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ABSTRACT:

We show that short pulses in bulk CMOS are draraiyiand unexpectedly affected by surrounding
signals and layout when propagating through the tficircuits used recently to capture and measure
Single Event Transients.

. BACKGROUND

Single Event Transients (SETS) are a major soufcerrors in CMOS circuits exposed to radiation
environments. These result in Single Event UBSEL)) errors when they occur within a storage elémen
and are of sufficient duration to change the stétilhe memory cell. SETs also occur in combination
logic, and result in an SEU if they occur with mitig and duration to be captured on a clock edémth
types of errors depend on the duration and profmygptoperties of SETs. Some Radiation Hardened by
Design (RHBD) circuit techniques for mitigating S&EIso depend on the duration and distribution of
SETs. Therefore, investigators have attempteddasore SETs by various methods.

Eaton, et. al. [1] used a tunable latch technigqudch had to be re-tuned for each different lengtth
pulse to be measured. Narasimham, et. al. [2]tlghibrereafter proposed a method to freeze a pulse
propagating through a chain of inverters, alsonkmas capture latches. This had the advantageinfb
able to measure a variety of pulse lengths at dndehad to be stimulated with a controllable sewsach

as a laser. The method had a measurement resoloti®00 picoseconds (ps) using 1.5 micron
technology, and could measure a minimum pulse 6ff@0 Earlier, Paschalidis, et. al. [3] reportethg

a string of current starved inverters to measurg short pulses, including pulses from radiatioergv
sensors. His method used a controllable absorpéitsy and measured the number of inverter stages
required to absorb a pulse, achieving a 300 psutimo using a 0.8 micron process, after all calilom
issues are taken into account. Paschalidis digpetify the shortest pulses that could be measured

Shuler, et. al. [4] used an “ion collector” conisigtof 16 parallel chains of 15 inverters mergeabtigh
NAND gates, to collect and propagate SETs into Blatham style capture latches, to collect and
measure SETs from heavy ions in a particle bearaindJ0.35 micron technology, the capture latches
yielded a 300 ps resolution, and were able to megsuises as short as 300 ps. Narasimham, ¢B]al.
then measured SETs in 130 nm and 90 nm, usingesoiglins of inverters for ion collectors, or “targe
circuits.” These were of length 110 inverters¥80 nm, and 1000 inverters for 90 nm. Analysishefke
results depended on simulations that showed p(B€8Es) of greater than 180 ps and 150 ps respéctive
for 130 nm and 90 nm propagated without attenuati@apture latch resolution (stage delay) was
measured at 120 ps and 100 ps respectively usig ascillators. No direct measurement of pulse
propagation through the target (ion collector)calibration other than the ring oscillator was med,
and only one type of circuit layout style was used.



In the same time period, papers appeared challgniie consistency of pulse propagation through
inverter chains, based on experimental data, wéttleECavrois [6] reporting the broadening of 260 p
pulses into the nanosecond range in chains of @@dters in 130 nm SOI. This was followed by Wirth
et. al. [7] reporting in more detail on circuitendiar to those used by Ferlet-Cavrois, includinghb®0OI
and bulk experiments. Wirth essentially shows thatkind of broadening he is observing resultsnfro
load asymmetries, and for pulses in the range 0fp&0it is not observed in a uniform inverter gfrinn
chains with extra loading on alternate stages,gsutd one polarity are broadened and pulses ofttier
polarity are absorbed, much like in Paschalidisgioal measuring chains, which used deliberate
narrowing to measure the pulses. Massengill [8fioms the effect of even-odd load sequencing \aith
theoretical analysis, showing this type of broadgr{or narrowing) to be due to CMOS device hysteret
effects.

Meanwhile, the present set of collaborators weigdyapy the ideas of inverter chain ion collectorsla
capture latches to attempt to compare the SET ctaaistics of various layout styles, with and witho
guard rings, guard drains, and other featureswaard also attempting to directly measure chargarga
as described from modeling and laser results by #&my9]. This effort used strings of 240 invertiers
180 nm technology, several different layout styldsch were compared, and interleaved circuits ter t
charge sharing measurement. Several types ofratdib circuits were included to make sure we could
compare these different circuits fairly over a mamd pulse widths. It is the unexpected resultthoke
calibrations on which we here report. These resuggest that there are effects on short pulseghan

1 ns, not heretofore reported that greatly affbet length of pulses propagated and measured using
inverter chains and capture latches, and affecttitiey of such measurements. These effects shpw
prominently when comparing the different layout @ir@uit topologies, but are hard to see when logki
at a single circuit type. We report also some &htinn analysis of conjectured reasons for thectffe
and propose circuit techniques to minimize them.

I[I. EXPERIMENT DESIGN

Figure 1: Layout — unprotected (left) guard ring'‘@ells (center), guard drain"G” cells (right)

Figure 1 shows the types of layout compared. Tadyring layout has substrate contact
diffusion surrounding both P and N regions of tinerter. It is fully contacted above and
below, but not on the sides. This we call “A” tylagout. The guard drain “G” layout,
suggested by Gambles [10], has substrate contacisd bars) above and below the P and N
regions, but has supply side contacts (guard dramshe sides separating adjacent cells. In
some cases guard drains will sweep out charge efficeently, but at deep submicron using
them in wells may not be advantageous due to wélmse (Narasimham [11]).



Normal or “single string” target circuits consistefdchains of 240 inverters of one or the other
of the above types, in an isolated block. All captlatch circuits were identical, and used guard
ring “A” style layout, each in its own block. Acand set of experiments, designed to measure
charge sharing, used three strings of 240 invemezach target, connected to three sets of
capture latches. These inverter strings werel@deed in the style shown in Figure 2, so that
each inverter is adjacent to inverters in differgnings. The idea is that if a particle strike
induces an SET in two or more inverters, the resgiibulses will be in logically different strings
and will be captured and measured independently.
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Figure 2: Interleaved inverter strings

Figure 3 shows calibration of capture latches. lévidiffers from the desired straight line, it is
consistent and can be easily used to determinenidte of measured pulses from capture latch
counts. More detail on capture circuit design ealthration will be included in the full paper.
I1l. EXPERIMENTAL RESULTS

calibration of capture latches ‘ o
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Figure 3: Calibration of Capture Latches Figure 4: Variation in pulse absorption

Figure 4 shows the measured pulse width, in capaétich counts, for a common input test pulse
routed to the first inverter of all target circuitddditional data on unprotected inverters will be
shown in the full paper. For the single stringaits, it is apparent the A cells are absorbing
short pulses below 5 capture latch counts, or abBd0tps. Then there is a strange, nearly
constant, difference between A and G cells for évruises. For the interleave 3-string targets,
the pulse was sent down all three strings. Inghge, it is the G cells that appear to absorkt shor
pulses, but for longer pulses the A and G 3-stcage converges. We can see immediately the
layout may make some difference. The substrateactsamay slightly increase capacitance to
ground. But what explains the interleaved casé® ifverters are all surrounded by identical
inverters. But they are carrying simultaneous aligym the 3-string case, and not in the single
string case. The spice simulation shown in Figuseiggests that a small capacitive coupling
between adjacent inverters may set up an interabebween adjacent signals that allows them



to influence one another. The center string irerag supported on both sides and sees less load,
while the outer inverters are opposed on one s8idewall layout would affect this coupling.
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IV.CONCLUSION

Data from this chip could hardly be relied uponithtfut knowing exactly where the SET was
injected, and having an accurate model, the effachot be removed by calibration. The effects
were noticed in these experiments because the ¢mopa were available. However, we
believe these effects may be significant in otle@orted results, but not noticed due to the lack
of a reference comparisofor future investigations, we suggest returninthemerger of shorter
strings, and further work to clarify at what lengjthe effect can be ignored. We have experimants i
process to try a more sophisticated alternatianwadrters for charge sharing measurement, shown in
Figure 6, to resolve adjacent node interaction thoette will still be a practical limit on stringrigth due

to the single string effects.
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