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EXOGAM2 project 

Digital instrumentation  of the EXOGAM detector

EXOGAM2

- Overview of the technical project
- Status of the digitizer prototype
- Synergy EXOGAM2 NEDA
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General architecture
EXOGAM2

Preamplifiers

16 clovers
=

64 crystals

Global  Trigger 
and 

Synchronization

1 GTS supervisor 
and 

34 GTS mezzanines

7 differential
analog links

per NIM board

DAQ

KALMAN 
processing

1 optical link per NIM board (< 2 Gb/s)  

7 analog signals per crystal
(ICR < 100kHz per crystal)

1 optical link per NIM board

Connexion
box

One test per crystal
64 crystals 

=>
64 boxes

Digitizing,
Processing 

and
Dating

1 crystal  
Per

NIM board
=>

64 NIM 
boards

Differential stages
and 

test pulse generator
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Ethernet Switch

1 link
per NIM board

( 6 MB/s per crystal)
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Connection box B3

EXOGAM2

 

CsI Input 
Differential Op Amp Integrator 

10uS 
Lemo 

00 

Ge Outer 3 Input 

Ge Outer 2 Input 

Ge Outer 1 Input 

Differential Op Amp 

Differential Op Amp 

Differential Op Amp 

Differential Op Amp 

Ge Outer 4 Input 
 SMA 

 SMA 

 SMA 

 SMA 

BGO Input 
Differential Op Amp Integrator 

10uS 
 

Lemo 
00 

C
O
N
N
E
C
T
O
R 

3M 

MDR 
26 pins 

Connect. 
MDSM 
15 pins 
OUT 

Power 
IN/OUT 
+/-6V 

Mother Board +/-6V, +/-5V, 
+3.3V 

Test Output 

 SMA Integrator 
10 ms 

Connect. 
MDSM 
9 pins 

CPLD 
MAX II 

 
EPM240T100C5N 

DAC-16 bits 
Current Output 

LTC1668 
 

Data 

CLK1 
 

DAC-16 bits 
Current Output 

LTC1668 
 

CLK2 
 

Integrator 
10 ms 

SPI + 
Trig 

Σ 

Differential Op Amp 
Ge Inner Input 

 SMA 

Connect. 
MDSM 
15 pins 

IN 

FR
O

M
 / TO

    N
U

M
EX

O
2

FR
O

M
  D

ETEC
TO

R
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EXOGAM2
MGT

Clocks
Fast serial links
Parallel  links
Slow control
Serial link

NUMEXO2 Phase 2 digitizer

ADC Logic
- FADC samples collection
- Digital Processing
- Trigger
- Data formatting
- Inspection control

PPC
Common Logic

GTS  Fanin ADC Logic Interface

Clocks
(Local &

Recovered)
Delay
Line

Optical
Link

Flash (Linux)

SRAM
(Oscilloscope)

PROM
(VHDL)

PROM
(VHDL)

DPRAM
(Physics, 
ADONIS)

Ethernet 
100

Ethernet 
Gigabit

PCIe
(Adonis)

8*FADC
14 bits

100MHz

DACs
(Test, control, 

inspection)

Serial
link

SDRAM

Mux

CLK

Mezzanines
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EXOGAM2
NUMEXO2 

FADC mezzanine 
block diagram
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EXOGAM2

N

N
I

M 
con
nec
tor

2* FADC channels

NIM
board

SFP   GTS

SFP   PCIe

RJ45N
M
D
R
2
6

M
D
S
M
9

00

00

00

PCIe

Ethernet
100

GTS

NIM
Power

SPI

CLK input

STOP

Analog
inputs

Inspection
lines

NUMEXO2 phase 2: NIM module layout

2* FADC channels

2* FADC channels

2* FADC channels

SMA

8 channels
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EXOGAM2
16 channels

N

N
I

M 
con
nec
tor

4* FADC channels

NIM
board

SFP   GTS

SFP   PCIe

RJ45

N
M
D
R
2
6

M
D
S
M
9

00

00

00

PCIe

Ethernet
100

GTS

NIM
Power

SPI

CLK input

STOP

Analog
inputs

Inspection
lines

NUMEXO2 phase 2: 16 channels NIM module layout

4* FADC channels

4* FADC channels

4* FADC channels

SMA

N
M
D
R
2
6

Analog
inputs

M
D
S
M
9

SPI
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EXOGAM2

GTS tree  topoly

ADC Logic
- FADC samples collection
- Digital Processing
- Trigger
- Data formatting
- Inspection control

PPC
Common Logic

GTS  Fanin ADC Logic Interface

Clocks
(Local &

Recovered)
Delay
Line

Optical
Link

Flash (Linux)

SRAM
(Oscilloscope)

PROM
(VHDL)

PROM
(VHDL)

DPRAM
(Physics, 
ADONIS)

Ethernet 
100

Ethernet 
Gigabit

PCIe
(Adonis)

8*FADC
14 bits

100MHz

DACs
(Test, control, 

inspection)

Serial
link

SDRAM

Mux

CLK

Mezzanines

GTS V3 mezzanine

EXOGAM2 GTS tree : 4 GTS mezzanines in one NIM module

LC 
adapters

SFP1

SFP2

SFP3

SFP4

M
ic

to
r

SFP1

SFP2

SFP3

SFP4

M
ic

to
r

SFP1

SFP2

SFP3

SFP4

M
ic

to
r

SFP1

SFP2

SFP3

SFP4

M
ic

to
r

+12V
power

NIM 
connector

To
GTS tree 
Bottom

To
GTS tree

Top

GTS 
mezzanine

GTS 
mezzanine

GTS 
mezzanine

GTS 
mezzanine

GTS_NIM

Ethernet
Physic and switches

RJ45

CLK input

GTS implementation

3 main functions
- 200 MHz  clock source
-Time stamping
- Trigger 
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EXOGAM2
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EXOGAM2
NUMEXO2, the NIM digitizer prototype (phase1)
Block diagram
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EXOGAM2
NUMEXO2, the NIM digitizer prototype (phase1)
Picture of the NIM prototype
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EXOGAM2

-Firmware
- Deserializer:  8 * (2 serial  channels @ 700MB/s)
- Moving Window Deconvolution
- Discrimination
- FIFO interface  

-Embedded  software
- Linux 2.6.60
- TCP/IP protocol  (Ethernet)  @ 400Mb/s
- SPI driver and register server

-Software
- Characterization tools: traces, FFT, histograms, INL, DNL
- Generic user interface for slow control
- DAQ readout 

Current status (digitizer phase 1)

FADC serial output channel eye diagram Moving Window Deconvolution processing
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EXOGAM2

To do (digitizer phase 1):

- Validation of interrupt process for  FIFO readout
- Characterization of the digitizer with a generator
- Characterization of the digitizer with a clover and a source
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EXOGAM2 digitizer for NEDA instrumentation: What to notice and to do?

ADC Logic
- FADC samples collection
- Digital Processing
- Trigger
- Data formatting
- Inspection control

PPC
Common Logic

GTS  Fanin ADC Logic Interface

Clocks
(Local &

Recovered)
Delay
Line

Optical
Link

Flash (Linux)

SRAM
(Oscilloscope)

PROM
(VHDL)

PROM
(VHDL)

DPRAM
(Physics, 
ADONIS)

Ethernet 
100

Ethernet 
Gigabit

PCIe
(Adonis)

8*FADC
14 bits

100MHz

DACs
(Test, control, 

inspection)

Serial
link

SDRAM

Mux

CLK

Mezzanines

Custom FADC mezzanine
Custom digital processing
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EXOGAM2 digitizer for NEDA instrumentation: What to notice and to do ?

⇒ NEDA: 
FADC mezzanines must be redesigned according to frequency bandwidth of inputs

- Sample frequency of FADC?
- Clock jitter?
-Number of binary samples serial lines?
- Power?
- MDR26 connector?
- SAMTEC connector?

NUMEXO2 :  2*4 channnels FADC mezzanines block diagram

Differential inputs - Binary samples serial lines
- Clock line

FADC: ADS6244, 14 bits, 100MHz, 2 binary samples serial lines @700Mb/s
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Carrier-mezzanines connecteur:  QFS-026-06-75-X-D-PC4

EXOGAM2 digitizer for NEDA instrumentation: What to notice and to do?

NEDA: 
MDR26 Cable 

and 
connector

must be tested
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Carrier-mezzanines connector:  QFS-026-06-75-X-D-PC4

EXOGAM2 digitizer for NEDA instrumentation: What to notice and to do?

NEDA: Does pins diagram  fit? 
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FADC highlights

TI FADC ADS6244 ADS62P49 ADS5463
Résolution (bits) 14 14 12
Sample rate (MSPS) 105 250 500
Input channels 2 2 1
Interface LVDS serial //

(2 LVDS lines)
LVDS serial //

(7 LVDS lines)
LVDS //

(12 LVDS lines)

Analog BW (MHz) 500 700 2300
SNR (dB) 73 73 65
ENOB (bits) 11.7 11.3 10.4
Power (W) 0.9 1.2 2.3

EXOGAM2 digitizer for NEDA instrumentation: What to notice and to do?
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Clock jitter specifications: 

Jitter clock degradation of SNR

- FADC clock

- High resolution timing

14 bits

12 bits

EXOGAM2 digitizer for NEDA instrumentation: What to notice and to do?
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100MHz recovered GTS clock jitter :

GTS root

GTS leaf

GTS leaf

Std Dev (cycle to cycle )= 12ps Std Dev (leaf to leaf) = 36 ps

EXOGAM2 digitizer for NEDA instrumentation: What to notice and to do?
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Block diagram of EXOGAM2 signals processing 

⇒NEDA: 
- Deserializer and Digital Processing IPs must be written
- Kalman interface suppressed
- Number of Trigger Request signals  >  2
- Setup registers, Inspection and Oscilloscope IPs must be modified

Deserializer

(2 serial lines
@ 700Mb/s 

to 
14 lines

@100Mb/s)

Digital Processing

-DFC
-MWD
-COMPUTE: 
E (iner, 4 outers, BGO, CsI)
T (inner)
T30,60,90
Mirror charges

OscilloscopeInspectionSetup 
registers

Kalman 
interface

8*FADC

Trigger Request

Event Parameters

(from
mezzanines)

(to Virtex 5 FXT)

2

EXOGAM2 digitizer for NEDA instrumentation: What to notice and to do?
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FPGA target choice: Virtex 6 LX130T -1 

Proto V4 FX 60

V6 LX 130T

V5 LX 110

V4 LX 80

-2

-2
-1

-1
-11 -11

Utilisation des 
ressources (%)

Freq.
(MHz)

Cible choisie : Virtex 6 LX130T -1    1094 $ - distributeur Avnet

Marge de fréquence de 10% -> 40% désormais avec une optimisation plus poussée  
Faible taux de remplissage

Quel composant VIRTEX4, 5, 6…

PROJET EXOGAM2/NUMEXO2/FPGA TNS VIRTEX6

2

8 voies MWD

Is the Virtex 6 LX130T -1  powerfull enough for NEDA signals processing? 

EXOGAM2 digitizer for NEDA instrumentation: What to notice and to do?
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Block diagram of EXOGAM2 GTS and ADC interfaces

⇒NEDA: 
- DPRAM and FIFO depths?
- Data format?

FPGA VIRTEX 6

IP MEMORY 
INTERFACE 
(XPS MCH-EMC)

FPGA
VIRTEX 5

DATA PRODUCT 
(Energy …)

ADC INTERFACE IP

SETUP

DATA

DPRAM
(store DATAs + TIMESTAMP)

SORTING DATA
(delete if no validate)

DATA FORMAT
(ICC recommandation)

FIFO
32kB (2ms latency)

RAW DATA when eventTRIGGER REQUEST -> 2 ONLY

MGT

VALIDATION &
REJECTION

TIMESTAMP
BUS

STATUS GTS
(OPTIONAL)

PLB BUS

GTS LEAF IP

PPC 440 PLB BUS

EXOGAM2 digitizer for NEDA instrumentation: What to notice and to do?
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