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Background
Most space systems, such as data-acquisition and instrumentation, are based on microprocessors that require clock oscillators for operation.  Silicon oscillators are relatively new integrated circuit chips that can replace ceramic resonators and crystal oscillators in microcontroller or microprocessor based systems.  They are usually resistant to vibration and shock, immune to EMI, and require few or no external components for frequency determination.  These devices have high potential for use in new microprocessor chips, are supplied at specific factory-trimmed frequencies, exhibit fast startup times, and consume very low current.
Very limited data exist on the performance and reliability of electronic components and integrated circuits at extreme temperatures beyond the manufacturer’s specified operating temperature range.  Information is, therefore, required to address the functionality and long-term reliability of devices that are geared for operation on space missions where exposure to extreme temperatures is encountered.  Also, no data exist on the effects of thermal cycling that is typically encountered in some space exploration applications.  This report presents the results obtained on the evaluation of Linear Technology LTC6906 silicon oscillator integrated circuit chips at extreme temperatures.

Test Procedure and Setup
The Linear Technology LTC6906 chip is a precision programmable, 10 kHz to 1 MHz resistor set oscillator [1].  A single resistor programs the oscillator frequency over a 10:1 range, and its micropower operation benefits portable and battery-powered equipment [1]. The device consumes extremely low supply current and it has on-chip power supply decoupling that eliminates the need for external capacitor.  Table I shows some of the manufacturer’s specifications for these devices [1].  The oscillator was evaluated for operation under extreme temperatures between -60 °C and +140 °C.  Performance characterization was obtained in terms of its output frequency, duty cycle, rise and fall times, and supply current at specific test temperatures.  Cold-restart capability, i.e. power switched on while the device was at cryogenic temperature, was also investigated.  A supply voltage of 2.25 V was applied, and the oscillator was programmed to deliver an output frequency of 100 kHz by use of a 100 kΩ set resistor.  The effects of thermal cycling under a wide temperature range on the operation of the oscillator were also investigated.  The oscillator was exposed to a total of 10 cycles between -55 °C and +140 °C at a temperature rate of 10 °C/minute and a soak time of 20 minutes at the temperature extremes.
Table I.  Manufacturer’s specifications of LTC6906H programmable oscillator [1].
	Parameter
	LTC6906H

	Operating voltage (V)
	2.25 to 5.5

	Frequency (Hz)
	10K to 1M

	Operating temperature (°C)
	-40 to +125

	Duty cycle (%)
	45 to 55

	Frequency drift over temperature (%/°C)
	±0.005

	Output rise/fall time (ns)
	25

	Package
	Plastic SOT-23

	Part #
	LTC6906HS6

	Lot number
	5K77 / LTBJN


Test Results

Temperature Effects
The LTC6906 silicon oscillator performed reasonably well in the temperature range between -55 °C and +140 °C.  A typical waveform of the output obtained in this temperature range is shown in Figure 1.  At temperatures below -55 °C, however, the oscillator began to exhibit instability in its operation.  This instability was reflected by a huge swing in the frequency of the output although its wave shape was maintained.  Nonetheless, the oscillator did operate in an extended temperature range, i.e. -55 °C and +140 °C, which exceeded its specified recommended limits.  The data in Figure 2 reflects the variation in frequency with temperature.  Between -25 °C and -55 °C, frequency shifted upward by about 4% as temperature was made colder.  In terms of duty cycle, the output signal did not display any significant change over the test temperature range between -55 °C and +140 °C, as depicted in Figure 3.
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Figure 1.  Output waveform of the LTC6906 silicon oscillator.
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Figure 2.  Variation in output frequency with temperature.
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Figure 3.  Duty cycle of oscillator output versus temperature.
The rise time as well as the fall time of the output signal displayed weak dependence on temperature.  The values of these two parameters are shown in Figures 4 and 5, respectively.  It can be seen that both exhibited very slight decrease with decrease in temperature from room temperature, and the reverse was true when the circuit was exposed to high temperatures.
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Figure 4.  Rise time of output signal versus temperature.
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Figure 5.  Fall time of output signal versus temperature.

The supply current of the oscillator as a function of temperature is shown in Figure 6.  It can be clearly seen that the quiescent supply current is infinitesimally small as it falls within the micro-amp range, and it only increased very slightly with decrease in temperature from room temperature.  When the temperature was increased beyond room temperature, the minute current attained even lower values.
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Figure 6.  Supply current of oscillator as a function of temperature.

Cold Re-Start

Electronic components and circuits in certain space missions are required to be powered up at cryogenic temperatures.  Cold-restart capability of this silicon oscillator at -55 °C was, therefore, investigated in this work.  The oscillator was allowed to soak, with electrical power off, at -55 °C for at least 20 minutes.  Power was then applied to the circuit, and measurements of the oscillator’s output waveform and frequency were recorded.  The oscillator circuit successfully operated under cold start at -55 °C, and the results obtained were similar to those obtained earlier at that temperature.

Effects of Thermal Cycling
The effects of thermal cycling under a wide temperature range on the operation of the silicon oscillator were investigated by subjecting it to a total of 10 cycles between -55 °C and +140 °C at a temperature rate of 10 °C/minute.  A soak time of 20 minutes was allowed at the extreme temperature prior to recording any data.  Measurements on the characteristics of the oscillator circuit were then performed at selected test temperatures.  Table II lists these data along with those obtained before cycling.  A comparison between pre- and post-cycling data reveals that the silicon oscillator underwent no changes in its operational characteristics due to this limited cycling.  The thermal cycling also appeared to have no effect on the structural integrity of the device as no structural deterioration or packaging damage had occurred.
Table II.  Pre- and post-cycling characteristics of the silicon oscillator.

	T(°C)
	Cycling
	f (kHz)
	Duty cycle (%)
	Trise (ns)
	Tfall (ns)
	IS (uA)

	22
	pre
	99.990
	50.12
	50
	51
	54

	
	post
	99.981
	50.11
	49
	51
	54

	-55
	pre
	103.964
	50.15
	47
	49
	58

	
	post
	103.639
	50.13
	47
	50
	58

	140
	pre
	99.485
	50.17
	56
	59
	49

	
	post
	99.473
	50.18
	55
	58
	49


Conclusions
Silicon oscillators are resistant to vibration and shock, immune to EMI, and have the potential to replace crystal oscillators and ceramic resonators in various electronic systems.  The performance of an LTC6906 chip, a silicon oscillator from Linear Technology, was evaluated under wide temperature range between -55 °C and +140 °C. The properties investigated included output frequency stability, output signal rise and fall times, duty cycle, and supply current.  The effects of thermal cycling and cold-restart capability were also investigated.  The LTC6906 silicon oscillator maintained stable operation between the test temperatures of -55 °C to +140 °C, but as temperature was lowered between -25 °C and -55 °C, there was a 4% upward frequency shift.  Below -55 °C very large frequency changes occurred.  The device was able to cold re-start at -55 °C, and it exhibited no change in performance due to the thermal cycling.  In addition, no physical damage was observed in the packaging material due to extreme temperature exposure, particularly at +140 °C.  Further testing under long term cycling, however, is required to fully establish the reliability of these devices and to determine their suitability for use in extreme temperature environments.
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