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New Generation of Rad-Hard SoC FPGA

CERN SoC Workshop
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Rad-hard FPGA Offering

• NX offers a complete rad-hard 
FPGA offering with all associated 
tools

• IMPULSE is the programming 
tools that generate any VHDL into 
bistream generation

• All required tools ecosystem and 
IPs to develop simple to complex 
design

Complete rad-hard FPGA offering and associated tools
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Key Markets

• The company is focusing on 

developing SoC FPGA for Hi-Rel 

markets

• Become quickly a clear leader on 

Space, Defense and Avionic market

• Focus on key market differentiators 

like radiation hardening, very high 

reliability, ITAR free etc

Défense

Industrial Avionic

Space
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Rad-Hard SoC FPGA Roadmap

28nm

2017

Mid-End FPGA

137kLUTs/130kDFFs

10Mb RAM

384 DSP

24x HSSL 6G

Single-core ARM-R5 
(No Peripherals)       

Low-End FPGA

35kLUTs/32kDFFs

3Mb RAM

112 DSP

No HSSL

No Hard IP Processor       

Mid-End FPGA

290kLUTs/273kDFFs

21Mb RAM

896 DSP

16x HSSL 12G

ADC/DAC

Note: the dates are the 
prototype availability

65nm

High-End FPGA

537kLUTs/505kDFFs

32Mb RAM

1344 DSP

32x HSSL 12G

Quad-core ARM-R52/ 
(DAHLIA SoC) 

2019

2020

2023



© 2022 Nanoxplore SAS Company Confidential 5

Software Tools Overview

NanoXplore’s toolset: Impulse

• Performs all stages of the design, thus NanoXplore 
is independent from any third party tool

MBSE ecosystem/ HLS :

HDL Coder Mathworks: Bambu,
Politecnico di 
Milano:

CatapultC Siemens ESA:

NanoXplore’s toolset: 3rd party tools

• Precision Hi-Rel (Siemens EDA):
NG-ULTRA supported for Synthesis 
in the commercial releases

• First support available
• Further features 

ongoing
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Software Tools Flow

nXpower
Estimator

nXcore

nXboard

User App.
Timing 

Constraints

Bitstream

Soft IPs

nXsdkAppCode
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Software Tools Debugg

nXcore

nXboard

User App.
Timing 

Constraints

Bitstream

nXscope

Netlist & SDF

3rd party 
Simulator

3rd party 
STA tool

.vcd
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Software IPs

For NG-ULTRA 

• nXcore is directly available in IMPULSE 
to import any available IPs

• DDR2 Controller

• Infrastructure IPs

• Filters

• Softcore
• Leon3

• RISC V (Q1 2024)

• HSSL protocols
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NG-ULTRA Overview

9



© 2022 Nanoxplore SAS Company Confidential 10

NG-ULTRA Overview

• Rad-Hardened By Design SRAM-based SoC FPGA

• Quadcore ARM R52 @ 600MHz each

• 537 KLUT density

• SpW & DDR 3&4 PHY hard-coded

• 32 HSSL @ 12 Gbps, compatible with:

•SpaceFibre, JESD204B, ESIstream, SRIO

• BGA 1752 package

2 0 1 7

2 0 1 9

2 0 2 0
2 0 2 3
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NG-ULTRA Supply Chain

Fully European supply chain !

• Fab: ST Crolles 

28nm FD-SOI

• Assembly flip 
chip

• ST Rennes

• Testing
• ST Grenoble
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NG-ULTRA Overview

 NG-ULTRA FAMILY/NX2H540ATSC Datasheet  
 Vers ion 1.7  
  6 / 120 
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2 Features 

The NG-ULTRA NX2H540ATSC device is a Radiation Hardened By Design SRAM-based FPGA 
manufactured on STM C28FDSOI Space process with following resources. 

2.1 Resources 

 

Device NG-ULTRA 

Capacity of modules  

Register 505 344 

LUT-4 536 928 

Carry 126 336 

Embedded RAM - 

Core RAM Blocks (48K-bit) 672 

Core RAM Bits (K = 1024) 32 256 K 

Core Register File Blocks (32 x 18-bit) 2 632 

Core Register File Bits 1 480 K 

Embedded DSP 1 344 

Clocks 50 

Embedded Serial Link  

HSSL 12,5 Gbps, SERDES TX/RX 
(Supports several protocols including Space Fibre) 

32 

     SpaceWire with codec 400Mbps 1 

I/Os  

I/O Complex Banks 
I/O Direct Banks 
I/O Service Bank 
I/O DDR Bank 
I/O BScan Banks 

10 (34 I/Os per bank) 

4   (24 I/Os per bank) 

1   (44 I/Os) 

1   (204 I/Os) 

2   (28 I/Os per bank) 

User I/Os 740 

I/O PHYSICAL INTERFACES - 

DDR/DDR2/DDR3 20 

SpaceWire 20 

Table 1: Resources 

 
 

 

https://www.google.fr/url?sa=i&url=https://artemis-ia.eu/news/artemis-projects-ioe-and-pollux-were-selected-for-made-in-europe.html&psig=AOvVaw0ZgI4exF2vBCgNBVuMoeRu&ust=1616853607331000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMCQi5qPzu8CFQAAAAAdAAAAABAT
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NG-ULTRA Overview
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NG-ULTRA Overview
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NG-ULTRA Overview
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NG-ULTRA SdK

Board Support Package

• Generic build system for embedded software
• Including Makefiles and generation instructions
• Generic linker script

• Ready to use drivers
• Flash, Clock & Reset, DMA, DDR, UART, eRAM, GIC…
• ARM R52 init (crt0, handler, MPUs, stack…)
• HAL and Helpers

• Example applications & demo

➢ Easy to use 
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NX Embedded Tools

For NG-ULTRA

✓Debugging facilities:

▪ Lauterbach (debug & trace) 

▪ OpenOCD support

✓Flash programmer

✓Bitstream loader

✓Memory dumper using DAP (debug access port)

✓BL1 signer 

✓Read temperature sensor

➢ More on the way...
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OS Supports

For NG-ULTRA 
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Radiation Performance – No Weakest Link (1)
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Radiation Performance – No Weakest Link (2)
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NG-ULTRA Configuration

FLASH Loading

• 4 parallel SPI interfaces controlled by the 
boot loader

• FLASH mode:

▪ SEQUENTIAL

▪ TMR

• Parallel read 

• NG-ULTRA performs the majority-voting 

• The last memory can be used for an 
application purpose

FLASH1

FLASH3

FLASH2

FLASH4
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28nm radiation hardening approach

• Other digital: 
Rad Hard Logic 
Cells from ST 
28nm

In addition, Embedded Configuration Memory Integrity Check (“CMIC”)

Clock Tree

Clock buffer

Matrix system

• Cfg Memory

• User Register

• DFF

• Register File

• DPRAM

EDAC DICE

DMRTMR

•Goal
No design mitigation 

techniques required by 

the FPGA user

Confirmed

:
28nm FD-SOI required less effort to 

develop the hardened cells 

compared to 65nm.   
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28nm radiation hardening approach: DPRAM 

• Other digital: 
Rad Hard 
Logic Cells
from ST 28nm

• Clock Tree

• Clock buffer

• Matrix system

• Cfg Memory

• User Register

• DFF

• Register File

• DPRAM

EDAC DICE

DMRTMR

 NG-ULTRA FAMILY/NX2H540ATSC Datasheet  
 Vers ion 1.7  
  24 / 120 
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The following diagram describes the available DPRAM features: 

 

 

Figure 13: RAM block simplified diagram 

 

Read Cycle: 

When the memory is enabled in a memory read cycle (CSx = 1 and WEx = 0), the address is 
stored on the rising memory clock (CLKMEMx) edge, and data appears at the output bus after 
the access time. The chronogram is shown on the next figure.  

The optional output pipeline registers are available in all memory configurations. These registers 
are clocked by CLKREGx signals, which may be different from the main memory clock signals 
CLKMEMx. The memory pipeline register may be forced to zero by asserting the synchronous 
RSTx signal. Both memory clocks and register clocks may have individually configured polarity. 
The presence of output pipeline registers is determined independently for each port. 

Write Cycle: 

When the memory is enabled in a memory write cycle (ENBx = 1 and WEx = 1), the address is 
stored and data is written to the memory on the rising edge of the memory clock (CLKMEMx). 
During a write access DOUT maintains the output previously generated by a read operation. 

RAM block simplify diagram

With EDAC Without EDAC

2048 x 1-bit 49152 x 1-bit

2048 x 2-bit 24576 x 2-bits

2048 x 6-bit 12288 x 4-bits

2048 x 9-bit 6144 x 8-bits

2048 x 18-bit 4096 x 12-bits

2048 x 24-bits

DPRAM Configurability:
• Optional pipe-line output register
• Initialization by bitstream
• Embedded SECDEC EDAC

The ECC signature is computed during the write cycle and checked 
during the read cycle

• Automatic repair mode
When enabled, the memory is corrected with the data/ ECC value when 
the correctable error is detected in the read cycle
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Radiation test sessions overview

• UCLouvain / 
HIF (BE)

NG-ULTRA FPGA Radiation test campaigns overview

May Nov

2019

DEMETER
Test chips

2021

Dec Jun

NG-ULTRA V1
1st prototypes

2023

Apr

RADEF Jyväskylä (FI)

NG-ULTRA V2
final

UCLouvain / HIF (BE)

2020

Parts thickness: 50, 70 µm  Parts thickness: 100 µm

Tilt and roll possible Tilt and roll not possible 

or high energies

2023

Jun

2023

Sep
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NG-ULTRA CMEM rad test results overview

25

Summary of the Configuration Memory (CMEM) 
test 
• Test campaign: RADEF April-2023
• Number of bit in the configuration memory: 90.834.656
• Bits Location: distributed in the whole chip
• Test Configuration:

• Bitstream with Checkerboard (0101…..01)
• CMIC (internal scrubber) : disabled
• Voltage VDD_CORE -5% // nominal,
• runs of 200 sec (shutter controlled, closed during 

configuration and readback )
• Number of samples: 3
• Flux: 5K ions/cm²/s 
• Fluence reached : 1E+07 ions/cm²

0 errors in CMEM up to LET 62 MeV*cm2 

/mgResult consistent with the previous radiation test campaigns.

Radiation tests

19

Status and activities

• UCL / HIF campaign done in Dec 2020 and 
in June 2021 on NG-Ultra v1 Bring-up board

• Configuration memory
• No errors detected up to 62MeV/g/cm3

• DFF
• No errors detected up to 62MeV/g/cm3

• PLL
• Good radiation performance for the PLL
• No SEFI

• 3 new heavy ions campaigns planned in 
2023

• Latchup free, SEU Immune 
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NG-ULTRA DPRAM rad test results overview

26

Summary of the DPRAM test 

• Test campaign: RADEF April-2023
• Number of instances: 88 (672) 12%

4325376 bits
• Location: 2 rows of each lobe (6 / 5)
• Test Configuration:

• Bitstream1 : NOECC_2k x 24
• Bitstream2 : FAST_2k x 18
• Voltage VDD_CORE -5% // nominal

• Number of samples: 2
• Flux: up to 15K ions/cm²/s for bitstream2
• Fluence reached : 1E+07 ions/cm²

Bitstream2 : FAST_2k x 18 [11 runs with ECC enable,
0 run returned error (count by ECC activation) ]

Bitstream1 : NOECC_2k x 24 [3 runs]
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Results without ECC consistent with ST radiation data
No errors were detected using the ECC 
(even under flux : 15K ions/cm²/s)



© 2022 Nanoxplore SAS Company Confidential
© 2023 Nanoxplore SAS Company Confidential

NG-ULTRA DFF rad test results overview

27

Summary of the DFF tests 

• Test campaign: RADEF April-2023
• Number of instances: 15k DFF (4%)
• Bits Location: Lobe R3
• Test Configuration:

• Bitstream : 15k stages, Window Shift Register (WSR)
• Design frequency: 50 MHz / 80 MHz 
• Voltage VDD_CORE -5% // nominal,

• Number of samples: 2
• Flux: 10K ions/cm²/s 
• Fluence reached : 1E+07 ions/cm²

Radiation tests

19

Status and activities

• UCL / HIF campaign done in Dec 2020 and 
in June 2021 on NG-Ultra v1 Bring-up board

• Configuration memory
• No errors detected up to 62MeV/g/cm3

• DFF
• No errors detected up to 62MeV/g/cm3

• PLL
• Good radiation performance for the PLL
• No SEFI

• 3 new heavy ions campaigns planned in 
2023

• Latchup free, SEU Immune 

0 errors detected during the campaign
(up to LET 62 MeV*cm2 /mg)
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Radiation test next steps

• +1 more HI test session planned Q2 2024 at RADEF Jyväskylä (FI)

• +2 HI sessions planed dedicated to the SoC in 2023 at RADEF 
Jyväskylä (FI)

• +1 Proton test sessions being planned at PSI in 2024

Radiation performances characterized so far are extremely 
strong !
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Parts available and Leadtime

• Parts available and leadtime

• Evaluation kit -> less then 1 month

• Industrial 0 to +85°c -> less than 1 month

• Military -40 to +125°c -> 1 to 3 months
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Power consumption

• Illustrative power consumption of 
NG-ULTRA based on the following 
design:

• SoC 600MHz

• DFF 107k

• LUT 250k 

• RAM 250

• Register file 232

• Clock 50MHz

• Power consumption by rails 
@Tj 25°C

• 1V SoC dynamic = 1,5W

• 1V Fabric dynamic = 0,7W 

• 1V Fabric static = 0,7W

• 1V8 IO = 0,1W

• 3V3 IO  = 0,1W

• Total = 3,1W
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ULTRA 300 Overview

31
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ULTRA 300 Overview

• 290 KLUT density

• 16 HSSL @ 12 Gbps, compatible with:

•SpaceFibre, JESD204B, ESIstream, SRIO

• ADC and DAC

• BGA 484 and BGA 1152 package

2 0 1 7

2 0 1 9

2 0 2 0
2 0 2 3

ULTRA 300 Overview
Most cost effective rad-hard FPGA solution

#27

Device Details NX2H300TSA

Capacity - ASIC Gates

R
ad

 H
ar

d
 F

P
G

A

4 000 000

Logic Modules 11x Tiles + 7CGBs

Register 384DFF on 11rows 273 408

LUT-4    408LUT on 11rows 290 496

Carry    96CY on 11rows 68 352

Embedded RAM 22Mb

DPRAM 448BRAM * 48Kb 21 504

Core Register File On 11 rows 1 424

Core Register File Bits 32*18bits 807K Hardened

Clocks / PLL 50 / 6

Additional Features

R
ad

 H
ar

d
 S

O
C

 

SpaceWire PHY (8 IOBs) 2x/Complex IOBank 20
DDR3/4 PHY (11IOBs) 2x/Complex IOBank 20
DSP Blocks From 7 rows 896
SpaceWire link I/F 430Mbps CODEC 1
SERDES Tx/Rx 12,5Gbps
(supporting several protocols such as Space 
Fibre)

4 Quad HSSL 12,5Gbps 16

Hard IP Processor core / SoC NO
ADC 12-bit ADC, 10Msps 1
DAC 13-bit DAC, 10Msps 1

Design Security YES

Inputs / Outputs

I/
O

547 I/Os

Complex I/O bank VIO 1,2 – 1,5 – 1,8V 10 x  34 I/Os

Simple I/O bank VIO 1,8 – 2,5 – 3,3V 6 x 24 I/Os + 1 x 16 I/Os

Packages - User I/Os

P
K

G

FF484 organic 27*27 mm / 1 mm 239 I/Os (TBC)

FF1152 organic 35*35 mm / 1 mm 547 I/Os (TBC)

• Same architecture as NG-ULTRA 

• Very easy design portage 
between the two FPGA

• Target ESCC 9000P qualification

• Key milestones
• Prototypes Q3 2023

• Eval kit Q3 2023

• EQM Q2 2024
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ULTRA 300 Overview
◆ Small Form factor ◆ FCBGA-484
◆ High pin count ◆ FCBGA-1152 and CLGA/CCGA-1152
◆ 300KLUT & DFF, 22Mb RAM and 900DSP blocks
◆ Embedded ADCs & DACs

Radiation immune

ULTRA 300 Overview
FPGA overview

 ULTRA300 Datasheet  
 Vers ion 1.2  
  40 / 54 
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Figure 22 - DAC Bloc Diagram 

 
 
 

3.3.5 High Speed Serial Links (HSSL) 

The HSSL block provides multi-protocol high-speed serial link capability with multi-rate support. 
The HSSL block is composed of 4 RX/TX lanes, a PLL, and a calibration circuit as shown in Figure 
1 . Each transceiver lane includes its dedicated PMA and PCS functionalities. The SERDES block 
has configurable features such as data width (up to 80 bits in parallel), equalization and protocol 
dependent properties.  

 
 
 
 
 
 
 
 
 

 

 

Figure 23: 4-channel HSSL block diagram 

 
 
 

The HSSL supports the following protocols:  
 

Protocol Type Encoding 
ESistream 3.1251-12.50 Gbps 14b/16b 

Serial RapidIO 3.1251-12.50 Gbps 8b/10b 

JESD204B 3.1251-12.50 Gbps 8b/10b 

Figure 24 HSSL block diagram 
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3.3.4 Analog-to-Digital Converters (ADC) 

The ADC of ULTRA300 FPGA is a eight channel CMOS 12-bit analog-to-digital converter specified 
for conversion throughput rates of 1MSPS to 10 MSPS. The converter is based on a successive 
approximation register architecture with an internal track-and-hold circuit. The device can be 
configured to accept up to eight input signals at inputs IN0 through IN7. 
It is operated with independent 1.8V analog supply.  
 

Symbol Parameter Min Typ Max Unit Notes 

VIN Input voltage 0  1.6 V 1 

fS Sample rate  0.5 10 MSPS  

fIN Input 

frequency 

0 40 5000 KHz 2 

SNDR Signal-to-

Noise 

Distortion 

Ratio (SNDR) 

 74  dB  

INL Integral non-

linearity 

  +/- 2.5  LSB 3 

DNL Differential 

non-linearity 

  +/- 0.1  LSB  

(1) The input absolute max value that can be temporarily applied without damage is 1.98V. 

(2) The input frequency should be limited at most to the Nyquist rate of the used sampling rate. 

(3) INL value is guaranteed for input range of 50mV – 1.6V. 

 
Figure 21 - ADC bloc diaram 

 

12—bit ADC, 1-10 MSPS up to  8 inputs  

13—bit DAC, 1-10 MSPS
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Radiation test

• 2 HI test session planned in 2024 at RADEF Jyväskylä (FI)

• +1 Proton test sessions being planned at PSI in 2024

Same blocks as NG-ULTRA -> should have the same radiation 
performance
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Power consomption

• Illustrative power consumption of 
ULTRA300 based on the following 
resource intensive design:

• DFF 107k

• LUT 250k 

• RAM 250

• Register file 232

• Clock 50MHz

• Power consumption by rails 
@Tj 25°C

• 1V Fabric dynamic = 0,7W 

• 1V Fabric static = 0,5W

• 1V8 IO = 0,1W

• 3V3 IO  = 0,1W

• Total = 1,4W
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Parts available and Leadtime

• Parts available and leadtime

• IMPULSE -> now

• Evaluation kit -> Q1 2024

• Industrial 0 to +85°c -> Q1 2024

• Military -40 to +125°c -> Q3 2024

• Any prototyping can be done on NG-ULTRA and then port on 
ULTRA 300
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Customers

• And others to come

#37 NX Full presentation
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Next? 

38
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Rad-Hard FPGA Roadmap

65 nm 28 nm

2018 2020 2021 2022 20232019

Low-End FPGA

Mid-End FPGA

High-End FPGA

Mid-End FPGA

• 290K LUTs/273kDFFs
• 22Mb RAM
• 896 DSPs
• 20x SpW & DDR2/3 PHY
• 16x HSSL-12,50Gbps
• 4x ADC & DAC
• µP : Soft IP

• 537K LUTs/505kDFFs
• 32Mb RAM
• 1344 DSPs
• 20x SpW & DDR2/3 PHY
• 32x HSSL-12,50Gbps
• µP : Hard SoC / DAHLIA

(4x ARM-R52 @ 600 MHz)

• 137K LUTs 
• 10Mb RAM
• 384 DSPs
• 20x SpW & DDR2 PHY
• 24x HSSL-6,25Gbps
• µP : Hard IP

(ARM-R5 @ 200 MHz)

• 34K LUTs
• 3Mb RAM
• 112 DSPs
• 16x SpW & DDR2 PHY
• No HSSL
• µP: Soft IP

(Leon3 @ 35MHz)

High-End FPGA

• >1m LUTs
• HSSL-56Gbps
• 3000+ DSP
• 60+Mb RAM

2027…

7 nm
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Jean-Louis Frigoul
Sales and Marketing Manager

sales@nanoxplore.com

www.nanoxplore.com

Documentation:

https://nanoxplore-wiki.atlassian.net

1 rue de la Cristallerie - 92310 - SEVRES, France
Mobile: + 33 (0)7 69127172

#40

Thank you!

mailto:kchouayakh@nanoxplore.com
http://www.nanoxplore.com/
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	Slide 1: New Generation of Rad-Hard SoC FPGA
	Slide 2: Rad-hard FPGA Offering
	Slide 3: Key Markets
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Software IPs
	Slide 9: NG-ULTRA Overview
	Slide 10: NG-ULTRA Overview
	Slide 11: NG-ULTRA Supply Chain
	Slide 12: NG-ULTRA Overview
	Slide 13: NG-ULTRA Overview
	Slide 14: NG-ULTRA Overview
	Slide 15: NG-ULTRA Overview
	Slide 16: NG-ULTRA SdK
	Slide 17: NX Embedded Tools
	Slide 18: OS Supports
	Slide 19: Radiation Performance – No Weakest Link (1)
	Slide 20: Radiation Performance – No Weakest Link (2)
	Slide 21: NG-ULTRA Configuration
	Slide 22: 28nm radiation hardening approach
	Slide 23: 28nm radiation hardening approach: DPRAM 
	Slide 24: Radiation test sessions overview
	Slide 25: NG-ULTRA CMEM rad test results overview
	Slide 26: NG-ULTRA DPRAM rad test results overview
	Slide 27: NG-ULTRA DFF rad test results overview
	Slide 28: Radiation test next steps
	Slide 29: Parts available and Leadtime
	Slide 30: Power consumption
	Slide 31: ULTRA 300 Overview
	Slide 32: ULTRA 300 Overview
	Slide 33: ULTRA 300 Overview
	Slide 34: Radiation test
	Slide 35: Power consomption
	Slide 36: Parts available and Leadtime
	Slide 37: Customers
	Slide 38: Next? 
	Slide 39: Rad-Hard FPGA Roadmap
	Slide 40: Thank you!

