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Scope

Frequency dividers constitute essential elementesigning phase-locked loop circuits
and microwave systems. In addition, they are usguoviding required clocking signals
to microprocessors and can be utilized as digitainters. In some applications,
particularly space missions, electronics are ofexposed to extreme temperature
conditions. Therefore, it is required that cirsuitlesigned for such applications
incorporate electronic parts and devices that oberdte and operate efficiently in harsh
temperature environments. While present electroinatiits employ COTS (commercial-
off-the-shelf) parts that necessitate and are stiggavith some form of thermal control
systems to maintain adequate temperature for prpenation, it is highly desirable and
beneficial if the thermal conditioning elements afteninated. Amongst these benefits
are: simpler system design, reduced weight and, smproved reliability, simpler
maintenance, and reduced cost. Devices basedi@mson-insulator (SOI) technology,
which utilizes the addition of an insulation layerthe device structure to reduce leakage
currents and to minimize parasitic junctions, aedl wuited for high temperatures due to
reduced internal heating as compared to the comveitsilicon devices, and less power
consumption. In addition, SOI electronic integdatgrcuits display good tolerance to
radiation by virtue of introducing barriers or leéhgning the path for penetrating particles
and/or providing a region for trapping incident imation. The benefits of these parts
make them suitable for use in deep space and plgneiploration missions where
extreme temperatures and radiation are encounterAtthough designed for high
temperatures, very little data exist on the operatf SOI devices and circuits at
cryogenic temperatures. In this work, the perfaroeaof a divide-by-two frequency
divider circuit built using COTS SOI logic gates svavaluated over a wide temperature
range and thermal cycling to determine suitabildly use in space exploration missions
and terrestrial fields under extreme temperaturalitions.

Test Procedure

The divide-by-two frequency divider circuit was Ibuising COTS SOI NAND logic
gates that were introduced recently by CISSOID Gaton. Three of these quad 2-
input CHT-7400 NAND gates were used and were cdedetn a D-type flip-flop,
master-slave configuration. Frequency divisioraghieved by feeding the input pulse
train into the clock input, and connecting the nedaoutput (Q-bar) to the D input, as
shown in Figure 1. The circuit utilized high temgteire polyimide board, NPO ceramic
capacitors, Teflon-insulated wires, and high terapge (300°C) solder. A photograph
of the circuit board is shown in Figure 2, and thanufacturer’'s specifications for the
CHT-7400 NAND gate are shown in Table I [1].
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Figure 1. Schematic of the divide-by-two frequedosider circuit.
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Figure 2. Frequency divider test circuit board.

Table I. Specifications of CISSOID CHT-7400 NANR@ [1].

Parameter Symbol| CHT-7400

Voltage Supply (V) ") 3.3to5
Quiescent Current @ 225 °GA) Ipp 7.1
Operating Temperature (°C) opkr | -55 10 +225
Rise Time (ns) it 7.4

Fall Time (ns) ft 7.8
Propagation Delay Time (ns) TpLH 15.3
Propagation Delay Time (ns) TPHL 16.6
Package DIL-14
Lot Number 2090072.1




Operation of the SOIl-based frequency divider ctrevas investigated as a function of
temperature between -192 °C and +225 °C. An Agilemnction Generator, Model
33120A, was used to provide a 20 kHz square-wawekclsignal as the input.
Performance characterization of the divider wasaioled in terms of output frequency,
rise and fall times of the output signal, signdlagie¢ime, output duty cycle, and circuit
supply current at specific test temperatures. ddlay time, gy, is defined as the delay
experienced by the output to follow the changenaitput from going low to high state,
taken at the 50% level of both signals. The tesiprature points were -192, -175, -150,
-100, -50, 0, +25, +50, +100, +150, +175, +200, aR&5 °C. A LeCroy LT374 Digital
Scope was used to measure the transition timesoacajpture the output waveforms. A
temperature rate of change of 10 °C per minute wgasl, and a soak time of at least 20
minutes was allowed at every test temperature. taResapability at extreme
temperatures, i.e. power switched on while theutinwas soaking at the test temperature
of either -192 or +225 °C, was also investigatdd. addition, the effects of thermal
cycling under a wide temperature range on the d¢iperaf this divider circuit were
determined. The device was exposed to a totaRafytles between -192 °C and +225
°C at a temperature rate of 10 °C/minute. Follgatine thermal cycling, measurements
were then performed at the test temperatures &, -425, and +225 °C.

Test Results
Temperature Effects

Waveforms of the clock input signal and the reagltoutput signal of the frequency
divider recorded at room temperature are showngarg 3. These waveforms were also
obtained, as mentioned earlier, at the test tenyresof -192, -175, -150, -100, -50, 0,
+25, +50, +100, +150, +175, +200, and +225 °C. niNgor change was observed in the
shape or magnitude of these waveforms as test tatope was changed throughout the
range of -192 °C to +225 °C. For illustrative posps, therefore, only those waveforms
obtained at the extreme temperature, i.e. -192MC+225 °C, are also presented here as
shown in Figures 4 and 5, respectively.
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Figure 3. Input (trace 1) and output (trace 2halg at +25°C.
(Scale: Vertical 5 V/div; Horizontal 5@s/div)
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Figure 4. Input (trace 1) and output (trace 2halg at -192°C.
(Scale: Vertical 5 V/div; Horizontal 5@s/div)

¥
Figure 5. Input (trace 1) and output (trace 2halg at +225°C.
(Scale: Vertical 5 V/div; Horizontal 5@s/div)

Figure 6 depicts the variation in the rise and tiatles of the output signal as a function
of temperature. In general, the rise times showsledyht but continuous increase in value
as temperature was increased throughout the tapetature range from -192 °C to +225
°C. Similar trend was observed for the effecterhperature on the fall time except its
increase was slightly higher in the high tempemt@gion between +100 °C and +225
°C. The delay time between the output and thetismnals is shown in Figure 7 as a
function of temperature. It can be seen thatghigperty did not display any dependency
on temperature as it maintained a steady valueboita25 ns throughout the test
temperature regime. Similarly, the duty cycle loé butput signal remained steady at
50% irrespective of the test temperature, as showingure 8.
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Figure 6. Rise and fall times of the output siggsh function of temperature.
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Figure 7. Transition delay times from input toputtsignal as a function of temperature.



The input current of the frequency divider circexthibited an inverse relationship with
temperature as shown in Figure 9. It can be desintiie current decreased, in almost a
linear fashion, as the test temperature was inetck&®m -192 °C to +225 °C. This
decrease in current, which amounted from a magaitfd.53 mA at -192 °C to about
1.80 mA at +225°C, is beneficial particularly agihtemperatures where internal heating
as well as operational temperatures tend to deghmdeehavior of most electronic parts.
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Figure 8. Duty cycle of the output signal versmperature.
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Figure 9. Supply current of the frequency dividecuit as a function of temperature.



Restart at Extreme Temperatures

Restart capability of the frequency divider circait extreme temperatures was also
investigated by allowing it to soak for at leastriilhutes at each of the test temperatures
of -192 °C and +225 °C without electrical bias. weo was then applied to the divider
circuit, and measurements were taken on the outparacteristics. The circuit was able
to successfully restart at both extreme temperstarel the results obtained were the
same as those attained earlier for both tempegature

Effects of Thermal Cycling

The effects of thermal cycling under a wide tempegrange on the operation of the
frequency divider were investigated by subjectinmia total of 12 cycles between -192
°C and +225 °C at a temperature rate of 10 °C/reint dwell time of 20 minutes was
applied at the extreme temperatures. Measurenoéiite investigated parameters were
then taken as a function of temperature. A corspariof the waveforms of the clock
input and the output signals at the selected &spératures of +25, -192, and +225 °C
for pre- and post-cycling conditions are showniguFes 10, 11, and 12, respectively. It
can be clearly seen that the post-cycling outprtads at any given test temperature were
the same as those obtained prior to cycling. @nhyil no significant changes were
registered between the pre- and post-cycling vatiiabe output’s rise and fall times,
signal transition delay time, output duty cycledatihe circuit's supply current, as
depicted in Table Il at the selected three testptatures. Therefore, it can be
concluded that the extreme temperature exposurgéhanthermal cycling did not induce
much change in the behavior of this frequency dwidircuit. This limited thermal
cycling also appeared to have no effect on thetitral integrity of the SOl NAND gates
device as no structural deterioration or packag@mmage was observed.
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Figure 10. Pre- & post-cycling signals of inputi(te 1) and output (trace 2) at +25°C.
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Figure 11. Pre- & post-cycling signals of inputaifte 1) and output (trace 2) at -192°C.
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Figure 12. Pre- & post-cycling signals of inputfte 1) and output (trace 2) at +225°C.

Table Il. Pre- & post-cycling values of rise, fa&l delay times, duty cycle, and supply

current.
Rise Timet | Fall Timet; | Delay Time Duty Supply Current
(ns) (ns) (ns) Cycle (%) (mA)
Temp. | Prior | Post | Prior| Post | Prior| Post| Prior| Post| Prior Post

(¢C)

+25 25 26 26 26 25 25 50 | 50 2.17 2.16

-192 14 19 16 20 25 25 50 | 50 2.53 2.53

+225 36 35 41 40 25 25 50 | 50 1.80 1.81




Conclusions

A CISSOID SOI Quad 2-Input NAND device, type CHTED4 was evaluated for wide
temperature range operation between -192 °C an8 %22 In the evaluation, three of
the devices were connected into a divide-by-twaguency divider configuration. At
various temperatures, the output gate was chaizatiein terms of its output frequency,
rise and fall times, and output duty cycle; and theuit supply current was also
measured. The effects of thermal cycling under idewtemperature range on its
operation and stability, as well as restart caggbdt extreme temperatures was also
investigated. The output gate and the frequenageli were able to exhibit and maintain
good operation between -192 °C and +225 °C withmalergoing any major changes in
characteristics. The output frequency of the diraas always exactly half of the input
frequency. The limited thermal cycling performeadtbe circuit also had no effect on its
performance, and the divider was able to succdgsfabtart at each of the extreme
temperatures of -192 °C and +225 °C. Themergackaging of the SOl NAND
devices was also not affected by the extreme testyoer exposure. These preliminary
results indicate that the CHT-7400 SOl NAND devaned the SOl-based frequency
divider could potentially be used under wide terapée range. Further testing and long-
term cycling, however, need to be performed on dbgice and circuit in order to
establish their suitability and reliability for extded use in space exploration missions
under extreme temperature environments.
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