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Edward Abstract: Single-event effect (SEE) test data Is presented on the Analog Devices ADV212.

. Wilcox

Focus Is given to the test setup used to improve data quality and validate single-event latchup (SEL) protection circuitry.
Introduction First Heavy-lon Test Results Second Heavy-lon Test Final Results and Data Comparison
Single-event effect (SEE) testing of microelectronic devices serves two sometimes- The ADV212 was first tested at the Texas SEL C Sect BT The ADV212 was retested at the Texas A&M Cyclotron Facility in 2016, with the heavy With_the |atChu_p recovery circuitry and external Shut.ter added, data revealed a higher SEL sensitivity than observed in
overlapping purposes: to determine if susceptibility to a specific destructive A&M Cyclotron Facility in 2013, where it 1x101 ¢ ross-section vs ions listed in Table 2. Most test runs were conducted with particle flux set as low as the first test. Single-event latchups were detected with an LET as low as 1.3 MeV-cm?/mg and no threshold was found
ohenomena exists [1], and to estimate the rate at which a phenomenon will occur. was irradiated with a broad range of ions X reasonably obtainable while maintaining uniformity and stability. Typically, this was where the device couI(_JI opergte Wlthoqt latchup. Acomparlson of the new data (F|g.24) with the old (Fig. 2) shows more
Single-event latchup (SEL) testing is typically performed with the goal of verifying using the 15-MeV/amu tune. Testing quickly : ® SEL Data T between 100-200 particles/cm?/s. than an order of magnitude diiference in SEL cross-section at low LET (<10 MeV-cm/mg).
that the device does not latchup under heavy-ion irradiation, often with increased showed that the device is highly-sensitive & 1x107? ; = = =-Weibul Fit ’ 0
voltage and temperature (a worst-case condition). Single-event upset (SEU) testing to single-event functional interrupts (SEFI), £ : % _____________ T Table 2: Heavy lons Used at Texas A&M 1x10
thorOL_lgth (_:haract_erl_zes sensitivity to a recoverable data upset such that, _vvhe_n many of which were Identlfl_ed as single- c 1x103 LT "_____-—-""' | Nominal LET |Range in
combined with a mission profile, one can generate an error rate (for example, in bit- event latchups based on their high-current O P e L lon (MeV*cm?/mg) |Silicon 1x101
errors per device-day) [2]. state and necessity of a power cycle to g ’ g —~
resume functionality. Other upsets, like bit » 1x10% ! N 1.3 428 uym g 1x102
. o o
Ideally, a part susceptible to destructive effects like SEL would be identified and EITErS 17 Gkl TEmEs HiEls el Molse. 3 : Weibull parameters: Ne 2.7 316 um S
replaced during the design stage. However, for a variety of reasons it may not be " O 1x10° | LET Threshold > 1.3 MeV-cm?/mg Ar = 3
desirable to substitute an alternative part. For this test, we first identified a \?Vggci:gt’etrrﬁntehéei’goIgefO; |?itr(]:£1:rp (S:]/grms : Limiting Cross Section = 2.37x102cm? | 13 229 pm é 1x10
susceptibility to SEL, and then implemented a test setup to fully characterize the 9y ) Shape = 0.723; Width=990 Ag 42.8 156 ym ” .
. o transfer (LET) of between 1.3 and 2.7 MeV- 1x10© | | 7 4 |
SEL rate and verify functionality after a large number of SEL. 5 . . R R S Xe 3 1x10 I .
cm?/mg, far below the typical requirements 0 20 20 50 50 100 52.3 156 pym O : — = SEL Fit 2016
. for approval. No parts were ever irreversibly _ , Ho 70 156 um O I Weibull Parameters: i P SEL Fit 2013
Device Under Test damaged during testing at LET up to 85.4 Linear Energy Transfer (MeV-cm?/mg) - 1x10°5 LET Threshold = 0.1 Mev-cméimg . CRe
MeV-cm2/mg. The data showing SEL cross- Ei > =Bl i th Weibull o t u 86.3 155 ym Shape B rtttaalipes
Table 1. Summary of Device Characteristics section and a Weibull curve fit are graphed igure & cross=section wi CIbUI CUIVE TIL and parameters 1x106 I 4 SEF
P/N: ADV212BBCZ in Fig. 2. For this test, larger fluence levels were possible for each beam run because multiple SEL 0 20 40 60 30 100
events could now be recorded (and automatically recovered from) while the beam was i c T for (MeV-cm2/
MFG: Analog Devices temporarily blocked by the optical shutter. For improved statistics, runs were conducted Inear Energy Transfer (MeV-cm</mg)
Type: Video Codec until several hundred SELs were observed, which typically resulted in an effective fluence Figure 4. Chart of SEL, CRC, and SEFI events vs. LET
TESt Setu p Im p rovem ents between 2x10% to 5x10° particles/cm?. Because the external shutter was closed for each
LDC: 1216 & 1220 _ - o _ _ SEL recovery, an adjustment was necessary to the facility’s fluence data. By accounting A continuous run with over 1000 detected and recovered SEL was performed at an LET of 42.8 MeV-cm?/mg to
Process: 180nm CMOS Because thhe F_)alzt was ddesmed de5|ﬁn—crltlcal, adn automap;: fallurﬁ_-dhetectlon and recovery s¥stem was implemented ?n—board to for the time spent with the external shutter closed, an estimate of the fluence incident on demonstrate the ability of the ADV212 to recover successfully from a large number of latchup events without apparent
Package. mltlgate_t ﬁ fS Ipose y SEL' T2 SR etelcts he't era hig Icurlr.ent ﬁ_r E‘ SEres 0 consEcu_tlveI bad datg ramgsl and the actual die could be calculated. Care was taken to minimize the percentage of time damage.
ackage: 144 BGA au_t_omatlc_a y cycles power to t_ e ADV_212. Because latchups cause a loca |ze_d igh-current event, physical damage is pc_)ssm e [4]. spent with the shutter closed to minimize any error from this adjustment.
| | | | | Initial testing had produced no irreversibly damaged parts, however the reset time for each test run precluded demonstrating a large The external shutter’s functionality was validated with several beam runs to a fluence of 1x107/cm? with the shutter kept
The ADV212 is a single-chip CMOS JPEG2000 codec for video and image number of latchups. A second round of testing was necessary to validate the detection-and-recovery circuitry, demonstrate that one -
) - S _ _ : closed. As expected, no errors of any type were noted during these runs.
compression applications. Internally it is a complex device with multiple thousand SEL cycles were possible without failure, and to better characterize the SEL cross-section.
interconnected digital blocks, including a processor, random access memory ACro nymS Newly observed on this test were irreversibly-destructive events. These were found at high LET (above 42.8 MeV-
(RAM), Interconnecting data buses, gnd dedicated data processor circuitry [3], Latchup tests are commonly performed until a single failure is observed by the test engineer, and then the beam run is ended and cm2/mg). With an LET of 52.3 MeV-cm2/mg, a device survived the 1000 SEL test, but failed after an additional test of
each potentially subject to numerous single-event effects. the part manually reset. The test facility’s shutter system can be externally operated, but is much slower than the on-board recovery BGA = Ball Grid Array MeV = Mega Electron Volt 896 cycles. To alleviate concerns about dose or heat-related effects, a fresh device was irradiated with gold (LET of 86.3
system. As a solution, an external Thorlabs SH1 optical beam shutter [5] was attached to the board over the exposed device. This BT = Bipolar Junction Transistor PRBS = Pseudo-Random Bit Sequence MeV-cm2/mg) and it failed completely after just 7 SEL cycles. Additional devices failed at LET in between.
® shutter, intended for optical benches, features a 60-mil aluminum shutter (sufficient to block all ions of interest at the energy levels CMOS = Cgm lementary Metal Oxide RAM = Randomn Access Memor %
Y I *‘EEJ a’l’:,f:“’h‘f' y - used), and has a 1" aperture. It closes in less than 30 ms when triggered by the latchup detection circuitry. After the ADV212 Semi_condugtor Y REAG = Radiation Effects & AnZIysis Other error signatures observed during testing included cyclic-redundancy check errors (CRC) during data processing of
R R L - successfully_ reboots, the shutter is re-opengd aI_Iowmg pgrtlcl_es to strlke_ the c_iewce again. The shutter,_r_nounted to the test boar_d CODEC = Coder/Decoder Group the image frame, and SEFIs that did not cause the high current levels indicative of a latchup. Except at very low LET,
| 5. and placed in front of the Texas A&M beamline, is shown in Fig. 3, held firmly in place with a clamp. A Xilinx ML510 FPGA board is CRC = Cvelic Redundaney Check SEE = Single-Event Effects these events occurred less often than the SEL events (Fig. 4).
=1 again used to control the DUT, provide sample data, and provide data to the test engineer’s computer. DUT = ngice Under Testy SEF| = Sing e-Event Functional Interrunt
1'_-__E g GSFC = Goddard Space Flight Center SEL = Sing?e-Event Latchup P Rate calculations were prepared for a pola_r, Iow-Egr_th orbit representative_ of the intended application using CREME96
oL ~ 1’ LDC = Lot Date Code SEU = Single-Event Upset [6] and _compa_red W|th those_ generated using the initial data set. The estimated SEL rate was shown to be more than
-_:_ | LET = Linear Energy Transfer TAMU = Texas A&M University Cyclotron twenty times higher with the improved data.
'_F’ Table 3: On-Orbit Rate Estimate Comparison
- Ry . . . .
ol ) L —px References Rate Estimate Comparisons with CREME96
[1] F. W. Sexton, "Destructive single-event effects in semiconductor devices and ICs," in IEEE New Data Old Data
_ _ Transactions on Nuclear Science, vol. 50, no. 3, pp. 603-621, June 2003. R ble SEL > 94 10_1 108 10_2
: : . . : : . . L. " icti ' ' ' ecoveraple . 94X .2OX
Figure 1: Packaged ADV212 with superimposed die outline obtained via x-ray [2] E. L. Petersen, "Predictions and observations of SEU rates in space," in IEEE Transactions on

N : : : 8, Nuclear Science, vol. 44, no. 6, pp. 2174-2187, Dec 1997. i 5
(left), and test-ready ADV212 after nitric acid decapsulation (right). 3] Analog Devices, ADV212 datasheet, Jan. 2017 [Rev. C]. Destructive Events 4.97x10 0
[4] H. N. Becker, T. F. Miyahira and A. H. Johnston, “"Latent damage in CMOS devices from single- Conditions: Quiet, Solar Minimum
A test apparatus featuring a Xilinx ML510 board was used to control and o | _ g\égrzn latchup," in IEEE Transactions on Nuclear Science, vol. 49, no. 6, pp. 3009-3015, Dec Or!oit:?OS-km Po-Iar |
SOMIMUMIEENE WlLN & [pElr O ADVZTZS = Ot LAk [izelEion, el en2 prEisaeE) (@ el | > —— [5] Thorllabs Inc., “SH1 and SH1/M 01” Beam Shutter User Guide,” Jan. 2017 [Rev. C, June 30 ede o Aumnem
so-called “golden” part). A pseudo-random bit sequence (PRBS) was fed into both ' 2014] P ! ' C ’
devices to represent a raw image frame, and q cyclic redundancy check (_CRC) [6] A. J. Tylka et al., "CREME96: A Revision of the Cosmic Ray Effects on Micro-Electronics Code," Su m m ary
used to compare the output of the compressed images to each other. The image in IEEE Transactions on Nuclear Science, vol. 44, no. 6, pp. 2150-2160, Dec 1997.
Sl WES AR plxgls, e TR s e apprommqtely =0 framgs PET AC kn OWI ed g men tS The data show that the ADV212 has a significant cross-section to SEL, SEFI, and SEU even at very low LET. However,
SOOI, .an(;l iz cr?mhpressmrtl Ievecll.;/_vas s tg 2t0. tA gy CSIC dlsc(;e?ancg, fgllure © It was also demonstrated that, with proper over-current detection and recovery, the device can withstand well over 1000
communicate, or high-current condition was detected and logged. 1he device was Ll - SEL events without catastrophic failure. A risk of failure exists, but only for particles with an LET > 42.8 MeV-cm2/mg.
operated at nominal voltage levels (1.5 V..., 2.5 V,;) and at room temperature. The authors thank the Radiation Effects and Analysis Group at NASA Goddard Space P y P 9

: Flight Center for their assistance with travel and facility arrangements, engineering The testing method shov_vn provides a means t_o test on—boarql recovery (;erU|try while helping to |m_prove_data _fldellty
o | support, and document preparation with a larger sample size and faster detection of SEL. Finally, the increased SEE cross-section with this test
Figure 3. Optical shutter inserted between beam line and device under test ’ demonstrates the challenges of testing sensitive devices, particularly where human reaction time may be significant
relative to the length of a beam run.

Manual decapsulation with red fuming nitric acid was used to remove the plastic
encapsulant and expose the silicon die (Fig. 1) before irradiation.
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