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Abstract

This paper presents a summary of proton Single Event
Effects (SEE) data taken by the European Space Agency on a
wide range of memory devices. SRAM, DRAM, UV-EPROM,
FLASH-EPROM and EEPROM data are compressed into a
table format which gives a quick overview of what has been
tested, where and when. Results are presented in a 5 column
format giving test energy in MeV and SEU Cross section in
cm?/per bit.

I. Introduction

In order to predict and assess the frequency of upsets that
can be expected for a device in space, a full characterisation
covering both technology details and SEE testing is required.
As proton orbital predictions are often based on heavy ion
data or poor ground test data, the in-orbit performance differs,
often significantly, from these predictions. Proton SEE
prediction tools are widely used by ESA contractors today.
However, very few contractors, if any, are contributing with
ground test data. To compensate for this lack, all proton data
taken on memory devices by the European Space Agency, are
presented here and made available to the space community.

Since the first proton SEE test at Harwell in June
1989, ESA have performed proton tests at many different
sites and covered increasingly complex technologies. The first
test covered 4Kbit and 16Kbit Static Random Access
Memories (SRAMs) whereas the latest in November 1996 at
UCL covered 16Mbit Dynamic Random Access Memories
(DRAMSs), 8Mbit FLLASH-Erasable and Programmable Read
Only Memories (FLASH-EPROMs) and 1 Mbit SRAMs at
both 5.0 and 3.3 Volt. Over this time period, a total of 165
proton tests have been carried out at different test sites and on
different SRAMs, DRAMs, UV-EPROMs, FLASH-EPROMs
and EEPROMs. Results from these tests are presented in a
compressed table format, casily readable and ready for further
use.

It is not the purpose of this paper to compare the
results presented with other published proton data so only
ESA references are given. However, it is interesting to note
that a NSREC (IEEE Trans. on Nuc. Sci. Dec. 1984 to 1996),

Data Workshop (IEEE 1992-1995) and RADECS (1991 to
1995) abstract search revealed 63 papers when using
“PROTON-SEU” scarch, 18 papers when using “PROTON-
SEL” search whereas only 25 papers were found when using
“PROTON-TESTING” search. A detailed check of these 25
papers further revealed that only 18 actually included new
proton test data, so annually, only 3 to 4 international
published papers covers this important issue - proton SEE
testing of semiconductors!

II. Proton Data

In general, the memory SEE data summarised in this
paper arc presented in a format considered to be the minimum
required for a meaningful interpretation and allow rapid
review. Even though most of the columns in the table are self
explanatory, each column will briefly be described and
abbreviations explained.

Following the functional grouping, the columns
cover:

01) Memory Organisation - going from low to high
nmemory capacity.
02) Manufacturer - in alphabetic order per memory type.

03) Marking & Date Code - external package marking
including date code

04) Die Information - information derived from
microscope examination in order to reveal Mask type.
05)  Die Size in mm? - obtained as for 04)

06) Facility & Test Date - identifies where and when
testing was carried out:

VEC = Variable Energy Cyclotron, AERE Harwell, UK
PSI = Paul Scherrer Institut, Villigen, Switzerland

SAT = SATURNE, CEA, Sacley, France

UCL = University Catholique de Louvain, LLN, Belgium
8906 = year/month = 1989 June
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07) . No. DUT - Number of devices tested.

08-12) Proton Energy - MeV/Cross Section {cm?/per bit),
< Test Level - no SEU or Latch-up - reports results obtained
against test energy in MeV followed by the average Cross
Section value in cm?¥per bit for all tests performed at that
device/site or the < value which mean no SEU observed but a
test level given or LATCH which report the device to latch-

up.

13)  Remarks & Ref. - reference to previous published
ESA papers [1] to [10] or test related information.

HI. SEE Test Systems and Test Facilities

In general dedicated radiation memory test systems
were used during most of these tests. Details of these test
systems can be found in references [1] to [10]. However, for
ali tests, if nothing else is stated, Vdd = 5.0 Volt, a 50/50 test
pattern was used and all bits tested. Testing was carried out in
air on lidded devices with the incident beam normal to the lid
surface.

Today, ESA primarily supports two European test
facilities, the Proton Irradiation Facility (PIF) at PSI,
Switzerland and the Heavy Ion Facility (HIF) at UCL,
Belgium. Details of the PIF set-up can be found in [11]
whereas the UCL test site also offers proton testing as detailed
in [12]. The VEC facility does not existing anymore and
SATURNE {13] has not been used by ESA since 1992.

"~ TV. Discussion

Most proton data presented here were obtained on
commercially available devices, where no or very little
traceability exists. Device marking and die details, as given in
the table, identify what has been tested. So before using any
data, careful check should be made to establish the exact
device type. However, external marking is often not enough
identification, if different dies have been used over the years.
For example, the Meteoset experiment and the ERS-1 PRARE
instrument failure were difficult to simulate due to a large
spread in ground test data and uncertainty in exact die type
flown [5]]6].

Furthermore, most devices were tested as received
without any electrical characterisation, only functionality was
checked. This lack of screening probably also explain some of
the spread in data within groups.

All cross section results are given in cm? per bit for
single bit upsets only. Multiple bit errors. row, column and
block errors or any other types of errors, has been removed.
Where errors clearly can be classified to one of these groups a
comment under “Remarks” has been added.

There are significant points of interest in the table,
some of which are briefly highlighted below.
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SEE Testing

In general for high capacity SRAMs and DRAMs, the
difference between cross section values for the highest energy,
often 300 MeV, and the lowest, often 30 MeV, is less than a
factor 1.5. This means that the threshold energy must be
much lower so future testing require energies below 30 MeV.
Recent low voltage testing at UCL, as shown in the table, was
carried out over the energy range 20 to 60 MeV. Now a larger
difference in cross section was observed but still not enough
to determine a clear threshold value. So future proton testing
probably requires even lower energies!

Multiple Upsets Within a Word

Detail analysis of error records obtained on 128K8
and 512K8 SRAMs from the PSI9405 campaign revealed
multiple upsets within a single word on two device types. The
NEC 128K8 showed 2-bit word errors at 300 MeV and at 200
MeV whereas the Hitachi 512K8 showed 2-bit word errors at
all energies, 3-bit word errors at 300/200/100 MeV and one
4-bit word error at 200 MeV. Previously 2-bit word errors at
300/200 MeV was also observed in Hitachi 128K8 devices.

No multiple upsets within a single word were found
for any of the DRAMS tested.

Stuck Bits

So far no stuck bits were experienced in any of the
SRAMs tests whereas a few can be reported in 16-Mbit
DRAMs. As detailed in [9],and indicated in the table, only
Hitachi devices showed this effect.

Row/Column/Block Errors

Apart from a single block error at 200 MeV in a 16-Mbit
Luna “E” DRAM from IBM and a number of row, column
and block errors at 300 MeV in the 16-Mbit Luna “C” DRAM
{9], none of the other tested DRAMSs or SRAMs showed any
proton related row, column or block errors.

UV-EPROMs

During heavy ion testing in read mode, six UV-EPROM
types showed latch-ups. Proton tests of these six types at 300
MeV revealed none of them to latch-up. However, one type
showed address errors as further detailed in [10].

FLASH-EPROMs

In the read mode of testing, two Intel FLASH-EPROM
types showed latch-up during heavy ion tests. With 300 MeV
protons, none of the tested types, including Intcl, showed
latch-ups or SEUs.




EEPROMs

Only write mode of testing was carried out on the listed
EEPROM types. As can be seen in the table. three types
passed the 300 MeV testing without errors, all other tvpes
showed SEUs as reported.

V. Conclusions

As mentioned in the introduction, the main purpose of this
paper is to provide the space community with a large body of
proton SEE data. As also stated, ail data were taken by the
European Space Agency and presented in a summary format
without references to similar published data by others. It is up
to the user to compare and use the presented data, and it is
hoped, that the format provides sufficient information in a
user friendly way, are easy to read and will be useful to many
designers and engineers.
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