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1 The ATLAS experiment at the CERN Large
Hadron Collider
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2 The Hadronic Tile Calorimeter detector

2.1 Detector overview
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QUANTITY REQUIREMENT
Quantum efficiency at 480 nm >18%
Nominal gain with full efficiency 10°
Dark current at nominal gain <1nA
Rise time <25ns
High voltage at nominal gain <1000V
Gain variation of 1 % with shielding in every direction 500 Gauss
Max. non-linearity for pulses of 15 ns and 50 mA <2%
currents
Useful photocathode area <300 mm®
<50 mm
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2.3.1.3 HV divider
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2.3.3 Digitizer system
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3 ROD HARDWARE SPECIFICATIONS
31 INTRODUCTION
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3.2 TILECAL ROD SYSTEM FUNCTIONALITY

3.2.1 Read out system processing and dataflow: rod crate
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Number of Channels 9856
Number of input links (optical fibers) 256
Number of channels per drawer (EB, Extended Barrel) 32
Number of channels per drawer (CB, Central Barrel) 45
Input event size per FEB (7 samples) in Kbytes 0,43
Input Data Bandwidth @ 100kHz Level 1 ATLAS rate Ghytes/sec 14,03
Number of Read Our Links (ROL ROD ROB mapping 4:1) 64
Output Data Bandwidth @ 100kHz Level 1 ATLAS rate Gbytes/sec 6,70
Typical output event size per ROD link in Kbytes (4 to 1 I/O mapping) 1,10
Total processing power in MIPS 68992
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3.3.1 Read-out driver board
3.3.1.1 ROD Final Components

3.3.1.2 ROD Motherboard
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=N @
( *
3 '4 - < &
(@'
*x = $ E
C $ 'E "E !
" 01 =
" (
Db 4 1 &
10 $
( < ( %2 '
7= <#.
c ( (
) ( & &
2 * $
) <
<( $
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3.3.1.4 The G-Link HDMP1024

* 8%72 ' ( < * 02" ( , & $
3<1:"0-475 (( * 3<1:"0-
& $ 3<1:"0@ C
* 3<1:" 0@ 465( * C 7% -013 *
< ( $ $ 3<1:"0- 2% U-013
# = = $ (
$ ( $ &
' E # = 3<1:"0- -0001 3
122

3.3.1.5 The Staging FPGA

* -# = < * # = $
< I ( < $ =
* # %= 9
& ( -%2 " * 1 @
1 > ( ' E
* & S %2 ' ' ' E
S &
* & %72
* & 1
* %2 ( ( & $ 1
$ ()( ( ( & (
* ( =1 ;1 $ E $ G
* 04672 ( & ( ( *
( ( ( ( ( #( Ce0"l 0@ ( *3 1
& I# %'2 = < & =< 1=|
& ( )
# C 0= # ! # I
# - ( ( ( ( # U=

* . : Y%= < $ / *
A ( * $ < ( $
=*Q=#*<=B | * ( ( :E #2 24
C C 48

* 8 ( % %= 9
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* <# & ( :E I % U803

#2 =*2=#
*<:B (
* & G- $ 1
* | #w= =1 ;1 " #2 '
= 1 3<2 ( ( %= & $

3.3.1.7 The VME and BUSY FPGA

* ;1 CE#V %= < & (( $ <
& < ( $ 9-: E -# C%= -
L %= % = ( ( & 9
* C C ( (
* ( & $ $
< ( & * =K
H=%C # $ 3 ( < %= ( ( <
H =% (( $
* (( 1 = < ( $ /
9
(( < 9% 1 7)) &
G $ <@ $ =@
=/- G#
(( <( $ & 9 $ ( $
, ( $ ;1 . %=
G -3 -$ @'$
C 4&N45 ! # %= $ ! & )
. C
* 1 C = -

3.3.1.8 The TTC FPGA and TTCrx

* ( & < & ( ( *a
& . @ 2;<# (= ** 00
W ( @
oW <2 <# &
* * % ( $ - C * % &
( (( * ) 45 $
* * 0/0: * * ( E
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*oOFE -00813
Cl< /'$ 9 ( $ & 2 &
= ! $ C c * () (& Cl<
O< C
* * * 8$ * & & $ A
( ( <# & !
* & < /-% @$ ) & <9 ( $ 2 &
= $ & A
&
* * * 0/0: ( 1 < *
( & $9
5 ( $ * (51
* % ( Clg & I« * * $ $ <
( (**
“05 6+ ( * (2 <#
( $ * * % ''2 & —
C C * % &
2& = &
( ( 23~ (
* * * <
*Cl e I $
= ( ** = & ' $ $ 1
* ' $ < ( $ & X "< '
$ * $ 9
5 7*9% 6% ' ( $ ) Yo
( 2 =2( !'( s (
#4 , 8 '+ (** ) -0< F *x
( $ (
$ * % $ (
* ' $ ( $ & 1 22"
; 2 '2 '$ V/ @8 VI @+ *
22 ( & $ * %
0 %) :
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3.3.1.9 The Processing Unit

* - E E 445 $ / *
A ( * E ( $ ) $
) & $ & (

<# :E ( $ $ + - C * #

1 /:E <
# ( <#$ E
* TE A ! = *1H@0 ?- -UG/0L3 <# 405,6201!:#
(*) ' | ! = & $
' E $ IG
= %= %= ( (
'1 * % <( $ @
* C ! (%= ( # %= (
<#: ( F &
<# <l= 2" 11 =% = <#
& ! ?$ 1! C$
*okk & (%= ( RO <# &/
* * lC#-
C I 1< 1 CHEO * Y%= "ES$ $ <
;1 ( 9
F <# $ ( 76 3
] 31 <#
) (( & ( $ 1 Ct/ <#
($ <#  ((
| %= ($ ( ($ ( W
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! = $ = & ( (
* ( ' E <# * & $
( ' 00OK3 2= OD * <#
@ 8 = 2 E =2E
= ( ! - Y%= - %= <#
3.3.1.10 Hardware modifications over the general ROD design
( (" =*2=# (( <
( 9 * ! (= . C( $
* A ( < ( $ $
* (( $ 9
( c! $ ()«
#1:1  CSO 3<1l: 0@ 3<1: O- ( <
( $ ( $ ( ( & $
1 #3<1: 0@ & * $ $ =1 %
< $ * 2= = 3<1: O-
$ 2= $ # %= &
3 *
F 2= 3<1: 0- 2=%%$ ( & 7' ( *
$  ( $ = $ (
( & 7% ( ! 3<1: O
2=%$% $ ' 2= 2
3<1: O- # %= ( 9
2=%t 2 2=
* <= 2 #r=x* ( $ % 2=
* 3<1: O- &5 * YE( )
( 1z
< ' %2 2= * C
2= 8013 B * 013 " C " ( HE 3
0 ( ( % %"
2 &
*ooxx ) ( 9 ( 1 $ : Y%= "
1< ( ( <( s
C ( & A ** )< (
( <( $ & ) $
<$ * % )
F 2= < ( $ <l <I;0 3<1: O-
<!; S0 <!; 0SO A 4@6,513
* <l <I;0 2< () (($ 2
< & # : Y%= 4/ 6-?2@13
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- S0 <l:0S * 2= <l; SO<!;080 & $

$ $ ' ( (
%62 ' ' " -0001 3 ' ,0 ( (
$ & $ %2 '
( $
($ ' E $ * 3 2= #72
2= ' E 3 2=

3.3.2 P3backplane
. @45 ( & @b ((
9

* C < ? ( *Cl

R A

) -8& & < &
@ C - ( ,0[
34 TILECAL ROD DATAFLOW

3.4.1 Input/output data distribution in tilecal staging mode

<( $ $ ( ) $
A ( ! (( $ $
# = (0= 7 (
(%= < ( $ & ( 9 "8
)) 00 $% %2 ' - # Y%= /| :E
= /
1 00 $% %2 ' , 8 # %@ @ E@
%= @ -
) $ $
$ A A (
) E  #2'2#
) ( /| :E < $ $
& ( 9 (
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* $ $ 9 -:E I'$
$ ) <# ) L <#
* # 1 $ ( $ 8
$ E A
(
0OK3 2 = * $
' * - ' ( (
( /8 '
FEBs per PU 4
PUs per ROD 2
OCs per PU 1
HOLA S-Links LSC boards per ROD 2
Input Bandwidth per FEB 640 Mbps
Input channels per PU 180
Processing power per FEB 2880 MIPS
Ouput Bandwidth per FEB 320 Mbps
< ( * # 1
* ( $ $ i %= - C
@ ( . . E E@ ;Y%=
3 2= 2# *1 3 2= 3 2=@
* $ & $ C *$ @3
< $ * & $
3.4.2 Input data bandwidth
()00 &% $ ' *
1% 6, %% !
$ 'E /,% @$ U803 ?-$ U-01L3
$ " - C @
< $
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& @ )$ $ ' 00K3

( & ( ' ($ ( (
@ ) ( $ A ($

( ( * <( + (
00OK3 2 &

900

800

700

600

500

400

300

200

100

0
15 13 11 9 7 5

Number of Samples of 10bits

LS c ($ ( * 201$%

3.4.3 Processing power

* < 80 *1LH#@O ?- -UG0L3 <#
405 ( ( ,601L:#F
( (45 T $ ,,.J ((
($ N (( ; 80
"E L@BD ($ L OD = ( ( &
( (*) 't ( $ (( $ $
/ E ( ( $ '
$ ( 0J 00K3
* - o 80 E *
( $ <# & * < ( 45
" ( ( A 9
n_samples n_samples
E= a3 t= b
$ 7% ( 0
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* $ . ‘E * < (
TileCal MAC instruction load/channel 7
Number of channels per PU TileCal 180
Total MAC load/PU TileCal 1260
Total MAC load/PU LiArg 1280
* # 1
3.4.4 Output bandwidth
* $ - / (
( ) $ ?2?21% $ (
* * $ $ < #-
$ & = ( $ 80
L6801S$ = = /18%% @U-013 @
$ : E L-07
$ * %= 2# ( (
* # 1
3.5 ROD Dataformat
3.5.1 ROD input data format
3.5.1.1 Front-end data
* ( $ $
& ( 2 ( * ( -8:1*
1+ $ @ ) s
# (
( 2 *$ ., $
n $ ( : 1 * ( $
( Dh S0 T< & DhS 0/ $
PMTs by cell PMT Positions
0.0-0.1 Al1R AlL BCI1R BC1L DOR 52341
0.1-0.2 A2R A2L BC2R BC2L D1L 967814
0.2-0.3 A3R A3L BC3R BC3L D1R 1110131215
0.3-0.4 A4R A4L BC4R BC4L D2L 1916171826
0.4-0.5 A5R A5L BC5R BC5L D2R 21 20 23 22 27
0.5-0.6 A6R A6L BC6R BC6L D3L 25 24 29 30 40
0.6-0.7 A7R A7L BC7R BC7L D3R 3128 3536 43
0.7-0.8 A8R ABL BC8R BC8L 37344142
0.8-0.9 A9R A9L BO9R BOL 39384546
0.9-1.0 A10R A10L 47 48
D1 ( C



$

!
<1lE

*

(

<1E$
<1lE

C
$

PMTs by cell PMT Positions
0.8-0.9 D4R D4L 34
0.9-1.0 C10R C10L D5R 5617
1.0-1.1 B11R B11L D5L 91018
1.1-1.2 Al12R Al12L B12R B12L D6R 781516 37
1.2-1.3 A13R A13L B13R B13L D6L 1112232438
1.3-1.4 Al4R Al4L B14R B14L 21223334
1.4-1.6 A15R A15L B15R B15L A16R A16L 293043444142
17 ( ) C
(1 ( $ @-"
$ @ *
( <lE
! (
& <1lE $ <lE $
( & ( 1
& $ <1lE ( $
IC ( $ ' &
( $ rn
3.5.1.2 The DMU data block.
?<1E ( ( (
/| <1E ( <lE $

C
IC
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* '$ <1E *$ 6 8
<1E $ $ " 6 ( $
$ ? * ((
+ ( $ / 6 (
MSB LSB
1 p Ml es dor ww 0 mm  ggg bbbb bbbbbbbb
0| P| Sample 1-Channel 3 (10 bits) | Sample 1-Channel 2 (10 bits) | Sample 1-Channel 1 (10 bits)
0 | P| Sample 2-Channel 3 (10 bits) | Sample 2-Channel 2 (10 bits) | Sample 2-Channel 1 (10 bits)
0 | P| Sample 3-Channel 3 (10 bits) | Sample 3-Channel 2 (10 bits) | Sample 3-Channel 1 (10 bits)
0 | P| Sample 4-Channel 3 (10 bits) | Sample 4-Channel 2 (10 bits) | Sample 4-Channel 1 (10 bits)
0 | P| Sample 5-Channel 3 (10 bits) | Sample 5-Channel 2 (10 bits) | Sample 5-Channel 1 (10 bits)
0| P| Sample 6-Channel 3 (10 bits) | Sample 6-Channel 2 (10 bits) | Sample 6-Channel 1 (10 bits)
0 | P| Sample 7-Channel 3 (10 bits) | Sample 7-Channel 2 (10 bits) | Sample 7-Channel 1 (10 bits)
CRC EVEN BITS CRC ODD BITS
1 " <1E $
MSB LSB
1 p M es dr ww 0O mm | 000 bbbb bbbbbbbb
0|P| Samplel (Low gain)- Ch3 Sample 1 (Low gain)- Ch2 Sample 1 (Low gain)- Chl
0|P| Sample 2 (Low gain)- Ch3 Sample 2 (Low gain)- Ch2 Sample 2 (Low gain)- Chl
0|P| Sample 3 (Low gain)- Ch3 Sample 3 (Low gain)- Ch2 Sample 3 (Low gain)- Chl
0|P| Sample4 (Low gain)- Ch3 Sample 4 (Low gain)- Ch2 Sample 4 (Low gain)- Chl
0|P| Sample5 (Low gain)- Ch3 Sample 5 (Low gain)- Ch2 Sample 5 (Low gain)- Ch1l
0|P| Sample6 (Low gain)- Ch3 Sample 6 (Low gain)- Ch2 Sample 6 (Low gain)- Ch1l
0| P/ Sample 7 (Low gain)- Ch3 Sample 7 (Low gain)- Ch2 Sample 7 (Low gain)- Chl
1 p Il e s d r bbbb bbbbbbbb
0| P| Sample 1 (High gain)- Ch3 Sample 1 (High gain)- Ch2 Sample 1 (High gain)- Chl
0| P| Sample 2 (High gain)- Ch3 Sample 2 (High gain)- Ch2 Sample 2 (High gain)- Chl
0| P| Sample 3 (High gain)- Ch3 Sample 3 (High gain)- Ch2 Sample 3 (High gain)- Chl
0| P| Sample 4 (High gain)- Ch3 Sample 4 (High gain)- Ch2 Sample 4 (High gain)- Chl
0| P| Sample5 (High gain)- Ch3 Sample 5 (High gain)- Ch2 Sample 5 (High gain)- Ch1l
0 |P| Sample 6 (High gain)- Ch3 Sample 6 (High gain)- Ch2 Sample 6 (High gain)- Ch1l
0| P| Sample 7 (High gain)- Ch3 Sample 7 (High gain)- Ch2 Sample 7 (High gain)- Ch1l
DUMMY WORD
I Cc" <lE '
I'$ $ @ & 0 F
$ ( $ & ?1#C
?2#C $ ' (( $
oY+ ( $
! <1E $ ( !
$ ' *$ 8 $ ( A 0
( A
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p Parity. (odd).
| Derandomizer length. (number of samples. Up to 16).

e Parity error. A parity error was detected from the memory in the last read-
out.
S SEstr. Single Error Strobe received from the TTC.
d DEstr. Double Error Strobe received from the TTC.
r Register parity. Parity from the registers in the chip.
Y Variable parity. Parity from the variables in the chip.
0 Not used. (Set to 0).
m Mode. 00 - Normal mode
01 - Calibration mode
10 - Test mode
11 - Not used
g High/low gain. Indicates high (1) or low (0) amplification from the 3-in-1
cards.
b Bunch Crossing.
" <1E
3.5.1.3 ROD input events
* ( ( IC < '
( ! 1C '
( <$
*$ 0 & & < &
* $ IC < &
$ & < & %2 '
3<1:" 0@ 465 $ " 3<:1"0- 475 $ $ 7%
$ IC
0, , 0 < &0 0 $ IC
0) 0 < & 0@ @0
= ?<1E $ ' IC ( $ *
<1E\ \( ' % $ o IC
( & $ & <lE $ ' ! (
& <lE $ ' (02
<1E\ \( "\ # & ?7<1E $ (
& $ <1E\ \( "\ @'$ *$
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Nb Description Nb Description
1 1
2 DMU 1 Header 2 DMU 1 Header (low gain)
3 DMU 1 — DATA: Sample 1 3 DMU 1 — DATA: Sample 1 (low gain)
4 DMU 1 — DATA: Sample 2 4 DMU 1 — DATA: Sample 2 (low gain)
5 DMU 1 — DATA: Sample 3 5 DMU 1 — DATA: Sample 3 (low gain)
6 DMU 1 — DATA: Sample 4 6 DMU 1 — DATA: Sample 4 (low gain)
7 DMU 1 — DATA: Sample 5 7 DMU 1 — DATA: Sample 5 (low gain)
38 DMU 1 — DATA: Sample 6 8 DMU 1 — DATA: Sample 6 (low gain)
9 DMU 1 — DATA: Sample 7 9 DMU 1 — DATA: Sample 7 (low gain)
10 DMU 1 Trailer 10 DMU 1 Header (high gain)
11 DMU 2 Header 11 DMU 1 — DATAE Sample 1 (h?gh ga?n)
12 DMU 2 — DATA: Sample 1 12 DMU 1 — DATA: Sample 2 (h!gh ga!n)
13 DMU 2 — DATA: Sample 2 ﬁ gmg 1 - B’;’;; :amp:e j (2!92 gain)
14 DMU 2 — DATA: Sample 3 - : Sample 4 (high gain)
- 15 DMU 1 — DATA: Sample 5 (high gain)
15 DMU 2 — DATA: Sample 4 : : :
16 DMU 2 — DATA-S G 16 DMU 1 — DATA: Sample 6 (high gain)
— : Sample = 17 DMU 1 — DATA: Sample 7 (high gain)
17 DMU 2 - DATA: Sample 18 DMU 1 Trailer
18 DMU 2 — DATA: Sample 7 I
19 DMU 2 Trailer 265 DMU 16 Header (high gain)
e 266 DMU 16 — DATA: Sample 1 (high gain)
137 DMU 16 Header 267 DMU 16 — DATA: Sample 2 (high gain)
138 DMU 16 — DATA: Sample 1 268 DMU 16 — DATA: Sample 3 (high gain)
139 DMU 16 — DATA: Sample 2 269 DMU 16 — DATA: Sample 4 (high gain)
140 DMU 16 — DATA: Sample 3 270 DMU 16 — DATA: Sample 5 (high gain)
141 DMU 16 — DATA: Sample 4 271 DMU 16 — DATA: Sample 6 (high gain)
142 DMU 16 — DATA: Sample 5 272 DMU 16 — DATA: Sample 7 (high gain)
143 DMU 16 — DATA: Sample 6 273 DMU 16 Trailer
144 DMU 16 — DATA: Sample 7 274 DMU_chip_mask_word
145 DMU 16 Trailer 275 Global CRC
147 Global CRC
148
# 1 $ n <
DMU Chip mask word
31 16 15 0
DMU16 DMU15 DMU1 DMU16 DMU15 DMU1
Even bits Even bits Even bits Odd bits Odd bits Odd bits
<lE '
! ( $ <1lE IC
<1E\ \( "\ $ 0 C ? <1E
00 0 ) C /| <1E * < &% !
- %=
% $ $ IC & ( & <1E
' ? $ = $ < &% ! L Y%=
& ( & 3 $
( $ " $ {1}




3.5.2 Output data format

* < ( $" *<= B &
( 4/5* < *<=B & ( A ( (
( *$
. Content (4 Byte
TDAQ DEVICE in ROD DataF'g\tz'face o%iztl Name - > ( ylt ) =
Fixed FW | - S-link Begin of fragment | 0xBOF00000
OC FPGA Fixed FW - Start of header marker Oxeel234ee
Fixed FW - Header size 0x9
VME R/W 0x18 Format version number nutﬂn?:g: \Eg;s(;gr(])O) M|r;]cfjrrx§(resrlon
VME RIW 0x19 Source identifier 00 detescl:s; D Module ID
HEADER
VME R/W Ox1A Run number Run type | Sequence number within run type
DSP or TTC 0x1B Extended level 1 identifier | ECRID L1ID
FEB or TTC - Bunch crossing 0x0000 | Ob bb
FEB or TTC -- Level 1 trigger type 0x000000 tt
VME R/IW OX1E Detector event type Fragment Type Mask T".?.fggm
PU-DSP1 VME RW 0x23 Sub-Fragment header OxFF1234FF
FEB 1 Built by DSP - Fragment size N+3
VME R/W Ox1F Fragment identifier fragment type I super-drawer 1D
(Fragment Type Data 1
Blocks’ BuitbyDSP | -
Data N
VME R/W 0x23 Fragment header OXFF1234FF
FEB 1 Built by DSP - Fragment size N+3
Staging VME R/W 0x20 Fragment identifier fragmenttype | super-drawer ID
(Fragment Type X Rl
Blocks) Built by DSP --
DATA Data N
ELEMENTS VME RIW 0x23 Fragment header OXFF1234FF
FEB 2 Built by DSP - Fragment size N+3
VME R/W Ox1F Fragment identifier fragment type I super-drawer 1D
(Fragment Type Data 1
Blocke) Built by DSP =
Data N
VME R/W 0x23 Sub-Fragment header OXFF1234FF
PU-DSP2 FEB 2 Built by DSP -- Fragment size N+3
Staging VME R/W 0x20 Fragment identifier fragment type | super-drawer 1D
Data 1
g™ | Builtby DSP -
Data N
STATUS ' Status element 1 Specific | Generic
ELEMENTS Built by DSP -
Status element N Specific | Generic
Fixed FW -~ Number of status elements 0x0°
TRAILER OC EPGA Fixed FW -- Number of data elements N*2+6 (full) or N*4+6 (stag)
Fixed FW - Status block position 0x1
ed d of fragme 0)(=10]20(0/0/0[0
< (

! Address offset to R/W through DSP Host Port Interface. The global address is: *(BFFF8)+DSP_Offset

2 Arbitrary number of Fragment Type blocks defined in the 24 bits of “Fragment Type Mask” of “Detector Event Type”.

% It's not expected to use status elements from DSPs, since there is no communication between DSP1 and DSP2. So only can send
Status of errors with DSP2 according to the proposed TDAQ dataformat. We have to change this format for flagging errors, or made
them available through VME to Online Software. Of course this info doesn't arrive to ROS in real time, only sending this through the

HOLA optical link it could be checked quickly. Other option is to modify Output Controller's Firmware
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=

3.5.2.1 Header

& =*2=# & ( ! $ %
<# E <# 3 ( --<# *
& 9
9 +- 00 0)C0 00000 9! $ ($
;%= $ 3 2= $ ( *
( #
0 + 0 /@ 9! $ L Y=
( $ $ <
, 8 0)+9 ($ @9
: 0) 0@00000 9 & ( & ($
? $ ( & ($ 2 $ * 1 & ($
( $ ! ( <
# ( ( * ( & ($
( $ <# & $ e= <# (( *
$ *<=B $
o * $ *<=B ! $
<# & $" ( *$ @
Tile Calorimeter Module ~ Sub-detector ID
Barrel A side (LBA) 0x51
Barrel C side (LBC) 0x52
Extended A side (EBA) 0x53
Extended C side (EBC) 0x54
# 3 I< &
$ * 8 $ ($
/-$ A ($
Byte 3 2 | 1 | 0
Run type Sequence number within run type
($
* * & * $ ,
Run Type | Value
Physics 0x00
Calibration | 0x01
Cosmics 0x02
Test OxOF
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( =*2=# $ ( <#
$ ( ($ &
* 0 * & * % & ( * %
%= ( $ <# |
($ & & $  ** ) !
2 1< ($ 2& = & x% )
_ * & * % & ( $
<# * C ! 1"$ & C
( & 2& = & x% ) *
* % (
) 8% $ *x ( ( $
<# * * * 8'$ & (** %= & &
& .) $ & *
& o $ /-$
* $ 2
Byte 3 2 1 0
Fragment Type Mask TileEvent Type
< &
) *$ 6 & &
TileEvent Type Value
Physics 0x01
Laser 0x02
Pedestal 0x04

Charge Injection 0x08

* &
( ( $ $ <
Y Z( ( $ 0) 00000+0 ( * & * S
( * 1 'Sooooo+ $ ' < (
Yz Y@ * ()¢ /- (
$ *<=B ( $ <#
3.5.2.2 Data elements
< ( & ( $ 8
* (( ( $ *$ />
( ‘E 3 (
< ( *$ |/ ( *$ 8
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Bits 32...24 23...16 15...8 7...0

Start of header marker Oxff1234ff
Fragment size Size
Source ID 0x0 Fragment type Fragment ID
! < (
* $ <# (' 0 /@
( *f 1< &
( (1<
* ( ( *$ 4+ $ (
& $ * < ( = $ # @ @
Fragment type Data element
0x00 Copy mode (Raw data)
0x02 Optimal Filtering
0x10 Muon & Missing Et (Staging mode)
0x11 Muon & Missing Et (Staging mode)
0x12 Muon (Staging mode)
0x13 Muon (Full mode)
0x14 Missing Et (Staging mode)
0x15 Missing Et (Full mode)
( < (
(s " " ( "
I< (0 2@ $ <# $ ( I< *
$  I< ) $ S2c=1/S2C @ C=-SC )( 92c=0 S
000 W 2C-S0 @ *$ /0 * ( $ *<=B
<# (
11|...‘8 7|...‘0
Barrel ID Super-drawer 1 ID

( ( ( U (
( 0 0/0-! ( " 1< "
( ) $ (1< S
" $ ( <! $ $
I< $ S2C=/S2C @ C=-S C
15 | | 12 11 | | 6 5 | | 0
Barrel ID Super-drawer 2 ID Super-drawer 1 ID
( 1< 1 1 ( # (
1 ( < (
< % ($ ( ($ (
$ 1
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3.5.3 ROD data
o $ $ < ( e+

3.5.3.1 Raw data

* ( & " *$ 0*$ //
( ( * < 1 E $ 1 $ n
( "
3 2 1 0
OxFF1234FF Fragment header
N Fragment size
Processing | Fragment
Type Type super-drawer 1D Fragment ID
0x00 0x00
16 DMU data blocks
DATA WORDS
ROD DMU Chip mask FE DMU chip mask word
word
ROD Global CRC FE Global CRC
(
* $ ( ( ( *$ /]
( & ( "% 0 9
* ( $ <
* <1E ( & ( " $ < * 9
$ <1E * 2 $
<1E < & -@
* < & & ?
$ % $ & ( n
* ( $ & (% (
$ /
NwordSPHYSICS =3+ [16 ? (NSAMPLES + 2) + 2] @)
NwordSCALIBRATICN =3+ [16 ? (2’ NSAMPLES + 3) + 2] ()
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3.5.3.2 Optimal filtering

*$ 0! @% ' A
( *$ *$ /@
Bit 3130 16 15 4 3
G Energy Time nglzlgi;ty
( (
9
o/@l $ Ou n
! ( =< ( ( >
$ * & , $
* ( I ' /$
< -$ & (0 ,0C T,"
* ( $ ( ( ’ / - 8 R@
$ + -8/ R@
(s SRR
3 2 1 0
OXFF1234FF FLagme”t
eader
N=0x33 Fragment size
Processing Type Fragrg)((eg;Type super-drawer 1D Fragment ID
G| Energy chl Time chl | QF chl
DATA WORDS
G Energy ch48 Time ch48 cﬁ§8
( (
* g/, ( ( $ / *
@ * <1E & C*
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*$ /8
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3 2 1 0
OXFF1234FF Fragment
header
Ncrr2 = 0x63 Fragment size
Processing Type FragrgigéType super-drawer 1D Fragment ID
0 Energy chl low gain Time chl low gain QFchllg
0 Energy ch2 low gain Time ch2 low gain QF ch2lg
0 Energy ch3 low gain Time ch3 low gain QF ch3lg
1 Energy ch1 high gain Time chl high gain QF chl hg
1 Energy ch2 high gain Time ch2 high gain QF ch2 hg DATA WORDS
1 Energy ch3 high gain Time ch3 high gain QF ch3 hgj
0 Energy ch4 low gain Time ch4 low gain QF ch4 g
1 Energy ch48 high gain Time ch48 high gain Qicgh48
( ( $
3.5.3.3 Muon Tagging and Missing Et fragments
* 1 1 ( & ( (
$ & * ( (
( ( $ $ ( *<=B
* ( n ( * $ / t)
) ( ( $ 1 1 (
Fragment header OXFF1234FF
Fragment size N
Fragment ID Processing algorithms and super-drawer ID
Muon tagging word — Super-Drawerl
Muon tagging word — Super-Drawer2
DATA WORDS —
Missing Et word — Super-Drawerl
Missing Et word — Super-Drawer2
1 1 $u (
*$ /6 $
Algorithm Operation mode Fragment size
Muon 4
Missing Et Full mode 4
Muon & Missing Et 5
Muon 6
Missing Et Staging mode 6
Muon & Missing Et 7
1 1 $Il (
o ( $ %% 4
* ( ( & |/




31 | ‘ 28 | 27 ‘ ‘ 9 8 7 6 5 6 3 2 1 0
OxC 0 N T8 | T7 | T6 | T5 | T4 | T3 | T2 | T1
11
) 9
($ S
o9
( ) (
* $ /+
31 ‘ ‘ 0
Er
* & (
& & " & * &
& ( 9
& S R+000
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4 ROD firmware specifications.

4.1 Introduction

4.2 Staging FPGA code.

* # : U= < * # %=
# %= & ( C
$ # %= 3 (
# = & ( %2 ' (
' E $# = @
# D %=
! # =
< | $ . & E
( %2 ' |
($ & &
( ( * "

%2

0/0"2 1
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4.2.1 Staging FPGA data flow.
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# 1Y%=
4.2.2 Staging FPGA firmware description.
* # %= &

& * &
( );3<2 -- $ (
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%2 =, <= %'2
* % & \ $
* 4+ .0 9 [ &
& (
= -0O* ( * > ! 6 $ 2=%
& <=; = 4°25%* (
%2 '\ $ %2 '\ ¥ $
/= +=0 9* %2 '\ $$ ' * ( (
*\ C$ & & F
3 =< 0, , O ( ! * =12
0@ @O
0=0 9* $ ol ( ( *
$ %2 '\ $( * ' -00013
' * < ( $ ' -00813
* % * | @ ]
* ! [ 7% * '
$ 9% 6 $ * ) $ 102
(0> ! ' E
& & (
% ) = 9* \ $
| $ ( *
\$\  $
= =9 & $ %2 #
%= & \$ \ ( C ( $ )
# (0= = &
# %= & ( E $
# %= 3 EE $
$ E ! ( & (%
\ $ E -] # E (
& ( \ $ 'S (
$# = E -/
# $ E ( & $
\ $ $ # = -@ =
\ $ $ $ =1
«cC ! \$ $ ' 3 E *
( ' E
=) = * ( E
* $ ! $ &
$6 ) * =1 ( ( ( $
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$ $
$ T $
( ( "ET
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) #
& #
# %= 3 $
' E
= = * $ &
1 (%= !
)
9
( @'
( @'$
& = *

1%
g -
=1 ( ( &
/| @$ * @3
)8 - $ 3 (
! $ LoT#S
6 $ ’
( (s &
& ( $
T &
(( # =
$ $
e A I E
# =
(( 18
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+ ( * \ %
(( $ & ( & (
) (
* ( 8% & ( (
& (( $ * | ( ( 8'$
$ ' x $ ( ( 8/-"$ %2
* /-$ ( ( %2 ' & () (
( ( (& (
1 & $ ( ( ( & %'
2 ' %2 (( 2 < <
10 $ & %'
2 ! /7 ( & ( ( (
< ( < ( & (
=*2=# &

4.3 Input FPGA code.

4.3.1 Input FPGA code overview.

* o %= ( ' E ' $ (
<# * ! = ' E @ 3 ! 7=
( ( cC * ( ( # = !
= 6% $ * 6%
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($ ( "%
= +* <I1E $ <1E
! %= * $ -@
&( = * & $ ( 7% |
. * 2% $ $ <# <1=
* $ - ( ) $ ( <# *
( ) ( $ <#
+= * ( ( ( & -013 *
) (
=% * 1 $ ( 'E$
%= * ) $ & (( : %=
! D Y%= *
*$ @!( $ $
( &
BITS 31 16 15 8 7 6 5 0
Value Input FPGA code version Chunk size (32-bit words) Gains Nb of samples
! =

4.3.2 Input FPGA data checking.

x o %= ( ( <# *
( & & 9 & $ <1E *
( $ $ ( %
0 ( ( ( $
F ( ( '3
4 & ( (
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*$ 4+ ( < & * (
$ $ $ ($ ( +* - Y%=
*$ @ $ $ " ($ ( ($
& 2%
4.3.2.1 Event size checking.
< * (( " ! $ &
C L ' C
< A & $ CEW ! (
$ & ' <
( & 3 & ' & '
A
F & $ $ ( ($
& & - ! F ($
! - %= ' $
* ! <# ( & 3 &
* & $ & &
! ( 3 &
( & & $ b=
& <t
4.3.2.2 Global CRC calculation.
* % $ ! & & *
! = ( & &
% $ ]
% $ (
* ( ( <1lE $
<1E $ ' % + % @ $
(
Width 16 bit
Poly 1021 This is the divisor polynome
Init FFFF This is the initial value of the register
Refin CRC output is not reflected
Refout CRC output checksum is reflected
Xorout No XOR is performed to the CRC output
Check ascii string “123456789” checksum is 29B1
# % $
* $ ( & IC " ! Y= $ "
3 $ | ( s S I



4.3.2.3 DMU CRC checking.

<1lE

<lE
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$ $ <1E $
4.4 TileCal Digital Signal Processors code.

441 Introduction

* < # : <t ( ( * < * <
$ ( =*2=# & *O<#
( *( / 0 =*2=#( ) ( (
& * <# ' E
<# < <# ( ( CcCC <#
" * * ( & < *Cl (
( (( (( $  <#
* <{# ( ( * < * <{# $
( =*2=# & 0OK3 * <# (
B B oD =*2=#( ) ( (
& * <# ' E
<t < <# ( ( "
C cC C <# " *( *
* % ( & < *Cl ( (
(( (( $  <#

4.4.2 Hardware system overview

= * < & *) I (  *1#@0 7 - <# 405C
E A ! Y= ' !
X &  ** ( &
1 %
F ! %= & & <#
& <# $ * $ !
= <# ( ) 1( ! = 11 =
* ( ( $ 8%
013 * ! Y=
C * o< < 1( = <1=
& & $ C* $ 2& F
$ ) & & &
<# $ ! E *
$ <# ! $ 1! C! 1! C 7% $
0013
kooww ( & E & = &

C 1<
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4.4.3 Code structure

1 (

$
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4.44 Input and output data buffers

* $ C ((
(( <# o ()0 (3 &
<# ( &
* & ?
! () (3 &
<# (
$ ,? ( & &
$ $ & & &
& ) $ ( ) &
$
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* & & ( ! : %=
2-"% $ 13 *
<]1l=
< & &
($ & & C (
* $ & ( (
( C
( $ & &
(% & (
445 TTC information at DSP level
* * % ( 45 *: $
6 * % & * %
( ( $ *Cl
$ ! < * <
& ** ) &5 $
RO\ Do kx & ( $ ClI< HEES
< $ * % (
F ( <# C I<
C I< & *x ) C < (
* &
= ( ( ( ( o
4.4.6 Commands and debug registers
F <# $ $ ((
1 C#/ * 8% ((

Page 75

<#



Value (hexa) Command Action

0x00 NONE No action.
0x02 RESET Software reset.
0x05 CONFIG Reconfigure the DSP.
0x07 PREPARE_FOR_RUN Configure the run information.
0x08 START Start the run.
0x09 STOP Stop the run.
0x0D PROBE DSP information registers update.
0x13 SIM_EVENT_SEND Send simulated event.
0x14 SIM_EVENT_LOOP Send simulated event a number of times.
0x15 BUSY_ON Set busy.
0x16 BUSY_OFF Clear busy.
0x17 IRQ Set IRQ.
0x18 EVENT_HPI Send event from the HPI.
0x1C MUON Write in the Mcbsp port the number of commands received.
0x20 DSP_VERSION Write in the Mcbsp port the DSP version.
0x21 OF_CONST1 Write in the Mcbsp port the pointer of OF constants 1.
0x22 OF_CONST2 Write in the Mcbsp port the pointer of OF constants 2.
((
(( <# & $ &
( /I $ <# ' &
* 1 * ( $ ( * $ @
Bits Variable Description
0-7 Command It should be 0x05 for CONFIG command.
8-15 Process Processing function. (See section 3.6)
16-24 Event size Input event size. Default: OxB6 ( 9 samples -1 gain)
25 Missing Et Compute Missing Et algorithm. 0 : NO (Default); 1:YES
26 Staging / Full 0: Full mode; 1: Staging mode (Default)
27 TTC synchro TTC synchronization. 0 : NO (Default); 1: YES.
28 Full mode type 0: Normal full mode (Default) ; 1: Inverted full mode.
29 Muon tagging Compute Muon tagging algorithm. 0 : NO (Default); 1:YES
30 Histograms Build histograms. 0 : NO (Default); 1:YES
31 Barrel 0 : Barrel (Default) ; 1: Extended barrel.
<#
(( & $ * ( $
& ( $ ($ ( &
& $ C $
& & $ $ *<=B $
( ( * (( &
$
' $ " ) ( (
<# ( * 3:!
& ( $ * % ((
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*<=B <! | * 1 *1 *1
<# ($ & ($ & &
($ & ($ $ $
$ ( C I
4.4.7 Synchronization task
* ! ( $ $
<#- * $ * %
( & $ <# &
4.4.7.1 Synchronization without TTC information
! <# ( ' & ClI<
<1E < ' Cl % & (! $ &
! Cl<( ( <# ' $ $ !
& ( ClI< & & &
! <# ' &
" C ' <# & &
A
'3 * ( & 9 Cl< &
* IS ($ &
4.4.7.2 TTC synchronization
| * * <#: * % &
( $ 3 & (
&
& & <# ' $ o & $
,8 | & ! <#
$ & $ !
<t ' * % |
& & & ! $
<# * % & & ( *
( & $ (
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448 Process tasks

! <#- * *
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(
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#
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Page 78

N P



¢ ! $

( & <#
4.4.8.1 Raw datafunction
* (
& (
& $ (
<# E

4.4.8.2 Optimal Filtering algorithms
* ( (45

c= ABS((S- p)- Ag)
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* 1 ( ( & ( @3
@ ! $ ( VAR

@'

4.4.8.5 Histogramming

The online histrograms built by the DSP are stored in a continuous memory region accessible through the
HPI. Each histogram consists of :

3 9 ($ ' / (
( / ($ 0O, ($ $
(
< o ($ % $ C ?2-$
E & 9 ( &

The binning used by the DSP to build the histograms can be configured by the user. The binning is stored into
the DSP memory and it can be configured through the HPI.

* ( $ ( ' ( $ 3
( & $ ( &
$ 3 ( ! $ (

449 Send task

F & ( *
& & (
! /000 ?'$ * )
$ & $ ! I
( (
4.4.10 Busy handling
! & & & ( $
( & 3 $ ( ( $
($ & $ $ & $ $
( &
( & & <# ' ($ & $
?, | $ ! ' ' ($
( & ! ($ & $
* $ & &
$
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45 Output FPGA.

* = =
* % =
( ( <#
(
& I
=
*
& E*$ @

& * %
! =
((
= * 3 @
E !
<
6%
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VMEadd R/W  Function
+0 R/W  Test register
+4 R/W  Control 1 register (RESET)
+8 R/W  Host Port Interface (DSP1)
+C R Status 1
+10 W Broadcast HPI (both DSP)
+14 W Serial data to McBSP2 (DSP1)
+18 R Serial data from McBSP2 (DSP1)
+1C W Input FPGA1 configuration (16 LSB)
+20 W Input FPGA1 programmation (8 MSB)
+24 R Input FPGAL1 status register
+28 W Broadcast Input FPGA programmation register (both Input FPGA)
+2C R Output FPGA version register
+40 R/W  Test register
+44 R/W  Control 2 register
+48 R/W  Host Port Interface (DSP1)
+4C R Status 2
+40 wW Broadcast HPI register (both DSP)
+54 W Serial data to McBSP2 (DSP2)
+58 R Serial data from McBSP2 (DSP2)
+5C W Input FPGAZ2 configuration register (16 LSB)
+60 w Input FPGA2 programmation register (8 MSB)
+64 R Input FPGAZ2 status register
+68 W Broadcast Input FPGA programmation register (both Input FPGA)
+6C R Output FPGA version register
E 1l (
Bit number  R/W Functionality
0 R/W  DSP reset
1 R/W  Partial FIFO reset
2 R/W  Input FPGA reset
3 R/W  HPIreset
4 R/W  HPI burst
5 R/W  DSP launch
6 R/W  /Input fpga nconfig
D %=
= @3 $ *
*$ @
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SN

Bit number R/W Functionality
[7:0] R FIFO counter status [7..0]
8 R Output FIFO empty flag
9 R Output FIFO almost empty flag
10 R Output FIFO half full flag
11 R Output FIFO Almost full flag
12 R Output FIFO full flag
[14..13] R FIFO counter status [9..8]
15 R Unused
[20..16] R Nb of words in McBSP2 FIFO
21 R McBSP2 FIFO empty flag
22 R McBSP2 FIFO almost full flag (> 24 words)
23 R McBSP2 FIFO full flag (32 words)
24 R GP11
25 R GP12
26 R GP13
27 R Output FIFO empty flag
28 R HPIINT
29 R HPI Ready
30 R Input FPGA nstatus
31 R Input FPGA confdone
D %=
( $ (
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- () %= $ <# ' E
* 1 C# <# 40*
( $ (
%= ( ( <# (
*x ( & %= ( *x =
(( <# * 1 GO & C Ik Dl
& ** & & ** ) 1 Ck &
*oor 1 CGrl (  («
, ( o 3(4* %' 3:1 % <#
* 3:! $ <t ( ( !
$ <# $ : (1 <# C
) ( 3 ( # (
<# ( ( = ( & $ 3:! - -
' o * ** ( & %= , "
" ( *x (%= ( Clc ;I
* & * % & & * % ) < * $ '
& ( ( $ <# 1 GO 1 C&
$ ( F & &
%= <#. *x (
5 = o * ( ;1 % ! Pl
%= -'$ % ( ! &
%= & <#
! %= EC ( & $
&
) (/ 6= * %= $ ! =
;1% ( * Y%= !
%= 0<' \ #
, 13 ! $ ( $ $ $ ! %=
( ( $ ! %= %
' E
%= /2 < - $ *$ @
2 < $ $ $
( $ '
Ledl FIFO1 empty
Led2 FIFO1 almost full.
TP1 DSP GP111
TP2 TTC_BCID_frame
TP3 DSP GP112
TP4 PU_CTRL_ADD
! 1 %=2 <
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4.6 Output Controller FPGA.

* = $

= & ( 'E
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*1 ( ( ! . E# 3 2=
! ( 3 2= & ( !
0= * ( ( :E & ( 7% $
' 8013 * @' $ ' -013
;= $ ( ( <# ( )
( $ # =1 *1
#< =1 (
(( # =1 Y=
*1 " #2 ' ( $
$ L Y%= C \ (
" ( & 1 $ #2 ' (
! $ $ * )
& & V= $ #< =1 & $
$ 3
0 * 1 $ 01 =
(( : %= -'$$
3 ( (( ) ;1
%= * &
$ $ 45 %
$ 3 ( .
%= 9 *$ @ *$ -0 "
*$ - 3 "
Bit number Name Functionality
0:1 Bankmax These values configure the memory location when the
2:13 Rowmax SDRAM mode is selected.
14:15 Reserved
16 Msk_fifol When itis set, the FIFO1 is not read by the OC
17 Msk_fifo2 When it is set, the FIFO2 is not read by the OC
18:19
20 Stg_mode Used to select the staging mode.
o1 In out n In staging mode, it configures the OC to receive data (‘1’) or
- = to send data (‘0’) to another OC.
22:23 Reserved
24 En_link Enable the S-Link mode.
25 En_spy When S-link mode selected, it enables the spy mode.
26 Dtm Data taking mode
27 En_tst_link | Enable Test Link
28 Xfer_all Transfer All.
29:31 Reserved

" =
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Bit Name Functionality
number
0:21 Mem_size Word counter for a VME burst read
access.
22 Data_Avail Data in the SDRAM available.
23 Mem_empty Memory empty.
24 Mem_complet | Memory complete.
e
25 Link_fail Link failure.
26 eOe_flag When it is high it indicates that the OC
did not find the EOE pattern at the end of
the event in at least one event.
27 Mem_full SDRAM memory full.
28:31 Reserved
# =
Bit Name Functionality
number
0 Soft_reset It resets all the OC except the configuration and reset registers.
1 Reset EOE It resets the internal EOE flag bit.
2 Reset _link It selects the reset mode in the S-Link.
3:31 Reserved

4.7 VME & BUSY FPGA.

<$

1

$ 1

((

=
& ( * $ 1 #C
* ' E & (( $
* ( ( 1 7
Device Internal Address A10-
LOCAL/BUSY 0000
BOOT 0001
TT1C 0010
IRQ 0011
PU1 0100
PU2 0101
PU3 0110
PU4 0111
OC1 1000
0OC2 1001
OC3 1010
OC4 1011
STAG1 1100
STAG2 1101
STAG3 1110
STAG4 1111
! &
( ( < & ;1 CE#V
$ C ((

0=



- CE#V

01
CE#V
<# < %
*Cl1l
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$ ( $ (
! $ (' & <# $ | $
CE#V $ ' = $
( ! B (
0 = * ( & &
* (( $ 01 CE&V %=
$ ! A
& $ @' $
@$ 5 $
(( * " &
* 4 $ & 103
(

Address Register Value
03(00) Checksum CB + hoard ID and release
07(04) Length of ROM 00
0B(08) 10
0F(00) 00
13(10) Rom data access 84 ID D32 or D16 or D08
17(14) CSR data access 84 ID D32 or D16 or D08
1B(18) CRI/CSR space specification 2
1F(1C) 43 (ASCII C)

23(20) 52 (ASCII R)
27(24) Manufacturer ID (CERN) 08

2B(28) 0

2F(2C) 30

33(30) Board ID

37(34)

3B(39)

3F(3C)

43(40) Revision ID

47(a4)

4B(48)

4F(4C)

53(50) Pointer to a string 00

57(54) 10

5B(58) 07

CB(C8) Offset to begin Serial Number 00

CF(CC) 10

D3(D0) 03

D7(D4) Offset to end Serial Number 00

DB(D8) 10

DF(DC) 03

E3(E0) Slave characteristic 06

F7(F4) Interrupter 7E

103(100) Access DAPWR 84

123(120) AM code 8 bytes 000000000000AA00
. AM =09, OB, 0D, OF
13B(138)

13F(130)

623(620) ADEM 4 bytes Bits 31:24 = FF
627(624) Bits 23:16 = FF
62B(628) Address Modifier Bits 15:8 =F8
62F(62C) Bits 7:0 =00

1 =
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* ( ) (
(
;138
;10 $ !
(
& ((
& <
| 1 ?-
=/- ( =1
& (
) $ G#
G#
# *$
# <$
$
6 $ .
TFFFF BAR( base address) 73
Geographical Address
7FFFB Bit set register 4
Enable module
TFFF7 Bit clear register 4
Disable module
7TFF63 ader0 31:24
7TFF67 aderl 23:16
7FF6B ader2 15:8
7FF6F ader3 7:0
1 0= #
$ $
$ $
* % (
* % ( * 2* 3
*Cl < *Cl
$ 1
(
=
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M $ * ( < & $
x% ) ( K% *x  _008L 3 ' 28&
2 = & $ $
$ (( (
! $ & 2= & $
( $ * % ( X% O
c 1< C I< *x\/: (( & $ |
1< C i< *x\/: $ ( 1 %= $
C ;1 (
BHEr =g (
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60 $ ( **o 1 0=; 3<2 ! =*2=# (
* % & * % ) $ * %
( * ¥* 0=, 3<2 9
=) * $ o L %= 1 (%= %
(( $" S $
$ R
3 $
=+ xS $ '
*x ) ! 2 =2 (
( $
5 = * X0 *$ -,
o 0=
VME Address Read/Write Size (bits) Register
100 R/W 32 Dummy
104 R/W 9 Control
108 w 12 BCID
10C w 32 EVID
110 w 8 TTYPE
114 R 27 Status
118 R/W 8 TTYPE subaddress
13C R 31 Version
*E e
* ( ¥R %= $ -2
$
Bit Name Functionality
0 VME VME operation mode
1 LOCAL Conector operation mode
2 TTC TTCrx operation mode
3 CLK_SEL Selection of clock for the VME and LOCAL modes
4 L1A MODE Double L1A pulses
5 FLUSH_BUFFER(pulse) Flush PU buffers
6 STAT_CLEAR(pulse) Clear status
7 TTC_RESET(pulse) TTC FPGA reset
8 EV_CTRS_RESET(pulse) [ Event counter and event counter reset counter reset
K Y=
* o1 ( I C Ik *x\/:
* ( % & ( = & l<
& 3 C I **V: $ $ ( (
' E ;1< &
* 2 = ( | $ * %
( $ & (



* * % ( =*J=H ( *
: Y%= *x ( & ( **)
# #$ ' (
& * % ) (0>
" ( $ ( ' $
( ( $ ' &
* % ' $ il ) > & I
( ' ( * % ' &
| H . = *
$ ( 2 = # & E
F & #* 6 * "% %= (
C ' E ( & ( * %
<# * o"o> $
— # n $
n $ * % )
3 n n ; !<
* $ -6 ( # *
( ( * # nmn (
2 = ( 2 = &
" . 7 $ * % ) | * % )
*Cl # $
Bits Name Functionality
7:0 SIN_ERR Single error strobe count
15:8 DB_ERR Double error strobe count
23:16 DL_ERR Non double L1A count in double_|1a mode
24 TTC_READY TTCrx working properly
25 TTC_CLK TTC clock is selected and present
K
' — * ( $ ! * % (y(F 6 * * % (
( ( & * %
! 1 ( $
** $ $ E !
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* % ( $ ! (

* $ ' * Cl< ( &
( & 2= & C " *
n * % ( $ * - 2*:
Cl< 0 $ @@ ()( (Cl< ! " &
Ci<()( (& 0  -0% Cl< I'$
* 1< ( ( & 2= &
* I< $ O $ ( $
& & * & & " & ;I
# ' & l<ox ()0 3I<
0 266/ < /-"$
( ( & " & ¥
7% () (& o /., " ) VI @3
;1< & ! &
& () ( ($ & A -/++0+ ! ) & ($
& ( ( ()( ( =*2=# & 00 K3
(
* & ! $
( E ! 1 ( $
& C I< ) I< ! &
C I< I< ( E#
$ = $ ( ! $
( xH\/: E * **V: & $ (
* % ) 8% $§ ! $ V&
1 % *x\/: I $ ( =
( C E * % $ <#
* $ " ( ( $ $
& () (( & ** )
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5 TileCal ROD production and validation.

= @ $'" & <=B =*2=#
3 * ( * < <
< * 1 *1 * %
(

* @ < @*1 ( *
& ( @ < *1

* ( $ E & % & $
=*2=# (( < * < &

* * & $
E#=,
! $ < "$ & $

5.1 ROD production test-bench.

5.1.1 Test-bench overview.
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( ( < &
( ( *Cl A
& (
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11
5.1.2.1 Optical Multiplexer Board 6U prototype.
5.1.2.1.1 Introduction
* A ( (
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5.1.2.1.2 Hardware specifications.
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5.1.2.1.3 Operation modes.

5.1.2.1.3.1 Data modes
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5.1.2.
*
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Trigger modes
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5.1.2.2 Optical Buffer 1:16.
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5.1.3 ROD crate.
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5.1.5 TDAQ software.
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I# *<=B
5.1.6 Production database.
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5.2 Production tests
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5.2.2 TileCal adaptation
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5.2.3 Validation test protocol
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5.2.3.2 Dynamic tests.
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* 5 * $9%8& $6 @ >
# 1 Three DVS tests
1 200 Hz 4 h
1 1 KHz 8h
4 1 KHz e
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5.2.4 Tests results
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LEVEL 1 LEVEL 2 LEVEL 3 EXTRA RUNS
TIME (H) 259 405 2001 560
PROCESSED EVENTS ~ 269x10° 2x10’ 8x10’ 3x10’

CHECKED EVENTS 269x10° 395x10° 781x10° 280x10°
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5.2.5 High rate tests.
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5.2.6 Temperature tests.
5.2.6.1 Temperature operation range for the HDMP-1024 chip
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5.2.6.2 The G-Link temperature monitor system of the TileCal ROD motherboard
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5.2.6.3 G-Link temperature studies in TileCal ROD production test-bench
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G-Link / Slot 6 8 10 12 18 20
1 42 45 45 42 44 44
2 44 45 44 44 44 44
3 44 44 44 42 45 45
4 42 45 45 40 45 45
5 40 45 44 40 44 44
6 40 44 42 36 44 42
7 36 40 36 36 42 40
8 30 32 32 32 30 40 36 36
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1 45 45 45 46 49_ﬂ
2 45 45 45 49 49 45 45
3 45 45 45 49 47
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5 42 43 45 46 45 47 44 45
6 40 40 43 45 45 49 45 43 43
7 36 40 45 45 43 45 40 36 40 45 43 45 45 45 40 40
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5.2.6.4 G-Link temperature studies in USA15
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G-Link / Slot 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1 40 36 36 36 36 36 40 36 36
2 43 37 36 40 40 43 40 40
3 43 36 36 36 40 43 40 36
4 40 36 43 36 36 40 40 36 36 43
5 36 36 40 36 36 36 40 36 36 40
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