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Single-Event Characterization of the 28 nm Xilinx Kintex-7
L. Configuration Memory Bits II. Block RAM

Field-P rO gr amm ab le G ate Arr ay u n d e r He avy-I O n Irr a di atiO n . Static configuration memory test performed by configuring, irradiating, and then . Block RAM test was performed by configuring, irradiating, and then reading back the

reading back the device. device.
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David S. Lee o Gregory R. Allen o Gary Swift ° Matthew Cannon o Michael Wirthlin o . 95,343,200 configuration bits assumed; this number is about 10% lower than the . BlockRAM was not exercised in the design or clocked during irradiation.
Jeffrey S. GeOrge . ROklltarO KOga . and Kangsen Huey actual number of bits in the configuration bitstream to account for overhead bits . 25,221,888 Block RAM bits were analyzed.

that have no function in the device.

! Sandia National Laboratories, Albuquerque, NM . A Block RAM reset-like phenomenon would occasionally occur that would affect
?NASA Jet Propulsion Laboratory, Pasadena, CA

3 Swift Engineering and Radiation Services, LLC, San Jose, CA

‘ Center for High Performance Reconfigurable Computing, Brigham Young University, Department of Electrical and Computer Engineering, Provo, UT — of masked upsets through coincident SEUs occurring on one memory cell.

> The Aerospace Corporation, El Segundo, CA

Xilinx, Inc., San Jose, CA - Configuration Cell SEUs BlockRAM SEUs

. Readback of the configuration memory state occurred frequently (on average, eve-

o L. . - and clear (to zero) clusters of 1024 bits. These events were removed from the
ry 15 seconds) while irradiation was occurring in order to minimize the possibility

analysis.
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This study examines the single-event response of the Xilinx 20 nm Kintex UltraScale Field-Programmable Gate Array irradiated with heavy 1ons. Results for
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single-event latch-up and single-event upset on configuration SRAM cells and Block RAM memories are provided.

Cross Section [cm?/bit]
Cross Section [em?/bit]
=)

#
F
;

> y e — L, 1
LR F i - - ~ a = :
. - T ! = - ey

Introduction Dev

ice SEL Results

. The device passes SEL testing at LET = 79.2 MeV-cm®/mg at 95° C and maximum biases, but only ==
This study examines the single-event effects susceptibil- #888  ywhen the hardware reset (PROG) pin is asserted for the duration of the irradiation (this is not a typi- " — ,,x
ity of the Xilinx Kintex UltraScale Field-Programmable cal mode of operation). S
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Gate Array. The Kintex UltraScale 1s the latest FPGA & Agilent Technologies E[ff,'f,f,,‘":,’ﬂm,,,m ' Sc a l i n g Tre n d <
offering from }i(lhnx, built fOIL'TSMCkS. 20 nm, 2OS_OC L . A high-current event on the core supply (VCCINT, 0.95V) | [t v/ COM - | eV
Pprocess [1] The purpose of this work 1s to determine the was observed which caused the power Supply to draw its G YV ¢ . ey — 7 Xilimf Scaling Felamily Trencfs for Conﬁlguration BiTs in Heavyllons

flight-worthiness and feasibility of utilizing these parts maximum current (10A).

In space environments. | . The device performed consistently with expectations from

_ previous scaling trends 1n Xilinx FPGA families.
. Current events would not clear through configuration

XCKUO040-2FFVAI1156 Characteristics [2] scrubbing nor through assertion of the device’s reset

Logic Cells 424,200 (PROG) pin. :
 CLB Flip-Flops | 484,800 < ciency function. bits than previous 28 nm generation family.

. The Edmonds model [4] estimates the upper bound proton sensitivity

cross-section from heavy i1on data using a generic charge collection effi- . Device shows ~2x lower cross section for configuration

Cross-section [cmszit]

 CLB LUTs i 242,400 (07:41.811 00756811 0:08:11.311 ~

° 2 gQin i1 5.00 s 10,000 un Eew ‘»., " UltraScal
- Distributed RAM (Mb) ‘ =5 . No damage or loss of functionality was observed, but Logeing Data 8|7 20150702 063955.diog . . _ . . o Ki:;::e
| Maximum Distribute | : . Using Method 3 described in [5], the heavy-1on cross-section curve is in- Rates assume a GEO orbit, solar minimum conditions, and
Block RAM/FIFO w/ECC (36Kb each) 600

have not yet fully exercised all circuits; latent damage 1s W — N q R . hic oaloulat ' Virtex-4
| | allso a possibility. High-current event on VCCINT (core) supply \3 tegrated over values to perform this calculation. 100 mils of aluminum shielding. Virtesel|
Total Block RAM (Mb) 21.1 |
CMTs (1 MMCM, 2 PLLs) | 10 35 agilent Technologies  O7USA/B X7 20 30 40 50

DC Power Analyzer . SEU data from the heavy-ion Weibull curves for configuration memory Linear Energy Transfer [MeV-cm"mg]

Kintex UltraScale DUT (circled) mounted on a

commercially available KCUI105 evaluation card.
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| 1/0 DLLs 40 . Event exceeded the capacity of the power supply to deliver . . .
| - pacity b PPy and Block RAM were used in the calculation of the proton cross-section

| Maximum HP 1/0s (up to 1.8V) current, which made event characterization and investiga-

Maximum HR I/Os (up to 3.3V) 0 tion difficult.
DSP Slices

estimate.

Configuration Memory Rates Weibull Parameters

System Monitor | | | . The estimate correlates well to the proton results published 1n [6]. Onset Width

e Cans s i | . A second high-current error signature was observed where Improve- (Mev-  Limit (MeV.-

the core VCCINT supply drew 8A of current but appeared et Bt periay ment*  Node cm¥mg) (cm¥bit) cm¥mg) Power
Virtex-11 3.99E-07 1 130 nm 1 4.37E-08 33 0.8
(0857868 0:10:12,868 0:1027.868 % Lpper Bound Proton E stimate 1.87E-15 1.74E-15 Virtex-4 203507 Lol7 90 nm 0-2 L76E-07 400 098
Logging Data 87 20150702 083955 dog Cross Section (cm- bit) - - i Kintex-7 1.41E-08 28298 28nm 1.9 1.43E-08 125 0.8
' UltraScale 7.56E-09 52.778 20 nm 0.8  2.00E-09 27 0.88

GTH 16.3Gb/s Transceivers

to remain functional. Upon trying to re-configure the de-
vice, VCCINT rose sharply to the supply maximum (10A). Configuration Memory Block Ram

lest setup inside the LBL vacuum chamber

. All other voltage rails appear to be latchup-free.

Second high-current event signature

B e am P a r a m e t e r s i * compared to Virtex-1I

Incident LET The part was irradiated with heavy ions for O = " -
n-0Orbit Rates
(MeV- SEU at Lawrence Berkeley Laboratory’s 88- , R e f erences

inch cyclotron with effective LETs from 0.98

Energy
Ion Species (MeV/u) cmN2/mg)

B 10 0.98 to 63.91 MeV-cm*/mg in May 2015 and for CREMED96 [3] estimates for configuration memory and Block RAM SEUs is shown below for a GEO 4 B% %}Zﬁjﬁéﬁ’mﬁgﬁ;rseh;asdlgl(};l;gz%ilgiii(xn;iﬁéipfgfra%?? blle DtgiEes, " Attt Jowinal, D, 606, jip. 215, 2011

O 10 2.38 SEL at Texas A&M’s K500 cyclotron with a orbit, solar minimum conditions, and 100 mils of Al shielding: / [3] A.J. Tylka, J. H. Adams, P. R. Boberg, B. Brownstein, W. F. Dietrich, E. O. Flueckiger, E. L. Petersen, M. A. Shea, D. F. Smart, and E. C. Smith, “CREME96: A Revision of the Cosmic Ray Effects on Micro-
Ne 10 3 96 LET of 79.2 MeV-cmz/mg in July 2015. f Electronics Code,” Nuclear Science, IEEE Transactions on, vol. 44, no. 6, pp. 2150-2160, 1997.

_ [4] L. D. Edmonds, “Proton SEU cross sections derived from heavy-ion test data,” Nuclear Science, IEEE Transactions on, vol. 47, no. 5, pp. 1713-1728, 2000.

S 10 7.88 For SEU testing with neon, tilt angles of up to = - [5] L. D. Edmonds, and F. Irom, “Extension of a Proton SEU Cross Section Model to Include 14 MeV Neutrons,” Nuclear Science, IEEE Transactions on, vol. 55, no. 1, pp. 649-655, 2008.

Ar 10 13.04 . ’ L Conflguratlon [6] N. A. Dodds, M. J. Martinez, P. E. Dodd, M. R. Shaneyfelt, F. W. Sexton, J. D. Black, D. S. Lee, S. E. Swanson, B. L. Bhuva, K. M. Warren, R. A. Reed, J. Trippe, B. D. Sierawski, R. A. Weller, N. Mahatme,
65 degrees were utilized to obtain higher ef- Memgry Block RAM N. J. Gaspard, T. Assis, R. Austin, L. W. Massengill, G. Swift, M. Wirthlin, M. Cannon, R. Liu, L. Chen, A. T. Kelly, P. W. Marshall, M. Trinczek, E. W. Blackmore, S.-J. Wen, R. Wong, B. Narasimham, J. A.
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Kr 10 40.15 per bit, per day 7.54E-09 2.48E-08

Xe 10 63.91 per device, per day 7.19E-01 6.26E-01 P wn\i \) |
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