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The current firmware is based on IPbus protocol, the AU15P FPGA implements
a 1 Gb/s UDP-IP link to the Host PC.

AU15P FPGA Si5319,

Other device ATtiny417,
controllers FAKE-feb

ecc..

VTRx+

ALCOR32 0

[
JII [l
/ «
Ethernet MAC and IPbus_ctrl — ALCOR32 iR
interface Core controller

\ Hilip
The firmware controls and reads the 4 lanes of each
ALCOR32 for all the 8 ASICs integrated in the PDU ALCOR32
controller
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INFN RDO-DAM ePIC link
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DAM board
Uplink: RDO-to-DAM " :

Downlink: DAM-to-RDO

Assembled FLX-155

Uplink: streaming frames of 256 bits including

The link between Front-end and Back-end SyStemS of the data payload and slow control information.

ePIC-dRICH DAQ will consider 2 possible flavors:

*  Up:FULL (9.6 Gb/s) and Down:GBT (4.8 Gb/s) protocols ‘ Downlink: streaming frames of 120/64 bits used

to manage front-end configuration and slow
control. The EIC-clock is reconstructed on the
RDO from the downlink data.

* LpGBT protocol (Up: 10.24 Gb/s and Down: 2.56 Gb/s)

How to implement the format in
the firmware is still to be defined
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The current firmware structure would be preserved + The buffer depth is now set to 1024 words (max:
‘ 5.1 Mbit of BRAM in the AU15P to buffer data
Each ALCOR64 lane (8 ch readout) is connected to a buffer! and slow control information).
32b word from each ALCOR64 lane )
ALCORO ALCOR1 ALCOR2 ALCOR3 T T G 5
[0-7 lanes] [0-7 lanes] [0-7 lanes] [0-7 lanes] Col ID Pix ID Coarse Counter | Fine Counter
I I Y —
‘ ., * Each buffer must provide a specific architecture
e [ m— s ] m— s m— s [ — for time ordering.
——-—— ———-—— ———1-— ——-——
S e = e e T e e [ e e
~EEE— “EEE— ~EE—- “EEE—t * Final scheduler must be designed to interface
- 5 - ) - 3 - 3 with the |[pGBT/FULL core!

g 4 g g
VY VU VY U Scheduler/ALCORe4
¢ ¢ )] ]

lpGBT/FULL core
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51b @

3.5MHz

Max. 4.4V

—» BUFO
—» BUF1
— BUF2
— BUF3
— BUF4
— BUF5
— BUF6
— BUF7

Max: 51b/64b x 4.4 Mhz =

SchedAO

High-thr

Low-thr

I(t) A

ln\ax A

BUF#:

* Two independent buffers (512 words each) one for low-thr

ALCORG64 readout

Max data rate per lane (slew rate mode):

4.4 MHz

32b word and the other for high-thr 32b word.
* Coupling of the 2 32b words per channel to generate a 51b

t| tv‘-13)‘

v

51b @
Max :

3.5MHz x 8 lanes

=28.1 MHz

1 FRAME
@39.4 MHz

NS

300 kHz (DCR) x orbit efficiency (0.92) X 8 (chs) X 2 (32b word per hit) =

ALCOR word:

>

50 49 48 47 46 | 45 39 38 30129 27 |26 24 |23 22 |21 9|8 0

KCODE | FEBID | TDCID Coarse Fine Col. ID | PixellD |TDCID | Coarse (leading) | Fine

FLAG (trailing) (trailing) (trailing) (leading) (leading)
* Lowerintime ALCOR word is the first read.
* Protection mechanism for buffer occupancy

SchedA#:

* Choose which lane must be read considering the AWORD
lower in time and the occupancy of the BUFs:

SchedA3  SchedA2  SchedA1 SchedA0
DF3 | DF2 | DF1 | DF0 | DCS (free) | AWORD AWORD AWORD AWORD
FULL | 255 | 254 | 253 | 252 | 251 204 | 203 153 | 152 102 | 101 51 | 50 0
I|pGBT | 223 | 222 | 221 | 220 | 219 204 | 203 153 | 152 102 | 101 51 | 50 0
5
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* Each ALCOR channelimplements 4 TDCs which must be

v

8 parameters/channel

calibrated, considering the slew rate mode.
- Event pulses calibration
- Managed at RDO level

1 parameter/channel

A 4

* An offset can be added due to the path of each channel to

the ALCOR discriminator (PCB traces + ALCOR routing).
- Pulsed laser light calibration
- Managed at RDO level

v

* Time-walk effect due to cross-talk of different channels 5 parameters/channel

(correction up to ~800 ps)

- Pulsed laser light calibration '
- Still to be discussed

Total: 3584 parameters/RDO

ePIC-dRICH meeting - 25/03/2026



(NN RDO timing calibration

BOLOGNA

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

ALCOR 32 bit word
31 29 [ 28 26 |25 24 | 23 98 0
Col ID Pix ID Coarse Counter | Fine Counter

The 9 bits of Fine Counter (T1pc) depend on the 4 TDC inside the chip.
Using pulser events it is possible to find a calibration linear relation for each of the 4 TDCs:

Teqiip = aXTrpc+b

For each channel the offset for the electronics skew has to be added:

Tiotai = Tequip + €

\ ¢

All these parameters will be loaded inside the RDO AU15P and applied to the timestamps before
each BUF core:

Memory: (8 + 1) par x 256 ch x9 bit =21 kb
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ALINX+FADE card
RDO card

Uplink: RDO-to-FADE

Downlink: FADE-to-RDO

* ALINX+FADE acts as DAM communicating to the RDO via an optical fiber.

*  Communication between two /n-System IBERT AMD IP cores (BER analysis) to test the hardware:

«The IP uses data from the design to plot the eye-scan of the transceivers in real time while they interact with
the rest of the system”

* Progressive configuration of Down/Up link rate up to the GBT/FULL configuration (D: 4.8 Gb/s U: 9.6 Gb/s).

* The test proved the RDO link stability and was used for jitter measurements of the reconstructed clock.
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https://docs.amd.com/r/en-US/ug908-vivado-programming-debugging/In-System-IBERT
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https://docs.amd.com/r/en-US/ug908-vivado-programming-debugging/In-System-IBERT

@ Eye diagrams and BER analysis
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ALINX+FADE eye diagram

Unit Interval
-05 -04 -0.3 -0.2 -0.1 0 0.1 02 03 04

Voltage (Codes)

Using a U:9.5Gb/s -
D:4.7 Gb/s configuration
the link was stable:

RDO eye diagram '

04

Unit Interval BER << 10—6
-05 -04 3 02 -01 o0 01 02 03 !

(BER would be tested,
looking for lower values)

Voltage (Codes)
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From out1 (394 MHz) and out2 (39.4
MHz) clocks would be generated, -
frequency and deterministic phase from VTRx+ lines (1-t0-0 or 0-t0-1), knOWing in
relation) advance the protocol, it is possible to reconstruct a
RDO clock with a given frequency and a deterministic
PolarFire phase respect to transmitter clock.
40 MHz
—
1x4LVDS inl l
ext clock - Si5326
E— t—foutly| ..
~J__~|jitter cleaner
: »| SDA |
Ses s of sciyoua™s i
\'h_-"
K f o
clk_ext - — de gtx_clk (RxRecCIk,) R
Si5326 98.5MHz 11BZMAz | VIRt 1. 1 B
394 MHz i
MGT quad 224 o
phase detect ALINX+FADE card
block
Artix Ultrascale+ FPGA
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40 GS/s

118.2 MHz of RxRecClk (rx: 4.7 Gb/s)
Gaussian fit

Period-jitter:

Period-jitter before the Si5326

Ran Jitter = 8.45 £ 0.03 (stat.) ps

Entries
Std Dev
%2 / ndf
Prob
Amplitude

Tl
c

5.537 + 0.036
8.46 + 0.00
0.00845 + 0.00003

Entries

IIIIIIIITIIIIIIIIIT]TIIII

rJ
Lerrrl|x|||lxax|||||11||1

Entries

—J__lllllllll

8.47
Time amplitude (ns)

i
8.48

e 40GS/s

* 39.4 MHz of RxRecClk (rx: 1.6 Gb/s)
* Double-Dirac fit

* Two jitter components:

DetJitt= u, — uq =25.83 +0.09 (stat.) ps
Ran Jitt=0 =8.10 £ 0.03 (stat.) ps

N\

B Entries 207708

- Std Dev 0.01493
5000+ %2 / ndf 80.12/42

B Prob 0.0003573

g Amplitude1 105+ 0.4

[ ut 25.37 + 0.00
4000 — Commono 0.008103 + 0.000030

- Amplitude2 105.7+04

~ u2 25.39 + 0.00
3000 +—

I This effect
2000 must be

N studied
1000 — \

0 T | 4"rr[ 1 | T | T T VERTY O (N DA v T T T (O L

1 1
25.34 25.36 25.38 25.4 25.42 25.44
Time amplitude (ns)
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1. Uplink format and firmware structure defined = simulation for buffer depth under development

2. Online calibration of the system > Studying the feasibility

3. Downlink format implementation still to be discussed

4. Stable communication of RDO to ALINX+FADE using U:9.5Gb/s — D:4.7 Gb/s configuration of the link

5. Jitter measurement of RxRecClk : ~8.5 ps = Future measurement of phase and jitter including jitter cleaner

6. New system setup to test both |[pGBT and FULL/GBT flavors:

Host PC IPbus core controlling 2 slaves
implementing l[pGBT and FULL/GBT RDO fw designed for [pGBT
flavors or FULL/GBT.
1Gb/s Ethernet link for Downlink
IPbus communication
Uplink
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Thank You
for the attention!
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Backup
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@?N Jitter measurement setup L
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) =

 Optical link between FADE and RDO card:
Reconstructed clock : 118.2 MHz

/S

« LVCMOS25 clock as output to a scope using a
differential probe.

e Caveat: the reconstructed clock is not yet sent
to the Si5326 jitter cleaner.

RxRecClk
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Slew-rate vs. ToT mode

working with fixed threshold electronics
ALCOR ToT mode

hit - reference time (ns)

Told TS IEl Bl T e ol Gd = | R Ll el k] elahal L] )
I I I I I I | I I

IlIT_ll

IllllllllllllllllllllIIII!IIllll

n
o

30 40 50 60 70 80 90 100
time over threshold (ns)

hit - reference time (ns)

Time walk

ALCOR slew-rate mode

|llllvlll|ll|llllllll

s

800 ps

llII|IIIIIIIIIllIIlr-O-IIIrIIIIllllllllll

0

0.5 1 15 2 285 3

35 4

time to second threshold (ns)
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