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. G
Basic Concepts @y

System fault events

# BLM are designed to prevent the Magnet Destruction
(MaDe) due to an high loss (~ 30 downtime days).
Preferably the quenches too (~ 5-10 downtime hour).

# BLM should avoid False Dumps (FaDu) (~ 3-5
downtime hours).

# Use of Safety Integrity Level (SIL), IEC 61508.
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S1l Approach 1/4
Event likelihood (both)

Category Description Indicative frequency
level (per year)
Events which are very 1
likely to occur
Probable Events that are likely to 10t -1
occur
Occasional Events which are possible 102 - 101
and expected to occur
Remote Events which are possible 103 - 107
but not expected to occur
Improbable Events which are unlikely 10* - 107
to occur
Negligible / Not credible Events which are < 10"
extremely unlikely to
occur

100 destructive losses/year
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S1l Approach 2/4 @

Consequences

Category Injury to personnel Damage to equipment

Criteria N. fatalities CHF Loss Downtime
(indicative)

Catastrophic  Events capable of >1 ALK Y% > 6 months
resulting in one or
more fatalities

Events capable of 0.1 (or 1 over 10° - 5*107 / 20 daysto 6 1\/{31)e

resulting in very 10 accidents) months
serious injuries
Severe Events which may 0.01 (or 1 over 10° - 10°

lead to serious 100 accidents)

injuries
Events which may 0.001 (or 1 0-10°
lead to minor over 1000 FaDu
injuries accidents) S T
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S1l Approach 3/4 @
SILs

Event viaD¢E Consequence
Likelihood Catastrophic Severe
|Frequent 1  siL4 SIL 3 SIL 3
Probable SIL 3 SIL 3 SIL 3 SIL 2
Occasional SIL 3 SIL 3 SIL 2 SIL 1
Remote SIL 3 SIL 2 SIL 2 SIL 1
Improbable SIL 3 SIL 2 SIL1 SIL1
Negligible / SIL 2 SIL 1 SIL 1 SIL 1
Not Credible
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S1l Approach 4/4 @'—

Failure probability

SIL Average probability of failure to perform
its design function on demand (FPPDg,ve)
Low demand i v
4 10> < Pr< 10
Sl 3 G e
Operation = B 1
(<1 year) 2 FQ - Ang P ri<i-ho
it 10574 PPt
SIL Probability of a dangerous failure per hour
High demand / 10 < Pr < 10°®
con(:mu;)us 108 < Pr < 1077 lVlaDlQ
mode O
=7 -6
oparation E 107 < Pr < 10 ; FaDy
10° < Pr< 107
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; Vv
Front-end Electronic @'

yerzion: 0.4 1002 .03

—_— Signal cable
lonization chamber signal

Status signal
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" [ Test signal
: —] P HY supply (U =1500%)
: — ] ] ' Command input
; é— Tunnel installation P VIE bus data
R — Eeam energy
P i PC Power Converter
i BIC EBean Interlock Control ler
FPGA
Counter
— MUX L Encoder
—

Counter
— Test
, —] Signal Status
: —] Generator Collector
1NN |
Counter
i —
' — ™MUX L Encoder
: o
; Counter —
U
: [E'x
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: Van
Back-end Electronic @

wverzion: 0.1 (1117207

Surface building installation

- Ilezzanine FPGA
5 optical fibre < — Beam ;
) yn— enlti— EMEIEY PC
la Fhoto diode chronizer [| Cecader H plexer [ TC e & v —
COMmpAarator
3+ 1
Test Stats collector
Signal & :
Generator COMPparator Statis PC
7 I Col lector Crate —
. Syn— Demmlti— o
Ib =+ Fhoto diode chonizer [1 Decoder plexer  [] TC k— 2 |1
Comibiner
<—| Comhiner ——
Crate EIC
. ] Syn— Denmlti—
2 i Photwo diode choonizer [1 Decoder - plexer || TC | 2 (1 :[I
T T BLMCOM
Test Status collector [T
—{ Signal &
Generator comparator
T T — o— Signalcable
[ lonization chamber signal
Syn— Demulti— : Status signal
|| || | | ; - gnal
b chronizer Decoder plexer e I H Test signal
' HY supply (U = 1300V}
Command input

—
— VIWE bus data
f— Eeam ene gy

FC Powwer Converter

B1C EBeam 1nterlock Controller

warni n'g
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Our Layout

@y

e

Transmitter [ Optical link

—»

Receiver

Energy input

Transmitter [* Optical link

—»

Receiver

—__ »Continuous with bias current

— »Continuous with bias current

Signal
N

ELEMENT A [1/h] inspection [h]
lonization Chamber + 400m cable 2.58E-08 20
Amplifier (CFC) 2.78E-08 20
Photodiode 3.18E-08 continuous
JFET (CFQC) 8.60E-08 20
2 Optical connectors 2.00E-07 continuous
Optical fiber 2.00E-07 continuous
FPGA RX 6.99E-07 continuous
UPS 1.00E-06 continuous
FPGA TX 2.02E-06 continuous
Laser 8.46E-06 continuous

BLM Dependability.

Feb 2004

G.Guaglio

9/31



SIL Approach Electronic Qur Situation Radiations Tests Dump Levels

MaDe @r

Sl

Transmitter > Optical link [  Receiver D
U
Energy input
gy mpu M
If it fails, our procedure Transmitter > Optical link [»  Receiver P
dumps! (FaDu) Signal
N
PMaDi ‘s PS _I_ QBLM _I_ Pen— _|_ QDUMP
Probability to Probability not Unavailability Probability to Unavailability
have a Magnet to detect the of the BLM underestimate of the DUMP
Disruption dangerous loss system the beam system

ST E e
i 4.96107/h 7 ?
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FaDu @'—

il

Transmitter > Optical link [  Receiver D
U
Energy input
gy 1mp M
Transmitter > Optical link [»  Receiver P

WrFrabu ™~ ( Wmr ™ Wsim T Wenr ) * 3200

Frequency of Frequency of Frequency of Frequency of Number of
False Dump B failure of BLM overestimation of channels
; g system+UPS the beam energy
signal

<10%/h = = 3% h
? 1.2410%h ?
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Risk Matrix 1/2 @

# Foreseen failure rate:
o MaDi: 4.96 10-7/h * 4000 h/y * IOTO =0.2/y

Probable Dangerous losses
Beam hours: 200 d*20 h/ per years
aFaDu: 1.24 10-6/h * 4000 h/y * 3200= 16/y
Frequent Number of
channels
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Risk Matrix 2/2 @

Frequency MaDe Consequence FaDu

Catastrophic Major Severe Minor

Frequent
Probable
Occasional
Remote
Improbable

Negligible /
Not Credible

. Intolerable.

lI.  Tolerable if risk reduction is impracticable or if costs are
disproportionate.

lll.  Tolerable if risk reduction cost exceeds improvement.

V. Acceptable.
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Fussell-Vesely Imp.
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—
. Event occurrence 1/2 @y

System : FADU

No continuous signal

FaDu frequency:

1.24E-6/h*4000h/y*3200= 16
FaDu/y

MaDe risk:
2.6E-6/h*4000h/y*100danger/y

~ 1 Magnet/y Ie!!
| ot et
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—
Event occurrence 2/2 @y

System : FADU

0.7

Continuous signal P i ety

1.24E-6/h*4000h/y*3200= 16
FaDu/y

MabDe risk:
L. 96E-7/h*4000h/y*100danger/y

N

~0.2: Magnet/y

getiel”

JFETZI
rnplifi 2|

mplif
LASER1
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Simulations @'—

00001 W quadrupole .
0.00009 Losses after dispersion suppressor |Odipole 3
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0.00003 0.00014
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— 0.00006
1 - . fingerprint:
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Partial conclusions >

t

8]

# We are on the border but:

1. Probable multi-detection per loss (further
simulations).

2. Possible improving with continuous IC detection.

3. Improving with better electronic components.

Feb 2004 BLM Dependability. 17/31
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i

Component Supplier Name Integral dose (effects after irradiation) | Single event (5E8
p/s/cm?)
CEGIFET TEMIC J176 70 pA after 500 Gy ( — calibration) +700 pA (dark current)
CFC Amplifier BURR- OPA627 | No -800 pA (current into the
BROWN component)
CFC threshold PHILIPS NES521 No ~+100 pA (threshold
comparator value is lower)
CFC monostable | PHILIPS | 74HCT123 | No Small
Monodirectional I'He TRXO03- [ 1002 lasers dies at 500 Gy. PDs Photodiodes lose ~ 18 dB
Transceiver SX5SC worsen at 300 Gy, break at 500 Gy. of sensitivity
Monodirectional | PHOTON [ PT7311- | No laser breaks up to 1000 Gy. PDs Photodiodes lose ~ 18 dB
Transceiver TEC 31-1 worsen at 300 Gy, breaks at 430 Gy. of sensitivity
Bidirectional ITEC WBR 03- | Lasers die at 400 Gy. Photodiodes Photodiodes lose ~ 18 dB
Transceiver 3SXS5SC | don’t break up to 500 Gy of sensitivity
Bidirectional PHOTON | PT8X52- | No laser break up to 700 Gy. Photodiodes lose ~ 18 dB
Transceiver TEC 31-1 Photodiodes break at 700 Gy. of sensitivity

Feb 2004

BLM Dependability.
G.Guaglio

18/31




SIL Approach Electronic Qur Situation Radiations Tests Dump Levels

; Van
JEET integral dose @H

CH1 :
Increasing of
——original —=begin 51076 107 +510"8 —-+middle —+ 500 Gy (IOW) signal for
1.00E+03 . Eudt
irradiation and
integral dose.
1.00E+02 -
£ 1.00E+01 - |
Z
1.00E+00 - l///
=l
1.00E-01 | ‘
1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07
A
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: Vv
JFET Single event ()

JFET
1.00E+01 = 1.00E+04 Increasing
9.50E+00 | : 1 of signal
9 00E+00 | = 1.00E+03

| : L | i —=w  above 1E7
8.50E+00 +70% at h|Qh rate T ——CHO2
L 1.00E+02 |-« Ghor p/ cm?/s
8.00E+00 | T ~onos
| —=—CH 01
N —e—CH 02
T 7.50E+00 - 4 1.00E+01| cHos
r —8—CH 01
& ——CHO02
700E+00 T :: CH 03
CH 04
= 1.00E+00 CHo4
6.50E+00 = oH 04
T CH 04
6.00E+00 \ \ i
| I = 100E-01
5.50E+00 | \ T
5.00E+00 = *Age" '—'4.571” “éEJg' ‘ sE8 1.00E-02
00:28:48 00:43:12 00:57:36 01:12:00 01:26:24 01:40:48 01:55:12
hour
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Amplifier Single Event @'—

AMPL
Decreasing
6.00E+00 - 1.00E+04 :
[1 . of signal
5.00E+00 - — "t’:".l s e ~ 1.00E+03 above 1E7
/ : o p/cm?/s
4.00E+00 - b L 1.00E+02|  cros
| o —=—CH 01
1 —e—CH 02
4 CH 03
1'3.00E+00 + 1.00E+01 "Gl
-100% at high rate T o o0
T CH 04
2.00E+00 - 4 1.00E+00L~01%
1.00E+00 - 4 1.00E-01
0.00E+00 I —— ‘ e 1.00E-02
02:38:24 02:52:48 03:07:12 03:21:36 03:36:00 03:50:24 04:04:48
hour
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: Y
Comparator Single Event @

COMP
Little
5.60E+00 1.00E+04 d .
Increasing
5.50E+00 . + 1.00E+03 Of 31gna1
+10% at high rate
—m—CH 01
5.40E+00 ’ ——CH02 above 1E7
-+ 1.00E+02 CH 03
—=—CH 01 2
5.30E+00 | | <| " aos p/cm?/s
I |-=—cHO1
N + 1.00E+019 |——cHo2
N CH 03
5.20E+00 - M e
CHO04
I/l —
,h— H\./J \- 1 1.00E+00 CH 04
5.10E+00 -
5. 00E+00 | - 1.00E-01
4 90E+00 " 5E6 T %E27 T T 5ES T 1.00E-02
04:33:36 04:40:48 04:48:00 04: 55 12 05:02:24 05:09:36 05:16:48 05:24:00 05:31:12
hour
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AMPLAJFETS >

Amplifier +

8]

General
1.05E+01 . Y 4
irradiation of

0.50E400 | . W Amplifier and

| } L : U JEET brings to
8.50E+00 | | signal increasing.
T 7.50E+00 -

6.50E+00

| 1 M O
T\
R 1 i e e o ot A oo

5.50E+00

4.50E+00 ‘ ‘ 2E8 ‘ ‘
02:09:36  02:24:00 02:38:24 02:52:4ahour03:07:12 03:21:36  03:36:00  03:50:24
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Single Event Effect

i

el
Steady Geometrical|Loss  |MIP/p/cm’|MIP/s/em”  |quench  Gyly weights  |range (at
state loss  |factor FWHM on the CFC |lmits dump
[p/m/s] [m] current limit)
450 GeV| 7.00E+08| 1.00E-01 3] 3.00E-03| 6.30E+05|60nA | 5.59E+02 0.3 |max Gyly
5.00E-04| 1.05E+05[10nA | 9.32E+01 0.3| 7.26E+01
7 TeV 7.00E+06( 1.00E-01 3| 4.00E-02| 8.40E+04|8 nA 7.46E+01 0.7|mmn Gy/y
8.00E-03| 1.68E+04|1.6 nA | 1.49E+01 0.7( 1.27E+01

For steady state loss we should not see single event effects: fluence on CFC too

low.

When we will have SE6 MIP/s/cm? on CFEC, we will have 1 nA of error current.

At this fluence there are 476 nA coming from IC (corresponding to losses of

5.6E9 p/m/s @ 450 GeV, 4.2E8 p/m/s (@ 7 Tev). Error of 1nA / 476nA = 0.2%

at the dumE limits: negligible error for the dumE levels.

Feb 2004
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L N
BIDI Lasers Irradiation @ﬂ

irradiated BIDI lasers
= ITEC 105 coll ITEC 106 4 PT679 high flux ITEC lasers had
» PT679 low flux » PT 677 coll + PT 676
1.00E-05 ::::::::::::::::::::f:::::‘:::::::::‘::::::‘:::::::‘:::::::::::::::‘:::::‘:::::: Some prOblemS
I e R e R durmg
Oscﬂlatmg power | | | | | : AT
1.00E-06 7:::::::j:::::;::::::1:::::}:::::::::‘;::::j‘:::::::i::::::::::::::j‘:::::‘:::::: 1rradlat10n
11-00507 ’;iiiiii%:iiiiiiiiiiiiffiiiiiii:RIP fffffgfffffffiffffffffffffff%ffffflﬁfffff e
s o RR o
T.00E-08 | -sa-soa oot LB
1.00E-09 (o . | S R S DU S S
1.00E-10 SN SN — SN S— -
0 100 200 300 400 500 600 700 800
Gy
e |
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—
! BIDI Photodiodes Irradiation @ﬂ

irradiated BIDI PD
« ITEC 105 coll « ITEC 105 ITEC 106 high ITEC PD good
ITEC 106 low flux = ITEC 106 middle flux + PT679 00
. PT 677 coll . PT 676 up to 500 Gy.
1.00E-06 T e 1 = 1 Photontec ones
S R B & 1 | die around
| | e b 700Gy.
0i100E-08 | | -
m - |
1.00E-09
1.00E-10
0 100 200 300
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Inspection and Failure Circuits

i

Year a

( )Ir d
C
Cont.‘\/W/\ﬁ C
|

Ry Ryc : Cont. . Daily  Daily
(Eaf WC ‘i>'
G AC Cip— ey —=
. HV : *\A/v\— Cere
s : Ryes Res
DCAC SWitch
<> HLY. : board board
\ Noise ™\ Noise
= M Sy s el
High Voltage ° Ionization Chamber * CableCurrent to Frequency Convertér—
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' o)
IC testing I
Detection time: cont cont Fill Fill Fill Year Comments:
Test: DC-IC DC-board AC-board | SW-board AC-HV Rad-IC
Not connected Cv Ao, Sao Cv
g Wrongly connected YES
g. R not nominal Ao Cv
g. C not nominal Ao
§ Low R from chamber body to earth (Ricbg) Ao, Sao Scv Noise level high, 50 Hz
g Low R from signal wire to earth (Rics) Cv Ao Cv
Low R between plates (Ricp) Cv Cv Ao, Bo Cv Ao Cv Current increase (choose optimal polarity)
No HV Cv Cv Check also with comparator at CFC
\I-/I HV not nominal Cv Cv Check also with comparator at CFC
Nominal gas mixture Cv
Not connected Cv Ao, Sao Cv
g Wrongly connected Cv
b | Low R from signal wire to earth (Rws) Cv, Scv Ao, Sao Cv, Scv | General noise
L Low R from mass wire to earth (Rwg) Scv Sao Scv 50 Hz noise
? Shielding connection broken Scv Sao Scv 50 Hz noise
Cross talk Cv

BLM Dependability.
G.Guaglio

Feb 2004

28/31




SIL Approach Electronic Our Situation Radiations Dump Levels

CFC testing @

Detection time: cont cont Fill Fill Fill Year Comments:
Test: DC-IC DC-board AC-board SW-board AC-HV Rad-IC
OPA 627 (amp) Cv Cv Ao, Bo Cv Ao Cv
Radiation Cv Cv Ao, Bo Cv Ao Cv
Humidity Cv? Cv? Ao, Bo Cv? Ao Cv
Offset Temperature Cv Cv Ao, Bo Cv Ao Cv
current
changes | J 167 (JFET) Cv Cv Ao, Bo Cv Ao Cv
Radiation Cv Cv Ao, Bo Cv Ao Cv
Humidity Cv? Cv? Ao, Bo Cv? Ao Cv
Temperature Cv Cv Ao, Bo Cv Ao Cv
R1, R2, R3 Cv Ao, Bo Ao Cv
C1,C2,C3 Ao, Bo Ao Cv
others Supply voltage Cv Cv Ao, Bo Cv Ao Cv Continuously checked
Negative current OK OK OK OK NO OK Needs a compensation
Cross talk Cv? Ao, Bo? Cv? Cv

Feb 2004 BLM Dependability. 29/31
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: : Y
Time Windows @

Avarage approximation 1.E-04
—— 7 TeV high —— 450 GeV low J 1
---- Approximation —e— Approximation v 20% below 9 _tlme
1E-02 " Athe limit windows
from 40 us

1.E-03 -
~ up.to 100 s.
<
= 1.E-04 -
g
‘;’ 1.E-05
o
3 \
& 1E-06 1 10 100
£
2
§ 1.E-07
<

1.E-08 -

1.E-09 -

1E'10 T T T T T

0.01 0.1 1 10 100 1000 10000 100000
loss duration [ms]
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——
Energy Steps @ﬂ

1.E+10 32 Energy
N steps from
N —_—
= Ty P 7 TeV
© 1.E+09 - ;
72}
2 '
= |
[
> 20% below
é 1 E+08 - the limit
()
-}
O
1 .E+O7 ) ) ) ) )
0 1 2 3 4 ) 6 7 8
energy [TeV]
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