BLM Threshold Comparator Module

LHC BLM system audit - 08/11/2010

Christos Zamantzas



Outline
T ————...

o Surface configuration

o Data Processing Overview

o Steps taken for a Failsafe System
o Verification techniques used

o Production and Installation

o Data Output

o Changes since last Audit

Christos Zamantzas 08/11/2010 2



Surface configuration
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(BLETC) | (BLEDA) | (BETE) | (BETC) | (METC)

CIsyty s

1) FEC/CTRP - C

PU / GMT timing
2) BOBR - BST timing

3) BLECS - Combiner & Survey

4) BLETC - Threshold Comparator
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BLETC Module (1)

\

LEDsS showing
system and
communication status

The BLM Mezzanine
is hosting the receiver parts
for four optical links. It
handles the de-serialization
and decoding of the optical
gigabit data transmission
lines in parallel and provides
the received data to the
DAB64x card’s FPGA device

for processing.

Connector to

program the FPGA &
Configuration device.

LEMO connectors

for accessing some The PO connector is on a

:20¢]

FPGA I/Os. & et s custom-made backplane.

It daisy-chains, the two beam
permit lines and provide the
beam energy data input.

E2000-APC

input connections to
four optical fibres.
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BLETC Module (2

DAB64x specifications
o Stratix FPGA
, ® Vertical Migration to EP1540
2 e S o SRAM memories (x3)
g ® 512K x 32bit
ﬁ% o Connectors for Mezzanine
® 2 X 64pin PMC connectors

eeeeeeee

hﬂ@ SRAM

ALTERA e ® Provide 3.3V, 5V, GND, and
f’ETpFig% Al 720 ® Connection to 114 FPGA I/0Os
== o Communication bus
_ * VME64x
S FPGA Device

Feature EP1S20

Logic Elements (LEs) 18,460

M512 RAM Blocks 194

M4K RAM Blocks 82

M-RAM Blocks 2

Total RAM bits 1,669,248

PLLs 6

Maximum User I/O Pins 586
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Mezzanine Cards

TUNNEL - GOH (x4) SURFACE - BLM Mezzanine
o Redundant transmission o 4 optical diodes
® High radiation tolerance °

4 TLK (Texas Instruments) transceivers

o 8bit/10bit decoding
® Synchronisation
® Clock extraction

o 1MB non-volatile RAM
® Programmable via FPGA or RJ45

e > 3 KGray
o 800 Mbps

e Data 640 Mbps
o 8bit/10bit encoding

Mezzanine for DAB64x

optical
fibres

™
16 bits
ONMro
16 bits
ONMro
16 bits e
hmim—

ctor

64 pin PMC conne

ctor

16 bits

64 pin PMC conne:
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Supported FPGA Configuration modes

1. FEC 2. Power-on 3. Front-panel
® Save on Flash ® Boot from Flash ® Write to FPGA
® Write to FPGA ® Script on FEC ® Write to CPLD

VME Data [7.0] DAB64x Board
STRATIX
SMB l, N FPGA
Flash EP1S40
Memory
’ A 4 BLM Mezzanine
Flash Flash 1MB
Control Address »  Flash _
. -
£pp Memory s
fa ¥ Configuration control oca ==
WVME Address/Data/Control VME  » e 28
= Interface Connector I =
(EPM3256) | ISP p| TAC | -
nnnnnnn
MTM-BUS [EEE (1149.5) Scan = LSPo
B} Bridge
EnableN
(SCANSTA11I)
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Data Processing Overview

s =
BLM Data Processing MAX Values Li
= - N — Loggin o
g C ‘ (Logging) ]
<5 :> —  Data Successive - N
5 —— : . L
TS ~ ) Combine Running Sums .H —  Post Mortem —
g & O i J ’—
= O \ ; ! 9
n 2 x a
g 1N o {55 L Lo Beam Dump | | -
17 g :E:; Data Successive (XROS) 171>
o — Combine Running Sums — Capture Lj}
g — 77 Mux [— [ ]
S j |
£ 3 — Collimation Data :>
g © , : [ T~
3 g | | L
=3 = Py . I
© o Data Successive =g
< o I I A q E g
(0] o=}
_Ug; - & ; Combine Running Sums 7j> S %
] : —
£ j> : ) | Threshold ¥
£ resho g5
Comparator
&
Error & Status — N Channel Masking E =
N v
Repor_tmg ————— Tables L E =
(Logging) j> £ _T‘G
i ] g2
—= . :
EgE 10
Beam Permit Logging Beam Energy VME NVRAM

(Un-Maskable)
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Receive, Check & Compare packets

— I
MAX Values
v

P EEEEEw » BLM Data Processing
§E ‘Fm | /| (Logging)
T [ .
m <5 *:> _® | Daa Successive | — 1 ,
<2 i i Post Mortem
S ) S Combine Running Sums — ost Morte )
o O Ll y o
2= € - ’ a
E LN o - R Beam Dump N W
fTY & N ) —— (XPOC) =
g L] Data Successive
8 e Combine Running Sums Capture
L] Y/
3 s 7 Mux
= L] ' ' 1|
L= 2 - ’ — Collimation Data i>
O e - - Lt
L 4 S - p
a o3 o " 16 —  +—1
— 3 = ! — 0
: el 2 — . Data Successive z®
N > o Combine Running Sums 58
L 4 4 "2 o L] " 73 D_é
A 7j> " ; Threshold | || §2
a " a7 L resho 35
» : -’ Comp:;\rator
o % L
N : ®annpnnsn t " . Error & Status Channel Masking =
N Reporting ——— Tables 5%
N (Logging) ci
ye ES
:. o
- 10 10 |
- Beam Permit Logging Beam Energy VME NVRAM
: (Un-Maskable)

Receive, Check & Compare (RCC)
Receives, De-serialises and decodes the transmitted packets.
e Checks for errors using checksums (CRC-32 & 8b/10b).
e Compares the packets coming from the redundant transmission.
e Chooses error free data for further processing.
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Transmission & Tunnel Status Check

At the Surface FPGA:

Primary Signal Redundant Signal
(320 bits) (320 bits) o CRC-32
v TLK TLK A4 ® Error check / detection algorithm for
8b/10b 8b/10b . .
Decoding Decoding each of the signals received.
Error Error o Comparison of the pair of signals.
o Signal Select block
v v ® |ogic that chooses signal to be used
Check CRC only eRE Compare Only CRE_—~Check CRC e Identifies problematic areas.
validity (@ byte) CRCs (@ byte) validity/1 . .
® Increases availability
Error
Error o Tunnel’s Status Check block
® High Voltage, Power supplies
Error [ FPGA errOFS
® Temperature
[ ]
Tunnel Error
Status Signal Select Table
CRC32 check Comparison
A = of 4Byte Output Remarks
Truncate 2 CRES
redundant bits § Error | Error Error Dump Both signals have error
* ’g Error Error OK Dump S/W trigger (CRCgenerate or check wrong)
DeMUX = Error OK Error Signal B S/W trigger (error at CRC detected)
TTTT TTT1 * * * - -
12 3 8 S/W or TTL output Error OK OK Signal B S/W trigger (error at data part)
FPGA Detector Data P
OK Error Error Signal A S/W trigger (error at CRC detected)
OK Error OK Signal A S/W trigger (error at data part)
OK OK Error Dump S/W trigger (one of the counters has error)
OK OK OK Signal A By default (both signals are correct)
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Real-Time Analysis of Data
T ————

A
A BLM Data Processing * MAX Values
= v | D (Logging) 4
i *:> m| % —
<3 [ Data Successive n
= ~ Combine Running Sums = Post Mortem
T 5 R 9 A
k= O mo| y ] )
n 2 € m|- u a
gE1N o B/ 5 ML Beam Dump N W
i I S s = (XPOC) S
ata uccessive
=H ~nm— ° %} n
Combine Running Sums
/<) Y
o F .Z :/qu || Capture
T = N ——— . -
= .4 . [
£ | XS : — Collimation Data i>
i Nk <~
o3 S2 i 16 —  —=
—3 = I . Ty
el 0’ 2 : Data Successive : £z
2 of L o ) Combine Running Sums u S8
n> |e ® g | N 73 QG
S ) * \ f— <
E & * o~ e g s
T .Q :" L Threshold o 5
05 ‘0 M T I i i Comparator o=
* >
() =
0’ ”‘ Error & Status Channel Maskmg £a
.’ o* Reporting [———| Tables 53
.0 o (Logging) rﬁ £%
S =
* o<
0:‘ o
Fod E9S ENs \ \
- Beam Permit Logging Beam Energy VME NVRAM

(Un-Maskable)

Data-Combine
e Applies merging algorithm for the ADC and the CFC data.
e Filters noise.

Successive Running Sums (SRS)

e Produces and maintains various histories of the received data in the form of Moving
Sum Windows.

e 12 integration periods spanning from 40us to 84s.
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Merging ADC values with Counts

ﬁDC Data (range corrected)

B

12 u> 1 AsB
L Delay i A (signed)

/

Counter Data

Merged
Detector
Data

20
(signed)

20

—_ADC_out — ADC_min — ADC_diff —ADCout  ——ADC_min  — ADC_diff

ADC Valu
»
©
8
ADC Fractic
ADC Valu
DataCombine Output Ve

2,310

2,300
0.000 0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032 0.036
Time (s)

5.200 5.240 5.280 5.320 5.360 5.400 5.440 5.480 5520 5.560 5.600 5.640 5.680 5.720 5.760
Time ()
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Successive Running Sums (SRS)
T —

RIS ST Ay — o Multi-point Shift Registers holds data
v A o Successive calculation of Running Sums
A-B " igne ;
. . o Range 4 - 84s (12 Runnin m
Newmee\ Shift Register Voiz) ) B a ge 0|JS 8 S ( u g SU S)
o Maximum values of the last second are
continuously calculated and kept.
Successive Running Sums configuration
s S Refreshing - Successive Running Sums
40 ps 40 ps Register ﬁg:ﬂ ubsifesd —\ RUMMinG S | R.Sum 01 ?
Data unning sum
steps ms steps ms AN R.Sum 02 )
]
1 0.04 1 0.04 RS 01 20 L Rsim03)
SRO Running Sum | X
2 0.08 1 0.04 RS 02 22 RSumo4
=
8 0.32 1 0.04 RS 03 22 t\ ) | R.Sum 05
SR1 Running Sum /|
16 0.64 1 0.04 RS 04 22 far R.Sum 06
64 2.56 2 0.08 RS 05 26 i
SR2 2 1 Next
256 10.24 2 0.08 RS 06 26 Running Sum | | ook .
2048 81.92 64 2.56 RS 07 32 “mervane )| Shift Register Configuration | | E-S“m 0 i
SR3 Accumulat : )
16384 655.36 64 2.56 RS 08 32 ] ﬂ\—jmmu - | romi
Vn A
32768 1310.72 2048 81.92 RS 09 36 AB sl | ACC RS
SR4 V(n-128) B
131072 5242.88 2048 81.92 RS 10 36
Vn A
524288 209715 16384 655.36 RS 11 40 AB \—A =\ Acc e
SRS @ B ’
2097152 | 83886.1 16384 655.36 RS 12 40
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Processing techniques comparison

— ’\\%___
Study by G. Guaglio

. e = — A

l RS (e —— %FR (error) ‘ 100 :1 \ SRS (o) —— %FR (error) ‘ Hf \W A A
Y n el Ve 1) TN -
-

I ’ VA
| A\#/ | = b l\ L Acm /;:{U l\\
, |

| NP Y P W 2 T a1
\ W | M JMWW | F ‘“WFW WMW LW | ) Mm | WW i QN\W \\ WM

Integral Distibution | — Exponental -5.00% _5.00%
Mﬁ \ \\ "‘U 22 1 x’ %ﬁ\%i - ntegral Distribution N\

1 A
R / 510 10.00% B
‘ | Fw
05 1 .
o 15.00% 05
2

\ 10008
T R

|

The FIR (2nd order)

o crosses the error line more than once at the maximum 20%
relative error allowed by the specifications

o exhibits long periods of over or under-estimation
The SRS

o follows closely the losses
o recovers faster
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SRS alternate future configurations

Time windows Refreshing Single Shift .
. Signal
channel |Register N
40 ps steps ms 40 ps steps ms width Name DU
1 0.04 1 0.04 1 RS1
0.08 0.04 2 SRO RS2
8 0.32 1 0.04 8 SR1 RS3
16 0.64 1 0.04 16 RS4
64 2.56 2 0.08 32 RS5
256 10.24 2 0.08 128 RS6
2048 81.92 64 2.56 32 RS7
— N -
16384 655.36 64 2.56 256 RS8
32768 1310.72 2048 81.92 16 RS9
131072 5242.88 2048 81.92 64 RS10
524288 20971.52 16384 655.36 32 RS11
SR5

2097152

83886.08

16384

655.36

128

RS12 \
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To BeamDump on not to BeamDump?

/ A
BLM Data Processing MAX Values
= -~ N v (Logging) v
5 - |
= i N q I
< 3 *:> Data Successive
58 G :III‘ | Combine F Running Sums —)  Post Mortem )
c | ]
=y O { 7 1%
a2 x ) ’ &
E LN o o R Beam Dump w
ETY 8 [ Dat s (XPOC) =
ata : uccessive
% — Combine Running Sums .Z Capture
3 _______ @ Mux [—
X
(8]
‘g 2 — Collimation Data
) 6 : 4Lt
m_g q>" 16 Py L & anm E NS EEEEEEEEEREER II.
T © —) Data chcessive J AN
) & N combi Ryning S HIK Eg s
2. & : ombine ynning Sums 5% u
z | — ) £&m
g | L —'—‘_ ES »
T = L= Threshold 8 S
. Comparator _—
N |}
L =
Error & Status : Channel Maskmg £ :
©
Reporting _{ " Tables 35 =
(Logging), » * cE =
sS m
e I
es® b 85 | I :
es® ® " Beam Pernjtm ll_!)gghg ‘ Beam Energy  VME NVRAM Ul
. ama® W& ble) * »

.ﬂ‘““'
Threshold Comparator (TC)
e Compares continuously the calculated sums with their threshold limits.

e Chooses from energy and topology dependent threshold levels.
Channel Masking

e Inhibits unconnected channels and

e Discriminates channels into *“Maskable” and “UnMaskable”.
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Threshold Comparator & Masking

\

Christos Zamantzas

08/11/2010

Threshold Table
Channel 1 . .
Channel 2 o Threshold depends on energy and on integration.
evel Channel 3
Level 1 : o Unique thresholds for each detector.
__Thresholds
— = Charnel 8 o Read at power-on from an external NV—RAM.
=) Energy [ T2 o Update can be requested from the Combiner.
Threshold Table Masking Table .
(NVRAM and FPGA) (NVRAWM and FPGA) o Space required: 32 KB
+— E
B e iy =
[ rumng L L2 Dump Request &+ Masking Table
L T EZS . .
MRunning | gz o Unique masking for each detector.
=) sumo2 T oz
22 ] _< o Read at power-on from the external NV-RAM.
Z E£ o Masking is allowed only when safe beam.
Running >0 %j
Sum 11 7 Th > %,25
Threshold Comparator Masking o~ Table 2: Information included in the Masking Table
Detector Connected Maskable
Table 1: Memory Utilisation by the Threshold Table 1 No Yes
2 No Yes
Width (Bits) Detectors Energy Levels Running Sums Values Total (Bits) 3 Yes No
32 16 32 8 4,096 131,072
64 16 32 4 2,048 131,072 15 Yes No
Total 12 6,144 262,144 16 Yes Yes
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Settings & Thresholds Management

)

\

~

S e €T Stresnald Syl
,,,,,,,,,,,,,,,, oo e ° Reads the “master” table
- ) - ® Applies a factor (<1)
] oerecron s_ro1z f ® Saves new table to DB
| [t i ® Sends new table to CPU
) Lmme] @l o CPU flashes table if allowed
smor | (e ® on-board switch
N / < o Thresholds are loaded
[ wmecru ], | = e at boot
£ L o | [ emee e ® on-demand
) Tﬂ o o Combiner initiated test allows
<ﬁ =% CPU to read ‘current’ table.
— o MCS Check receives all tables
g Foon )BIS ® Compares tables
o | * Notifies SIS (if needed)
| “Comparator & survey ] ® Replies to CPU/Combiner
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Data Processing Overview
\

“IIIIIIIIIIIIII..

¢ 2
4 BLM Data Processing .. MAX Values [ ]
= i N n (Logging) 4 :
- — i [ ]
= i N q X n
<3 *:> Data Successive L N =
<2 ~ 4 Combine Running Sums = —%  Post Mortem u
1] 5 = = : V| :
'5_)» > 24 ~ 4 [ ] é -
E N o {02 N = Beam Dump \w .
s 1 B R, — = (XPOC) "
o g Data Successive . > M
S — Combine Running Sums = Capture :
& L 7| Mux % M
2 . - e A AR
I 2 u| —1 Collimation Data i> n
g 7$ o . vl ~_ o
S — g \ &
o3 2 i 16 — B\ )
=& & N Data Successive — * Sppmssnnsnmnpunn®
c Q i —( €2
> &9 Combine Running Sums ‘; ** % |
k= . g
0 ' | ]
E B L et 7j> €=
£ ,j} o* ) | Threshold 35
eUNEmEmEmEnnnnnwy® Comparator =
: [ &
\ ; =
. Error & Status . Channel Masking o
= Reporting m[—— Tables 53
5 (Logging) u £
[ T =
[ 2
® = 3
o l: ] - \ Q \
Pe Beam Permit Logging Beam Energy VME NVRAM
“ s e (Un-Maskable) q
stgun?® Ssssmssmmsmmnnns?®
PY L

-

Preparation & Storage of data for external systems
e Produces an error and status report for the whole system.
e Calculates the max beam loss values for each channel.
e Keeps long buffers of acquired data.
e Keeps various buffers of integrated losses.

Christos Zamantzas 08/11/2010 19



Steps taken for a Failsafe System




Error-free Communication
\

The steps taken to ensure a reliable communication link:
o Double (redundant) optical link

o CRC-32 error check algorithm

All single-bit errors.

All double-bit errors.

Any odd number of errors.

Any burst error with a length less than the length of CRC.

For longer bursts Pr = 1.16415*1019 probability of undetected error.

~ 224 bits of data plus 32 bits of CRC remainder = 256 bits

o 8b/10b encoding

® Clock data recovery (CDR) - guarantees transition density.

® DC-balanced serial stream - ones and zeros are equal/DC is zero.
® Error detection - four times more characters.

® Special characters used for control - sync, frame.

» 256 bits of data are encoded in 320 bits = 64 extra bits
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Avoiding Human Errors
T ————

T

To avoid misplacement of
» electronic cards or
» threshold and masking tables

o Tunnel Card ID
® Unique number embedded in the FPGA (16bit)
® Included in every transmitted frame
® Compared with the one stored in the LSA DB

o Surface Card Serial number
® Unique number embedded in a IC (64bit)
® Compared with the one stored in the LSA DB
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System Failures
——————

To avoid loss of data

o Frame ID

® Surface FPGA checks for missing frames
® Incrementing number included at every transmission

o Optical link is always active
e 8b/10b encoding sends “commas” when no data
® Disconnection is detected in max 25ns

To ensure recognition of system failures
and beam dump requests

o FPGA Outputs (Beam Dump signals) as frequency

® At a dump request, reset, or failure the transmitted frequency will be altered

o Beam Permit lines are daisy-chained between cards
® Custom VME backplane
® Dummy cards on empty slots to close circuit
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Verification techniques used




Verification using the oscilloscope

Tek FastAcq Sample

I=H Period* S i 28.300634n [m: 4.033n [M: 74.47n & 16.77n | 80,
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Verification using simulation
\

Example: Output of the RCC block. (Post P&R)

ERrET 15] us 159 167 us 175 us 183us 1.9 us 159 us 207 us 215us 2234
A dzus S8 us Zi4urilBu2 2 us
|| ] ] 44 o
| | statusd 0 [i]
|| statusE 0 1]
= piigll ippipiplipiiynl
%] @ paar
|| E oo 22 G ) 9012 ¥ 0013 ¥ 9014 ¥ 9075 {9076 |
e RESET i tartl fart? Eudl ]
| = CheckedSianal[79..64] TE3A i EICS AN SR t] 34 900k
| = CheckedSianall63..48] [ h 3009 FEE { [ } ! 900E
| = CheckedSignal[47.32] | CO3& ¥ 0037 ) 4 J008 / ) S b4 9000
[&| @ creckedsignaz1.16) [EEEC e Y ] Ty mw } BRI
Eod CheckedSignall15.0]  [&T0_§ 035 h 002 i [iEs] } SRR
2|  Resdsignan 1/ ]
|| FReadSignalt j’/‘ —|’7
k=d Dump i ’7
||  CRCstatust Correct CRC
||  CRCreadus ]
e Divalids, 1__Read Correct Dat:
le|  cRostaus
l&|  CRCeads
le| ovade
|| @ Do L] 3074 3015 Mo
|Z| [Bout B b anT4n SOTE K0T
|Z| @ Ribulferh PECAATYE 38033005 0038000054003 3003, 136000, D380 13500 3600000300, 003000103000 S00AS009900B000300020037 00550038 SATGHOFBEgE IE T
2| E RuBulferd TE3A003800370036003500 3400330032 39003e00 DI A0 a0032 Y E2eanra0Eannl
|  ERRa I
- ERRAB
[@| B wedcn s [0 Tz 3 435 6 7 W& 8 A B yC YD ENF 0
|@| B wodCnt B [0 Tz T ¥ (5 36 N7 W88 A B WC D e XF 0
le| s |
le| 1
@ 12 ]
|| E cactrea COGA0040 TEATETE
|®| @ cakrce 030050 EiEe
[ TLK ckB et e e e e e e e e e e e
B TLK cka e e L et
| Stast int
|| Stask int
||  ERRa |
| enRo 7
@ ERRC i T
2|  som 1 ;7
|  sors 1 I
ERRA g{gwc
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Verification using the SignalTap™

Example: Data acquisition triggered on transmission errors

log: 2005M0M 9 16:59:09 #1 click to insett time bar

Type |..| Hame

o Din_ADC_tmin 016k 015k 014h 3C1h

a5 | - Din_ADC_neswy 017h [ oteh | 017k | 016h [ 017h [ 016k | 015k | 014k [ 389h [ 3Cth | 3Csh | 2Cah |

¥ | | ®-Din_ADC_old 017h [ msh [ 017h 016h [ ™M7h [ 016k [ 015k 01 4hf [ 3B8h | 3C1h [ 3Csh |

&g | [E-Din_Courts 0k |‘ olh [

& | | E-Dout_int 00000k [ ooomh ] [Tl [005FEh [ 00000

ADC change state Error Output
Count iz delayed

log: 2005/05M 018:56:24 #0 click toinsert time bar
Type i Hame | B T T 16 . E3 . N . . EE|
i - Pitd_Distanty SOECH XF?F?h XDUUDh XBBAChX TFFEh Xm azh XADAth 5314k X4A52h X894Dh Xaczeh XASUSh X 3464k XABaElh x 4CFh XssAEh X?FCDh XCSBChX SOECH |
s | | [ PIM_DataB S0BCh XFTF?h )(unnDh )(38At:h)( 7FF&h )(01 azh )(AquhX 5314h )(4A82h )(894Dh X3C29h )(ASDSh X3454h XABSBhX44CFh )(saAEh X?FCDh )(CSBCh)( S0BCh
o | E PM_Statusa oh Y h 2 ¥ h

¥ | | B PM_StatusB oh o dh zh T oh

= ' StatusB[1] :

= . StatusB[0] I i

[ Pmreka [ [ LT L] LT LT LT LT LT LT LT LT LT Lr Ll LT LT LT T 1T
o T T e e N e T e N e Y Y I e M e M M
«5 | ERRA E

<= || ERRB E

@ | ERRC ]

G

areCRCinst|AneB !
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Verification using custom firmware
\

Some examples:

o Self-triggering mechanisms
® Detecting differences in channels
® Freezing of buffers on defined input levels

o Sending dummy data to check data paths
® Input to threshold comparator
® VME to databases
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Verification Using ModelSim
T ——

o Functional simulation of critical parts

o "Black box"” design methodology
® Based only on specification

o Stimulus read from file
o Automatic checking of outputs

o Comparison of versions
® Regression testing
® Detection of new bugs
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Verification using Emulator Module (I)

o In situ test of the TC in VME crate by
emulation of output signals of CFC
® New mezzanine for DAB64x card
® Two standard GOH transmitters
® Custom FPGA firmware
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Verification using Emulator Module (II)

o Arbitrary Tx data
® Comparison of different TC firmware versions
® Playback of LHC capture data for analysis

o X errors
® CRC, CID, FID

o Wrong configuration
o Errors in physical layer

o Manual testing procedure
o Results read out in Expert application
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Verification using custom programs
\

o Exhaustive verificatioﬁ of the behavior of
the Threshold Comparator block

® Check all permutations and their ability to
trigger a beam dump request

® Flash modified threshold table targeting one
table field at each iteration.

. 16 cards/crate
. 16 detectors/TC card
- 12 integration windows/detector
. 32 beam energy levels
. 98’304 testcases/crate

o VME readout check
® The same testcase repeated 500’000 times
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Verification using the Expert GUI (1)
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Verification using the Expert GUI (2)
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Verification using other options..
T ———

o VME2USB module (CAEN)
® Second VME master

o Scripts and programs
¢ Written in Bash, C, Java — compiled in LynxOS
® Direct access to memory addresses

o Many test systems (+ users)
® DESY, SPS (x2), PS, CMS, LAB (x2)
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Procedure for new firmware release
\

o A few hours of manual testing
® Carry out simulation with testbenches all parts affected
o Perform hardware-based test
® CRC errors
® CID errors
® FID errors
® |ost frames
o 24 hours of automatic testing
® Execute the software-based “Exhaustive testing”
® All tests need to pass!

o Inspection of the code changes by the verification
engineer

® Independent review
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Production and Installation
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Laser Settings / Max attenuation
T ————

Measurements done
(by J- EmerY) tO Max attenuation on the fiber

174

identify the optimal o~
settings for the laser. .

-
)

g
8
516
Laser Laser Max E /
. Current Attenuation g 166 ~
Setting £
(mA) (dB) :
12 5.8 16.15 515" I
16 7.4 16.9 162 ]
26 11.4 17.3
16 . . . . . .
30 13 17.25 0 5 10 15 20 25 30 a5
38 16.2 17.15 Laser current (mA)
72 29.8 16.55
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Production testing

Record the status
of the links for 5’
using thé
expertGUI

‘=0 iR 2008

System under test:

Attenuate the Data sent by BLETC module
Optlcal links BLECFs © one module at a time
by 1 5 3 dB o all it's optical links in parallel
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Data Output
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\

Table: BLM Noise and Offset

minimum 10pA 10pA + Full DAC DB Filter maximum

Name | Time (ps) | Step (Time/40) | BLM_bits Gyls BLM_bits Gyls BLM_bits Gyls BLM_bits Gyls BLM_bits Gyls

RSO01 40 1 1 9.05E-05 2 1.81E-04 49 4.43E-03 60 5.43E-03 262144 2.37E+01
RS02 80 2 1 4.53E-05 2 9.05E-05 49 2.22E-03 65 2.96E-03 524288 2.37E+01
RSO3 320 8 1 1.13E-05 2 2.26E-05 49 5.54E-04 78 8.80E-04 2097152 2.37E+01
RS04 640 16 1 5.66E-06 2 1.13E-05 49 2.77E-04 85 4.80E-04 4194304 2.37E+01
RS05 2560 64 1 1.41E-06 3 4.24E-06 58 8.20E-05 101 1.43E-04 16777216 2.37E+01
RS06 10240 256 1 3.54E-07 8 1.06E-06 71 2.51E-05 120 4.24E-05 67108864 2.37E+01
RS07 81920 2048 1 4.42E-08 8 3.54E-07 174 7.69E-06 156 6.88E-06 536870912 2.37E+01
RS08 655360 16384 1 5.52E-09 37 2.04E-07 990 5.47E-06 679 3.75E-06 4294967296 2.37E+01
RS09 1310720 32768 1 2.76E-09 65 1.80E-07 1947 5.38E-06 807 2.23E-06 8589934592 2.37E+01
RS10 5242880 131072 1 6.90E-10 261 1.80E-07 7742 5.35E-06 3048 2.10E-06 34359738368 2.37E+01
RS11 | 20971520 524288 1 1.73E-10 956 1.65E-07 30820 5.32E-06 11641 2.01E-06 137438953472 2.37E+01
RS12 | 83886080 2097152 1 4.32E-11 3891 1.68E-07 123087 5.31E-06 33627 1.45E-06 549755813888 2.37E+01
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BLM Dose rate & Offset

Signal present but not related to

particle flux
o 10pA - Constant offset

o 0 to 255pA - Aging Compensation

Logging DB filters chosen for all
integrals (RS)

o ~ 1 order higher from the 10pA

o Fixed logging interval to 1 minute

Running Sums

1.00E-02

RSO1 RS02 RS03 RS04 RS05 RS06 RS07 RS08 RS09 RSI10

RS11  RS12

1.00E-03

1.00E-04

_ 1.00E-05 |

1.00E-06 =

1.00E-07

Dose Rate [Gy/s,

1.00E-08

1.00E-09

1.00E-10

I
1.00E-11 |

== minimum =#==10pA ==#=10pA + Full DAC =8=DB Filter

Running Sums

RSOL RS02 RSO3 RS04 RS05 RS06 RS07 RS08 RS09 RS0 RSLL  RSI2
1.00E+12 — _

1.00E+11

1.00E+10

I
1.00E+09

1.00E+08

1.00E+07

1.00E+06

1.00E+05

Dose Rate [BLM_bits]

1.00E+04

1.00E+03

1.00E+02

1.00E+01 ===

1.00E+00 & ag g g

== minimum =%=10pA === 10pA + Full DAC ==8=DB Filter ==®==maximum

Figures: Dose rates expected in BLM_bits (left) and Gy/s (right) for each integration period
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Measurement/Logging DB

Constant 10pA input of 3 ch.
a) 1.3 sec integral
b) 84 sec integral

LOCAL_TIME

Radiation Source Test
c) 1.3 sec integral of 6¢ch. - Complete magnet
d) 82 ms - 84 sec integrals of one channel
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Major changes since last audit (2008)

Operational:
o Resolved instabilities in the TH table readout
o Implemented connections with Combiner for tests

o Implemented & connected detection of failures of the
tunnel system to the beam dump requests

o Automatic checks to test the complete chain to BIS

o Implemented warnings to be displayed in the
ALARMS server at the CCC

Verification:

o Produced test-benches for verifying (before
deployment) firmware/software revisions

o Deployment of Vertical Slice Test system.
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