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INTRODUCTION

Some high-speed space-borne data acquisition and dissemination systems require
conversion of an analog data signal into a digital signal for on-board digital processing.
The NASA Guided Laser Altimeter Satellite is one such system. It uses the Signal
Processing Technologies SPT7760 to convert an analog signal from the laser altimeter.
The analog data is converted by SPT7760 at I Giga-samples per second (Gsps). This
digital signal is passed thorough voltage level conversion circuitry, fan out circuit and
eventually to a digital signal processor that process the data for transmission to the
ground station. These types of data handling applications can typically withstand a
relatively high bit error rate (BER). In this summary, we describe the characterization
and analysis of proton-induced single event upsets for the SIT7760 operating at sample
rates from 125 Msps to I Gsps.

Several papers on ADC single event upset (SEU) characterization methods have been
published [I]. We will summarize pervious work in the final manuscript, these data are
on Msps or less devices. We relied on these publications to guide us during our test
setup phase. However, specific issues with using the SPT7760 converting at I Gsps
required us to develop a novel approach for testing ADCs. We describe the some of the
details of this approach in the experimental setup section of the summary.

The testing was done at various converter sample rates. General it is believed that for
'f not most microelectronics there is a SEU cross section dependence on data rate

[2]. In 2] we describe the data rate dependence for some devices is linear, while for
other devices it is not. Reference [1] discusses the data rate dependence for ADCs. The
conclusions presented there were that for most flash ADC one would expect a linear
dependence, but in certain cases there was inconclusive evidence that the effect of sainple
frequency on the cross-section was second order. We present data on the SPT7760 from
0 125 Gsps to I Gsps for three different input levels.

DEVICE DESCRIPTION

The SPT7760 is an ECL-based lGsps (I giga-sample per second) bit overflow flash
analog-to-digital converter manufactured by Signal Processing Technologies,
Incorporated. It has an input range of to 2 V and is fully parallel with bits of
resolution 256 values) plus an additional over-range bit. The analog input has a
bandwidth of over 900 MHz and a capacitance of < 15 pF. The output byte-stream is at
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differential ECL levels and de-multiplexed into two identical ports (labeled ports A and
B) each with 9 bits (8 + overflow) plus clock at a maximum output of 500 Msps. The
aggregate throughput is therefore I Gsps. The DUT operates from a single 5.2 Vdc
supply, nominally consuming 5.5 W. The manufacturer indicates that both a heat sink
and a fan are required for operation. The device is supplied in an 80 pin MQUAD
package with the option of MIL-STD-883 screening.

TEST SETUP

The high data rates associated with I Gsps operation preclude raw storage of the outputs
and post-processing to evaluate SEE performance. This, plus additional complexities
encountered when operating with dynamic input conditions, indicated the need for a
pseudo-static test approach. The approach we adopted involved setting the analog input
to a given level, capturing the output (in FIFO), and comparing the output during
subsequent clock cycles (during irradiation) to flag changes that occurred as the result of
a single event. The full paper will describe the customized ECL-based test board ad
software designed to implement this and capture full error histories including pre-trigger
conditions and error progression over multiple clock cycles.

RESULTS and DISCUSSION

Figure I gives the measured cross section as a function of sample rate for various input
levels. Test setup hardware limited data collection to less than I Gsps. The data is clearly
nonlinear for all cases. However, these data do shows a little structure in that for all
cases tested the cross section dips slightly near 500 Msps. For the given input levels, the
variation with sample rate is less than a factor of three. The non-linear response over
sample is somewhat surprising when comparing this data to other ADCs [I] and ECL 2]
devices. Also, notice the SEU cross sections are relatively low. This is another
surprising result when comparing this to previous tested ECL devices 2,3]. Figure 2
shows the cross-section variation with input voltage.

The low values of the measured cross section will result in a relatively low proton-
induced SEU rate. In [I] it was recommend that one use a linear correction for SEU rates
computed for ADCs. However, we do not recommend using a linear correction for
devices that do not show a linear response over sample rate. To compute rates for
devices that exhibit a non-linear response we recommend that SEU testing be carried out
over all operating sample rates. Then use the standard methods for computing rates such
as Bendel approach for proton-induced events and the integral ight rectangular
parallelepiped (IRPP) model for the heavy-ion rate predictions for each data rate.

Testing was done to look for proton-induced ionizing dose effects on the functionality of
the SPT7760. Two devices where irradiated, one to 160 krad(Si) and the other to 580
lcrad(Si). Both devices remained functional with no measurable increase in device under
test (DUT) current. Figure 3 gives the measured cross-section over total ionizing dose
for the two DUTS. Data on DUT#1 is represented by squares. These data are at a fixed
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input voltage of -IV and for various sample rates. Data on DU`T#2 is represented by
triangles while operating at a fixed input voltage of -IV and a fixed sample rate of 
Gsps. There was no significant change in the measured cross section for either DUT over
dose.

Each SEU is essentially a ump in the output code of the ADC. Figure 4 is a histograi of
the number of times a radiation event caused a wrong code when the DUT was operated
at 1000 Msps. Figure is the same for the DUT operating at 125 Msps. The input was
the same for both cases (-IV). Comparing these ata show that there is no observable
difference over frequency for code jumps. Recoils from spallation reactions have LETs
less than 15 MeV - cm 2/ mg. Data taken by other experimenters on other ADCs show
that these histograms change as LET is increased [1]. Low LET particles typically
induce small jumps in code, while higher LET particles will produce large and small
jumps in the output code. Figures 4 and agree with these analyses for low LET
particles.

CONCLUSIONS

In this summary we provide a description of a new characterization method for I Gsps
ADC. The new data collected on a I Gsps ADC provideds evidence of a non-linear
response over sample rate, a surprising result. The data shows that this device has a
relative low cross section for proton-induced SEUs and remains functional at a proton
dose of 580 krad(Si).
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Figure 1. Cross-section at various date rates for three input levels.
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Figure 2 Same cross section data as in figure I replotted as a function of input voltage.
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Figure 3 Variation of measured cross- section over total ionizing dose for an input value of -IV at I
Gsps for DUT#2 and for DUT #1 where data sampled at 125, 250,500 and 1000 Msps.
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Figure 4. Histogram showing the number of jumps in gray code for I 00 Msps. 'Me input was -IV.
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