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SINGLE EVENT UPSET TEST AT THE CRYRINGHEAVY-ION ACCELERATOR �D. Novák, A. Kerek, W. Klamra, L.-O. NorlinRoyal Inst. of Tehnology, Fresativägen 24, S-104 05 Stokholm, SwedenL. Bagge, A. Källberg, A. Paál, K.G. RensfeltManne Siegbahn Laboratory, Fresativägen 24, S-104 05 Stokholm, Swedenand J. MolnárATOMKI, P.O. Box 51., H-4001 Debreen, Hungary(Reeived July 4, 1998)The energy and partile intensity domain of the CRYRING heavy-ionaelerator is well suited for studies of Single Event Upset phenomena.This e�et ours when a harged partile hits a working eletroni iruitand the harge reated alters its state. The radiative environment is oneof the major problems for eletroni iruits in an orbiting satellite. Thesituation is similar for future detetors at the new high-energy physisfailities, like the Large Hadron Collider (LHC) at CERN. The inreasinguse of submiron tehnology in ombination with a lowering of the iruitvoltage dereases the ritial harge for temporary upsets. In this artilethe SEU test setup at CRYRING is desribed, where memories are usedfor testing digital iruit tehnologies. For these tests two types of partileextration is used and two types of sintillator beam monitors (BaF2 andYAP) are desribed. Temporary, soft errors were reorded in stati RAMmemory iruits.PACS numbers: 29.20.Dh, 29.40.M, 61.80.Jh, 61.82.Fk1. IntrodutionThe radiative environment is one of the major problems for eletroniiruits in an orbiting satellite. The relatively large number of hargedpartiles, not only eletrons and protons but also heavy ions either present in� Presented at the International Conferene �Nulear Physis Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1603)



1604 D. Novák et al.spae or originating from the onstrution material, will a�et semiondutordevies. The situation is similar for the future detetors of the new high-energy physis failities, like the Large Hadron Collider (LHC) at CERN[1,2℄. Here, the extremely large number of light partiles, i.e. protons andpions might initialize nulear reations and reoiling nulei ause damage tothe rystal struture. The radiation environment thus will resemble to someextent that of the spae. Also at ground level the energeti light partilesmight ause unwanted e�ets on eletroni devies.
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Fig. 1. The urrent measuring setup2. Radiation2.1. Radiation environmentsAt altitudes where satellites orbit osmi rays are of major onern. Theextremely energeti heavy ions, originating from the interstellar spae haveenergies up to 1020eV and atomi number up to Z = 26 (iron). Theseenergeti osmi rays an ause some problems even at ground level. An-other soure of radiation for orbiting satellites is partiles in the Van Allenbelt, whih ontain geomagnetially trapped eletrons and protons and someheavier ions [3,4℄.Similar problems with radiative environment will arise in the future high-energy physis detetors with front-end eletronis lose to the radiationsoure. The energeti light partiles originating from ollisions in the dete-tors reate heavy reoiling ions whih will irradiate the eletroni iruits[1,2℄.



Single Event Upset Test at the CRYRING Heavy-Ion Aelerator 16052.2. Eletronis and radiationIt is possible to lassify the errors reated by radiation in di�erent ways[4℄. The radiation an ause temporary errors, i.e. the orret devie fun-tion an be restored by rewriting the data or repowering the iruit. Per-manent errors disable the whole devie or a part of it forever. In some aseshowever annealing might help to eliminate permanent errors, but its usageis unlikely on satellites. However ertain self-annealing will always ourbeause of the heat produed during normal operation.The total aumulated radiation damage gradually degrades the perfor-mane of the devie. For example a parasiti transistor an be opened in thedevie, whih results in omplete stop of a funtion and inreased power on-sumption (lath-up). Powering down and up the iruit an eliminate this,but the inreased power onsumption an lead to a total devie burnout. Itis also possible to make a urrent sensing devie whih in advane powersdown the iruit avoiding the burnout.Single energeti ionizing partiles an also ause errors, alled SingleEvent E�ets (SEE). The inreasing use of submiron tehnology in ombi-nation with lowering of the iruit voltage dereases the ritial harge forsuh temporary upsets. The most ommon error of this type is the Sin-gle Event Upset (SEU). In this ase the harge reated by a partile passingthrough a transistor in the devie might be enough to hange the state of thenode, ausing a temporary upset. After orreting the data there remainsno e�et of the upset. Another type of error aused by a single ionizingpartile is Single Event Lath-up (SEL), whih is a loal lath-up. SEL ismore di�ult to detet than lath-up of a whole iruit sine the urrentonsumption inreases only slightly. SEL an lead to loal burnout or aneven esalate to a full lath-up.2.3. Avoiding radiation damageTo avoid radiation damage shielding is a possible solution in some situa-tions. However on satellites the weight and spae is restrited and thereforeit is impossible to shield the eletronis against the energeti heavy ions ofosmi origin [4℄. Similarly in high-energy physis detetors the availablespae is limited and shielding is often not possible beause of the loation ofthe eletronis. Furthermore, partiles an not be stopped by the shielding,beause it would redue the sensitivity of the detetors plaed outwards fromthe eletronis.In radiation hardened iruits speial tehnologies have been developedto avoid the onsequenes of harmful radiation. Devie layout modi�ationsare made to inrease the ritial harge and di�erent monitoring iruits areadded to avoid fatal errors.



1606 D. Novák et al.The major drawbak of using rad-hard devies is their prie, beause ofthese modi�ations of tehnology and the low volume prodution the ostan be ten or hundred times higher than for standard devies [6℄. In manyappliations, like ommerial teleommuniation satellites this is una�ord-able and also lower level of radiation hardness is aeptable. In suh aase radiation tolerant devies an be used. These are manufatured withstandard tehnologies but with similar layout modi�ations and additionalmonitoring iruits as the rad-hard devies.3. Rad-hard tests3.1. Test souresFor heking the Integrated Ciruit (IC) manufaturing proesses forradiation hardness, test setups are needed where the di�erent radiation en-vironments an be simulated [4℄.The gamma irradiation an be produed with di�erent gamma soures.To simulate extremely energeti osmi rays partile aelerators are used.Fission fragments from Californium-252 soures an be used for low-energyheavy ion irradiation. Laser beams an be used to transfer large amounts ofenergy to the devie. 3.2. Test deviesMemory iruits, a major part of all eletroni devies, are high-densityomponents and have a large number of idential ells. All these propertiesqualify them as good test devie for radiation hardness tests.Today CMOS is the most frequently used tehnology for standard ele-troni iruits. The radiation tolerant devies are also manufatured withCMOS tehnology where the ative part of the devie is built up on an iso-lating wafer suh as silion-on-sapphire (SOS) or silion-on-isolator (SOI).4. Rad-hard tests at CRYRING4.1. The test setupThe energy and partile intensity of the CRYRING heavy-ion aeleratoris well suited for studies of Single Event Upset (SEU) phenomena [7,4℄.During the SRAM irradiation the memory is powered and loaded withdi�erent bit patterns. After some time the data in the RAM is read bak,and ompared with the original set of values. If the irradiation has hangedthe data, the memory loation and the bit patterns are saved for furtheranalysis.



Single Event Upset Test at the CRYRING Heavy-Ion Aelerator 1607For the RAM irradiation tests a PC based test setup with operatingsoftware was developed. The software emulates the neessary signals for theRAMs to be tested, generates the test patterns, heks the read values andsaves the registered errors.A speial hip manipulator was built for the tests and is plaed in one ofthe straight setions of CRYRING. It is possible to move the hip relativeto the beam and it is also possible to rotate it in order to vary the angle ofinidene of the partiles.The CRYRING storage ring is not equipped with beam extration fail-ities and the ions used for irradiation purposes have to be deviated from thebeam orbit. Furthermore the multiturn aeleration requires Extreme HighVauum (XHV). This is ahieved by baking all parts of the ring to 250�300ÆC prior to the experiment. Therefore materials and omponents whih areintrodued into the vauum must tolerate that temperature. For instanea speial soket had to be onstruted to hold the hip under test sine nostandard material an be used. The soket is made of MACOR erami withwire wrapped onnetions. The erami pakaged hip is open for the heavyions. 4.2. Extration and monitoringAs mentioned above the neessary prerequisite for this type of tests isthat ions are extrated from the aelerator and guided to the irradiationposition.In the experiments performed so far the aelerated ions are deviatedfrom the normal beam orbit to hit a gold foil perpendiular to the beamby inreasing the �eld of the dipole magnets [8℄. The ions hitting the foilwill satter and reate a shower of partiles on the memory hip and on themonitoring window. A �xed angular relation between the hip to be testedand the BaF2 sintillator monitor allows normalizing the test [9℄.In the near future a muh more e�ient extration will be used. Theharge exhanged ions of the eletron ooler, i.e. ions with harge one unitless than the nominal beam, will hit the devie to be tested and by adjustingthe eletron ooler voltage the time of extration an be regulated. In thisway a onsiderable number of partiles will be guided to the measuringposition ontrary to the existing sattering extration where a large frationof the ions are lost. The harge exhange method will be used for lowintensity �exlusive� ions.The monitoring is made with a YAP rystal whih is also an inorganisintillator, radiation resistant, robust and has relatively high light output.It is plaed on a probe and an be manipulated and the sintillation lightis projeted to a PM tube outside the ring vauum by a mirror and lenssystem [10℄.



1608 D. Novák et al.5. ResultsAs mentioned above the temporary or permanent errors of the SRAMiruit are registered on-line during irradiation. A typial error pattern isshown in Fig. 2 for an SRAM iruit when bombarded with 40Ar ions ofenergy 2.5 MeV/A.
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Memory map of a bulk CMOS 8x8K static RAM (IDT 7164).

Fig. 2. Virtual memory map. The blak areas are the memory ells, where tempo-rary errors of Single Event Upset type were deteted during irradiation.The in�uene of partile type and energy and the angle of inidene ofpartiles are the parameters to be investigated for di�erent SRAM memorytehnologies. In Fig. 3 the angular dependene of the error rate is displayedfor a standard CMOS iruit. A memory ell is assembled by several tran-sistors, usually six, having asymmetri status for memory ontent 0 and 1.This asymmetry is re�eted by the di�erent error rates for logial 0 expeted1 observed or 1 expeted and 0 observed. In Fig. 4 this asymmetry is dis-played for the errors aused by 290 keV/A 40Ar high intensity irradiation ofthe iruit.
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Fig. 3. Number of SEUs as a funtion of the beam inident angle to the hip
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Fig. 4. Number of errors as a funtion of inident partilesREFERENCES[1℄ CMS, Tehnial Proposal, CERN/LHCC/94-38, LHCC/P1, Deember 15,1994.[2℄ ATLAS, Tehnial Proposal, CERN/LHCC/94-43.[3℄ T.P. Ma, P.V. Dressendorfer, Ionizing Radiation E�ets in MOS Devies andCiruits, John Wiley and Sons, In., 1989.



1610 D. Novák et al.[4℄ G.C. Messenger, M.S. Ash, Single Event Phenomena, International ThompsonPublishing, 1997.[5℄ Radiation Hardened Produt Databook, Harris Semiondutor, 1993.[6℄ J.M. Benedetto, IEEE Spetrum, Marh 36 (1998).[7℄ K. Abrahamsson et al., Nul. Instrum. Methods Phys. Res. B79, 209 (1993).[8℄ D. Novák et al., Nul. Phys. A626, 511 (1997).[9℄ A. Kerek et al., Fast Inorgani Sintillators for Beam Diagnostis at ExtremeHigh Vauum, EPAC onferene Stokholm, June 1998, aepted for publia-tion.[10℄ S. Westman et al., A Detetion System for Highly Charged Ions whih haveUndergone Charge Exhange in the CRYRING Eletron Cooler, EPAC on-ferene Stokholm, June 1998, aepted for publiation.


