlatsuccessfully operated under either
cold- or hot-start, and the data obtained, forv@midevice, was similar to those obtained
earlier at these respective temperatures.

Effects of Thermal Cycling

The effects of thermal cycling under a wide tempegrange on the operation of the
silicon oscillators were investigated by subjecteach device to a total of 12 cycles
within the temperature range where the device-utetdr exhibited stable operation.
Although the 12-cycle activity is by no means cdesed as a representative of
accelerated or life testing to determine reliapilif the device-under-test, it provides,
nonetheless, some preliminary insight on the eféédhermal cycling on its behavior.

During this cycling activity, a dwell time of 20 mites was applied at the extreme
temperatures. Post-cycling measurements on theakastics of each oscillator were
then performed at selected test temperaturesinglia soak time of 20 minutes prior to
recording any data. Table Il lists these dataghith those obtained before cycling. A
comparison between pre- and post-cycling dataafiob oscillators, reveals that none
underwent any significant changes in the operatioharacteristics due to this limited

cycling. The thermal cycling also appeared to haveffect on the structural integrity of
these devices as no structural deterioration okggaing damage had occurred.

Comparison of Performance of Oscillators

All five oscillators exhibited operation in a temmptire range that exceeded their
individual specified region. The temperature rafgewhich stability was maintained
differed from one device to another. While sonspliiyed excellent stability throughout
the whole test temperature range, the operationtloérs became unsteady at certain
temperature test points as was reflected by fltictmain the output frequency or
distortion of the output waveform. Such tempemimduced changes were not
permanent as the affected oscillators completetgvwered upon removal of the thermal
stress.

Figure 11 shows normalized frequency as a functbriemperature for the five Sl

oscillators. The STCL1100 oscillator had a largegfiency drop with decreasing
temperature that made it a poor device for low temafure operation. Figure 1 had
shown that the LTC6906 oscillator was stable to %25 but Figure 1 and Figure 11
showed that at -5%C the LTC6906 oscillator started to display an si@déle increase in

frequency.



Figure 12 shows the three Sl oscillators that weost frequency stable devices over a
broad temperature range. The ASFLML1 oscillatoraigel over the widest temperature
range from -190C to +140°C. One must note carefully the vertical scaleigufe 12 to
see that the ASFLM1 was quite frequency stablee EMK21 and the SiT1100Al were
very comparable in excellent frequency stabilityd &oth operated over a very similar
temperature range.

Table 1l. Pre- and post-cycling characteristicshef silicon MEMS oscillator.
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Five Si Oscillators Normalized Freq vs. Temp
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Conclusions

Silicon oscillators have lately emerged to serveatential replacement for crystal and
ceramic resonators to provide timing and clock aigrin electronic systems. These
semiconductor-based devices, including those tteabased on MEMS technology, are
reported to be resistant to vibration and shockiamortant criteria for systems to be
deployed in space), immune to EMI, consume very lmwrent, require few or no
external components, and cover a wide range otinecy for analog and digital circuits.

In this work, the performance of five recently-deyeed COTS silicon oscillator chips

from different manufacturers was determined withitemperature range that extended
beyond the individual specified range of operatiom addition, restart capability at

extreme temperatures, i.e. power switched on wheedevice was soaking at extreme
(hot or cold) temperature, and the effects of ttaraycling under a wide temperature
range on the operation of these silicon oscillateese also investigated. Performance
characterization of each oscillator was obtainedemmns of its output frequency, duty

cycle, rise and fall times, and supply currentpecfic test temperatures.

The five different oscillators tested operated lmelytheir specified temperature region,
with some displaying excellent stability throughdbe whole test temperature range.
Others experienced some instability at certain tatpre test points as evidenced by
fluctuation in the output frequency. Recovery fre@mperature-induced changes took
place when excessive temperatures were removesholtld also be pointed out that all
oscillators were able to restart at the extreme temperatures and to withstand the
limited thermal cycling without undergoing any gigrant changes in  their
characteristics. In addition, no physical damage wbserved in the packaging material
of any of these silicon oscillators due to extretamperature exposure and thermal
cycling. It is recommended that additional and mooenprehensive testing under long
term cycling be carried out to fully establish thediability of these devices and to
determine their suitability for use in space exalmm missions under extreme
temperature conditions.
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