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CERN and High Energy Physics (HEP) Experiments

« Accelerate and collide particles (e.g.
protons) at almost the speed of light

« Take 40 million “pictures” per second
of their interactions

C\E/RW RISC-V Summit Europe | Marco Andorno

SZ A



ASICs for HEP

Demanding constraints:

; Limited material and power budget
X Long lifespan of components

#.& Extreme radiation tolerance:
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Very specific applications:

Many fast data readout channels

Unique signal processing techniques
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The problem

They require advanced
technology nodes, that come
with high development costs

Future LHC and detector upgrades
require more complex ASICs

The solution we propose

Turn our custom ASICs into programmable fault-tolerant SoCs to get:

(¥ Quick prototyping PP Faster design and verification turnaround time

010 Smaller number of more capable ASICs =1 Cost effective development
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... but a single architecture can‘t fit all our applications, so...

%

SoC RAdiation Tolerant Eco-Syste
\ /rn
SOCRATES

Comprehensive toolkit to generate highly-customizable systems that can be integrated in
custom radiation-tolerant ASICs. Its main goals:

Unified build system for HW and SW
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Library of radiation-tolerant verified IP blocks

Fault-tolerance support

» It's going to be open-sourced for HEP and the wider open-source HW community
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The SOCRATES platform

HW/SW build system

(SoCMake )
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Pre-verified
IP block library

DEVELOPMENT STAGE:
v Advanced
® |n progress

o Future developments

»
K3

Hardware composition

v Generate the top-level SoC
v Integrate IP blocks

v Infer interconnects
(crossbars, adapters)

Software generation

v Invoke toolchain

v Generate hardware

abstraction layer (HAL)

v Generate linker scripts

4

v/

Verification

Functional testing
environment

SystemC-UVM environment
FPGA prototyping

(@)

Il

Implementation

Run synthesis and physical
implementation flow on
targets

Generate constraints
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... and its fault tolerance add-ons

HW/SW build system

(SoCMake )

J
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Pre-verified
IP block library tolerance

Fault

DEVELOPMENT STAGE:

v Advanced
® In progress

o Future developments

»
K3

Hardware composition

<

Generate the top-level SoC
Integrate IP blocks

Infer interconnects
(crossbars, adapters)

Fault tolerant interconnects

Automatic TMR of IP blocks

Software generation

v Invoke toolchain

v Generate hardware

abstraction layer (HAL)

v Generate linker scripts

Software fault tolerance

S S

v/

Verification

Functional testing o
environment

SystemC-UVM environment
FPGA prototyping ©
Fault injection framework ©

Formal verification for TMR

]

Implementation

Run synthesis and physical
implementation flow on
targets

Generate constraints

Constraints for fault tolerance
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— jl IP blocks and hardware h SIMULATE
}Z S 0 C M a ke *sv || > accelerators (*.sv) |, |+ Verilator
L * Xcelium
: > ||| Software application . VCS
*.cpp |}
: il > Top level HDL (*.v) IMPLEMENT
« CMake-based HW/SW build system : r ' > | + Cadence
*.rdl
generator for SoCs T Register file and
. ) ] - Interconnections (*.v)
» Supports SystemRDL as an input configuration L | FPGA
 Register Description Language _ m Hardware abstraction layer + Vivado
extended for supporting SoC description 2
o Linker scripts generation
« Used as top-level architecture description s> m e | Software
— application
o
. . - . e UVM testbench (SystemC)
Rapld FI:I‘OtOtyplng O: S(:)T:Sk - - m and SEE injection utilities
* Quick composition of IP blocks into full systems
P J Config files for synthesis and —
® QUiCkIy bu”d dif‘fel‘ent arChiteCtures With different P bIOCkS, e implementation (*.yamll *.tcl) : l:m
hardware accelerators or different CPUs Documentation - website . %%
« Dependency management - (*.html, *.md) =

 Open-source
« github.com/HEP-SoC/SoCMake

C\E/RW RISC-V Summit Europe | Marco Andorno °


https://github.com/HEP-SoC/SoCMake

TrigIaV: a silicon demonstrator for SOCRATES

I

TIMER-O UART
I e RISC-V Ibex I
SoC debug CPU
(o]
control unit PLIC TIMER-1 GPIO

i i i

[ : OBI THMR crossbar . APB-RT interconnect 1 mm
I-MSPU O ;’:aster P:t"t
Bootloader D.MSPU B2 LY
« Commercial 28 nm bulk CMOS technology, 2 mm2, 250 MHz 2 mm
« Full TMR lbex core
« ECC protected memory and peripheral bus
A ]

« Redundant booting mechanisms bl
« Error counters, dedicated debug outputs
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apb_rt_subsystem #(
apb_rt_intf apb_rt_intf'{
SECDED_DATA:Q©,
SECDED_ADDR: 0,
? INTERLEAVE_DATA: 0,

at does SoCMake generate? e
prefix:"s_",
modport :Modport: :slave,
cap:false

name "APB-RT subsystem";

subsystem;
rv_plic #( UART

apb_intf apb_intf'{ ua rl . SV gpio gpio @ 06x020000;
ADDR_WIDTH:32, rv_timer rv_timer @ 0x030000;

DATA_WIDTH:32, ua r‘t . r'd-l_ uart uart @ OxeUeee;

prefix:"s_apb_", rv_plic rv_plic @ 0x050000;

modport :Modport: :slave, CMa keL'i_ Sts . tXt soc_ctrl soc_ctrl @ 0x080000;

cap:false

[ ]
_\
= « any other IP block i Top SoC
dés; "PLIC interrupt sources”; ° apb_SUbsystem . rld-l-
s PLIC triglav_soc.rdl
desci "PLIC interrupt-pending request”; p-l. -i. C . rld-l.
signalwidth = 1;
add_ip(cern::soc::triglav_soc::0.1.0) rmap triglav_soc {

PR lic.sv :
signal { P CMakelL1ists.txt
true; (MakelLists.txt /

} irq_o;

name "TriglaV SoC";
ip*sources( 5{IP} SYSTEMRDL Subsystem;
¢ § T RCE IR} /rdl/apb_rt_subsystem.rdl
rdl/triglav_soc.rdl clk clk_i;

add_ip(pulp::ip::rv_plic::0.1.3) rstn rst_ni;

ip_link(${IP}
lowrisc::ibex: :cpu_wrap
cern::ip::boot_rom
openhwgroup: :ip: :debug_subsystem
cern: :ip::soc_ctrl

ip_sources(${IP} SYSTEMVERILOG ${ IR} /hw/rtl/rv_plic_core.sv) mspu_mem #(.SECTIONS("text")) mem@ @ 0x00000000;

ip_sources(${IP} SYSTEMRDL ${ E IR} /rdl/rv_plic.rdl)

mspu_mem #(.SECTIONS("data")) meml @ ©x10000000;
ip_link(${1P}
cern: :socgen: :apb cern: :ip: :mspu_mem boot_rom #(.SECTIONS("boot")) boot_mem @ ©x20000000;
lowrisc::ip::prim_cells eSS o debug_subsystem debug_subsystem @ ©x30000000;
cern::ip::gpio apb_rt_subsystem apb_rt_subsystem @ 0x40000000;
cern::ip::rv_timer ibex_wrap ibex_wrap @ OxFFFFFFFO;
cern::ip::rv_plic
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cmake

./

@
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What you get in output from the to

include/halcpp_base.

(__clang__)

module triglav_soc ( clang diagnostic ignored "-Wundefined-var-template"

input wire [0:0]
input wire [0:0]
input wire [0:0]
input wire [0:0]
input wi [0:0]
input [0:0]
output [e:0]
output wire [0:0]
output wire [0:0]

rv_plic_nm

BASE, p WIDTH, PARENT_TYPE>
halcpp: :RegRW<BASE, WIDTH, PARENT_TYPE>

0x180) ; TYPE = PRIO®<BASE, WIDTH, PARENT_TYPE>;
halcpp::FieldRW<®, 1, TYPE>

¢ )) __stack_size
__stack_size);

) heap_size

halcpp: :RegRW<BASE, WIDTH, PARENT_TYPE>::

module rv_plic [
input wire [15
input [15
input
output L J triglav_soc

Peripheral HAL

output
output v
output
output
output w
output v
output
output
input
input
input
input
input
input

apb_rt_subsystem

biTMR interconnect

obiTMR interconnect_...

debug_subsystemTMR

debug_slave 0

debug_master 0
debug_subsystem.

ObiTMR2apb_rt
data 0
obiTMR2aph rt_trigla.

apb,_rt_interconnect

aph_rt_interconnect .

TMR peripherals
A nice block diagram
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Future developments

1. Test the TriglaV prototype and its radiation performance to get a baseline

to make it more user friendly and

3. Evaluate (e.g. selective triplication, core
lockstepping) for better/multiple PPA/radiation resistance tradeoff
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Thank you!



http://home.cern/

