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Detector characteristics
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System Position | Layer o (um) Channels | n coverage
Pixels barrel* 1 Rp=12, z=66 | 16 x 10° +2.5

barrel 2 Rp=12, =66 | 81 x 10° +1.7
endcap 4 Rp=12, z=77 |43 x10% | 1.7~25
Silicon Strips | barrel 4 Rp =16, z =580 | 3.2x 10 +1.4
endcap 4 Rp=16, =580 | 3.0x105 | 1.4~25
TRT axial 170(per straw) 0.1 x 108 +0.7
radial 170(per straw) 0.3x10% | 0.7~25

00000000000 00000000000000000000000000000000000

0120 goooooboobooobo
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& 16X
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Interaction rate
~1 GHz CALO MUON TRACKING

Bunch crossing 1

rate 40 MHz
Pipeline
LEVEL 1 memories
TRIGGER

< 75 (100) kHz

Derandomizers

. Readout drivers
Regions of Interest (RODs)
LEVEL 2 Readout buffers
TRIGGER e S (ROBs)

~1kHz }_

Event builder
EVENT FILTER . . . FuII-eventdbufferS
an
~ 100 Hz processor sub-farms

Data recording
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2.1.3 DAQODOOOO
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2.1.4 Detector Control System
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Channels FE FE band-

Detector count occupancy [%] | width® [Gb/s] | No. RODs
Pixel 1.4 x 10% 0.01 50 81
SCT 9,314, 304 1.0 224 256
TRT 424,576 20 204 256
EM calorimeter 173,952 100 417 704
Hadron calorimeter 25,714 100 62 120
Muon trigger chambers 789, 704 0.12 1 32
Muon precision chambers 431, 392 10 103 256
Total 979 1705°

“assuming 75 kHz LVLI rate

badditional (~ 16) RODs will be used for LVL1 output data
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ATLAS Surface Control Room — ﬁ ﬁ
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Local Area Network
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Trigger Condition Symbol Rate[MHz]
Single Muon, pt > 20 GeV MU20 4
Pair of Muon, pt > 6 GeV MU6 x 2 1
Single isolated EM cluster, Et > 30 GeV EM30I 22
Pair of isolated EM cluster, ET > 20 GeV EM20I x 2 5
Single jet, Er > 290 GeV J290 0.2
Three jet, Er > 130 GeV J130 x 3 0.2
Four jet, Er > 90 GeV J90 x 4 0.2
Jet, Er > 100 GeV AND missing Er > 100 GeV J100 + XE100 0.5
Tau, ET > 60 GeV AND missing Er > 60 GeV T60 + XE60 1
Muon, Et > 10 GeV AND isolated EM cluster, ET > 15 GeV MU10 + EM15I 0.4
Other triggers 5
Total 40
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Total 40
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Module/Transmission Latency | Total
TOF to TGC 3 3
TGC response 1 4
ASD Board 1 5
Cable to Patch Panel 1 6
Patch Panel 2 8
Cable to Slave Board 1 9
Slave Board 4 13
Cable to High-pr Board 3 16
High-pt Board 5 21
Cable to Sector Logic (80 m) 16 37
Sector Logic 8 45
Cable to MUCTPI (5 m) 1 46

0 3.40 TGCLVL1O OO OO OOOO latency

3.3 TGCUOUUOOUOOoboooobobooon

3.3.1 ASD Board
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3.3.2 Patch Panel
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0000000000000 0000000000000ASD Board DO 43V OO0 Othreshold 00O
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£y ,analog power, 'L1A, BCR, ECR)! (covers 32ch
e, ---::::::::: for each
ﬁG_N_lg_(:in_eﬂqg_)l IOther control’ — TGC layer)
1 analog F=="  mmmmmmm—mm———oo
output ~Vth) '_+§§_\£(_1|_glt§l_go_v!e_r_,—-
e sensor || TR TGN aaial
1 [y I

KAY002V02 ] 1

0 3.90 Patch Panel DO DOODODOODO
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3.3.3 Slave Board
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DCS signals

TTC D —
Service
Patch-Panel TTC signals
DCS D —
TGC signals
from ASD Slave Board
» Patch-Panel
Slave Board
Slave Board
R Patch-Panel ~50cm

Slave Board

Slave Board

pivot TGC (octant)
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Type Input[/layer] | Layer | Input | Output | Coincidence
Doublet Wire 32 4 128 18 3/4
Triplet Wire 32 3 96 18 2/3
Doublet Strip 32 4 128 16 2/3
Triplet Strip 64 2 128 40 1/2
EI/FI 64 2 128 6 1/2

0 3.50 Slave Board OO DO OO0 5000 Slave Board D OO O ASICOOODOODOO

000000000 PatchPanel 0O OO0 O0OO0O0OO0OODOOOOOOOODOOODDOODOOOOOO
0000 Patch Panel 00O DO OOD0OO0OODOOOOOODOOO DO Slave Board 0 00O O Patch Panel 00O
000000000000 idoodooo0oooooooo0ooo0o0ooO0oDO0oOoOoOooo
0000000000000 oood0ooo0oodoooUoo0od0oooDOoooooooo
o 0000000000000 D0O0OO00O0DO00O00DODO00O00000OOU0O000OOO0O0OooOOn
000000 doUoooDOooOoooooogoao

00o0odoooooooooooooooo 31200000000 3.13000000000000
400 3000000000000 0000D00O00O0ODO0ODODOODO0O00 20000000000 3.12
0OAQO BDODOOODOODO -7<L4RL700000O00O00DODODOOOODODOOOOOOOOOODOO

43



Slow read-out
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doublet 32 EEE—| |
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Clock Snap >
shot =
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2x2
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|
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———={ Phase adjust _ﬁ
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from adjacent doublet from adjacent doublet
6x2 inputsfrom TGC 6x2 inputsfrom TGC

2nd 2 layers of doublet

from adjacent doublet(pivot) 32x2 inputs from TGC
2x2 inputsfrom TGC

B
°
B 3
g &
:
x .
5 £ o 18-bit
=0 S c
O =~ s —
> k] .
%g & .5 encoded (wire)
)]
c< . .
o< §‘5 c position 5-bit
TN £ L) x2
~& B2 SR 4-bit
%] EEE
i S
2 ¥ position 5-bit §R 4-bit
c <
s @2 | ITT]
~ = B
> :
z LITITHTIT]
o

from adjacent doublet(pivot)
2x2 inputsfrom TGC 72x88 3-out-of-4
Coincidence Matrix

7 (15-bit) SR from
Low-Pt Matrix

S0OS042V04

0 3.120 Jgoooooooobooboooooboooboooon 2000000000 0000:0
O [JR|000000DOD000O00OODOO0

12x2 (middle doublet) inputs

4x2 (pivot doublet) inputs
OR'ed Y
8 outputsto encoder section

X=Y=A&C+A&D+B&D

S0OS043V05

03.130 00000000000 000oooooooonbo3out-of400000000000000O0O
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Slow read-out
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36x3 (triplet) inputs

declustering and encoder
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position
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S0OS052V06
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ECR I FE_L1ID

Snap COUNTER
cli)ck sflol Slow read-out BCR_.|FEEgLCJII\?TER |—> =P
g [ ]
o M Phase adjust >
32 X ]
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Slow read-out L1 buffer
g [
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|
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shot ‘

OR OR
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SOS054V07 »
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| — lqpl o e o
\}
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J J J J
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jhaake 20 bits (4 hits) / Triplet Slave Board
+c&b&d
+b&d&c SOS053v04

out

0 3.170 OOO000O0OoooooOooooobooooogooooooooo orboOoOod

47



3.3.4 High-pr Board
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encoded hit-channel encoded hit-channel S0S061V05
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52 °
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o | LLIIrro
T 64x104 2-fold _ ||| LTI 1T}
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module counter(clk, reset_, enable, q);

input clk, reset_, enable;
output [3:0] q;
reg [3:0] q;

always @(posedge clk or negedge reset_) begin
if(lreset) q <= 0;
else if(enable) q <= q + 1°Db1;

end

endmodule
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Rates [Hz] Hits per event

Wires Strips Wires | Strips

Inner | 1.43 x 10 | 1.44 x 10° | 0.36 | 0.36
Triplet | 2.44 x 10% | 2.63 x 106 | 0.61 0.66
Doublet | 3.77 x 10% | 6.37 x 106 | 0.94 1.59
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1 MeV Equivalent Neutrons [n/cm?] 2.0 x 100 3.6 x 10? 8.1 x 10 | 1.2 x 1012
Dose [Gy] 6.2 x 107! 21x 107t | 25x 10 | 1.3 x 10?
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Wires Strips Total
LDB Type | No. | SB Chan. | SB  Chan. | SB  Chan. Raw[MB/s| hits/evt Cmp[kB/s]
Doublet F 1 12 1518 3 384 15 1902 23.8 0.11 31.6
Doublet E 6 10 1214 5 640 15 1854 23.2 0.37 110.9
Triplet F 1 12 1008 3 192 15 1200 15.0 0.07 20.4
Triplet E 3 14 1212 4 512 18 1724 21.6 0.19 56.9
Inner F 1 188 192 3 380 4.8 0.20 59.1
Inner E 1 144 192 3 336 4.2 0.13 37.9

No. = Number per Octant
SB = Slave Board, Chan. = Channels, Raw = Raw Data, Cmp = Compressed Data
F = Forward, E = Endcap
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LDB Type | No. LDB | No. SB | Chan. | Raw[MB/s| | hits/evt | Cmp[kB/s]
Doublet F 1 15 1902 23.8 0.11 31.6
Doublet E 6 90 11124 139.1 2.22 665.3
Triplet F 1 15 1200 15.0 0.07 20.4
Triplet E 3 54 5172 64.7 0.57 170.7
Inner F 1 3 380 4.8 0.20 59.1
Inner E 1 3 336 4.2 0.13 37.9
Total 13 180 20114 251.4 3.28 985.0
2 Sides 208 2880 321824 4022.8 52.54 15760.6

LDB = Local DAQ Block, SB = Slave Board, Chan. = Channels
Raw = Raw Data, Cmp = Compressed Data
F = Forward, E = Endcap
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Level-1 Muon End-cap Electronics Schedule

Item 1998 ‘ 1999 ‘ 2000 ‘ 2001 ‘ 2002 2003 ‘ 2004 ‘ 2005

ASD Board

ASD chip R&D —— ;

ASD chip mass production - |

ASD board R&D — : :
ASD board mass production : I

Patch panel

Patch-panel IC prototype-0 | — :

Patch-panel IC prototype-1 + rad. tol. test [ — :

Patch-panel IC prototype-2 + rad. tol. test : [ —— ;
Patch-panel IC mass production : : I
Patch-panel board prototype-1 ' | — ' '
Patch-panel board prototype-2 : : 1. :
Patch-panel board mass production 3 : : I

Slave board / High-pt board :
Trigger IC prototype-0 I :
Trigger IC prototype-1 + rad. tol. test —— 1 i
Trigger IC prototype-2 + rad. tol. test : P ——— 143 :
Trigger IC mass production : : | ——
Trigger board prototype-1 : —— ¢ : :
Trigger board prototype-2 ; ; —— ‘
Trigger board mass production : : : I —

Sector Logic

Sector-logic board prototype-1 3 C————1
Sector-logic board prototype-2 3 3 1 ¢ 1
Sector-logic board mass production ; ; ; E—

Readout

Protocol test — ;

Star-switch board prototype-1 : | — :

Star-switch board prototype-2 : : | — :
Star-switch board mass production : : : |
Local-DAQ-Master board prototype-1 : 1 i : :
Local-DAQ-Master board prototype-2 ; : [— :
Local-DAQ-Master board mass production : : : I
ROD board prototype-1 : [ — : :
ROD board prototype-2 : : | — ;
ROD board mass production I

Assembly : : : : : :
On-chamber pre-assembly : : : : : I
System installation : : : : : : —
System integration : : : : : : —

System test ‘ ‘ ‘ ;

¢ 1jst full systemitest: Sept. ZObO ; ;
: @ Full system test before mass production: iSept. 2001
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gboobooboobobboooobobobobbobobooboobobobooobboooooooboo
goooboooboooboobboboobn

Slave Board 0000 000000 O0O0OO0DOOCO ASICODOOOO0OOOOODOOOOOOOCOO
OCO00o0oO0oooOo0oonO vbECOOOOOOOOOOODOOOoOoOooOoooD ASsiIcoogooodg
OO00000ODOOO0OODOoO0OOOo20000000000000000 Slave Board ASICOODODO
gobooobooboooobobobboboboboobobobbobbbobooboooobboboo
gooobooobobloooboooboobooboobboobobboon

gbogobooooobobz200000 900 10000000000 OO0O000O0O0ObOObOOO000OOn
gooooboobboooobbobooobobooboobbono 2000000000000 0000O0
googobobbooboboobog2000 90b000o0ooboobo0 1oobooboboboo
gogbgobooobobbobobobobbooboboooobobooboboobooboob 10o0b0n
OO0O0O0OSlave Board OO Star Switch 0000000000 O0O0OCOO0O0O0O0OO0O0O0OO
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gbooboboooobobobobobobooooboboboobobboboboobooboooobn
oobooboooboo0ooboo0 KEKUOoDOoooooooooooboooboooobooooooooo
goboooobobooboobOobon0 KEKOoooooooooooooooooooooooooo
gbooooboobobbobbooobooboboobbooooboobbobobbooobobobbon
oOooOoooooOoooIcepPO 0000O0O0O00ODOOOOOOOCOOODOOODOOODOODODOOD
goboooboooooooooboooooboOoKEKOODOODOoOoooooooooooooooooo
0000000 ATLASOOOO0OOOO0OO0OO0O00OOO00O000OooOOoooooooooooooooO
goobooboboobooooobobooooboobobooooobooooooboobooooboo
ooo00 TGCOOO0OOoOoOoo0ooooooOboooodboobooggopooooooboOoooOooo
gboboobooboboooobobbobbooooobooooooboooboobooboobbbooboo
gobobobobobooobbooboooooboobobboooboooooboobn
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Appendix A

Jubobdn b

Al 0O00DO0ODDODOOOOO

ATLASOOOOODOOOODOOOOOO0O00O0OD0O0OO00OO0O0O0O00DOOOooOoOOooOoOOOoOoOO
goobobooooooo

e 00O ODODOOOODDDO

gbogooboobgoobobbooo

gbogoooogobooobboao

e J0ODOOODOODODOO
e JUDODOOOOODLOODLODLOODOODODODOO

gobobobooboooooobobooobooo
0oooO0o0oO0o0oooU0ooU0oOoooDoOooooooooO 7o

goog booobooboboobobooboobobooboboobooo

ggoobooo ogbobooooooboboooboooobooboboobobbbbbooooooboooon
gbooobogoooooobboboboooboo

goog booobooobooboobn

gboog obobboobooooobobooooboooboboobn

gboog boooboboboobboooooboboobooboobooo

gboooboo oooboboboboobobbobbooooboobobbobboooboobn
gboooboo0o bboooooobooboboooboboboobooboon

gboooo oooboboboboobooboboboooboo

gboog booobobobboobboboobboboobn

ggoobobobooooobobobboobobbooboboobobobboboooobobbooboogon
gboooooogooooboboon
000000000000 00000000000 A1l0D0U0O00D0O0O0O0ODOODOUODOOO
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Scope
Planning
[s]

Activity
Sequecing
[T]

Schedule
Development
[T]

Activity

Definition
v [T]
Activit
Scope D Y

Definition uration
[s]

Project
Plan
Development
[TI]

Estimating
[T]

Resource Cost

Planning Budgeting
[C] [C]
Cost

Estimating
[C]

0A10 00000000000 00D000D000DO0000D0000O00 S = Scope, T = Time, C =
Cost, = Integration 0 000000000

Scope Planning 0 000000000000 O0OO0OO0OO00OOOOOODOCOOO

Scope Definition 0000000000 DOOODOOOO OWBSO Work Breakdown Structured O O O
do000o0oD00dooDoooooooowBSOOOOOoooooOoO

Activity Definition WBSOOOOOOOOOOOOOOOOOOOOOOOOO
Resource Planning WBS 00000 00000000000 OOOOOO0ODOOCOOOOODOOOOO
Cost Estimating WBS OO OOOOOOOOOOOOOOOOOOOOO

Activity Sequencing 0000000000000 O0O0OCOOOCOCOOOOOOOOOOOOOOOOO
0000000000000000OO00O0O0000oO0O A20000

Activity Duration Estimating 0000000000000 QCOO0OO0O0OO0OO0ODOOOOOOQCOOO
gobooboooboobogo

Schedule Development 0000000000000 O0O0OCDOCOOOODOOO0OOODOOODOOOO
0000000000000 o0000o0oo0o0000000O0000o0O0oDODoO0OOOOD A3DOO
googoobogoo

Cost Budjeting WBS OO OO OOOOOODOOOOOOOOOOOOOODODOOOODOOODOO

Project Plan Development 000 00000000000 OOCDOOCOOOODOOOOOO

ggoooooboooboooboboobbobooooobobobobobooooobooobogo
goboboobobobbobbobboooboooobooooooooooooooboobboboooboboo
0o0oo0o0oooDo0o0D0oDoOooooO0oOO0OoO0OO Wooooooooo
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2 = — :
CI\Star
;
\Fingh
B

O A20 J000D00OOC0OO0OODOOOOOODOOOO

00 PDMO Precedence Diagramming Method OO OO OO0 00000000 ADMO Arrow
Diagramming MethodOO O OO OOOODOO

Activity
Activity

O A30 000O0O0gdoono

A2 ATLASOO0OOO0ODOOOOOOO

ATLASOO0OOOOO0O0OOCOO0DO00OOOO00OO000OO0D0DOO0D0DCOO0OOO0DDOOOOOOOOO
00 000000000000 00000000000000000000000000UOATLASDODODO
0000000000000 00000000 A400D0000 40000000000000 (90

WHERE? WHAT? HOW? WHO?
ABS - PBS - WBS <«— OBS
< ______
Assembly Project/product
Breakdown Breakdown Thetasksto be The
Structure structure performed responsible
(the project on the persons
dismantled into components
bitsand pieces) |
Standard
Tasks

0O Ad40 ATLASO 4000000

ABSO Assembly Breakdown Structuredd 0 BOMO Bill Of Material 0O 0000 00000O000OO
O0000000oABSOOOOODOODOOODOOOOODOOOODOOOO0OOOO0OOOOODOOOPBS
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O Product Breakdown Structure 0O Project Breakdown Structure 000000000000 O0O000CO
0000000000000 00o000o0D000o00D WBSOOATLASO 400000000
000000 PBSOODUOODOOODOOUOATLASOOO wBSOOOOOOOOOOOOOOOOO PBS
godooooooooooobooobooooob oo bbb ooooooooooooon
0 0 OBSO Organizational Breakdown Structure0 0 OO0 00000000000 O0OOQOOODODOODOO
goooooo

O0dO0O PBSOODOOODOOODOO0OOO0OOOODO OATLAS OO OATLAS Detector, ATLAS General
Facilities, ATLAS Assembly & Test Areas, ATLAS Offine Computing, ATLAS Technical Coordination
O 5000 PBSOODOOOOOOOOODODOOOODODOOOOOOODOODOODODODOOOOOOAO
ATLAS Detector 0 0 A5 0000000000 0O0O000OOO0OOO0ODODOOOOOOOOOOO
Slave Board 00 Star Switch 00 0000000000000 O0O0OO0ODODOOOOOOOOOOODOOOO
0000000000000 00000D000ATLASOO0D0O0O00O0O0O00OODODOOOOOOoOon
0O ATLASOO0OOODOOOOO0O0OOOO0O0O0

ATLAS Detector
ATL
Vax:ﬁum Inﬁa Solénoid LAr Tile Torbid Mﬁon Shieiding ajﬁport DAQ
Beam Detector Magnet | [Calorimet-| |Calorimet-| | Magnets | | Chamber- Structur- Trigger
\Y | S A L T M J H D
1 2 3 4 5 6 7 8 9 10
Inner Pixel Caoil Barrel Barrel Barrel MDT Disk Barrel || :
Beam ||| Detector I (| || Chambers || Rail System ||: under !
\Y| IP SC AB LB B MM JD HB : discussion !
11 21 3.1 41 5.1 6.1 71 81 9.1 ; ;
Argon Semi Cond. ||| Cryostat End-Cap Extended End-Cap CSC Forward Forward
Beam ||| Tracker I (| || Chambers || Rail System
VA IS SY AE LE TE MC JF HF
12 22 3.2 4.2 52 6.2 7.2 82 9.2
Torroid TRT Chimney/- ||| Proximity Optics RPC END CAP ||| surrounding
Beam ||| dewar ||| Services ||| || Chambers Toroid ||| Structure
VT IT SD AP LO MR JT HS
13 23 33 43 53 7.3 83 9.3
Shielding ||| Common Control/ ||| Electronics ||| Electronics TGC M oder ator Access
Beam || Items Safety ||| (| || Chambers || Structure
\Al IC SS] AL LL MT IM HX
14 24 34 4.4 54 74 84 9.4
Control Off-chamber Big wheel
|| Gas Systems Urail support
ILE MG HX
55 75 9.5
Off-chamber End wall
|| Electronics
ME HO
7.6 9.6
Position
PBS number PBS name || Monitoring
MA
7.7
Support
1 MH
7.8

0O A.50 ATLAS Detector O PBS
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Appendix B

JTAGL TEEE1149.1(]

B.1 JTAG OO

dodoDooDo0o00odoooooooooooooooodoooooooooooDooOooooD aoIc
gooooboooooooooobdob bbb oo b oo oo boobooooao
0000000000 JTAGD Joint Test Action GroupO OO0 000000000 OO0 IEEHR] Institute
for Electrical and Electronics Engineering11149.1 00 0000000 O [18)0

A 4
NDI Core = NDO
1 BSCI ogic usc—»[>->
A
-~| > —>| >t
TDI TDO

O B.10O JTAGOOOOOOOOOICOODOOOOOOOOOO0OOODOO0OoOoOooOobUooooo
gooboooooobbbooboobobboooobooooboboo

JTAGOOOOOOODOOOO B1OOOOOODOOOICOOODODODOOOOooOOoobOOooogoogo
ggooobooboboboboboobobooobobboooobooobooboooobbobn
ggoobooobobooooooobbooooboobooboobooooooobooboooboon
gboogoboobooboboobobooboboooooooobobobooooobooboboobobboobbn
OoO00O0OoooODOO0OOoOoOoOoDobOOoOoOoOogJraAGoOoOoIlIcoodd boundary OO OO OO
OO00O0O0OOooOoOoOOoO0oDODOOOOO0O000ooOooODOOd boundary scan00 00O

B.2 JTAG OOO

JTAGO IEEE1149.100 0000000000 B2000C000000CDO0OOODOODOOOOOOO
OCOOTCKTMS TDITDO O 4 0000000000000 O0OTCK TMSTDIOOOCOTDO O
3000000000000000000TRST*0O0O0 500000000000000O0OOOOO
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O0OTRST*OOOUODO TAPOODOOUOUDOOOO Test-Logic-Reset 000000000000 OOO
goon

Boundary-Scan Register

J_( ) Test-Logic-Reset >
7 (]
o || 2 1
T
1
'D § | | | | § N (}f{un-Test/ld%lect—DR—Scan
I I i
o) Q
nout J DA 8 | | 2 |He-
I Core Logic I S Output
Pins
0 Q
D 2| sl e
o) Q
| 2 |+ Al 2 [T
1 | User Data
_) ”| Register

.| Bypass

DI | Resister

Instruction
Register

T™MS ————b
TCK ———»|

TAP |

TDO <

J

Note: The boundary-scan register is shifted TDI to TDO.

0 B.30 JTAGO TAPOOOOOOOOOO
O B.20 JTAGOOOOOOOOOOOO

OO0OO00OO0O0000 Boundary Scan Cell BSCOOOODOOOOOODOOOOOOOOOOODOO
000000 Boundary Scan Register] BSROO OO OOOOOOOOOOOOOOODOOTDIO TDO
OO0BSROOOOOOOOOOOOODOCOOODOOOCOODOOOOOO Instruction Registerd IRODO
0doooooobooooobooboboooboooboob b0 oo oboooDooooIROoooooo
00000000000 DataRegister (DR)JOOODRODO BSROOO1O0OODOOOOOOOOO
(BYPASS Register) IO D 00000 0000000000000 0OO0OO (Device ID Register) 0 00O 0O
gogdlicooooooooooooogooooooooooan

0000000000000000000000000000000 TAP (Test Access Port) 000
00000000 OoooOoTAPOOOOOOOD TCKO TMSOOOOOOTCKOOOOOOOoOO
OO0 TMSOOOUOODODOOOO0O0O0ooO0TAPOOOOOOOODOODODOOODOOOO B30DDOOO
Test-Logic-Reset 0 D000 O00000O0ODOOO0O00OOO0OO000DOOOO0OOODOOOODOOODODOOO
000000000000 0000000000000000D00IRO0O00O000000000O dShift-IR
0000000 TMSO 00000000 TDIODODODOOOOOOOOOOOODOdShift-DROOOOO
TDIODODOO0DDO0O0O0OOO0oOOo0IRODOOOoooDooboOooD brROUODODOODoooooooooOo
bbb obbooobbuooboouooboboboo

0 B400O0O0O0O0O BSCOOODOOOOOOO ICOO00OO0DDOOOOOO0ODOODODODODODDODOO
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SHIFT Serial UPDATE TAP != Test-L ogic-Reset
o IR =EXTEST

NDI —»
(from IC) NDO
L 4 y (to output
EN EN pin)
’(> ’_c>
Serial TCK TCK

IN " cAPTURE

0O B4d BSCOOOOOOOOOBSROOOOOOOOOOODOOOOOO OSerial INOO Serial OUT
gcopoOooooBsCOOOOOOOOOOO0U0OOOO0OOO0OO0ODODOODODOOOOOODODODOD
god

0000000 JTAGODOOUOOOODODDOOOOOTAPOOODOOODO Capture-DROOOOODOODO
OO0ICO0OD0O0OO0O000OO Shift Register 00000000000 TAPOOODOOOO Shift-DR 00O
O0OO00OO00O0D OShift Register O Serial IN OO Serial OUT D O0O00O0OO00OO0OCOO0OO0OOOOOO
coooooogoooo 1ICco TbooooooOooood

00000000o0oo0000oo000o000oO0O0O00D0oO0DoO0O0O00TAPOOODDOOO
Shift-DR 0 000 O O Shift Register 0 TDIO OO OO0OO0O0O0O00O0CODOOOUpdate-DROODODOO
OO0D00000000O0 Update Register 0 00O O0O0O0O00OO0ODO Update Register 00O O OO0
0000000000 CO0ODOO000000000000OUpdate Register 00 O00O0O0O0O0O0OOODO
OO0 TAPOUOOUOOODOOOOOOOOODOOOODOODOOOOOOOOOOO0O BSCOOOUOOOTAPO
Test-Logic-Reset 0000 00000000000 EXTESTOOOOOOOOOO

gbooobooooboboooboooooooobooobobobD BhOODOOOOOOoDOoODODOOO
00000000000000000000000000 400TRST*O00O0O0O0O 500000000
coooooogooooooooooooodg

B.3 JTAGUOUOOOODOOOOO

JTAGOOOOOOOOOOoDoOosgoooooooooooooooogoooooooooooo
goooogoooogooooOoooodpoOoooooDoooooDoOoooOoOooDoogooTGCOOoOgon
ooooooooOoooOoOoOoooooOobDD JTtaAcOOOOooOopooooooOoooooobOooog
cofoooooooooogooooog JTtaGOooOooOoooooooooooooooooboooodg
gbooomooboooooooobooobobooobbo b0 IRODODOobOOoOobObODbDOoobooboooDoo

BYPASS 0O000OCOOOOQOOOOCOO 100000BYPASSOOOODOODOOOOOOODOO
OCOoO00OO0OOoOoOBYPASSOOOODOOOOOODOOOOOOOODOOOOoOTDIOOOOOOO
ooooooOoDOoOoOoOOoDO ThoOoOOoOoOoOoOoooTDOODOD TDIODOO 10C0O0O
goobobogo
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TDI TDO » TDI  TDO » TDI  TDO}—
TCK s TCK s TCK
TMS P oTMS P oTMS

TCK ee S SR
™S =l Cemmmemannaas '
TDO =

OBs5000000O0O00OOOOOO JTAGOOOODOOOTDL ThOoOOOODoOOOOOOOOO
gobooobooobooooboboooob0 400000000000

SAMPLE/PRELOAD 000000000000 0000O0OOOBYPASSOODOOOODODOOODO
000000000000 0SAMPLE/PRELOAD 00000000 BSROODOODOOOTAP O
0000 Capture-DR OO0 O0O0O0OOOOO BSCOODOOOOOODOOOOODOOOOOO
000000 oOdoooOoooooooOooOooooooooOooOooooBSCoOoOoOooOOO
gboooboooobooooooo

EXTEST 0000000000 OO0OOODOODOO0 100000000D0EXTEST OOO SAM-
PLE/PRELOAD 000000000000 DOOO BSCOOOUOOOOODOOODOOOOOOO
OCOOEXTESTOOODOOOOOODOOOOOOOOO0ODOO0O0O0OODOOO0OEXTESTOOOOO
gbooboooboo

INTEST OOO0OOOOOOINTESTOOO EXTESTOOOOOODOOOUOOOOOOOOOODOO
gooooo

RUNBIST 000000 ODOODOOO0OODOOOOOOOOO

CLAMP 00000 0OO0ODCOODOO BSCOOOoODOOOObROOOOODOODOOODODOOO
ggd

HIGHZ 00 000Q0O00O0o0oooooOooooooogoooobprOoocoogooooogooon
goooo

IDCODE OO0O0O0OOOODROOOOOOOOOOOOO0O0OODOO320000000000000
goo

USERCODE O0O00OOOOOOCDROOOODOOOOOODOCODOOOOO320000000000¢O
goooo

B4 TGCUOUOOOOODDODDOOOODO JTAG

TGCOOOOOOOOopDOoooooOoooooooooooogoopoooooooooooboooo
000000000000 0000000000000TGC OO O00OO00OODOOO OPatch Panel ASIC
O Slave Board ASIC OO0 O0O0O0O0O0O0OO JTAGUUOOUOODODOOOOODOODODODOOOOOOOOO
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goboboooboob bobobobobobbobooooboboooooboboooobooooooo
goooogooTrGcoooooodpooooooooooooboooooooooooo

o JUUOOOOODLOOOODODODOOODODOO 80000

OO0O000O00O0 MSBO Most Significant BitOO TDO 00 O00000OCOOOOODOOCOO
oooooooogoobo MSBOOOODoOOO

oOooo0ooopooooooooooooo TbIooOoOoooo TbodoooO

goooogoobobooboboobbobooobobbob 20000 co000O0OoOoOOoOoOogoo
gbobbooboodolooboooooobooboobbooobobooboobooonoooo
gooogoooobbodo soooob 1b00 1go0oobobbooooobo

e 0000000 DODODOUODDOUDLODODODODDODOOOOOOOUODODOD BADOOOO
gogad

Instruction ID Code | Comments

BYPASS 11111111 | necessary

SAMPLE/PRELOAD | 00000001 | necessary

EXTEST 0000-0000 | necessary
INTEST 0000_0010 | optional
RUNBIST 0000_0011 | optional
IDCODE 0000_0100 | optional
USERCODE 0000-0101 | optional
CLAMP 0000_0110 | optional
HIGHZ 0000_0111 | optional

O B.10O TGCOO OOOOOOOOODOOOOODOOOOooDOgo
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Appendix C

Slave Board U0 0O OO OO

Slave Board 0 000000 4400000000000000OCOO0OOOOOCO0OCOOOO

C.1 Slave Board ASIC O 0OO0OO0OO0OOOOOO

C.1.1 0O0OOoogd

0 C.10 Slave Board ASICO 0000000000 0OO0OOO0O0OO0OOOOOOOOOOODOOO
gogbobooobobooboooobooogooo

CLK, BCR, ECR, L1A TTCOO Patch Panel 00000000000 OCOCOOCOOODOOOO
goobooog 2250000

TGCSIG, RADJSIG, LADJSIG Patch Panel 00 00O TGC OO OO OO ORADJSIG, LADJSIG
00000 Slave Board DO OOOOO

TRGOUTA, TRGOUTB High-pr Board 000 0000000000000 0OmMASICOO0O LVDS
goooooboo

LSLDCLK, LSLDSYN, LSLDDAT Star Switch 000 00O OLS-LinkODASICOO OO LVvDSOO
ooooooooono 460000

LSLUCLK, LSLUSYN, LSLUDAT Star Switch OO0 OO OASICO0O0OO LVvDSOOOOOOOO
oo0 460000

JTAG OOODO Star Switch OO0 OO0 Patch Panel 00000000000 4360000
ADDR Slave Board 00000000 8000000 O0O0OOOCOOOOOOODOOODOOOOO

TYPE 500 Slave Board OO O OOO

ggoooooboobobooooooboobooobboboobboooboboooobooobooboboo
0 3000 000 Slave Board D OO OO OO0OOOODOOOOOOOOOOOOOOOCODOODCOODOOO
OO000000C0CO0O0D0O0ODO500 Slave Board DO DOOOOOOOCOODOOOOCOOODOOO 5
gbooobooboooooobooboooooooobobboboooobboooobobooboon
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Signal Name Abbreviation | Dir. | D/W | T/W | D/S | T/S
LHC Clock CLK IN 1 1 1 1
TGC Signal TGCSIG IN 128 96 128 | 128
Adjacent Signal (Left) | RADJSIG IN 16 6 16 0
Adjacent Signal (Right) | LADJSIG IN 16 6 16 0
Trigger Output A TRGOUTA | OUT 9 9 8 20
Trigger Output B TRGOUTB | OUT 9 9 8 20
Bunch Crossing Reset BCR IN 1 1 1 1
Event Counter Reset ECR IN 1 1 1 1
Level 1 Accept L1A IN 1 1 1 1
LS link Clock Input LSLDCLK IN 1 1 1 1
LS link Sync Input LSLDSYN IN 1 1 1 1
LS link Data Input LSLDDAT IN 1 1 1 1
LS link Clock Output LSLUCLK ouT 1 1 1 1
LS link Sync Output LSLUSYN ouT 1 1 1 1
LS link Data Output LSLUDAT ouT 2 2 2 2
JTAG TCK TCK IN 1 1 1 1
JTAG TMS T™MS IN 1 1 1 1
JTAG TDI TDI IN 1 1 1 1
JTAG TDO TDO ouT 1 1 1 1
JTAG TRST* TRST* IN 1 1 1 1
JTAG TCKOUT TCK ouT 4 4 4 4
JTAG TMSOUT T™MS ouT 4 4 4 4
JTAG TDIOUT TDI ouT 4 4 4 4
JTAG TDOIN TDO IN 4 4 4 4
JTAG TRSTOUT* TRSTOUT* | OUT 4 4 4 4
Module Address ADDR IN 4 4 4 4
Module Type TYPE IN 3 3 3 3
Total 221 169 | 219 | 211

D/W = Doublet Wire
T/W = Triplet Wire

D/S = Doublet Strip
T/S = Triplet Strip

0 C.10 Slave Board ASICOODOODOOOO

C.1.2 0O0ODDOO

Slave Board ASICOO0D000OOOOOOOOO0OOCDOCO c200000poooooOoOoOorEOO
ggoobooobgobobooboooobooooobooooobooboobobooooboooboon

ggoobooogobboobbobooobobbboobobbboobooobobobooooboa
goo
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Parameter Name NBit | Setting | Readout

Module Type 3 EXT -
Module Address 4 EXT | LS, JTAG
Phase Adjust 6* | JTAG JTAG
Trigger Mask Bits 160* | JTAG | LS,JTAG
LVL1 Buffer Depth (Signal) 7 | JTAG JTAG

LVL1 Buffer Depth (BCID) 7 | JTAG JTAG
LVL1 Buffer Depth (Trigger Output) 7 | JTAG JTAG
8
1

- LS
- JTAG
EXT = External Pins, LS = LS-Link

* . Value for Wire Doublet Slave Board

Overflow Counter

SEU Frequency

O C.20 Slave Board ASIC O 0 0 O 0O OO Setting, Readout 0 00 ODEXTOOOOO0OOOOOOJTAG
O JTAGOOOOOOOO0OOOOODOOOOLSO LSs-LinkOOOODODOOODOODOODOO

C.2 Slave Board ASIC 0 0O0O0O HDL OO

Slave Board ASICO 0000000 HDLOOOOOOOOOOODOOO HDLOOOOOQOODOO

O C100 C20 Slave Board ASICOO00OOOOOODOOOOOOOOO JTAGODOOOOODDO
OO0OO0OD0ODODODOOO corelogicOODODOODOODODOOODO c20000000000DO0OODODODO
oob490000000000000000O

OO00OO000Q0O0O0OO00Od VerilogdOOOOOODODOOOOOODOOOODOOOODOOOOO
oOoooooo0oOoooooooOooOooOOobO pSCOOO0DODOOOOODODOOCOO

//

// definition of global parameter

‘define NSIG2W 128 // # input of Slave Board

‘define NLADJ2W 16 // # left side adjacent signal
‘define NRADJ2W 16 // # right side adjacent signal
‘define NADJ2W (‘NLADJ2W+‘NRADJ2W) // # adjacent signal
‘define NBMASK2W (‘NSIG2wW+‘NADJ2W) // # signal to mask
‘define NBBCID 8 // width of BCID counter

‘define NBL1ID
‘define NBADDR
‘define NBHEAD
‘define NBTAIL
‘define NBTRGP

// width of L1ID counter
// width of module address
// width of message header

// width of message trailer

© 0 0 0 0

// trigger primitive bit
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L+~ TMS_OUTO
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nHWZEiFE == =y — TCK_OUT2
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‘define NBTRGO (“NBTRGP*2) // # output of trigger
‘define NBTRGL1 ‘NBTRGO
‘define NBL1SIG (*NSIG2W+‘NBBCID+‘NBTRGL1)
// # output of L1 buffer
//‘define NBDRDIN (‘NBL1SIG+‘NBL1ID) // width of derandomizer
‘define NBPSCIN ‘NBHEAD+ ‘NBADDR+ ¢ NBBCID+ ‘NBL1ID+2* ‘NSIG2W+‘NBTAIL
// width of PSC input signal
‘define NBL1BPRM 7 // width of L1B length parameter
‘define NLDRDB 6 // depth of derandomizer
‘define NBOVF 8 // overflow counter

// auxiliary
‘define NBDRDIN_CNT
‘define NLDRDB_CNT

0]

// width of counter to count NBDRDIN
// width of counter to count NLDRDB

w
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//

// sb_derand.v
//

// Derandomizer for Slave Board

‘include "readout_h.v"

module sb_derand(
sysclk, sysreset, lla, pscload, drovf, drrdy,
bcid_1, 11id_1, trigdata_l, sigp_l, sigO_1l, sign_1,
bcid_d, 11id_d, trigdata_d, sigp_d, sigO_d, sign_d
);

parameter NBDRDIN = ‘NBBCID + 3*%‘NSIG2W + ‘NBL1ID + ‘NBTRGL1;

input sysclk, sysreset, lla, pscload;
output drovf, drrdy;

input [‘NBBCID-1:0] bcid_1;

input [‘NSIG2W-1:0] sigp_l, sigO_1, sign_1;
input [‘NBL1ID-1:0] 11id_1;

input [‘NBTRGL1-1:0] trigdata_l;

output [‘NBBCID-1:0] bcid_d;

output [‘NSIG2W-1:0] sigp_d, sigO_d, sign_d;
output [‘NBL1ID-1:0] 11id_d;

output [‘NBTRGL1-1:0] trigdata_d;

wire [NBDRDIN-1:0] drdin;
wire [NBDRDIN-1:0] drdout;

assign drdin = { bcid_1l, sigp_1l, sig0_1l, sign_1, 11id_1, trigdata_l };
assign { bcid_d, sigp_d, sig0_d, sign_d, 11id_d, trigdata_d } = drdout;

derand #(NBDRDIN, ‘NLDRDB, ‘NLDRDB_CNT) u0(
.sysclk(sysclk), .sysreset(sysreset), .write(lla), .read(pscload),
.drdin(drdin), .drrdy(drrdy), .drovf(drovf), .drdout(drdout)

)

endmodule
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// derand.v
//

// Derandomizer

module derand(
sysclk, sysreset, write, read, drdin,
drrdy, drovf, drdout

);

parameter WIDTH = 8;
5;
3; // # bit to count O to DEPTH

parameter DEPTH

parameter NBCNT

input sysclk, sysreset, write, read;
input [WIDTH-1:0] drdin;

output drrdy, drovf;

output [WIDTH-1:0] drdout;

wire [DEPTH-1:0] drrpnt, drwpnt;

derbufl #(WIDTH, DEPTH) u0(
.sysclk(sysclk), .drdin(drdin), .drdout(drdout),
.drwpnt (drwpnt), .drrpnt(drrpnt)
)
derseql #(DEPTH, NBCNT) ul(
.sysreset(sysreset), .sysclk(sysclk), .write(write), .read(read),
.drrdy(drrdy), .drovf(drovf), .drrpnt(drrpnt), .drwpnt(drwpnt)

)

endmodule

module derbufl( sysclk, drdin, drdout, drwpnt, drrpnt );

parameter WIDTH = 16;

parameter DEPTH

]
(¢

input sysclk;
input [WIDTH-1:0] drdin;
input [DEPTH-1:0] drrpnt, drwpnt;
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output [WIDTH-1:0] drdout;

integer j,k;

reg [WIDTH+*DEPTH-1:0] buffer; // bufl[d][w] -> buf [d*WIDTH+w]

// read
function [WIDTH-1:0] derand_out;
input [WIDTH*DEPTH-1:0] buffer;
input [DEPTH-1:0] drrpnt;
reg  [DEPTH-1:0] tmp;
integer j, k;
begin
for( j=0; j<WIDTH; j=j+1 ) begin
for( k=0; k<DEPTH; k=k+1 ) tmp[k] = buffer [k*WIDTH+j] & drrpnt[k];
derand_out[j] = | tmp;
end
end

endfunction

assign drdout = derand_out( buffer, drrpnt );

// write
always @(posedge sysclk) begin
for( k=0; k<DEPTH; k=k+1 ) begin
if (drwpnt[k]) for( j=0; j<WIDTH; j=j+1 ) buffer[k*WIDTH+j] <= drdinl[j];
end

end

endmodule

module derseql (
sysreset, sysclk, write, read,

drrdy, drovf, drrpnt, drwpnt

);
parameter DEPTH = 5; // # length of the derandomizer buffer
parameter NBCNT = 3; // # bit to count O to DEPTH

input sysreset, sysclk;

input write, read;
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output drrdy, drovf;
output [DEPTH-1:0] drrpnt, drwpnt;

reg [NBCNT:0] n_data;
reg [DEPTH-1:0] drrpnt;

reg drovf;

reg [DEPTH-1:0] writepoint;
wire full = ( n_data == DEPTH );

assign drrdy = (n_data != 0);
assign drwpnt = writepoint & { DEPTH{ write & !'full } };

always Q@(posedge sysclk or posedge sysreset) begin
if ( sysreset ) begin
drrpnt <= { {(DEPTH-1){1°b0}}, 1’b1 };
writepoint <= { {(DEPTH-1){1’b0}}, 1’b1l };
n_data <= 0;
end
else begin
if ((write && !read && !'full) || (read && write && !drrdy)) begin
writepoint <= { writepoint[DEPTH-2:0], writepoint [DEPTH-1] };
n_data <= n_data + 1;
end
else if( !write && read && drrdy ) begin
drrpnt <= { drrpnt[DEPTH-2:0], drrpnt[DEPTH-1] };
n_data <= n_data - 1;
end
else if( write && read ) begin
writepoint <= { writepoint[DEPTH-2:0], writepoint [DEPTH-1] };
drrpnt <= { drrpnt[DEPTH-2:0], drrpnt[DEPTH-1] };
end
end

end

always Q@(posedge sysclk or posedge sysreset) begin
if ( sysreset ) drovf <= 1°b0;
else begin
if( write && !read && n_data == DEPTH ) drovf <= 1’bi;
else drovf <= 1°b0;
end

end
endmodule
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//

F A R
// psc2d.v
//

// Parallel Serial Converter

‘include "readout_h.v"

module psc2d(
sysclk, sysreset, pscload,
address, bcid_d, 11id_d, sigp_d, sig0O_d, sign_d,
trigdata_d, novf,
pscsyn, pscdatO, pscdatl
);

parameter NDUMMY = ‘NSIG2W-‘NBTRGL1-‘NBOVF;

input sysclk, sysreset, pscload;

input [‘NBADDR-1:0] address;

input [‘NBBCID-1:0] bcid_d;

input [‘NBL1ID-1:0] 11id_d;

input [‘NSIG2W-1:0] sigp_d, sigO_d, sign_d;
input [‘NBTRGL1-1:0] trigdata_d;

input [‘NBOVF-1:0] novf;

output pscsyn, pscdatO, pscdati;

wire [‘NBHEAD-1:0] header;
wire [‘NBTAIL-1:0] trailer;

reg [‘NBPSCIN+1:0] datbufO, datbufl, synbuf;

assign header = { ‘NBHEAD{1’b1} };
assign trailer = { ‘NBTAIL{1’bi} };
assign pscsyn = synbuf [‘NBPSCIN+1];
assign pscdatO = datbufO[‘NBPSCIN+1];
assign pscdatl = datbufl[‘NBPSCIN+1];

always Q@(posedge sysclk or posedge sysreset) begin
if (sysreset) begin
synbuf <= {(‘NBPSCIN+2){1’b1}};
datbuf0 <= {(‘NBPSCIN+2){1’b1}};
datbufl <= {(‘NBPSCIN+2){1’b1l}};
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end

else begin

if (pscload) begin
synbuf <= { 1°b0, {‘NBPSCIN{1’b1}}, 1°b0 };

datbuf0 <=

datbufl <=

end

else begin

synbuf <=
datbuf0 <=
datbufl <=
end
end
end
endmodule

{ 1’b0, header, address, bcid_d, 11id_d, sig0_d,
{NDUMMY{1°b0}}, novf, trigdata_d, trailer, 1’bl };

{ 1’b0, header, address, bcid_d, 11id_d, sigp_d,
sign_d, trailer, 1’bl };

{ synbuf[‘NBPSCIN:0], 1’bl };
{ datbufO[‘NBPSCIN:0], 1’bl };
{ datbuf1[‘NBPSCIN:0], 1’bl };
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/===

// pt3_h.v

/===

‘define NCHIPS 4

// address A[6:1]

‘define ADR_RESET 6’b000000
‘define ADR_PROGRAM 6°b000001
‘define ADR_INIT 6°b000010
‘define ADR_DONE_HDC 6°b000011
‘define ADR_IRQLVL 6°b000100
‘define ADR_LED 6°b000101
‘define ADR_VMECLK 6°b000111
‘define ADR_JTAGSRC 6°b001000
‘define ADR_VMEJTAG 6°b001001
‘define ADR_CLKOUT 6°b001100

// address group A[6:3]

‘define ADRG_CONFIGURE 4’b1000
‘define ADRG_PCLK 4°b1010
‘define ADRG_SCLK 4°b1011

// clock source

‘define CLK_WIDTH 3

‘define CLK_INT 3’000
‘define CLK_INT2 3’b001
‘define CLK_INT4 3’b010
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0000110 oo
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OO0 0100001 0 FPGA1DOODOO CONFIGUREOOODO

‘define CLK_EXT1 3’b100
‘define CLK_EXT2 3’b101
‘define CLK_VME 3’b110

// clock enable

‘define CLKEN_WIDTH 2

‘define CLKEN_NONE 2°b00
‘define CLKEN_EXT1 2°b01
‘define CLKEN_EXT2 2°b10
‘define CLKEN_BOTH 2°b11

// JTAG source
‘define JTAGSRC_WIDTH 4
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‘define JTAG_NULL 4’10000
‘define JTAG_VME 4°b0001

‘include "pt3_h.v"

module pt3cpld (
ICLK, EXTCLK1_, EXTCLK2_, CLKOUT,
A, AM, EQ16_, EQ24_, AS_, WRITE_, DSO_, DS1_,
PUSHB_, PWRON_, SYSRESET_, IACK_, IACKIN_, IACKOUT_, IRQLVL,
DTACK, BERR, WSL_, WSH_, RSL_, RSH_, VMEIRQ_, IVECSTR_, IA, ID,
INIT_, HDC, LDC_, DONE, PCLK, SCLK, CS_, RESET_, DIN, CCLK, PROGRAM_,
LEDCFG, LEDINT, LEDVME, LEDCLK, LEDTEST, STCK, STDI, STMS, STDO

)

parameter CNT_WIDTH = 3;
parameter CNT_MAXIMUM = 5; // 2°3-1

input ICLK, EXTCLK1_, EXTCLK2_;

input [7:1] A;

input [5:0] AM;

input EQ16_, EQ24_, AS_, WRITE_, DSO_, DS1_, PUSHB_, PWRON_, SYSRESET_;
input TACK_, IACKIN_;

input [2:0] IRQLVL;

output CLKOUT, DTACK, BERR, IACKOUT_, WSL_, WSH_, RSL_, RSH_;
output VMEIRQ_, IVECSTR_;

output [4:1] IA;

output [‘NCHIPS-1:0] LEDCFG;

output LEDINT, LEDVME, LEDCLK, LEDTEST;

inout [7:0] ID;

input [‘NCHIPS-1:0] INIT_, HDC, LDC_, DONE;
output [‘NCHIPS-1:0] PCLK, SCLK;

output [‘NCHIPS-1:0] CS_, RESET_;

output [‘NCHIPS-1:0] DIN, CCLK, PROGRAM_;
output [‘NCHIPS-1:0] STCK, STDI, STMS;

input [‘NCHIPS-1:0] STDO;

reg PROGRAM_, CCLK, DIN;
reg LEDTEST;
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// internal signal, register

[/ —mmmmmm e

integer i, j;

reg [‘NCHIPS-1:0] vmeReset_;

reg [2*‘NCHIPS-1:0] vmeClk;

reg clk2, clk4;

reg [‘JTAGSRC_WIDTH-1:0] jtagSrc;

reg [‘CLK_WIDTH*‘NCHIPS-1:0] pclkSrc, sclkSrc;
reg [‘CLK_WIDTH-1:0] clkoutSrc;

reg [‘CLKEN_WIDTH* ‘NCHIPS-1:0] pclkEn, sclkEn;
reg [CNT_WIDTH-1:0] counter;

reg vmeTck, vmeTdi, vmeTms;

wire vmeTdo, selDt_, selErr_, sellrq_, extReset_;
reg dtackDt;

wire dtackInt;

assign extReset_ = SYSRESET_ & !'PUSHB_ & PWRON_j;
assign RESET_ = vmeReset_ & { ‘NCHIPS{extReset_} };

F e
// VME selection
F e
assign selDt_ = !( TACK_ & (
( ((AM==6’h2D) | | (AM==6"h29)) & !EQ16_) ||
( ((AM==6’h39) | | (AM==6"h3A) | | (AM==6h3D) | | (AM==6"h3E)) & !'EQ16_ & !EQ24_)
));
assign selErr_ = !( selDt_ & IACK_ &
((AM!=6"hOF) | | (AM!=6"hOE) | | (AM!=6"h0D) | | (AM!=6"hOB)
|1 (AM!=6"h0A) | | (AM!=6"h09)) & !'EQ16_ & !'EQ24_ );
assign sellrq_ = !( !'IACK_ & 'AS_ & (A[3:1]==IRQLVL) );
F e
// VME signal
F e
assign BERR = !selErr_ && (!DSO_ || !DS1_ );

//assign BERR = 1’b0;

assign TACKOUT_ = IACKIN_;

assign IA = A[4:1];

assign WSL_ = !( !selDt_ & !DSO_ & !WRITE_ );
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assign WSH_ = !( !selDt_ & !DS1_ & !WRITE_ );
assign RSL_ = !( !selDt_ & !DSO_ & WRITE_ );
assign RSH_ = !( !selDt_ & !DS1_ & WRITE_ );

assign DTACK = dtackDt | dtackInt;
assign dtackInt = 1°b0;

assign LEDINT = 1°b0;
assign LEDVME = 1°b0;
assign LEDCLK = ICLK;

assign LEDCFG = DONE; // “HDC;
function [‘NCHIPS-1:0] chipselect_;
input [7:5] A;
input selDt_;
begin
chipselect_ = { ‘NCHIPS{1’b1} };
if( !'selDt_ & A[7] ) chipselect_[ A[6:5] ] = 1°b0;
end

endfunction

assign CS_ = chipselect_( A[7:5], selDt_ );

[/===mmm e
// internal counter
[/===mmm e
always @( posedge ICLK )
begin
if( DSO_ || DS1_ ) counter <= {CNT_WIDTH{1’b0}};

else begin
if ( !selDt_ && counter != {CNT_WIDTH{1’b1}} ) counter <= counter + 1;
end

end

always @( posedge ICLK or negedge extReset_ ) begin
if( 'extReset_ ) clk2 <= 1’b0;
else clk2 <= “clk2;

end
always @( posedge clk2 or negedge extReset_ ) begin
if( 'extReset_ ) clk4 <= 1’b0;

else clk4 <= “clk4;
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end

[[==mmmm e
// return DTACK (DT)
[[==mmmm e
always @( posedge ICLK ) begin
if( DSO_ || DS1_ ) dtackDt <= 1’b0;
else if( counter==7 ) dtackDt <= 1’bi;
end
Y R S
// VME write operation ( normal address )
Y S

always @( negedge DSO_ or negedge extReset_ ) begin
if ( !extReset_ ) begin

{ ‘NCHIPS{1’bi1} };

PROGRAM_ <= { ‘NCHIPS{1’bi1} };

LEDTEST <= 1°b0;

vmeClk <= { 2% ‘NCHIPS{1’b0} };

vmeReset_ <= { ‘NCHIPS{1’bi1} };

jtagSrc <= ‘JTAG_NULL;

clkoutSrc <= ‘CLK_INT;

for( i=0; i<‘NCHIPS; i=i+1 ) begin
pclkSrc[(i+1)*CLK_WIDTH-1:i*‘CLK_WIDTH] = ‘CLK_INT;
pclkEn[(i+1)*‘CLKEN_WIDTH-1:i*‘CLKEN_WIDTH] = ‘CLKEN_NONE;

vmeReset_ <

end
end
else begin
if( !selDt_ && 'WRITE_ && A[7]==1’b0O ) begin
casex ( A[6:1] )

“ADR_RESET: vmeReset_ <= ID[‘NCHIPS-1:0];

¢ ADR_PROGRAM: PROGRAM_ <= ID[‘NCHIPS-1:0];
“ADR_LED: LEDTEST <= ID[0];

¢ADR_VMECLK: vmeClk <= ID[2*‘NCHIPS-1:0];
‘ADR_JTAGSRC:  jtagSrc <= ID[3:0];
¢ADR_CLKOUT: clkoutSrc <= ID[‘CLK_WIDTH-1:0];

{ ‘ADRG_PCLK, 2’bxx }:
for( i=0; i<‘NCHIPS; i=i+1 ) if( A[2:1] == i ) begin
pclkSrc[(i+1)*‘CLK_WIDTH-1:i*‘CLK_WIDTH]
= ID[‘CLK_WIDTH-1:0];
pclkEn[(i+1)*‘CLKEN_WIDTH-1:i* ‘CLKEN_WIDTH]
= ID[‘CLK_WIDTH-1+4:4];
end

endcase;
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end
end

end

always Q@(posedge ICLK or negedge extReset_) begin
if ( !extReset_ ) begin
vmeTck <= 1°b0;
vmeTdi <= 1’b0;
vmeTms <= 1’b0;
end
else begin
if ( DSO_ ) vmeTck <= 1°b0;
else if( !WRITE_ && A=={ 1°b0, ‘ADR_VMEJTAG } ) begin
if ( counter == 1 ) begin
vmeTms <= ID[1];
vmeTdi <= ID[0];

end
else if( counter == 3 ) vmeTck <= 1’bil;
end
end
end
Y R
// VME write operation ( address group )
Y

always Q@(posedge ICLK) begin
if( DSO_ ) CCLK <= { ‘NCHIPS{1’b0} };
else if( !selDt_ && 'WRITE_ && A[7]==1’b0 ) begin
if( A[6:3] == ‘ADRG_CONFIGURE ) begin
if( counter == 1 ) DIN[A[2:1]] <= ID[0];
if ( counter == 3 ) CCLK[A[2:1]] <= 1’bi1;
end
end

end

function [7:0] read;
input selDt_, WRITE_, DSO_;
input [7:1] A;
input [‘NCHIPS-1:0] vmeReset_, PROGRAM_, INIT_, DONE, HDC;
input [2:0] IRQLVL;
input LEDTEST;
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input [2%‘NCHIPS-1:0] vmeClk;
input [¢JTAGSRC_WIDTH-1:0] jtagSrc;
input vmeTDO, vmeTCK, vmeTMS, vmeTDI;
input [‘CLK_WIDTH#*‘NCHIPS-1:0] pclkSrc;
input [‘CLKEN_WIDTH*‘NCHIPS-1:0] pclkEn;
integer ij;
begin
read = 8’hzz;
if( !selDt_ && WRITE_ && !DSO_ && A[7]==1’b0 ) begin
casex( A[6:1] )

“ADR_RESET: read = { {(8-‘NCHIPS){1’b1}}, vmeReset_ };
¢ ADR_PROGRAM: read = { {(8-‘NCHIPS){1°b1}}, PROGRAM_ };
“ADR_INIT: read = { {(8-‘NCHIPS){1’b1}}, INIT_ };
¢ADR_DONE_HDC:
begin
read = 8’hff;
read [ ‘NCHIPS+3:4] = DONE;
read [ ‘NCHIPS-1:0] = HDC;
end
“ADR_IRQLVL: read = { 5’b11111, IRQLVL };
“ADR_LED: read = { 7°b1111111, LEDTEST };
¢ADR_VMECLK:
begin
read = 8’hff;
read [2* ‘NCHIPS-1:0] = vmeClk;
end
“ADR_JTAGSRC: read = { {(8-“JTAGSRC_WIDTH){1’b1}}, jtagSrc };
“ADR_VMEJTAG: read = { 4’hf, vmeTDO, vmeTCK, vmeTMS, vmeTDI };
¢ADR_CLKOUT: read = { {(8-‘CLK_WIDTH){1’b1}}, clkoutSrc };
{ ‘ADRG_PCLK, 2’bxx }:
begin
read = 8’hff;
for( i=0; i<‘NCHIPS; i=i+1 )
if( i == A[2:1] ) begin
read [ ‘CLKEN_WIDTH+3:4]
= pclkEn[(i+1)*‘CLKEN_WIDTH-1:i*‘CLKEN_WIDTH] ;
read[‘CLK_WIDTH-1:0]
= pclkSrc[(i+1)*‘CLK_WIDTH-1:i*‘CLK_WIDTH];
end
end
endcase;
end
end
endfunction
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assign ID = read( selDt_, WRITE_, DSO_, A, vmeReset_, PROGRAM_, INIT_,
DONE, HDC, IRQLVL, LEDTEST, vmeClk, jtagSrc, vmeTdo,
vmeTck, vmeTms, vmeTdi, pclkSrc, pclkEn );

function [‘NCHIPS-1:0] clkselect;
input [‘CLK_WIDTH#*‘NCHIPS-1:0] clkSrc;
input [‘CLKEN_WIDTH*‘NCHIPS-1:0] clkEn;
input ICLK, CLK2, CLK4, EXTCLK1_, EXTCLK2_;
input [‘NCHIPS-1:0] VMECLK_HALF;
integer ij;
reg [‘CLKEN_WIDTH-1:0] ce;
begin
clkselect[i] = 1°b0;
for( i=0; i<‘NCHIPS; i=i+1 ) begin
ce = clkEn[(i+1)*‘CLKEN_WIDTH-1:i#*‘CLKEN_WIDTH] ;
if ( (ce==‘CLKEN_NONE)
|| ((ce==‘CLKEN_EXT1)&&(!'EXTCLK1_.))
|l ((ce==°CLKEN_EXT2)&& ('EXTCLK2_))
|l ((ce==‘CLKEN_BOTH)&& (!EXTCLK1_)&&(!EXTCLK2_)) ) begin
case ( clkSrc[(i+1)#*‘CLK_WIDTH-1:i*‘CLK_WIDTH] )
‘CLK_INT: clkselect[i] = ICLK;
‘CLK_INT2: clkselect[i] = CLK2;
‘CLK_INT4: clkselect[i] = CLK4;
‘CLK_EXT1: clkselect[i] = !EXTCLK1_;
‘CLK_EXT2: clkselect[i] = !EXTCLK2_;
‘CLK_VME: clkselect[i] = VMECLK_HALF[i];
default: clkselect[i] = 1°b0;
endcase;
end
end
end

endfunction

clkselect( pclkSrc, pclkEn, ICLK, clk2, clk4, EXTCLK1_, EXTCLK2_,
vmeClk [ ‘NCHIPS-1:0] );

assign SCLK = { ‘NCHIPS{ ICLK } };

// assign SCLK = clkselect( sclkSrc, sclkEn, ICLK, HALFCLK, EXTCLK1_, EXTCLK2_,

// vmeClk [2* ‘NCHIPS-1: ‘NCHIPS] );

assign PCLK

assign CLKOUT = ( clkoutSrc==‘CLK_INT ) ? ICLK :
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assign
assign
assign

assign

STCK =
STMS =
STDI

vmeTdo

~ ~

~ N ~ ~

jtagSrc==‘JTAG_VME )
jtagSrc==‘JTAG_VME )
jtagSrc==‘JTAG_VME )
( jtagSrc==‘JTAG_VME

? vmeTck :
? vmeTms :
? vmeTdi :
) ? STDO :
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clkoutSrc==‘CLK_INT2 ) 7 clk2 :
clkoutSrc==‘CLK_INT4 ) 7 clk4 :
clkoutSrc==‘CLK_EXT1 ) ? !EXTCLK1_ :
clkoutSrc==‘CLK_EXT2 ) 7?7 !EXTCLK2_ :

1°bz;
1°bz;
1°bz;
1°b0;

1°b0;
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Appendix H
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LSI Large Scale Integrated Circuit
LS-Link Local Slave Link

LVDS Low Voltage Differential Signaling
LVL1 Level 1

LVL2 Level 2

L1A Level 1 Accept Signal

L1ID Level 1 Trigger Accept Identifier
MDT Monitored Drift Tube

MUCTPI Muon trigger / CTP Interface
OBS Organization Breakdown Structure
PBS Product(Project) Breakdown Structure
PSC Parallel Serial Converter

PSM Programmable Switch Matrix
ROB Readout Buffer
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ROD Readout Driver
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RTL Register Transfer Level
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TOF Time Of Flight

TRT Transition Radiation Tracker
TTC Timing, Trigger and Control
WBS Work Breakdown Structure
0O

Emss transverse missing energy

H Higgs

J jet

l lepton

m mass

pT transverse momentum

n pseudo rapidity
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