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Radiation Test Service

»>BE-CEM-EPR provides, the service of radiation testing of electronic
components supporting the Radiation Working Group (RadWG)

» The RadWG supports the accelerator sector equipment groups for the
assessment of radiation tolerance of electronic equipment to be installed in
radiation exposed areas.

»Itis as a forum for electronic engineers to discuss

design practices
radiation tests
radiation induced failures in the accelerators.

»The RadWG is one of the pillars of the CERN Radiation Hardness
Assurance process
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Radiation Test Service — BE-CEM-EPR

Request collection

The requests for radiation testing are collected
and processed selecting the most suitable

Data base and PUincation methodology and facilities

The results are collected, stored and in EDMS and
published in the RADWG database to allow an
easy research of the best candidates for the new
radiation tolerant des

Test planning and structure

Each component/system is analyzed, and all the possible
radiation effects are taken into account for planning the
test and structure it

Result analysis

The results are analyzed during and after the Board and instrumentation
tests for each component considering the end .
preparation

application and the possible operational issues

For each component a dedicated set of test board is
prepared and the associated instrumentation is chosen to
face the complexity of the radiation test

Testing 0 4
The test are carried out at CERN facilities such as

CHARM or Co60 and in external facilities. The
transport, personnel and instrumentation are
selected considering the peculiar aspect of each
facility




CERN ATS-RHA Procedure: New developments
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https://edms.cern.ch/document/1740220/1

CERN ATS-RHA Procedure: New developments

v

- Functional Description / Blocks
- Radiation Environment
_ System / Components Description

Exploratory COTS Component Radiation Test

System-Level Prototype Radiation Test

Production batches Component Radiation Qualification

Radiation Test
Request Document

Phase

l Once all the candidate parts have been evaluated for the project, the production batches should
be qualified to verify the batch suitability with the radiation design requirements

@ The procurement of the part should be performed with special care. Each production batch will
have to be qualified therefore one should try to obtain single-lot batch for each part if possible

Component Radiation'! System Radiation
Test Reports: Test Report

e . The EPR section provides the service of part procurement for radiation tolerant projects
Qualification Reports | I P partp proj

1

1

1

1

1

1

:

1 . .

! Component Radiation |

1

1

: The EPR Radiation Electronics Service must be contacted prior any purchase to first ensure that

1 enough extra parts is procured for the qualification and second to potentially merge procurement

1 . . . e .
. e . with other project and profit from a common qualification
Radiation Qualification | prol P 4
Request Document , @ Asforexploratory test, a Radiation Qualification Request document must be provided to the EPR
Electronics Radiation Test Service. In addition to the usual information, the target cross-section for

each parts to ensure the required target system failure rate in operation should be provided

@ The EPR Electronics Radiation Test Service can provide support on the estimation of the cross-
sections from system to component level for the qualification

@ Oncompletion of the test the EPR Electronics Radiation Test Service will provide comprehensive
v test reports.

From: EDMS 1740220
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CERN ATS-RHA Procedure: New developments

Time

v

- Functional Description / Blocks
- Radiation Environment
_ System / Components Description
_ Exploratory COTS Component Radiation Test
- System-Level Prototype Radiation Test
- Production batches Component Radiation Qualification

1
1
] " !
s Radiation Test h
o Request Document i | - I
q " | System-Level Radiation Qualification Test
X '
1 1 1
: : : : Once all the production batches were qualified, a system-level qualification shall be performed
Component Radiation iapion Hl b !
Test Reports : System Radiation : : Comp,o_nen,t Radiation ! : The process for the system-level qualification is identical to the prototype system-level test
P Test Report ! Qualification Reports, i
1
: 1 The EPR section provides the service of part procurement for radiation tolerant projects
1
1 1
L e . : oo When possible, enough system should be qualified to allow observing potential low probability
Radiation Qualification | System Radiation, system-level failure modes
Request Document ; Qualification Report,
System-Level Radiation Qualification Report must be done after the test
v
From: EDMS 1740220
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Production Radiation Test Requirement definition Process

» Several information to be provided to perform the qualification of production lots:

System locations  Target Failure Rate

Analysis of Hard/Soft SEE Radiation Test Requirement | :

Target Component-
Target System(s) Cross Level Cross-section SEE Component Test

1
1
1
section(s) calculation Conditions i
i
L}

break down

Production Qualification

Radiation Levels at Request

system-location

Bill of Materials

Identification of Identification of the Identification of the
component failure corresponding system Radiation Test
mode of interest failure modes Requirements

T

Analysis of Cumulative Radiation Effects Requwements

» The EPR Electronics Radiation Test Service can support the preparation of the request

@) o-oofck)



Production Qualification Request Process

» Several information to be provided to perform the qualification of production lots:

System locations  Target Failure Rate

Analysis of Hard/Soft SEE Radiation Test Requirement

Target Component-

e Level Cross-section

SEE Component Test

section(s) calculation Conditions

(s) break down

____________ T T.
Radiation Levels at Bill of Materials

system-location
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SEE Radiation Test Requirement Analysis: BLM

>  Workflow:

System locations

Radiation Levels

System-Composition

Target Failure Rate

Cross-Section

Chassis Target Failure

System Location Levels
Operation Annual  Annwal  Annual  Annual  Total  Total  Toml  Total
Accelerator  Point Area cell Racktiame "M psystems System Time | Dose  HEH IMev  Thn  Doss  HEH  1Mev  Thn TID/pD
= = - = L |@w efemZ Infer [nfem™  [GvA", [pfen T [nfem™ | Wnfem™
SPS 1 1514 102 BYBLM.10293 : 889 1 BLEACT 30 03 © 3208408 ' 3.20E409:3.20E:09| 9.0 :9G0E+09:0.60E+10:9.60E+10| 1.07E+10
SPS 1 1514 107 {BYBLM.10793 | 2489 1 BLEACT 30 116 | 116E+10 |120E+11;116E+11| 3480 |3.48E+11}3.60E-12] 3.48E+12| 103E-10
S 1 TS14 112 iBYBLMA1277 | 4055 1 BLEACT 30 300 | 300E+10 3.00E+11!300E+11| 9000 9.00E+11}9.00E+12 9.00E+12| LO0E+10
sPS 1 1516 123 {BYBLM.12397 ! 7841 1 BLEACT 30 248 | 448E-10 |450Es11i448E+11| 13420  134E+12i135E+13 134613 | 1O0E+10
sPS 1 516 127 iBYBIM.12773 | 8822 1 BLEACT 30 258 | 25BE+10 260E+11i258E+11| 7740 7.74E+11i780E+12 774E+12| 101E+10
SPS 1 1516 132 iBYBLM.13293 | 10489 1 BLEACT 30 23 | 226E:09 230E+10;226E+10| 69.0 |G.7BE+10}6.90E+11 6.78E+11| 1O00E+10
SPS 2 TS24 202 (BYBLM.20293 | 12408 1 BLEACT 30 68 | 67BE+09 (GB0E+10i67BE+10| 2040 |203Es11:204E+12) 203E+12| 100E+10
SPS 2 1524 207 {BYBLM.20783 | 14008 1 BLEACT 30 06 | B456+D8 |6.50E+09i645E+09| 180 |194E+10!195E~11)184E+11| LOBE+10
sPS 2 TS24 212 (BYBLM.21277 | 15574 1 BLEACT 30 48 | 4BAE-09 (480E-10{4.84E+10| 1840 | 145Es11i144E+12 145E:12| 1O00E+10
sPS 2 1526 222 {BYBLM.22297 | 18840 1 BLEACT 30 6000 | 6.00E-11 :6.00E+12!6.00E+12| 180000 : 1.80F+13i180E+14 | 180E+14| 100E+10
sPS 2 1526 237 [BYBLM.22793} 20408 1 BLEACT 30 76 | 760E+D9 (7.60E+10i7.60E+10| 2280 i228F+11i228E+12)228E+12| 100E+10
SPS 2 1526 232 iBYBLM.23293 | 22008 1 BLEACT 30 740 | 740E+10 7.40E+11;7.40E+11| 2220.0 | 2.22E+12}222E+13 | 2.226+13| 100E+10
SPS 3 TS34 302 [BYBLM.30293 | 23928 1 BLEACT 30 13 | 129E:09 [130E+10;129E+10| 390  3.87E+10:i3.90E-11 3.87E+11| LO00E+10
SPS 3 1534 307 {BYBLM.30783 | 25527 1 BLEACT 30 3.9 | 3876409 [3.90E+10i 3.87E+10| 117.0 | 116E+11}117E+12;116E+12| 100E+10
sPS 3 1534 312 (BYBLM31293} 27127 1 BLEACT 30 42 | 419E+09 420E-10{4.19E+10| 1260 | 126E+11i126E+12 126E+12| 1O00E+10
sPS 3 1536 322 {BYBLM32273 | 30261 1 BLEACT 30 48 | ABAE-DS (AB0E+10{484E-10| 1240 |145Es11]142E+12]145E+12| 100E+10
sPs 3 Ts36 327 [BYBLM.32793; 31927 1 BLEACT 30 03 | 323F+08 [320F+09i323F+09| 90 9.69E+09:9.60E+10; 9.69E+10 | LOVE+10
SPS 3 1536 332 iBYBLM.33283 | 33527 1 BLEACT 30 32 | 323E:09 |3.0F+10323E+10| 960 9.69E+10}0.60E+11 0.69E+11| 1.O00E+10
SPS 4 TS44 402 (BYBLMA20293 | 35847 1 BLEACT 30 4B | 484E+09 (4B0E+10{484E+10| 1840 |145Es11]144E+12)145Es12| 100E+10
sPS 4 TS44 407 IBYBLMA0793 | 37087 1 BLEACT 30 113 | 1136410 |110E+11i113E+11| 339.0 |3.39E+11}3.30E+12 3.30E+12| 0.73:08
sPS 4 TS44 412 iBYBLMA41293 } 38645 1 BLEACT 30 16 | 161E+09 ' 160E+10; L61E-10| 48.0 483F+10]480E+11;483E+11| 100E+10
sPS a TS46 422 [BYBLMA2273; 41780 1 BLEACT 20 400 | 400E+10 4.00E+11}4.00E+11| 1200.0 | 120E+12}120E+13 | 120E+13| 100E+10
SPS 4 TS46 427 BYBLM 42793 | 43446 1 BLEACT 30 61 6.13E+09 6.10E+10: 6.13E+10| 183.0 :184F+11:183E+12: 184E+12 1.00E+10
SPS 4 TS46 432 iBYBLMA3293 ] 45045 1 BLEACT 30 39 | 3B7E:09 (390E+10;387E+10| 1170 | 116E+11}117E+12 L16E+12| 1.00E+10
SPS 5 TS54 502 (BYBLM.50293 | 46966 1 BLEACT 30 165 | 1656410 |170E+11{165E+11| 4950 |495E+11!510E-12 485E+12| 103E+10
sPS 5 TS54 507 IBYBLM.SO793 | 48565 1 BLEACT 30 203 | 2036410 |200E+11;203E+11| 609.0 | 6.09E+11i6.00E+12  6.00E+12| 0.85E+08
sPS 5 TS54 512 iBYBLM.51293} 50165 1 BLEACT 30 452 | 452610 450E+11;452E+11| 13560 |136E+12}135E+13; 136E+13| O0.06E+09
sPS 5 1556 522 [BYBLM.52277 i 53331 1 BLEACT 30 142 | 142E+10 140E+11i142E+11| 4260 |426E+11}4.20E+12 426E+12| 9.86E+08
SPS 5 TS56 528 {BYBLM.52673 : 55219 1 BLEACT 30 229 | 239E+10 230E+11:229E+11| 687.0 @ GB7E+11i6.90E+12 GE7E+12| LO0E+10
SPS 5 1556 533 (BYBLM.53377 | 5685.0 1 BLEACT 30 20 | 200E:09 |2.00E+10;200E+10| 60.0 |G.00E10}6.00E+11!G.00E+11| 1.00E+10
SPS 6 TS64 602 (BYBLM.60293 | 58485 1 BLEACT 30 132 | 1326410 130E+11{132E+11| 3960 | 3.96E+11}390E-12  396E+12| 9.85E+08
sPS [ TS64 607  |BYBLM.60793 | 6008.5 1 BLEACT 30 77 | 774E+09 [7.70E-10i7.74E+10| 2310 | 232E+11i231E+12 23E+13| 100E+10
sPS 6 TS64 612 iBYBLM.61277 } 6170.0 1 BLEACT 30 4B | 48AF-03 [AB0E+10:484F+10| 1240 145E+11:144E+12}145Es12| 100E+10
sPs 5 TS66 622 iBYBLM62293 | 64885 1 BLEACT 30 307 | 3976+10 4.00E+11}397E+11| 11310 |119E+12}120E+13| 119E+13| 101E+10
SPS 6 TS66 627 (BYBLM.62793 | 6648.4 1 BLEACT 30 71 | 7106409 (7.10E+10i7.0E+10| 2130 213E+11i2136+12}213E+12| LO00E+10
SPS 6 TS66 632 1BYBLM.63283 | 6808.4 1 BLEACT 30 4.42E+10 |4.40E+113442E+11| 13260 |133E+12i1306+13}133E+13| 0.95E+00

BLM Systéurln Locations and Radiation levels:

General Method presented during the
RADWG Workshop of February 2024

Board(s) Target Failure
Cross-Section

Component Target
Cross-Section

Total Annual Fluence all systems are exposed: 3.40E+13 HeH/cm?

The maximum desired SEE failure rate in operation defines the target upper-limit cross-section
for the tests:

System Failure Rate [%] Number of Failures Per year Maximum System Cross-section [cm?]

For 36 systems

10% 3.6 3.18 E-12

1% 0.36 3.18E-13

0.036

0.1% 3.18E-14

0.0036

A\ J
v

0.01% 3.18 E-15

X% * Number of systems
Here is 36 for example, but it can scale up very fast depending on LHC projects

CE/RW
\

Sl

000


https://indico.cern.ch/event/1383997/

SEE Radiation Test Requirement Analysis: BLM

Total Annual Fluence all systems are exposed: 3.40E+13 HeH/cm?

The maximum desired SEE failure rate in operation defines the
target upper-limit cross-section for the tests:

System Failure Number of Maximum System Maximum Component
Rate [%)] Failures Per year Cross-section [cm?] Cross-section [cm?] For 10 components: For 100 components:
10% 3.18E-12 3.18 E-12 / Number of components* 3.18E-13 3.18E-15
1% . 3.18 E-13 3.18 E-13 / Number of component*s 3.18 E-14 3.18 E-16
1% * Number of systems
0.19 3.18E-14 3.18 E-14 /Numb f ts* - = .
Yo / Number of components 3.18 E-15 3.18 E-17 Hardly Achievable

0.01% 3.18E-15 3.18 E-15 / Number of components* 3.18E-16 3.18E-18 by Testing

|

LHC Projects can have
from less than 10 active
parts to 100

* Rule of thumb, in practice it is less since we are dealing with upper bounds combinations

@) ooofcw) 10



Total Annual Fluence all systems are exposed: 3.40E+13 HeH/cm?

The maximum desired SEE failure rate in operation defines the
target upper-limit cross-section for the tests:

System Failure Number of Maximum System Maximum Component Test Fluence Number of Test Samples
Rate [%)] Failures Per year Cross-section [cm?] Cross-section [cm?] [HeH/cm?] Required
For 10 components: For 100 components: For 10 components: For 100 components:
10% 3.18 E-12 3.18 E-13* 3.18 E-15* ~4 ~400
1% 3.18E-13 3.18 E-14* 3.18 E-16* 3.5E12 ~40 ~4k

O *
1% * Number of systems 1 Week in CHARM R13

0.1% 3.18E-14 3.18 E-15* 3.18 E-17* 400 40k
0.01% 3.18E-15 3.18 E-16* 3.18E-18* 4k 400k
\ J J
Y Y
Requirements Radiation Qualification
Feasible Not feasible

* Rule of thumb, in practice itis less since we are dealing with upper bounds combinations

) o—o—o



SEE Radiation Test Requirement Analysis: BLM

Total Annual Fluence all systems are exposed: 3.40E+13 HeH/cm?

The maximum desired SEE failure rate in operation defines the
target upper-limit cross-section for the tests:

System Failure Number of Maximum System Maximum Component Device Tvpe Device Failure
Rate [%)] Failures Per year Cross-section [cm?] Cross-section [cm?] yp Cross-Section [cm?]
For 10 components:  For 100 components:
10% 3.18E-12 3.18 E-13* 3.18 E-15* FTLC1156RDPL SFP28 1.85E-9 [1]
DDCChh-QLCA QSP28 <2.81E-11 [1]
1% 1% * Number of systems 3.18E-13 3.18 E-14* 3.18E-16* D1TThh-QLCA QSP28 <6.92E-11 [1]
o . . D13399-SLHA SPF+ 4,70E-12 [1]
0.1% 3.18E-14 3.18E-15 3.18 E-17 FTLF1436P4BCV  SFP28 <4.32E-12 [1]
0 £ E16* E.18* ET5402 SFP+ <8.54E-12 [1]
0.01% 3.18E-15 3.18E-16 3.18E-18 GBTx + VTRX CERNEPASIC~8.70E-12 [2]
\ J +9 devices from BE/BI/QP in [3] but failure cross-section
Y not provided.
Re q u i re m e nts Those were only exploratory tests with one or two samples,
not qualification, hence the relatively ‘low’ upper bound.
Reports: So far no systems use optical transceiver COTS in production

[1] EDMS 3088003 By BE-CEM-EPR & SY-BI
[2] EDMS 1863774 By BE-CEM-EPR & SY-BI at system-level with the GEFE Board

* Rule of thumb, in practice itis less since we are dealing with upper bounds combinations [3] EDMS 1289608 By BE-BI-QP

@) ooofcw)
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https://edms.cern.ch/document/3088003
https://edms.cern.ch/document/1863774/1
https://edms.cern.ch/document/1289608

To ensure reliable operation of the radiation tolerant systems in the CERN accelerator complex, the systems must undergo
proper radiation test qualifications to ensure its failure rate in operation is compliant with the objective

Within the BE-CEM-EPR radiation test service a workflow has been established to calculate the target system and
component cross-sections to be achieved during qualification based on:

» System Locations
» Radiation Levels at Locations
» Number of Systems & Bill of Materials

The final system and component cross-section is highly dependent on the radiation levels and even more on the number of
systems and components

Target cross-sections can range from 10E-10 to 10E-16 depending on the projects
This process is crucial to verify that the system radiation tolerance is compliant with the project objectives

So far, a certain number of COTS transceivers were tested with cross-sections ranging from 10E-9 to 10E-12, which could be
a good fit for certain projects

Those test were only exploratory, no further qualifications were performed since so far, no developments with them are
ongoing

Also for rad-hard devices the testing and evaluation exercise is still fundamental and should be investigated according to
the number of devices purchased and on the projects that might embed them

Nl
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Production Radiation Test Requirement definition Process

» Several information to be provided to perform the qualification of production lots:

Production Qualification

Radiation Levgls at Bill of Materials Request
system-location }
Identification of Identification of the Identification of the

component failure corresponding system Radiation Test
mode of interest failure modes Requirements

T

Analysis of Cumulative Radiation Effects Requirements

» The EPR Electronics Radiation Test Service can support the preparation of the request

@) o-oofck)
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SEE Radiation Test Requirement Analysis

>  Workflow:

System locations

Radiation Levels

Board(s) Target Failure
Cross-Section

Chassis Target Failure

System-Composition .
y P Cross-Section

Target Failure Rate

LHC TI2 20540 1 WIC DIOT Chassis [2 Boards] 12
LHC TI2 20940 1 WIC DIOT Chassis [2 Boards] 12
LHC TI2 21940 1 WIC DIOT Chassis [1 Boards] 12
LHC TI2 22340 1 WIC DIOT Chassis [1 Boards] 12
LHC TI2 22844 1 WIC DIOT Chassis [1 Boards] 12
LHC TI2 23244 1 WIC DIOT Chassis [1 Boards] 12
LHC TI2 23644 1 WIC DIOT Chassis [2 Boards] 12
LHC TI2 24044 1 WIC DIOT Chassis [2 Boards] 12
LHC TI2 24444 1 WIC DIOT Chassis [2 Boards] 12
LHC TI2 24844 1 WIC DIOT Chassis [2 Boards] 12
LHC TI2 25244 1 WIC DIOT Chassis [2 Boards] 12
LHC TI2 25744 1 WIC DIOT Chassis [2 Boards] 12
LHC TI2 26240 1 WIC DIOT Chassis [1 Boards] 12
LHC TI2 26640 1 WIC DIOT Chassis [1 Boards] 12
LHC TI2 27040 1 WIC DIOT Chassis [1 Boards] 12
LHC TI2 28040 1 WIC DIOT Chassis [1 Boards] 12
LHC TI2 28540 1 WIC DIOT Chassis [2 Boards] 12

System Radiation Failure Analysis and Prediction Document EDMS 3046605 (Tab: System Radiation Levels)

Component Target
Cross-Section

o-o-o 20/06/2024 EPR Radiation Test Service: Status, Activities, Results & Planning by R. Ferraro (BE-CEM-EPR)
S
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https://edms.cern.ch/document/3046605/1

SEE Radiation Test Requirement Analysis

>  Workflow:

System locations

Radiation Levels

System-Composition

Target Failure Rate

LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2
LHC TI2

20940
21940
22340

23244

24044
24444
24844
25244
25744
26240
26640
27040
28040
28540

L e e e e e e e e e R e e S

WIC DIOT Chassis [2 Boards]
WIC DIOT Chassis [2 Boards]
WIC DIOT Chassis [1 Boards]
WIC DIOT Chassis [1 Boards]
WIC DIOT Chassis [1 Boards]
WIC DIOT Chassis [1 Boards]
WIC DIOT Chassis [2 Boards]
WIC DIOT Chassis [2 Boards]
WIC DIOT Chassis [2 Boards]
WIC DIOT Chassis [2 Boards]
WIC DIOT Chassis [2 Boards]
WIC DIOT Chassis [2 Boards]
WIC DIOT Chassis [1 Boards]
WIC DIOT Chassis [1 Boards]
WIC DIOT Chassis [1 Boards]
WIC DIOT Chassis [1 Boards]
WIC DIOT Chassis [2 Boards]

FEERRERRERERERERRERRERRERER

Chassis Target Failure
Cross-Section

03
0.2
03
0.3
03
0.3
03
0.3
03
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

6.00E+08
4.00E+08
5.00E+08
5.00E+08
5.00E+08
5.00E+08
5.00E+08
5.00E+08
5.00E+08
1.20E+07
8.00E+06
4.00E+06
1.60E+06
6.00E+05
4.00E+05
2.00E+06
4.00E+07

Board(s) Target Failure
Cross-Section

3.6
2.4
3.0
3.0
3.0
3.0
3.0
3.0
3.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.2

7.20E+09
4.80E+09
6.00E+09
6.00E+09
6.00E+09
6.00E+09
6.00E+09
6.00E+09
6.00E+09
1.44E+08
9.60E+07
4.80E+07
1.92e+07
7.20E+06
4.80E+06
2.40E+07
4.80E+08

Component Target
Cross-Section

System Radiation Failure Analysis and Prediction Document EDMS 3046605 (Tab: System Radiation Levels)

@)
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EPR Radiation Test Service: Status, Activities, Results & Planning by R. Ferraro (BE-CEM-EPR)
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https://edms.cern.ch/document/3046605/1

SEE Radiation Test Requirement Analysis

» The EPR Electronics Radiation Test Service can support the different activities required to prepare the production qualification request:

System locations

Radiation Levels

Board(s) Target Failure
Cross-Section

Component Target
Cross-Section

Chassis Target Failure

System-Composition .
2 R Cross-Section

Target Failure Rate

System Configuration #Active Parts Quantity Redundancy?
B
WIC DIOT Chassis [1 Boards] EDA-03829-V2 DIO 16ch opt 24V 7 1 1
WIC DIOT Chassis [1 Boards] EDA-04422-V2 RaToPUS DC/DC 18 1 1
WIC DIOT Chassis [1 Boards] EDA-04326-V1 DI/OT Rad-tol System Board 15 1 2
WIC DIOT Chassis [1 Boards] EDA-03613-V3 FMC-nanoFIP 5 1 1
WIC DIOT Chassis [2 Boards] EDA-03829-V2 DIO 16ch opt 24V 7 2 1
WIC DIOT Chassis [2 Boards] EDA-04422-V2 RaToPUS DC/DC 18 1 2
WIC DIOT Chassis [2 Boards] EDA-04326-V1 DI/OT Rad-tol System Board 15 1 1
WIC DIOT Chassis [2 Boards] EDA-03613-V3 FMC-nanoFIP 5 1 1

System Radiation Failure Analysis and Prediction Document EDMS 3046605 (Tab: System Radiation Levels)

@) o-oofck) 18


https://edms.cern.ch/document/3046605/1

SEE Radiation Test Requirement Analysis

» The EPR Electronics Radiation Test Service can support the different activities required to prepare the production qualification request:

System locations

Radiation Levels

Chassis Target Failure
Cross-Section

Board(s) Target Failure
Cross-Section

Component Target
Cross-Section

System-Composition

Target Failure Rate

LHC TI2 WIC DIOT Chassis [1 Boards] 0.0100 0.0800 0.9600
lHC { TI2 WICDIQT Chassis [2 Boards] 0.0100 0.0900 1.0800

System Radiation Failure Analysis and Prediction Document EDMS 3046605 (Tab: System Radiation Levels)
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SEE Radiation Test Requirement Analysis

» The EPR Electronics Radiation Test Service can support the different activities required to prepare the production qualification request:

System locations

Radiation Levels

Chassis Target Failure - Board(s) Target Failure Component Target

System-Composition

Cross-Section - Cross-Section Cross-Section
Target Failure Rate
Target
Target System
. Subsystem  Target Board Upper
Upper Limit L L. )
pnfiguratio HEDA Board A e Pa 0 Redunda i Upper Limit  Limit Cross-section
Cross-section ) N
5, Cross-section [system.cm®]
[system.cm
- - - - - - [system.cmE E
WIC DIOT Chassis [1 Boards] EDA-03829-V2 DIO 16ch opt 24V 7 1 i 1 1.75E-11 4.38E-12 4.38E-12
WIC DIOT Chassis [1 Boards] EDA-04422-V2 RaToPUS DC/DC 18 1 1 1.75E-11 4.38E-12 4.38E-12
WIC DIOT Chassis [1 Boards] EDA-04326-V1 DI/OT Rad-tol System Board 15 1 2 1.75E-11 4.38E-12 6.57E-12
WIC DIOT Chassis [1 Boards] EDA-03613-V3 FMC-nanoFIP 5 1 1 1.75E-11 4.38E-12 4.38E-12
WIC DIOT Chassis [2 Boards] EDA-03829-V2 DIO 16¢ch opt 24V 7 2 1 1.97E-11 A4,92E-12 2.46E-12
WIC DIOT Chassis [2 Boards] EDA-04422-V2 RaToPUS DC/DC 18 1 2 1.97E-11 A4,92E-12 7.39E-12
WIC DIOT Chassis [2 Boards] EDA-04326-V1 DIfOT Rad-tol System Board 15 1 1 1.97E-11 4.92E-12 4.92E-12
WIC DIOT Chassis [2 Boards] EDA-03613-V3 FMC-nanoFIP 5 1 1 1.97E-11 4.92E-12 4.92E-12

System Radiation Failure Analysis and Prediction Document EDMS 3046605 (Tab: System(s) Composition)
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SEE Radiation Test Requirement Analysis

» The EPR Electronics Radiation Test Service can support the different activities required to prepare the production qualification request:

System locations

Radiation Levels

Chassis Target Failure
Cross-Section

Board(s) Target Failure
Cross-Section

Component Target

System-Composition .
g P Cross-Section

Target Failure Rate

Target
Cross—

Board Name Part Number Manufacturer Component Type Section
Reference

Schematic

Upper
[~ | [~ | v | Limit[ ~ ]

DD 16k opt 245 0. 05 PR L o MESF AR SEMR R AT RS =
E0A-03523-YE DID 16k opt 244 01, D2, D4 SHETFISCR STARCRCE EC TR S Lhiota -
E0A-03F23-42 DD 16k opt 245 07, 05 Frr T SRR O SENRE AT TR Lhiota 6. 25E-13
EDA-03823-YE D10 16ch opt 24V IE3,1C5 L FIFT0ESS LAVERR TECFTE G irladh e Rlagiaior 6. 25E-13
E0A-03F23-42 DD 16k opt 245 ICd L FIrE300FE L AREAR FEC R L5 iindauma Slacmalaor 6. 25E-13
E0A-03523-YE OI0Bch opt 244 IC1, 122 AL RS Flangnanis Sotorogodar -
E0A-03F23-42 OO 16ch apt 24 ICE MEOPZ R FELSS MR e FECRWR GG A Ewnantar 6. 25E-13

System Radiation Failure Analysis and Prediction Document EDMS 3046605 (Tab: SubSystems Radiation Tolerance)
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SEE Radiation Test Requirement Analysis

» The EPR Electronics Radiation Test Service can support the different activities required to prepare the production qualification request:

System locations

Radiation Levels

Chassis Target Failure
Cross-Section

Board(s) Target Failure Component Target DUTs number

System-Composition . . . .
y P Cross-Section Cross-Section estimation

Target Failure Rate

Target

Schematic e

i Test Target Target Number of Total
Board Name Reference Part Number Manufacturer Component Type Section Facility Fluence (T R vices For effective
[~ [~

Fl
u HERES Uncertaintu_  Interval [C11 test Fluence

i [+] [+]

DD 16k opt 245 03,05 PR L o MESF AR SEMR R AT RS - _ _
E0A-03523-YE DID 16k opt 244 01, D2, D4 SHETFISCR STARCRCE EC TR S Lhiota - - -
E0A-03F23-42 DD 16k opt 245 07, 05 Frr T SRR O SENRE AT TR Lhiota 6. 25E-13 Psil 5.50E+11 105 955 8.33 T.08E+12
EDA-0582 3\ OI0 16ch opt 24% IC3,1C5 L FIFTEESS LRVEAR FEERCE S i aurs Sagraiator 6. 25E-13 CHARM 1.50E+12 203 a5 5.51 8.26E+12
E0A-03F23-42 DD 16k opt 245 ICd L FIrE300FE L AREAR FEC R L5 iindauma Slacmalaor 6. 25E-13 CHaRM 1.50E+12 205 955 5.51 5. 26E+12
E0A-03523-YE OI0Bch opt 244 IC1, 122 AL RS Flangnanis Sotorogodar - _ _
EDS-03523-42 OO 16ch apt 24 ICE MEOPZ R FELSS MR e FECRWR GG A Ewnantar E.25E-13 CHARM 1.50E+12 200 a5 551 8.26E+12

System Radiation Failure Analysis and Prediction Document EDMS 3046605 (Tab: SubSystems Radiation Tolerance)

Final number of components for SEE testing = Required number of devices x margin
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