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GMT in the Global Trigger CrateGMT in the Global Trigger Crate
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Progress in FPGA designProgress in FPGA design
New: Input FPGAs

Over-sampling at 160 MHz
Programmable delay line
TBD: readout logic

New: Sort FPGA
Sort logic as in Logic FPGA
Double data rate output 80 MHz GTL+ to GT
TBD: readout logic

Logic FPGA
Added (optional) phi projection to vertex
Now using 96/96 RAM blocks
Now using 81% of slices in Virtex II 3000 (half of them as DPRAM)

Build system
Deal with multiple target devices per chip
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Choice of FPGAsChoice of FPGAs
Tried all chips for Virtex II and for Spartan 3 series

Sort FPGA (1x)
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Assignment (2x)

Input (4x)
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Latency updateLatency update
Based on timing analysis by Xilinx tools (for muons)

L1 TriggerTDR: Muon latency ≥10 bx 
without unit conversion and without Input chips

PARALLEL
LINK

CK40 CK40

DLY
PHASE SYNC

CK40

GMT_IN chip

CK40

MUX3

CK40

CK40 CK40

CK40

LOGIC chip

CK40

SORTER chip

CK40 CK40

5.0 2.5

9.5

MUX
40 to 80

MHz

CK80

DPM

2.0

CONV
LUT

GLOBAL MUON TRIGGER

over
sampling

1
0.5 0.5

1 1 1 1 0.5 0.5 1 0.5 0.5 0.5

MIP, ISO

2.0

GCT

cable

0.5

to Global Trigger

PSB

CK80 CK40 CK40

MIAU chip

1 1

CK80

DDR ISO

MIP

0.5

2.5

CK40

DS92.. Muon: 9.5 bx
Including unit conversion
Including input chips



Hannes Sakulin
HEPHY Vienna Global Muon Trigger Update 9 Trigger Meeting, CMS Week

CERN, 9th December 2003

GMT Hardware StatusGMT Hardware Status
GMT consists of

3 pipeline synchronizing boards … prototype available
1 GMT logic board … logic design completed

FPGA design for GMT logic board in progress
Input FPGA (4x) … firmware completed (except readout logic)
MIP and ISO assignment unit (2x) … firmware completed (brl+fwd)
GMT logic FPGA (2x) … firmware complete (brl+fwd) 
Sorter FPGA (1x) … firmware completed (except readout logic)

Milestones (unchanged since Apr 2002)
(Dec 01) Dec 02: logic design completed … completed
(Dec 02) Dec 03: FPGA design done … progress as planned
(Dec 03) Jun 04: GMT available … progress as planned
(Jun 04) Oct 04: GMT tested … progress as planned

Oct 04: GMT integration tests start
Jan 05: GMT integration tests completed (RPC, DT, CSC)
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ORCA simulation of GMTORCA simulation of GMT
Updated version of ORCA to be released soon

Internal changes
All algorithms work bitwise compatible to hardware
All floating point calculations are encapsulated in LUTs 

Input and output coded as in hardware
GMT candidates are stored in hardware format (26 bits)
Contains Muon Merger as in hardware

New classes in interface
L1MuGMTReadoutBuffer
L1MuGMTReadoutDataRecord
L1MuGMTExtendedCand
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ORCA GMT: Changes for the userORCA GMT: Changes for the user
L1MuGMTCand contains only information that is sent 
from GMT to GT in hardware

Data word bit coding now reflects hardware coding
Quality definitions changed (again)
Provide methods to interpret quality code

useInSingleMuonTrigger()
isMatchedCand()
…

Extended muon candidate information provided via 
L1ROU as L1MuGMTExtendedCand

L1ROU L1MuGMTReadoutBuffer 
L1MuGMTReadoutDataRecord L1MuGMTExtendedCand

More configuration options in .orcarc
E.g.: L1GlobalMuonTrigger:MergeMethodEta  = 

takeDT, takeRPC,  byRank, byMinPt, byCombi, Special



Hannes Sakulin
HEPHY Vienna Global Muon Trigger Update 12 Trigger Meeting, CMS Week

CERN, 9th December 2003

SummarySummary
Firmware development is close to completion

Board level VHDL simulated and cross-checked with ORCA
Only readout-logic to be completed

Choice of FPGAs
Input FPGAs: move to new Xilinx Spartan 3 series
Other FPGAs: stay with Xilinx Virtex II series

ORCA: new release close to completion
Bit-wise compatible to hardware
Implements Readout Unit
Some changes for the user of L1 Trigger Code
to be released soon


