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RESULT SUMMARY

The A3PE3000L flash FPGA from the ProASIC3L family from ACTEL manufacturer was SEE characterized
at the following facilities under ESA ESTEC contrac t number 22327/09/NL/SFE:

v" RADEF, University of Jyvaskyla, Jyvaskyla, Finland in June and November 2010.
v' PIF, PSI, Villigen, Switzerland in March 2011.

SEE mitigation methods applied on the same die were also characterized and their SEE sensitivities
evaluated. 2 test vehicles (TV) were designed and t ested. The first TV implemented 14 shift registers, one
clock conditioning circuit with phase-locked loop and 100 % of the SRAM and UFROM memories. The
second TV implemented SEU and SET mitigation on 6 s hift registers. All shift registers of both TVs wer e
made of 1024 registers made of D core flip-flop wit h clear and enable active high.

Device description:

Part type: A3PE3000L

Part family ProASIC3L

Manufacturer: ACTEL

Package: PQ208

Date code: 0922

Used samples: Serialized from SN 1 to SN 24.
Package marking: QHR8G

Die dimensions: 10.8 x 10.8 mm

SEL:

No SEL was observed up to a LET of 55 MeV.cm?/mg, a cumulated fluence of 1E7 p/cmz?, a temperature up
to 125 °Celsius and a bias voltage of 1.65 Volts fo r the core voltage and 3.6 Volts for the input/outp ut voltage.

SEFL:

One SEFI was detected and recorded during the campa ign at RADEF on November 2010 on the RUN 112
with an effective LET of 55 MeV.cm2/mg. The device was configured with the TV2 and all shift registers were
tested with a working frequency of 2 MHz. From the Iteration N° 257 (a fluence of 3.69E5 p/cm?2) up to the
end of the run (a fluence of 5E5 p/cm?) all the rea d data from the device were read at the low state ( “0"). The
device did not recover from the SEFI state by itsel f. The recovery took place after a power cycle of t he device
allowing the next run with the exact same condition s to be performed without any more SEFI detected.

SEU:

The flash (configuration and user) was not seen sen sitive to SEE up to a LET of 55 MeV.cm?/mg. It rema ined
intact. However the programming part of the flash w as stated sensitive to SEU, SHE and to the cumulate d
dose deposited by the cumulated fluence.

Concerning the shift registers:

v" The reference and standard shift register (TV1 - S R1) SEU cross-section is characterized with an
asymptotic cross-section below 3E-7 cm? per bit and a LET threshold below 1.8 MeV.cm?/mg. An
extremely light influence of the working frequency can be seen on the SEU cross-section. Most
errors are SBUs where almost 2/3 is due to clear tr ansition. Some MBUs largely made of arbitrary
numbers of consecutive reset bits (clear bit) were counted as well. A reference Weibull curve plotted
on the Figure 1 was estimated from the measured poi nts and added to all SEU cross-sectional area
per bit for comparison purpose.

v" The channel implementing combinational cells on th e enable signal path (TV1 - SR2) results in an
SEU cross-sectional area per bit similar to the ref erence. The frequency does not appear to influence
the SEU cross-section or so lightly than it is not visible on the cross-section curve. Most errors are
SBUs with more than half due to clear transition. M BUs are made of errors with the same signatures
than the reference channel. However another signatu re shows un-shifted quartets caused by an SET
on the enable signal caught at the active edge of t he clock: data are held from shifting. Very few
SETs on the enable signal were caught that way.

v" The channel implementing combinational cells on th e reset signal path (TV1 - SR3) results in a SEU
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cross-sectional area per bit characterized with an asymptotic cross-section below 1E-6 cm? and a
LET threshold around 1.8 MeV.cm2/mg. This SEU cross -section per bit is higher than the reference.
Almost 80% of SEUs are SBUs and 70% of those are du e to clear transition. There is a high count of
MBU compared to the reference channel and almost al |l of those are due to arbitrary numbers of
reset bits.

v" The channel implementing combinational cells in-be tween each register (TV1 - SR4) results in an
SEU cross-sectional area per bit similar to the reference. A very light influence of the working
frequency can be seen on the SEU cross-section. Mos t SEUs are SBUs and 2/3 of those are due to
clear transition. Comparing SEU cross-section and e rror signatures, this channel seems very similar
to the reference one.

v' The channels implementing the DDR /O registers (T V1 - SR5 to 8) and the channels implementing
LVDS buffers (TV1 - SR9 and 10) show a SEU cross-se ctional area per bit very similar to the
reference. SEE signatures are also like the referen ces ones.

v" The channels clocked by the PLL output clock (TV1 - SR11 to 14) have a SEU cross-sectional area
per bit identical to the reference. Most SEUs are S BUs with more than half due to clear transition.
MBUs are largely attended to reset bits and flipped bits: it was not seen a total flip or stuck bit of the
channels that could lead to a total or partial stop of the PLL output clock.

v' The channel implementing sequential cell triplication (TV2 - SR1) results in a SEU cross-sectional
area per bit characterized with an asymptotic cross -section below 2E-9 cm2. There is a large
difference (around 2 decades) on its SEU cross-section and the reference one. It is based on a poor
statistic attended to the small number of errors. M ore than 70 % of SEUs are SBUs and all of those
are due to clear transition. The high percentage of MBU (almost 30 %) compared to the reference
channel is made of arbitrary numbers of reset bits. The sequential cell triplication SEU mitigation
decreases the total amount of SEU and changes the S BU vs. MBU ratio. All events appearing on the
only asynchronous global (or local) reset signal sh ared between all registers induced all recorded
SEU without any available correction from the voter .

v' The channel implementing sequential cell triplication and 1/O bank triplication (TV2 - SR2) has a SEU
cross-sectional area per bit characterized with an asymptotic cross-section below 2E-7 cm? and a
LET threshold below 10 MeV.cm2/mg, lower than the reference but still higher than the channel
implementing only sequential cell triplication. This result seems unrealistic compared to the other
channels implementing only the sequential cell trip lication (TV2 SR1). Because both channels use
the same sequential cell triplication as SEU mitiga tion, a smaller (or in the worst case an equivalent)
cross-section was expected on the SR2 channel. No e xplanation has been found yet to explain the
result on this channel.

v' The channel implementing the SET filtering method with a delay of 2 ns (TV2 - SR3) has a SEU
cross-sectional area per bit similar to the reference. Its SEEs signatures are also very like the
reference channel.

v" The channel implementing sequential cell triplication, 1/O block triplication and SET filtering with a
delay of 3 ns (TV2 - SR4) did not show any event up to a LET of 55 MeV.cm2/mg and a cumulated
fluence of 2E6 p/cm?2.

v" The channel implementing sequential cell triplication, 1/O block triplication and logic duplication (TV2 -
SR5) did not show any event up to a LET of 55 MeV.c m2/mg and a cumulated fluence of 2E6 p/cmz2.

v" The channel made of full TMR mitigation (TV2 - SR6 ) was the source of only 2 SBUs (single bit
cleared). Based on an extremely poor statistic this channel look close to the result of the channel
implementing only sequential cell triplication (TV2 - SR1).

v All the channels of the TV1, expected the channels clocked with the PLL output clock were tested to
proton. They all have the same proton SEU cross-sec tion per bit measured from a low sensitivity
(with a low number of errors) below 1E-13 cm? at 23 0 MeV. The reference channel proton SEU
cross-section is plotted on the Figure 2.

The SRAM heavy ion SEU cross-sectional area per bit is characterized with an asymptotic cross-section
around 4E-8 cmz per bit and a LET threshold below 1 .8 MeV.cm2/mg. The SRAM proton SEU cross-sectional
area per bit is characterized with an asymptotic cr oss-section below 1E-13 cm? and an energy threshold
below 23.5 MeV. All SEEs are upsets with a very lar ge majority of SBUs very well balanced on bit posit ion, on
set / clear transitions and on RAM block position.

The PLL output clock never stopped. However the PLL lock signal is sensitive to PLL lock signal SEFI a nd to
SET. It can be seen than the frequency influences t hose sensitivities. Because the PLL was set on a st atic
mode to a nominal frequency of 200 MHz, increasing the gap between the nominal frequency and the
working frequency increased those sensitivities. In nominal condition no any PLL lock signal SEFI was
recorded on the PLL lock signal while its SET cross -sectional area based on a poor statistic attended to the
small number of errors is characterized with an asy mptotic cross-section below 1E-5 cm2 and a LET
threshold around 1.8 MeV.cm?/mg.
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1 Introduction

ACTEL ProASIC3 flash FPGA family offers the unique combination of re-programmability and non-volatility in
a high density programmable logic product. At the start of the project, the family was the only one th at
covered the 1 Million gates capacity requirements f or space applications. Preliminary radiation test R D-1 and
RD-2 results were promising. For those reasons, the ProASIC3 family was very attractive for space
applications.

The objective of this study is to fully characterize the radiation sensitivity of the ProASIC3 FPGA, by
performing heavy ions, proton and total ionization dose tests.

This report presents the results of Single Event Ef fect characterization program carried out on the de vice
referred ASPE3000L from the ACTEL ProASIC3L Flash B ased FPGA family. The Single Event Effects were
characterized using:

v Heavy ions accelerator at RADEF, University of Jyvaskyla, Department of Physics,
Jyvaskyla, Finland in June 2010 and November 2010.
v" Proton accelerator at PIF, Paul Scherrer Institut (PSI), Villigen, Switzerland in March 2011.

This work was performed for ESA ESTEC under the con tract number 22327/09/NL/SFE.

2 Applicable and Reference Documents

2.1 Applicable Documents

AD-1 Statement Of Work, Radiation Testing of Candid ate Microelectronics Parts for Space
Applications - Frame Contract, Reference TEC-QCA/CP/SOW/2008-1 Issue: 1, Revision C,
26.06.2008

AD-2 Statement Of Work, Radiation Testing of Candid ate Microelectronics Parts for Space

Applications - Call-Off Order 1, Reference TEC-QCA/CP/SOW/2008-2-COO1 Issue: 1,
Revision C, 26.06.2008

AD-3 Hirex Engineering Proposal, Radiation Characterization of ACTEL ProASIC3L family,
reference HRX/PRO/2427, Issue 1, September 15™, 2009

AD-4 ProASIC3L low power flash FPGAs Datasheet v1.3, February 2009

AD-5 Hirex Engineering A3PE3000L design report refe rred HRX/SEE/0286

2.2 Reference Documents

RD-1. S. Rezgui & al., “New Reprogrammable and Non- Volatile Radiation Tolerant FPGA: RTA3P,”
presented at RADECS 2007, Deauville, France, Septem ber 2007

RD-2. S. Rezgui & al., “New Methodologies for SET C haracterization and Mitigation in Flash-Based
FPGASs,” IEEE Trans. Nuc. Sci., vol, 54, n°6, pp. 25 12-2524, Dec. 2007

RD-3. ECSS Q 60-02, “Space Product Assurance, ASIC and FPGA development,” July 2007

RD-4. Proton Irradiation Facility at the PROSCAN pr oject of the Paul Scherrer Institute PIF facility a t
PSI, Ulrike Grossner, Wojtek Hajdas, Ken Egli, Roge r Brun, and Reno Harboe-Sorensen,
RADECS 20089.
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3 DEVICE INFORMATION

3.1 Device description

The tested device is the ABPE3000L. It is the bigge st device by the number of gates from the ProASIC3L
FPGA family from ACTEL: It includes 3 Million gates . This device is a commercial device manufactured w ith
a 0.13 um CMOS flash technology packaged in a PQFP 208 pins. The Radiation-Tolerant (RT) family uses
the same designs and processes. So the RT3PE3000L R adiation-Tolerant device uses the same silicon as
the commercial device A3PE3000L. The Table 1 summar izes the description of the device.

Part type | ASPE3000L
Part Family | ProASIC3L
Manufacturer | ACTEL
Package | PQ208
Date code | 0922
Package marking | QHR8G
Die dimensions | 10.8 x 10.8 mm
Used samples | Serialized from Serial Number (SN) 1 to 24

Table 1: Device description

3.2 Device Procurement

40 samples of A3PE3000L packaged in a PQFP 208 pins were provided by ACTEL to ESA. All samples were
delivered at HIREX. 18 samples (serialized from SN 1 to SN 18) were dedicated to heavy ion testing and
were delidded. 6 samples (serialized from SN 19 to SN 24) were reserved for proton testing and were le ft
untouched. The left over samples were reserved for Total lonization Dose (TID) testing.

3.3 Device identification
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Die marking

Figure 3: Device identification

3.4 Samples identification

The device identification code (IDCODE) is 3E74E1CF. All samples are from the same reference (same
device) and share the same IDCODE. However each sam ple is stamped with its own Flash Serial Number
(FSN). The FSN of used samples are provided in the following Table 2.

Serial Number (SN) | Flash Serial Number (FSN)
1 00f5dd483c70
2 00f5dd4clc64
3 00f5dd484064
4 00f5dd483870
5 00f5dd4c2468
6 00f5dd4c1c70
7 00f5dd480c70
8 00f5dd48286¢
9 00f5dd4c2c78

10 00f5dd48206¢
11 00f5dd4c405c
12 00f5dd4c304c
13 00f5dd4c2884
14 00f5dd4c2860
15 00f5dd4c3078
16 00f5dd4c1874
17 00f5dd4c4074
18 00f5dd4c3478
19 00f5dd4c487c
20 00f5dd4c2478
21 00f5dd481c64
22 00f5dd4c4078
23 00f5dd481470
24 00f5dd4c2078

Table 2: Sample identification

A visual identification was materialized on each DU T board where the serial number of the sample was
incised. The SN and FSN correspondence was verified at all time.
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4 RADEF TEST FACILITY

2 Heavy ions test campaign were performed at the cy clotron accelerator at the University of Jyvaskyla,
Finland in June and November 2010 under HIREX Engin eering responsibility.

The facility includes a special beam line dedicated to irradiation studies of semiconductor components and
devices. It consists of a vacuum chamber including component movement apparatus and the necessary
diagnostic equipment required for the beam quality and intensity analysis.

The cyclotron is a versatile, sector-focused accelerator of beams from hydrogen to xenon equipped with
three external ion sources: two electron cyclotron resonance (ECR) ion sources designed for high-charg e-
state heavy ions, and a multicusp ion source for in tense beams of protons. The ECR's are especially va luable
in the study of single event effects (SEE) in semic onductor devices. For heavy ions, the maximum energy
attainable can be determined using the formula

130 Q/M,

Where Q is the ion charge state and M is the mass i n Atomic Mass Units.

4.1 Beam quality control

For measuring beam uniformity at low intensity, a C sl(Tl) scintillator with a PIN-type photodiode read out is
fixed in the mounting fixture. The uniformity is me asured automatically before component irradiation and the
results can be plotted immediately for more detaile d analysis.

A set of four collimated PIN-CsI(TI) detectors is | ocated in front of the beam entrance. The detectors are
operated with step motors and are located at 90 deg rees with respect to each other. During the irradia tion
and uniformity scan they are set to the outer edge of the beam in order to monitor the stability of th e
homogeneity and flux.

Two beam wobblers and/or a 0.5 microns diffusion Gold foil can be used to achieve good beam

homogeneity. The foil is placed 3 m in front of the chamber. The wobbler-coils vibrate the beam horizo ntally
and vertically, the proper sweeping area being atta ined with the adjustable coil-currents.

4.2 Dosimetry

The flux and intensity dosimeter system contains a Faraday cup, several collimators, a scintillation ¢ ounter
and four PIN-Csl (TI) detectors. Three collimators of different size and shape are placed 25 cm in fro nt of the
device under test. They can be used to limit the be am to the active area to be studied.

At low fluxes a plastic scintillator with a photomu ltiplier tube is used as an absolute particle counter. It is

located behind the vacuum chamber and is used befor e the irradiation to normalize the count rates of t he four
PIN-CsI(TI) detectors.

4.3 Used ions

The RADEF used ions are listed in the following tab le.

lon specie | Energy | LET Meas. @ Surface | Range (Si)

(MeV) (MeV.cm?/mg) (um)

BN 139 1.87 202
“Ne™® 186 3.68 146
OArT? 372 10.08 118
PFe™™® 523 18.84 97
8K e 768 30.44 94
Blxe™ 1217 54.95 89

Table 3: RADEF, used ions and features
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5 PIE TEST FACILITY

Proton tests were performed at the Proton Irradiati on Facility (PIF) at Paul Scherrer Institut (PSI), Villigen,
Switzerland in March 2011 under HIREX Engineering r esponsibility.

A description of PIF test facility can be found in RD-4. As shown in Figure 4, proton beam from COMET
cyclotron is delivered to the experimental PIF cave with an input energy that can be varied from few M eVs up
to 250 MeV. Then in PIF room, local copper degrader s can be inserted into the beam to obtain the diffe rent
user energies.

In March 2011, 230 MeV input beam’s energy was sele cted and calibrated. The corresponding calibration
result is shown in Figure 5.

Figure 4: Proscan facility

Target(1) Degr(2) Target(1) Degr2) Targeti1) Degri2)
Energy Degr. Flastic IC-target IC-degr Fac. 20nA  Fac. 20nA  |Fac. 200nA  Fac. 200nA |Fac. 2uA Fac. 2uA |PLE
[Me] [rmm] [critit 5] [enti 5] [criti =] [picnticm2] [picrticm2] distance 5.0 cm to collim
Pos 1 230 0.0 265698 724 288 61435 155485 collim 20 mm diam
1 230 0.0 2h5662 721 286 6168.3 15656.4 1 sec test
45 3.20 32| 6.16E+03  1.56E+04] 6.16E+04  1.56E+05] 6.16E+05  1.56E+06
Pos 1 200 11.5 235645 752 289 52448 137416
2 200 11.5 234835 747 289 5262.0 13694.3
4.5 3.20 32| 5.25E+03  1.37E+04] 5.25E+04  1.37E+05| 5.25E+05  1.37E+06
Pos 1 151.2 28.0 151773 g24 288 30817 8881.6
3 151.2 28.0 151410 824 289 3074.3 85293
4.5 3.20 32| 3.08E+03  8.86E+03] 3.08E+04  8.86E+04] 3.08E+05  8.86E+05
Pos 1 101.4 414 90201 1015 291 1485.7 52233
4 101.4 414 88679 1008 289 1470.8 517141
4.5 3.20 32| 1.48E+03  5.20E+03] 1.48E+04 520E+04] 148E+05  5.20E+05
Pos 1 75.3 47.0 62202 1223 291 8498 3601.9
g 75.3 47.0 61877 1212 288 853.1 3620.8
4.5 3.20 32| 8.51E+02  3.61E+03] B8.51E+03  3.61E+04] B8.51E+04  3.61E+05
Pos 1 50.9 50.9 46004 1536 292 5002 2654.6
g 50.9 50.9 45969 1536 281 4995 2661.8
4.5 3.20 32| 5.00E+02  2.66E+03] 5.00E+03  2.66E+04] 5.00E+04  2.66E+05
Pos 1 23.5 54.0 20311 2529 286 1188 1196.8
g 235 54.0 19743 2885 287 114.2 11589.2
4.5 3.20 32| 1.A7E+02  1.18E+03] 1.17E+03  1.18E+04] 1.17E+04  1.18E+05

Figure 5: Calibration results - input energy 230 Me  V proton
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6 STATEMENT OF WORK - REQUIREMENTS

The Statement of Work (SOW) requirements were defin ed in AD-1 and AD-2. Here follows the bolded parts:

v' Perform heavy ion, proton and total ionization dos e tests on an ASPE3000L device.

v/ Evaluate the sensitivities of SEL, SEU, SET, SEFI and SEGR.

v" Check configuration flash after each irradiation s teps and additional run should be performed while t he
device is in configuration process.

Perform tests at room temperature. Further tests p erformed at 80 °C to evaluate the parts to the SEL
sensitivity while power supplies are raised to a hi gher level than the nominal one.

Use static 0, static 1, checker board and checker board complemented patterns.

Shift registers clock frequency set to 2, 50, 100 and 200 MHz.

Perform tests in dynamic condition.

All errors should be detected, time stamped, recor ded and reported with the relevant information like
word address, expected value, word in error, error signature, etc.

<\

ANANINRN

To do such characterization, the project included t he design of 2 Test Vehicles (TVs).

6.1 TEST VEHICLE DESIGN REQUIREMENTS

Two test vehicle designs were required. The aim of first test vehicle was to characterize the different
elements of the FPGA while the second test vehicle was to implement SEE mitigation. RD-1, RD-2 and RD- 3
were applicable.

The first test vehicle was to be made of shift regi ster chains with or without layers of combinational logic
(inverters) between the flip-flops as shown in Figure 6 and the combinational logic made of 8 levels o f
inverters [or less depending on the timing simulation results]. It was also requested, each four regis ter in
some chains, a separate fan-out tree with 8 inverte rs [or less depending on the timing simulation resu lts] in
enable or reset paths.

—r- —
—Io a —OD u,.o_u Q OD Q _O_
—JCK CK CK CK

Enabla Enabla Enablae Enablae
CLRE

1

S [ %

B levels of inverters

Figure 6: Basic shift register block

In addition to standard 3.3 V LVCMOS 1/Os, some cha ins were required to use LVDS differential 1/0Os and
DDR I/Os. Finally, some chains were requested to be clocked with a 200 MHz clock generated from the
FPGA internal PLL: all other channels having a comm on external clock inputs. Table 4 summarizes the
characteristics of the different shift registers of the TV1. Each channel made of 1024 registers. The four last
registers outputs of each channel were requested to be accessible externally: this allowing the test of the
channel at a frequency four times slower than the ¢ hannel clock frequency.

In addition it was required in the test vehicle a s pecific interface design to test the FPGA internal SRAM
(512x9) (read and write), and flash ROM (128x8) (re ad only).
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The second test vehicle was required to be made of shift registers with or without layers of combinati onal
logic (inverters) between the flip-flops as the fir st test vehicle, plus implementing SEU and SET miti gation.
Only LVCMOS 1/Os standard was to be used in this de sign.

Chain Clock Logic Register Register VO type

# between enable CLR

registers fanout fanout
1 External no no no LVCMOS 3.3V
2 External no ves no LVCMOS 3.3V
3 External no no ves LVCMOS 3.3V
4 External ves no no LVCMOS 3.3V
5 External no no no DDR 3.3V
6 External no no no DDR 3.3V
7 External no no no DDR 3.3V
8 External no no no DDR 3.3V
9 External no no no LVDS 2.5V
10 External no no no LVDS 2.5V
11 Internal, PLL 200 MHz no no no LVCMOS 3.3V
12 Internal, PLL 200 MHz no no no LVCMOS 3.3V
13 Internal, PLL 200 MHz no no no LVCMOS 3.3V
14 Internal, PLL 200 MHz no no no LVCMOS 3.3V

Table 4: TV1 - shift registers characteristics
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7 TEST VEHICLE DESIGNS

The first phase of the project was to design two Te st Vehicles (TVs). The design phase included:

v' Specification

v Description

v" Simulation

v" Test and validation

The result of the Test Vehicle designs phase is rep orted in AD-5.

The first TV was used to characterize the sensitivi ty of the device while the second was used to chara cterize
the SEE mitigation technigues. As a consequence the TV1 implemented:

Shift Registers (SR) with different input/output ¢ onfigurations
Clock Conditioning Circuit (CCC) with Phase-locked Loop (PLL)
SRAM memory

UFROM memory

AN NN

While the second TV was fully used to implements SE E mitigation techniques on shift registers.

All shift registers of both TVs were made of 1024 r egisters each and, if not specified otherwise, used
common:

Reset (clear)
Clock
Enable

Input data

ANANINRN

The common clock, enable and reset signals were rou ted on global network resources of the device. All used
sequential logic core (registers) were implemented by D type flip-flop with enable and clear active hi gh. The
place and route processes of the design were left at the charge of the manufacturer’s design software (not
placed/routed by hand).

7.1 TV1 - SHIFT REGISTERS

The Table 5 summarizes the specifications of shift register channels implemented on the TV1.

Shift Register Clock 1/0 Type Particularity
1 External 3.3V LVCMOS Reference
2 External 3.3V LVCMOS Global Enable C-cell
3 External 3.3V LVCMOS Global Reset C-cell
4 External 3.3V LVCMOS C-cell
5 External 3.3V LVCMOS - DDR DDR I/O
6 External 3.3V LVCMOS - DDR DDR 1/O
7 External 3.3V LVCMOS - DDR DDR I/O
8 External 3.3V LVCMOS - DDR DDR 1/O
9 External 25V LVDS LVDS I/O
10 External 2.5V LVDS LVDS I/O
11 CCC/PLL 3.3V LVCMOS CCC/PLL Clock
12 CCC/PLL 3.3V LVCMOS CCC/PLL Clock
13 CCC/PLL 3.3V LVCMOS CCC/PLL Clock
14 CCC/PLL 3.3V LVCMOS CCC/PLL Clock

HRX/SEE/0303 Issue 03
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The first SR is the reference. It is a standard SR as it can be seen on the Figure 7.

A A A A

EN EM EM EN

CLR CLR CLR CLR

Figure 7: TV1 - SR1 - Schematic

On the previous shift register schematic as well as for the following shift register schematics, all d otted
outputs of the D flip-flops are applicable for the four last registers outputs of all shift registers because they
are accessible externally.

The second shift register is identical to the refer ence adding combinational cells (C-Cell) on the glo bal enable
signal. Each four register stages have a separate | evel of 4 inverters computing a “local enable signa I’ from
the global one. This principle is detailed on the F igure 8. To increase the maximum working frequency of this
channel, the number of inverters on the enable sign al was decrease from 4 to 2 in October 2010 (after the
first RADEF campaign) to conform to the decision ta ken during the phone review meeting of October 22 sd
2010.

—>

EM EM EM EM

CLR CLR CLR CLR

Figure 8: TV1 - SR2 - Schematic

The third shift register is identical to the refere nce adding combinational cells (C-Cell) on the glob al reset
signal. Each four register stages have a separate | evel of 4 inverters computing a “local reset signal ” from the
global one. This principle is detailed on the Figure 9. The number of inverters on the reset signal wa s
decrease from 4 to 2 in October 2010 (after the fir st RADEF campaign) to conform to the decision taken
during the phone review meeting of October 22 sd 2010.
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EN EM EM EN

CLR CLR CLR CLR

™S
L
Figure 9: TV1 - SR3 - Schematic

The fourth shift register is identical to the refer ence adding combinational cells (C-Cell) between each
register. Each combinational path has a separate le vel of 4 inverters. This principle is detailed on t he Figure
10. To increase the maximum working frequency of this channel, the number of inverters between each
register was decrease from 4 to 2 in October 2010 ( after the first RADEF campaign) to conform to the
decision taken during the phone review meeting of O ctober 22 2010.

A A A A

EM EN EM EN

™~
P

o Q {> D Q

\Y4

CLR CLR. CLR CLR

Figure 10: TV1 - SR4 - Schematic

The shift registers from the fifth to the eighth ar e identical to the reference. Using 2 shift registe rs mounted as
pair, both pairs include a 3.3 V LVCMOS Double Data Rate (DDR) input standard to drive the shift regis ters
inputs data and also use a 3.3 V LVCMOS DDR standar d to drive 2 data outputs each. That principle is
detailed on the Figure 11.
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Figure 11: TV1 - SR5, 6, 7 and 8 - Schematic

The ninth and tenth shift registers are identical to the SR1. However those channels use a 2.5 V LVDS
standard as input and output standard.

The 4 shift registers from the eleventh to the four teenth are identical to the SR1. However the clock is
generated by the internal CCC with a PLL module fro m a global input clock.

Those 14 shift registers used around 30% of the FPG A’s logic tiles and 71 inputs/outputs pads.

With the decrease number of inverters (2 instead of 4), the maximum working frequency of the shift reg isters
is 200 MHz.

7.2 TV2 - SHIFT REGISTERS

The Table 6 summarizes the specifications of shift registers implemented on the TV2. 6 Shift registers use 5
different SEU and SET mitigation methods.

Shift Register Sequential I/0 Block SET Filtering |Combinational Combinational
Cell Triplication Cell Cell
Triplication Duplication Triplication

1 v

2 v v

3 v

4 v v v

5 v v v

6 v v v

Table 6: TV2 - Shift Register specifications

The first SR of the TV2 is identical to the TV1 SR1 (the reference). However it includes sequential cell
(register) triplication and a voter at the input of each register stage. This SR uses the Triple Modul ar
Redundancy (TMR) of the sequential logic as SEU mitigation method. Only 1 data input drives the shift
register while 3 data output. The same global signa ls (clock, reset and enable) routed on the global n etwork
are shared between the 3 lines. That principle is d etailed on the Figure 12.
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Figure 12: TV2 - SR1 - Schematic

To ease the understanding of the schematic, on the previous figure as well as for the following ones, the
previous dotted lines for the 4 data outputs of the last 4 register stages as well as the global enabl e and clear
signals have not been drawn but still remain applic able.

The second shift register is similar to the SR1 (of the TV2) using the triplication of the sequential logic as
SEU mitigation, but also includes triplication of the input and output by using 3 different I/O banks for each
input and output as SEU and SET mitigation. Each D flip-flop input is generated using a separate voter and
so 3 voters are used at each register stage. That p rinciple is detailed on the Figure 13.

S A I A A S S B A B S A I A P
i [t [ e

Figure 13: TV2 - SR2 - Schematic

The third shift register is identical to the SR1 of the TV1 (the reference) plus it includes SET filte ring method
at the combinational logic output as SET mitigation . This method consists of voting, with a guard gate , the
current state of the output of the combinational lo gic with its own state delayed (here with a delay a round 2
ns). That principle is detailed on the Figure 14.

~ - ~
r> r> r> r>

Figure 14: TV2 - SR3 - Schematic
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The fourth shift register is identical to the TV2 S R2 including sequential logic and I/O bank triplication. In
addition it includes an SET filtering mitigation wi th a delay around 3 ns. This shift register princip le is detailed
on the Figure 15.

| il -

Figure 15: TV2 - SR4 - Schematic

The fifth shift register includes sequential logic triplication, 10 bank triplication and combinational logic
duplication as SEU and SET mitigation. That princip le is detailed on the Figure 16.

o
=
( ( (

Figure 16: TV2 - SR5 - Schematic

The sixth shift register implements the full tripli cation (full TMR) as SEE mitigation. That principle is detailed
on the Figure 17.

B — ] — ] —] B
— - > — - > — - > -
el ey s il il u

Figure 17: TV2 - SR6 - Schematic

With 2 inverters as SET generation line (combinatio nal path) between each register cell, 1 logic tile to
generate a voter as well as a guard gate (with a co mbinational loop) and specified delay lines this de sign
uses around 78% of the logic tiles and 76 inputs/ou tputs.

Time penalties induced by the combinational paths, voters, delay lines, guard gates and additional rou ting
delays limit the maximum working frequency of the s hift registers to 50 MHz (70 MHz for some channels) .
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7.3 SRAM

100 % of the device embedded SRAM is used on the TV 1. The first half made of 56 blocks of 512 words of 9
bits is located on the north side of the die while the other half is located on the south. To access a Il memory
blocks, all blocks are cascaded and the output is m ultiplexed. The SRAM is implemented in synchronous
mode for both read/write operations. The SRAM functional block uses dedicated clock routed on one glob al
line, control signals, address and data buses and i s so entirely independent of the remain of the desi gn.

The Flash Freeze type 1 is also implemented on the design.
7.4 UFROM

100 % of the device embedded UFROM was used on the TV1. The UFROM block was made of 128 words of
8 bits configured with a checkerboard interleaved with its complement. The UFROM functional block used
dedicated clock, address and data buses and was so entirely independent of the remain of the design.

7.5 CLOCK CONDITIONING CIRCUIT / PHASE-LOOKED LOOP

The TV1 included one CCC with PLL configured in a s tatic mode set on 200 MHz. The input clock signal w as
the global input clock while the PLL output was rou ted on one global line. The PLL output was used to clock 4
shift registers of the TV1. The PLL lock and power- down signals were output and input of the design.

The TV2 design did not implemented the CCC with PLL blocks.

7.6 TV RESOURCES USAGE

The Table 7 summarizes the resources usage of both TVs.

Total Number Total Number on TV1 Total numberonT V2
Core tiles 75264 22758 (30%) 58368 (78%)
Core tiles used as - 8415 (37%) 41984 (72%)
combinational cell
Core tiles used as - 14343 (63%) 16384 (28%)
sequential cell
I/O 147 139 (95%) 76 (52%)
I/0O used as differential 65 13 (20%) 0 (0%)
Chip Global 6 6 (100%) 6 (100%)
Quadrant Global 12 0 (0%) 0 (0%)
Local Clock - 0 3
PLL 2 1 (50%) 0 (0%)
RAM (Block) 112 112 (100%) 0 (0%)
Low Static ICC 1 0 (0%) 0 (0%)
User Flash ROM (Block) 1 1 (100%) 0 (0%)
User JTAG 1 0 (0%) 0 (0%)
Flash Freeze 1 Type 1 No

HRX/SEE/0303 Issue 03

Table 7: TVs - Resources usage
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8 TEST SET-UP AND CONDITIONS

The test system is based on a Virtex-5 FPGA (XILINX). It has 168 1/O including 44 LVDS channels. The s et
of test board includes a DUT power supplies control ler which manages the DUT power supplies up to 24
independent channels. A temperature control and regulation system is added to heat the DUT whenever
needed. Ambient temperature is used otherwise. The communication between the under vacuum test system
and the computer running the controlling GUI softwa re is made using a 100 MBit/s Ethernet link. The Fi gure
18 displays the principle of the test system used f or heavy ion tests.

Temperature
control 3
system

Extemal
POMIER.
SUPFLIES

FPOWER
CONTROLLER

A

COMPUTER
Graphical User Tnterface

i LaN
DRIVER.

w YIRTEX 5
FPGA

= 1o Y
Interfaces Bk

A
A
A

. SHUTTER
DDR2ZSDRAM
| Merories .
—l_ BEAM COUNT

45 ASERT BOARD |

Figure 18: Heavy lon test set-up

The DUT side of the tester is composed of a set of 2 boards as shown on the Figure 19. A mother board
connecting directly on the tester implementing voltage level translators, power supply connectors, LVD S
connectors and the ISP connector. It received on to p the connection system to plug the daughter board. The
daughter board received a sample (or socket) direct ly soldered in the middle as well as decoupling cap acitor
and terminal resistors. All samples were soldered on a daughter board. Two daughter boards received a
socket instead of a device. An access area was real ized below the DUT footprint on both boards to allo w the
heating system and temperature sensor to take place in close contact to the bottom of device's package .
Both test vehicles used the same hardware (also the same samples).
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A DUT daughter board (here soldered with a socket)

A DUT daughter board (here soldered with a socket)

on the left and a mother board on the rrght__
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A DUT daughter board (top) - SN 2

A DUT daughter bo ard (bottom) with heating system
and temperature sensor mounted
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Figure 19: DUT board set
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8.1 Power supply

The following 13 channels were defined to monitor the DUT power supplies. They were independently

monitored using for each channel a set of selectabl e parameters (start and stop delay, current threshold,
inhibit time...) and were globally controlled.

1 core supply

8 bank supplies

2 PLL supplies

1 charge pump supply
1 JTAG supply

SNANENENEN

The Table 8 details the voltage range admissible fo r each channel previously defined.

FUNCTIONING PROGRAMMING
NAME DESCRIPTION Min (V) |Nominal (V) | Max (V) | Min (V) [Nominal (V) | Max (V)
Vce Core supply voltage 1.35 1.5 1.65 1.35 15 1.65
Vccebx I/O Bank Supply voltage 2.25|3.0 25|33 [2.75]3.6 |2.25]3.0 25|33 2.75|3.6
Vceplx PLL supply voltage 1.35 15 1.65 1.35 15 1.65
Vijtag JTAG supply voltage 0 0 0 3 3.3 3.6
Vpump | Charge Pump supply voltage 0 0 0 3 3.3 3.6

Table 8: Power supplies conditions

The device belonging to the ProASIC3L family (L mea ning low power) is working with the core voltage (V )
down to 1.2 Volts. However the device was not prope rly functioning when increasing the working frequen cy.
For this reason the core voltage was keptat 1.5 V.

Unused power supplies (like JTAG and charge pump po wer supplies while the device is not in configurati on
mode), and unused I/Os were kept at the reference v oltage (0 V).

The Table 9 summarizes the applied test conditions on the current thresholds of the DUT power supplies .

Target - Mode Core current Banks current PLL current JTAG and PUMP
threshold thresholds thresholds current thresholds
(mA) (mA) (mA) (mA)
TV1 - Dynamic 950 600 100 NA
TV1 - Static 950 250 100 NA
TV1 - Flash Freeze 950 250 100 NA
TV2 - Dynamic 950 600 NA NA
Programming 950 600 100 100

Table 9: Power supplies - Current thresholds
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8.2 Shift registers

The basic shift registers test sequence used was:

Initialization
Loop
Exposition
Check & Fill
End loop

The initialization step was needed to initialize th e shift registers with a selected pattern. The chec k & fill step
was made to read and verify the content of all chan nels while they were filled with another (or the sa me)
pattern.

The used patterns were the standard checker board a nd complemented checker board, static 0 and static 1.
The shift register clock frequency (selectable from the GUI) was set to 2, 50, 100, 150 and 200 MHz fo r the
first TV while it was set to 2, 37.5, 50 and 70 MHz for the second TV.

Dynamic tests were performed. One additional run was performed in a static mode using the Hirex shutte r
system.

SEFI and SEU are treated on a post-treatment proces s. This classification process allowed the detectio n of
SEFI, SBU and MBU.

8.3 SRAM

The TV1 uses 100 % of the device’'s embedded SRAM. | t was made of 112 blocks of 512 words of 9 bits. To
access all memory blocks, all blocks were cascaded and the outputs were multiplexed.

The SRAM fill and the SRAM check algorithms (Figure 20 and Figure 21) were both designed to highlight
different types of errors (write error, read error, upset, stuck bits...) of basic memory cells. Each me mory cell
on a block can be sequentially or interleaved manne r tested with different combinations of both algori thms.

To be tested the selected memory block has first to be filled using the fill algorithm. Then the same memory
block can be:

v' Checked entirely then filled again entirely making the test sequential.
v" Checked and filled memory address per memory addre ss making the test interleaved.

The SRAM fill and check algorithms report each 4 ty pes of error here listed on the Table 10:

Error type FILL algorithm CHECK algorithm Error source
No-error | No error from 1 write / read No error from 1 read NA
Type 1 1 error from 2 write / read 1 error from 2 r eads Write / Read error
Type 2 NA 2 errors from 3 reads / 1 write Upset
Type 3 2 errors from 4 write / read |3 errors from 4 reads / 2 writes Snap back
Type 4 3 errors from 4 write / read |4 errors from 4 reads / 2 writes | Stuck bit / Big problem

Table 10: SRAM - Error types definitions

The used patterns were checker board and complement ed checker board, static O and static 1. The SRAM
clock frequency (selectable from the GUI) was sett o 20 MHz.

Mostly dynamic tests were performed. Few additional runs were performed in a static mode using the Hir ex
shutter system and one additional run was performed in the flash freeze mode.
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Figure 20: SRAM Fill algorithm
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Figure 21: SRAM Check algorithm
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8.4 UFROM

The TV1 uses 100 % of the device’'s embedded UFROM m ade of 128 words of 8 bits.

The UFROM algorithm detailed on the Figure 22 is ba sed on 3 reads of each memory address sequentially
tested. The memory address is increased to the next when the state of the current address is stated. T he
result of the memory content is estimated as the ma jority of the read results. By this way, 3 error ty pes are
defined as detailed on the Table 11:

Error type Algorithm steps Error source
No error 0 error from 2 reads NA
Type 1 1 error from 3 reads Read error
Type 2 2 errors from 3 reads Read error or Upset
Type 3 2 errors from 2 reads Upset

Table 11: UFROM - Error types definitions

To fasten the test of the memory, the 3™ read is “cancelled” if the 2 previous results are similar.

For example, if 2 successive reads are realized wit hout any error then the 3" read is cancelled and the “No-
error” type is stated (reporting nothing), this inc reasing the speed of the test. The behavior is simi lar if 2
successive reads result in error cancelling the 3™ read, stating and reporting the error type 3.

The flash memory content was configured with checke r board interleaved with checker board complemented
patterns. The UFROM clock frequency (selectable fro m the GUI) was set to10 MHz.

READ

RE&D ERROR 7 READ

ERROR 7

ERROR
TYFE 1
QUTPUT POINT

Figure 22: UFROM Check algorithm

ERRCR # READ

ERROR 7

ERRCR
TYPE 3
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8.5 CCC/PLL

On the TV1, one Clock Conditioning Circuit (CCC) with a Phase-Locked Loop (PLL) was configured in a
static mode (single frequency) set on 200 MHz.

The SEE sensitivity of the CCC/PLL is evaluated fir st by interpreting clock error signature on the shift
registers clocked by the CCC/PLL output. In the mea n time the PLL lock signal is verified and recorded when
toggling state.

The CCC/PLL input clock was the common shift regist er input clock. The PLL was verified functional wit h an
input clock frequency from 200 MHz (the nominal point) and down to lower than 100 MHz. The SEE
sensitivity of the PLL was so characterized from 20 0 MHz down to 100 MHz (200 MHz being the nominal
point).

8.6 Configuration Flash, charge pump and ISP

The configuration flash was tested by checking the functionality of the device during and after each
exposition. Additional runs were performed while the device was running the configuration process to
evaluate the SEE sensitivities of the configuration flash, charge pump and ISP. The standard configura tion
sequence is:

v' Erase
v" Program
v' Verify

The erase, program and verify processes were run al | together and one at a time, exposed to the beam. The
result of the entire configuration process was then stated by verifying the:

v" Success of the operation (pass/fail)
v" Design functionality
v' Re-configurability of the device

The configuration process was run with ACTEL specif ic tools.
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9 HEAVY ION - TEST RESULTS

9.1 POWER SUPPLY

No SEL has been observed up to a LET of 55 MeV.cm?/ mg (***Xe*"), a cumulative fluence of 1E7 p/cm2, a

temperature up to 125 °C, a bias voltage of 1.65 V for the core voltage and 3.6 V for the input/output voltage.

The run N°159 from June 2010 campaign at RADEF was one test run performed in SEL tests condition. It
was performed on the device sample SN 5 configured with the TV1 exposed to Xenon ion, a total fluence of
5E6 p/cm2 and a temperature of 125 °C. The chronogr ams of banks, PLL and core power supplies are
plotted on following figures from Figure 23 to Figu re 33 where no SEL appears.

It can be seen on those figures 3 plots versus time :
v The flux of the beam in black color.

v" The voltage of the channel in blue color.
v" The current of the channel in red color.

Remarks:

i. The flux of the RUN 159 shows 2 cuts attended to 2 stops of the beam line.

ii. The second bank current chronogram shows large steps of current. This is due to the very
short scale used (because consumption is very light on this bank). So small variations are
largely spread into the full scale.

iii. The PLL F was not used on the device but still powered.

iv. The JTAG and charge pump voltage were kept at 0 V while tested in nominal mode (not
configuring the device).

V. The device was not tested with SEL test conditio n in configuration mode. So no SEL test

condition was performed with the JTAG and charge pu mp power supplies on.
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Figure 25: RADEF June 2010 - RUN 159 - Bank 3 power
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Figure 26: RADEF June 2010 - RUN 159 - Bank 4 power

Page 36 /102

HRX/SEE/0303 Issue 03



HRX/SEE/0303

Ref. :

Tll
o
@)
o
L
o
T||
n
L
-
L
L
)
—
o
o
o
™
L
o
99)
<

Hirex Engineering

Flux Chronograrm

10250

10200

T S R A T

[ T T N R A

' ' ' ' ' 1 ' ' ' 3

[ T [ v 0§

!

! R

! T A

! T A

| T

! T

| T

| T

| Lo

O e T e e e SR B

| [

(I, T T T S S B B

! T A

! T A

! T A

! T A

! T A

| T

! T

| T

| T

| T

| R A S N

i B e e e

! A

! T T T T T

! —

! i

! T A

! T A

| T

! T

| T

| T

| T

| T

| [ R S S B

[ i e e e e e e

! e

! T A

! T A

! T A

! T A

I T T T T B B

| T

! T

| T

| T

| T

| T

| [ R S S B

[ A E e e e e e

! e

! T A

! T A

! T A

! T A

| T

! T

| T

| T

TS S T S N B

| T

| R

! L _i__i_ .

[ e e e e e e S R R

! T A

! T A

! T A

! T A

| T

! T

| T

| T

| T

| T

| T

! [ T S S S N N

e e S s S g Y N g

1 [ [ 1 1 1 [ [ 1 1 |

T T R

T T R

T T R

T A

T A

T T R R

T T R R

T T R R

T T R R

T T R R

T R

T T R

P S SO SR S S

T rrrT T rrrrrT

g5 288882388 8 °“

(= (=] = % [=] o (=] (= m (=]

52 8 fd 8w BT A
(Zwagssu)n| 4

11000

0350

10300

10750

10700

10650

Time ()

Power Supply - Bank 2 Yoltage Chronogram

T
|
1
|
|
|
l
'
'

T
'
'
t

i
|
'
|
|
|
|
'
'

5
'
'
t

|
'
'
4
'
'
t

| | (g
|
'
'
4
'
'
t

[

ap—T-------------
e B i
R e R
D= =-===-q------
oo

g 25

abeyon

10250

10900

0250

10200

11000

10750

0700

10550

Time ()

Power Supply - Bank 3 Current Chronogram

| ' | | | | |

| ' | | | | |

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

== —F=—=—A-——F-=—A-—=—F-=—--

| ' | | | |

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |
I=--r--Aa---r--A---fF--°--

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

L et Tl e R e Bl

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

L et Tl e R e Bl

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

' ' ' ' ' '

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

| ' | | | |

' ' ' ' ' '

[ e T R R R R
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
' ' ' ' ' ' ' l
' ' ' ' ' ' ' '
| ' | | | | | |
| ' | | | | | |
| ' | | | | | |
| ' | | | | | |
| ' | | | | | |
| ' | | | | | |
' ' ' ' ' ' ' '
VU __v__a___
' v I T I T I v
' ' ' ' ' ' ' '
' ' ' ' ' '

' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
| ' | | | |

| T T T T T T T
| ' | | | | | |
| ' | | | | | |
| ' | | | | | |
| ' | | | | | |
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
I 1 ! ! ! ! ! !
T T
=+ oM ™ = o o o 8 fiu}
i e b = = = = =] =
=] =] =1 = o =] =] =1 =]

() Juanna

14000

10250

10900

0250

10200

10750

0700

10850

Time (3)

supply

Figure 27: RADEF June 2010 - RUN 159 - Bank 5 power
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Figure 28: RADEF June 2010 - RUN 159 - Bank 6 power
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Figure 29: RADEF June 2010 - RUN 159 - Bank 7 power
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Figure 30: RADEF June 2010 - RUN 159 - Bank 8 power
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9.2 TV1 - SHIFT REGISTER

9.21 TV1-SR1

The Figure 34 displays the SEU cross-sectional area per bit of the TV1 SR1. This SEU cross-section per bit
is characterized with an asymptotic cross-section (saturation cross-section) below 3E-7 cm? and a LET
threshold around 1.8 MeV.cm3/mg.

On the plot, one Weibull fit curve was estimated fr om the points and added to the graph. The estimated
Weibull fit curve is calculated from the following equation of the cumulative distribution function:

o= CSsat(l— g (/K )
With the following parameters values:
K=1
A=80
Xo =1.8 Mev.cm2/mg
CSsat = 3E-7 cm?

This same Weibull fit curve is then used as referen ce Weibull curve on all the SEU cross-sectional are a
plots.

TV1- SR1-Heavy ion - SEU cross-sectional area pe  r bit
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Figure 34: TV1 - SR1 - SEU cross-sectional area per  bit

An extremely light influence of the working frequen cy can be seen on the SEU cross-section of the TV1 SR1
as highlighted on the Figure 35. In addition to th e reference Weibull curve, 2 other Weibull curves w ere
estimated and plotted: one fitting the 2 MHz points and one fitting the 200 MHz points. The 3 Weibull curves
have the same parameters: K, Xo and CSsat. The A parameter is as in Table 12:
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Weibull curve A parameter value
Weibull reference 80
Weibull fit - 2 MHz 100
Weibull fit - 200MHz 60

Table 12: TV1 - SR1 - A parameter values

TV1- SR1-Heavy ion - SEU cross-sectional area pe  r bit vs. frequency
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L.00E-06 4t e - ‘

1.00E-07 A
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A 100 MHz I
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SEU cross-section per bit (cm?)

1.00E-09 +

1.00E-10

LET (MeV.cm?/mg)

Figure 35: TV1 - SR1 - SEU cross-sectional area per  bit vs. frequency

The Figure 36 plots the distribution of the SEU. Mo st errors are SBU where almost 2/3 of those errors are
due to clear transition (also called reset transiti on: transition from ‘1’ to ‘0’). The other 1/3 is m ade of set
transition (transition from ‘0’ to ‘1’). Some MBUs can be counted as well. The MBUs are made of:
v' A large majority of arbitrary numbers of consecuti ve reset bits which look like a local perturbation,
more or less spread, on the global reset signal.
v" Few 2 consecutive bits toggled: most probably due to 2 adjacent registers impacted by the same ion
hit.
v' Mixes of errors

This same SEU distribution plot is used as referenc e for all the other SEU distribution graphs.
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TV1 - SR1 - SEU distribution
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Figure 36: TV1 - SR1 - SEU distribution

9.22 TV1-SR2

The TV1 SR2 channel implemented combinational cells on the global enable signal path.

The SEU cross-sectional area per bit of this channe | is plotted on the Figure 37. It is characterized with an
asymptotic cross-section (saturation cross-section) below 3E-7 cm? per bit and a LET threshold around 1.8
MeV.cm?/mg. No difference between this channel and the reference is visible on the plot of the cross-s ection:
the reference Weibull curve fits well the measured points of this channel.
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TV1 - SR2 - Heavy ion - SEU cross-sectional area pe  r bit
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Figure 37: TV1 - SR2 - SEU cross-sectional area per  bit

The frequency does not appear to influence the SEU cross-section or so lightly than it is not clearly visible.
The SEU cross-section area per bit vs. the frequenc y is visible on the Figure 38.

TV1 - SR2 - Heavy ion - SEU cross-sectional area pe  r bit vs. frequency
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Figure 38: TV1 - SR2 - SEU Cross-sectional area per  bit vs. frequency
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The Figure 39 plots the SEU distribution. Like the reference channel, most errors are SBUs with more t han
half of those due to clear transition. MBUs percentages and signatures are like the reference channel.
However another signature of MBU appears. This sign ature shows an un-shifted quartet caused by an SET
on the local enable signal caught at the active edg e of the clock: data are held from shifting. Very f ew SETs
on the enable signal were caught that way.

TV1 - SR2 - SEU distribution
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90.00% - B SEU (Clear)

L1Ref. SEU (Total)
i .Ref. SEU (Clear)

80.00% -

70.00% -

60.00% -

50.00% -

40.00% -

Percentage of SEU

30.00% -

20.00% -

10.00% 4

0.00% -+

SBU MBU

Figure 39: TV1 - SR2 - SEU distribution

9.23 TV1-SR3

The TV1 SR3 channel implemented combinational cells on the global reset signal path.

The SEU cross-sectional area per bit of this channe | is plotted on the Figure 40. It is characterized with an
asymptotic cross-section (saturation cross-section) below 1E-6 cm?2 per bit and a LET threshold around 1.8
MeV.cm2/mg. This SEU cross-section is higher than t he reference also added to the plot. A Weibull curv e
was estimated from the points and added to the grap h. The TV1 SR3 Weibull fit curve has the following
parameters:

K=1

A =200

Xo =1.8 MeV.cm?/mg
CSsat = 1E-6 cm?
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TV1 - SR3- Heavy ion - SEU cross-sectional area pe  r bit
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Figure 40: TV1 - SR3 - SEU cross-sectional area per  bit

Because the reset signal is an asynchronous signal each time its value steps into the bounces of the a ctive
level for a time longer or equal to the asynchronou s clear minimum pulse width (Twclr # 0.3 ns), the r egister
is cleared. As a consequence SEU and SET on the glo bal (or local) reset signal longer than Twclr clear the
register.

The Figure 41 plots the SEU distribution. AlImost 80 % of SEUs are SBUs and 70% of those are due to clea r

transition. There is a high count of MBU compared t o the reference channel and almost all of the MBUs are
due to arbitrary number of reset bits (clear bit).
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Figure 41: TV1 - SR3 - SEU distribution

9.24 TV1-SR4

The TV1 SR4 channel implemented combinational cells in-between each register.
The SEU cross-sectional area per bit is equivalent to the reference channel as compared on the Figure 42. It

is characterized with an asymptotic cross-section (saturation cross-section) below 3E-7 cm? per bitand a LET
threshold around 1.8 MeV.cm2/mg.
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TV1 - SR4 - Heavy ion - SEU cross-sectional area pe  r bit
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Figure 42: TV1 - SR4 - SEU cross-sectional area per  bit

The influence of the frequency plotted on the Figur e 43 is not highly visible on the SEU cross-section . The 3
reference Weibull curves of the reference channel w ere also added to the plot for comparison purpose.
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Figure 43: TV1 - SR4 - SEU cross-sectional area per  bit vs. frequency
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The Figure 44 plots the SEU distribution. Like the reference channel, most SEUs are SBUs and 2/3 of th ose

are due to clear transition. Comparing SEU cross-se ction and signatures, this channel is very similar to the
reference one.
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Figure 44: TV1 - SR4 - SEU distribution

9.25 TV1-SR5,6,7and8

The TV1 SR5, 6, 7 and 8 channels implemented Double Data Rate (DDR) registers at the input/output
stages.

The SEU cross-section area per bit of those channel s is very similar to the reference channel as it ca n be

seen on the Figure 45. It is characterized with an asymptotic cross-section (saturation cross-section) below
3E-7 cm2 per bit and a LET threshold around 1.8 MeV .cm2/mg.
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TV1- SR5, 6,7 and 8 - Heavy ion - SEU cross-secti  onal area per bit
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Figure 45: TV1 - SR5, 6, 7 and 8 - SEU cross-sectio  nal area per bit

The Figure 46 plots the SEU distribution. Like the reference channel, most SEUs are SBUs with more than
the half of those due to clear transition. MBUs sig natures are very similar to the reference channel.
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9.26 TV1-SR9and10

The TV1 SR9 and 10 channels implemented LVDS buffer s at the input/output stages.

The SEU cross-sectional area per bit is very simila r to the reference channel. It is plotted on the Fi gure 47. It
is characterized with an asymptotic cross-section ( saturation cross-section) below 3E-7 cm? per bitand a LET
threshold around 1.8 MeV.cm3/mg.
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Figure 47: TV1 - SR9 and 10 - SEU cross-sectionala  rea per bit

The Figure 48 plots the SEU distribution. Like the reference channel, most SEUs are SBUs with almost 2 /3 of
those errors attended to clear transition. The very few MBUs are composed of the same signatures than the

reference channel.
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TV1-SR9 & 10 - SEU distribution
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Figure 48: TV1 - SR9 and 10 - SEU distribution

9.2.7 TV1-SR11,12 13 and 14

The TV1 SR11, 12, 13 and 14 channels were clocked b y the PLL output clock.
The SEU cross-sectional area per bit is similar to the reference channel. It is plotted on the Figure 49. It is

characterized with an asymptotic cross-section (saturation cross-section) below 3E-7 cm? per bit and a LET
threshold around 1.8 MeV.cm2/mg.
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TV1-SR11, 12,13 and 14 - Heavy ion - SEU cross-s  ectional area per bit
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Figure 49: TV1 - SR11, 12,13 and 14 - SEU cross-se ctional area per bit

The Figure 50 plots the SEU distribution. Like the reference channel, most SEUs are SBUs with more than
half coming from clear transition. MBUs signatures are the same as the reference channel: it was not s een a
total flip or stuck bit of the channel that could | ead to a total or partial stop of the PLL output cl ock.
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Figure 50: TV1 - SR11, 12, 13 and 14 - SEU distribu  tion
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9.3 TV2 - SHIFT REGISTER

One SEFI was detected and recorded during the campa ign at RADEF on November 2010 on the RUN 112
with an effective LET of 55 MeV.cm2/mg. The device was configured with the TV2 and all shift registers were
tested with a working frequency of 2 MHz. From the Iteration N° 257 (a fluence of 3.69E5 p/cm2) up to the
end of the run (a fluence of 5E5 p/cm?) all the rea d data from the device were read at the low state ( “0”). The
device did not recover from the SEFI state by itsel f. The recovery took place after a power cycle of t he device
allowing the next run with the exact same condition s to be performed without any more SEFI detected.

931 TV2-SR1

The TV2 SR1 implemented sequential cell triplicatio n as SEU mitigation.

The Figure 51 displays the SEU cross-sectional area per bit of this channel. It is based on a poor sta tistic
attended to the small number of errors. The referen ce Weibull curve was added to the graph for compari son
purpose. It can be seen a large difference (around 2 decades) on both SEU cross-sections. The SEU cros s-
section is characterized with an asymptotic cross-s ection (saturation cross-section) below 2E-9 cmz per bit.
The Weibull fit curve with the following parameters values was estimated from the points and added to the

plot:

K=1

A=80

Xo =1.8 MeV.cm2/mg
CSsat = 2E-9 cm?
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Figure 51: TV2 - SR1 - SEU cross-sectional area per  bit

The Figure 52 plots the SEU distribution. More than 70 % of SEUs are SBUs and all of those are due to clear
transition (transition from ‘1’ to ‘0’). The high p ercentage of MBUs (almost 30 %) compare to the refe rence
channel is entirely made of arbitrary numbers of re set bits.
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Figure 52: TV2 - SR1 - SEU distribution

The sequential cell triplication SEU mitigation seriously decreases the total amount of SEU and change s the
SBU vs. MBU ratio. All events appearing on the only asynchronous global (or local) reset signal shared
between all registers induced all recorded SEU with out any available correction from the voter.

932 TV2-SR2

The TV2 SR2 implemented sequential cell and I/O blo ck triplication as SEU and SET mitigation.

The Figure 53 displays the SEU cross-sectional area per bit of this channel. The reference Weibull cur ve is
added to the SEU cross-section graph for comparison purpose. It can be seen a small difference (less t han a
decade) between the channel and the reference. The SEU cross-section is characterized with an asymptotic
cross-section (saturation cross-section) below 2E-7 cmz per bit and a LET threshold below 10 MeV.cm?/m g.
A Weibull fit curve was estimated from the measured points and added to the cross-section graph. The
Weibull fit parameters values are:

K=1

A =80

Xo =1.8 MeV.cm?/mg
CSsat = 1E-7 cm?

This SEU cross-section is high compared to the SEU cross-section of the channel using only sequential cell
triplication (TV2 SR1). Because both channels use the same sequential cell triplication as SEU mitigation, a
smaller (or in the worst case an equivalent) cross- section was expected on the SR2 channel. No explana tion
has been found yet to explain the result on this ch annel.
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Figure 53: TV2 - SR2 - SEU cross-sectional area per

bit

The Figure 54 plots the SEU distribution. 87 % of S EUs are SBUs and 83 % of those are due to clear
transition. The 13 % of MBUs are made of arbitrary numbers of reset bits.
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Figure 54: TV2 - SR2 - SEU distribution
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9.3.3 TV2-SR3

The TV2 SR3 implemented SET filtering with a delay of 2 ns as SET mitigation.

The Figure 55 displays the SEU cross-section of this channel. It is characterized with an asymptotic c ross-
section (saturation cross-section) below 3E-7 cm? per bit and a LET threshold around 1.8 MeV.cm2/mg. T he
reference Weibull curve was added to the graph for comparison purpose and it can be seen than the
reference Weibull curve fits well the measured poin ts of this channel.
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Figure 55: TV2 - SR3 - SEU cross-sectional area per  bit

The Figure 56 plots the SEU distribution. Like the reference channel, most SEUs are SBUs with a little more
than the half due to clear transition. MBUs counts and signatures are very similar to the reference.
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Figure 56: TV2 - SR3 - SEU distribution

9.34 TV2-SR4

The TV2 SR4 implemented sequential cell and 1/O blo ck triplication as SEU mitigation and SET filtering with a
delay of 3 ns as SET mitigation.

No SEE was recorded on this channel up to a LET of 55 MeV.cm?/mg and a cumulated fluence of 2E6 p/cm?2.
9.35 TV2-SR5

The TV2 SR5 implemented sequential cell and 1/0 blo ck triplication as SEU mitigation and logic duplica tion
as SET mitigation.

No SEE was recorded on this channel up to a LET of 55 MeV.cm2/mg and a cumulated fluence of 2E6 p/cmz.
936 TV2-SR6

The TV2 SR6 implemented sequential cell and 1/0 blo ck triplication as SEU mitigation and combinational cell
triplication as SET mitigation. This mitigation tec hnique is also called [full] Triple Modular Redunda ncy (TMR).

The Figure 57 plots the SEU cross-sectional area pe r bit of this channel. It is based on an extremely poor

statistic because only 2 SEUs were recorded. The re ference and the TV2 SR1 Weibull curves were added t o
the graph for comparison purpose.
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Figure 57: TV2 - SR6 - Heavy ion - SEU cross-sectio  nal area per bit

The recorded SEUs were 2 SBUs due to clear transiti on.
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9.4 SRAM

The SRAM SEU cross-sectional area per bit is plotte d on the Figure 58. It is characterized with an asy mptotic
cross-section around 4E-8 cm? per bit and a LET thr eshold below 1.8 MeV.cm?/mg. A Weibull fit curve wa s
estimated from the measured points and added to the graph. The Weibull fit parameters values are:

K=1

A=225

X0 =0.2 MeV.cm?/mg
CSsat = 4E-8 cm?

As a remark, all test conditions (dynamic, static a nd Flash Freeze) fit well to the estimated SEU cros s-
section.
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Figure 58: SRAM - SEU cross-sectional area per bit

As highlighted on the Figure 59 all SRAM errors are SEUs (checking type 2 - upset while checking proce ss).
The Table 10 summarizes the available error types (see paragraph 8.3 for further details). The Figure 60
shows the very large majority of errors are SBU. Th e Figure 61 displays the very well balanced distrib ution of
SEU vs. the erroneous bit position inside the word. By averaging the data of all bits it can be stated than:

v' 47 % of SEU errors are set bit while 53 % are rese t bit (clear bit) (see Figure 62).
v’ 47 % of SEU errors are located on the north side w hile 53 % are on the south side (see
Figure 63).

The north side and south side error counts are clos e. The small difference between the counts can also be

originated from the variation of the homogeneity of the beam on the large distance between the opposit e
sides of the die.
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SRAM - Heavy ion - Error Type Distribution
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Figure 59: SRAM - Error type distribution
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Figure 60: SRAM - SBU vs. MBU distribution
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Figure 61: SRAM - SEU vs. Bit position distribution
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Figure 62: SRAM - SEU - Set / Clear distribution
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SRAM - Heavy ion - SEU Vs. Block position Distribut  ion
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Figure 63: SRAM - SEU vs. Block position distributi on

9.5 UFROM

131 35+

No error was observed (neither recorded) on the UFR OM up to a LET of 55 MeV.cm2/mg (" Xe™") and a

total cumulated fluence of 1.36E7 p/cmz2.
9.6 CCC/PLL

Like the reference channel, most SEUs on the shift register channels clocked by the PLL output clock are
SBUs with more than half coming from clear transition. MBUs signatures are the same as the reference
channel. It was not seen a total flip or stuck bit of the channels’ outputs that could lead to a total or partial
stop of the PLL output clock: the PLL output clock never stopped.

The PLL lock signal however is sensitive to Large E rror (here below called PLL lock signal SEFI) and t o SET.
One PLL lock signal SEFI event was counted each tim e an error appeared on the PLL lock signal and the
PLL did not recover by itself. The recovering proce ss was made using a power cycle. On the other way, the
error was counted as an SET each time the PLL recov ered by itself.

4 PLL lock signal SEFIs were recorded on the PLL lo ck signal under the following conditions:

SEFI # 1 2 3 4
Frequency (MHz) 100 150 150 100
LET 32.1 32.1 18.5 18.5
(MeV.cm?/mg)
Conditions RADEF - June RADEF - June RADEF - June RADEF - June
2010 - RUN 22 2010 - RUN 66 2010 - RUN 101 2010 - RUN 121
Fluence (p/cm?) 5E5 1E6 1E6 1E6

Table 13: CCC/PLL - PLL lock signal SEFI conditions
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No PLL lock signal SEFI was recorded under the nomi nal condition.

The PLL lock signal SET cross-sectional area is plo tted on the Figure 64. This SET cross-section is ba sed on
poor statistic attended to the small number of errors. Three Weibull fit curves from 3 different input
frequencies (200, 150 and 100 MHz) were more or les s well estimated from the measured points and added
to the graph. It can be seen than the frequency inf luences the SET sensitivity. Because the PLL was seton a
static mode to a nominal frequency of 200 MHz, incr easing the gap between the nominal frequency and th e
working frequency increased the SET sensitivity. In nominal condition, the CCC/PLL lock signal SET cro ss-
section is characterized with an asymptotic cross-s ection below 1E-5 cm? and a LET threshold around 1. 8
MeV.cm?/mg. The nominal Weibull fit curve has the f ollowing parameters values:

K=1

A =160

Xo =1.8 MeV.cm?/mg
CSsat = 1E-5 cm?

PLL Lock Signal - SET Cross-Sectioan! Area
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Figure 64: PLL Lock signal - SET cross-sectional ar  ea
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9.7 CONFIGURATION FLASH, CHARGE PUMP & IN SYSTEM PROGRA MMING

The configuration flash is not sensitive to SEE. Ho wever the programming part of the configuration flash is
sensitive to SEU, SHE and to the cumulated dose dep osited by the cumulated fluence.

The following processes of the device configuration were run under beam exposition to check the sensit ivity
and can be stated to be sensitive to SEE.

v' Erasing
v" Programming
v' Verifying

The processes were tested all together and separately on the beam. The success of the process, the
functionality of the design and the re-configurabil ity of such configured devices was then verified (o nce or
twice) off beam.

The following Table 14 summarizes the status of the samples.

Few remarks have to be made on the Table 14:

i. All status are stated from functionality of the design and the re-configurability of the sample. The
failing of the re-configuration was generally verified by repeating the operation.

ii. The dose (the status) after configuration test is the dose (the status) of the sample at the end o f
the last configuration test run performed under the beam. Additional runs (to test other parts of
the device) can be performed on the same sample aft er the last configuration test run.

iii. The status after SEE test is the status of the sample at the end of the test campaign.

iv. The final dose is the total dose received by th e sample.

V. The final status is the status of the sample sta ted at the end of all tests. All samples were
checked in August 2011 (5 months after the last cam paign).

From this Table 14, it can be seen than:

» Over the 6 samples tested in configuration mode:

v" All were the source of SEUs inducing failures in t he programming process. An off beam re-
configuration was then successfully completed and the functionality of the design
successfully verified.

v' 2 samples (SN 3 and SN 16) were the source of SHE during the configuration of the sample
and were so destructed.

v' 1 sample (SN 5) was stated as fail (not configurab le anymore) at the end of the heavy ion
test (November 2010). It received a cumulated dose of 21 KRad. The same sample was then
stated as pass (fully functional and re-configurabl e) at the end of all tests (August 2011).

» The influence of the cumulated dose deposited by t he cumulated fluence can also be seen on the
sample SN 4. This sample was not used to test the ¢ onfiguration process, but the cumulated dose of
this sample (29 KRad) at the end of the heavy ion t est (November 2010) damaged its configuration
system. The sample did not recover and was still failing (design functional but sample not re-
configurable) at the end of all tests (August 2011) .

» 3 samples (SN 8, 10 and 11) failed the re-configur ation verification right after the heavy ion test.
However they all passed (fully functional and re-co nfigurable) the day after.
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1 | Heavy lons na fa Fass  Pass 0D00EHID Pass
2 | Heavy lons * 1.43E+H14 Pass Fass  Pass 1.43E+04 Pass
3 | Heawy lons # | X BASJEHI3 Fall Fail Fall G57EHI3 Fall
4 | Heavy lons na na | not verified | Faill | 2.89E+14 Fail
o Heavy lons X | X 1.21E+H14 Pass Fail Fail 209E+4 Pass
B Heawy lons | = | X 5 00EH13 Pass FPass Fass|5.00EH)3 Fass
7 Heavy lons na na Fass Fass|0.00EHIO FPass
g Heawy lons na na F ail Fass |2 84EH)3 Fass
9 | Heavy lons fa na Fass  Pass 1B1EHZ2 Pass
10 ' Heavy lons na fa Fail Fass 1.92EH13 Pass
11 ' Heavy lons na fa Fail Fass 1.00E+H14 Pass
12 ' Heavy lons na fa Fass  Pass 0D.00E+HID Pass
13 Heavy lons na na Fass  Pass 0O00E+HID Pass
14 'Heavy lons na na Fass  Pass 0.00E+HID Pass
15 | Heawy lons na na FPass Fass|0.00EHIO FPass
16 |Heawy lons | X | ¥ | X |3.20EHI3 | Fail Fail Fal 3.20EH13 Fall
17 Heawy lons | X | X 1.05E+H)3 Fass Fass Fass|1.05EH)3 Fass
18 ' Heavy lons fa na Fass  Pass 0.00E+HID Pass
19 Froton na fa Fass Fass 2594E+H14 Pass
20 Froton na fa Fass Fass 1.B5E+H14 Pass
21 Froton na fa Fass Fass 4 41EH13 Pass
22| Proton na na Fass  Pass 0.00OEHID Fass
23| Proton na na Fass  Pass 0.00EH10 Pass
24 Froton na na Fass Fass 0.00EHID Pass

Table 14: Samples status
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10 PROTON - TEST RESULTS

10.1 POWER SUPPLY

No SEL has been observed up to an energy of 230 MeV , a cumulative fluence of 6.36E11 p/cm2, a room
temperature, a bias voltage of 1.5 V for the core v oltage and 3.3 V for the input/output voltage.

10.2 TV1-SHIFT REGISTER

10.21 TV1i-SR1

Due to the low proton sensitivity of the D core fli p-flop (register) a large fluence was needed and a large dose
was so deposited on the samples at each run: this | imiting the characterization. As a consequence, only 230
MeV energy was used. The SEU cross-section per bit plotted on the Figure 65 is below 1E-13 cm? at 230
MeV.

In the purpose to increase the proton SEU cross-sec tion statistics, the total number of register compo sing the
shift registers on the design could be increased. H owever this would have requested the usage of anoth er
design including a higher number of register inside each shift register or the modification of the req uirements
of the original test vehicle.

TV1 - SR1 - Proton - SEU cross-sectional areaperb it
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Figure 65: TV1 - SR1 - SEU cross-sectional area per  bit

10.2.2 TV1-SR2

The SEU cross-section per bit plotted on the Figure 66 is the same as the reference below 1E-13 cm2 at 230
MeV.
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Figure 66: TV1 - SR2 - SEU cross-sectional area per  bit

10.2.3 TV1-SR3

The SEU cross-section per bit plotted on the Figure 67 is similar to the reference channel below 1E-13 cm? at
230 MeV.
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Figure 67: TV1 - SR3 - SEU cross-sectional area per  bit

10.2.4 TV1-SR4

The SEU cross-section per bit plotted on the Figure 68 is similar to the reference channel below 1E-13 cmz? at
230 MeV.

HRX/SEE/0303 Issue 03 Page 72/102



Ref.: HRX/SEE/0303

Hirex Engineering A3PE3000L SEE TEST REPORT . 08
TV1 - SR4 - Proton - SEU cross-sectional areaperb it
0 50 100 150 200 250

1.00E-12 —_— ‘
< 1.00E-13
S
L
._‘é
g
5 [ ]
2
3 “oH
)
¢
g 1.00E-14
i
]

2 MHz
@50 MHz
8100 MHz
150 MHz
1.00E-15
Energy (MeV)

Figure 68: TV1 - SR4 - SEU cross-sectional area per  bit

10.25 TV1-SR5,6,7and8

The SEU cross-section per bit plotted on the Figure 69 is similar to the reference channel below 1E-13 cm? at
230 MeV.
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Figure 69: TV1 - SR5, 6, 7 and 8 - SEU cross-sectio  nal area per bit

10.2.6 TV1-SR9and10

The SEU cross-section per bit plotted on the Figure 70 is similar to the reference channel below 1E-13 cm?2 at
230 MeV.
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Figure 70: TV1 - SR9 and 10 - SEU cross-sectionala  rea per bit

10.2.7 TVv1-SR11,12,13and 14

Those channels were not tested to proton.

10.3 TV2-SHIFT REGISTER

Due to the poor number of SEE recorded on the TV2 d uring heavy ion tests and the low proton sensitivit y of
registers of the TV1, the TV2 was not tested to pro ton.

104 SRAM

The SRAM SEU cross-sectional area per bit is plotte d on the Figure 71. It is characterized with an asy mptotic
cross-section below 1E-13 cm? per bit and an energy threshold below 23.5 MeV.

One sample was used to fully characterize the SRAM at several energies while a second sample was used
on 2 energies to verify. The 2 samples points are v ery likely.

Only the dynamic mode was used as test condition.

As highlighted on the Figure 72 all SRAM errors are SEUs (checking type 2 - upset while checking proce ss).
The Table 10 summarizes the available error types (see paragraph 8.3 for further details). The Figure 73
shows than the very large majority of errors are SB U. The Figure 74 displays the well balanced distrib ution of
SEU vs. the erroneous bit position inside the word. By averaging data of all bits it can be stated tha n:

v' 58 % of SEUs are set bit while 42 % are clear bit (reset bit) (see Figure 75).
v' 50 % of SEUs are located on the north side while 5 0 % are on the south side (see Figure 76).
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Figure 71: SRAM - SEU cross-sectional area per bit
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Figure 72: SRAM - Error type distribution
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SRAM - Proton - SBU vs. MBU Distribution
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Figure 73: SRAM - SBU vs. MBU distribution

SRAM - Proton - SEU vs. Bit position Distribution
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Figure 74: SRAM - SEU vs. Bit position distribution
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SRAM - Proton - SEU vs. Set/ Clear Distribution
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Figure 75: SRAM - SEU - Set / Clear distribution
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Figure 76: SRAM - SEU vs. Block position distributi on
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10.5 UFROM

No error was observed (neither recorded) on the UFR OM up to an energy of 230 MeV and a total cumulated
fluence of 2.03E10 p/cm?.

10.6 CCC/PLL

The channels clocked by the PLL output clock were n ot tested to proton. Neither was the CCC/PLL block.

10.7 CONFIGURATION FLASH, CHARGE PUMP & IN SYSTEM PROGRA MMING

The configuration flash is not sensitive to SEE. No additional run was performed with proton to evaluate the
sensitivity of the programming part of the configur ation flash.
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11 CONCLUSION

The A3PE3000L flash FPGA from the ProASIC3L family from ACTEL manufacturer was SEE characterized
at the following facilities under ESA ESTEC contrac t number 22327/09/NL/SFE:

v" RADEF, University of Jyvaskyla, Jyvaskyla, Finland in June and November 2010.
v' PIF, PSI, Villigen, Switzerland in March 2011.

SEE mitigation methods applied on the same die were also characterized and their SEE sensitivities
evaluated. 2 test vehicles (TV) were designed and t ested. The first TV implemented 14 shift registers, one
clock conditioning circuit with phase-locked loop and 100 % of the SRAM and UFROM memories. The
second TV implemented SEU and SET mitigation on 6 s hift registers. All shift registers of both TVs wer e
made of 1024 registers made of D core flip-flop wit h clear and enable active high.

No SEL was observed up to a LET of 55 MeV.cm?/mg, a cumulated fluence of 1E7 p/cmz?, a temperature up
to 125 °Celsius and a bias voltage of 1.65 Volts fo r the core voltage and 3.6 Volts for the input/outp ut voltage.

The flash (configuration and user) was not seen sen sitive to SEE up to a LET of 55 MeV.cm?/mg. It rema ined
intact. However the programming part of the flash w as stated sensitive to SEU, SHE and to the cumulate d
dose deposited by the cumulated fluence.

One SEFI was detected and recorded during the campa ign at RADEF on November 2010 on the RUN 112
with an effective LET of 55 MeV.cm2/mg. The device was configured with the TV2 and all shift registers were
tested with a working frequency of 2 MHz. From the lIteration N° 257 (a fluence of 3.69E5 p/cm?) up to the
end of the run (a fluence of 5E5 p/cm?) all the rea d data from the device were read at the low state ( “0"). The
device did not recover from the SEFI state by itsel f. The recovery took place after a power cycle of t he device
allowing the next run with the exact same condition s to be performed without any more SEFI detected.

Concerning the shift registers:

v' The reference and standard shift register (TV1 - S R1) SEU cross-section is characterized with an
asymptotic cross-section below 3E-7 cm? per bit and a LET threshold below 1.8 MeV.cm#/mg. An
extremely light influence of the working frequency can be seen on the SEU cross-section. Most
errors are SBUs where almost 2/3 is due to clear tr ansition. Some MBUs largely made of arbitrary
numbers of consecutive reset bits (clear bit) were counted as well.

v" The channel implementing combinational cells on th e enable signal path (TV1 - SR2) results in an
SEU cross-sectional area per bit similar to the ref erence. The frequency does not appear to influence
the SEU cross-section or so lightly than it is not visible on the cross-section curve. Most errors are
SBUs with more than half due to clear transition. M BUs are made of errors with the same signatures
than the reference channel. However another signatu re shows un-shifted quartets caused by an SET
on the enable signal caught at the active edge of t he clock: data are held from shifting. Very few
SETs on the enable signal were caught that way.

v" The channel implementing combinational cells on th e reset signal path (TV1 - SR3) results in a SEU
cross-sectional area per bit characterized with an asymptotic cross-section below 1E-6 cm? and a
LET threshold around 1.8 MeV.cm2/mg. This SEU cross -section per bit is higher than the reference.
Almost 80% of SEUs are SBUs and 70% of those are du e to clear transition. There is a high count of
MBU compared to the reference channel and almost al | of those are due to arbitrary numbers of
reset bits.

v" The channel implementing combinational cells in-be tween each register (TV1 - SR4) results in an
SEU cross-sectional area per bit similar to the reference. A very light influence of the working
frequency can be seen on the SEU cross-section. Mos t SEUs are SBUs and 2/3 of those are due to
clear transition. Comparing SEU cross-section and e rror signatures, this channel seems very similar
to the reference one.

v" The channels implementing the DDR 1/O registers (T V1 - SR5 to 8) and the channels implementing
LVDS buffers (TV1 - SR9 and 10) show a SEU cross-se ctional area per bit very similar to the
reference. SEE signatures are also like the referen ces ones.

v" The channels clocked by the PLL output clock (TV1 - SR11 to 14) have a SEU cross-sectional area
per bit identical to the reference. Most SEUs are S BUs with more than half due to clear transition.
MBUs are largely attended to reset bits and flipped bits: it was not seen a total flip or stuck bit of the
channels that could lead to a total or partial stop of the PLL output clock.
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v' The channel implementing sequential cell triplication (TV2 - SR1) results in a SEU cross-sectional
area per bit characterized with an asymptotic cross -section below 2E-9 cm2. There is a large
difference (around 2 decades) on its SEU cross-section and the reference one. It is based on a poor
statistic attended to the small number of errors. M ore than 70 % of SEUs are SBUs and all of those
are due to clear transition. The high percentage of MBU (almost 30 %) compared to the reference
channel is made of arbitrary numbers of reset bits. The sequential cell triplication SEU mitigation
decreases the total amount of SEU and changes the S BU vs. MBU ratio. All events appearing on the
only asynchronous global (or local) reset signal sh ared between all registers induced all recorded
SEU without any available correction from the voter .

v' The channel implementing sequential cell triplication and 1/O bank triplication (TV2 - SR2) has a SEU
cross-sectional area per bit characterized with an asymptotic cross-section below 2E-7 cm? and a
LET threshold below 10 MeV.cm?/mg, lower than the reference but still higher than the channel
implementing only sequential cell triplication. This result seems unrealistic compared to the other
channels implementing only the sequential cell trip lication (TV2 SR1). Because both channels use
the same sequential cell triplication as SEU mitiga tion, a smaller (or in the worst case an equivalent )
cross-section was expected on the SR2 channel. No e xplanation has been found yet to explain the
result on this channel.

v" The channel implementing the SET filtering method with a delay of 2 ns (TV2 - SR3) has a SEU
cross-sectional area per bit similar to the reference. Its SEEs signatures are also very like the
reference channel.

v' The channel implementing sequential cell triplication, 1/O block triplication and SET filtering with a
delay of 3 ns (TV2 - SR4) did not show any event up to a LET of 55 MeV.cm2/mg and a cumulated
fluence of 2E6 p/cm?.

v' The channel implementing sequential cell triplication, 1/0 block triplication and logic duplication (TV2 -
SR5) did not show any event up to a LET of 55 MeV.c m2/mg and a cumulated fluence of 2E6 p/cm?2.

v" The channel made of full TMR mitigation (TV2 - SR6 ) was the source of only 2 SBUs (single bit
cleared). Based on an extremely poor statistic this channel look close to the result of the channel
implementing only sequential cell triplication (TV2 - SR1).

v All the channels of the TV1, expected the channels clocked with the PLL output clock were tested to
proton. They all have the same proton SEU cross-sec tion per bit measured from a low sensitivity
(with a low number of errors) below 1E-13 cm? at 23 0 MeV.

The SRAM heavy ion SEU cross-sectional area per bit is characterized with an asymptotic cross-section
around 4E-8 cmz per bit and a LET threshold below 1 .8 MeV.cm2/mg. The SRAM proton SEU cross-sectional
area per bit is characterized with an asymptotic cr oss-section below 1E-13 cm?2 and an energy threshold
below 23.5 MeV. All SEEs are upsets with a very lar ge majority of SBUs very well balanced on bit posit ion, on
set/ clear transitions and on RAM block position.

The PLL output clock never stopped. However the PLL lock signal is sensitive to PLL lock signal SEFI a nd to
SET. It can be seen than the frequency influences t hose sensitivities. Because the PLL was set on a st atic
mode to a nominal frequency of 200 MHz, increasing the gap between the nominal frequency and the
working frequency increased those sensitivities. In nominal condition no any PLL lock signal SEFI was
recorded on the PLL lock signal while its SET cross -sectional area based on a poor statistic attended to the
small number of errors is characterized with an asy mptotic cross-section below 1E-5 cm2 and a LET
threshold around 1.8 MeV.cm#/mg.

Few remarks have to be made:

v" The sequential cell and I/O block triplication mitigation methods were used on the channels 2, 4, 5
and 6 of the TV2. The yet unexplained phenomenon that influences the 2°° channel does not
influence the channel 4, 5 and 6.

v" TMR shift registers have a higher percentage of MB U compared to SBU than the non-mitigated shift
registers.

v" In the purpose to increase the SEU cross-section s tatistics, the total number of D core flip-flop
(register) on the TV1 design could be increased. Ho wever this would have requested the usage of
another TV1 design (including a higher number of re gister inside each shift register) or the
modification of the requirements of the original te st vehicle.

v' The performance of the SET filtering method can on ly be evaluated if the SET sensitivity is evaluated
(measured).

v" The clock synchronization of global signals (seen on enable signal) highly reduces the probability to
catch SETs appearing on the same global signals. Sy nchronizing the reset (clear) signal should so
very probably decrease the sensitivity of SEUs indu ced by the SET on the global reset (clear) signal.
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v' The test of I/O blocks (I/O buffers and registers) would be characterized to SEE sensitivity with hig her
accuracy by being tested lonely instead of mixed wi th other parts.
v

The usage of SERDES module would have been of grea t help during the design of the shift register
test system. However requiring the output and the a cquisition of the 4 last registers’ output for all shift
registers made it impossible. The high working freq uency of SERDES system and the single data line
would have greatly eased the high frequency access and the data line compensation.
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12 RADEF — JUNE 2010 — RUN TABLES
121 RUN/BEAM/DUT/SEL - TABLES

RUM BEAM DuT

£ = & S

— — = 5 =

* @ % % g— E &g o = E & = E

5 £ o = = O = — N [ = I = k=
* @ # | 5 R= o = | E — = £ = c = cu E] = z = 1
o & c 2 B 188 S Y B =8 pF by s s cE 5 |B [ @ ] c |m
5 a g @ 5 |°% B 3 = "2 s 3 & TS £ a z s £ = & |@

1 2z 2 % ] E; =B c = z > 2

- o = = e (=]

Ys & = [ 4 B = &

=] & & T ® = 5 = =& & & &Y
26/06/2010 11:30 |82kr22+ 788 | 32 94 321 143E+04 0 1485  9.55E+00 7. 34E-+00 0 B room=40 - -

120286 1p room=400 15  3.3/25 Static
12043.49 1p|room=40 15  3.3/25 Static] -
1205125 1p|room=40 1.5  3.3/25 Static] -
1205542 1p|room=40 1.5 3325 Static| -
1205582 1p|room=40 15 3325 Static| -
2568 1 roorm=400 15 3325 Dyn -

5043552 1 [roorm=400 1.5 3325 Dyn -
TB1.1552 1 [roorm=400 1.5 3325 Dyn -
1017.9585 1 roorr=400 15 3325 Dyn -
1274755 1 roorm=40 15 3325 Dyn -
1532.089 1 roorm=40 1.5 3325 Dyn -
2045669 1 jroom=40 1.5  3.325 | Dyn -
2559269 1 room=40 15 3325 Dyn -
3072869 1 room=40 1.5 3325 Dyn -
3586469 1 room=40 1.5 3.325  Dyn -
4100069 1 room=40 1.5 3.3225 Dyn -
4156.051 - [room=40 - -
4613669 1 room=40 15 3.325  Dyn -
8127269 1 roor—40 15  3.325 DynFF -
5640869 1 room=40 1.5 3.3/2.5 Static) 10
6154469 2 room=40 15 3.3225 Dyn -
GBG8.069 2 roome40 15 3.3225  Dyn -
T181.668 2 [roorm=40 15 3325 Dyn -

2

2

2

2

2

2

1

1

1

1

1

1

1

321 292BEH04 206 |8.86E+01 1.50E+1
321 280E+04 292 |8.83E+01 1.45E+1
321 1581E+04 168  |8.60E+01 7 FEEHI0
321 | B12EH3 a0 9.02E+01 |4 17E+00
321 | 7.79EHZ 11 7.08E+01 | 4.00E-01
321 500EHD5 443 | 1.13E+03 2.57E+HD2
321 482E4H15 391 1.23E+03 2 48E+02
321 500E+05 391 1.28E+03 2 57E+H02
321 500EHD5 397 |126E+13 257EHI2
321 A00EHD5 395 127EH13 257EH2
321 60IEHS 394 1.27EH03 2.57EH2
321 TO00EHD6, 853 |1.17E+03 5.14E+02
321 100E+D6, 892 | 1.12E+03 5.14E+02
321 100EHD6, 778 | 128E+03 5.14E+02
321 100E+HD6, 544 | 1.84E+03 6. 14E+02
321 (100E+D6, 664 | 177E+03 6.14E+02
321 | 1.09E+H5 66 1.65E+03 &6.60E+01
321 100EHD8,  &78 |1.73E+03 6.14E+02
321 100E+D6, 485 | 2.06E+03 6.14E+02
321 100E+D6, 453 |221E+03 6.14E+02
321 100EHD6,  B18  |1B2E+03 6.14E+02
321 100EHB  B&1 1.61E+H13 6. 14E+02
321 100EH06 RS0 | 1.45E+03 5.14E+02
321 100EH06 728 |1.37E+13 5.14E+02
321 100E406 213 |4 B3E+13 5. 14E+02
321 100EHIE,  BBS | 1.45E+013 5.14E+02
321 100E4D6, 302 | 3.31E+03 5.14E+02
321 100EHD6, 204 |490E+013 5.14E+02
321 100EHD6, 205  |4.80E+03 5.14E+02
321 114E+H3 44 2.59E+01 | 5.86E-M1
321 100E+06, 201 |4893E+03 6.14E+02
321 100E+D6, 202 |485E+03 6.14E+02
321 100E+D6, 206 |483E+03 6.14E+02
321 100E+HD6, 206 | 4.85E+03 6.14E+02 room=40 15 33285 Dyn -
321 100EHD6, 210 |4 76E+03 6.14E+02 4136.586 room=40 15 3325 Dyn -

=
B 1]
7 28/06/2010 12:02 [82kr22+ 768 | 32 94 5
3 5
5
5
5
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
1.00E+J6 215 4 BSE+03 514E+02| 3 5650186 roor=400 1.5 3325 Dyn -
3
3
3
3
3
1]
4
4
4
4
4
4
<]
<]
B
B
B
B
B
B
B
B
B
5]
5]
5]
B
B
B
B
B
B
B
B
B
4
4
4
4
4
4
4

1
B | 2
280672010 7 | 3 12010 |82Kkr22+ 7BE | 32| 84
9 28062010 & | 4 12:24 8222+ FES | 32 | 94
10 28062010 9 | 5 | 12:33 |82K22+ FEE | 32 | 94
11 28062010 10 | B | 12:40 |82K22+ FAS | 32 | 94
20 28/06/2010 20 | 7 | 02:24 |82Ki22+ FAE | 32 | 94
21 280620100 21 | B | 02:35 [82K¥22+ 7BE | 32 94
22 2806/2010 0 22 | 9 | 02:42 |82K¥22+ 7BE | 32 94
23 280620100 23 | 10 | 02:50 |82Ke22+) 768 | 32 94
25 280620100 25 | 11 | 03:04 |B2K¥22+ 7RG | 32 94
28 200672010 26 | 12 | 03:14 |82K622+ 768 32| 94
2 260672010 28 | 13 | 03:46 |B2Ki22+ 768 32 | 94
29 280672010 29 | 14 | 04:04 |B2K622+ 7RO 32 | 94
33 2B/06/2010 ) 33 | 15 | 04:35 |82Ki22+ 7ES | 32 | 94
34 28/06/2010 ) 34 | 16 | O4:80 (E2K22+ 7ES | 32 | 94
35 280672010 35 | 17 | 05:01 |82K22+ 7ES | 32 | 94
36 280672010 - | 18 | 05:11 |B2Ki22+ FES | 32 | 94
37 2B/06/2010 ) 36 | 19 | 06:13 |82Kr22+ 7B | 32 | 94
38 280672010 37 | 20 | 06:27 |82Kr22+ FES | 32 | 94
40 280672010 39 | 21 | 05:48 |82K22+ FES | 32 | 94
44 280672010 43 | 22 | 0B:46 |82K22+ 7ES | 32 | 94
45 28/06/2010 44 | 23 | 0B:60 |G2K22+ FAS | 32 | 94
46 28062010 45 | 24 | 07:12 |82K¥22+ 7B8 | 32 94
47 280672010 46 | 25 | O07:25 |82K¥22+ 7B8 | 32 94
50 28/06/2010 49 | 26 | 0750 |82K¥22+ 7B8 | 32 94
51 28062010 50 | 27 | 08:08 |82k¥22+) 7B8 | 32 94
a2 200672010 51 | 28 | 08:45 |B2Ki22+ 768 32 | 94
a4 260672010 53 | 29 | 08:53 |82Ki22+ 768 32 | 94
ata] 260672010 54 | 30 | 08:58 |82Ki22+ 768 32 | 94
60 280672010 59 | 31 | 09:27 |@2Ki22+ 760 32 | 94
62 280672010 B1 | 32 | 09:37 |82K22+ 785 | 32 | 94
64 28/06/2010 ) B3 | 33 | 09:44 |82K22+ 7ES | 32 | 94
66 28/06/2010 ) B5 | 34 | 09:62 |82K22+ 7ES | 32 | 94
67 28/06/2010 ) B6 | 35 | 09:65 |G2K22+ 7ES | 32 | 94
65 28/06/2010 ) B3 | 36 | 10:06 |2K22+ 785 | 32 | 94
70 280672010 B3 | 37 | 10:11 |82K22+ FEE | 32 | 94
71 280672010 70 | 38 10:17 |82K22+ FES | 32 | 94
72 280672010 71 | 39 10:21 |82K22+ FES | 32 | 94
73 280672010 72 | 40 | 10:25 |82K22+ FES | 32 | 94
74 280672010 72b | 41 | 10:29 |82K22+ FES | 32 | 94
75 280672010 73 | 42 | 10:36 |82K22+ FES | 32 | 94
78 280672010 - | 43 | 10:45 |16Mel5+ 139 | 1.5 | 202
52 280672010 79 | 44 | 11:09 |16Mel15+ 139 | 1.5 | 202
53 280672010 80 | 45 | 11:15 |16Mel5+ 139 | 1.8 | 202
54 280672010 81 | 46 | 11:20 |16Mel15+ 139 | 1.8 | 202
85 28/06/2010 ) 82 | 47 | 11:25 |16Mel15+ 139 | 1.8 | 202
56 28/06/2010 ) 83 | 48 | 11:30 |16Mel15+ 139 | 1.8 | 202
87 28/06/2010 84 | 45 | 11:35 |15Nel15+ 139 | 1.8 | 202
90 28/06/2010 ) 87 | 50 | 11:54 |15Mel15+ 139 | 1.8 | 202
91 28/06/2010 ) 83 | 51 | 12:00 |15Mel15+ 139 | 1.8 | 202
92 28/06/2010 0 8% | 52 | 12:04 |15MNel15+ 139 | 1.8 202
93 28/06/2010 0 90 | 53 | 12:09 |15MNe15+ 139 | 1.8 202
94 28062010 91 | 54 | 12:14 |15MNe15+ 139 | 1.8 202
95 28/08/2010 0 92 | 55 | 1218 |15MNe15+ 139 | 1.8 202
96 29/06/2010 0 93 | 56 | 09:22 |S6Fel5+ 523 | 19 97
a7 2900672010 94 | 57 | 09:32 |56Fel5+ 523 | 19 97
93 2906/2010 0 95 | 58 | 09:38 |56Fels+ 523 | 19 97
99 290620100 965 | 55 | 09:44 |5EFels+ 523 | 19 97
100 29062010 97 | BO | 09:50 |S6Fels+ 523 | 19 97
m 2906/2010 0 98 | B1 | 09:57 |56Felo+ 523 | 19 97
o0z 2906/2010 0 99 | B2 | 10:03 |56Fel5+ 523 | 19 97
104 29/06/2010 101 | B3 | 10:12 |56Fel5+ 523 | 19 97
105 2900672010 102 | B4 | 10:17 |S6Fel5+ 523 | 19 97
106 29/06/2010 103 | B5 | 10:23 |56Fel5+ 523 | 19 97
o7 29/06/2010 104 | BB | 10:28 |S6Fel5+ 523 | 19 97
109 29/06/2010 106 | 67 | 10:51 [S6Fel5+ 523 | 19 97
110 2900672010 107 | B8 | 10:56 |S6Fel5+ 523 | 19 97
111 29/06/2010 108 | B9 | 11:02 |56Fel5+ 523 | 19 97
112 290672010 109 | 70 | 1107 |SEFels+ 523 | 19 97
113 290672010 110 | 71 | 11013 |56Fels+ 523 | 19 97
114 290672010 111 | 72 | 11019 |5EFels+) 523 | 19 97
119 290672010 116 | 73 | 11:481 |56Fel5+ 523 | 19 97
120 290672010 117 | 74 | 11:56 |56Fel5+ 523 | 19 97
121 290672010 118 | 75 | 12:01 |S6Fel5+ 523 19| 97
122 2900672010 119 | 76 | 12:05 |56Fel5+ 523 19 | 97
123 290672010 120 | 77 | 12:10 |S6Fel5+ 523 19| 97
124 29062010 121 | 78 | 12:16 |S6Fel5+ 523 19 | 97
125 2906/2010 122 | 79 | 12:21 |S6Fel5+ 523 | 19 | 97

7B95.269 room=40 15  3.3/25  Dyn -
roarr=40 1.5 3325 Dyn -
roor=400 1.5 3325 Dyn -
roor=40 1.5 3325 Dyn -
room=40 1.5  3.32.5 | Dyn -
room=40 1.5  3.32.5 | Dyn -
roor=400 1.5 3325 Dyn -
moom=400 1.5 3325 Dyn -
moom=400 1.5 3325 Dyn -
moom=400 1.5 3325 Dyn -

5136
1027 2
1540.8
2054 .4
2568
2568.506
3082186
3595.786
4109.386
4622 986

321 BE3EHDS 162 |4 36E+03 341E+HD2 8990702 1p room=40 15 33258 - -
321 731EH8 168 |4 33E+03 3.75E+HD2 B366.144 1p room=40 15 3328 - -
321 | 319EHI5 75 4.26E+13 | 1. B4E+02 B529.982 1p room=40 1.5
321 | 7.88EHI3 4 1.87E+03 4.05E+00 B6534.028 1p room=40 15 3328 - -
321 B.A0E+HD4 13 3.61E+013 3.34E+1 B567.413 Tp room=40 15 33258 - -
18 B.36EHS 75 8.45E+03 1.83E+01 1] B room=40 - - - -
168 20M1E+HE 188 1.01E+04 &675E+ room=40 15 3325 Dyn -
168 20ME+HE 185 1.03E+04 &675E+ room=40 15 3325 Dyn -
168 200E+)E 203 B.85E+03 &6.76E+ room=40 15 3325 Dyn -
168 201E+HB| 203 B.80E+H03 &.75E+1 room=40 15 3325 Dyn -
168 200EHBE 207  B.66E+H3 &6 76E+1 288.564 room=40 15 3325 Dyn -

a7.eee 1
1

1

1

1

168 200E+B 208  5.62E+H03 5.76E+D1 346,464 1 room=400 15 3325 Dyn -
1

1

1

1

1

1

118776
173376
231.264

168 201E+HB 216 5.31E+H3 5.79E+1 47 .668 room=40 1.5 3325 Dyn -
115,485 roorr=400 1.5 3325 Dyn -
173376 roor=400 1.5 3325 Dyn -
231.264 roor=400 1.5 3325 Dyn -
289152 roor=400 1.5 3325 Dyn -
346.752 roarr=40 1.5 3325 Dyn -
388.784 BS room=40 15 3325 - -
1 room=40 15 3325 Dyn -
1 room=400 15 3325 Dyn -
1 room=400 15 3325 Dyn -
1 room=400 15 3325 Dyn -
1 room=40 15 3325 Dyn -
1 room=40 15 3325 Dyn -
1 room=40 15 3325 Dyn -
2756784 1 roor=40 15 3325 Dyn -
3052784 1 roor=40 15 3325 Dyn -

1

2

2

2

2

18 (200EH6| 217 |9.22E+13 5.76E+1
1.8 201E+6 222 905E+03 579E+01
1.8 201E+4#6 21 9.10E+03 5. 79E+01
18 (201E+H6 226 B89E+03 579E+H1
1.8 (200E+06 226 B85E+03 576E+01
185 (T42E405 303 4 B9E+02 4 20E+01
O0EHIE| 254 | 379E+13 2.96E+02
O0EHIE| Y0 | 370E+13 2.96E+02
O0EHIE| 301 3.32E+03 2 96E+02
O0EHIE| 318 | 3.13E+13 2.96E+02
O0EHIE| 220 |4.55E+13 2.96E+12
O0EHIE| 218 |4.59E+13 2.96E+12
O0EHIE| 243 | 412E+13 2.96E+12
O0EHIE | 247 | 4.05E+13 2 96E+12
O0EHIE | 237  |4.22E+13 2 96E+12
O0E+HIE| 248 | 4.03E+13 2.96E+12
O0E+HIE| 256 | 3.91E+13 2.96E+12
O0E+HIE| 244 |4 10E+13 2 96E+12
O0EHIE| 253 | 3.95E+13 2 96E+12
O0EHIE| 255 | 3.92E+13 2.96E+12
185 9F4EHDS 247 | 394E+03 2.83E+02
185 B.13E+H5 161 381E+03 1.81E+02
1845 (100EHIE 236 | 4.24E+03 2.96E+12
O0EHIE| 201 4 98E+03 2 96E+02
O0EHIB 191 5 24E+13 2 86E+02
O0EHIE| 203 |4.93E+13 2.96E+12
O0EHIB 196 | 5.10E+03 2.86E+02
O0EHIB 198 56.05E+03 2.86E+02
O0EHIE| 204  |4.90E+H13 2.96E+12

534.784
930.784
1276.784
1572.784
1868.704
2164.784
2460784

3345784 roor=40 15 3325 Dyn -
3644784 roor=40 15 3325 Dyn -
3940.784 roor=40 15 3325 Dyn -
4236.784 roor=40 15 3325 Dyn -
4532784 roor=40 15 3325 Dyn -
4821088 2p room=40 15 3325 - -
5002536 2p room=40 0 15 3325 - -
1 room=40 15 3325 Dyn -
1 room=40 15 3325 Dyn -
1234.464 1 |room=40 1.5 3325 | Dyn -
1530464 1 |room=40 1.5 3325 | Dyn -

1

1

1

=]
[3]

m
"

642 464
9308464

1826464 roor=40 1.5 3325 Dyn -
2122464 roor=400 1.5 3325 Dyn -
2418.464 roor=400 1.5 3325 | Dyn -

GGGGGDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDGGGDDDDDDDDDDDDDDGGDDDDDDDDDDDB
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]

w
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n
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HRX/SEE/0303
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126 29/06/2010 123 | 80 | 12:25 |56Fel5+ 523 | 1 97 1] 18.5 | 1.00E+0B 208 4 81E+03 296E+02| 4 2714.464 1 roorm=40 15 3325 Dyn - 0
127 29/06/2010 124 | 81 | 12:30 |56Fel5+ 523 | 19 97 1] 18.5 | 1.00E+0B 205 4 88E+03 296E+02| 4 30100464 1 roorm=40 1.5 3325 Dyn 0
128 29/06/2010 125 | 82 | 12:35 |56Fel5+ 523 | 19 97 1] 18.5 | 1.00E+0B 210 4 7EE+03 296E+02| 4 3306.464 1 roorrm40 15 3325 Dyn - 0
131 29/06/2010 128 | 83 | 12:58 |56Fels+ 523 | 19 97 1] 18.5 | 1.00E+0B 162 617E+03 296E+02| 4 3602464 2 roorm=40 15 3325 Dyn - 0
132 29/06/2010 129 | 84 | 01:02 |5EFels+ 523 | 19 97 1] 18.5 | 1.00E+0B 145 690E+03 296E+02| 4 3895.464 2 roorrm40 15 3325 Dyn - 0
133 29/06/2010 130 | 85 | 01:05 |S6Fels+ 523 | 19 97 1] 18.5 | 1.00E+0B 141 FO9E+03 296E+02| 4 M194.464 2 roorrm40 0 15 3325 Dyn - 0
134 29/06/2010 131 | 86 | 01:08 |56Fels+ 523 | 19 97 1] 18.5 | 1.00E+0B 145 690E+03 296E+02| 4 44900464 2 roorr=40 15 3325 Dyn - 0
135 29/06/2010 0 - | 87 | 01:37 [I31Xe3541217 | 55 89 1] 553 |22TEHIS 240 946E+HI2 201EHD2| O 0 B room=400 - - - - -
136 29052010 133 | 88 | 01:45 I31Xe354 1217 55 89 u] 553 |5 00E+15 253 1.98E+13 4 42E+02| 4 4532864 2 room=40 15 3325 Dyn - 0
137 29052010 134 | 83 | 01:50 I31Xe3541217 55 89 o 553 |5 00E+15 268 T87EH13 |4 42E+02| 4 5375264 2 room=40 15 | 3.325 Dyn - 0
138 29052010 135 | 90 | 01:55 I31Xe354 1217 55 89 o 553 |5 00E+15 261 1.92E+13 4 42E+02| 4 5817664 2 room=40 15 3325 Dyn - 0
139 29062010 136 | 91 | 02:00 1313541217 55 | 89 o 553 | 500EHIS 263 T.90EH13 |4 42E+02| 4 B260.064 2 room=40 15 3325 Dyn - 0
142 29/06/2010 139 92 | 0Z:33 [131Xe35+1217 | 95 89 u} 553 | 5.00E+15 268 T.06E+H13 |4 42E+02| 4 6702464 1 room=40 15 | 3325 Dyn - 0
143 29/06/2010 140 0 93 | 0Z:40 [131Xe35+1217 | 95 89 a 553 | 5.00E+15 268 1.87EHI3 4 42E+02| 4 7144.864 1 roor=40) 1.5 3325 Dyn - 0
144 29/06/2010 141 94 | 0Z:45 [131Xe35+1217 | 95 89 a 553 | 5.00E+15 268 1.86EHI3 4 42E+02| 4 7587.264 1 roor=40) 1.5 3325 Dyn - 0
146 29/06/2010 143 | 95 | 0251 [131Xe35+4 1217 55 89 1] 553 |A.00E+I5 263 1.90E+03 4. 42E+02| 4 8029664 1 room=40 15 3325 Dyn - 0
147 29/06/2010 144 | 95 | 02:58 [131Xe35+ 1217 | 55 89 1] 5.3 |5.00E+I5 267 1.87E+13 |4 42E+02| 4 8472084 1 room=40 15 3325 Dyn - 0
145 29/06/2010 145 | 97 | 03:04 [131Xe35+ 1217 | 55 89 1] 5.3 |5.00E+I5 276 1.81E+H13 4. 42E+02| 4 8914464 1 room=40 15 3325 Dyn - 0
149 29/06/2010 146 | 98 | 03:.09 [131Xe35+ 1217 55 89 1] 5.3 |5.00E+I5 265 1.89E+03 |4 42E+02| 4 9356864 1 room=40 15  3.325 Dyn - 0
150 29/06/2010 147 | 99 | 03:15 [131Xe35+ 1217 | 55 89 1] 5.3 |5.00E+I5 268 1.87E+H13 4 42E+02| 4 9799.2684 1 room=40 15  3.325 Dyn - 0
1581 29/06/2010 1458 | 100 | 03:21 [[31Xe35+ 1217 85 89 1] 5.3 |5.00E+I5 276 1.81E+H13 |4 42E+02| 4 1024166 1 roorm=40 15  3.325 Dyn - 0
182 29/06/2010 149 101 | 03:26 [[31Xe35+ 1217 85 89 1] 5.3 |5.00E+I5 266 1.88E+03 |4 42E+02| 4 1068406 1 roorm=40 15  3.325 Dyn - 0
1683 29/06/2010 150 | 102 | 03:39 [I31X¥e35+ 1217 85 89 1] 5.3 |5.00E+I5 183 273E+03 442E+02| 4 1112646 1 85 15 3325 Dyn - 0
154 29/06/2010 151 | 103 | 03:44 [131X¥e35+ 1217 | 85 89 1] 553 |5.00E+I5 325 1.54E+04 |4 42E+03| 4 1555046 1 85 15 3325 Dyn - 0
1585 29/06/2010 152 | 104 | 03:56 [I31¥e354 1217 | 55 89 1] 553  |5.00EHIB 288 1.74E+H04 |4 42E+03| 4 1997446 1 105 1.5 3325 Dyn - 0
156 29052010 153 | 105 | 04:05 I31Xe354 1217 55 89 u] 553 |5 00E+HI6 288 1.74E+04 4 42E4H03| 4 2439846 1 125 15 3325 Dyn - 0
159 29052010 156 | 106 | 04:26 I31Xe354 1217 55 | 89 o 553 |1 B2EHIB 112 145E+04 1 43E+H03| 4 2583184 1 125 165 3625 Dyn - 0
160 29052010 157 | 107 | 04:29 131Xe354 1217 55 89 o 553 |3 49EH16 196 1.78E+04 309E+03| 4 2891973 1 125 165 3625 Dyn - 0
162 29062010 159 | 108 | 05:10 I31Xe35+4 1217 55 | 89 o 553 5 00EHIB 261 1.78E+H)4 4 42E403| 5 1647982 1 125 165 3625 Dyn - 0
164 29/06/2010 161 109 | 05:38 [131Xe35+1217 | 95 89 u} 553 | 5.00E+15 31 TB1EHM 4 42E+02| 5 1682222 1 room=40 15 3325 Dyn - 0
165 29/06/2010 162 110 | 05:43 [131Xe35+1217 | 95 89 a 553 | 5.00E+15 123 407E+H3 442EH2| & 1736462 1 room=40 15 3325 Dyn - 0
166 29/06/2010 163 111 | D5:46 [131Xe35+1217 | 95 89 a 553 | 5.00E+15 124 403E+H3 442EH2| & 17807.02 1 room=40 15 3325 Dyn - 0
167 29/06/2010 164 | 112 | 05:49 [131Ke35+4 1217 | 55 89 1] 553 |A.00EHI5 121 413E+03 4 42E+02| 5 1824942 1 roor=d0 15 3325 Dwn - 0
168 29/06/2010 165 | 113 | 05:52 [131Xe35+ 1217 | 55 89 1] 5.3 |5.00E+I5 123 407E+03 4 42E+02| 5 1869182 1 room=40 15 3325 Dwn - 0
169 29/06/2010 166 | 114 | 05:55 [131Xe35+ 1217 | 55 89 1] 5.3 |5.00E+I5 125 400E+03 4 42E+02| 5 1913422 1 roorm=40 15 3325 Dyn - 0
170 29/06/2010 167 | 115 | 0B:01 [131Xe35+ 1217 | 55 89 1] 5.3 |5.00E+I5 116 4 31E+HI3 4 42E+02| 5 1957662 1 roorm=40 1.5 3325 Dyn - 0
171 29/06/2010 1658 | 116 | 0B:04 [131Xe35+ 1217 | 55 89 1] 5.3 |5.00E+I5 17 427E+03 4 42E+02| 5 20019.02 1 roorm=40 1.5 3325 Dyn - 0
173 29/06/2010 170 | 117 | 0B:20 [131Xe35+ 1217 | 55 89 1] 5.3 |5.00E+I5 119 420E+03 4 42E+02| 5 2046142 1 roorm=40 15 3325 Dyn - 0
174 29/06/2010 171 | 118 | 0B:23 [131Xe35+ 1217 | 55 89 1] 5.3 |5.00E+I5 119 420E+03 4 42E+02| 5 2090582 1 room=40 1.5 3325 Dyn - 0
178 29/06/2010 175 | 119 | 0707 1313541217 | 85 89 1] 5.3 |5.00E+I5 133 JFEE+D3 4 42E+02| 8 4424 2 roorrm400 15 3325 Dyn - 0
179 29/06/2010 176 | 120 | O7:10 [I31X¥e35+ 1217 | 85 89 1] 5.3 |5.00E+I5 129 J88E+03 442E+02| 8 8848 2 roorrm40 15 3325 Dyn - 0
180 29/06/2010 177 | 121 | 07:13 [[31X¥e35+ 1217 | 85 89 1] 5.3 |5.00E+I5 130 JB5E+03 442E+02| 8 13272 2 roorrm40 15 3325 Dyn - 0
181 29/06/2010 178 | 122 | O7:16 [I31X¥e35+ 1217 | 85 89 1] 5.3 |5.00E+I5 136 JBSE+03 4 42E+02| 8 17B96 2 roorrm40 15 3325 Dyn - 0
182 29/06/2010 - 123 ) 10:02 [40Ar12+ 372 110 118 0 10.1  B.OSE+05 381 1.89E+13 9.78E+01| § 1867.368 - room=40 - - - - -
183 29/06/2010 179 | 124 | 10:10 [40A012+ 372 |10 118 0 101 2.00E+0B 291 687E+03 323E+02| 8 2190568 2 roorr=40 15 3325 Dyn - 0
184 29/06/2010 180 | 125 | 10:16 [40Ar12+ 372 |10 118 0 101 2.00E+0B 217 9Z2E+03 3Z3E+02| 8 2513768 2 roorrm40 15 3325 Dyn - 0
185 29/06/2010 181 | 126 | 10:20 [40A012+ 372 110 118 0 101 2.00E+0B 218 9Z6E+03 3Z3E+02| 8 2836968 2 roorrm40 15 3325 Dyn - 0
189 29/06/2010 185 | 127 | 10:59 [40Ar12+ 372 110 118 0 10,1 2.00E+0B 211 943E+03 3Z3E+H02| 2 8015.462 2 roorm—40 15 3325 Dyn - 0
150 29/06/2010 186 | 128 | 11:03 [40Ar12+ 372 110 118 0 10,1 2.00E+0B 193 T.04E+H14 |3.23E+02| 2 8341669 2 room=40 15  3.325 Dyn - 0
191 29/06/2010 187 | 129 | 1107 [40A012+ 372 110 118 0 10,1 2.00E+0B 193 1.04E+14 |3.23E+02| 2 8EB4.869 2 room=40 15  3.325 Dyn - 0
192 29052010 188 130 11:11 404124 372 10 0 118 0O 101 2 00E+1B 199 T.01E+H14|3.23E+02| 2 8985.089 2 room=40 15 3325 Dyn - 0
194 29052010 190 | 131 | 11:39 404124+ 372 10 0 118 0O 101 2 00E+1B 224 B93E+03 323E+02| 2 9311269 1 roorr=40 15 3325 Dyn - 0
195 29052010 191 132 | 11:43 404124 372 10 0 118 0O 101 2 00E+HIB 27 GB81E+03 323E+02| 2 9634.468 1 roorm=40 15 3325 Dyn - 0
196 29052010 192 133 | 11:48 404124 372 10 0 118 0O 101 2 00E+HIB 27 GB81E+03 323E+02| 2 9957662 1 roorm=40 15 3325 Dyn - 0
197 29052010 193 | 134 | 11:52 |404124 372 10 0 118 0O 101 2.00E+B 228 BF77EHI3 323E+02| 2 1028087 1 roorm=40 15 3325 Dyn - 0
198 29062010 194 135 | 11057 404124 372 100 118 0O 101 2.00E+0B 232 8E2E+03 323E+02| 2 10604.07 1 roorm=40 15 3325 Dyn - 0
199 29062010 195 136 | 12:01 404124 372 100 118 0O 101 200E+0B 1.33E+06 150E+00 323E+02| 2 1092727 1 roorm=40 1.5 3325 Dyn - 0
201 29062010 197 137 | 12:08 40412+ 372 100 118 0O 101 200EHI6 236 G47EHID 3Z3E+H02| 2 1125047 1 (roorm=40 0 15 3325 Dyn - 0
202 29062010 198 138 | 1212 40412+ 372 100 118 0O 10.1  2.00E+16 238 GA0E+H03 3Z3E+H02| 2 1M57367 1 room=40 15 3325 Dyn - 0
203 29062010 199 | 139 | 1217 40412+ 372 10 118 0O 10.1  2.00E+16 241 G30E+03 3Z3E+02| 2 1189687 1 room=40 15 3325 Dyn - 0
204 29062010 200 | 140 | 12:22 140412+ 372 10 118 0O 10.1 | 2.00E+16 242 8.26E+03 3.23E+H2| 2 1222007 1 roorm=40 15 33725 Dyn - 0
205 29062010 201 141 | 1227 40412+ 3F2 100 118 0O 10.1 | 2.00E+16 361 0.404EH13 323EH2| 2 1254327 Tp roorm=400 15 33725 - - 0
207 290620100 - 142 | 12:54 |20MeB+ | 186 36 146 O 36 9.86E+HI5 130 7.G8E+03 5.BBEHIT| O 1] B room=40 - - - - -
208 29/06/2010 203 | 143 | 12:58 [20Neb+ | 186 |36 146 0 36 2 00E+16 181 110E+04 115E+02| 2 71265847 1 rmom=40 15 33725 Diyn - 0
209 29/06/2010 204 | 144 | 01:03 [20Neb+ | 186 |36 146 0 36 2 00E+16 181 TA0E+H4 [ 115E+02| 2 1277367 1 room=40 15  3.325 Dyn - 0
210 29/06/2010 205 | 145 | 01:07 [20Neb+ | 186 |36 146 0 36 2 N0E+15 181 TA0E+H4 [ 115E+02| 2 1288887 1 room=40 15 3325 Dyn - 0
211 29/06/2010 | 206 | 146 | 01:11 [20Neb+ | 186 |36 146 0 36 2 N0E+15 188 1.06E+04 | 115E+02| 2 13004.07 1 room=40 15  3.325 Dyn - 0
212 29/06/2010 | 207 | 147 | 01:15 [20Neb+ | 186 |36 146 0 36 2 N0E+15 189 1.06E+H4 [ 115E+02| 2 1311927 1 room=40 15  3.325 Dyn - 0
213 29/06/2010 208 | 145 | 01:19 [20Neb+ | 186 |36 146 0 36 2 N0E+15 191 1.05E+04 [ 115E+02| 2 1323447 1 room=40 15  3.325 Dyn - 0
214 29/06/2010 209 | 149 | 01:23 [20Neb+ | 186 |36 1468 0 36 2 N0E+15 188 1.06E+04 | 115E+02| 2 1334967 1 room=40 15 3325 Dyn - 0
215 29/06/2010 | 210 | 150 | 01:27 [20Neb+ | 186 |36 146 0 36 2 N0E+15 182 TA0E+H4 [ 115E+02| 2 1346487 1 room=40 15  3.325 Dyn - 0
216 29/06/2010 | 211 | 151 | 01:30 [20Neb+ | 186 |36 146 0 36 2 N0E+15 182 TA0E+H4 [ 115E+02| 2 13580.07 1 room=40 15  3.325 Dyn - 0
217 29/06/2010 | 212 | 152 | 01:34 [20Neb+ | 186 |36 146 0 36 2 N0E+15 182 TA0E+H4 [ 115E+02| 2 1369527 1 room=40 15  3.325 Dyn - 0
219 29/06/2010 | 214 | 153 | 02:01 [20Neb+ | 186 |36 1468 0 36 2 N0E+15 182 TA0E+H4 [ 115E+02| 2 1381047 2 room=40 15 | 3.325 Dyn - 0
220 29/06/2010 | 215 | 154 | 02:06 [20Neb+ | 186 |36 1468 0 36 2 N0E+15 180 T1EH4 [ 115E+02| 2 1392667 2 mom=40 15 3325 Dyn - 0
221 29/06/2010 | 216 | 155 | 02:10 [20MNeb+ | 186 |36 146 0O 36 2 00E+15 179 112E+04 [ 115E+02| 2 1404087 2 room=40 15  3.325 Dyn - 0
222 29/06/2010 | 217 | 156 | 02:13 [20MNeb+ | 186 |36 146 0O 36 2 00E+15 178 T12E+H4 [ 115E+02| 2 1415607 2 roorm=40 15 | 3.325 Dyn - 0
223 29/06/2010 | 2168 | 157 | 02:17 [20MNeb+ | 186 |36 146 0O 36 3.02E+16 263 115E+H4 [ 1.74E+02| 2 1433002 2p roorm=40 15 3325 - - 0
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122 SHIFT REGISTER CONDITIONS AND SEU - TABLES

SR conditions SR - Total SEL
z
L.
* ¥z E 2|l & wm % w e~ @ e 2 = N @ = W o
£ |2 2 F |8 8B K EEEE S EEE S E LG
£
£
EE - 5[ HEHHDOEHOEHHEDODGEHGEHHDBHGEHG®E®FH & &
7 R . . .
g - R R R
q R . . .
10 - - - -
1 - ; ; ;
20 100 3FFF CKBE/CKE| 0 43 | 43 34 0 30 1 26 | 19 1 4
21 100 3FFF S0/ u] B 48 0 21 19 1 28 3 1 1
22 100 3FFF S0/51 1 48 | 42 B5 BS54 42 72 44 45 42 35 420 M 46
23 100 3FFF CKE /CKE| 1 B5 Y5 Y6 105 71 83 47 584 B3 B9 59 A1 45 &2
25 150 251 CkB/CkB| 1 (=i} 27 23 6 | BB
26 150 251 S0/51 1 58 G4 A5 57 | &0
28 200 3FF1  [CKB/CKB| 1 141 123 85 140 74 118 121 271 297 282 B
29 200 3FF1 S0/51 1 106 143 948 163 965 115 131 98 122 77 124
33 50 3FF CKB/CKB| 1 103 | 113 174 123 102 122 106 97 | 95 102
34 50 3FF S0/51 1 108 92 110 108 94 98 82 109 101 @ 86
35 2 3FF CKB/CKB| 1 J6¥9 142 583 Y2 92 88 Y9 82 0 0o
36 - - - -
37 2 3FF S0/51 1 91 g3 104 | 85 | BF | 71 91 94 | 84 | S8
a8 - - - -
40 2 3FF CkB/CkB| 1 91 136 168 78 92 83 79 89 72
44 2 FFC7 CKE/CKE| 1 15 15 15 103
45 2 FFCT S0/51 1 5 5 5 a7
A5 aFa FFCY CKB/CKB| 1 1 1 1 fats]
47 37 A FFC7 S0/51 1 3 3 3 106
50 2 FFCY CKB/CKB| 1 21 21 21 101
51 2 FFC7 CkB/CKE| 1 13 13 13 o2
52 2 FFCT S0/51 1 2 2 2 a0
54 aFa FFCY CKB/CKB| 1 1 1 1 127
55 iFs FFC7 S0/51 1 2 2 2 95
B0 100 3BFF |CKB/CKE| 0O 2
B2 100 3BFF CKB/CKE| 1 95 118 195 126 90 118 97 | 94 89 100 86 93 o
G4 100 3FFF S0/51 1 115 95 142 124 84 99 101 107 & 72019 74 Y6 100
=15} 150 351 S0/51 1 100 =i} 106 110 | 116
B7 150 251 CkB/CKB| 1 114 51 72 1200 1M
[i=] 200 3Fs1  CKB/CKB| -1 a1 11 2 49 | 71 33T L N
70 200 3F51 S04 1 135 174 156 130 138 109 104 101 121
71 - - - -
72 - - - -
73 - - - -
74 - - - -
7a - - - -
78 - - - -
g2 100 3FFF CKE /CKE| 1 34 1 3
a3 100 3FFF S0/51 1 1 1
84 150 251 CkB/CkB| 1
=iy 150 351 S0/ 1
a5 200 77 CkB /CkB
a7 200 3FF1 S0/31 1 231 231 1
a0 100 3FFF | CKB/CKB| 1 148 10
91 100 3FFF S0/51 1 1
o2 150 351 CKB/CKB| 1
93 150 7 381 S0/51 1
o4 200 3FF1 CKE/CKB| 1 7 4] G 9 7 7 12 a9 14 9 11
g5 200 3FF1 S0/51 1 1 196 1 197
95 - - - -
97 2 3FF CKB /CKB 1 59 0 A0 1B 4R A7 4R | AR | A7 B2 49
5] 2 3FF S0/51 1 55 589 B4 52 | 44 49 56 49 | 59 59
99 50 3FF CKE/CKE 1 57 83 83 58 51 52 51 56 B3 49
100 50 3FF S0/51 1 51 B0 | BB | 46 | B4 | 53 | B4 48 | B4 | 45
101 100 3FFF | CKB/CKB 1 a1 55 132 B0 | BB | 55 59 B2 | 58 Y8 95 57 58 | &5
102 100 3FFF S0/51 1 B2 A8 Y0 A9 AR K7 | A9 | 71 A4 4B A1 F3 | 3B A1
104 150 7 381 CkB/CkB 1 73 12 24 59 | 7a
105 150 7 351 S0/51 1 =151 B4 =i B2 55
106 200 3FF1  CKB/CKB 1 5 B 10 3 1 19 13 1 1 1 21
107 200 3FF1 S0/51 1 a0 114 330 82 34 57 | 80  BO | B1 30 | &8
109 2 FFZY CKB/CKB 1 51
110 2 FFCT S0/51 1 52
111 aFa FFC? CKE/CKEB 1 49
112 aFa FFCT S0/51 1 51
113 - - - -
114 - - - -
119 2 3FF CkB/CkB 1 46 | 41 B9 | 52 | B4 | 4B | 52 55 | A3 | 54
120 2 3FF S0/51 1 43 45 YO 50 55 50 | B | 5% 45 58
121 50 3FF CkB/CkB 1 53 50 B0 BB | 56 A0 | BS | 58 | 5B | B3
122 50 3FF S04 1 56 BB BF B2 45 52 | BS | BB BD 55
123 100 3FFF | CKB/CKB 1 58 059 94 B2 YA B2 B4 53 74 B9 B5 A9 BB A2
124 100 3FFF S0/51 1 B9 | 44 B2 | &1 5 | BO | 50 58 | B | 57 | 59 | BO | 24 | B4
126 180 T 381 CKB/CKB 1 71 ) 28 73 b4
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:“: ]
z | 2
= [V
(=]
126 150
127 200
128 200
131 2
132 2
133 75
134 75
135 -
136 2
137 2
135 75
139 75
142 2
143 2
144 a0
146 a0
147 100
148 100
149 150
150 150
151 200
152 200
153 200
154 200
155 200
156 200
159 a0
160 a0
162 a0
164 a0
165 a0
166 a0
167 100
168 100
169 150
170 150
171 200
173 200
174 200
178 2
179 2
180 75
181 75
182 -
183 2
184 2
185 75
189 2
190 2
191 75
192 75
194 2
195 2
195 a0
197 a0
198 100
199 100
201 150
202 150 T
203 200
204 200
205 -
207 -
208 2
209 2
210 50
211 a0
212 100
213 100
214 150
215 150 T
216 200
217 200
213 2
220 2
221 75
222 75
223 -

HRX/SEE/0303 Issue 03

SR conditions

ﬁ Channel Mask (He:x)

3FF1
3FF1
FFCT
FFCT
FFCT
FFC?

FFCT
FFCT
FFCY
FFCT
3FF
3FF
3FF
3FF
3FFF
3FFF
351
351
3FF1
3FF1
3FF1
3FF1
3FF1
3FF1
3FF
3FF
3FF
3FF
3FF
3FF
3FFF
3FFF
351
351
3FF1
3FF1
3FF1
FFCT
FFCT
FFCY
FFCT

FFCT
FFCY
FFCT
FFCT
FFCT
FFCY
FFCT
3FF
3FF
3FF
3FF
3FFF
3FFF
351
351
3FF1
3FF1

3FF
3FF
3FF
3FF
3FFF
3FFF
351
351
3FF1
3FF1
FFC7
FFC7
FFC7
FFC7

Pattern

S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S0/51

CKB /CKB
S50/51
CKEB /CKE
S50/51
CKB /CKB
S50/51
CKE /CKE
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
CKB /CKB
CKB /CKB
CKB /CKB
CKB /CKB
CKB /CKB
CKB /CKB
CKEB /CKE
CKB /CKB
S50/51
CKB /CKB
S0/51
CKB /CKB
S50/51
CKB /CKB
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51

CKB /CKB
S0/51
CKB /CKB
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51

CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51
CKB /CKB
S50/51

m YWalide

Lla|alalal=lo|=|==]al=]=l=|=lolo|Lla] s = =] L a === === = =] = | =] =]

RNV DU PR PR R DU RO S B R SR PP PP N ' P O Y

[ual
[¥x)

(]
[uag
W

[an)
uag
[¥a)

-+
[
[val

o
g
[¥3)

[ix]
g
[¥a)

SR - Total SEU

SR 10

[ o (s3]
[n [ual [ual
i3] [¥x) [¥x)

O &HEHEHEHEHBGG
63 73 B0 43 | a1
27 1 a 1 14 33
60 113 275 81 256 BS B3
9 9 9 B3

a2
1 1 1 B8

B2
10 10 10 86
5} 5} B B2
16 16 16 77
9 9 9 109
073 224 97 &7 B7F Y0 88 89 VB
7076 108 B9 74 BO 57 BB V3 &7
93 071 141 83 B B0 Y8 BB &7 83
BE 90 138 70 V2 Y1 78 B4 V3 V9
B 7E 17299 84 71 90 91 108 81
83 88 141 V78 80 83 81 V4 V7 94
g2 17 39 g5 | 95
80 92 a3 7780
13 o] 2 1 7 30
58 122 264 71 251 7178
19 3F 32 10 10 16 22
224 28 28 81 5 82 Y34
295 26 49 14 93 | 325
B66 29 1 7 3 | 86 853
227 290 B30 391 255 266 249 260 225 265
586 568 1371 722 4546 534 559 571 642 857
7989 189 129 164 167 X35 242 81 84
68 83 165 100 B3 A% BY Y3 71 74
93 80 179 131 72 BS VB Bl Y0 73
B4  B1 127 B8 B8 BS Y0 B4 &7 73
B0 76 207 88 B89 8B 83 V4 YO0 71
BYe 132 072 B9 71 82 B4 TR T2
64 9 B2 92 11
62 g2 97 g2 | B9
1 20 10 16 391
73 J6 49 116 46 Y9 99
92 101 312 103 293 89 86
17 17 17 a8
4 4 4 90
229229 29 284

79

a9

o4
31313131 3131 3194

B0

45

o5

a1
B0 49 74 B9 89 B7 82 82 54 M
067 56 46 47 57 BO 51 88 EBO
54 89 Y9 51 53 54 BOD 51 55 439
50 49 79 53 B4 58 BO 86 47 EBO
62 61 58 B4 89 Y0 Bl V0 56 B4
44 34 38 31 38 3™ 44 &7 35 38
74 13 25 54 | 75
66 70 78 a0 | 65
B9 93 46 47 43 B7 | B
71 BB 287 101 305 V2 4B
7 g 11 7 12 10 8 9 10 8
1m0 5 5 13 3 5} g 7 9 3
a ' 1 11 12 11 18 & 10 2 7
9 7 9 14 B 6 11 14 8 4
13 13 13 17 (11 |13 | B 9 13 17
9 g 1% 9 M1 7 10 9 13 17
15 2 g 712
17 14 g 1m0 18
15 137 18 11 10 16
18 10 182 | 15 180 7 7

11

5}

18

9
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67

106

65

22

27

66
42

99

14
11

SR12

95

72

18

25

65
28

96

20
10

36

SR13

g7

34

10

31

73

10
112

G4
32

g0

SR14
SR15
SR 16

& & &

62

17

&7
72

114
88

a2
39

96

16
13




Ref. : HRX/SEE/0303
Issue : 03
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12.3 SHIFT REGISTER CROSS-SECTION PER BIT - TABLE

SR - Cross-Section / Bit

Line #
SR
SR 2
5R3
SR 4
5RA
SRE
5R7
SRE
5RA
SR 10
SR 11
SR 12
SR 13
SR 14
SR 15
SR 1B

<1
7
i
9
10
20 §.398E-03 5.395E-08 6.B41E03 5.859E-08 1.953E-09 - - - - S.078E-08 | 3.711E-08  1.953E-09 7813603
21 1.337E-07 | 9.725E-08 4 285E-05 3.85E-08 2.026E-09 | 5.673E-08 | 6.075E-09 | 2.026E-09 2.026E-09

22 9.375E-05 | 8203500 1.27E-07 | 1.2Z7E07  1.055E-07 | 8.203E-00 1.406E-07 | 9.594E-08 §.789E-058 | 9.203E-08  6.830E-08 8.203E-08 4102508 5.984E-08
23 1.27E-07 | 1465507 1.484E-07 | 2.051E-07 1.367E-07 | 1.621E-07 9.16E-08 | 1.085E-07 | 1.23E-07 | 1.346E-07 | 1.152E-07 | 9.961E-08  6.789E-08  1.016E-07

25 1.27E-07 5. 273E05 4 492E-00 1.024E-07 | 1.326E-07
26 1.15E-07 - - - 1.248E-07 - 0.960E-05 - TIED7 | 9.746E-08 - - - -
24 1.377E-07 - - - 1.201E07 | 8.30ME-08 1.367E-07 | 7.227E-08  1.152E07 | 1.182E-07 | 2B46E-07 | 29E-07 | 2461507 | 2715E-07

29 1.035E-0¢ - - - 1.396E-07 | 9.268E-07 109207 | 9.424E-07 1.123E07 | 1.279E-07 | 9.57E-08 |1 191E-07 | 7.652E08 | 1.211E-07
33 1.006E-07 | 1.104E-07 1.699E-07 | 1.201E-07 9.861E-05 | 1.191E-07 1.035E-07 | 9.473E-08 9.277E-03 | 9.961E-08 - - - -

34 1.0585E-07 | B.984E-08 1.074E07 | 1.085E-07 918E-08 | 9.57E08 8.00SE-05 | 1.064E-07  9.863E-03 8.398E-08

35 742208 | 7.716E08 1.3687E07 | S6B4E-03 7.O0FNEDS 5.954E-03 8524E05 7.715E-08 8.00SE-03 8.857E-08

38 - - - - - - - - - -

37 §.667E-08 §.105E-08 1.016E-07 8301E-08 6.543E-05 6.934E-08 8.857E-05 9.18E05 | B.203E08 S.57E-08

33 - - - - - - - - - -

40 8.8687E-05 9.082E-08 1.328E-07 1B41E-07 7G17EOS S5.934E-08 BE24E05 7.715E-08 B.E2MEO03 7.031E-08

44 4 883E-09 4.883E-09 4 BE3E09 - - - 3.353E08 - - -

45 1628E-09 | 1.628E-09 1623E-09 - - - 2.832E08

46 3.255E-10 | 3.255E-10  3.255E-10 - - - 2.8B5E-08

47 9.766E-10 | 9.766E-10  9.766E-10 - - - 3 418E-08

a0 5.836E-09 B.836E-09 6.836E09 - - - 3.285E08

51 4. 232E-09 4232609 4 232E09 - - - 2995E08

52 B51E-10 | BS1E-10 | B.51E-10 - - - 2B0ME0S

54 3.255E-10 | 3.255E-10 3.255E-10 - - - 4.134E-08

95 B.51E-10 | 6.51E-10 | B.51E-10 - - - J125E-00 -

B0 - - - - - - - - - - - - 1.713E-06 -
b2 9.277E-05 | 1152607 1.904E-07 | 1.23E-07 8.709E-05 1.152E-07 947305 915508 | G.621E-03 9.766E-00 8.301E-06 | B.082E-03 | 8.867E-00

64 | 1123E07 | 9.277E-08 1307E-07 1.211E-07 5.203E-08 9.66BE-00 9.863E-08 1.045E-07  7.91E-00 | 7.031E-08 | 1.162E-07 | 7 227E-08 | 7.422E-00 9 766E-08
66 |9766E0B - - - BANEDE - 103E07 | - 1074E07 1133607 - - - -
67 |[1113E07 - - - 4 9BE-08 - 7O0MEDE - 1172607 9B63E-DB| - - - -

69 | 7.91E08 - - - 1074E08 | - 19653609 - 4.785E-08 | 6.934E-08 | 3.223E-08 | 2 637E-08 | 2.539E-08 | 3.027E-08
70 |1318E07 - - - 1699E07 | - 1523607 - 1.27E-07 | 1.348E-07 | 1.064E-07 1 D16E-07 | 9.863E-08 | 1.182E-07
72
73
74
75
78
a2 - -
&3 - 4850E-10
a4 -

a5
&7 - - - - - 1120E-07 - 1120607 | - - - - 4.B3E-10
a0 - - - - - - - - - - TAMEDE - 4.B59E-09
91 - - - - - - - - 4.83E-10 - - -

92 -

94 |3401E09 - - - 2915609 | 2815E-09 4.373E09 3401E-09| 3401609 | 5.83E-09 | 4.373E-09 B.BOZE-09 | 4373609 5.344E-09
95 |48@3E0 - - - - 957E08 4883E-10 9EI9E8| - - - - - -

96 - - - - - - - - - -
97 |5762E-0B 48A3E-08 1 133E07 4395E08 5 GARE-UR | 4 492F-05 5ERIE-R 5 ARRE-OR | G OSSEDR 4 785E-0R

99 |537T1E0B 57R2E-08 G 25E-0R SO7AENR 4 207E-0R | 4765E-0R 54ROE-OR 4 7BAE-0R | 6 7R2ED8 | 5 762E-0R

99 |5AGREDR | 5 7R2E-08 £ 10SE0R SER4EDR 4 0BE-DR | 6078E-0R 4 9RE-0B |5 4R9E-05 | G 152E-08 4 785E-0R

100 | 498E-0R | 5ASOE-0R G 4456408 | 4 492E-0f G 25E-08 | 517GE-08 6 25E-0R | 4GAEE0R 6 25E-08 | 4395E-0R - - - -
101 | 7ONE-0R | 537160 1 2R0FA07 | 5659E-0R 6.445E-08 5 4R9E-08 5 7R2E-0R | 6.0S5E-0R 5 GG4E-0R | 7 B17E-0R 9277E-0R 5 GRGE-0R | 5 BEAE-0R 5 371E-06
102 | 6.055E-05 | 5.762E-08 6 EGGE-0S 5.762E-08 5.4G0E-08 6.543E-08 5.762E-05 6.034E-08 5.273E-08 | 4.492E-08 4.08E-08  6.152E-05 | 3516E-08 5.957E-06

1.652E-08 | 4.855E-10  1.453E-03
- - 4.855E-10

104 7 129E-08 1.172E08 2344E08 5.762E-08 | 7.324E-08

105 5 469E-05 - - - 6.25E-05 - 6. 445E-05 - 6.055E-08 | 5.371E-08 - - - -

108 4 883E-09 - - - 5.855E-09 | 97BGE-09 2.93E-09 |9.7EEE-10 1.855E-08 | 1.27E-08  9.7EEE-10 | 9.766E-10 9.7BEE-10 2.051E-08
107 7.813E-08 - - - 1.113E07 | 3.223E-07 8.005E-05 | 3.066E-07 | 5.566E-08 | 7.813E-08  5.859E-08 | 5.957E-08 | 2.93E-05 | 56E4E-08
108 - - - - - - 1.66E-08 - - - - - - -

110 - - - - - - 1.693E-08

111 - - - - - - 1.595E-08

112 - - - - - - 1.66E-00

113 - - - - - - -

114

118 4 492E-08 | 4.004E-08 6.730E-05 | 5.078E-00 6.25E-08 | 4.492E-00 5.078E05 5.371E-08 5.176E08 | 5.273E-08

120 4.705E-05 | 4.492E-00  6.836E-053 | 4.003E-00 5.469E-05 | 4.083E-00 5.469E-00 5.762E-08 | 4.395E-08 5.664E-08

121 5 BE4E-05 | 4.883E-08 7 813E-05 | 6.445E-03 5.469E-05 | 4.883E-03 6.345E-05 5.664E-08 5.B64E-03 B.152E-08

122 5 469E-05 | 6.445E-08 B 543E-05 | 6.055E-03 4.395E-05 | 5.073E-03 6.345E-05 B.641E-08 5.859E-03 5.371E-08 - - - -
123 5 BE4E-05 | 5.762E-08 9.18E-058 |E.055E-03 7.324E05 E.085E-03 B.25E-08 | 5.176E-08 7. 227E08 5.7E2E-05 8.398E-08 5.762E-08 6.641E08 5.078E-08
124 6.736E-08 | 4.257E-08 G.055E-05 4.95E-08 5.469E-05 5.859E-05 4.853E-05 5.664E-08 6.543E-05 | 5.566E-05 5.762E-08 | 5.859E-05  235344E-08 6.25E-08
125 5.934E-08 - - - 4.883E-09 - 2832E08 - 7 129E08 | B.25E-08 - - -
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Ref. : HRX/SEE/0303
Issue : 03

Hirex Engineering A3PE3000L SEE TEST REPORT

SR - Cross-Section ¢ Bit

Line #
SR
SR2
5R3
SR4
SRS
SRB
S5RY
SR8
5RO
SR10
SR
SR12
SR13
SR14
SR15
SR1B

SN R = N = N 5 N RN NN SN = NN N = NN = N & N B 5 N B

126 6.152E-08 - - - 7129E08 - 5.859E-08 - 4.199E-08 | 4.98E-08 - - -

127 2 B3VE-05 - - - 9.766E-10 | 4.883E-09 9.766E-10 - 1.367E-08 | 3.223E-08 - 9.766E-10 | 2.93E09 | 9.766E-09
128 5. 850E-05 - - 1104E07 | 2.B86E-07  7.91E-08 | 26E07 6.348E08 B.152E-08 6.543E-08 | 5762E-08  3.809E-08 B.055E-08
13 293E-09 | 293B09  293E-09 - - 2.051E05 - - - - - - -

132 - - - - - - 1.693E-08

133 3.265E-10 | 3.255E-10  3.265E-10 - - - 2214E08

134 - - - - - - 2.018E-08

135 - - - - - - -

1368 B51E-0% | GS1E09  BA1E-09 - - - 5.599E-05

137 3.906E-09 | 3.906E-09 3 906E-09 - - - 4 036E-08

138 1.042E-05 | 1.042E-08 1.042E-08 - - - 5.013E-08

138 5.8589E-09 5.859E-03 5.859E09 7.095E-05

142 1.367E-07 | 1.426E-07 4 375E-07 | 1.885E-07 1.113E07 | 1.309E-07 1.367E-07 | 1.719E-07 | 1.152E-07 | 1.484E-07

143 1.504E-07 | 1.484E-07 2109E-07 | 1.348E-07 1.445E-07 | 1.172E-07 1.113E-07 | 1.289E-07 | 1.426E-07 | 1.113E-07

144 1.816E-07 | 1.387E-07 2 754E-07 | 1.738E-07 1.27E-07 | 1.563E-07 1.523E-07 | 1.328E-07 111307 | 1.621E-07

146 1.289E-07 | 1.7585-07 2695E-07 | 1.367E-07 1.406E-07 | 1.387E-07 1.523E-07 | 1.25B-07 | 1.426E-07 | 1.543E-07 - - - -
147 1.623E-07 | 1.484E-07 3.359E-07 | 1.934E-07 1.641EO7 | 1.367E-07 1.758E-07 | 1.777E-07 2109E-07 | 1.582E-07  2.07E-07 | 1.655E-07  1.629E-07 | 2.285E-07
148 1B21E-07 | 1.719E-07 27564E07 | 1.4B4E-07 1.663E-07 | 1.621E-07 1.502E-07 | 1.445E-07 | 1.604E-07 | 1.836E-07 117207 | 1.367E-07 | 1172807 | 1.484E-07

148 1.602E-07 3.32E-08 7 B17EOG T.719E07 | 1.850E-07

150 1.863E-07 - - - 1.797E07 - 1.621E07 - 1.504E-07 | 1.663E-07 - - - -

141 2.639E-05 - - - 9.766E-09 | 3.906E-09 1.953E-09 - 1.367E-03 | 5.850E-058  3.906E-09 - 1.953E-09 | 1.663E-08
152 1.133E-0¢ - - - 2.383E07 | 5.186E-07  1.387E-07 | 4.902E-07 | 1.387E07 | 1.623E-07 | 1.328E-07  1.406E-07 6.E41E03 1.309E-07
153 I71EOS - - - 7227EDS | B25E08  1.953E-05 | 1.963E-08 3.125E08  4.297E-05 | 1.953E-09 - 3.906E-09 | 1.367E-08
154 4.375E-08 - - - 5. 4659E-09 | 5.469E-09 9.961E-09 | 97EGE-10 1.B02E08 | 457E-08 | 4.297E09 3516E-09 1.953E-09 1 .406E-08
155 5.762E-08 - - - 5.078E09 957E09 2734E09 1.934E08 B.348E-08 1.016E-08 9766E-09 9.18E09 2 227E-08

156 1.301E-07 - - - 5.6B4E-09 | 2 148E-09 1.367E-09 | 5.859E-10 1.68E-05 | 1.08E-07 5.273E09 4.833E-09 6.055E-09 1.719E-08
155 1.366E-07 | 1.748E-07 3798E-07 | 2.357E-07 1.637E-07 | 1.603E-07 1.80ME-O7 | 1.567E-07 | 1.356E-07 | 1.697E-07 - - - -

160 164E-07 | 1.889E-07 3836E-07 | 2.02E-07 1.528E-07 | 1.494E-07 1.564E-07 | 1.598E-07 1.517E-07  1.643E-07

162 1.543E-08 | 1.738E-08 3621E08 | 252E08 3.203E08 | 3.262E-08 4.53E-05 |4.727E-08 1.552E-08 1.641E-08

164 1.328E-07 | 1.B21E-07 3281E07 | 1.953E-07 1.23E-07 |1.152E-07 1.309E-07 | 1.426E-07 | 1.337E-07 | 1.445E-07

165 1.816E-07 | 1.563E-07 3 496E-07 | 2.559E-07 1.406E-07 | 1.27E-07  1.484E07 | 1.191E-07 | 1.367E-07 | 1.426E-07

166 125607 | 1191E07 248E-07 | 1.328E-07 1.328E-07 | 1.2FE07 1.367E-07 | 1.25B-07 1.113E07  1.426E-07 - - - -
167 11A72E-07 | 1.484E-07 4 043E-07 | 1.68E-07  1.738E-07 | 1.094E-07 1.621E-07 | 1.445E-07 | 1.367E-07 | 1.387E-07 | 1.797E-07 | 1.563E-07 | 1.426E-07 | 1.616E-07
168 1.543E-07 | 1.484E-07 2.578E-07 | 1.406E-07 1.348E-07 | 1.367E-07 1.60Z2E-O7 | 1.641E-07  1.484E-07 | 1.406E-07 1.016E-07 | 1.445E-07 | 1.133E-07 | 1.326E-07

165 1.26E-07 1.756E-08 1.211E07 1.797E07 | 2.754E-07

170 1.211E-0¢ - - - 1.60Z2E-07 - 1.895E-07 - 1.602E-07 | 1.34BE-07 - - - -

171 1.963E-09 - - - J.906E-05 | 1.963E-00 3.126E-08 - 7.B17E-08 | 1.963E-09 | 1.953E-08 | 1.953E-08 1.953E-08 4.102E-08
173 1 A26E-07 - - - 1ABAED7 | 5.57E08  2.266E-07 | B.984E-08 1.543E-07 | 1.934E-07  1.875E-07 | 1.895E-07 | 2.188E-07 | 1.641E-07
174 1797E-07 - - - 1.973E07 | B.094E-07 20MZ2E07 | 6.723E-07 1.738E07 | 1.88E-07 | 9.786E-08 | 1.777E-07  1.367E-07  1.663E-07
178 1107E-08 | 1.107E08 1.107E-08 - - - 6.729E05 - - - - - - -

178 2 B04E-09 2 EB04E-09 2 BO4ED9 - - - 5.8509E-05

180 1A91E-07 | 149107 1 491E07 - - - 1.849E-07

181 - - - 5. 143E08

182 - - - - - - -

183 - - - - - - 9 BOSE-09

184 - - - - - - 8.789E-09

185 5.096E-07 | 5.096E-07 5.096E07 - - - 5199E07

183 - - - - - - 9.76EE-09

120 - - - - - - 7. 324E09

191 - - - - - - 8.952E09

192 G.3ME09

194 293E-08 | 2.393E-080 3613E-058 | 3.309E-00 2.801E-05 3.271E-00 2.539E-05 | 2.539E-00  2.637E-00 | 2.146E-00

195 J41BE-05 | 3.271E-00 2 734E-05 | 2.246E-00 2.295E-05 | 2783E-00 2.93E-058 | 249500  2.832E-00 293500

196 263E-08 20801600 3.857E00 | 249508 2.600E-00 2637E-00 2.93E-08 | 249508  2.606E-03 2.393E-08

197 2441E-08 | 2393600 3.857E-05 | 2.508E-00 3125E-08 | 20832E-00 2.93E-08 | 2.734E-08 2.295E08 293508 - - - -
198 3027E-058 | 2979E-08 2 832E05 | 3.125E-08 2.881E-05 | 3.418E-03 2.979E-05 3.418E-08 2.734E08 | 3.125E-08 | 3.223BE-08 | 3.174E-08 | 3.125B-08 | 2.439E-08
199 214BE-05 | 1.66E-08  1.855E-05 1.514E-08 1.709E-05 1.709E-03 2.148E-05  2.783E-08 1.709E-03  1.865E-08  2.051E-08 1.367E-05  1.563E-08  1.904E-08

2m 3. E13E-05 B.345E-09 1.221E08 2.B37E08 | 3.662E-08

202 3.223E-08 - - - 3.416E-08 - 3.662E-05 - 2441E08 | 3174E-08 - - - -
203 3.369E-08 - - - 4 541E05 | 2246E-08 2295E05 | 21E-08  3271E08 2.979E-05 4.834E-08 4 GBBE-05 | 3.905E-08 4 GBEE-05
204 3.467E-08 - - - 3.2253E058 1 40ME-07 4.932E-05 | 1.489E-07  3516E-08 | 2.246E-08 | 3.32E-05 | 3.125E-08 9.7BEE-09 | 2.93E-08
205 - - - - - - - - - - - - - -

207

208 3.418E-09 | 3.906E-09 5371E-09 3.418E-09 5.859E-09 4.833E-09 3.906E-09 4.395E-09 | 4.833E-09  3.906E-09

208 4.883E-09 2Z441E-09 2 441E-09 | B.343E-09 1.4B5E-09 | 2.93E-09 3.906E-09 3.415E-09 4.335E-09 1.465E-09

210 4 395E-09 | 5.371E-09 5371E-09 5.859E-09 5.371E-09 5.789E-09 3.905E-09 4.833E-09 4.395E-09  3.418E-09

1 4 395E-09 | 3.418E-09 4 395E-09 | B.836E-09 293E-09 | 2.93E-09 5371E09 B.836E-09 3.905E-09 1.953E-09 - - - -
212 5.345E-09 | 5.345E-09 6. 345E-09 S5.301E-09 5.371E-09 B.348E-03 2.93E-09 | 4.395E-09 6.345E-09 5.301E-09 | 6.835E-09 S8.766E-09 6.836E-09 7 .813E-09
213 4 395E-09 | 3.906E-09 7 324E-09 | 4.395E-09 5.371E-09 3.418E-09 4.803E-09 4.395E-09 6.345E-09 90.301E-09  5.371E-09 4.683E-09 | 3.906E-09 £.346E-09

214 7I24E-09 9.766E-10 3.906E-09 3.418E-09 | 5.659E-09

215 8.301E-09 - - - 6.030E-09 - 3.906E-09 - 4.803E-09 | 8.789E-09 - - - -
216 7IME-09 - - - B.340E-09 | 3.418E-09 8.789E-09 5.371E-09 4.803E-09 7.813E-09 1.66E-08  1.750E-08 1.611E08 1.750E-08
217 89.769E-09 - - - 4.803E-09 | 8.087E-00 7. 324E-09 D.7B9E-08 3.418E-09 | 3.418E-09 3.906E-09 6.348E-09  1.953E-09 4.395E-09
218 - - - - - - 1.79E-09 - - - - - - -
220 - - - - - - 9.766E-10

1 - - - - - - 2441E09

22 - - - - - - 1.465E-09

223 - - - - - - -
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HRX/SEE/0303
03

Hirex Engineering A3PE3000L SEE TEST REPORT

124 SRAM CONDITIONS AND SEU - TABLES

SRAM conditions Fill Errar Type Check Errar Type

2 & 5 °
" w0 e o2 3 5 c o S
z % F § E = % % =+ o] [l — =+ o] [ — 8 8 B E
3 - = = = pry o = W= w @

s | & | £ @

i i a
- 6 &8 & & (] HEH6H6HH 6 86 & & & & °
10 - - - - - - - - - - - - - - - - - - -
20 20 0 16353 1FF 294912 CKB/CKE| O u] 0 1] 0 0 0 360 0 355 =3 360 2. 44E-09
21 20 0 16383 1FF 294912 50 51 0 1] 0 1] 0 0 0 426 0 |425 1 426 3.00E-09
22 20 0 16383 1FF 294912 50 51 1 1] 0 1] 0 0 0 13902 0 |38%6 6 3902 2.65E-08
23 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 4004 0O |3995 9 4004 2.72E-08
26 - - - - - - - - - - - - - - - - - - -
28 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 850 0O |8633 17 8650 2.93E-08
29 20 0 16383 1FF 294912 S031 1 ] 0 a 0 0 0 5082 0 |8914 168 9082 3.08E-08
33 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 7/ 0 |¥es 2 777 2.64E-08
34 20 0 16383 1FF 294912 50 51 1 1] 0 1] 0 0 0 7679 0O |7675 1 767 2.60E-08
35 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 7236 0 |7221 15 7236 2.45E-08
7 20 0 16383 1FF 294912 S0 31 1 u] 0 1] 0 0 0 (7220 0 |78 2 7220 2.45E-08
38 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 7%F2 0 |73B6 B 7372 2.80E-08
40 20 0 16383 1FF 294912 CKB/CKEB| 1 0 0 1] 0 0 0 'B851 0O |B796 55 BE51 2.32E-08
a0 - - - - - - - - - - - - - - - - - - -
50 20 0 16383 1FF 294912 CKB/CKE| O 1] 0 1] 0 0 0 0 0 0 0 0 0.00E-+10
52 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 7725 0 |7688 ¥ 7725 2.62E-08
G4 20 0 16353 1FF 294912 S0 51 1 u] 0 1] 0 0 0 (7670 0 7644 26 7E70 2.60E-05
56 20 0 16383 1FF 294912 50 51 1 1] 0 1] 0 0 0 7905 0O |7881 2F 7908 2.68E-08
57 20 0 16383 1FF 294912 CKB/CKEB| 1 0 0 1] 0 0 0 8542 0 |8311 231 5542 2.90E-08
59 20 0 16383 1FF 294912 CKB/CKE| O 1] 0 1] 0 0 0 475 0 | 472 3 475 1.61E-09
70 20 0 16383 1FF 294912 50 51 1 1] 0 1] 0 0 0 8295 0 |8275 24 5299 2.81E-08
52 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 o 218 0 |78 2 2181 3.68E-09
53 20 0 16383 1FF 294912 50 51 1 1] 0 1] 0 0 0 22400 0 2235 1 2240 3.78E-09
54 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 2253 0 |Z251 2 2253 3.82E-09
] 20 0 16353 1FF 294912 =031 1 u] 0 1] 0 0 0 2334 0 2331 3 2334 3.94E-09
56 20 7 ?? 7 7 7 0 0 -
a7 20 0 16353 1FF 294912 S0 =1 1 u] 0 1] 0 0 0 (2383 0 |2381 2 [ 2353 3.99E09
a0 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 2319 0 [2318 1 [ 239 3.91E-09
91 20 0 16383 1FF 294912 50 51 1 0 0 1] 0 0 0 (2266 0 |2263 2 [ 2%s 3.84E-09
92 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 2384 0 |2384 0 [ 2364 4.02E-09
93 20 0 16383 1FF 294912 50 51 1 1] 0 1] 0 0 0 (2396 0 |2389 7 [ 2396 4.04E-09
94 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 38685 0 |3578 7 [ 3585 5.05E-09
95 20 0 16383 1FF 294912 50 51 1 1] 0 1] 0 0 0 253 0 |2831 4 [ 283 4.30E-09
96 - - - - - - - - - - - - - - - - - - -
97 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 5299 0 |s283 1 [ 5299 1.80E-08
98 20 0 16383 1FF 294912 S031 1 ] 0 a 0 0 0 5297 0 |5296 1 [ 8297 1.80E-08
99 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 5528 0 |ss25 3 [ 5528 1.87E-08
100 20 0 16383 1FF 294912 50 51 1 1] 0 1] 0 0 0 5258 0 |s256 2 [ 5258 1.78E-08
104 - - - - - - - - - - - - - - - - - - -
106 - - - - - - I - - - - - - - - - - -
114 - - - - - - |- - - - - - - - - - - -
119 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 5215 0 |s2112 3 [ 5215 1.77E-08
120 20 0 16383 1FF 294912 50 51 1 0 0 1] 0 0 0 5146 0 |s5139 7 [ 5148 1.74E-08
121 20 0 16383 1FF 294912 CKB/CKEB| 1 1] 0 1] 0 0 0 5396 0 |53 10 [ 539 1.83E-08
122 20 0 16383 1FF 294912 50 51 1 1] 0 1] 0 0 0 5321 0 [&8318 3 [ &3 1.80E-08
125 - - - - - - - - - - - - - - - - - - -
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Hirex Engineering

Line #

F (MHz)

Start Address

Stop Address

SEAM conditions

Mask (Hex)

K}
©

126 - |- -
127 - -
128 - -
131 - | - -
132 |- -
133 - -
134 - -
135 - | - -
136 |- -
137 - -
138 - |- -
139 -
142 20
143 20
144 20
145 20
147 |-
148 - -
149 - -
150 |- -
151 - -
152 - -
153 -

154
155
156 -
159 20

160 20

162 20

164 20 0 16383
165 20 0 16383
166 20 0 16383
167 - -
168 - -
169 | - -
170 |- -
171 - -
173 - -
174 |- -
178 - -
179 - -
180 - -
181 |- -
182 - -
183 - -
184 - | - -
185 |- -
189 - -
190 - |- -
191 - | - -
192 -
194 20
195 20
198 20
197 20
198 - -
199 - -
201 |- -
202 - -
203 - -
204 - -
205 |- -
207 -
208 20
209 20
210 20
211 20
212 - -
213 - | - -
214 |- -
215 - -
216 - -
217 | - -
219 |- -
220 - -
221 - -
222 |- -
223 - -

oo oo

oooo
o
[}
[ux)
[E5)

oo oo
(a3}
[ %)
o
LEx)

1FF
1FF
1FF
1FF

1FF
1FF
1FF

1FF
1FF
1FF
1FF

1FF
1FF
1FF
1FF

HRX/SEE/0303 Issue 03

# Bit Eff

294912
29492
284912
294912

[ Ry e o e Y

a
284912
294312
294312

29492
284912
294912
294912

284912
294312
294312
294312

A3PE3000L SEE TEST REPORT

Pattern

Yalide

Fill Error Type

CKEB /CKB
S0 51
CKE /CKB
FE0 FS1

CKB/CKE| 1
CKB/CKE| 1
S0 51 1

CKE /CKE
=0 51
CKB /CKE
50 51

CKE /CKE
50 51
CKEB /CKB
S0 51

=t o (] —
0 0 a] 0
1] 1] 0 1]
1] 1] 0 1]
0 0 a] 0
1] 1] 0 1]
0 0 a] 0
0 0 a] 0
1] 1] 0 1]
1] 1] 0 1]
0 0 a] 0
0 0 a] 0
1] 1] 0 1]
0 0 a] 0
0 0 a] 0
0 0 a] 0
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oo oo

oo oo

oo oo

Check Error Type

oo oo

oooo
o
fia)
I
o

oo oo
[an}
o
=1
[}

oo oo

oo oo

oo oo

scu

12

5101
5159
o182
7244

400z
2099
4848

G205
G941
F293
7139

3350
3362
3584
3853

MCU

12
3
14
11

92
18
g

LSS B S R

~

~

HRX/SEE/0303

SEU

5113
5162
5196
7255

5094
5117
4856

G509
G543
7300
7141

3358
3378
3554
3556

03
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Line #

10
1
71
72
73
75
113
114
205
223

CONFIGURATION - TABLE

CONFIGURATICN
@
w
5 = E
= o =
2 & &
S
)
= =) = =)
All Failed Exit 11 - Yerify O failed at row 7419
All Failed Exit 11 - Yerify 1 failed at row 3173
Erasing Fassed
Programming Failed Exit 11 - Werify O failed at row G166
Werifying Failed Exit 11 - Yerify O failed at row 7246
All Failed Exit 11 - Yerify O failed at row 7033
Erasing Failed Exit -24 - Failed to program LIROW
Programming Failed Exit 11 - Failed to verify FlashROM at row 7
Yerifying Failed Exit 11 - Werify O failed at row 7534
All Failed Exit 11 - Yerify O failed at row 7843
Erasing Failed Exit -24 - Failed to program LIROW
All Failed Exit § - Failed Erase Operation
All Failed Exit § - Failed Erase Operation
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Hirex Engineering A3PE3000L SEE TEST REPORT

13 RADEF — NOVEMBER 2010 — RUN TABLES
13.1 RUN/BEAM/DUT/SEL/SEFI-TABLES

RUN BEAM ouT

= o _ _ -

2 5 el T i = z & o
z g T e & Elgt T s oge=rcE Y os5 EBoa oz % > s 2§ T & Tlzlg
5 =1 g2 E T 9 = P2 272 5% S TE ] 8 =} = 5 3 < = | 2 [¥W|w

w5k 2z & ] = g = = = F g = 2

3 g £ e = & e 2 g

- =

(=] 2 2 2 £ B £ I C B A W £ (=] [=] [ [ = [~ (=] (=] 52 I £ 2 B £ I CY I CA A I EY
76 [1w1Znin0 27 1043 2 1151 [@0KiD+ 7hB | 32| B4 | 0 | 321 GIDJEHE 210 239E403 2EREAIZ| 11| 2 EAEA0Z 7 ] Room 15 | 33 Dyn oo
0 [12/1172010) 29 1058 3 1168 |82K22+ 788 32| 94 0 | 321 S09E405 205 206E403 261E+02| 11 | 519E+02 1 ] Room 15 | 33 Oyn olo
33 [12/11720100 32 1110 4 1209 |82K22+ 768 32| 94 | 0| 321 BE9E0S 230 | 291E+03 3ME+0Z| 11 | B.6IEH02 1 ]| Room 15 | 33 Oyn olo
34 (121120100 33 115 5 1214 |82K22+ 788 | 32| 84 0| 321 100E406 265 3O1E+03 5.04E402| 11| 1.38E+403 1 ]| Room 15 | 33 Dyn oo
I [1zmieninl 3% 1124 B 1222 |A2Ke2+ 7RG 32 84 0| 321 100E40B 193 5 1GE+03 514E402| 11 1 B9E403 1 il Room | 15 | 33 Dyn ola
B/ (120120100 F 1129 7 1227 |82K22+ 788 32 94 0| 321 100E406 194 5IEE+03 E14E+02) 11 240E+03 1 ]| Room 15 | 33 Dyn olo
39 [12/1172010) 38 1134 8 1233 [82K22+ 788 32 94 0| 321 100E406 193 515E+03 514E+02Z| 11 | 2906403 1 3 Room 15 | 33 Dyn olo
40 [1211/20100 39 1140 9 1239 |82K22+ 768 | 32| 94 | 0| 321 679E405 291 241E+03 346E+0Z| 11| 3Z7E403 1 ]l Room 15 | 33 Dyn oo
49 [12112010) 43 1155 10 1255 |82K22+ 788 | 32| 94 | 0 | 321 GOOEH0S 235 255E403 3.0BE02| 11| 357E403 1 ]| Room 15 | 33 Dyn oo
50 [121120000 43 1201 11 1300 |A2K22+ 7RG 32 84 0| 321 IODE40B 390 2GIE403 5 14E402| 11 4 09E403 1 il Room | 15 | 33 Dyn ola
5 [12/1172010 B4 1325 12 1424 |82K22+ 788 32 94 0 | 321 GH4E405 245 2BRE+133.36E+02| 11 4426403 2 7 Room 15 | 33 Dyn olo
86 [12/11/2010) 85 1330 13 1429 |82K22+ 768 32 94 0 | 321 652E405 244 | 267E+03 3.36E+02| 11 | 476E+03 2 7 Room 15 | 33 Oyn olo
67 [12/11/2010) 86 1345 14 1435 |82K22+ 768 32 94 | 0 | 321 6SIE405 300 217E+03 33EH0Z| 11| 509E+03 z 7 Room 15 | 33 Dyn oo
BB (12112010 B7 1343 15 1442 |A0Ki22+ 766 32| 84 | 0| 321 GASE405 293 200F403 331E402| 11| 5 4IE403 2 17 Room 15 | 33 Dyn ola
0 [1z120i0) B8 1420 17 1513 SEFelfe £23 13 57 | 0| 185 B43E405 195 4 35E403 261E402| 11| 5E7E403 2 17 Room | 15 | 33 Dyn ola
71 1211720100 89 1426 18 1525 S6Felf+ 523 19 97 0 | 185 1.12E406 241  4B5E+03 3.32E+02| 11 | B.OIE+03 2 7 Room 15 | 33 Oyn olo
72 1211720100 70 1432 19 1531 S6Felf+ 523 19 97 | 0 | 185 100E406 203 451E+03 296E+02| 11 | G.30E+03 2 7 Room 15 | 33 Oyn olo
73 [12112010) 71 143 20 1536 SeFelSe 523 19 o7 | 0 | 185 {00E406 203 478E+03 206E402| 11 | G.EOED3 2 7 Room 15 | 33 Dyn oo
75 [1zmienin) 73 1458 21 15T SFelfe 523 13 57 | 0| 185 10DE40B 205 447F+03 296E402| 11| BEOE403 1 ]| Room | 15 | 33 Dyn ola
76 [12/1172010) 74 1504 22 1603 SFelf+ 523 19 97 0| 185 100E+06 204  490E+03 296E+02) 11 7.19E+03 1 ]| Room 15 | 33 Dyn olo
77 1211720100 75 1510 23 1609 S6Felf+ 523 19 97 0| 185 100E406 191 524E+03 296E+02| 11 | 7.49E+03 1 3 Room 15 | 33 Dyn olo
76 [12/11/2010) 76 1516 24 1614 SFelS+ 523 19 o7 | 0 | 185 100E406 23 420E+03 296E+02Z| 11 | 7.78E+03 1 ]l Room 15 | 33 Dyn oo
80 [12/11/2010) 78 1525 25 1624 SGFelS+ 523 19 o7 | 0 | 185 100E406 194 515E+03 206E+02| 11 | B.08E+403 1 ]| Room 15 | 33 Dyn oo
B4 [12112010) 81 1544 27 1743 [I31MeI4 1217 A5 B9 | 0 | 563 AODE40S  AB4 | 10GF403 442E402| 11| BEIE403 1 il Room | 15 | 33 Dyn ola
85 [12/1172010) 83 17.00 28 1768 {3Me35+1217 65 89 0 | 553 SOME405 473 1.0BE+03 443E+02) 11 | B.OGE+03 1 ]| Room 15 | 33 Dyn olo
& [12/11/72010) 84 17.08 29 1808 [31MeI5+1217 65 89 0 | 553 SO00E405 493 | 1.01E+03 442E+02) 11 | 9.41E+03 1 ]| Room 15 | 33 Oyn olo
85 [12/11/2010) 85 1713 30 1§18 [3NeI5+1217 55 89 | 0 | 553 SO0E405 495 1.01E+03 442E+02| 11 | 9.85E+03 1 ]l Room 15 | 33 Dyn oo
52 [1zmie0i0) 8 1752 31 &S0 [I31%eI/4 1217 55 B3 | 0| 553 GMOIEHS 493 | 10JF403 443F402| 5 | 4 43402 1 il Room 15 | 33 Dyn ola
83 [1z112000) 90 1801 32 1900 [31¥e3/+ 1217 A5 B9 | 0 | 563 AODE40S 492 | 104E403 442E402| § | BERED2 1 il Room | 15 | 33 Dyn ola
115 1212010 112 2031 33 2130 131%e35+1217 65| 89 0 | 563 |GO0E+05 58 | GBAE+03 442E+02| 10 | 4426402 2 7 Room 15 | 33 Oyn o1
T8 1212010 113 20:33| 34 21:33 131%e36+1217 65| 89 0 | 563 |GOIE+05 331 |1.31E+03 443E+02| 10 | 86BE+12 2 7 Room 15 | 33 Oyn olo
7 [127112010) 114 2043 | 35 2041 13103541217 55| 89 0 | 553 |SOIEH05 477 |1.05E403 443E+02] 10 | 133E403 2 7 Room 15 | 33 Dyn oo
T8 |[12A12000 115 2052 | 36 2153 313541217 85| 89 0 | 553 |SO0EHS 238 |2 10E403 442E+02| 10 | 177E403 2 17 Room | 15 | 33 Dyn ola
128 12172010124 2218 35 2317 [40An12+ 32 10 M8 0 | 104 |200E+08 216 |9.26E+03 323E+02| 16 | 323E+D2 2 7 Room 15 | 33 Dyn olo
130 1212010126 2224 39 3323 [40An12+ 2 10 M8 0 | 101 (200408 203 | 9.85E+03 323E+02| 16 | G4BE+2 2 7 Room 15 | 33 Dyn olo
13 1212010127 2228 40 32327 [40Af2+ 72 10 118 0| 101 |200E+06 186 |1.06E+04 323E+02| 16 | 970E+02 z 7 Room 15 | 33 Dyn oo
135 1212010 - - | 41 2346 [40Ad2+ 372 10 M8 0 | 104 1 14 704E02 1E2E04| 1B | G.70E+02 1 ]| Room | 15 33 - oo
13 |12A10010] 131 2248 42 2347 [40Ad2+ 37290 1B 0| 01 200EHB 187 |1 O7E+04 323E402| 16 | 1 29E403 1 il Room | 15 | 33 Dyn ola
137 12172010132 2263 43 2351 [40An12+ 32 10 M8 0| 104 201E+08 193 |1.04E+04 32EE+02| 16 | 1G62E+03 1 ]| Room 15 | 33 Dyn olo
138 1212010133 2267 | A4 3355 [40Af2+ 2 10 M8 0 | 101 |201E+06 197 |1.02E+04 325E+02| 16 | 1.94E+03 1 ]| Room 15 | 33 Oyn olo
139 (1212010134 2301 45 0000 [40Ari2+ 72 10 118 0 | 100 |200E+06 199 | 1.01E+04 325E+02| 16 | 237E403 1 ]l Room 15 | 33 Dyn oo
147 [12A12010 142 2313 46 D012 [40Ad2+ 372 10 118 0| 01 Z00EH0B 214 |B3AE403 323E+02| 16 | 2 ADE4O3 1 il Room 15 | 33 Dyn ola
4B [12710010 143 2318 47 D017 [40Ad2+ 37290 118 0| i1 A7BEMS 39 97IE403 B 1IE402| 16 | 3E403 1P il Room | 15 | 33 - ola
185 |[12/11/2010) 150 2365 49 0054 |20NeB+ 185 36 146 0 | 36 |201E+08 139 |1.45E+04 1.1BE+02| 17 | 1.1BE+02 1 ] Room 15 | 33 Dyn olo
166 |12/11/2010) 151 2369 60 O0:57 |20Neb+ 186 3.6 146 0 | 36 |201E+06 121 |1.66E+04 1.1BE+02| 17 | 2.32E+02 1 ]| Room 15 | 33 Oyn olo
157 [12/11/2010) 152 00:01 | 51 01:00 [20MeB+ 185 35 145 0 | 35 200505 120 | 1.57E+04 1.15E+02| 17 | 3A47E4D2 1 ]| Room 15 | 33 Dyn oo
188 |1212010) 153 0004 | 52 D103 [20Nef+ 186 35 145 0 | 35 |Z00EHB 122 |1B4E404 115E402| 17 | 42 1 il Room | 15 | 33 Dyn ola
169 [12/11/2010) 154 00.07 | 63 01.07 |20MeB+ 185 36 146 0 | 36 |200E+08 120 |1.67E+04 1.15E+02| 17 | 577E+2 1 ]| Room 15 | 33 Dyn olo
163 [12/11/2010) 158 00:27 | 64 01:26 |20NeB+ 185 3.6 146 0 | 36 |200E+08 120 |1.67E+04 1.IEE+02| 17 | S92E+02 2 7 Room 15 | 33 Dyn olo
64 [12/11/2010) 159 00:30 | 55 01:29 |20Meb+ 1865 35 145 0 | 36 |200E#06 117 |1.72E+04 1.16E+02| 17 | BOBE+2 z 7 Room 15 | 33 Dyn oo
166 [12/11/2010 161 00:35 | 56 01:33 [20MeB+ 185 35 145 0 | 35 (2005406 118 | 1.70E+404 1.1BE+02| 17 | 9.24E+02 2 7 Room 15 | 33 Dyn oo
W67 |12A10010| 162 0035 57 D137 |ANeR+ 186 35 145 | 0 | 35 |213EHB 6B |7 BAE403 123E402| 17 | 10BE403 2P 17 Room | 15 | 33 - ola
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13.2 SHIFT REGISTER CONDITIONS AND SEU - TABLES

SF conditions SR - Total SEU

@

L =
* ¥ 3 = E 2]l v m = w 8 ~ @ ®» 2 T N o 3 W o®
z z = = | o o o o o i o fis
S| 3 5§ F B BB BB B BB H F E & 55 BB

Jr:':u o

[

B FE [ & FEEFERFNDERAERRRREREEERER B @
28 2 3FF 444 Ah 1 d 45 B M 51 43 51 34 48 B! 0 a 0 I} 0 I}
30 a0 3FF 4i4 AE 1 53 32 43 38 4y 42 42 FF 3/ AR 0 1] 0 n} 0 n}
33 100 3FF 404,14 A5 1 0 0 0 0 0 0 0 0 0 i 0 i 0 i} 0 i}
34 100 3FF 4i4 A5 1 | 112 105 120 122 93 &F 104 103 ¥2  7A 0 1] 0 n} 0 n}
37 150 3FF 44 Ah 1 92 101 126 117 103 103 103 103 116 105 O 1] 0 n} 0 n}
33 150 3FF 444 A 1 93 18 129 105 99 88 8 B 83 95 0 1] 0 0 0 0
33 150 3FF 44 A 1 112 12 170 112 125 144 105 106 131 142 0 1] 0 n} 0 n}
40 150 3FF 444 A 1 1 B5  V5 584 B4 B4 V1 VO B4 A1 0 1] 0 0 0 0
49 200 =] 44 A 1 F9 0 0 82 86 34 0 43 46 B2 0 1] 0 n} 0 n}
a0 200 3B9 144 A 1 1108 O o ns 99 &5 0 B 129 109 0O a 0 I} 0 I}
E5 2 FFFF 4i4 A 1 2 2 2 50 50 &80 EO 0 0 1] 0 1] 0 n} 0 n}
513 a0 FFFF 444 A 1 0 0 0 T === 0 0 a 0 a 0 1 1 1
E7 a0 FFFF 144 A 1 1 1 1 108 109 108 | B4 0 0 1] 0 1] 0 n} 0 n}
53 70 FC7PF 174 A 1 2 2 2 45 46 45 B2 0 0 i 0 i 0 i} 0 i}
70 70 FCTF 144 A 1 0 0 0 43 48 43 AF 0 0 1] 0 1] 0 n} 0 n}
71 a0 FFFF 174 A 1 0 0 0 50 50 80 A3 0 0 1] 0 1] 0 n} 0 n}
72 2 FFFF 144 A 1 0 0 0 42 49 4340 0 0 1] 0 1] 0 0 0 0
73 70 FC7F 144 A 1 0 0 0 45 48 483 B4 0 0 1] 0 1] 0 n} 0 n}
b=} 2 3FF 144 A 1 %8 63 589 52 83 55 57 58 a0 A4 0 1] 0 0 0 0
76 a0 3FF 144 A 1 B3 A1 B3 B3 85 45 44 40 | B4 AR 0 1] 0 n} 0 n}
i 100 3FF 144 A 1 57 48 V2 B3 82 5 BSR4 V2 ED 0 a 0 I} 0 I}
73 150 3FF 144 A 1 F3 K1 B3 77 BB BR BB  BR &0 E3 0 1] 0 n} 0 n}
a0 200 =] 144 A 1 73 0 0 B 55 M 0 23 B2 59 0 a 0 I} 0 I}
34 200 3ES 144 A 1 31 0 o 12 . & 0 53105 T 0 1] 0 n} 0 n}
a5 150 3FF 174 A 1 84 B3 166 B3 97 83 &7 & 94 70 0 i 0 i} 0 i}
av 100 3FF 144 A 1 8y BF 178 88 89 77 B4 T2 V9 73 0 1] 0 n} 0 n}
33 a0 3FF 174 A 1 82 74 14 B9 V1 BB B 73 81 &8 0 1] 0 n} 0 n}
92 a0 3FF 144 A 1 081 182 B84 0 BR VO Y3 Y5 89 85 0 1] 0 0 0 0
93 2 3FF 144 A 1 F3 B84 106 83 BB 77 Y1 B0 V5 B4 0 1] 0 n} 0 n}
115 2 FFFF 144 A -1 1 1 1 19 19 19 N 0 0 a 0 a 0 I} 0 I}
16 2 FFFF 144 A 1 0 0 0 89 B89 89 7B 0 0 1] 0 1] 0 n} 0 n}
"7 a0 FFFF 144 A 1 2 2 2 158 158 158 100 O 0 a 0 a 0 1 1 1
18 70 FCTF 144 A 1 0 0 0 0 0 0 0 0 0 1] 0 1] 0 n} 0 n}
128 70 FCPF 144 A 1 0 0 0 45 48 43 i3 0 0 a 0 a 0 I} 0 I}
130 a0 FFFF 144 A 1 0 0 0 2 BZ B2 74 0 0 1] 0 1] 0 n} 0 n}
131 2 FFFF 174 A 1 0 0 0 51051 0 51 4B 0 0 i 0 i 0 i} 0 i}
135 - - - - 0 - - - - - - - - - - - - - -
136 2 3FF 174 A 1 85 A3 083 A3 VB 71 53 A2 BB A7 0 1] 0 n} 0 n}
137 a0 3FF 144 A 1 43 58 &4 5 V3 BR 88 53 43 B 0 1] 0 0 0 0
138 100 3FF 144 A 1 F2 B0 R4 FO BB BE BB 47 B0 E9 0 1] 0 n} 0 n}
139 150 3FF 144 A 1 BF A3 B B V8 7R B3 B3 BT V2 0 a 0 I} 0 I}
147 200 341 144 A 1 G5 0 0 447 220 B4 0 B 75 BB 0 1] 0 n} 0 n}
143 - - - - 1 - - - - - - - - - - - - - - -
165 2 3FF 144 A 1 ] 3 1o B 11 9 5 9 53 13 0 1] 0 n} 0 n}
156 a0 3FF 174 A 1 12 5 10 8 14 12 53 8 10 9 0 i] 0 i} 0 i}
157 150 3FF 144 A 1 ] 7 53 20 14 14 12 12 9 13 0 1] 0 n} 0 n}
158 150 3FF 174 A 1 16 9 7 13 18 15 21 A 12 9 0 i 0 i} 0 i}
159 200 181 144 A 1 0 0 0 |5 0 0 0 0 0 12 0 1] 0 n} 0 n}
163 2 FFCY 174 A 1 0 0 0 0 0 0 3 0 0 1] 0 1] 0 n} 0 n}
164 a0 FFCY 144 A 1 0 0 0 0 0 0 1 0 0 1] 0 1] 0 0 0 0
166 70 E047 144 A 1 0 0 0 0 0 0 15 0 0 1] 0 1] 0 n} 0 n}
167 - - - - 1 0 0 0 0 0 0 0 0 0 a 0 a 0 I} 0 I}
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Ref. : HRX/SEE/0303
Issue : 03

13.3 SHIFT REGISTER CROSS-SECTION PER BIT - TABLE
SR - Cross-Section / Bit
ﬁ - [l (4] = [¥3] w P [ra] o =] = o ] = o w
£ 5 & & 5 & & 5 & & & & & & & & &
2 N 2 NN £ N 2 N NN 2 NN £ NN o NN = N ¢ NN 2 NN 3 NN NN = B 2 I 3 I &
28 9.54E08  B8.83E-08 109E-07 7.96E08 S9.80E-08 932E-08 9.90E08  6.60E-05 | 9.32E-08 | 7.57E-08 - -
30 1.01E07 | 613E08 8.23E-08 747E08 9.00E03 SO4E-08 8.04E08 7.08E0S | 6.70E-05 | 1.05E-07 - -
33 - - - - - - - - - - - -
34 1.09e07 | 1.03E07 147E-07 1.19E07  9.06E08 S48E-08 1.01E07 1.00EO7 | 7.02E-05 | 7.31E-08 - -
7 097E08  9084E08 123E07 1.14EO07 | 1.00E-07 | 1.00E-07  1.00E-07 | 1.00E-O07 | 1.13E-07  1.02E-07 - -
i} 95508 | 1.15E-07  1.26E-07 1.02E07  9.26E-08 9.55E-08 9.28E-08 | 5.48E-05 | 8.55E-03 | 9.26E-08 - -
;2] 1.09E07 | 1.09E07 166E-07 1.09E-07  1.22E07 140E-07 1.02E07 1.03E07 | 1.28E-07 | 1.38E-07 - -
40 8.77E08  9.34E-08 108E-07 7.76E0D8 9.20E-08 9.20E-08 1.02E07 1.01E-07 | 9.20E-08 | 1.02E-07 - -
49 112E07 - - 9.45E08  9.10E-08  5.452E-08 - G.99E-08 | 7 47E-08 | 1.01E-07 - -
a0 1.05E07 - - 1.12E07 | 9.65E-08 | 7 99E-08 - B.43E-08 | 1.26E-0¢7  1.06E-07 - -
65 9.95E-10 | 9.85E-10 | 9.95E-10 2.49E08  2.49E-08  2.49E-083 §.24E-03 - - - - - - -
<151 - - - 3.74E08 | 374E-08  374E-08 9.82E03 - - 4.99E-10  4.99E-10  499E-10
67 5.00E-10 | 5.00E-10 | 5.00E-10 5.45E08 | 5.45E-08  5.45E-08 1.26E-O7 - - - - -
[<:5] 1.01E09  1.01E09 101E-09 232E08 2.32E08 232E-08 9.37E08 - - -
70 - - - 1.06E-08 | 1.88E-08  1.88E-03 6.43E-08 - - -
1 1.45E08 | 1.45E-08 | 1.45E-08 4.B1E08 - - -
72 1.59E08 | 1.59E08 159E-08 3.90E-08 - - -
73 - - - 1.56E-08 | 1.56E-08 15GE-05 B.24E-08 - - - - -
75 5.65E08  6.14E-08 575E-08 5.07E08  5.65E-08  536E-08 5.56E-08 | 5.75E-08 | 4.87E-03 | 4.29E-08 - -
76 6.14E08  4.57E-08 6G3E-08 G6.14E08  5.36E-08 439E-08 4.29E08  3.80E-08 | 5.26E-08 | 5.36E-08 - -
77 556E-08 | 468E-08  702E-08 BE3IEOS  507E-08 | 556E-08  B.34E-08 | 526E-08 | 7.02E-08  5.85E-08 - -
78 6.63E08  5.95E-08 B.14E-08 7.50E08  6.63E-08 BAB3E-03 6.63E08  6.A3E-05 | 487E-03 | 6.14E-08 - -
a0 7AZE08 - - 9.38E08  5.17E-05  4.00E-08 - 2.83E-08 | 6.04E-058  5.75E-08 - -
a4 1.58E07 - - 218E07 | 1.77EO7 | 1.88EO7 - 1.15E-07 | 2.05E-07 | 1.38E-07 - -
86 163607 | 1.61E07 | 323E-0¢7  1.71E07 | 1.89E-07 | 191E-07 1.6SE-07 | 1.69E-07 | 1.83E-0¢7 1.38E-07 - -
a7 1.70E07 | 1.70EO7 347E07 1.72E07 | 1.15E07 150E-07 1.25E07 1.40E-07 | 1.54E-07 | 1.42E07 - -
a5 1.B0EO7 | 1.44E07 222E07 1.73E07 | 1.38E07 1.29E-07 1BSEO7 1.42E07 | 158E-07 | 1.72E07 - -
92 1.50E07 | 1.58E07 344E-07 163E07 | 1.32E07 136E-07 1.42E07 1.46E07 | 173E-07 | 1.85E-07 - -
93 123607 | 1.64E-07 | 207E-OF | 1.B2E07 | 1.29E-07 | 1.50E-07 1.38E-07 | 1.56E-07 | 1.46E-07  1.25E-07 - -
118 6.51E-10 B.S1E-10  BA1E-10 1.24E08 | 1.24E-08  1.24E-08 2.14E03 - - - - -
116 - - - 5.78E08 | 578E-08 5.73E-08 1.48E07 - - - - -
117 1.30E-09  1.30E09 130E-09 1.03E07  1.03E07 1.03E-07 195E07 - - 6.49E-10  6.49E-10  6.49E-10
118 - - - - - - - - - - - -
128 7E1E09  7.81E09 781E-09 2.58E03 - - -
130 1.01E08  1.01E08 101E-08 3G1E-08 - - -
131 §.30E09 | B.30E-09 830E-09 2.24E08 - - -
135 - - - - - - - - - - - -
136 268E08 | 2.83E-08 285E-08 2.58E08  3.70E-0S5  3.46E-083 2.58E08 | 2.53E-08 | 273E-08 | 2.78E-08 - -
137 2.33E08  2.86E-08 2B2E-08 2.76E08  3.54E-08 335E-08 2.81E08 | 2.57E-08 | 233E-08 | 3.25E-08 - -
138 I0ME08  281E-08 310E-08 3.39E08  3.30E-08  330E-08 3.30E08  2.28E-08 | 2.42E-08  3.35E-08 - -
139 325E08  281E08  325E-08 325E08  3.78E-08 | 383E-08 3.05E-08  3.05E-08 | 3.25E-08  3.49E-08 - -
147 33ED8 - - 2.18E07 | 1.0VE-07 | 312E-08 - 3.22E-08 | 3.65E-08 | 3.22E-08 - -
148 - - - - - - - - - - - -
155 4.36E09  3.88E-09 4B85E-09 3.88E09  5.33E-09 436E-09 2.42E09  4.36E-09 | 291E-09 | 6.30E-09 - -
156 582E-09  242E09  485E-09 383E09 B79E-09 | 582E-09 291E08  3.88E-09 | 485E-09  4.36E-03 - -
157 4.39E09  341E-09 292E-09 9.75E09 6.H2E-09 BB2E-09 5.85E09  5.85E-09 | 439E-09 | 6.34E09 - -
158 7.80E09  4.39E-09 3ME-09 B.34E09 7.31E09 731E-09 1.02E08 | 1.02E-08 | 5.85E-09 | 4.39E-09 - -
158 - - 2.92E09 - - - - - 5.85E-09 - -
163 - 3.90E-09 - - -
164 - 5.33E09 - - -
166 - 7.27ED9 - - -
167 - - - - -
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Hirex Engineering A3PE3000L SEE TEST REPORT . 08
13.4 CONFIGURATION - TABLE
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148 All Failed Erase Operation
167 All Yerify O failed at row B335
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Line #

HRX/SEE/0303
03

Hirex Engineering A3PE3000L SEE TEST REPORT

14 PIF — MARCH 2011 — RUN TABLES
141 RUN/BEAM/DUT/SEL - TABLES

RUN | BEAN ouT

— ? — = 5 Iy =

@ HH _E % E o E, E DE, - % e, g
. |+ £ 5| 2|2 | g = % > g 2 5 S 2 2 E|g
E S e EOE = 2 - = 2 & = & = ® = o = 5 |

o o = @ lis] = ] = E] 8 =1 - @ b 2 = = =

m o @ 2 z a T E = F & g - g

o w e s & A = = =3

:1} — w
=] £ £ 3 3 B E W £ (= = > = & & = E3 068 BB &HE
05032011 40 19:30 1 | 1923 230 102E+10 46 222F408 G4RE40Z| 20 | A4BE+02 13 1 Room | 16 33  Dyn 0
05032011 41 (12:3d | 2 | 1930 200 201E+100 101 | 1.99E+08 1.17E+03| 20 | 1.72E+03 13 1 Room | 15 33  Dyn| - | O
05032011 42 (1940 3 | 1934 151 201E+100 156 | 1.29E+08 1.40E403| 20 | 3.12E+03 13 1 Room | 16 33 Dyn| - | O
05032011 43 (1945 4 | 1239 | 101 200E+10 266 | 7.52E+07 1.85E+03| 20 | 4.97E+03 13 1 Room | 16 33  Dyn | - | O
05032011 44 (13:51 | & | 1945 753 200E+10) 387 |5.18E407 231E403| 20 | 7.20E+03 13 1 Room | 15 33 Dyn| - | D
05032011 45 (2014 6 | 2007 608 200E+10 526 | 381E+07 3126403 20 | 1.04E+04 13 1 Room | 16 33 Dyn| - | O
05032011 46 20025 7 | 20019 (753 201E+I0) 338 |5.17E+07 232E+03| 20 | 1.27E+04 13 1 Room | 15 33 Dyn| - | O
05032011 47 (20035 | & | 20028 (235 282E409 174 | 1G2E+07 SO04E+02| 20 | 1.35E+04 13 1 Room | 16 33 Dyn| - | O
05/03/2011 48 20045 9 | 20039 235 S76E409 355 | 1G2E+07 1G4E403| 20 | 1.52E+04 13 1 Room | 16 33  Dyn | - |0
05032011 43 | 20:57 | 10 | 20051 | 235 485403 300 | 1G2E+07 1.38E403| 20 | 1.65E+04 13 1 Room | 15 33 Dyn | - | O

2351 34E+10] 829 1.G2E+07

05032011 &1 212 11 | 2107 | 230 100E+10) 45 2236408 5.36E+02| 13 | 0.00E+00 13 1 Room | 15 33 Dyn| - | O
05032011 &2 | 2116 12 | 21:09 | 101 100E+10 134 |7.47E+07 |927E+02| 19 | &.36E+02 13 1 Room | 16 33 Dyn| - | D
05032011 55 | 21:40 13 | 21:35 | 230 102E+10) 45 | 226E+08 5.43E+02| 13 | 2.01E+H03 1.1 1 Room | 16 33  Dyn | - |0
05032011 &6 | 21:45 14 | 21:38 | 230 100E+10 45 (2226408 534E402| 19 | 2.54E403 1.1 1 Room | 16 33 Dyn | - | D
050372011 58 | 21:51 15 | 21:44 | 230 G45E+10 288 | 224E+08 3.44E403| 13 | 5.38E+03 1.1 1 Room | 156 33 Dyn | - | D
05/03/2011 60 |22:05 16 | 21:58 230 175E+10) 78  |2.25E+08 9.36E+02| 19 | G.92E+03 1.1 1 Room | 15 33 Dyn | - | O
05032011 61 (226 17 | 2200 | 230 100E+11 447 | 224E408 535E403| 19 | 1.23E+04 1.1 1 Room | 16 33 Dyn| - | D
05032011 63 | 22:26 13 | 2219 | 230 2B3E+100 119 | 225E+05 1.43E403| 13 | 1.37E+04 1.1 1 Room | 16 33  Dyn | - |0
05032011 66 | 22:44 | 19 | 2237 | 230 100E+11| 450 | 222E408 534E403| 19 | 1.90E+04 1.1 1 Room | 16 33 Dyn | - | D
05032011 66 | 22:84 | 20 | 2247 | 230 376E+100 168 | 224E408 201E403| 19 | 2.10E+04 1.1 1 Room | 16 33 Dyn| - | O
05032011 68 |23:03 | 21 | 2256 230 100E+11 444 |226E+08 535E+03| 13 | 2.64E+04 1.1 1 Room | 15 33 Dyn | - | O
05032011 69 | 2312 | 22 | 2306 | 230 160E+10) 66 | 227E+08 7.098E+02| 19 | 2.72E+04 1.1 1 Room | 16 33 Dyn| - | D
05032011 71 (2325 23 | 2318 230 892E+09 39 | 229E+08 476E+0Z| 13 | 2.77E+04 1.1 1 Room | 16 33  Dyn | - |0
05032011 73 (2331 24 | 2324 | 230 421E410) 187 |2265E408 225E403| 19 | 2.99E+04 1.1 1 Room | 16 33 Dyn | - | D
D6A3/2011 76 0006 25 | 0004 | 230 371E+10 166 | 224E+08 198E+03| 21 | 1.898E+H13 1.1 1 Room | 16 33 Dyn| - | O
06032011 85 00:36 26 | 00:29 | 230 195E+10 &7  |224E+08 1.04E403| 21 | 3.02E+03 12 1 Room | 15 33 Dyn | - | O
06032011 86 0043 | 27 | 0036 | 230 1.38E+10) G2 | 222E408 7.36E+02| 21 | 3.76E+03 12 1 Room | 16 33 Dyn| - | D
06032011 & 0045 23 0038 | 230 885E+09 39 | 227E+08 473E+02| 21 | 4.23E+03 12 1 Room | 16 33  Dyn| - | O
06032011 88 (0046 29 | 0048 | 230 3336409 156 | 222E408 178E402| 21 | 4.41E+03 12 1 Room | 16 33 Dyn| - | O
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Hirex Engineering

SHIFT REGISTER CONDITIONS AND SEU - TABLES

14.2

SR - Total SEU

91 45
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aL ds
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444
414
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3FF
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FF
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Line #

40
41
12
13
44
15
15
Fid
158
19

51
52
55
a6
58
B0
B1
B3
B4
BE
B3
B9
71
73
76
35
g6
a7
]

Hirex Engineering

14.3

SR

957E-14
3.02E-14
5.56E-14
1.95E-14
1.95E-14

1.95E-14

A3PE3000L SEE TEST REPORT

SHIFT REGISTER CROSS-SECTION PER BIT - TABLES

5R2

3.02E-14

9.74E-15

1.95E-14

231E-14

SR3

9.75E-14
3.02E-14

727E-14
1.95E-14

1.95E-14

SR 4

967E-14
3.02E-14
3E4E-14
1.95E-14

1.95E-14

231E-14

HRX/SEE/0303 Issue 03

Byl w

o o

[l 7]

=

9.57E-14 -
975E-14 | 975E-14
J02E-14 | 302E-14
364E-14 | 3B4E-14
1.95E-14 -
1.95E-14 1.95E-14

SRY

9.75E-14
3.02E-14

727E-14
1.95E-14

1.95E-14

2HE-14

SRE

9.75E-14
3.02E-14

1.95E-14

231E-14

SR - Cross-Section / Bit

S5R9

967E-14

7E4
1.95E-14

1.95E-14
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Hirex Engineering A3PE3000L SEE TEST REPORT

144 SRAM/UFROM - TABLES

SRAM UFROM
SRAM conditions Fill Errar Type Check Error Type
L
=
A - o
(5} o = —
4 ¥ % % <) i 5 = i =) = g £ =
£ = % 4 > = £ il IR RN Rl B R el I o 2 = o
—! w © = ] T o > o w
= = = [l
i3] i3] -
g
H & & & 52 = HEHHEBDEHGEG GG (] &2 I 2 B
40 20 0 EFFF 5N 516095 CKBJ/CKE 1 |0 |0 0 0|0 0O 409 O [408 8 [ 416 78E7E-14 | 10 0
41 20 | 0 BFFF | 5N 51609 CKB/CKB 1 |0 |0 0 0|0 |0 737 0|77 34| 761 732141E-14| 10 0
12 20 | 0 EFFF 5N 516095 CKBJ/CKE 1 |0 |0 0 0|0 0 603 O |02 2 [ BO04 |582541E-14| 10 0
13 20 | 0 BFFF | 5N 51609 CKB/CKB 1 |0 |0 0 0|0 | 0 66 0|66 0| 676 |G54917E-14] 10 0
44 20 | 0 BFFF 5N 5160% CKB/CKB 0 [0 (0 0 0|0 0 0 0|0 ol o ] 10 ]
5 20 | 0 BFFF | 5N 51609 CKBJ/CKB 1 |0 |0 0 0|0 |0 844 0 |44 0 [ 544 8.1686E-14 | 10 0
6 20 | 0 BFFF 5N 5160% CKBJ/CKB 1 |0 |0 0 0|0 |0 707 0 |707 0 [ 707 |GB3242E-14| 10 ]
47 20 | 0 BFFF | 5N 51609 CKB/CKB 1 |0 |0 0 0|0 |0 41 041 0[ 41 281512E-14| 10 0
8 20 | 0 BFFF 5N 51609 (CKBJ/CKB 1 |0 |0 0 0|0 | 0 144 0 [144 0 [ 144  |4B4743E-14| 10 ]
9 20 | 0 BFFF | 5N 51609 CKBJ/CKB 1 |0 |0 0 0|0 0 138 0 [138 0 [ 138 55121E-14 | 10 0
516096 Fofolofolofof3afo 330 323 |466046E-14
51 20 | 0 BFFF . 5N 51609 CKBJ/CKB 1 |0 (0 0 0|0 0 339 0 (389 0 [ 389 |751481E-14] 10 ]
52 20 | 0 BFFF | 5N 5160% CKB/CKB 1 |0 |0 0 0|0 |0 32 0312 0 [ 312 |603935E14] 10 0
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15 Acronyms and Abbreviations

CCcC: Clock Conditioning Circuit
CMOS: Complementary Metal-Oxide-Semiconductor
DDR: Double Data Rate

DDR2SDRAM: Double Data Rate (version 2) Synchronous Dynamic Random Access Memory
DUT: Device Under Test

EDAC: Error Detection And Correction
FF: Flash Freeze

FPGA: Field Programmable Gate Array
FROM: Flash Read Only Memory

HI: Heavy lon

ISP: In System Programming
LVCMOS: Low Voltage CMOS

LVDS: Low Voltage Differential Signaling.
MBU: Multi-Bit Upset

MCU: Multi-Cell Upset

UFROM: User FROM

PLL: Phase-locked Loop

ROM: Read Only Memory

SBU: Single Bit Upset

SCuU: Single Cell Upset

SDR: Single Data Rate

SEB: Single-Event Burnout

SEE: Single-Event Effect

SEFI: Single-Event Functional Interrupt
SEGR: Single-Event Gate Rupture
SEL: Single-Event Latch-up

SET: Single-Event Transient

SEU: Single-Event Upset

SPI: Serial Programming Interface
SRAM: Static Random Access Memory
TMR: Triple Module Redundancy
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