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GE1/1 Overview
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Final GE1/1 electronics

2-pieces GEB v3 (1.2m) VFAT3 chip on hybrid:

* Binary output, CFD
* 320 MHz
* L1 latency:upto 12 ps
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To gain experience in installing, commissioning and operating in CMS
5 back-to-back Triple-GEMs have been installed

To study detector and electronics performance in CMS (noise, efficiency,
timing, ...)

To test trigger data path to CSC trigger electronics

Equipped with front-end electronics prototype versions
VFAT2, Opto-Hybrid v2, GEB v2

Back-end components are production version
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Slice Test demonstrator
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Slice test electronics

1-piece GEB v2 (1.2m)

s VFAT2 chip on hybrid:
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GE1/1 backend electronics

In 2016 CMS has upgraded its level-1 trigger. The upgraded trigger is entirely built using uTCA hardware

AMC13
clock/timing/DAQ module
HTCA for CMS uTCA [1]
crate

CTP7 [1] E Hazen et al 2013 JINST 8 C12036

MCH
Calorimeter Trigger Processor Card [2] [2] A. Svetek et al 2016 JINST 11 C02011



GEa/1 backend electronics(AMC13)

- > Fabric A (port 0): GbE with all AMCs, A
Crossover — GbE : c GOE crossover GbE connection provides
rossover= service to AMC13
Fabric A— GbE Port 0 Port 1 Fabric A— DAQ
Fabric B Port 2 Port 3 Fabric B — Controls >
CLK1 —Telco Clock CLK1 FCLKA CLK1 — LHC Clock
Fabric D Port 4 Port 8 Fabric D >
Optional Fabric E Port 5 Port 9 Fabric E Optional
Interconnect Fabric F Port 6 Port 10 Fabric F Interconnect > CLK1 (port FCLKA): carries LHC clock
Fabric G Port 7 Port 11 == Fabric G from AMC13 to AMC'’s
MCH1 AMC1 - AMC12 MCH2 > Fabrics D-G: not used for central CMS
Commercial MCH CMS AMC13 DAQ but could be used for trigger data

exchange

In CMS a specific dual-star backplane topology has been chosen

In this topology two MCH sites are provided for central hubs, with an independent set of point-to-
point links to the 12 AMCs

In CMS MCH2 is not used as redundant backup for MCH1, but it is used to host the so-called
AMC13

»  AMC13 takes advantage of this connectivity to provide central services to the AMC’s
»  MCH1 is a commercial MCH



GE1/1 backend electronics(CTP7)

4.8Gbs, GBT
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DAQ/control links

Each CTP7 handles 60 degree (12 OHv3 boards / 288 VFAT3s)
0 12 CTP7s in the full system (two uTCA crates)

o Front-end links (per CTP7)

m 36X 4.8Gbs GBT links for DAQ & fast control & slow control

m 24x 3.2Gbs 8b10b links for trigger

m 8x 9.6Gbs 8b10b links to EMTF (MTF7 also 60 degrees)

o Back-end links (per CTP7)
m 1x 5.0Gbs 8b10b link to AMC13

Virtex 7 690T, speed grade -2

m Optical interface: 67 RX and 48 TX
(10Gbs)

m 53Mb block RAM for large DAQ
buffers
Zyng 7000 processor as on-board
controller

o0 Embedded linux, powerful

monitoring & control

m Fast memory mapped interface to
the Virtex7 FPGA (32bit @ 50MHz)

m Direct Memory Access from FPGA
to 512MB of DDR 3 RAM

m Embedded applications
(monitoring, control, calibration

m Remote programming and
debugging (virtual Xilinx cable)

m Remote procedure call service, and
uHAL via TCP/IP interface
Great support from University of
Wisconsin



GE1/1 backend electronics(CTP7)

Fully functional CTP7 firmware

O Supports 12 OHv3s

m 36 GBT links (fixed clock phase & latency)

m SCA: hard-reset, JTAG, monitoring

m Fast promless programming of OH FPGA (70ms)

m Fast control

m Slow control

m DAQ

m Receives trigger data
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Further CMS GEM upgrades: GE2/1 & MEo
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Potential ATCA board candidates

Pooling efforts in ATCA Processor HW, FW & SW development by
APx Consortium

Barrel Calorimeter Processor APd1
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Summary

For the first time Triple-GEM detectors are operated in CMS

> Very nice opportunity to gain experience in installing, commissioning and
operating GEM detectors inside CMS

» Commissioning still ongoing

Finalization of the GE11 electronics
» VFAT3, final GEB, OH, etc. being produced
»  Full characterization on-going

Both slice test and final electronics use uTCA electronics

» Final components in use since slice test

> We have demonstrated that CTP7 suits very well GE1/1
1 CTP7 can handle 12 detectors, 1 uTCA crate is enough to read-out GE1/1
We have demonstrated PROMless OH FPGA programming

For further CMS upgrades we will migrate to ATCA standard
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