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GENERALIZATION OF TASKS (DAQ SYSTEM)
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HARDWARE CANDIDATE
Highlights

     Built around Xilinx's Zynq Ultrascale+™ 
MPSoC

     DDR4 SDRAM with Error Correction Code 
(ECC)

     19.2 GByte/sec memory bandwidth

     Offers PCIe® Gen2 x4, 2x USB 3.0 and 2x 
Gigabit Ethernet interfaces

     Available in industrial temperature range

     Three 168-pin Hirose FX10 connectors with 
294 user I/Os

     Linux BSP and tool chain available

     Powerful and compact FPGA board
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FPGA: TOOL CHAIN & WORKFLOW

PL requirements

 Reproducibility

 Fast simulation

 VCS

Chosen set

 SystemVerilog

 Vivado HLS

 Cadence Xcelium

 Vivado NPM (tcl flow)

 Git
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IP CORES

Interconnect

● AXI(S,L) switch
● AXI-SRAM interface converters
● SRAM-register array (Xilinx primitive ports and PL settings)
● SRAM-DRP(Xilinx primitives DRP) 
● PL to PS’ DDR

Peripherals

● SPI
● GPIO
● Version footprint
● S7 sequencer
● DHPT/DMC TRG sequencer

High speed links

● Aurora
● UDP/IP XG Ethernet
● JESD204B (upto 12.5Gbps)

Data handling

● CDC
● AXIS data remap
● Slicing
● Meta data encapsulation
● Header handling

Debug

● JTAG over TCP/PS
● Registers and DP memory

Data processing

● Dark/Offset correction
● Common mode correction
● CTI correction
● Linearity correction
● Stacking of up to N frames
● Data reduction for 

spectroscopic application

*No proprietary solution used, no license fee paid
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EDET80K FIRMWARE BRIEF
Data path

1. Filtering
2. Remapping
3. Header handling

4. Slicing
5. Sending

data
dummy

gen

data
dummy

gen

Scalable
Reusable
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FSP+TNG FIRMWARE BRIEF
Data path

Scalable
Reusable
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EDET AND FSP+TNG IP CORES UTILIZATION

EDET only Common FSP+TNG only
Peripherals: DHPT/TRG 
sequencer

Interconnect Peripherals:SPI

HSL: Aurora Peripherals Peripherals:S7 sequencer
HSL: UDP/IP XG Ethernet Data processing
Debug HSL: JESD204B
Data handling
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PROJECT HIERARCHY: FSP & EDET
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PROCESSING SYSTEM

 Unified for projects

 Centralized network boot

 SDRAM based filesystem

 Rich package set
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Workflow related:

 Update Vivado tool version (used 19.2, latest 22.2)

 Increase verification coverage

 Automate verification/build process
(day: HDL, night: verification and build if success)

FUTURE STEPS

Project oriented:

 EDET:

 Improve TRG sequencer to meet DMC capabilities

 Enable second 10G link

 FSP+TNG

 Improve JESD204B to rev. C

 Implement data processing block (HLS)

 Common

 Update Linux filesystem (add requested packages)

 Switch to a newer kernel(?)
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PS PL FIRMWARE
Thank you for your attention

Questions, suggestions, remarks are welcomed.



M A X- P L A N C K - G ES E L L S C H A F T  |  H AL B L E I T E R L AB O R  |  M P O F I R M WAR E  D E V EL O P M E N T  O VE RV I E W  &  S Y N ER G I ES  BE T W E EN  P R O J E C T S |  1 4 . 1 2 . 2 2 1 3

EDET80K BLOCK SCHEME
Data path

Firmware



M A X- P L A N C K - G ES E L L S C H A F T  |  H AL B L E I T E R L AB O R  |  M P O F I R M WAR E  D E V EL O P M E N T  O VE RV I E W  &  S Y N ER G I ES  BE T W E EN  P R O J E C T S |  1 4 . 1 2 . 2 2 1 4

 Boot up (QSPI, DHCP, FSBL, UBOOT, Linux, filesystem, device tree, drivers, etc.)

 Configure the firmware, know the status

 Simulation

 Get, process and transmit the data

 Debug

 Transfer knowledge (how to use)

TASKS AND CHALLENGES



M A X- P L A N C K - G ES E L L S C H A F T  |  H AL B L E I T E R L AB O R  |  M P O F I R M WAR E  D E V EL O P M E N T  O VE RV I E W  &  S Y N ER G I ES  BE T W E EN  P R O J E C T S |  1 4 . 1 2 . 2 2 1 5

FIRMWARE DEBUG
Old
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FIRMWARE DEBUG
Less cables – less problems

HW: TCP
PS: Linux + Driver + Software
PL: IP core
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FPGA UTILIZATION
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 HDL: (System)Verilog, VHDL

 Scripting: Shell, TCL

 Software: Xilinx Vivado, Cadence Xcelium

 Packages: Linux, Buildroot, Uboot, etc.

 Paradigm: command line interface, scripting

TOOLS USED
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TESTBENCH
Add-on
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DOCUMENTATION
Wiki pages / git repositories https://fsteam.hll.mpg.de

http://persei.hll.mpg.de:3000/
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