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Outline

• Status of FLX-182B for small production
• Design of FLX-155
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Reminder: Requirements from ATLAS 
for HL-LHC
● FELIX will be used for ATLAS detector Readout system 

in Phase-II
○ To receive event data from detector front-end links
○ To relay Timing, Trigger and Control (TTC) information from the 

Phase-II TTC system to on-detector electronics
● Requirements for FELIX

○ ~12 k uplinks for Phase-II Readout system 
○ Link speeds: from 2.5 Gb/s to 25 Gb/s
○ 24 channels for majority application, 48 channels are preferred for 

LAr LTDB and some NSW sectors
○ PCIe Gen4 (at least) for data output
○ Electrical connection for trigger signal 

● A new FELIX with advanced FPGA is being developed 
to meet high throughput requirements

○ FLX-182 with Xilinx Versal FPGA production device
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FLX-182 Features
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Main features of FLX-182
• XCVM1802 production chip
• PCIe Gen4 x16: PL and CPM compatible

▪ PL: Hard PCIe endpoint like in earlier FPGA series
▪ CPM: Hard PCIe endpoint integrated in SoC, data 

transferred over NoC

• 24 FireFly links with 3 possible configurations
▪ 24 links up to 25 Gb/s
▪ 24 links up to 10 Gb/s (CERN-B FireFly)
▪ 12 links up to 25 Gb/s + 12 links up to 10 Gb/s

• 4 FireFly links with 2 possible configurations with 14 
or 25 Gb/s FireFly TRx

▪ LTI interface
▪ 100 GbE

• 1 DDR4 Mini-UDIMM
• USB-JTAG/USB-UART
• SD3.0/QSPI
• GbE

Block diagram of FLX-182



FLX-182B
● ~10 FLX-182 were produced for different 

applications. Some minor changes are 
needed to make small production in 2024.

● Minor changes of FLX-182

● Replace the -5V power module

● Change the position of MMCX connector

● ADM1266 is used for power monitoring and control

● 3 assembled PCBs delivered end of Dec. 
2023

● Functionalities and performance can meet 
the requirements.

● Started 46 boards production
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FLX-155
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● Versal Premium: XCVP1552-
VSVA3340

● Support PCIe Gen4 x16, 2 Gen5 x8 
● 48 FireFly data links (10/25 Gb/s)
● 4 LTI links (10/25 Gb/s)
● 100GbE (4*25Gb/s)
● DDR4 
● GbE
● White Rabbit
● Electrical IOs (single-ended)



GTYP/GTM Mapping
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● Requirements
○ TTC link: GTYP
○ Data links: 48  GTYP
○ 100GbE: 4 GTM

● Resources
○ GTYP: 68

■ CPM5 for PCIe: dedicated Banks 102-105
■ TTC link: Bank 109
■ Data links: GTYP Banks 106, 110-112, 

Banks 207-212, Banks 200-201
○ GTM: 20

■ 1 of Banks 202~206 is used for 100GbE

• Hard IP
▪ CPM
▪ PCIE
▪ MRMAC: 100GbE, 4*25G

Block diagram of FLX-155 FPGA by Carlo



CPM5
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● CPM5
● GTYP Banks: 102~105
● CPM5 has dedicated connectivity to a specific set 

of four GTYP quads which are adjacent to each 
other, and adjacent to CPM5

● Either PCIE PL or CPM5 has to be selected for PCIe
● CPM5 is preferred
● Loan VPK120 is being tested to evaluate CPM5

● Discuss with Xilinx/Avnet engineers to select which 
grade of FPGA could be better for ATLAS and other 
applications with PCIe Gen5. 

● -2MH is OK in principle, but -3H is recommended by 
AMD/Xilinx

● Waiting for quotation of -3H devices. The price for -3H 
is probably ~15% higher than -2M. 

VPK120



Electrical IOs on Front Panel
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● Connectors on Front Panel
● MMCX is preferred

● SMA is OK, but may only be partially installed

● Input
● One NIM input NIM -> LVDS to FPGA

● Two 3.3V LVTTL/LVCMOS-> LVDS to FPGA

● Output
● One FPGA LVDS -> 3.3V LVTTL/LVCOMS

● Input/Output
● Four 3.3V LVTTL/LVCMOS -> FPGA grouped in 

two parts. Each group can be set as input or 
output



TTC Clock Scheme
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● Either recovered clock from TTC link, or clock from optical directly. Selected by jumper resistors. 

● Recovered clock from TTC link

● Connected to GTYP to get recovered clock as system clock

● 4 TTC links on one B04

● Optional optical clock

● To use the optical clock as system clock directly

● One RX of B04 is connected to FPGA clock input. In this case, only 3 RX links left are connected to GTYP
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FPGA4 TTC links
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Clock Distribution
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1. Two Si5345 for clock generating 
and distribution

2. 156.25MHz as main source of 
Si5345 for on board clock

a. Interlaken
b. Link test

3. 240.474MHz for LTI
4. 322.265625MHz for 100GbE

VP1552



FPGA Power Estimate
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•Generic app: Resources: 70%; Clock: 100MHz (80%) + 250MHz (20%)
•Others: simply double resources of 24-ch mode on FLX182
•Take max. power consumption, as shown in generic 2 for power design



Power Consumption 
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POWER RAIL VOLTAGE(V) FPGA
Y12_25G
(4 PAIRS)

B04_25G
(2PCS)

SI5345 
(2 PCS) DDR4

QSPI
(2 PCS) DP83867 MISC TOTAL(A) PWR(W) NOTE

VCCINT_0V8 0.8 75.496 75.496 60.3968

VCCINT_0V88 0.88 7.933 7.933 6.98104

PHY_VDD1PV0 1 0.11 0.11 0.11 FROM 2.5
VCC1V2 1.2 0.466 2 2.466 2.9592

VCC1V5 1.5 0.418 0.5 0.918 1.377
combine with 
vccaux 1.5

VCCAUX1V5 1.5 6.932 6.932 10.398
combine with 
VCC1V5

VCC1V8 1.8 0.903 1.4 0.37 0.1 0.5 3.273 5.8914
VCC2V5 2.5 0.35 0.14 0.49 1.225
VCC3V3 3.3 10 0.7 0.25 0.2 0.5 11.65 38.445
VCC3V8 3.8 2 2 7.6
MGTAVCC 0.92 7.87 7.87 7.2404
MGTAVTT 1.2 13.393 13.393 16.0716

MGTYVCCAUX 1.5 0.339 0.339 0.5085
DDR4_VTT 0.6 1.5 1.5 0.9

total: FPGA 
104.41W Total 160.10394



Power Scheme
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# Module Module Rail
Nominal 

Voltage/V Power Rail PMBUS Board Power Rails
Current 

Rating/A
Current 

Consumption/A Sequence Efficiency Power/W NOTE

1 LTM4700 1&2 0.8 VCCINT Y

VCC_INT, 
VCC_RAM,VCC_S

OC, VCC_IO, 100 75.496 2 0.85 71.1

2 LTM4638 1 0.88 VCC0V88 N

VCC_PSLP, 
VCC_PSFP, 
VCC_PMC, 
VCC_CPM5 15 7.933 2 0.87 8

3 LTM4638 1 1.2 MGTAVTT N
MGTYAVTT,MGTA

VTTRCAL 15 13.393 6 0.91 17.7

4 LTM4638 1 1.2 VCC1V2 N
VCC1V2, 

VCCIO_1V2 15 2.466 1 0.91 3.3
reference for 
DDR4_VTT

5 LTM4638 1 0.92 MGTAVCC N MGTY_AVCC 15 7.87 4 0.87 8.3
6 LTM4638 1 1.8 VCC1V8 N VCC1V8 15 3.273 1 0.8 7.4

7 LTM4638 1 1.5 VCC1V5 N

VCCAUX, 
VCCAUX_PMC, 
VCCAUX_SMON 15 7.85 3 0.83 14.2

LTM4638 1 3.3 VCC3V3 N VCC3V3 15 11.65 NA, SET TO 0 0.91 42.2

1 3.8 VCC3V8 N VCC3V8 4 2 NA, SET TO 0 0.8 9.5

9 2 2.5 VCC2V5 N VCC2V5 4 2.5 NA, SET TO 0 0.8 7.8

generate mgtvccaux 
0.5A
generate ddr4_vtt 1.5

10 ADP124 1 1.5
MGTY_VCCA

UX N MGTY_VCCAUX 0.5 0.339 5 0.8 0 from VCC2V5

11 TPS51200 1 0.6
DDR4_VTT_P

L N DDR4_VTT_PL 3 1.5 2 0.85 0 FROM VCC2V5

12 TPSM5601 1 5 VCC5V N VCC5V 1.5 0.5 NA, SET TO 0 0.92 2.7

13 LMR70503 1 -5 VCC5VM N VCC5VM 0.27 -0.1 NA, SET TO 0 0.75 0.7
total 192.8
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LTM4642



FLX-155 Heatsink Design - ULP80-29 Active

• Heatsink 29 mm, Fan is embedded in the heatsink, total 29 mm.
• Screw based assembly
• Thermal resistance is 0.38 C/W. So with 25 °C airflow, the die temperature is about 63.1 °C at 100 

Watts.
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FLX-155 Heatsink Design - ULP80-29 Passive

• Heatsink total height is 29 mm, no Fan.
• Screw based assembly
• Thermal resistance is 0.47 C/W at 250 LFM air flow. So with 25 °C air flow, the die temperature is 

about 73.7 °C at 100 Watts.
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Stack-up
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The stack-up is the same as what has been used for FLX-182B 

Impedance Control Required:

Impedance 
Layer Impedance Model Reference Layer

Required Line

Width/Spacing(Mil)

Finish Line

Width/Spacing(Mil)

Calculated

Impedance(Ω)

L1 se_coated_microstrip L2 7 5.6 50+/-10%
L5 se_stripline L4/L6 4.3 4.3 50+/-10%
L7 se_stripline L6/L8 4.3 4.2 50+/-10%
L9 se_stripline L8/L10 4.3 4.3 50+/-10%
L11 se_stripline L12/L10 4.3 4 50+/-10%
L16 se_stripline L17/L15 4.3 4.2 50+/-10%
L18 se_stripline L19/L17 4.3 4.3 50+/-10%
L20 se_stripline L21/L19 4.3 4.2 50+/-10%
L22 se_stripline L23/L21 4.3 5.2 50+/-10%
L24 se_coated_microstrip L23 7 5.8 50+/-10%
L1 se_coated_microstrip L2 6 8.9 39+/-5Ω
L5 se_stripline L4/L6 3.5 6.6 39+/-5Ω
L7 se_stripline L6/L8 3.5 6.5 39+/-5Ω
L9 se_stripline L8/L10 3.5 6.6 39+/-5Ω
L11 se_stripline L12/L10 3.5 6.5 39+/-5Ω
L16 se_stripline L17/L15 3.5 6.5 39+/-5Ω
L18 se_stripline L19/L17 3.5 6.6 39+/-5Ω
L20 se_stripline L21/L19 3.5 6.5 39+/-5Ω
L22 se_stripline L23/L21 3.5 7.9 39+/-5Ω
L24 se_coated_microstrip L23 6 9.2 39+/-5Ω
L5 diff_stripline L4/L6 3.500/3.500 3.700/3.300 95+/-10%
L7 diff_stripline L6/L8 3.500/3.500 3.700/3.300 95+/-10%
L9 diff_stripline L8/L10 3.500/3.500 3.700/3.300 95+/-10%
L11 diff_stripline L12/L10 3.500/3.500 3.000/4.000 95+/-10%
L16 diff_stripline L17/L15 3.500/3.500 3.700/3.300 95+/-10%
L18 diff_stripline L19/L17 3.500/3.500 3.700/3.300 95+/-10%
L20 diff_stripline L21/L19 3.500/3.500 3.700/3.300 95+/-10%
L22 diff_stripline L23/L21 3.500/3.500 4.100/2.900 95+/-10%
L5 diff_stripline L4/L6 5.500/4.000 5.100/4.400 85+/-10%
L7 diff_stripline L6/L8 5.500/4.000 5.100/4.400 85+/-10%
L9 diff_stripline L8/L10 5.500/4.000 5.100/4.400 85+/-10%
L11 diff_stripline L12/L10 5.500/4.000 4.500/5.000 85+/-10%
L16 diff_stripline L17/L15 5.500/4.000 5.100/4.400 85+/-10%
L18 diff_stripline L19/L17 5.500/4.000 5.100/4.400 85+/-10%
L20 diff_stripline L21/L19 5.500/4.000 5.100/4.400 85+/-10%
L22 diff_stripline L23/L21 5.500/4.000 5.700/3.800 85+/-10%
L24 diff_coated_microstrip L23 5.400/4.000 5.300/4.100 85+/-10%
L5 diff_stripline L4/L6 3.700/4.300 3.700/4.300 100+/-10%
L7 diff_stripline L6/L8 3.700/4.300 3.700/4.300 100+/-10%
L9 diff_stripline L8/L10 3.700/4.300 3.700/4.300 100+/-10%
L11 diff_stripline L12/L10 3.700/4.300 3.000/5.000 100+/-10%
L16 diff_stripline L17/L15 3.700/4.300 3.600/4.400 100+/-10%
L18 diff_stripline L19/L17 3.700/4.300 3.700/4.300 100+/-10%
L20 diff_stripline L21/L19 3.700/4.300 3.600/4.400 100+/-10%
L22 diff_stripline L23/L21 3.700/4.300 4.100/3.900 100+/-10%



Layout of FLX-155
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Firefly modules Firefly modules
Power modules

VP1552



3D Modeling
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Front Panel for Different Requirements
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Summary
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• Test results of the first FLX-182B show the hardware functionalities 
are all good. 46 boards production started.

• FLX-155 design is processing well. 
▪ Schematics is finished, power supplies could be further optimized.
▪ Layout is ongoing, will be finished by end of February.
▪ ATLAS PDR will be held on Feb. 1st. Then we will start fabrication, assembly. First board is 

expected to be tested before summer.



Backup slides
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