Page 1 C N P Gee, RAL, 19-Nov-199819th November 1998L e v e l - 1 C a l o r i m e t e r T r i g g e r R O D s University of Birmingham, UKUniversity of Heidelberg, GermanyUniversity of Mainz, GermanyQueen Mary & Westfield College, University ofLondon, UKRutherford Appleton Laboratory, UKUniversity of Stockholm, SwedenC .N .P .GeeRutherford Appleton Laboratory

Page 2 C N P Gee, RAL, 19-Nov-1998Overview• Overview of ROD connections• Data Routes into RODs• Data volumes, latency and dead time• Tasks performed in the ROD• Technology Issues• Monitoring and Control

Page 3 C N P Gee, RAL, 19-Nov-1998 ROD Overview

Jet/Energy-sum Crate (1 of 4) S M M J M M

Jet/Energy-sum RoIs

ROD Crate 2 R R O D

16 + 4 CPM S-links

R R O D

R R O D

R R O D

CPM Crate (1 of 4)

ROD Crate 1

RoIs

Slice Data

D R O D

D R O D

D R O D

D R O D

D R O D

D R O D

D R O D

D R O D

RoIs to Level-2

CMM Crate D R O D

CMM S-link

Preprocessor Crate (1 of 8) D R O D

D R O D

16 PPM S-links

Data

G-link

S-link

Total of 43 ROB S-links

D R O D

D R O D

D R O D

D R O D

4 JEM S-links

RoIs to Level-2

R R O D

Jet/Energy-sum

RoI S-link

Slice Data

RODLINK 111198

Jet/Energy-sum Crate (1 of 4) S M M J M M

ROD Crate 2 R R O D

R R O D

R R O D

R R O D

CPM Crate (1 of 4)

ROD Crate 1 D R O D

D R O D

D R O D

D R O D

D R O D

D R O D

D R O D

D R O D

CMM Crate D R O D

Preprocessor Crate (1 of 8) D R O D

D R O D

D R O D

D R O D

D R O D

D R O D

R R O D

V M E - N E T

V M E - N E T

V M E - N E T

C P U V M E - N E T

C P U

C P U

V M E - N E T T T C

DAQ Systems

C P U

V M E - N E T T T C C P U

V M E - N E T T T C

DAQ Infrastructure for Control, Monitoring, Diagnostics & Installation

ROIDAQ101198

Master-Node

S-LINK

Readout-Nodes

- Demonstrator system under construction

- General purpose VME motherboard - Specific function on mezzanine cards - also used for demonstrator MCM

- Bandwidth: 32 Bit @ 40 MHz -> 152.6 MByte/s

- Commands issued by a master node control the bus

- Serial configuration possible (fewer wires, lower bandwidth)

- Bus extension to the S-Link the pipeline, which are marked as empty

PipelineBus

RemAsic

RemAsic

- Parallel shift register with ring-like topology forms pipeline - Synchronous shifting of words through pipeline - Data is injected into slots of the data stream running through

18 6 8 9 10 11 17

12 16

13 15 14 5 2 1 7 4 21

3 2019

PPM PPM

ROD PPM PPM PPM PPM PPM PPM PPM PPM

PPM PPM PPM PPM PPM PPM

ROD

PipelineBus PipelineBus

- Whole system: 8 crates -> 32 Readout Links

(e.g. 5 bunch crossings raw data and corresponding BCID result)

TTC

Readout configuration of crates:

- 1 crate: 16 modules, 2 Readout Driver, 4 Readout Links

VME Controller

to DAQ

Pre-Processor - Readout Configuration

Readout performance:

- Assuming data compression with a factor of 2.5 - Assuming PipelineBus bandwidth not being the limiting factor - Taking into account protocol overhead and 2 status bits per channel

Bandwidth numbers:

- Readout Link: 100 MByte/s - Protocol overhead of standard ATLAS readout format @ 100 kHz:

5 MByte/s @ 100 kHz (for each Readout Link) - 1 status bit per trigger tower @ 100 kHz: 6 MByte/s for 8 PPMs

-> Readout is possible for 6 words of 10 bits width

Master Node

Monitoring Node

S-Link Node

- Construction of event blocks (ATLAS standard format)

S-Link

Transmitter

Memory VME

DAQ

Readout Driver Module (ROD)

- Control of PipelineBus

- Master Node:

- S-Link Node:

- Transmission of data to DAQ

- Expansion of event number and bunch crossing number

- Checking for errors in synchronisation

- Injection of configuration data into pipeline

- Monitoring Node:

- Storing and/or processing of read out data for diagnostics

VP-ro4

ROI Logic

L1-Accept

BC-Reset

Reset-Global

DAQ/Level-2 data via ROD

DualPort RAM

Error-Code

Read-out Logic

Controller

Bunch Counter

FIFO (32 x 16 deep) -serialoutput

3 bit ID

20

FIFO-FF

FIFO-EF

20

20 bit ROI

En-Read-out 4 bits

20 (1) (0)

1 4 LSBs

Addressing

FIFO (16 deep)

3 bit ID 20 bit ROI

4 bits 0

4 LSBs

20

Error-Code

FIFO (32 x 16 deep) -serialoutput

Cluster Asic

G-Link Tx To ROD

ROC Logic (Read-out Frame)

DAV

Data-Available

L1-accept

En-Shift

FIFO-EF

FIFO-FF En-Read-out (to the ASICs)

D15 D14

Shift register output from the FIF0

CPASIC 1

Shift register output from the FIF0 D0 D1

LHC clock

BCIDnumber Resets

VP-ro5

Shift register output from the FIF0

CPASIC 8

Shift register output from the FIF0

Cluster Processing Module

32 9 ME

A

Data Data

A ME

SerialClk SerialAck SerialIn

SerialEnbl

35

4

35

4

2 2

3

3

ME

A

Data

R/W OE INT

Data

A ME R/W OE INT

ListenFlagIn Lvl1Accept Lvl1Number BcClk

7

7 ListenFlagIn Lvl1Accept Lvl1Number BcClk 13

Full Down Return 6

Ctrl Test Reset Width 5

Enable Clk S-Link

Data 32

Lvl1-Control

VME 13 32 32 13

78

Configuration

Reset

Clk

S-Link/(Master)

RAM Dual-Ported

DPRAM

FPGA

9

ReadDataRdy

BusClk Reset

BusIn

BusOut

SerialOut

Control

Serial

Parallel

PipelineBus

35

10

Reset

Clk

Configuration

Ctrl

Lvl1Throttle

2

35 35

2

ReadDataRdy

Reset

BusClk

SerialOut

SerialIn

BusOut

BusIn

Lvl1Throttle

SerialAck

SerialClk

FPGA

ATLAS Level-1 Calorimeter Trigger

Detail Specifications Preprocessor

ASIC Prototypes MCM Prototypes PCB Prototypes Prototype System Tests Pre-Production/Production ASICs Pre-Production/Production MCMs Pre-Production/Production PCBs Crate System Software System Tests Commission and Test in ATLAS Cosmic Run Cluster Processor

CP ASIC Pre Production CPM Prototype CPASIC Production CPM Pre Production CPM Production Serialising ASIC Pre Production MCM Pre Production Serialising ASIC Production MCM Production CMM Pre Production CMM Production ROD Modules Prototype ROD Module Pre Production ROD Production Clock and Control Prototype CCM Pre Production CCM Production Crate Systems Software System Tests Commission and Test in ATLAS Cosmic Run Jet/Energy-sum Processor

Technology Demonstrator Functional Demonstrator JEM Prototype Specification JEM Prototype JEM Specification JEM production SMM Specification SMM pre-production SMM Production JMM Specification JMM Pre-production JMM Production Timing and control Specification Timing and control Production Crate System Software System Tests Commission and Test in ATLAS Cosmic Run ATLAS Start-up

Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2

’98 ’99 ’00 ’01 ’02 ’03 ’04 ’05