s EXOGAM2

EXOGAM2 project
Digital instrumentation of the EXOGAM detector

- Overview of the technical project

- Status of the digitizer prototype
- Synergy EXOGAM2 NEDA and PARIS

12-13 January 2011
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General architecture
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EXOGAM?2

MGT NUMEXO2 Phase 2 digitizer

— Clocks

== Fast serial links

= Parallel links Serial Ethernet PCle Ethernet
= Slow control link 100 (Adonis) Gigabit
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s EXOGAM2

NUMEXO2
Block diagram of 8 FADC channels

One crystal = 7 detector channels
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Option A : 8 FADC channels

NUMEXO?2 phase 2: NIM module layout

2* FADC channels

2* FADC channels
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EXOGAM2

Option B: 16 FADC channels
NUMEXO2 phase 2: 16 channels NIM module layout
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EXOGAM2

GTS implementation

GTS tree topoly

3 main functions

- 200 MHz clock source
-Time stamping

- Trigger

" ' GTS V3 mezzanine

EXOGAM?2 GTS tree : 4 GTS mezzaninesin one NIM module

IPHC Strasbourg, 12-13/January 2011
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EXOGAM?2

Schedule

2009 010 011
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Prototype phase 1 : digitizer (NIM) + connection box
Prototype phase 2 : digitizer + GTS + ADONIS + connection box
Studies : hardware design, VHDL and C files.
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& EXOGAM2
NU MEXOZ, the NIM digitizer prototype (phase1)
Block diagram
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EXOGAM?2

Current status (NUMEXO?2 digitizer, phase 1)

-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 : FIFO readout process

13 Aug 2010 11:16 PM

IPHC Strasbourg, 12-13/January 2011
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EXOGAM2

First results with NUMEXO?2 phasel : base line noise
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Numexo2 phase 1 (alone)
(Noinputs)
c=1.51 (1.30KeV)
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EXOGAM?2

E2cn (2 ) numexc2 e jini1, 534
IEE]
folp|

T

EO
Entries 16384
Mean 3.847e+04
RMS 568.8

Energy spectrum (16 bits)
(from Pulse Generator)
sooi— c=3.76

IPHC Strasbourg, 12-13/January 2011

400
200
C 1 L L L L L
00 10000 20000 30000 40000 50000 60000
B@c= @ @2130m: 74 ) num Jan 11, 5:38 U
=] |
Hep)
[l (2 minicor =N [ numexo2e @ganps... || (@ numexo2@ganps... || I Calculator - Progr... ]| 1) numexo2 - e Br. [SETTEC ), 5
E_0
Entries 425984
Mean 3.917e+04
£ RMS 3.764
5000
- E
1 4000
(=] E
W 3000 :
Q. r
o i
< 2000~
() [
X :
1000
O L
= A I
‘D ?9130 39140 39150 39160 39170 39180 39190
E A. BO uj ra d & C . H O u a rn e r - mincom—— {5 imes doc.a-.J 8 namesc205..| B numeso2@0..] . Coclior—eJ 5 romesea-— L INGRIIOIRN] [ ps7050,5.. ][ isreeo.s




e EXOGAM2

To do (NUMEXQO?2 digitizer, phase 1)

- Characterisation of the digitizer with a generator

- Characterisation of the digitizer with a Ge clover and a source

IPHC Strasbourg, 12-13/January 2011

J

Collaboration to NUMEXQO?2 digitizer, phase 1):
CSNSM Orsay
IPN Orsay

PARIS Workshop 2011




e EXOGAM2

GTS deplovement at GANIL

- Collaboration:
- INFN Padova
- IFJ PAN Krakow
- IUAC New Delhi

- Tasks:
- GTS tree deployment
- GTS leaf implementation

IPHC Strasbourg, 12-13/January 2011
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e EXOGAM2

Current status: GTS tree deployment at GANIL:
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A) Training at Padova:

- GTS basics: functional blocks, tree setup, alignment

- Time stamp transmission: encoder/decoder, coarse delay implementation
- Trigger processing : packet transmission, trigger accept packets

B ) GTS Control System development:
- GUI : tree population, alignment, test
- UDP server/client

PARIS Workshop 2011
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EXOGAM?2

Current status: GTS leaf implementation
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EXOGAM2

Current status: GTS leaf implementation
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- GTS leaf ISE project on Viretx 5
- DRP registers are controlled by firmware

PARIS Workshop 2011
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EXOGAM2

Current status: GTS leaf implementation

6 Jan 2011 3:54 AM

File Control Setup Trigger Measure Analyze Utilities Help
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Measurements | Markers|| Status | Scales

Delete n Meas ALl Edges| Period( m) Period( v) Period(2 -) Period(1+)
all Current  9.98360 ns 9.98386 ns . 5 9.99094 ns

I Mean . B ns 9.9999612 ns . ! 9.9999630 ns
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GTS recovered clock is locked :
100MHz clocks of the GTS root and leaves are synchronous
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NUMEXO?2 for NEDA and PARIS?
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NUMEXO?2 for NEDA and PARIS?

NUMEXQO2: 2*4 channnels FADC mezzanines block diagram

FADC: ADS6244, 14 bits, 100MHz, 2 binary samples serial lines @700Mb/s

Differentialinputs - Binary samples serial lines

- Clock line

XmHR— < ZORTSOH

IPHC Strasbourg, 12-13/January 2011

J

= NEDA, PARIS:
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?

PARIS Workshop 2011



NUMEXO? for NEDA and PARIS?
3M™ Mini D Ribbon (MDR) Cable Assembly

050" High Speed Digital Data Transmission System - 26 to 26 Pos. 14526-EZ8B-XXX-07C

/ » Solution for Digital Displays, Datacom and
/ Telecom applications

» Supports LVDS FPD Link™, FlatLink™,
ChannelLink™, PanelLink™/TMDS™
electrical interfaces

» Each differential twin-ax pair has a foil shield
and drain

» Entire cable bundle is shielded with foil and
braid for additional signal protection

e _
* Rugged MDR ribben type contact

) 4 * Quick release latches
/ ' % + RoHS* compliant

IPHC Strasbourg, 12-13/January 2011

. TS-0757-17
Electrical Sheet 14
Voltage Rating: 30V
i Current Rating: 1 A
X Insulation Resistance: = ] « 1{}3[;) at (@0 100 Vdc NEDA, PARIS:
ol &
2 Withstanding Voltage: 350 Vrms for 1 minute MDR26dCable
7]
= Individually Shielded Twisted Pairs an
‘;3 har o dance. o connector
@ Characteristic Impedance: 100 + 10 must be tested
Etﬂ Conductor Size: 28 AWG Stranded
o

Propogation Velocity: 1.25 ns/ft [4.1 ns/m ]




NUMEXO?2 for NEDA and PARIS?

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

F-2101

Sam|ec

-
oy

QFS-078-04.25-1-D-PC4

QFS-052-04.25-L-D-RF1

QFS-PC, QFS-RF SERIES

=—MNo. of Banks x (21,34) .840 + (12,87) .507 —1-{2 54} 1. ?B}*‘
+_ }._{20010?8?4 _ o 2 -

CRE] . -ﬁ!l """"""""""" o D e e # ‘ ) |y

{2 10) ‘ +||<_m ~ [Pdgg} : {21 33*
083 <~—(21,34) .840

IPHC Strasbourg, 12-13/January 2011

J

T —PC4 OPTION

[=}

N

Q)

_8 10mm Stack Height Rated @ -3dB Insertion Loss
2 Single-Ended Signaling 9 GHz / 18 GOps

é Differential Pair Signaling 1.5 GHz /15 Gbps

24

22

& NEDA, PARIS: Does pins diagram fit?




NUMEXO?2 for NEDA and PARIS?

FADC highlights

§ Résolution (bits)

g Sample rate (MSPS) 105 250 500

§ Input channels 2 2 1

X Interface LVDS serial //  LVDS serial / LVDS //

(2 LVDS lines) (7 LVDS lines) (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

PARIS Workshop 2011, IPHC Strasbourg,




NUMEXO?2 for NEDA and PARIS?

Clock jitter specifications

v - FADC clock
] * [T
% a0 050 JII?;%I'IIEH
= 3 Pl - tetd [ 5
: 3 PRI~
b N[ N, 200fs
2 \ "\\ ""n\\ \'\\ ‘.\Q 111
o & 60 N N N SN 500
20 = N

= \\ Nl \ N \\\ LI
o)) = 50 P eI 2 1 ps jitter
bk oo h ) \\ E p .]
o \'"\ "N ‘“'\ il
2 40 \{N S \\\NEDS}
§ \"*-.‘ \\ N10ps
3 30 N N 20ps Jitter clock: degradation of SNR

™~ ",
E 20 100ps TN, N 50ps ||
i 1 10 100 1000
INPUT FREQUENCY (MHz)
30MHz

- High resolution timing

PARIS Workshop 2011
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NUMEXO?2 for NEDA and PARIS?

100MHz GTS clock jitter

File Control Setup Trigger Measure Analyze Utilities Help 6 Jan 2011 4:25 AM

Cyc-cyc jitr( 0 i 2 Mhits
707 hits/ ¥ de .533 khits
Y Offset © hits
x scale 100.6 ps/
x position -6

GTS ROOT: Std Dev (cycle to cycle )= 35ps

File Control Setup Trigger Measure Analyze _Utilities Help 6 Jan 2011 4:06 AM

20.6 GSa/s _20.6 kpts
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x position 1.6 ps

GTS leaf like : Std Dev (leaf to leaf) = 16 ps

File Control Setup Trigger Measure Analyze _Utilities Help

20.6 GSa/s _20.6 kpts
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Clock TIE(4)
265 hits/
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x position s

GTS leaf like : Std Dev (TIE) = 6 ps

6 Jan 2011 4:17 AM
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NUMEXO?2 for NEDA and PARIS?

Block diagram of EXOGAM2 signal processing

Digital Processing
Deserializer Trigger Request

= 2
S -DFC —=
N 8*FADC -
o q (2 serial lines -MWD Event Parameters
S @ 700Mb/s -COMPUTE: —
= » tf’ v’E (iner, 4 outers, BGO, CsI)
LS (from lines v'T (inner) to Virtex 5 FXT
8  mezzanines) @100Mb/s) v'T30,60,90 (to Virtex )
‘cﬁ v'Mirror charges
: 1 1
=}
S
3 \ 4
= Setu Kalman ) )
9 P . Inspection Oscilloscope
S registers interface
o
—=NEDA, PARIS:

- 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

PARIS Workshop 2011



NUMEXO?2 for NEDA and PARIS?
FPGA target choice: Virtex 6 LX130T -1

Quel composant VIRTEX4, 5, 6...

v
p 4
(=)
N
Freq.
% (MHz)
g 130
g 125
™ Q-2
b 120 © V6LX130T
i HS O V5LX110
g’ 110 1@ @® Vv4LX80 8 voies MWD
o) 105 2
o ; i C ® 11 11
7 el O @ === @ ProtoV4AFX60
% 95
O 90 : . .
I il 10 20 30 40 50 Utilisation des
o ressources (%)

J

Cible choisie : Virtex 6 LX130T -1 | 1094 S - distributeur Avnet

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

2

Is the Virtex 6 LX130T -1 powerfull enough for NEDA, PARIS signal processing?

PARIS Workshop 2011




NUMEXO?2 for NEDA and PARIS?

Block diagram of EXOGAM2 GTS and ADC interfaces
s ™

< - PLB BUS PPC440 PLB BUS >

.
GTS LEAF IP VALDATION & | ADC INTERFACE IP
REJECTION P MEMORY
INTERFACE
(XPS MCH-EMC)
TIMESTAMP

BUS

|

FPGA
VIRTEX 5

STATUS GTS
(OPTIONAL)

IPHC Strasbourg, 12-13 January 2011

Yo

TRIGGER REQUEST -> 2 ONLY RAW DATA when event

s
DATA PRODUCT
(Energy ...)

"

=NEDA., PARIS :
- DPRAM and FIFO depths?
- Data format?

PARIS Workshop 2011




