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GEMROC: Off-detector readout card for BES-III CGEM-IT detector  

GEMROC module dimensions: 334mm x 176mm x 44mm

GEMROC  = GEMROC_InterFace Card (A.C.R.) + ArriaV GX development kit
(DK-START-5AGXB3N) (development kit production discontinued in 2020)
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Through the MAC unit designed by Stefano Chiozzi, INFN-FE, the Ethernet port of the
GEMROC module supports:
• static IP (example: 192.168.1.aaa, with aaa determined by Board ID)
• UDP communication for LV FANOUT control by SLOW control system
• UDP communication for TIGER configuration by DAQ/RUN control system (PROPOSAL)
• UDP communication for diagnostic TIGER data readout (as for DAC scan tasks)

The GEMROC module LV fanout
section has 2 power input:
• VCC_Anl
• VCC_Dig
driven by the DETECTOR LV power
supply mainframe, one channel of
which supplies two GEMROC
modules.

The GbE port of the FPGA module
is used to receive commands to
turn ON, turn OFF and read
current for each of the 4 output
power ports.

Power for the GEMROC itself
comes from the independent
“VCC_GEMROC” input

to  FEBs

GEMROC_InterFace Card block diagram  
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GEMROC FPGA: firmware (A.C.R.) block diagram  



ARRIA V GX DEV. KIT: ALTERA PART NUMBER DK-START-5AGXB3N
Cost: EUR 791,93 (nov 2019)
PDN: Dec 2020 but ran out of
distributor’s stock months before

FPGA  device: 5AGXFB3H4F35C4N
Technology: TSMC’s 28nm; Year launched 2011

FIND A REPLACEMENT !!
(with, possibly, the same footprint)



CANDIDATES FOR THE REPLACEMENT OF THE ARRIA V GX DEV. KIT
(NOT SAME FOOTPRINT UNFORTUNATELY)

1) Cyclone V GT dev. kit Intel DK-DEV-5CGTD9N:
• onboard FPGA: 5CGTFD9E5F35C7N; year launched: 2011; TSMC’s 28nm technology
• Status: active; cost: 1.162,73€ (current, Digikey)
• porting of GEMROC FPGA firmware (A.C.R.): fits with timing closure warnings

2) Cyclone V SX SoC dev. kit Critical Link MitySOM-5CSX:
• onboard FPGA: 5CSXFC6C6U23C7N (SoC); year launched: 2012
• Status: active; cost: 804,69€ (current, Digikey)
• porting of GEMROC FPGA firmware (A.C.R.): unsuccessful due to insufficient I/O 

3) Cyclone V SX SoC dev. kit Intel DK-DEV-5CSXC6N:
• onboard FPGA: 5CSXFC6D6F31C6N (SoC) ; year launched: 2011
• Status: active; cost: 1.606,71€ (current, Digikey)
• porting of GEMROC FPGA firmware (A.C.R.): fits with timing closure warnings for more 

pessimistic timing corners

4) Cyclone 10 GX dev. kit Trenz TEI0006-03-220-5I:
• onboard FPGA: 10CX220YF780I5G; year launched: 2017; TSMC’s 20nm technology
• Status: active; cost: 498.00€ (current, Trenz)
• accessory carrier board Trenz TEIB0006-02 cost: 179,00€ (current, Trenz)
• porting of GEMROC FPGA firmware (A.C.R.): in progress – needs Quartus Pro Edition

5) Cyclone 10 GX dev. kit Intel DK-DEV-10CX220-A:
• onboard FPGA: 10CX220YF780E5G; year launched: 2017; TSMC’s 20nm technology
• Status: active; cost: 1.074,12€ (current, Digikey)
• porting of GEMROC FPGA firmware (A.C.R.): in progress – needs Quartus Pro Edition



1) Cyclone V GT dev. kit Intel DK-DEV-5CGTD9N

PRO of Cyclone V GT dev. kit:
• dev. kit status: active
• same outline as the Arria V GX dev. kit to be replaced
• current GEMROC firmware fits the onboard FPGA (with timing closure warning)

CONS of Cyclone V GT dev. kit:
• onboard FPGA is mature. Status reported on the Intel web site: Launched in 2011
• development kit has different number/position of I/O connectors <-> not same footprint as the Arria V GX 

dev. kit to be replaced
• can’t be adapted to the GEMROC module without redesigning the enclosure
• cost



FPGA  device: 5CGTFD9E5F35C7N

1) Cyclone V GT dev. kit Intel DK-DEV-5CGTD9N
QUARTUS PRIME (STANDARD 
VERSION) COMPILATION RESULTS:

Flow summary:

Timing closure report: 
paths with failing 

(probably recoverable)
timing closure in all 
parameter corners



PRO of MitySOM-5CSX dev. kit:
• dev. kit status: active
• Similar outline as the Arria V GX dev. kit to be replaced
• current GEMROC firmware DOES NOT FIT on the onboard FPGA due to I/O pin count limitation of 

the onboard FPGA (but it might be used for the GEMROC Fanout modules)
• cost

CONS of MitySOM-5CSX dev. kit:
• onboard FPGA is mature. Status reported on the Intel web site: Launched in 2011
• development kit has different number/position of I/O connectors <-> not same footprint as the Arria V GX 

dev. kit to be replaced
• could be adapted to the GEMROC module with little redesigning the enclosure

2) Cyclone V SX SoC dev. kit Critical Link MitySOM-5CSX
FPGA  device: 5CSXFC6C6U23C7N



2) Cyclone V SX SoC dev. kit Critical Link MitySOM-5CSX
FPGA  device: 5CSXFC6C6U23C7N Resource count of the SOM Module’s 

FPGA would fit the 
GEMROCformware design but not 
the FPGA’s pin count.



PRO of Cyclone V SX dev. Kit Intel DK-DEV-5CSXC6N:
• dev. kit status: active
• current GEMROC firmware fits the onboard FPGA (with timing closure warning)

CONS of Cyclone V SX dev. Kit Intel DK-DEV-5CSXC6N:
• onboard FPGA is mature. Status reported on the Intel web site: Launched in 2011
• development kit has different outline and number/position of I/O connectors <-> not same footprint as the 

Arria V GX dev. kit to be replaced
• can’t be adapted to the GEMROC module without redesigning the enclosure / using an HSMC to HSMC

cable adapter
• cost 

3) Cyclone V SX SoC dev. kit Intel DK-DEV-5CSXC6N
FPGA  device: 5CSXFC6D6F31C6N



3) Cyclone V SX SoC dev. kit Intel DK-DEV-5CSXC6N
FPGA  device: 5CSXFC6D6F31C6N QUARTUS PRIME (STANDARD 

VERSION) COMPILATION RESULTS:

Flow summary:

Timing closure report: 
paths with failing 

(probably recoverable)
timing closure only for more 

pessimistic corners



PRO of Cyclone 10 GX dev. kit Trenz TEI0006-03-220-5I:
• dev. kit status: active;
• onboard FPGA (20nm TSMC) launched in 2017 with EOL in 2032
• small outline: 6cm x 8cm
• cost

CONS of Cyclone 10 GX dev. kit Trenz TEI0006-03-220-5I:
• neither the module itself nor the motherboard carrying the module (see next slide) have 

number/position of I/O connectors compatible the Arria V GX dev. kit to be replaced
• a dedicated adapter to the GEMROC module would have to be designed; it could be made to 

fit the existing GEMROC module enclosure

4) Cyclone 10 GX dev. kit Trenz TEI0006-03-220-5I
FPGA  device: 10CX220YF780I5G

NOTE: porting of GEMROC firmware onto this platform in progress (A.C.R.): 
moving to Quartus Pro 20.4 (QSys  Platform Developer) requires updating all 
currently instantiated Intel/ALTERA IP blocks

Contacts with Trenz to see if 
prototypes could be obtained sooner. 
Lead time is due to contingent  
semiconductors shortage



QUARTUS PRIME PRO EDITION 20.4 COMPILATION RESULTS: 
MANUAL IP UPGRADE IS REQUIRED (work in progress)

4) Cyclone 10 GX dev. kit Trenz TEI0006-03-220-5I
FPGA  device: 10CX220YF780I5G



A less performant, same footprint version of the Trenz Cyclone 10 GX 
dev. kit of the previous slide exist 

It could be matched to less demanding applications
PROs of Cyclone 10 GX dev. kit Trenz TEI0006-03-ALC13A:
• dev. kit status: active;
• onboard FPGA (20nm TSMC) launched in 2017 with EOL in 2032
• small outline: 6cm x 8cm
• cost

4bis) Cyclone 10 GX dev. kit Trenz TEI0006-03-ALC13A
FPGA  device: 10CX105YF780E5G



The simple and functional carrier board shown below provides expansion ports (Ethernet, SFP, FMC) to the 
Cyclone 10 GX modules presented in the previous slides

4ter) Cyclone 10 GX dev. kit Trenz carrier board



5) Cyclone 10 GX dev. kit Intel DK-DEV-10CX220-A
FPGA  device: 10CX220YF780E5G

NOTE: porting of GEMROC firmware onto this platform in progress (A.C.R.): 
moving to Quartus Pro 20.4 (QSys  Platform Developer) requires updating all 
currently instantiated Intel/ALTERA IP blocks

PRO of Cyclone 10 GX dev. kit Intel DK-DEV-10CX220-A:
• dev. kit status: active;
• onboard FPGA (20nm TSMC) launched in 2017 with EOL in 2032
• similar outline as the Arria V GX dev. kit to be replaced
• cost

CONS of Cyclone 10 GX dev. kit Intel DK-DEV-10CX220-A:
• the module has a footprint NOT COMPATIBLE, for number/position of I/O connectors, with the Arria V GX dev. kit to be replaced
• a dedicated adapter to the GEMROC module would have to be designed; it could probably be made to fit the existing GEMROC 

module enclosure



QUARTUS PRIME PRO EDITION 20.4 COMPILATION RESULTS: 
MANUAL IP UPGRADE IS REQUIRED (work in progress)

FPGA  device: 10CX220YF780E5G

5) Cyclone 10 GX dev. kit Intel DK-DEV-10CX220-A



Migrating designs to the Intel Quartus Pro Edition



Migrating designs to the Intel Quartus Pro Edition

Conclusione: 
Penso sia meglio partire da un progetto di esempio in 
Quartus Prime Pro edition ed integrare i moduli 
specifici di BES-III dedicati mano a mano….
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