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Introduction

READOUT HIGHLIGHTS:

Based on dedicated GEMINI chip

capable to operate at very high rate

(up to 5 MCPS per channel)

e Scalable to unlimited number of
channels (1496 in currente config)

e System distributed across several
FPGA capable to measure position
of interaction ToF and amplitue of
the signal (Time over threshold)

e Upto 110 Mcps on a single board
(tested @ MLZ reactor at 25 Mcps)

e 10 Gbps multiple Optical link to
connect the detector to DAQ

e DAQ system based with FPGA

accelerator for realtime event

reconstruction.
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Introduction
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FULL SYSTEM VIEW

Optical Link & Sync

READOUT
SERVER

GATEWAY GATEWAY GATEWAY

FPGA || AsiC
FPGA || AsiC
FPGA || AsIC

FPGA ] AsicC
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GEM PAD
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GEM PAD

DELAY EQUALIZATION
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GEMINI CHIP

Hew] ”'B.'BE'E il Parameter Value
CMOS Technology AMS IBM 180 nm
# of Channels 16
Max. Pixel Capacitance 40 pF
Max. Count Rate 5Mcps
Sensitivity 25fC
Power Consumption 2.7mW /ch (With LVDS Driver: 10.7mW /ch)
Analog Outputs Preamp Output (for each channel)
Digital Outputs LVDS Event Detection (for each channel)
Max. Digital Output Jitter 6.2ns
Q-V Gain 1mV/{C
Dynamic Range From 30 fC to 500 fC
CSP Common Mode Voltage 1V
Reset Mode Event-Triggered or External
& z
,N?D .
C = Breoceh @ CNR
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GEMINI CHIP

CALIBRATION |dCAP<4:0 Re

SoT Wy l Read-Out Channel
EoT BLOCK

IpET
, DET_IN

LVDS | | S
SCL R-2R VTH —|_ Vpis ' I':}El:lll‘-i

°C DACn<8:0> DAC<8:0>| < ' }——— ~ VDS | T W
SDA | INTERFACE | X16 DAC H

http://www.nuclearinstruments.eu

W EE INSTruments




GEMINI CHIP
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GEMINI CHIP

190

170

150

130
== \lin Cap Feedback == in Cap Feedback

110

ToT (ns)

—§—ed Cap Feedback —8— Med Cap Feedback

~dr— Max Cap Feedback 90 | ~dr— Max Cap Feedback

70

5{} L L. — 40 U U 1
20 200

Qin (fC) Qin (fC)

NPT s truments



64D ASIC BOARD

POWER

GEM CONNECTOR
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TDC FPGA BOARD

64 LVDS FROM ASICs

= WATCHDOG
A SENSORS
19 Gbps
3 lanes 3 lanes
downlink uplink
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TDC FPGA BOARD

DATA TO BOARD IN CHAIN

4x500MHz

TOTDC 64ch 0.5ns TDC

DATA FROM BOARD IN CHAIN
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4 PHASE TDC

COUNTER 1 2 3 4

Tout = (2 * 2ns) — 0.5ns = 3.5ns
500 MHz @ 0°

500 MHz @ 90°
| L 500 ps RESOLUTION WITH 500 MHz clock AND 4 PHASE

500 MHz @ 180°

waere | [ [T

EVENT T
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4 PHASE TDC — FINE + COARSE

»

LVDS RECEIVER

FINE 10

500 MHz CLOCK

QoO..3

e 34 BIT TIMESTAMP TO F

500 MHz CLOCK 10 bit TOT TOT
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4 PHASE TDC - TDC SWITCH

ToT + ToF + CH
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4 PHASE TDC — 2 WAY MERGER

A

LATCH BYPASS

A 4

HOLD LATCH

HOLD A HOLD B
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DV HOLD
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4 PHASE TDC — FULL MERGER

UPLINK

AXI STREAM

AXI STREAM
TRAFFIC AUTO BALANCE

ROUND ROBBIN SWITCH

v

DOWNLINK
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4 PHASE TDC — FULL MERGER

o R AR
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GATEWAY

POWER OUTPUT 12V — 3A (each)
FLYWIRE

FPGA CHAIN

1L e » Convert high speed copper link in bidirectional optical link
g 4 e Monitor chain current consumption in order to protect FPGA board
: _s ; ; ; ‘_ * Inject sync signal in Flywire link cable

g dunn |  Distribute clock in the chain

e Convert communication protocol

T0 'vETOTO ‘VvETO  POWERIN
CLKREF  RuN RUN CONNECTOR
OUTPUT INPUT
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SYSTEM CONNECTIONS

OPTICAL LINK: 10.125 Gbps

UPLINK: Slow Control, Configuration,
Firmware upgrade

READOUT
SERVER 25 MHz CLK
VETO
RUN
T UPLINK: Data, Slow Control
TO
BEAM MONITOR v vV Vv v
VVETO >

VETO i;)' N > NEXT GATEWAY...

A

TO

2x6.25 Gbps data link

Slow Control

o
=

VETO
RUN
125 MHZ

2x6.25 Gbps data link
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CLOCK DISTRIBUTION

125 MHz
LVDS
10.125 Gbps Link GATEWAY
T0 N v
Ll B
4x500 MHZ
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DAQ SYSTEM

e Based on custom PCIE Gen 3 8 lane board

e Kintex 7 Ultrascale + FPGA

e 4 optical link

e Up 100 Gbps bandwidth: 1.6 Gevent/s per PCIE slot capable

e Based on Linux server with 12 cores

e 6x solid state disk array to store data in event mode

e TXCO accurate 25 MHz clock source for TO time stamping long
term stability

* Online realtime event recostruction (ToF, ToT and imaging) on
the FPGA cooprocessor

e Online SANS image reconstruction

- -=J
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DAQ SYSTEM
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DAQ SYSTEM

PCIE DAQ CENTRAL RAM

WEB
INTERFACE
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WEB INTERFACE

LOKI MONITOR SYSTEM
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WEB INTERFACE
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256 Channels FPGA read-out

e 256 channels on a single board

* Upto 0.5 ns time resolution

e TOF/TOT

* Embedded ethernet server: do not

require additional DAQ board
= o O : 5 * Synchronization between multiple
L L e e T o -y boards (unlimited number of
Tﬂf . - " jL - i R channels)
17— J AR S-BEH .« Zero dead area: vertical connector
' i EE ‘ | allow to put board with zero
clearance
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256 Channels FPGA read-out

W EE INSTruments
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THANK YOU
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