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RDO is as a component of the dRICH PDU

basic RDO specs:
• provides interface to ePIC DAQ
• provides readout/config to 4 Alcor64 (or 8 Alcor32)
• 1 optical link (TX/RX)
• services (temperature sensors, current monitor, …)
• 4 x 9 cm2 surface available

dRICH RDO overview
Photo Detector Unit

RDO
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dRICH RDO overview

SiPM signals



SiPM array
256 ch (3x3 cm2) 

4 FEBs

1 Alcor64 ASIC 
for each FEB

RDO

2 FPGAs

optical link

I level 
DAM

II level 
DAM

47 links to 1 
concentrator

Readout concept

optical link

The RDO board has to:
• receive and distribute to the FEBs the common clock (394 MHz)
• manage the readout of 4 Alcor64 (64 channels each)
• send data towards the ePIC DAQ
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dRICH RDO architecture

Artix
 Ultrascale+ VTRx+

Alcor bus
(high 

density 
connector)

PolarFire 
FPGA

(scrubber)

LV connector

LDO LDO µC

TSMC 16 nm FinFET process

28 nm process 
(config memory is SEU immune)

programming 
connector 5.2 cm

2.04 inches

8.2 cm
3.2 inches

The real challenge for the dRICH 
RDO design is to fit in a very 

limited size, quite similar to a 
credit card
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RDO preliminary layout (just placement, 3D view)

Artix 
Ultrascale+

VTRx+

Alcor bus

LV 
connector

programming 
connector

I/O 
expander

LDO
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JTAG

Artix 
Ultrascale+ Microchip 

FPGA

Alcor bus

I/O 
expander

QSPI 
Flash 

VTRx+

µC

TOP view BOTTOM view
RDO preliminary layout (2D view)

LDO
LDO
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RDO main challenge: size

5.2 cm
2.04 inches

8.2 cm
3.2 inches

4.0 cm
1.57 inches

4.0 cm
1.57 inches

9.0 cm
3.54 inches

TOP BOT

The routing of all the signals is going to be a nightmare: 16-18 layers foreseen at minimum

these pictures are on scale!
nets to route
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Optical transceiver: VTRx+

The Versatile Link+ (VL+) is a bi-directional digital optical data link with up to four upstream channels 
operating at up to 10.24 Gb/s and one downstream channel operating at 2.56 Gb/s. It is targeted to 
operate with the Low-power GigaBit Transceiver (lpGBT) serializer/deserializer chip at the front-end 
and with a lpGBT core instantiated in an FPGA at the back-end.
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Optical transceiver: VTRx+
The front-end VTRx+ must withstand radiation, operate in a magnetic field and in many cases be as small 
and light-weight as possible

female MT 
connector

Artix 
Ultrascale+

20 mm

10 mm
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Si5326
jitter cleaner

MGT quad 224

RxRecClkgtx_clkclk_ext ck_from_
Si5326

Artix Ultrascale+ FPGA

VTRx+

in2

out2

phase detect 
block

out1
SDA
SCL

40 MHz

ext clock
1x4LVDS in1

PolarFire

Clock distribution scheme

(98.5 MHz)
(394 MHz)

RDO

The RDO recovers the 98.5 MHz 
clock from the DAQ, cleans it via 

a jitter cleaner and then 
multiplies it by 4 before 
distributing to the FEBs
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Scrubbing can be done with an 
internal device (like Soft Error 

Mitigation IP) or an external rad-tol 
device: we are using a Microchip 

PolarFire FPGA for the job

external storage

SRAM based FPGA configuration memory: scrubbing

Flash Memory
(it stores the Artix bitfiles)

Artix 
FPGA

PolarFire 
FPGA
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KC705

Starting point for 
RDO firmware design

Alcor32 Alcor32 Alcor32

1 Gb ETH IPbus

Alcor32 Alcor32 Alcor32

A first firmware for the Artix 
Ultrascale+ (starting from the 
KC705 firmware) has ben 
developed with the following goals:

• validate the pinout used in 
the schematics

• validate the FPGA 
performances

• estimate the FPGA power 
consumption

@320 MHz
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Firmware design for RDO

Alcor32

Alcor32

Alcor32

Alcor32

DESER

DESER

DESER

DESER

Alcor32

Alcor32

Alcor32

Alcor32

DESER

DESER

DESER

DESER

GTH 
MGT VTRx+

Main data flow from 8 Alcor32 
chips (or 4 Alcor64) towards 

the DAQ system
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Timing summary @ 400 MHz

Firmware was validated also @ 400 MHz
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HD@2.5V

LVDS_25
input onlytrigger 

spill

24 pins

HP@1.8V

HP@1.8V

LVDS

LVDS 24 pairs

24 pairs

HD@2.5V HP@1.8V
LVDS_25

input only
LVDS 24 pairs24 pins

MGT

MGT

MGT

Pinout validation
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Power consumption @ 400 MHz

The total RDO power consumption is ~3.5W
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Status of the design and conclusions

• the schematic design of dRICH RDO is almost finished:

• now performing the final checks and cross-checking the most critical parts:

• clock distribution

• remote programmability

• the desired placement is ready

• the PCB layout is going to start soon 

• we plan to have the first prototypes ready by the end of 2024 and to do extensive 

debug (also the radiation tolerance will be tested)

• we are working on the firmware in the meanwhile



Thanks!
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Backup

22



23

RDO schematics



sensor tile
256 ch (3x3) 

4 FEBs

4 ALCOR64

RDO

1 FPGA

1240 4960 1240

1240 
optical links

I level 
DAM

How many ?

II level 
DAM

~30 
optical links

~27

47 to 1 
concentrator

1

Readout concept
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I level DAM: 42 to 1 concentrator
42 RDOs

42 optical 
links

Felix board

1 optical link 
towards II level 

DAM

this solution requires modifications 
to the standard Felix firmware



Alcor32 vs Alcor64 I/Os

12 LVDS pairs 
per chip

clock

SpiClock

reset

SpiSS
SpiSDI

SpiSDO

4

data

testpulse

ser clock out

Alcor32

16 LVDS pairs 
per chip

clock

SpiClock

reset

SpiSS
SpiSDI

SpiSDO

8

data

testpulse

ser clock out

Alcor64

26

394 MHz

394 MHz

394 MHz
DDR

394 MHz
DDR
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First FPGA candidate: Xilinx Artix Ultrascale+ family

`
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Xilinx Artix Ultrascale+ family
VCCINT =  0.850 V
VCCAUX = 1.800 V
VCCO =  1.140 – 3.400 V for HD I/O banks
VCCO =  0.500 – 1.900 V for HP I/O banks

LVDS DC specifications (HP I/O banks)

HP = High-performance I/O with support for I/O voltage from 1.0V to 1.8V. 

HD = High-density I/O with support for I/O voltage from 1.2V to 3.3V. 
 

GTH and GTY transceiver line rates are package limited: SFVB784, 
SBVB484, UBVA368, and UBVA292 to 12.5Gb/s
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Second FPGA candidate: Microchip PolarFire family
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Differential DC output levels

Differential DC input levels
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ATtiny416
µC

PG1
PG2
PG3

EN1
EN2
EN3

PG1
PG2
PG3

EN1
EN2
EN3

LDOL LDOH

Power management

LDOL
1.4V

2.7V

LTM4709

0.85V
0.90V
1.00V

LDOH
2.7V

3.7V

LTM4709

1.20V
1.80V
2.50V2.7V charge 

pump
LTC3203

2.7V

Power rail sequence is controlled by the ATtiny

Vbias Vbias

The µC receives the current monitors from the 2 LDOs 
and protects against SEUs

to FPGAs 
rails

to FPGAs 
rails
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Power management
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Artix Ultrascale+

Slow control connections

Si5326
jitter cleaner

temperature 
sensors

I/O expander 
FEB TOP

I/O expander 
FEB BOT

ATtiny416 
µC

I2C

I2C

I2C

I2CI2C

RDOFEB TOP FEB BOT
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1 22 1

Alcor64 Alcor64 Alcor64 Alcor64

RDO master 
FEB

slave 
FEB

master 
FEB

slave 
FEB

When ALCOR64 is ready
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4

3

4

1

2

Alcor32 Alcor32 Alcor32 Alcor32

RDO

In a first stage

master 
FEB

slave 
FEB

master 
FEB

slave 
FEB
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Flash Memory
(it stores the Artix bitfiles)

Artix 
FPGA

select map 
(16b)

clock

JTAG

VTRx

quad 
SPI

JTAG

data bus
(8b)

MT25QU01GBBB
(1 Gb)

PolarFire 
FPGA

JTAG

S
P
I

SPI
(4b)

How to program the FPGAs

clock

• JTAG ports are available to easily program the FPGAs during the first lab tests

• FPGAs and FLASH memory need to be remotely programmed when needed
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Flash Memory
(it stores the Artix bitfiles)
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FPGA

select map 
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data bus
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S
P
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Step 1: Artix Ultrascale+ programming from Flash

How to program the FPGAs

from Flash to Artix
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Flash Memory
(it stores the Artix bitfiles)
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How to program the FPGAs

Step 2: programming the Flash memory

from VTRx to Flash
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Flash Memory
(it stores the Artix bitfiles)

Artix 
FPGA

select map 
(16b)
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S
P
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Step 3: programming the PolarFire

How to program the FPGAs

from VTRx to PolarFire
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SEU rates

Xilinx declares 2.67 × 10-16 cm2/bit cross-section for CRAM bits
AUP15 has 42.8 × 10+6 configuration bits
dRICH flux (hadrons > 20 MeV): 200 cm-2s-1  (safety factor: 5)

1 SEU every 4.3x105 s/FPGA

1 SEU every 3.5x102s/dRICH

1 SEU every 6 minutes in whole 
dRICH

• SEU rate (if confirmed) seems manageable
• a scrubber might not be strictly needed
• RDO final design to be validated with a full irradiation test
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