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DAQ system overview — mini-crate
K 2 Max. 2 #6 FEB per mini-crate
|
SYNC + CLOCK | n
| USB3
PC#O
#3 USB3 ports

UNIVERSITE

FRONT:
3x32-ch SiPM

MCR 6U (6/7 slots)

BACK:

UsSB
SYNC/CLOCK in
MCB out (emul.)
MCB in (emul.)
24V
Leds/Address
Prog.




DAQ system overview - overall
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Vertical channels : 576-ch, 6 FEBs, 6 FEBs/MCR, 1 MCR/PC, 1PC Total:
Horizontal channels : 3456-ch, 36 FEBs, 6 FEBs/MCR, 3 MCR/PC, 2 PCs 7 MCR/42FEBs/3PCs
Beam Line & ext synchro Detector
| | K Sm max. #6 FEB per mini-crate
[_spil_] : Master Clock ; | 08
SEAE 1 i
* optional signals #3 USB3 ports
| SO | v #3 mini-crates
10G
E PC - 1.~ Ethernet
Switch A
4 \_é PC#l |
#3 USB3 ports
I ¢

#3PCs & 1 Master clockboard

‘—% PC#2
#1 USB3 port

o —
=

MCR #0

#1 mini-crate

FEB 96-ch

TOTAL =

576 Vert. CH + 3456 Hor. CH = 4032 CH

42 FEB96-ch

7 MINI-CRATES

3PC

1 Master Clock board
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DAQ system overview — main signals

FACULTE DES SCIENCES

Vertical channels : 576-ch, 6 FEBs, 6 FEBs/MCR, 1 MCR/PC, 1PC Total:
Horizontal channels : 3456-ch, 36 FEBs, 6 FEBs/MCR, 3 MCR/PC, 2 PCs 7 MCR/42FEBs/3PCs
| Beam Line & ext synchro | - snma
[ spil | > *
P! - Master Clock |
| e |
Cas1 ||
* optional signals #3 USB3 ports
| controlroom | A/
10G
E PC - 1.~ Ethernet
Switch
T gl e ]
PC#1
#3 USB3 ports
USB: -
READOUT (EP1IN, 2Gb/s) A e —
CMD (EP20UT, 1Mb/s)
ANS (EP2IN, 1Mb/s) _,_% PC#2
Q #1 USB3 port *FK.}
. [ p—
- = #3PCs & 1 Master clockboard
-~ - -

SYNCHRO : 1 RJ45/ 4 pairs
CLOCITI00MHz) >
GTRIG (100KHz

SPILL (ST/END, NB#)

< FS (10KH}rame sync)

READOUT (1Gb/s on FS)
CMD (1Mb/s) + ANS (1Mb/s)
CLOCK (100MHz)

GTRIG (100KHz)

SPILL (ST/END, NB#)

RESET

FS (10KHz frame sync)

CHAIN +SYNCHRO : on backplane

-

FEB 96-ch
iCR #0
i M

#1 mini-crate

7=

TOTAL =

576 Vert. CH + 3456 Hor. CH = 4032 CH
42 FEB96-ch

7 MINI-CRATES

3PC

1 Master Clock board
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SiPM —FEB Cabling : details - overall
|SiPMPCB: | U.LFto U.FL | Module PCB: | HV coax PCB :
SiPM Tulip to coax cable U.FL male to HSEC-8 female on edge
|U.FLmale | L=0.5m | HSEC-8 male | to coaxial cables in
/‘\ — EMC metalic enclosure
@)j'( 40 | @ ® | #0 [ — N
| | | - _F Global HV : HV RG174 coax.
. [} :
#0 o EE s | 3s2chspmsignal 32-CH Single- ended
| | | E AR RG174 coax.
=[] = oo
= R Ie|_ 32-ch_|
| | | ez = -
IS T RS485 TX pair
| | T = 0/5V pair y,
‘ : ° © © ° #31 1
| | | - Allcables directly soldered on PCB pads
#31 - Coaxial braid clamped to GND pad (EMC)
- Coaxial cable clamp to GND (mechanical)
GlobalHV
HV = SiPM K
SiPM signal HY_EN_CHX
-~ Q SiPM-CHx yials
174 ¢ und\
.‘esi\a’t
aWYET T sm

SiPM PCB : 2 types
Horizontal + Vertical

Vertical bars: g

8-ch used/HV coax PCB => g

4 HV coax PCB + i FEB 96-ch
VME 6U

4 bundles to 1 FEB 32-ch

FEB Coax. PCB :
coax PCB Coaxial cables to HSEC-8

male on edge in EMC
metalic enclosure

5|ewa4 suid OpXg |
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[ ] [ ] [ ] —_—
SiPM —FEB Cabling : boards view
[4032cables | [ 108+72PcB | [ 108+72PCB |

| SiPMPCB: | U.LFto U.FL | Module PCB : HV coax PCB :
SiPM Tulip to coax cable U.FL male to HSEC-8 female on edge
|UFLmale | L=0.5m | HSEC-8 male to coaxial cables

2R S e e e

e
o
&
@
b i
;"“
»
@

FRERE R E 8@
e eee e 8w

33 RG174 coaxials
+ 4 wires flat cable bundle
L=5m

108 H bundles (33 coax.)
72 V bundles (9 coax.)

126 PCB 42 PCB 180 bundles, 4212 coax. (21km)

FEB Coax. PCB :
Coaxial cables to
HSEC-8 male on edge




Master Clock Board Synchronisation
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100MHz CLK synchronizes exactly all FEBs
100KHz GTRIG allows a tagging of all timing event (10.24us counter overflow)

10KHz Frame Sync (FS) allows Time Divided Multiplexed (TDM) readout synchronization of the FEBs chain

G ——sr— [
Wover all MCR FEBs :GRESET
ate
e ENCSpILLsgnals (1 t0 6 sar fanout) ook ]
_ MCB shapes SPILL + RESET + CLOCK + B_EA 1 #0
TRIG and propagates signals over 4-pairs #6
RJAS LVDS signals (1 to 6 star fanout) \ Star Network with same
-—— - lines length \\
RJ45 SFTP Cat6
l l‘\ ™ ~ -100R Diff. pairs 100R diff. pairs
V on backplane __ \
FEB#1 FEBH2 | .. FEB#6 T~ \4
LVDS pairs ;
1 pair: CLK
ck My /1 pair: SYNC
CTRIG //—,_\— / /‘2 airs: unused
SPILL_GATE 9 / P
SPILL_NB // (§ // //
GRESET /3y S— &F S
FS 4 e /]

8b10b ENC

SYNCOYX X ipie Xz e ,:,\0

GTRIG GTRIG & GRESET

DEMUX

72 GTRIG
SPILL_GATE, SPILLNB

GTRIG is sent synchronously with CLK
SPILL_GATE/NB, GRESET & FS are sent by MCB synchronously with GTRIG




FEB chain cabling options

To host PC

RJ45 PREV

chain_next_en = 0’
chain_prev_en = 0’

1st FEB

RJ45 NEXT

i

USB standalone (lab,
maintenance, calibration)

'+ UNIVERSITE
°~/ DE GENEVE
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Backplane chain +
USB gateway

FEB Chain signals :
Protocol command
Protocol answer
Data readout

PREV flow NEXT
CMDIN/CTS = CMDOUT/RTS
ANSOUT/RTS <= ANSIN/CTS
DOUT <= DIN

To host PC

1st FEB

2nd FEB

6th FEB

chain_prev_en =

chain_next_en = ‘1’ l
lol

chain_next_en = ‘1’
chain_prev_en = ‘1’

chain_next_en = 0’
chain_prev_en = ‘1’

Signals are directly routed

on MCR backplane,
6 FEB in the chain

Département de physique
nucléaire et corpusculaire



Data readout protocol modes — single flow

- | resuo || reBan | FEB#N
— — TRQAN— B —ROHN-_ _ _ poun— — o
[ _ AN" — P FEB#NStartRQ
< —ACKHN— — - ACKHN= —
) 2 8| |4 —Datattn- — | Dataiin- g ~Datadl — —
Single Flow = | |4 —Datatin- — & Data#iN- ~% ~ Dataiv Data flow
mode o E <€ —DatstiN- — | -Datat#N- < —Data#N- — —
(] . —
ROAN= P _RasN—_ _ _ roune — ool
« o Z P FEBH#N Stop RQ
Stop on <€ —ACK#N— — —{ " ACKEN=
<€—End#N— & —End#N- — — <=
request <@~ —Endi#N— — — n

FACULTE DES SCIENCES

Flow used for test beam

UNIVERSITE
DE GENEVE

Département de physique
nucléaire et corpusculaire



Data readout protocol modes — TDM chain flow

FACULTE DES SCIENCES

Flow used for test beam

Can also be used in the chain
When using Full Bandwidth
Mode (FBW)

- | resto || reB1 | FEBHN
— — —Ra#N— _>— —RQH#N—IP_ _ __ RO#N— — ]
e — ACkine — | FEB#NStartRQ
< —ACK#N— — —{ACKHN=—
z 3| |4 —Dataiin- — | @Datasiv- 47 T DA — —
Single Flow % &| | @ U\ _ _|<@-Data#N- - —Datat — — Data flow
ol
mode 25| | —Datitin- — & Dataiin- & ~DataiiN- = —
@ e -—
ROAN= P _RasN—_ _ _ roune — ool
<« _ rckine — | FEB#NStopRQ
Stop on <€ —ACK#N- — —ACKAN= 1
<-EndiN— & —EndiN- — — <=
request <@~ —End#N— —
— — — RO~ — ]
) = P — RrO- >
DM ch:;n t _ﬁgﬁ?: — T|-AcK#1— o~ — — ~“RQ — — B> Broadcast Start RQ
flow mode € —ACKEN— — —@ACK#N- _| - — ACK#EN- — —
o |[«— —Data#0— — — _
£ [ —Datati1- — [ Data#l TDM Data flow
Q e | — [
g @ —Data#tN- — —{ ¥ Data#iN- - ~Date
s —Natat0- — —
Stop on S DatH1 — | Datat1=
Broadcast € —DataN- — € Data#iN- — & —Data#iN — —
request J
Frame Sync y/4
[ &N #0[#1[#2[#3]//[#N|#0|#1]

Time Slot for Data #0

Flow planned for experiment
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Time Slot Start

Spill header

07 o6 (o5 [o4 23 [0 [0 [20 |19 [18 | 15 |14 13 [10 11 Jiofo 8 |7 [6 |5 [4 [3 [> [1 |O
Spill header ID Board ID 0 |

Spill time ID Spill time on spill start (10ms resolution, max=745.6 h=31 days)

GTRIG header #1
07 (06 [05 [oa (03 [00 (o1 [0 [19 [18 [17 16 [15 [1a [13 [12 [11 [iofo [s8 {7 [6 {5 {4 [5 [> [1 [0

GTRIG header ID

Event Data : Hit #1

15 ] [0 o fs 7 6 [5 fa |3 [> 1 [d)
Hit time ID Channel ID i Hit time (2.5ns res.)

[50 [20 | [06 | [14 13 ] [0 o 8 [7 | [&
Hit Amplitude ID |Channel ID i Amplitude ID Amplitude measurement

15 ] [0 o [8 7 |6 [5 a4 |3 [> 1 [d)
Hit time ID Channel ID Tag ID Hit time (2.5ns res.)

[0 [09 ] [o6 | I [14 13 ] [0 o 8 [7 | [&
Hit amplitude ID |Channel ID Hit ID Tag ID |Amplitude ID Amplitude measurement

GTRIG trailer #1

07 o6 |05 [0 o3 |00 o1 |00 |19 [18 |17 [16 [15 J1a [13 [10 11 [io o f8 {7 6 [5 {4 [3 [> 1 [d)
GTRIG trailer 1 ID

GTRIG trailer 2 ID Global Trigger time (10us res. % current spill start, max=10.5s)

m trailer
07 o6 |05 [o4 o3 |00 o1 Joo 19 [18 Jiv 16 [is Jia i3 1o Jii fio o f8 {7 6 [5 {4 |3 [o 1 [d)
Spill trailer ID Board ID [0 | ]

Spill trailer ID Board ID Humidity
Spill time ID Spill time on spill end (10ms resolution, max=745.6 h=31 days

Time Slot End

A----------IJL 1 J

Slot ID 21-bits CHECKSUM




FEB v2 hardware: Bloc diagram

To SiPM through
33 coax. Cables
& 2 pairs on flat cable

CITIROC
Digitized output

—— OR32 trigger
e 32 indiv. triggers
Analog signals
Slow CTRL

32 x Sig+GND (for coax
1x HV+GND on coax.

1 x 5V+GND pair

)

2x40 Connector I_

2x40 Connector

2x40 Connector

CITIROC #0

CITIROC #1

CITIROC #2

HG |l

LG HG

Analogin stage +

| || LG

SYNC:
- Slave (in) : from MCB or FEB
Master (out)

- Master (out) : FEB emulates
MCB and uses MCB SMA
imputs

—

Gtrig
(G;Zeéef CLK(in/out)
r SYNC(in/out)
TX(out)
AUX (in)

LV DS
Xceiver

| new V2

1G 12-bits x 8-ch ADC e
F E B L,Ed/ate,d I~ T —— .
Prog.
Conn,
Address + LEDs ’
+ chain prev/next —
uss USB3.0 uC FPGA
3.0 CYUSB3012

Humidity % d 3
+ T;°C; h HV

Ext

| doee ||
Cmd/Cts

Ans/Rts

LV DS
Xceiver

Cmd/Cts

PREVIOUS

LAns/Cts—

Din L cmd/Rts—)

BACKPLANE
Connector

SMA

Internal LV g
(1.2/1.8/3.3V..)

HVPS

2 pairs

] " ]
Sync Slavein  Master out Dout Cmd,
Clk/Sync/Aux  Clk/Sync/Tx Ans/Rts Cmd/Cts " Ans/Cts
3 pairs — —
m 3 pairs — MCR
3 pai
Prev. FEB pairs BACKPLANE NEXT FEB

—

L

UNIVERSITE
_DE GENEVE
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Legend:

FEB v2 wrt vl



FEB v2 hardware: board view

Ext. HV IN LEDS

? wmor » nEEIA-A
llsll-lllll.

4 .y
o 74vm ov @
< N
o0 >
b [ |
Of bidanine &

2Ol I Gy

Tp25e a-

FLASH + conf.

Te@@ %”ﬂﬂR% &@%Hﬂ@

Am@ﬂ@g

P
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DPNC333_02A

2o iLjSIB} F}X@ m IIllIIIIII

Jac u | i },_,,w
$ :",' llllllllll

PRI E P !I

G5 UNIVERSITE
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SYNC/CLKI e
‘ MICB OWRF ~ e
+ Gigabit Xcelvers

2 Asico
LI LI LLLLLLEC UL LU LT




FEB FPGA firmware overview

SM = state machine

FIFO = 1st-IN, 1st OUT memory

UNIVERSITE
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a:—‘ Internal Generator | FPGA FIRMWARE DPRAM = Dual Port RAM
; READOUT SYNC/MCB emul.
L 5
TIMING : Attributes & TAGGING
2.5ns, no latenc t
y counters FFO
FIFO GSPILL
—— > e L] GRESET r
m’ Timing * > Readout New V2 GSTART prce
counters Hit CH > SM DM Encoder
Fast 96-ch Limt Event Num beacons Decoder (MCB Emul. )
x96 2.5ns res. : A
Ve
- : — New | | :
Trigeers Y sowor ras ANALOG : 8us latency for 2x96-ch Sotactive 1 DATA LINK|| PHY
hS * FS (TDM) CcOoM. coM. Chain
OR32 /1
* " Data=—t DIN-NEXT
ASICs — > Chain_next_en A
p-| ADC gy Threshold g (o Ans ANSIN-NEXT
e L e M v
nold LG Static/Dynamic/Hit Hit CH (LG/HG) CMDOUT-NEXT
ADC Te;rgp, 4o 2x96-ch baseline compute  CH Baseline FIFO Chain_next
8-ch TX +
SLOW CONTROL 4 i h 1 USB uc
5o FPGA iy pz I wrapper
ADC init Status neoder
AProtocol - DOUT-PREV
ASIC — B F_
Slow contro
Slow Control DPRAM = | FIFO o
= Decoder 48' ﬂ. 5
FPGA | o RX . CMDIN-PREV
. FPGA - Chain_prev_en
registers . . —
—Tx HV-EN direct Chain
RS485 .
control registers
Appl
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FEB v2 details: ADC Signal chain T e
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2y Xﬁé 3xOR32
X
ASIC [LG

OR32 A\ )
32 x Trig T

hold
start

e ‘LGM 6 x ADC CH

OR32 P 96 x 2 HG/LG MUX CH ADC
32 X Tri .
x1ng State Machine

' X X% OR96
—LG
ASIC OR32

‘ 32 x Trig

MUX driver

HOLD:



FEB v2 details: FIFO Full

FACULTE DES SCIENCES

ADC | Threshold .
FIFO
SM SM
96-ch LG Static/Dynamic/Hit Hit Cr (LG/HG)
96-ch HG 2x96-ch baseline compute  CH Baseline
Temp, HV

FIFO FULL CHECKED HERE From USB flow

If full :

- 1 special word is added to Readout

Protocol

- Upstream FIFOs words are bined

FPGA FIRMWARE
READOUT
TIMING : Attributes & TACGING
2.5ns, no latency counters > FIEO
FIFO ’“ > <
Timing ) -L_> Readout Y
counters Hit CH > SM TDM
96-ch Limt Event Num. beacons
2.5ns res. A
ANALOG : 8us latency for 2x96-ch Slotactive 1 DATA LINK|| PHY
y. COM. com. , |

uUSB
wrapper

Chain

UNIVERSITE
DE GENEVE
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FEB v2 details: TDM flow stop

A

Slot active

o DATALINK
com.

PHY
com.

CHECK
USB FIFO

uUSB
wrapper

Stop Flow
smﬂ

P DpouT-

PREV

Notconnected

STOP CHAIN FLOW

T 2
[ |\
-

|
% FULL

% FULL

To
Allboards in Chain

A

UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES
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Slot active

Data

DATA LINK
com.

PHY
com.

USB
wrapper

Not
connected
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Pricing e
m Total (€)
Mini PCB SiPM Horizontal / 1-CH 2500 2.7 6953
PCB 2700 891
Components m 2500 1892
Assembly 2500 4170
Mini PCB SiPM Vertical / 1-CH 800 3.54 2835
PCB 1000 378
Components 800 605
Assembly 800 1852
Module PCB Horizontal 32-CH 135 31.86 (0.99€/CH) 2835
PCB 158 948
Components 135 2299
Assembly 135 1055
Module PCB Vertical 8-CH 92 14.16 (1.77€/CH) 1303
PCB 92 552
Components 92 391
Assembly 92 360
Coaxial cables for bundles (L=5m/ch) $ 28km 0.082/m (0.41€/cH) 2344

Mini-Coaxial cables (U.FL, L=0.5m/ch) < j 5000 0.90 4519

Does not include mechanical parts (e.g. spacers) nor EMC housing
Warning : pricing for listed quantities, ordering 1/few part(s) will not have the same price !
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Prlcmg 19.74€/CH Horizontal 23.43€/CH Vertical e
Description m Total (€)
HVON PCB Horizontal 32-CH 33.56 (1.05€/CH) 4497
PCB 158 842
Components ; 134 2681
Assembly 134 974
HVON PCB Horizontal 8-CH 92 25.75 (3.2€/CH) 2369
PCB 92 490
Components E 92 1159
Assembly ' 92 720
FEB Coax PCB (same for 8 & 32-CH) 180 6.27 (0.2€/CH) 1129
PCB g 1129
FEB v2 (without ASIC price) 57 906.7 (9.4€/CH) 51680
PCB 57 3638
Non supplier components 57 27207
Assembly + supplier comp. 57 18004
Tooling (once) 1 1866
1 batch starting cost 1 965
CITIROC ASIC . 181 128.44 (so1¢/ch) 23248

Does not include mechanical parts (e.g. spacers) nor EMC housing
Warning : pricing for listed quantities, ordering 1/few part(s) will not have the same price !
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Thanks for you attention
Questions ...
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FPGA firmware: overview

OR96 Trigger

DELAY

ASIC Hold

ASIC SPI (read) 2.1/2.32:mu
5MHz max/ch 3%\1

3.1/3.32:read (12-bits LG+HG x3)

I

ASIC reset PA 4:r RAM : 32-ch x 12-bits per TSM

3MGH3HG = 6 -l

12-b ADC + 7-b CH + 3-b ID
QHG, LG, Baseline, Other) +
-b tag

*ADC to HV & Temp.
FIFO not shown

AsIC HV SYNC
config. on | | #cLock
HR/T° device J w—l SPI
[ Toonz
clock
domain
el [GTRIG |
96 trigger LO-FIFOs N channels
12-b counter + 2-b tag
+1-b edge + 3-b hit ID
l ASIC
SPI loa loacs| HVON
RS-485
I —
FPGA
config.
registers FPGA
’l‘ status.
l loa registers
FS
DPRAM T
| Config. N
T rd
| wr.
Trigger #N l
SLOW]
MUX Trigger j=3.1/3.32:read HIT channe

FACULTE DES SCIENCES

ENABLE] - channelenablefrom slow control parameter
[T ] -Limit the nb of event at 1 per globaltrigger period from slow control parameter
- Reset register (tag counter, time counter) from slow control command
- Threshold computation mode (STATIC, DYNAMIC, HIT)
- Threshold used to filter ADC values in STATIC THD MODE
MIT10] - only 10 ADC hits and 10 time hits are pushed into the L2-FIFO
- selection between slow orfast ASIC trigger line

- delay may be applied in order to delay signal assertion after synchronization inp ut signal

2-FF synchronizer .
etastability removing) uc RJ45 link
1

UART| GpiF

i)

USB3.0 PREV [

- manage ASIC ‘Hold’ delay % sync
- read cons ecutively multip lexed 32 channels & slow trigger with ASIC MUX output management or fast trigger directly from latch register
- manage ASIC ‘reset_PA’

- push ADC samples Threshold state machine with compute or compare signal

- LO-FIFO trigger (hit time)

- L1-FIFO (amplitude)
- push event trailerinto L2-FIFO (triggertag, trigger time, events nb)
- push spill trailer into L2-FIFO (spill tag, board ID, HR/T®, spill time)

-when 3-b ID = ‘other’ then 7-b CH word is as 2nd ID for:

- - DAC value of ASICHO, #1 or #2
- TEMP value of ASIC#O, #1 or #2

- HV measure

- when 3-b ID = ‘Baseline’ then the channel baseline is pushed
sequentially to L1-FIFO in order to save bandwidth i.e. a complete

baseline cycle is done every 84-ch x trigger period

- push spill header into L2-FIFO (spill tag, board ID)
- push event header into L2-FIFO (trigger tag)
- push event data of identical 2-bits LSB trigger TAG into L2-FIFO:

- may be generated by extemal triggersignal (all board synchronized) or

intemal pulse generator (standalone board)
- may be delayed to compensate external cabling delay

OR96 Trigger - equals to OR of the 3 OR32 ASICs

- may be selected between OR32 (slow trig) or OR32t (fast trig)

UNIVERSITE
DE GENEVE

Département de physique
nucléaire et corpusculaire



FPGA firmware: timing & analog paths wrapping details

TIMING PATH : L1_TC_WRAPPER (N1,N2) — W
— — — — — 11! =
[ N=3xN1N2-96 | \C/

R
10_TC_WRAPPER(N) (;c@ AL

N1=8 N2=4 /\
_____ 3z/b"“8

WR i IFULL ClkDCO

WR Error + latch % CLK400

Y

NI | A— 1
DELAY f»f HCNT H—»{ LOH FIFO N L1_Tc_5|v1|:|—> L1FIFO
»-C 1
DELAY j»H H CNT H—{ LOH FIFO Nipfi1 TC_SM L1 FIFO
2 o]
wo_rgcaurtess | ., (N) VTZQEEX ... (N2)
DELAY j»H H CNT H—{ LOH FIFO Nili 1 TC_SM L1FIFO |
N2
WR if IFULL @

L1 _SM
(3*N2)

Error unused

RAPPER H CNT = Hit counter

P CNT = Period counter

SM = State Machine

TC = Timing Counters

TSM = Threshold State Machine

L3_SM_WRAPPER

WR Error + latch % CLK100

[ ckbco H clkioo F—

L2i_FIFO

32,bi(5><

256

WRif IFULL

L3_SM

Error REQUIRED

4
M&

> L2i F

WR if IFULL

1 ckbco H cikioo

Error CLR % CLK400 > Error CLR % CLK100
Clk400 | [ cikbco |[ cik100 |
ANALOG PATH : L3_AC_WRAPPER (N) B
pER/ADCX PPER,TS
L3 WRAPPER ADC \ "] L3_WRAPPER_TSM (N) \CW/RA)
st
ADC_DDR TEMPERATURE »  TSM » L1FIFO
y | TSM [ LFFO >
ADC_DRIVER|—»| ADC_sm ., LG
... (N=8) — ~
HOLD_MANAGER (N=8)
»  TSM » L1FIFO >
ADC CLK RO Error unused
— WR Error + latch % CLK100
A Error CLR % CLK100 ClkDco
ADC_INIT

<4096

UNIVERSITE
DE GENEVE
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Département de physique
nucléaire et corpusculaire

32-bits

L2_FIFO

To wrapper USB




FPGA firmware: readout wrapping details

L3_TDM_WRAPPER

FACULTE DES SCIENCES

* SLOT_ACTIVE
FROM
READOUT SM L2_FIFO L2_TDM_FIFO
WR > 2192 x W32 [*—Ff— TDM_SM .
) ) 16 x W32
Clk_gpif Clk_gpif Ik gpif
~@——CHAIN NEXT RTS 4
TDM_SLOT_ROM
GTX
—CHAIN NEXT CT!
i:@ WS A—— 8 time slots OWN
UsB Clk_gpif FIFO
A RD
cpain_prev_en=0
UFP_ WRAPPER USB UART CHAIN GTX FIFO WRAPPER
ADD’I{)OUT oM [ ———————ClLi—
DIN RX FIFO_TDM
riro ™ | 8 xCV)V_32 ~ B
RD  [cik_gpi
TDM
| DouT__ | TX-SM GTX-RX-SM
-« o USB_READER READOUT_TX =" AR | gpi
- B FIFO o [ DOUT_MUX ® W 1
Clk_gpif Clk_gpif clk_gpif _~ * GTX_SM
chul:n_next_en A
py LT D e
CHAIN tdm_mode_en 8 x W32 €L
— PREV Clk_gpi
cMPIN ENCODER
- Clk_protocol
CHAIN
NEXT
ANSIN
GTX_1GE
MUX UART_WRAPPER CRC
. St/
X3
™ GTX_CFG_1GE
<_
= - DECODER
Clk_protocol

chain_next_en
chain_prev_en

———FSIN=

GTX_RESET_1GE

UNIVERSITE
DE GENEVE

Département de physique
nucléaire et corpusculaire



FPGA firmware: L3 readout state machine

4)ReadoutOnStartSignal
= Spill_1stEdge
AND
SpillStart
AND
GTRIG

O
S0
ReadoutStart
WAIT
START SIG

Bin alternatively L2h & L2a fifos
—— TRIG Time =0
GTRIG latch =0

1)ReadoutStop |atche q———————P»f

TDMON T

2)ReadoutOnStartSignal=StartStop

OR

ReadoutOnStartSignal=SyncRden AND SyncinReadoutEn

TDMON

READOUT |—

3)ReadoutOnStartSignal

= Gtrig_1stEdge

L3_SM

state machine

WR STOP
RQ

diagram

Push STOP’ to DAQ

ReadoutStop latch = 0

1)Readout_stop latched

OR

Readout_stop_on_sync_rden AND SyndnReadoutEn=0

5)
If ((SpillGate AND ReadoutEnableOnSpillGate) OR

IReadoutEnableOnSpilIGat e)

Else
Bin alternatively L2h & L2a fifos

Push alternatively L2h & L2a fifos to DAQ

LED HIGH

AND

3)GTRIG latched

3)GTRIG/SPILL reset latched

2)FIFO full latche d———

GTRIG

—I‘\_’

el l

WR TRIG
TRAILER1

TDMON T

Push ‘TRIG_TRAILER1’
to DAQ

WR TRIG
TRAILER2

TDMON
2)SpillEnd latched
3)

Push TRIG_TRAILER2’to DAQ
TRIG tag++

A

N————

y

WR FIFO
FULL

TDMON

WR SPECIAL |
RESET

TDMON

v

vy

1)SpillStart Iatched}

WR TRIG
HEADER

Push TRIG_HEADER’ to DAQ
GTRIG latch =0

TDMON

WR SPILL
HEADER

Push SPILL_HEADER’ to DAQ
TRIG time = 0

TDMON

WR SPILL
TIME
HEADER

Push SPILL_TIME’ to DAQ
SpillStart Latch = 0

TDMON T

WR SPILL
TRAILER1A

Push FIFO_FULL’ to DAQ
Clear FIFO full latch

Push SPECIAL RESET’ to DAQ
Clear reset latch

—— Push SPILL_TRAILER1A’ to DAQ

T\IIRVEI I?EPIIRIiLB | push ‘SPILL_TRAILER1A’ to DAQ
TDMON
Y
WR SPILL Push ‘SPILL_TIME’ to DAQ
TIME | SpillEnd latch =0
TBIEW TRAILER

FACULTE DES SCIENCES

UNIVERSITE
DE GENEVE

Département de physique
nucléaire et corpusculaire



FPGA firmware: TDM mode multiplexer overview

FULL BANDWIDTH

SLOTO or USBEN

FPGA.GbTDMENn=0
FPGA.GbMuxRxEn=0

L2_FIFO

: _*GTX-TX
DOUT_MUX -

OWN FIFO to USB

SLOT1-5 and USBDIS

FPGA.GbTDMENn=0
FPGA.GbMuxRxEn=0

L2_FIFO

DOUT_MUX

OWN FIFO to GTX TX

FPGA.GbTDMEN=0
FPGA.GbMuxRxEn=1

L2_FIFO

—b| L3_SM

GTX RXto USB gateway

FPGA.GbTDMEN=0
FPGA.GbMuxRxEn=1

L2_FIFO

—.| L3_SM

DOUT_MUX

GTX RXto GTX TX gateway

TDM

SLOTO or USBEN

—OI L3_SM H L2_FIFO [ FPGA.GbTDMEN=1]

DOUT_MUX

SLOT ACTIVE : OWN FIFO to USB

SLOT1-5 and USBDIS

—OI L3_SM H 12 FIFo | LEPGAGHIDMEn=1]

SLOT ACTIVE : OWN FIFO to GTX TX

Switch wrt FSYNC*
—.I L3_SM H L2_FIFO

and Time slot

FPGA.GbTDMEn=1
FPGA.GbMuxRxEn=x

: o= GTX-TX
DOUT_MUX -

i

SLOT INACTIVE : GTX RXto USB gateway

y lS.witch wrt FSYN(¢
ﬂl L3_SM H L2 FIFO and Time slot

DOUT_MUX

SLOT INACTIVE : GTX RXto GTX TX gateway

FACULTE DES SCIENCES

UNIVERSITE
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Département de physique
nucléaire et corpusculaire




FPGA firmware: SYNC encoder & decoder

GRESET
MCBExtGresetEn

GSTART

MCBExtReadoutEn

GSPILL

CLK 100MHz

CLK (100MHz)

SYNC
ENCODER
SM

CLK

SPI LL_GATE’|

MCBExtSpillGateEn

Slow control parameter

1

FSYNC DIV

MCBFSyncEn

External I/O

LOCKED with int clk(4

00ms)
LOCKED with ext clk{100ms) SYNC

FSYNC (10KHz)

GTRIG (100KHz

SYNC_ENCODER

FACULTE DES SCIENCES

PLL_SYNC CLK i ) EXT(100MHz}

e ]

FSYNC and GTRIG synchro (100ms)

Slow control parameter
External I/O
LED (blinking period ms)

o Nc-\N (

S\P‘\'E\ ~4—GRESET-

~@—FSYNC

~4—READOUT_EN

[ spilCntReset | RESET
inc LOCAL SPILL CNT
SYNC ———P—SPILL_NB
SYNC_CLK DECODER | — 1 GRESET
sm ———T-READOUT._E|
 reset
& = 3
K—CLK_INT(100MHz) E = =
w =3
SPILL GATE | |8 g &
—Locked with EXT CLK——— GTRIG = = &
g 3\
o 2 3
T - p— SyncInGtrigOnlyOnSpill
GTRIG
+ SYNC_DECODER
LED SPILL GATE—
~4—SPILL_GATE——
SYNC
CHECK
T
GTRIG synchro (400ms)

~—SPILL_NB/SPILL_NB_AV:

UNIVERSITE
DE GENEVE

Département de physique
nucléaire et corpusculaire



Readout protocol: Special Word IDs

FACULTE DES SCIENCES

Readout End
Special Word ID

Board ID Special Word ID PARAM = 0x10000

GTRIG RESET

Special Word ID  |lzfsk=lge D) Special Word ID PARAM = 0x00001
SPILL RESET
Special Word ID [zfskIge D) Special Word ID PARAM = 0x00002

GTRIG + SPILL RESET

Special Word ID [zfsklge D) Special Word ID PARAM = 0x00003
FIFO FULL
Special Word ID  |zfsklge D) Special Word ID PARAM = 0x00010

LOST of GTX WORD INTEGRITY

Special Word ID Special Word ID PARAM = OxFOOFF

UNIVERSITE
DE GENEVE

Département de physique
nucléaire et corpusculaire



Cabling: 8-ch SiPM to FEB cabling details for vertical bars UNIVERSITE

DE GENEVE

FACULTE DES SCIENCES
Département de physique

4 X HV'CO GX PCB 8'Ch anl')EIS.' nucléaire et corpusculaire

HSEC-8 female on edge to coaxial cables
|~ Global HV HVRG174 coax.
m . .
g e | 32-chsipm signal 8-CH Single- ended
s 'g 5[ 5o RG174 coax.
d S eL —\
=0 |£ T3 32-ch ax1d
w I [=% n o d\e
EN YL n
Slgllls RS485 TX pair 9 RG"“a‘ aoe ™
= 0/5V pair Y, + 4 \N""es.‘o c\—\°'1
< g CHO-CH7 o G114
g9 connected — . fiet cab\;a
? g toCH8™
114
9RG »
9 CHO-CH7  fat 2o %
s35 connected PR z
z 8 g
I o
(&} o
re1 7%
CHO-CH7 qat cav\e
-l X 1 _ .
0 connected w2a-3 FEB-coax PCB :
53 e 10 C Coaxial cables to
G S HSEC-8 maleon edge
I
(@]
4 flat cables +4 HV coax. To be connected

AllHV-coax PCBs 8-ch are depopulated HV-coax PCBs 32-ch
i.e. only 8 channels are mounted and used over 32 channels available




