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Scope of Work

The AD8O065 is a high performance, voltage-feedtzuklifier with FET inputs, and it can operate from
a single or dual supply from 5 to 24V. This lowige 145 MHz bandwidth precision amplifier is based
on silicon-on-insulator (SOI) technology and isfuséor a wide variety of applications, such asefis,
instrumentation, A/D drivers, and buffers for trdasers [1]. The device is specified for operatiothe
temperature range of —4QC to +85°C and it is capable of delivering up to 30 mA addocurrent. Table

I shows some of the device manufacturer’s spetifina.

Table I. Specifications of the AD8065 operatiocaaiplifier [1].

Parameter (Unit) Value
Supply Voltage (V) 5t024
Quiescent Current (mA) 6.4
Output Voltage Swing (V) -11.9to0 +11.9
Output Current (mA) 35
Bandwidth (MHz) 145

Slew Rate (V/us) 180
Temperature Range (°C) -40 to +85
Package 8-Lead SOIC
Lot # 033541.5

A circuit board, populated with an AD8065 chip, alefilm resistors, and COG ceramic bypass
capacitors, was constructed for evaluation in #maperature range of +9C to -195°C. The circuit
was designed in a non-inverting amplifier configiom. The industrial-grade device was evaluated fo
packaging durability and electrical performanceheelectrical properties, which included signalngai
and phase shift, were measured as a function gfa@sature in the frequency range of 1 kHz to 10 MHz.
At each test temperature, the device was allowesbék for 15 minutes before any measurements were
made. A digital oscilloscope was used to capthesvtaveforms of the input and output signals of the
amplifier. Cold-restart capability, i.e. power sfied on while the device was at a temperaturd @b -
°C, was also investigated. In addition, the eff@étthermal cycling under a wide temperature ramige
the operation of this high performance amplifierevdetermined. The circuit was exposed to a tital
10 cycles between -19& and +9CC at a temperature rate of 1G/minute. Following the thermal
cycling, circuit measurements were then perfornmdtetest temperatures of +20, -195, and°€90

Results and Discussion
Temperatur e Effects

Figure 1 shows the gain of the amplifier at varitest temperatures in the frequency range of 1tkHz

10 MHz. It is evident that there was no effecteshperature on the gain characteristics of the iéspl
until a temperature of -19%C was reached. It can be clearly seen that whéegain remained the same
between +90C and -15CC, it changed from O dB to about 7 dB at the ex&réest temperature of -195
°C. In addition, the gain seemed to exhibit sompethdency on frequency at that temperature. These
changes in the gain seemed, however, to vanish wigetest temperature was brought back toward -188
°C to -190°C level. In general, the roll-off frequency, whicorresponds to a gain of —3 dB, occurred at
about 15 MHz. Figure 2 depicts the phase shifperty of the amplifier as a function of temperatanel



frequency. It is apparent that the changes irptiase shift occurred only at -196, and they appeared
to be more profound at very high frequencies (>12)Jlds shown in Figure 2.
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Figure 1. Gain versus frequency at various tentpera prior to thermal cycling.
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Figure 2. Phase shift versus frequency at variennperatures prior to thermal cycling.



Cold Re-Sart

Cold-restart capability of the AD8065 amplifier wiasestigated by allowing the device to soak a-19
°C for at least 20 minutes without the applicat@nsupply voltage or input signal. Power was then
applied, and measurements were taken on the osctparacteristics. The driver chip was able to
successfully cold-restart at -195 °C, and the tssuibtained were the same as those obtained eatlier
that temperature.

Effects of Thermal Cycling

The effects of thermal cycling under a wide temperarange on the operation of the AD8065 amplifier
were investigated by subjecting it to a total ofch@les between -195 °C and +90 °C at a temperature
rate of 10 °C/minute. The amplifier gain obtairedter the thermal cycling is shown in Figure 3 as a
function of frequency at the test temperatures @,+25, and -198C. The results indicate that the
operation of the amplifier somehow became moreletatter exposure to thermal cycling. For example,
the deviation in the gain that occurred at -2@5prior to cycling did not appear following the tng.
Similarly, the influence of the cryogenic temperatwf -195°C on the phase shift of the amplifier
seemed to subside after thermal cycling, as showfigure 4. It can be speculated that thermal
annealing/conditioning produced by the cycling midgiave been responsible for this trend. From
packaging point of view, this limited thermal cydiappeared to have no effect on the integrityhsf t
device as no structural deterioration or physieahdge was observed.
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Figure 3. Gain versus frequency at various tentpeza after thermal cycling.
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Figure 4. Phase shift versus frequency at vatientperatures after thermal cycling.
The amplifier supply current was also recorded atous test frequencies and temperatures. Current
values obtained at the test temperatures of +99, & -190 °C for pre- and post-cycling conditians

shown in Table II. It can be seen that no maj@ange occurred in the supply current as a resuthef
thermal cycling.

Table Il. Supply current at various temperatugggpfe- and post-cycling conditions.

Pre-cycling | Post-cycling
Temperature (°C) Supply Current (mA)
+90 6.47 6.50
+25 6.50 6.52
-190 3.05 2.97

Waveforms of the input (blue curves) and the oufped curves) signals of the amplifier were capdure
at 25, -190, and +98C prior to and after the thermal cycling. Thesevefarms are depicted in Figures

5, 6, 7, and 8 at the test frequency of 1 kHz, 1ZMH0 MHz, and 15 MHz, respectively. It can bensee
that no major changes were exhibited by the anepliharacteristics in the frequency range between 1
kHz and 1 MHz, as shown in Figures 5 and 6. Ahbligrequencies, i.e. 10 to 15 MHz, however, both
the gain and phase underwent changes as showgureBi7 and 8. These changes, which are reflected
by a decrease in the gain and an increase in thsepshift, represent typical behavior of the angylif
performance at very high frequencies and did mailtelue to the thermal cycling. It is importaminiote

that these effects of high frequency on the opematif the amplifier are more severe at — T@5as
compared to either +20 or +9G.
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Fig 5. Input (blue) & output (red) waveforms ativas temperatures at 1 kHz for pre- and post-ngotionditions.
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Fig 6. Input (blue) & output (red) waveforms atieas temperatures at 1 MHz for pre- and post-agctionditions.
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Fig 7. Input (blue) & output (red) waveforms ativas temperatures at 10 MHz for pre- and postiogatonditions.
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Fig 8. Input (blue) & output (red) waveforms ativas temperatures at 15 MHz for pre- and postiogatonditions.



Conclusions

Analog Devices AD8065 SOI, high performance amplifivas evaluated for potential use in low
temperature environments. The chip was an indugjrade rated for operation in the temperaturgean
of —40°C to +85°C. The device was characterized for physical wite@nd packaging reliability under
exposure to extreme temperatures. Electrical atialu in terms of signal gain and phase shift was a
carried out in the temperature range of #@0to -195°C. The effects of thermal cycling under a wide
temperature range on the operation of the ampléied cold-restart capability were also investigated
The results from this work indicate that this S@ipcexperienced no physical degradation or packagin
damage due to either low temperature exposureesmtdd cycling. In terms of electrical performance,
the amplifier was able to maintain good operati@ween +90°C and — 189°C. At the extreme
cryogenic temperature of -19%, the device exhibited instability in its outphiat was manifested by
way of waveform shape distortion, change in phasel reduction in magnitude. These changes,
however, were transitory in nature as operatiobiliya was regained when the test temperature was
brought back toward -188C to -190°C level. The limited thermal cycling had no effemt the
performance of the amplifier and it was able tada@-start at -1958C. The good performance exhibited
by this amplifier under short term exposure to terafure as low as -19RC, which by far exceeds its
manufacturer's operating temperature specificatimmders it potential candidate for use in space
exploration missions under cryogenic temperaturesAdditional and more comprehensive
characterization is, however, required establigh riliability and suitability of such devices fanb
term use in extreme temperature applications.

Comments
The test sequence, conditions, and rationale anensuized in Table IlI.

Table Ill. Test sequence and its rationale.

Action

Measurements Temperature Comments

Pre-cycling | Gain, phase, supply | -195°C to +90°C
current, & waveforms

Output became unstable at -T@5
Stability was regained at -18€ to -190
°C. Supply current & waveforms
recorded at -190C.

Cold Gain, phase Soak at -198C for 20 Output at -195C similar to above.
Restart minutes, then restarted.
10 Thermal| Gain, phase, supply | -195°C to +90°C Cycling appeared to improve stability at -
Cycles current, & waveforms 195°C.
Post- Gain, phase, supply |-195°C to +90°C Supply current & waveforms taken at -
cycling current, & waveforms 190°C as pre-cycling.
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