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The CMS GEM project :  
Global Requirements on Electronics 

 
(for the one day workshop Jan 2013) 

1	  

•  GEM	  detectors	  

•  Triggering	  

	  
	  
	  
•  Tracking	  
	  

•  Provide	  full	  granularity	  tracking	  data	  on	  
receipt	  of	  a	  LV1A.	  

•  Be	  compa@ble	  with	  CMS	  trigger	  upgrade	  
possibili@es	   	  	  

–  	  LV1A	  latency	  <	  20us	  
–  LV1A	  rate	  <	  1MHz	  Poisson	  

	  

	  	  

Provide	  Trigger	  &	  Tracking	  data	  from	  all	  GE1/1	  GEM	  Chambers	  

•  Provide	  “Fast	  OR”	  trigger	  informa@on	  with	  
granularity	  of	  2	  channels	  to	  send	  locally	  to	  
CSC	  TMB.	  

•  Timing	  resolu@on	  <8ns.	  
	  

	  

	  	  

•  Design	  op@mised	  for	  gas,	  and	  in	  par@cular	  
GEM	  detectors	  
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CMS GEM Electronics System 
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•  GBT	  readout	  
•  Direct	  e-‐link	  communica@on	  between	  

front-‐ends	  and	  GBT	  
•  No	  Separate	  path	  for	  trigger.	  
•  Trigger	  path	  to	  external	  systems	  at	  

uTCA	  level.	  

FPGA/ 
GBTs 

VFAT3/GdSP 

DC/DC converters 

Power Supplies 

LV 

HV 

Optical links @ 3.2Gbps 

µTCA  crates 

Ser/Des 

Trigger 
 
DAQ 
 
DCS 
 
TTC 

On Detector 

GLIB  

GEM_PCB 

AMC13 

Off Detector 

 Links to CSCs 
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The Electronics System 
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Trig	  data	  
(encoded)	  

TMB	  

uTCA	  

FPGA:	  
Concentrator	  	  

E-‐links	  @	  320Mbps	  

“s”	  signals	  	  
@	  320Mbps	  

	  3.2Gbps	  

24	  VFAT3	  	  
	  
FPGA	  performs	  
“concentrator”	  and	  drives	  
the	  op@cal	  link	  @	  3.2Gbps.	  
	  
FPGA	  programming	  and	  
@ming	  via	  the	  GBT.	  
	  

GBT	  GBT	  

Data	  PATH	  
Full	  granularity	  
(non	  zero	  suppressed)	  
1GBT	  for	  8	  VFATs	  

	  4.8Gbps	  

320Mbps	   	  3.2Gbps	  

	  Trigger	  

Preamp     Shaper 

VFAT3 

      128 channels 

E-Port 

Slow Control (Registers & logic) 

CFD 

CBM Unit 
(Calibration, Bias &  

Monitoring) 

Trig  
Unit 

Control Logic + Data Formatter 

Sync 

PLL 

SRAM1 SRAM2 

GBT	  GBT	  
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Trig	  data	  
(encoded)	  

TMB	  

uTCA	  

FPGA:	  
Concentrator	  	  

E-‐links	  @	  320Mbps	  

“s”	  signals	  	  
@	  320Mbps	  

	  3.2Gbps	  

24	  VFAT3	  	  
	  
FPGA	  performs	  
“concentrator”	  and	  drives	  
the	  op@cal	  link	  @	  3.2Gbps.	  
	  
FPGA	  programming	  and	  
@ming	  via	  the	  GBT.	  
	  

GBT	  GBT	  

Data	  PATH	  
Full	  granularity	  
(non	  zero	  suppressed)	  
1GBT	  for	  8	  VFATs	  

	  4.8Gbps	  

320Mbps	   	  3.2Gbps	  

	  Trigger	  

Preamp     Shaper 

VFAT3 

      128 channels 

E-Port 

Slow Control (Registers & logic) 

CFD 

CBM Unit 
(Calibration, Bias &  

Monitoring) 

Trig  
Unit 

Control Logic + Data Formatter 

Sync 

PLL 

SRAM1 SRAM2 

GBT	  GBT	  

VFAT3 : ASIC design by 
CERN, CEA Saclay, INFN 
Bari,  

Using CERN common 
Projects 
(GBTs & Versatile Link) 

GLIBs & MP7 
Common 
CERN & CMS 
developments AMC13 from Boston Uni.  

uTCA 
Development (ULB) 
Wayne State Univ. 

Powering studies : 
CERN / UFL / Naples 

CSC trigger path : 
TAMU & TAMUQ, UCLA 

VFAT2 & 3 Hybrids + GEB 
(GEM Electronic Board) 
Lappeenranta (LUT) 

Opto hybrid (ULB): 
Hardware design started 
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Electronics :  
Full size prototype hardware steps 

5	  

Prototype	  1	  :	  
VFAT2	  
Compa@ble	  with	  VFAT2	  CMS	  Hybrid	  or	  Totem	  hybrids	  
GEB	  v1	  
OptoHybrid	  V1	  
Readout	  &	  Programming	  via	  UART	  or	  Op@cally	  to	  uTCA	  
Applica@ons	  of	  Prototype	  1	  :	  Electrical	  tests	  –	  ini@al	  firmware	  and	  sobware	  development	  

Prototype	  2	  :	  (At	  first	  8	  eta	  divisions,	  then	  sub	  versions	  for	  extended	  eta	  op@ons)	  
VFAT2	  
VFAT2	  CMS	  Hybrid	  	  
GEB	  v2	  
OptoHybrid	  V2	  
Readout	  &	  Programming	  op@cally	  from/to	  uTCA	  
Applica@ons	  of	  Prototype	  2	  :	  CERN	  Cosmic	  Stand	  –	  	  Test	  beam	  –	  Slice	  Test	  

Prototype	  3	  :	  
VFAT3	  (or	  VFAT3	  emulator	  to	  start)	  
VFAT3	  Hybrid	  Vx….	  
GEB	  v3	  
OptoHybrid	  V3	  	  
Readout	  &	  Programming	  op@cally	  via	  GBT	  from/to	  uTCA	  
Applica@ons	  of	  Prototype	  3	  :	  CERN	  Cosmic	  Stand	  -‐	  Final	  system	  
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Prototype 1 :  
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OPTOHYBRID

MCLKT1

GEB 1
100ohm 100ohm100ohm

100ohm100ohm

OPTOHYBRID

100ohm

MCLKT1

GEB 2
100ohm

Prototype	  1	  :	  VFAT2,	  GEB1	  +	  OptohybridV1	  +	  DAQ	  
Readout	  of	  6	  VFAT2	  chips	  via	  OHv1	  
	  
	  
The	  main	  goals	  for	  GEB1	  are	  checking:	  
•  Electrical	  design	  and	  rou@ng	  issues.	  
•  Manufacturability	  
•  Electrical	  tests,	  signal	  integrity	  over	  a	  large	  board	  
•  CMS	  VFAT2	  Hybrid	  V2	  verifica@on	  
•  Noise	  studies	  
•  Optohybrid1	  verifica@on	  
•  Enable	  DAQ	  hardware	  and	  sobware	  development	  to	  start.	  



P. Aspell   	
 CERN  	
 2014	


OPTOHYBRID

MCLKT1

GEB 1
100ohm 100ohm100ohm

100ohm100ohm

OPTOHYBRID

100ohm

MCLKT1

GEB 2
100ohm

Prototype 2 :  

7	  

Prototype	  2	  :	  VFAT2,	  GEB1	  +	  OptohybridV2	  +	  DAQ	  
	  
The	  main	  goals	  for	  GEB1	  are	  checking:	  
	  
•  Electrical	  design	  and	  rou@ng	  issues.	  
•  Provide	  an	  “on	  detector”	  hardware	  plahorm	  for	  full	  size	  DAQ	  firmware	  and	  sobware	  

development.	  
•  Provide	  and	  full	  size	  hardware	  and	  DAQ	  plahorm	  for	  the	  development	  of	  applica@on	  

based	  prototypes.	  

Trig data 
(encoded
) 

TMB 

uTCA 

OptoHybrid V2 
DataOut, Data 
Valid 
(LVDS @ 40Mbps) 
I2C 
DACo I/V 
ReHb, ReHs 

“s” bits  
(LVDS @ 40Mbps) 

 
3.2Gbps 

24 VFAT2  
 
FPGA performs GBT 
emulation and 
“concentrator” and drives 
the optical link 

 Trigger 

128 channel front�end

I/P
Charge

I/P
Digital

&

SRAM  2

LVDS O/P

Fast"OR"
building
Trigger

&Digital SynchronousAnalog

Asynchronous

Threshold

ShaperPreamp 

SRAM 1

Calibration
Unit

(LV1A, RySync, CalPulse, BC0)

Polarity
MSMask

Data Valid

DataOut

Logic
Control

formatter
Data Packet

CB
A

SDA SCL

I2C receiver and 
registers

& pulse stretcher
monostable

SynchronisationComparator

8 Sector

T1
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Trig	  data	  
(encoded)	  

TMB	  

uTCA	  

FPGA:	  
Concentrator	  	  

E-‐links	  @	  320Mbps	  

“s”	  signals	  	  
@	  320Mbps	  

	  3.2Gbps	  

24	  VFAT3	  	  
	  
FPGA	  performs	  
“concentrator”	  and	  drives	  
the	  op@cal	  link	  @	  3.2Gbps.	  
	  
FPGA	  programming	  and	  
@ming	  via	  the	  GBT.	  
	  

GBT	  GBT	  

Data	  PATH	  
Full	  granularity	  
(non	  zero	  suppressed)	  
1GBT	  for	  8	  VFATs	  

	  4.8Gbps	  

320Mbps	   	  3.2Gbps	  

	  Trigger	  

Preamp     Shaper 

VFAT3 

      128 channels 

E-Port 

Slow Control (Registers & logic) 

CFD 

CBM Unit 
(Calibration, Bias &  

Monitoring) 

Trig  
Unit 

Control Logic + Data Formatter 

Sync 

PLL 

SRAM1 SRAM2 

GBT	  GBT	  
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Components	  /	  modules	   Applica2ons	  

Name	   responsibility	   P1	   P2	  
CERN	  Cosmic	  Stand	  
Syst.	  dev.	  	  2014	  onwards	  

P2	  
Test	  beam	  ?	  
End	  of	  2014	  

P2	  
Slice	  Test	  
2016	  

P3	  
Cosmic	  Stand	  
Development	  2016	  onwards	  

P3	  	  
Final	  System	  
LS2	  

System	  Development	  Team	  @	  CERN	  
Leader	  coordina@ng	  SW,	  FW	  &	  construc@on	  

System	  Development	  Team	  @	  CERN	  
Leader	  coord.	  SW,	  FW	  &	  construc@on	  

VFAT2	   CERN	  

VFAT2	  Hybrid	   LUT	  

GEB	  V1	   LUT	  

GEB	  V2	   LUT	  

GEB	  V3	   LUT	  ?	  

OH	  V1	   ULB	  

OH	  V2	   ULB	  /	  TAMU	  

OH	  V3	  

VFAT3	   CERN	  /	  Bari	  

Links	  

GLIB	  

MP7	  (or	  
similar)	  

uTCA	  (system)	  

Workshop	  goal	  :	  Complete	  the	  leb	  hand	  side	  of	  the	  table	  with	  components	  /	  modules	  including	  suggested	  
ins@tute	  responsibility.	  These	  then	  feed	  into	  the	  Applica@on	  columns.	  

Component	  required	  for	  this	  applica@on	  
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Electronics :  
Full size prototype hardware steps 
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Prototype	  1	  :	  
VFAT2	  
Compa@ble	  with	  VFAT2	  CMS	  Hybrid	  or	  Totem	  hybrids	  
GEB	  v1	  
OptoHybrid	  V1	  
Readout	  &	  Programming	  via	  UART	  or	  Op@cally	  to	  uTCA	  
Applica@ons	  of	  Prototype	  1	  :	  Electrical	  tests	  –	  ini@al	  firmware	  and	  sobware	  development	  

Prototype	  2	  :	  (At	  first	  8	  eta	  divisions,	  then	  sub	  versions	  for	  extended	  eta	  op@ons)	  
VFAT2	  
VFAT2	  CMS	  Hybrid	  	  
GEB	  v2	  
OptoHybrid	  V2	  
Readout	  &	  Programming	  op@cally	  from/to	  uTCA	  
Applica@ons	  of	  Prototype	  2	  :	  Test	  Beam	  -‐	  CERN	  Cosmic	  Stand	  –	  	  Slice	  Test	  

Prototype	  3	  :	  
VFAT3	  (or	  VFAT3	  emulator	  to	  start)	  
VFAT3	  Hybrid	  Vx….	  
GEB	  v3	  
OptoHybrid	  V3	  	  
Readout	  &	  Programming	  op@cally	  via	  GBT	  from/to	  uTCA	  
Applica@ons	  of	  Prototype	  3	  :	  CERN	  Cosmic	  Stand	  -‐	  Final	  system	  

Hardware  Jan/Feb 2014	


 Hybrids & GEB2 ~ June 2014, 	

OH V2 ~ August 2014	

System development for TB, CS & ST	


VFAT3 (a) ~ Q4 2015	

Initial hardware Q2-3 2015 ?	

System development for CS & FS 
continuous up until LS2	



