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Abstract| Traditionally to map out device sensitivit y with
submicrometric resolutions one uses a microb eam. Recen tly
lon Electron Emission Microscop y has entered the scene and
app ears to be a promising metho d for device characteriza-

tion. An advanced implemen tation of this instrumen t is
under developmen t at the SIRAD irradiation  facilit y. This
pap er prop oses a test exp erimen t based on Commercial O®

The Shelf (COTS) SDRAM for this IEEM con guration.
The goal is to measure the IEEM performance with a refer-
ence, well known, device. The electronic setup implemen ted
for this purp ose is here presen ted in detail and the results of
a preliminary  single event upset exp erimen t are rep orted.
These tests, performed on di®eren t SDRAM chips at the
Darmstadt GSI Lab oratories, demonstrate the feasibilit y of
the test for IEEM based on these devices.

Index Terms| IEEM, SEE, SDRAM, COTS.

I. Intr oduction

The characterization of electronic deviceswith respectto
ionizing radiation by meansofits global SingleEvent Upset
(SEU) Cross Section (CS) with respect to Linear Energy
Transfer (LET) is in many ways inadequateto understand
the more subtle aspects of the local device behavior.

A more sophisticated approac consistsin scanningthe
Device Under Test (DUT) with a microbeam in order to
obtain a map of the sensitive areas of the device. This
method is well establishedbut it requiresa very complex
setup to focusand direct the beamwith lateral resolutions
better than a micron with a very low and stable °ux. An
alternative approadc is basedon the use of lon Electron
Emission Microscopy (IEEM) [1]. This method consists
of irradiating a large portion of the DUT and recording
the coordinates of the ions impact points. The ion impact
position is obtained by collecting the secondary emitted
electrons, generatedduring ion impact. A system of elec-
trostatic lensfocusesthe image on a two dimensional elec-
tron detector such as a Micro Channel Plate (MCP), as
shawn in “gure 1.
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Fig. 1. SIRAD IEEM con guration

The SIRAD facility [2] implements an axial IEEM con-
“guration [3]and a MCP+phosphor electrondetector. The
photons emitted by the phosphor are then focusedonto a
two dimensional photon detector and the map of the ion
impacts is nally reconstructed. The correlation between
the single event upsetsin the device and the coordinates
of the surfaceimpact points is the basisof the local device
characterization. However the passivated and rough sur-
faceof a deviceis not a reliable secondaryelectron emitter.
Thin metallic layersor special electronemitting laminas, to
be superimposedto the DUT, are being considered,but in
any casethe e®ectsof the lamina must be experimertally
guanti ed, in particular the degradation of the e®ectiwe
lateral resolution and the ability to locally characterize a
microelectronic device.

This paper describes a test system for the SIRAD
IEEM con guration basedon a Commercial O® The Shelf
(COTS) SDRAM. The goalis to verify the IEEM charac-
terization performanceusing a reference,well known, de-
vice with particular attention to the e®ectsof the lamina.

Il. Test description

Last generation SDRAM devicescontain a large regu-
lar array of small cellswith sub micrometric feature size*.
The low LET threshold, the relatively high value of the
plateau CS? and the short accesgime to verify SEU make
these devicesgood candidatesfor the use as referencede-
vices for IEEM tests. A typical experiment will consist
in irradiating a large fraction of the device 7 ¢10' 4 cm?
with a °ux of about 107 ions=(cm? ¢s), quite compatible
with the IEEM data acquisition system. This implies that
about 10* cells in the exposed area have to be scanned
in lessthan 10 ?s to statistically ensurethat one SEU is

1 Cell area» 10'm 2, feature size » 0:1'm
2 LET ¢ » 1MeV ¢cm2=mg, CSp » 10i ® cm?2=hit



correlated with a single ion. To guarantee syndroniza-
tion betweenlEEM events and SEU on SDRAM a trigger
system could be provided.

Post processingof the acquired database produce the
sensitivity map of the explored areathat can be compared
with maps, obtained from previous experiments at other
facilities, and the device layout structure information to
verify the IEEM performance. The small feature size of
the memory cell and the high regularity of the array allows
oneto usesophisticated analyses,such as Discrete Fourier
Transform (DFT), to extract the lateral resolution of the
IEEM for di®erent laminas.

IIl. Test system

In order to test the SDRAM cell array for SEU matching
the requiremert imposedby the IEEM ervironment a cus-
tom Test Board (TB), shawn in "gure 2, has beenimple-
mernted. In order to obtain maximum readout speedusing
SDRAM advancedinput-output features(burst mode, self
refresh, etc.) the TB is basedon a Field Programmable
Gate Array (FPGA). A custom processor,mapped in the
FPGA, is ableto handle read and write operations on ead
cell plus complex test proceduresas

= write an internally generated pattern® on block of

cells;

> read a block of cells;

= compare a block of cells.
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Fig. 2. Test board block diagram

In particular, the compareoperation veri es the cell sta-
tus comparing the cortent of the cells of a referencede-
vice (Cold DUT) with the corresponding onesof the DUT.
The results of the compareoperation, that is performedin
burst mode at the full speed of the hardware, are stored
in a FIFO. After a compressionprocedure only SEU in-
formation is transmitted to the Test Control PC (TCPC)
through a custom high speed interface. To overcome lo-
gistic requiremerts the custom interface supports TCP-IP
Ethernet connectionallowing TCPC to remotely drive the
test. Using this con guration the cellsin the IEEM ex-
posedareaare scannedin 10 3s. An extra overheadtime
needsfor transmitting results to the TCPC. This time,
proportional to the number of SEU, is generally negligi-
ble in the IEEM application since no more than 1 SEU

3 Testswas performed with chedkerboard, all 1sand all Os patterns

is expected at ead scan of the irradiated portion of the
device.

The TB cortains dedicated circuitry to monitor DUT
data bus status in order to detect possibleAnomalous Bus
Access(ABA) forced by Single Event E®ect (SEE). The
DUT supply current is also monitored separately for the
core and the periphery with a circuit designedto capture
the fast variation of this parameter related to the inter-
nal circuitry activity in order to promptly detect anoma-
lous condition such asSingleEvent Functional Interruption
(SEFI) [4] [5] and Single Event Latchup (SEL) [6].

In the physical implementation the restriction dueto the
vacuum ervironment was considered. In particular heat
sink and out-gassing problems have been addressedwith
an appropriate methodology.

IV. Preliminar vy test

Preliminary tests have been performed to verify the
test equipmern in a real environment and to characterize
SDRAMs from di®erert manufactories. The setup usedat
the GSI Darmstadt Laboratories is sketched in "gure 3.
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Fig. 3. Beam line setup at GSI Laboratories

The DUT was in air. A 25!m thick Kapton window
wasprovided to maintain the vacuuminside the beampipe.
The Kapton wasaluminized (5*m ) to prevent leakageand
electrostatic discharge. Behind the window there wasa col-
limator of the samesize of the die in order to reduce the
beamspot beforeit passeghrough the Multi Wire Propor-
tional Chamber (MWPC). In this way, the MWPC cournts
the samenumber of particles that will strike the die. The
MWPC has very thin Kapton walls (15'm) in order to
minimize beam scattering and energy spread. During the
test it provides the average °uence on the DUT allowing
test cortrol and runtime processingof data. The beamdis-
tribution was also recorded for a detailed analysis during
post processing. Alignment of the DUT with the collima-
tor and the beamspot wasveri ed with an alumina target.
At high intensity the beam image was obsened through a
cameraand aligned with the remote controlled DUT posi-
tioning system.

The ion speciesusedfor the characterization was 2°¢Pb
with a nominal energyof 150M eV=AM U that corresponds
to a LET of 40M eV ¢cm?=mg on the DUT surface. The
test procedureis sketched in the °ow diagram in gure 4.



In order to prevent pileup of SEU and to monitor SEFI
the DUT irradiation was split into seweral stepsin order
to have few hundred of SEU for ead scan of the whole
memory array.
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Fig. 4. Test °ow diagram

During the experiment seweral chips were tested. Man-
ufactory, part-name, and die revision are reported in table
l.

TABLE |
Devices used in the tests

the MWPC. In this run the beam spot was cornveniertly
misaligned with the DUT and this condition, revealed by

the SDRAM, is con rmed by the MWPC.

Y[mm]

I 6000 --
I 5000 --
I 4000 --
I 3000 --

200.0 --
100.0 --

700.0
600.0
500.0
400.0
300.0
200.0

Part name H Foundry ‘ Pad<age‘ ID ‘
KM48S80030DTC || Samsung| TSOP | SCxx
KM48S80030DTD || Samsung| TSOP | SDxx
HM5364805TTB60 || Hitachi TSOP | HBxx

In table Il are listed the "nal results of the test for eac
chip. The SEU total CS ("#) is reported together with CS
(") for up transition and CS (#) for down ones. Multiple
Bit Upset (MBU) consider events where more than one
bit in a memory word °ips in a irradiation step. A SEE
was considereda SEFI when, at the end of an irradiation
step, the number of errors was of the same order of the
number of cellsin the array. In this casethe test pattern
was refreshedand cheded beforerestarting irradiation. In
some casesa chip initialization procedure was neededto
restore proper operation.

Figure 5 shavs the map of a typical SEU distribution on
the four memory banks of the DUT. Logical addressesof
memory cells was reordered considering the physical lay-
out.

It is worth noting that the solid line on the third bank
corresponds to an addressingerror induced by radiation.
In detail it is possibleto recognizethat two rows of cells
were swapped probably becausea SEU occurred in the
DUT addressinglogic. The imagein "gure 5 can be com-
pared with that of "gure 6 represening the beam distri-
bution on the DUT obtained processingdata collected by
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Fig. 6. Distribution of the beam on the device obtained through the
MWPC

V. Conclusions

The test performed at GSI shows that:

2 the electronic equipmert realized for the SIRAD fa-
cility can be exciently usedto test the IEEM perfor-
mancebecauseof its capability to readout SDRAM at
high speedin a radiation test environment;

= the analyzed SDRAM does not su®er SEL, even at
relatively high value of LET,;

= SDRAM sensitivities to SEFI, MBU, and ABA are
several orders of magnitude lower than the SEU sen-
sitivit y. Under these conditions the "noise" induced
by these everts is negligible and does not a®ectthe
performanceof a detector basedon SDRAM,;

2 it is possibleto obtain a micrometric map of a heavy
ion beam;

2 the small feature size of the memory cell and the high
regularity of the array allow oneto use sophisticated
analysistechniques.

In conclusionthe SDRAM capability to work asa heavy
ion detection system with micrometric spatial resolution
demonstratesthe feasibility of a test system for measur-
ing the performanceof an IEEM and study the e®ectsof
various types of electron emitting laminas neededfor mi-
croelectronic targets.

The millimetric resolution of the MWPC doesnot allow
the mapping of the SDRAM details. To use SDRAM de-
vices as a referencefor IEEM test an accurate map of the
sensitive area could be provided by a microbeam. This is
the next objective we are going to address.

The next step towards the complete implementation of
the test systemis the integration of the TB with the IEEM
electronics. In particular a trigger systemis under devel-
opmert to provide a time correlation betweenlEEM and
TB data acquisition.



TABLE 11
Test resul ts at the GSI facility

?@EU # ‘ ?@EU ) ‘ %EU # %BU %EFl ‘ ?/;BA
DUT Fluence [cm?/bit] [cm?/devV] [cm?/dev]
10 9 10 8 105 | 106
SC1 949000 3.680.5 | 1.580.5| 2805 4280.7 | 3.1805| 983
SC2 1289000 5.581 2581 381 681 21804 | 682
SD1 1864000 8.481 481 4581 1081 681 <13
SD2 1441000 8.58 1 4581 481 9§ 2 581.5
HB1 1454000 1080.5 | 5.580.5 | 4.580.5 481 1.980.4 8.3
HB2 964000 9.780.5 | 5.580.5| 4.580.5 280.5 <24
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Fig. 5. Distribution of the SEUs in the memory matrix respecting the cell physical position
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