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TriggerValidation Board
(T.V.B.)

L0 Trigger Calorimeter on
LHCb Experiment

Valencia, 29th september 2006

Cyril Drancourt – LAPP Annecy.NB: Microsoft Power-Point Animations
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Trigger detector on LHCb
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Le TRIGGER

• Data:
40 Téra-bytes/s

• Trigger selection:
first level

Trigger Validation Board
(only for calorimeters)



TVB LECC2006 cyril.drancourt@lapp.in2p3.fr4/37

Trigger Validation Board

Inputs

4 bus HCAL
8 bus ECAL
8 bus PS/SPD

FPGA EPPI
Outputs: électron

photon
local pi0
global pi0

FPGA HCAL
4 outputs « Hadron »

Optical Mezzanine
Glue FPGA



TVB LECC2006 cyril.drancourt@lapp.in2p3.fr5/37

from 8 PRS_SPD 
FEE half-card

from 4 HCAL 
FEE-card

ECAL crate (rear view)

Valid0Valid1

Rear view connectors
To Validation card

Selection board
in barrack

12 optic fiber rubbon(8 used)

Validation Board
(2x14 boards

in ECAL Crate) ECAL crate (front view)
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Validation Board

•Start design: Sept 2004

•3prototypes in lab: 2 in Annecy (nov05&apr05)

1 in Orsay (dec05)

•Cost for 1 proto: 4428€
(PCB+Soldering+Takaya_test+Front_Panel)
MaineCI ASCO                      ASCO               SCHROFF

•Some technical details:
•16 layers

•2,4mm tchickness

•250 µm vias

•Free Halogen dielectric

•~1000 components

•3 Actel ProAsic FPGAs

(APA750, APA750, APA150)

•Start product: August 2006
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Complete Validation board with 12 ch optic mezzanine(from bologna)

Mechanical
connexion is OK

BOTTOM View TOP View
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Carte Validation – Réalisation LAPP -

Hierachical

Schematic:

29 pages
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16 layers

Controled

Impedance
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https://edms.cern.ch/document/654806
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Calorimeter
detector

Validation
Board

Link =
Serial LVDS

280Mhz

Link =
Optic fibre
1.2 Ghz

Front-end boards

Selection boards

Backplane
link

2M cable
link

15M cable
link

20 deserialisers
22 bits output

1 FPGA « HCAL »

1 FPGA « EPPI »

Optic Mezzanine
rubbon of 12 fiber
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EPPI
FPGA

Optic
mezzanine

HCAL
FPGA

20
deserializers

Jtag
Chain select specs

driverGlue
FPGA

I2C
test

select Clk
distribution
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Inputs:
280MHhz
Synchrone

Link

(LVDS level)

D2+
D2-
D1+
D1-
D0+
D0-
CK+
CK-
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Calorimeter
detector

Validation
Board

Front-end boards

Selection boards

Backplane
link

2M cable
link

15M cable
link

Inputs:
280MHhz
Synchrone

Link

(LVDS level)
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CLK diff

CLK

Distribution

QPLL

GND
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HCAL                   
FPGA                   

EPPI                     
FPGA                   

delay chip

driver
lvds

connector

QPLL
optionlvds

Optic
mezzanine

connector

Glue
FPGA

pecl pecl

PLL     0°

180°
PLL     0°

180°

s

s

s

CLK

Distribution
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Inputs FPGAs:
40MHhz

232 bits to EPPI
280 bits to HCAL

EPPI
FPGA

HCAL
FPGA

Deserialiser
FPGA

FPGA

IBIS

model

IBIS

model

IBIS

model
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Impedance control: CEM rule

GND Plane
Layer Signal
Layer Signal

Layer Signal
Layer Signal

Layer Signal

GND(or power) Plane

GND Plane
Layer Signal

GND(or power) Plane

via

return current on plane

via

GND viareturn current on plane
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All wires are adapted
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Impedance measure control
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Others CEM rules….

GND beld
on each 
layers

Connectors 
with many GND
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echantillonnage
I2C

synchro

A
lignem

ent
+ m

asque

mem
spy

Traitement Electron
Traitement Photon

Traitement Local Pi0
Traitement Global Pi0

Local bxid

form
atage

mem
spy

Ctrl
gols

lut

echantillonnage

Clks
data

I2C

synchro

A
lignem

ent
+ m

asque

mem
spy

verif
bxid

verif
add

Compteur
Local bxid

form
atage

mem
spy

Ctrl
gols

Traitement HCAL

reg & lut

FPGAs Carte Validation (TVB) des calorimètres LHCb

EPPI FPGA

HCAL FPGA

ECAL energie-max & ad

ECAL energie-somme

PSPS  pattern

Clks HCAL, ECAL, PSPD

PSPS ad & bxid

HCAL energie-max & ad & bxid
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echantillonnage

Clks
data

I2C

synchro

A
lignem

ent
+ m

asque

mem
spy

verif
bxid

verif
add

Compteur
Local bxid

form
atage

mem
spy

Ctrl
gols

Traitement HCAL

reg & lut

HCAL FPGA

Clks HCAL, ECAL, PSPD

PSPS ad & bxid

HCAL energie-max & ad & bxid

Clks datas input

ECAL energie-max & ad

PLL

register

Delay
chip

Local CLK

Clks datas input Sampling 
CLK

Sampling CLK

Move by step of 1ns 

(Delay chip programmable)

Local CLK

Stable
Datas input

Stable
Datas input

Stable
Datas input
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echantillonnage

Clks
data

I2C

synchro

A
lignem

ent
+ m

asque

mem
spy

verif
bxid

verif
add

Compteur
Local bxid

form
atage

mem
spy

Ctrl
gols

Traitement HCAL

reg & lut

HCAL FPGA

Clks HCAL, ECAL, PSPD

PSPS ad & bxid

HCAL energie-max & ad & bxid

HCAL1 input

ECAL energie-max & ad

PLL

Tree Clock
FPGA Ressource

Tree Clock
FPGA Ressource

NOT Tree Clock
FPGA Ressource

Actual
Design

20 mux 2>1
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HCAL1 input

echantillonnage

Clks
data

I2C

synchro

A
lignem

ent
+ m

asque

mem
spy

verif
bxid

verif
add

Compteur
Local bxid

form
atage

mem
spy

Ctrl
gols

Traitement HCAL

reg & lut

HCAL FPGA

Clks HCAL, ECAL, PSPD

PSPS ad & bxid

HCAL energie-max & ad & bxid

ECAL energie-max & ad

PLL

Tree Clock
FPGA Ressource

Other
Solution:

Not tested
(Not implemented)

Tree Clock
FPGA Ressource

280 mux 2>1

+ 560 flipflop added
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echantillonnage

Clks
data

I2C

synchro

A
lignem

ent
+ m

asque

mem
spy

verif
bxid

verif
add

Compteur
Local bxid

form
atage

mem
spy

Ctrl
gols

Traitement HCAL

reg & lut

HCAL FPGA

Clks HCAL, ECAL, PSPD

PSPS ad & bxid

HCAL energie-max & ad & bxid

ECAL energie-max & ad

ECAL input

mem
Géné
spy
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Outputs FPGAs:
40MHhz

128 bits from EPPI
+ ctrl signals

128 bits from HCAL

FPGA

Optic mezzanine

connector

FPGAconnector
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Transmission optique depuis la carte validation

GOLGOLGOLGOLGOLGOLGOLGOL

H
FB

R

Data 32 bits

tr_ev =‘0’
tr_en =‘1’

(tr_en =‘0’, pour l’etat “idle”)

RG=‘1’
Ready(1=OK)

Fault(1=OK)

Sel-diff = ‘1’

TxDisLaser =‘0’
TxEnLaser =‘1’

ResetLaser =‘1’

Mode ethernet 8B/10B

OFF-ON = ‘0’

Etat des signaux pour transmettre…..:

CRT4T

Clk distribution

Mezzanine optique
“12 channel”

de Bologne

Signaux répartis dans les 2 FPGAs
(HCAL_FPGA et EPPI_FPGA)

Output TVB
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Glue FPGAs

Specs
interface

Glue
FPGA

I2C
N°3

I2C
N°1

I2C
N°2

I2C
N°0

Te
st

-s
eq

ue
nc

e
Si

gn
al

Specs
Link
With
CROC

I2C
N°15
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Power Area

With
Delatcher
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•Power off all 
components on the 
board in case of 
latchup

•Auto power on after 
small delay

Radhard tolerant design (1)
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Radhard tolerant design (2)
•All components are tested on beam test.

•About FPGAs, We use ACTEL, family “ProAsicPlus”.

Some Nasa tests in 2004 show the SEU report.

To perform the design, we implement inside redundancy technique with triple voting.

Internal logic:
(Register control,

Register state machine,
Memory cell)

Duplicate internal logic

Duplicate internal logic

Triple voting

Input   Output

000   >  0

100   >  0

010   >  0

001   >  0

111  >   1

011  >   1

101  >   1

110  >   1

Input                       Output
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PSPD7 FEB
PSPD6 FEB
PSPD5 FEB
PSPD4 FEB
PSPD3 FEB
PSPD2 FEB
PSPD1 FEB
PSPD0 FEBHCAL0 FEB

HCAL1 FEB
HCAL2 FEB
HCAL3 FEB

Group2:

Group2:

V
al

id
at

io
n 

B
oa

rd
1

EC
AL

0 
FE

B
EC

AL
1 

FE
B

EC
AL

2 
FE

B
EC

AL
3 

FE
B

EC
AL

4 
FE

B
EC

AL
5 

FE
B

EC
AL

6 
FE

B
EC

AL
7 

FE
B

Group 1 Group 1

C
R
O
C

V
al

id
at
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n 

B
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rd
2

EC
AL

0 
FE

B
EC

AL
1 

FE
B

EC
AL

2 
FE

B
EC

AL
3 

FE
B

EC
AL

4 
FE

B
EC

AL
5 

FE
B

EC
AL

6 
FE

B
EC

AL
7 

FE
B

Group 2 Group 2

ECAL FE Crate

100% total 
inputs tested

of TVB

1 crate ECAL
1 CROC
1 ECAL FEB
1 TVB

1 crate PSPD
1 CROC
1 PSPD FEB

1 crate HCAL
1 CROC
4 HCAL FEB

Setup test – CERN Today:
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Takaya
Test

by manufacturer

(Flying probe)

90 % of 
discrete 
componant
are tested
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static test
95% 
connexions

cover

JTAG emitter
(buffer)

JTAG receiver
(fpga)

JTAG receiver
and emitter

(fpga)
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dynamic test 20 SerializersData 40MHz
generator

(fpga)

TLA: tektro Logic Analyzer



TVB LECC2006 cyril.drancourt@lapp.in2p3.fr37/37

?Question?


