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ISSUE:
The main source of corruption in the serial data received at the GEMROC FPGA (detected as 10b/8b decoder
errors) has been found to be the marginal quality of the clock signal reaching the TIGER FEBs on the “long

haul cable + DLVPC + short haul cable” path, resulting in excessive jitter in the serial data transmitted fr
the TIGER to the GEMROC.

FIX:
“Clock Booster Patch Cards” (CBPC) designed by Roberto Malaguti (INFN-FE) in October 2019 /
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GEMROC Module hardware upgrade: Clock Booster upgrade installation
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GEMROC Module hardware upgrade: Clock Booster upgrade installation
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GEMROC Module hardware upgrade: “TPULSE” “SYNCHRST” nets fix

8 resistors must b
patch wires must be 1nsta11ed

More details in: «Preparazione moduli. GEMROC con IFC CARD vA4
modiﬁed 15 sep 2023 available at:
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GEMROC Module inventory

1 from Torino to t

ArriaV GX DK-START-5AGXB3N development Kits:

« 5 still sealed stocked at INFN- Ferrara as of 6 nov 2023

* 2 will remain as spare if the 3 GEMROC IFC cards above can all be fixed and assembled into GE
modules

GEMROC modules enclosures:

* plenty of off-the-shelf enclosures available
* 4 enclosures being custom machined at INFN-Ferrara
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GEM-DC: Firmware upgrade description and status

. generate VME inte
* handle the subsequent VME interrupt a

FIX:
Pawel upgraded the GEM-DC firmware during his stay at Ferrara (28-31 mar 2023). Subsequen
issues with the interrupt generation for which a patch was prepared at INFN-Ferrara (P.M. / A.C.R.).
In order to compile, download and test the patch a dedicated notebook has been prepared (A.C.R.).

STATUS:
A test of the modified GEM-DC has been carried out at INFN-Ferrara by installing the GEM-DC in a V
crate equipped with a CAEN VX1718 - VME-USB2.0 Bridge.

The verification of the firmware modification is still in progress, due to lack of time and some limi
the generation of the VME interrupt acknowledge cycle for the USB2.0-driven version of the V
An attempt at a more conclusive test will be performed during the integration week at IHEP.
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GEM-DC: Firmware upgrade description and status

USscd

The activity captured in the GEM-DC FPGA refers to its Vv

University.

properly responding to the IACK IN signal from the CPU: the GEM DC propaga

to the TACK OUT line even when the GEM-DC contains an event to be read out.

In order to trigger this activity I had to:

reset the GEM-DC by writing 0x10000 to the GEM_DC CSR register
enable the generation of IRQ1 by the GEM-DC by writing 0x101 to address 0x400000 in the GEM-DC
address space. Note: when I do this the IRQ1 of the dataway display of the CAEN VME Brid
immediately turns OFF

start an “INTERRUPT CHECK” routine of the CAEN VME bridge control software by choosin
“I” of the user interface menu. Note: the interface prints Ox3E as the status of the VME IRQ ling
the bridge
repeat (???) the step above: at this time the Interrupt acknowledge cycle is really performe ¢ bridge
on the VME BUS and the “ChipScope” detects the trigger condition (V_IACK IN
captures the FPGA activity (unfortunately its shows that the firmware fails to respond
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The “ChipScope” must be setup by pointing to a specific project in the ATLB CGEM hierarchy which
associates meaningful label to the generic ID of the signals saved in the FPGA for the ChipScope capture.
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File View JTAGChain Device TriggerSetup Waveform Window Help
{22 @ | Trioger Runod: [Sinale [~ ]| » B T E [ R § 2 2|2 2 H |
Project:ATLB CGEMS | ]85 Tringer sewp _DEV:t MyDevicet (XCSVLXSOT) UNT:O VMEILA) © e : S Z
9 DEV:1 MyDevice1 (XC5VLX50T) =M EERU e T = T ‘
= atch Uni unction alue adix ounter
System Monitor Console H X =
9 UNIT:0 VME (ILA) b= TriggerPort0[229]
Trigger Setup TriggerPort0[228] X
Waveform M v_iack X =
Listing P
iackin 0
Bus Plot =
H uN“I’ti;;fge{t’:) TriggerPor0[224] @ Waveform - DEV:1 MyDevice1 (XC5VLX50T) UNIT:0 VME (ILA) = -
Waveform TriggerP 299 - 400 -320 -240 -160 -80 0 a0 160 240 320 400 480 660
Listing i |9 \ \ ! | 1 I \ | | | !
Bus Plot I TP & fsmi_out o o 0 T T4
7 UNIT:2 SLOW_CTRL_VME (ILA) TriggerPort0{221] o reg sel 0| 40 W0 TF y
Trigger Setup TriggerPort0[220] -
Waveform = o sst_cycle c... | 00| 00 0 )
Listing | )
Bus Plot 4 (2] Ada I Active T sst_trans_rate [1} 0 a
Tz S e | ® | -v.a FEFFF|FEEE] FFFFFFFF 00000004 3
Signals: DEV: 1 UNIT: 0 -
Lis _ o v_adr 14| 14 14 )}
Q L
e sst_cycle_count 4 |s| Tvee M
o sst_trans_rate E O v_am 3F)| 3F| aF 0o \
eva @ | Storage Qualification: 7.t . i 1 | |
: ::Z:: @ Sample Bufferis full v_write 1 1
pvds v_as 1| 1 |
CH: 166 v_lword L -
CH: 167 v_write w_berr 1 1
CH: 168v_as
- 1 1
GH: 171v_berr v_retry
CH: 172 v_retry v_ddir 1] [1]
CH: 173 v_dtack
CH: 174 v_ddir v_adir oo
CH: 175 v_adir add_ph2_ck 1 1
CH: 192 add_ph2_ok
CH: 193 add_ph1_ok add_phl_ok 1 1 L
CH: 194 add_sst_ok add sst ok 0 0
CH: 195 add_mb_ok —
CH: 196 add_bl_ok add_mb_ok ol o
CH: 197 add_sg_ok add bl ok o B
CH: 202 fifo_wr_inc .
CH: 203 fifo_rd_inc add sg ok 1 1
g: ;g; :;g,;ﬂ;lbw fifo wr_inc o 0
CH 226 v_iackin £ifo empry of o
CH: 227 v_iack
GH: 252 format_broken[252] fifo full oo
CH: 253 T2[253] v_iack 1| 1 1
CH: 254 T1[254] ; ]
CH: 255 v_iackout v_iackin i 1
9 Trigger Ports L w_iackout 1 1 | ~|
o TriggerPortd = = hd
COMMAND: run 10
COMMAND: upload 10
INFO - Device 1 Unit 0: Sample Buffer is full
INFO - Device 1 Unit 0: Waveform captured 27-apr-2023 12.26.24

English (US)

UNIVERSITA
DEGLI STUDI
| gl BES-111 [talia workshop, Ferrara, 6 nov 2023, A. Cotta Ramusino Besm

Istituto Nazionale
di Fisica Nucloare



GEM-DC: Firmware upgrade description and status
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GEM-DC: Hardware survey
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GEMROC integration in BES-III Slow/Run control/DAQ software

CGEM-IT Online Software architecture — BASELINE:

CGEM-IT SLOW CONTROL

e performec CGEM-IT RUN CONTROL
e CGEM-IT trigger matched reado CGEM-IT DAQ
VME bus

* The development of the SLOW and RUN control software is being carried out by BES-III expet
to some extent by porting the routines included in the omni-comprehensive GUFI framework
written by Alberto Bortone.

* Minor issues in the porting process have been flagged from time to time by BES-III experts and
have been addressed and solved by Alberto.

* Most substantial issue so far: some of the fields of the UDP packet exchanged between host PC
GEMROC modules to perform SLOW / RUN control functions could be modified by b

RUN control programs are independent processes, as in BES-IIL.\
The solution proposed by Alberto Bortone was adopted because it requires mini
the data format of the protocol (Ethernet UDP based) of communication betwee
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GEMROC integration in BES-III Slow/Run control/DAQ software

e CGEM-IT DAQ software development at BES-III:

* the possibility
in collaboration with the B
and data integrity checks.

The development of the DAQ software has started in 2019 and is proce

based on a solid VME architecture it should proceed fast.

A GEM-DC module was tested in 2019 and data generated (by internal test pulse) by a GEMROC

connected to the GEM-DC was readout.

For this test the VME CPU had to poll the GEM-DC status register to know when the data was ready

and then schedule the read. A VME IRQ-based readout mode is preferred instead.

In a dedicated meeting with the BES-III DAQ experts (XiaoLu Ji, Ma Si, Tingxuan Zen

recently organized on October 5 2023 by Michela, the experts re-stated that:

 The GEM-DC shall generate a VME interrupt request (IRQ) when ready to be reado
handle the subsequent VME interrupt acknowledge (IACK) cycle originated by t
CPU. The request and its implementation have been discussed above.

 BES-III DAQ will read one event from the GEM-DC for every L1 TRIGGE
the requirements on the GEM-DC on-line memory because it is not required to
one event (an event in the GEM-DC is assembled by merging the Trigger ma
received from the connected GEMROCs).
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GEMROC integration in BES-III Slow/Run control/DAQ software

* Requirements to the GEMROC firmware developer by the BES-III DAQ expert:

ca 0

reset the timing mea

experts.

e The handling of the Trig_ Check signal by the GEMRO
following REQUIREMENT:

 IF a mismatch of the distributed “L1 CHK” signal and the one internally calculated by

GEMROC (by counting the L1 triggers modulo 256) occurs THEN the GEMROC should set

a “L1_CHK ERROR” flag in all the following trigger matched output data packets to inform

the online DAQ software about the mismatch condition.
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CGEM-IT GEMROC-based FCS Fanout Module

CGEM-IT FCS LOCAL FANOUT MODULES
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CGEM-IT GEMROC-based FCS INTERFACE MODULE

/] B

11 detector

CGEM-IT GEMROC-based FCS Fanout Module

BES-III FCS LOCAL FANOU
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CGEM-IT FCS INTERFACE MODULE:Hardware
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https://pandora.infn.it/ws-tiger-gemroc-documentation/GEMROC_AND_OTHERS/GEMROC_FCS_FANOUT_MASTER

CGEM-IT FCS INTERFACE MODULE:Firmware and Python scripts

Command Prom|

- \angelo\BES_ITT\FCS_FANOUT UI>python FCS_FANOUT UL 2021.py 7 6xf

GEMROC_FCS_FANOUT_CFG V1.1; last mod: 2021-84-14, A.C.R. INFN-FE;

IENU 2

SFCW

SFCR

SFRST

SFHR

CKEXT  <On_Off_param>
enerator

CKSIM  <On_Off _param>
s 1"

-CSSIM  <On_Off_param>
ult is 0"

CKDIV  <select_param>
e

TP2CHK <On_Off param>

SysFanoutConfighirite: read the default settings file and update the SYS FANOUT configuration register with its contents.
SysFanoutConfigRead: read and print setting of GEMROC SYS FANOUT configuration register

SysFanoutConfigReset

SysFanout HARD RESET

Select Clock source for SysFanout functions: "1" for clock derived from External source; "8" for for clock derived from on-board g
Set to "1" for the SysFanout to generate simulated BES-III CLK signal; set to "@" to output the real BES-III CLK signal; default i
Set to "1" for the SysFanout to generate simulated FCS signals: L1, L1 CHK; set to "@" to output the real BES-III FCS signals; def
Set to "1" to select 1x frequency divider and "@" to select 4x frequency scaling (48MHz -> 18MHz) for the output clock; default is

Tpulse Merged With_L1Chk_enable: set to "1" to mix a TP pulse (4 CLK periods wide) onto the L1 _CHK line; default is "@"

STG  <Num Soft_TP generated> (range 1 to 1823) <Interval between Soft_TP in us (approx)> (range 1 to 511) <TP_width_in_burst>(® thru 15) Soft Test Pulse Generation.

troller implemented in FPGA

Note: period between "soft" test pulses is determined by the execution speed of the test pulse generation routine by the microcon

SL16  <Mum Soft L1 generated> (range 1 to 1023) <Interval between Soft L1 in us (approx)> (range 1 to 511) Soft L1 trigger generation.

nlemented in FPGA

FULL <On_Off param>

"y

SDUMFULL <pattern_param> range @x@ to @xf
SFULLEN  <pattern_param> range 0x8 to @xf
>d with DUMMY FULL signals)

TRUEFCS <On_Off_param>

, if enabled, else are "@"

| ABCFG

(Q)uit: leave

Enter your command: g

UNIVERSITA

DEGLI STUDI
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Note: period between "soft" L1 is determined by the execution speed of the L1 pulses generation routine by the microcontroller im
Set to "1" for the SysFanout to generate a dummy FULL output to BES-IIT F(CS system; set to "8" to clear the dummy FULL; default is

Set a pattern of dummy FULL signals ORed to the FULL signals from each of the SYS FANOUT input ports (on KEL connectors)
Set a pattern of ENABLE bits fo the FULL signals (true FULL signals from each of the SYS FANOUT input ports (on KEL connectors) OR

Set to "1" to enable the TRUE FCS inputs driven by BES-III; if this bit is set to "@" then the FCS signals come from the simulator

Setup the SYS FANOUT to operate in the planar gem setup at FE

BES-III Italia workshop, Ferrara, 6 nov 2023, A. Cotta Ramusino 19



CGEM-IT FCS INTERFACE MODULE: Firmware and Python scripts

<« (& O EJ 2 hitps:/fpandora.infn.it/ws-tiger-gemroc-documentation/GEMROC_AMND_OTHERS/GEMROC_FCS_FAMOUT_MASTER

' Comeiniziare n owniZloud

Angelo Cotta Ra... TIGER GEMROC documentation / GEMROC_AND_OTHERS / GEMROC_FCS_FANOUT_MASTER

NEW ~

My Workspaces < -

parent folder
My Files

FCS_FAMNOUT_ACR_test_Python_scripts
Adobe |
Amministrazione Centrale

= GEMROC_FCS_FANOUT_MASTER_FPGA_DESIGN{ARRIAVGX)

IBEM
Mathematica s GEMROC_FCS_FANOUT_MASTER_UDP_PACKET_FORMAT
Matlab
Microsoft 5 GEMROC_FCS_FANOUT_MASTER_front _panel_description.pdf

Mational Instruments
B howto_flash_ArriaVGX_board_HW_and_MNIOSI_FW_acr2021_SYS_FANOUT. docx
Pandora Editing

Sistema Informativo

B Preparaz_moduli_GEMROC_con_IFC_CARD_wAd3_LINK_FCSFanout_2021_v2.docx

Solidworks
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MODULAR FCS LOCAL FANOUT
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MODULAR FCS LOCAL FANOUT

Ik, L1, L1_CHK, FULL
on copper

MODULAR LOCAL ECS FANOUT MODULE
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__Trig_n =

TrigChlk_n

INFN Ferrara purchase order

starfed by Nicholas Menegati c%

25 Oct 2023

.R.jun 2023 A.C.R. oct 2023
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OUTLOOK:

deployment of 4 F

* commissioning of all the above at the

* optimization of the CGEM-IT groundlng and shielding lay

* debug of the GEM-DC module IRQ/IACK acknowledge funct1ons in colla
with the BES-III DAQ software experts
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BACKUP slides
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* development of the modular Fast Control Signals (FCS) FANOUT system
GEMROC-based FCS SYSTEM FANOUT

QUANTITY NEEDED: Status:
e 3 pieces of BES-III FCS SYSTEM Fanout:
* 1in operation at BES-III FCS_BKPLN and XCVR delivered

e 1 for prompt backup at BES-III
e 1 used for firmware debugging / development

BESIII FCS signals ox Clk

Modul
GEMROC FCS signald on XC%I;I ;l)rC 6x L1
BES-III FCS twisted pair ¢able -
SYSTEM Aiigiten o 6x L1_CHK
FANOUT 9 d ko) | 4x GEMROC_Buffer_FULL

splitter

MODULAR XCVR_DC AND OPTICAL SPLITTER

Clk, L1,

L1 CHK. XCVR_DC | 6x Clk
FULL 6x L1
on copper XCVR_DC optical fiber | 6x L1_CHK

FCS_BKPLN_IFC

ORI 4« GEMROC. Buffer FULL

XCVR_DC

FCS_BKPL

N

XCVR_DC

UNIVERSITA
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* development of the modular Fast Control Signals (FCS) FANOUT system

Modular FCS Local FANOUT
QUANTITY NEEDED:
e 6 pieces:
e 4 in operation at BES-III
e 1 for prompt backup at BES-III
e 1 used for firmware debugging / development

Status:

FCS_BKPLN_IFC,
FCS_BKPLN,

FCS_PORT,
and XCVR delivered

Clk, L1, L1_CHK, FULL
opper vz

L1_CHK

FULL

MODULAR LOCAL FCS FANOUT MODULE
FCS BKPLN

FCS_BKPLN_IFC

FCS FCS FCS FCS FCS FCS
PORT PORT PORT PORT PORT PORT

XCVR_DC
XCVR_DC

®)
m)]
x
>
(@)
x

-

Flat cable bus segments toward GEMROCs

l POWER (remote
controlled)

,m @wecm RESTH

from a presentation to the referees, 2 jun 2021, Angelo Cotta Ramusino



* development of the modular Fast Control Signals (FCS) FANOUT system

Clk. L1, L1_CHK, FULL g .
on copper i -

-l

S_ 3 o3 @

FCS_BKPLN_IFC

XCVR_DC
XCVR_DC

POWER (remote
controlled)

All elements of the modular
FCS FANOUT system have been
manufactured and are being
assembled and tested.

J
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