Single-Event Effect Performance of a Conductive-Bridge Memory EEPROM
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Abstract: We investigated the heavy ion SEE characteristics . . . . . . .
of an EEPROM based on CBRAM technology. SEF! is the IRRADIATION DETAILS SBU in the CBRAM cell is possible, consistent with previous studies on test structures [16], [17]. CONCLUSION
: : However there are key distinctions for the SBU observed here. For the standalone memory product here,
dominant type of SEE for each operating mode (standby, th f vl ble state for th t stor is dur ther th The t -
read-only, write/read). We also observed single bit upsets in We irradiated four parts in vacuum at the Tabe I gkl wWilliEiedls steie folr e elttizss welisizielr s RN e sl Wl giiogleint, e deltisirels The CBRAM appears to be hardened against heavy ion-
4 J P : Heavy ion characteristics with reverse biased drain are located in the same row as the target cell to be erased. As a result, a SEU : - :
the CBRAM cell, during write/read tests. the SEU LET Lawrence Berkeley National Laboratory | f i _ ! ikalv ch Y | ok it S ! - Induced bit upset when powered off or in standby mode,
threshold is between 10 and 20 MeV-cm?mg, with an upper (LBNL) Berkeley Accelerator Space Effects SN CET e i & rom the access transistor will likely change a cell irom a low resistive state 1o a high resistive state. errors unlike floating-gate or trap-charge flash and EEPROMSs. The
_ 5 > > ) : : lon gy 9 of the opposite polarity will be less likely. However, the fact that we see errors of both polarities raise ‘i ot
fluence limit of 3 x 106 cm2 at 10 MeV-cm?/mg. In the (BASE) Facility with a cocktail of 16 MeV/amu (MeV) (MeV-cm2/mg) (m) _ - X e e i Hle th by e r ot SEFI response is similar to existing EEPROM and flash
standby mode, the CBRAM array appears immune to bit heavy ions. Table | shows the heavy ion beam questions about the origin of the SEUs. It Is possible that some of these SEUs are due to unidentifie technologies, with error modes that include page errors,
- information, including the ion specie, energy Ne 253 3.1 225 buffer upsets. A larger sample size is needed to investigate the SEU characteristics further. Nonetheless, mass memory errors, device hang-ups, etc. However, unlike
. . ] b) ] Ar 642 7.3 256 . -. . . . . . . b ) " . . ]
linear energy transfer (LET), and range. < i e P the results show that ion-induced cell corruption will not be the primary concern for space applications modern flash devices, the CBRAM show similar SEFI
We also carried out pulsed laser testing at Xe 1955 49 3 148 sensitivity for program, erase, and read operations, owing to
MTRODUETION oot e reton i 890 m SINGLE EVENT FUNCTIONAL INTERRUPT e ot s
Lomducilye-adees (RN EEuiss  METEy [(CERA) 5 e Table I reduced sensitivity to destructive SEE during write/erase
programmable metallization cell (PMC) memory in the family of SEFI characteristics. : - :
resistive memories [1]-[4]. The scaling limitations of flash spurred the DEV|CE DETA”_S o_per_gtlons. T_he vulnerability to SEDR 'S_ reduced
introduction of alternative non-volatile memory technologies. The 10™ P Test Mode Recovery  Data Characteristics significantly, since the CBRAM does not require charge
CBRAM has shown advantages in performance and scalability relative , , ~ | radiated with 16 Meviamu heavyfons 3 method  Loss? pumps for high voltages program/erase operations. Also, the
to other alternative non-volatilie memory technologies [2]. Additionally, Vaose > Vostnose | ' Varose < Veunose & 10-5;_ Test Mode J Cleared on 1) address counter offset by 1 byte fact that the CBRAM is fabricated BEOL on a standard
the resistive elements can be fabricated back-end-of-line (BEOL) on Melal fon From| Metel Ao g O el s Dynamic  read No  throughout read in one case - - i
CMOS processes [1]. Therefore, it can be more easily integrated into :Dm Conducive — WL .§ ] - et red 2) random and FF errors in other cases CIDS [PUOEEES SUCEESS I GaLlE b elzvEianee. e & quce
existing CMOS wafer fabrication lines. The rapid development in ® i(,_,,.m Y a O 10°F - 1 Static and 1) mass errors that read all 00 or FF 2) a gr_a_de product. _The manufacturer or Other appropriate
resistive memories has expedited the release of commercial-ready ; 2 | te ﬁ . % : D?r:;r?]?c Power cycle No  stuck address error military/space chip manufacturers can potentially transfer the
products. The CBRAM from Adesto Technologies is an electrically o TR S 107F 3) a stuck bit error. CBRAM technology onto a radiation-hardened platform
erasable programmeableread-only memoy (EERROM)ILI [41n(5] sotom Elecioe | Bt SLor Anods © | 1 YIS G KSR Sl b (5 Ol without a complete redesign of the fabrication process. This
The CBRAM offers a promising alternative to traditional charge- NPT PUN N ot Static and | JE IO LIS | L ,
e o Artiieasais edimsets T Swes cuiEins, cus o fe i | Foure 4. 1TIR implementation of the 0 20 40 6(2 30 100 Dynamic Rewrite Yes (Zz)sg?gslzclzh?nngﬁg \éggueesal;oclll?(\;vg%ggr\;ver dIStInC_’[IOH _pffe_rs another ac!va_ntage for the CBRAM'’s
intrinsic radiation tolerance. Previous studies found that the Adesto Figure 2. TEM image (image courtesy Figure 3. Working principles of the CBRAM gBEAgIL Prlograan': m_ aLnOI Sllé o -b\i/?nS_e'OI LET(MEk cmimg) vzllues in another case’ potentlal JilizEem fon space MISSIONS. : :
CBRAM EEPROM is error free up to 450 krad(GeS,) of gamma rays, of Adesto). technology. Mo S L, S s e e, . , _ | The memory architecture for a high density CBRAM
: _ 110 ok s [t =l PLIlsEs OBy i mlighl. Figure 6. SEFI cross section vs. effective LET for parts ; et ae : . i i
and up to 3 Mrad(CaF,) of 10 keV x-rays [13]-[14]. The device is also irradiated while continuously exercised or statically biased. device will likely differ significantly than the device studied
hardened against displacement damage up to 10** n/cm? of 1 MeV The RM24C from Adesto Technologies is the industry’s first stand-alone EEPROM built with A G5 CECHIETIS Ll SIS B G50 S et i Figure 6 shows the SEFI cross section vs. effective LET here. As the technology progresses, the size of the CBRAM
equivalent neutrons [14]. Other studies suggest that single-event upset CBRAM technology [1], [4]-[5]. The EEPROM is available in 32, 64 or 128 Kb. Figure 3 shows a for static and dynamic test modes. Table Il categorizes the stack will shrink and the cell-to-cell noise marain will
(SEU) at the cell level can occur, due to upset of the access transistor : : : : : : : : : : : . L. J
HEHATL We evausly Inesiee ie 558 e 6 e schemat!c d_lagram llustrating the _physmal me_chanlsm of the CBRAM. Figure 4 shows a Error Bit Map SEFIs. A potentially dangerous SEFI occurred during static decrease, both aspects could impact the radiation tolerance.
microcontroller with embedded reduction-oxidation memory [15]. There schematic diagram of the one-transistor-one-resistor (1T1R) architecture of a CBRAM cell. To Irradiation and resulted in data loss. Figure 7 shows an
is yet to be a comprehensive SEE evaluation of a stand-alone resistive program a cell, the Word Line (WL) and the anode or Select Line (SL) is High. The Bit Line (BL) ater st biased 512 1024 example of such an event. The memory was programmed
memory product. Here, we investigate the SEE susceptibility of a pulses High to Low, which forward biases the CBRAM. To erase a cell, the WL is high, and the SL rredater Y /s Sealedby® (lom BIsEbies) with a repeating AA pattern. After the irradiation, all of the
feocmhnmoelgcgsl EEPROM, the first stand-alone memory based on CBRAM is low. The BL pulses Low to High, which reverse biases the CBRAM. @ 2 page: 32 address errors 2 address errors O memory space read FF (top). A power cycle cleared most of
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Tester: ARM Cortex-M4-based : Irradiated with 16 MeV/amu heavy ions SBU ch e cycle cleared most of the errors, except for two pages (34 addresses) proauce errors in an entire page or severa consecutive technical discussions and support
32_b|t mlcrocontroller 0 eratln at & ' Single-event functional interrupt : characteristics: and two other address errors. F th - th I t
_ P g £ 15| e ] —— Ry pages. Furthermore, in some cases, the supply curren
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