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Reconfigurable Intelligent SoC for High Energy Physics

—. Background & Challenges (Why)
» High cost and complexity of advanced process nodes
« Expensive tape-out iterations for advanced nodes
* Requires first-pass success, and the verification is
also highly challenging.
» Limitations of traditional ASICs
» Fixed functionality, weak configurability

 Difficult to integrate on-chip algorithms

— . New Design Paradigm (How)

» Introducing RISC-V based SoC architecture for hardware-software co-design
« Programmability: Adapts to multiple applications via software configuration
« Modularity & IP Reuse: Enhances design collaboration and efficiency

« Can be integrated into the chip

Intelligent SoC is the future trend for ASIC development.



RISC-V in High Energy Physics

To address future HEP experiment needs, CERN's RISC-V application focuses on two core directions:
» Building highly reliable monitoring and control systems

» Developing intelligent on-chip data processing
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RISC-V Applied to LATRIC

At the initial research stage, we selected the beginner-friendly Tiny-Riscv soft core, implementing a dynamically

configurable DAC module and other algorithms on OTK.
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Schematic LATRIC

Supports RV32IM instruction set

Employs a three-stage pipeline (Fetch, Decode, Execute).
Capable of running C programs

Supports JTAG for online program updates via OpenOCD.
Supports interrupts . FreeRTOS

Easily portable to any FPGA platform.
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Tiny-RiscV Architecture Diagram

» Core (Tiny RiscV) |
i ] - I I
+ RV32IM Core CLK COREATInY) E IF - Instruction Fetch i ID - Instruction Decode E EX - Execute i
. . — | | | I
« 3 stage pipeline RST | E l : 1 : @ E
« CoreMark/MHz = 2.4 i y i | ) i
» JTAG Interface TCK E °e -® ; ° :@ E =®1 E d
» | A | | A |
«  OpenOCD support TMS i ] ! | { l
. I I Y » CLINT I !
« GDB debugging support DI | JTAG.module i : ) : :
< 1PO : : REGS Write Back E :
> Peripherals h '\ '
- 4 KB ROM, 32 KB RAM ! . =
RIB(Risc-V Internal Bus)
» Supports multiple serial ) ] ) ) ) ) \ )
. . Y \ Y Y Y Y Y A
communication protocols, ADC-to-
ROM RAM Timer UART GPIO 12C SPI Ethernet
such as 12C, UART, and SPI Streamer

* Integrated sensor data

processing and UDP * 55 nm process technology

* Frequency 50 MHz
+ Size 1020 x 1196 um

forwarding

» Design verification completed in October; submitted for tape-out.

» Testing is scheduled to begin after the chips return, expected in January 2026
7




Adding 12C Master Module

» Selected a mature 12C host from Opencores (https://opencores.org).

» Wrapped the host with an interface layer and mounted it on the bus.
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12C Module FPGA Verification

Used the onboard AT24C64 EEPROM memory chip for functional validation.

C Program

ILA(Integrated Logic Analyzer) results

ILA Status: Idle

Name

» M uut/'dbg_eep_.

> W uutidbg_i

> M uut'dbg_rd_data[7:0]
14 uut/dbg

|§ uut/dbg

» W uut’dbg_wr_data[7:0]

lg uut/dbg_mi

g dbg_|

11 dbg_test success

mmendsck A quick readbc 1
Addra

prfirm ed
hocic Siave oy, QUSX, D313=0H300 T, (UINTS_1I2C_SLAVE ATIDR, (UinT16 TREC_MEW_ADDR, (int5 1EC_DATAT

UART output results

B BOEAENSF + TCP/UDP = . y
sl AA s 2 © -

o MESH COM5 e

e & 115200 - ===I2C Master Final Test Program ===

- - " [I2C] Write Addr=8x1234 Data=8xAC
> Config Check: Slave=0x53, Addr=8x1234, Data=8xAC
TR : Mone [1I2C] Read: Addr=0x1234
[ 1 [I2C] Verification: Wrote 8xAC, Read back @xAC
el e [I2C] SUCCESS!




Optimizing & Testing SPI Master Module

» Replaced the original SPI module with a more mature SPI Master, and added an interface wrapper

» Successfully verified module functionality on FPGA using the W25Q64 SPI Flash memory chip
W25Q64 UART output results

2 SOKRT + TCP/UDP

- o x
A & ?2 © @
wos coms
o N 115200 <~  --- W2064 SP Flash Driver Test (Using CSN1) ---
| B 5 . Reading JEDEC ID.
| lanufacturer I0: OxEF (Expected for Winbond: OXEF)
BB None D: 0x4017 (Expected for W25Q64: 0x4617)
. o ik 1 ras or at address 0x001000...
DR RTS
- es to address €x001000...
3 o RRE “ dress 0x001000. ..
) SRR er:
) trameR ] ead 0xA0
PR = ead OxAL
= ead 0xa2
BE  AddTmestamp v 4
E ead 0xA3
R AR ead OxAd
e ead 0xAS
) rE® e
e ead OxA7
= ead @xA8 Index 9: lrote 0xA9, Read OxA9
% ADDS
~ Wrote 8xAA, Read OxAA
it o Wrote OxAB, Read @xAB
P x 12: Hrote OxAC, Read @xAC
4 Wrote 0xAD, Read OxAD
RSy & Wirote OXAE, Read OXAE
SO Wirote OxAF, Read OXAF

[SUCCESS] Data verification passed!
--- Test Finished ---

W~ S HJJJLL”uTi-rgahrﬂlrfr» B
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ILA(Integrated Logic Analyzer) results
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Adding ADC-Ethernet Module

Receives serial input data, processes it, and transmits it to the host PC via UDP protocol

W expected_data[23:0] 202203 202203 jdl ADC Serial Input Data
W parallel_data_out{23:0] 202203 ;;.;:" 202203 Parallel Data
— e—— 1
» W adc_data_in[23:0] 000000 000000 X 2 3 100000 _
_______ - - ——{ : smmm— ADC Received Data

%! all_channel_data[31:0] 10000001 1K] 10000000
W fifo_data_out[31:0] 1203020 FIFO Output Data
» adc_value[31:0] 1203020 2030204 | C Program Input Data
@ cal_adc_value[31:0] 1203020 | 12030204 C Program Feedback Data

W fee_model4.0]

e — O DCrating Mode Switch
03

I System State Switch

W sys_status[4:0]

On-board Validation Data reading
— System Initialization — vy Measuring Baseline Voltage — W tinyriscv_soc_top_0fu..seline_rib_data[31:0]] 121a021b
Board IP set to: 192.168.185. 111 (0xCOASBIGF) g::jiﬁ; B W tinyriscy.soc top. Ofu_ticalade valuer31:01 | 12220223 R EIRCEC L RE
Board port set to: 1234 Signal@HD: 517 W tinyriscy_soc_top_0/u__stifo_data_out31:0] 12220223 [ESHECHEINNUINIEEN
Destination IP set to: 192 168.185.43 (0xCOASB9F3) Signal@Hl: 516 of 2 adp_tx_data[31.0]
. 4R Signal@HD: 518 s o g
Board p?rt set .to_ 1::34- - Biccinii s s
UDP Cofig Reg (ﬂxlﬂ).wrl tten with: 0x00030400 [Si gnalacho: 519 GIHFU S8 10p_0.-.coreigmi_tra7:0] f 02
UDF Config Reg (0x10) read back: 0x00030400 iSig'nel@:HIS 518
UDF Config Reg (0x10) written with: 0x00030400 s

|Si gnaldCH1

519



Optimizing Boot Method

Tiny-RiscV (original using Block RAM as 32KB ROM)
» Boot only via JTAG, Lacks self-start capability, poor reliability and convenience.

» Large ROM area overhead RAM 8192x32 ROM 512x32
569.26*307.045 um 75.845*300.46

. —

Output from SD card test

1 &OE#EIF + TCP/UDP

New Solution: Use SPI-based SD Card as external storage A DB 7O

i mES COMS5 v
» ROM contains bootloader (reduced from 32KB to 4KB s
simn 5 SPT Test
i : bt
SD Card on SPI CH-1 initializedsuccessfully.
AGEHE None v
EiH 1 (I e e e e e
» On power-up, the bootloader loads the program from the SD card B RISl ST | == nasing s et (or =
2 Wit s byies v Hlsdk alies
1. Writing 512 bytes to block address 1ee@@...
BEEE: 4 > Write complete.
\:I FERT R 2. Reading 512 bytes from block address 1800...
\j R [l[l > Read complete.
[ eshiren 30 me | write data 1s:05, read data: @5
‘: i 2 write data is:86, read data: @6
) =Sty write data is:87, read data: @7
REEE R write data i5:@8, read data: @8
wpmine. write data is:89, read data: @9
‘_I S FESS write data is:8A, read data: @A
‘:I ot write data is:@B, read data: eB
= write data is:8C, read data: @C 1 2
[ | B+ aDD8 4 : :
write data is:8D, read data: @D
‘j TR 1.0 write data is:8E, read data: @E




BOOT Loader Design

» Current RAM size: 16KB (14KB available for programs, top 2KB reserved for bootloader variables).
» Added UART output for debugging.

Linker Script Startup Assembly File Boot program

/¥
* bootloader.lds (Corrected Final version)

9
* Defines separate RAM regions to guarantee isolation. This version uses %:. nifisootioaden/baokloaden. start:s i (EEREUEHTE)
* direct calculation within the MEMORY black for maximum compatibility. 2 eckiha el i1 i o // EEAEA, MihoidER
*y 3 .globl _start_bootloader ¥ e e TR
12 0x10000008
" piscy™ 4
OUTPUT_ARCH( "riscv” ) 2
ENTRY(_start_bootloader) % v ISt HanEluedee: il EM i
6 /7 1. Initialize the stack pointer to the top of the main RAM. il
= : : : ; ; 15
; rieans he linker script provides the ' stack start’ symbol. o
/* Define constants for easy modification */ 3 " i Pt p = e Y 1 3 idy:
Ll e e 2 la sp, _stack_start ;f typedef void (*app_entry_t)(void);
soo?LOADEiRMstZE = 2K; /* Reserve 2KB at the top of RAM for the bootloader */ @ fﬂ S e LR
18 // Optional: Clear the .bss section for the bootloader. = - -
oY 11 // For a minimal bootloader, this step can often be skipped if you know {5 \:fioikd ';m; main c() { '
12 // your variables don’t rely on being zero-initialized. But it's good practice. = o S PO
{ 28 STEP 1: # UART, BT THE—AigH
rom (rx) : ORIGIN = @x@090088A, LENGTH = 4K H T 18 . G55 start 5 e % i it s S
: = , = 4 e o i 21 Jr EE: XPMuart_init() SRS T, T T EEFPNEARR.
T e i 22 uart_init();
/* RAM available for the application. Tts length is calculated directly. */ T8 S Teaw nss oot 23
app_ram (wxalri) : ORIGIN - @x108008@@8, LENGTH = RAM_TOTAL_LENGTH - BOOTLOADER_RAM_SIZE S :qzza; tt;a;Lfds”fb”fh“"tfdﬂ"g 24 JI BE—EIMES, MREFEROBEIKT, HHsootloaderE BT
i) 25 DEBUG_PRINTF("\n\n--- RISC-V Bootloader Started ---\n");
/% RAM reserved for bootloader's private use. Its origin is calculated directly. */ 18 it v, 15, A 26
boot_ram (wxalri) : ORIGIN - ©x1000000@ + (RAM_TOTAL_LENGTH - BOOTLOADER_RAM SIZE), LENGTH - BOOTLOADER_RAM_SIZE 19 i 'L—;lea:f'”ah“”t 27 /1 STEP 2: ifaivsoE
28 - [iL t i
i 21 -CRA0 PSS jogt fone 28 DEBUG_PRINTF("Initializing SD card on SPI channel %d...\n", MY_SD_CARD SPI_CHANNEL);
% ; 29 if (sd_card_init(MY_SD_CARD_SPI_CHANNEL) != @) {
2 2. Jump to the C ent t of the bootload T i e
SECTTONS 2: ;:1 i u:sutomai: . SHLEY-POHTLORSE e hooEloaden 38 DEBUG_PRINTF("!!! FATAL: SD Card initialization failed. Halting. !11\n");
= ¢ —madn_ 31 i : NEEN, TEMERHIERT
/* Place code and read-only data in ROM */ 24 h ;; ¥ i
i 25 .L_hang: : S E &
.text : < - 4 2
: o8 £ TF BootmatA ¢ retiRts Hang:ere: 32 DEBUG_PRINTF("SD Card initialized successfully.\n");
KEEP (*(SORT_NONE(.init))) = 3..-Lhang 35 /1 STEP 3: HEIBEREHRK
*(.text .text.*) 36 uint32_t num_blocks_to_read = (ON_CHIP_RAM_SIZE BYTES + SD_BLOCK_SIZE - 1) / SD_BLOCK_SIZE;
*(.rodata .rodata.*) 37 DEBUG_PRINTF("Target RAM size: %d bytes. Need to read %d blocks from SD card.\n", ON_CHIP_RAM_SIZE BYTES, num_blocks_to_read);
} >rom 38
3 /1 STEP 4: fREFHEDL
/* Place the bootloader's .bss section into its reserved RAM region */ 48 DEBUG_PRINTF("Starting to copy data from SD:@ex%X to RAM:@ex%X...\n", APP_START_BLOCK_ON_SD_CARD, APP_RUN_ADDR_ON_CHIP_RAM);
.bss (NOLOAD) : 21 for (uint32 t 1 = @; i < num blocks to read; i++) {
a2 uint32_t source_block = APP_START BLOCK ON_SD CARD + i;
. = ALIGN(4): 43 uint8_t* destination_address = (uintg_t*)APP_RUN_ADDR_ON_CHIP_RAM + (i * SD_BLOCK_SIZE);
__bss_start = .3 a4
*(.bss .bss.*) 45 /1 AILTEX B n— AT
*(COMMON) 46 if ((1 % 4) == @) { // S4TRITEN—1 5
. = ALIGN(4); a7 DEBUG_PRINTF(".");
_bss end = .; 48 i
} >boot_ram 49
5@ if (sd_card_read_block(source_block, destination_address) != @) {
/* The stack pointer is initialized to the top of the bootloader's RAM region */ 51 DEBUG_PRINTF("\n!!! FATAL: Failed to read block %d. Halting. !!!\n", source_block);
_stack_start = ORIGIN(boot_ram) + LENGTH(boot_ram); 52 while(1); // RERKM, FTEMESHIEREF
53 }
54 }
55 DEBUG_PRINTF("\nData copy complete.\n");
56
57 /1 STEP 5: &
58 DEBUG_PRINTF("Bootloader finished. Jumping to application at @x%X...\n", app_entry);
59
68 /1 TERREEIRI LI —MRAEATER, MESOEIMEUET
61 for(volatile int i=8; i<10008; ++i);
62
63 /1 BiEE%
64 app_entry(};
65
66 / MREFERITEIRS, HEABETAMT
67 DEBUG_PRINTF("!!! FATAL: Application returned to bootloader. Halting. !!!\n");
68 while (1);

@
o
-



Hardware Code Modifications for Bootloader

1. Fetch Module: Controlled by

2. JTAG Module Input: In jtag_dm (Debug Module), based on RISC-V Debug

internal signals rst_n, flush_i, stall. No Spec. Modified behavior when writing to dpc (Debug Program Counter) CSR.

direct inputs from external debug

nriilac
always @ (posedge clk or negedge rst_n) begin
// B
if (!rst_n) begin
pc <= "CPU_RESET_ADDR;
pc_prev <= 32'h8;
f{ =l

end else begin

if (data[15:8] == DPC) begin
J/dm_reset_req <= 1'b1i;

[/ when write dpc, we reset cpu here

When JTAG attempts to

jtag pc we <= 1'b1; <
jtag pc wdata <= data®;
dm_halt req <= 1'bé@;
dmstatus <= {dmstatus[31
M e end else if (data[15:8] < 16
e;c zlse be;; dm_reg_we <= 1'bl1;
pc <= pc + 32'h4; dm_reg wdata <= datad;
pc_prev <= pc; and
ena
end

end else if (flush i) begin
pc <= flush addr i;
/1 EfE, ME—%i8%

end else if (stall) begin

3. Reused existing flush mechanism
(which flushes pipeline and restarts fetch
from new address). JTAG module
"borrows" this mechanism to update PC.

// When JTAG writes to PC, use the new address provided by JTAG; otherwise, use the normal jump address.
assign flush_addr_o = jtag pc_we i ? jtag pc wdata i : jump_addr i;

/f Flush the pipeline on a normal jump, a CLINT stall, or a JTAG PC write.
assign flush o = jump_assert i | stall from clint i | jtag pc we i;

1127, 4"hc, dmstatus[7:8]};
'hi828) begin

write to DPC, the current
hardware's response is not
to update the CPU's PC,
but rather to assert a reset
request signal

Post-modification: Normal startup via GDB is successful

get remote :3333"
an Xun Z .

=8 ke 1 o
1 2BOiE#Eh=F + TCP/UDP

AA &G ?
BOE: coms
R N 115200

R
(] iorm i

(gdb) monitor reset halt

JTAG tap: riscv.cpu tap/device found: @x1e20@a6f (mfg: ©x537 (Wuk
Bx1)

(gdb) load

@@ Loading section .init, size Ox68 lma ©x16000080

Loading section .text, size 8x830 lma 0x100EEE68
Loading section .data, size 8x70 lma 0x10008898
Start address 8x10000008, load size 2312
Transfer rate: 47 KB/sec, 770 bytes/write.
(gdb) |

--- RISC-V Bootloader Started ---

Initializing SD card on SPI channel 1...

SD_TINIT: Failed on CMD8

!11 FATAL: SD Card initialization failed. Halting. !!!
TargetRM size 14336btes Ned to read 28bock rom D car.
Stating to cpydata from SD:@0x@ to RAM:@@x10006000...

111 FATAL: Failed to read block @ helloc world 14



C Program Modifications & FPGA Validation

C programs compiled using Ids linker script and start_s script, configured for the bootloader.

21 B[Eh#Er= + TCP/UDP

A B B 2 ©

wmaE: COMB
R B 115200 v
E=ei= ] 8 v

Method 1: HR None v
ROM + SD Card ey S -

Il DTR RTS
BILaE: =
[ ] iR

[] +ronsmEs 00

--- RISC-V Bootloader Started ---

Initializing 5D card on SPI channel 1...

SD Card on SPI CH-1 initialized successfully.

SD Card initialized successfully.

Target RAM size: 14336 bytes. Need to read 28 blocks from SD card.
Starting to copy data from SD:[@@x8 to RAM:@8x188808088...

Data copy complete.

Bootloader finished. Jumping to application at @xleeeeeeo. ..
hello world

Debug output messages from successful ROM + SD Card boot shown

# file: debug.gdb

Method 2: target remote localhost:3333
GDB Debug Startup monitor reset halt

load

set $pc = 0x10000000

b main

C

For help, type "help"”.

Type "apropos word" to search for commands related to "word"...
Reading symbols from .\gpio...

0x00000000 in 7?7 ()

JTAG tap: riscv.cpu tap/device found: 0xle200a6f (mfg: 8x537 (Wuhan Xun Zhan Electronic Technology), part: ©xe20@, ver:

0x1)

Loading section .init, size Ox6c lma Ox10080000
Loading section .text, size 0x260 lma 0x1080006c
Start address 0x10000008, load size 716
Transfer rate: 99 KB/sec, 358 bytes/write.
Breakpoint 1 at 0x100001la8: file main.c, line 9.

15



RAM Modification

Modified RAM architecture to implement byte-select functionality
» Changed 32-bit RAM to 4 combined 8-bit RAMSs.

» Added a Verilog model for SD card simulation for pre- and post-layout verification.

£ s0EiksF + TCP/UDP

e --- RISC-V Bootloader Started ---

Tcl Console X

E B . Initializing SD card on SPI channel
Q ne ® & A {‘J_'T 2 @ [ 6683650000] SD_MODEL: R1 response sent, returning to
- i 67341100007 SD_MODEL response sent, returning to
[ 6724110000] SD_MODEL: R1 respomse semt, returming to IDLE 6754010000] SD_MODEL : response sent, returning te
6754010000] SD_MODEL: R1 respomse sent, returning to IDLE was: COM6 v :;;Ei:gggg% :g,mgggt r EZ::: 532? :EE::::S Es
L 6775270000] i Rl zespense seat, returning to IDLE 6816430000] SD:ML:JDEL; response s;nt: returning to
[ 679517000 L respense sent, returning to DDLE B N 1500 v 6 SD_MODEL: R1 response sent, returning to
6816430000] SD_MODEL: R1 respemse sent, returming to IDLE . SD_MODEL : response sent, returning to
PRy e --- RISC-V Bootloader Started --- 6877490000] SD_MODEL: R1 response sent, returning to
Rt B e Penie | SRR R FE(T 8 = e 6898750000] SD_MODEL: R1 response sent, returning to
68375900001 SD_MODEL: R1 response sent, returning to IDLE Initializing SD card on SPI channel 1... 6918656000] response sent, returning to
6877490000] SDMODEL: R1 respomse sent, returnine to IILE 2 39910086] SD_| response sent, returning to
Gfir : Nene # FRETEIE 69598 s z i I
6898750000] SD_MODEL: Rl respomse sent, returming to IDLE BT SD Card on SPI (H-1 initialized successfully. 69598160000] ;[LTD[:E:: r»ﬂ;m{ic sent, returning to
B i ; SPI CH-1 initialized successfully.
6918650000] SD_NODEL: RL sesponse sext, zeturning o LB ] . o0 Card Anstialized successiully: Card Tnittatized suceessrutly.
6929910001 D_NODEL: R1 respemse sent, returning to IDLE Target RAM siz 30720 bytes. Need to read blocks from SD card.
[ 6959810000] SD_MODEL: Rl zespemse sent, rsturning to IDLE, DTR RTS Target RAM size: 14336 by-tes_ Need to read 28 blocks from SD card. starting to copy data from SD:@0x0 to RAM:@0x10000000...
SD Card on SPI CE-1 initialized successfully .. .
3 . . Data copy complete
M Cardl dnitinlised surcansilly %5 Starting to copy data from SD:@x0 to RAM:(@0x10600000. . . Br):)tlulagir LfiKi:he Jumping to application at ©x10000000
Target RAN size. 14336 bytes. Need to read 28 blocks from SD card Z hello world
Starting to copy data from 5D:@0x0 to RAN @0x10000000 = Bl SFinish called from file "rtl/testbench/tb_sd.v”, line 71.
sfinish at simulation time 150008200000
o & Data copy complete. e e
Data copy complete Time: 150000200060 p
G f e : ps
Boatloader finished T o annlication at 010000000 Bootloader finished. Jumping to application at @x10000600... CPU Time: 5,590 seconds; Data structure size: ©.2Mb
hin i3 -werld R ﬂD hell Thu Sep 18 21:32:31 2025
- | I ello world el — n ; . ; 0 e o o L. X
T T T TSI emory ()¢ posk = 174,727 © gain = 0,000 | ARSI CPU time: .828 seconds to compile + .198 seconds to elab + .185 seconds to link + 68.632 seconds in simulation

Verdi KDB elaboration done and the database successfully generated: 6 error(s), 0 warning(s)

Pre-Simulation FPGA Validation Post-Simulation



Digital IC Design Process

Core Core [ CORE [7]ites ||| Y[
RAM TSRS | RIBSME CORE
r Tllof!
- |
| us I- RAM Bus | RIB
= 5 ADC U
= >
ROM = i RoOM RMO ADC_ RAM  ||rom| DP RAM
= 2 UDP
== sipo

V1 Version 700*700 um




Peripheral Post-Simulation

» SPI Post-simulation is normal (The MISO signal shows 'X' (unknown state) because the SD program only uses a
portion of the 32KB space; the remaining unused sections exhibit 'X")

pIRin X BB 28,247,001 |, |0 Av 28247001 x1ns (@) (@ [P vy [F] > [«] [»] ) = Gote: a1 |
b} " -

JLV’LT_M'M_M_U_LT_D_JLV e e Tt . P e e ] Tl Qo et e Rt o R o R =
Y S N | § | S ! S | | | R —

: Create FSDB file 'tiny.fsdb'
: Begin traversing the scope (tinyriscv_soc_tb_sd), layer (8).
: End of traversing.
: fsdbbDumpon - ALl FSDB files at @ ns.
Test starting...
--- Starting Split RAM Fast Load ---
Using base file path: source/testbench/my_adc/my_adc
--- Split RAM Fast Load Complete ---
Reset released. CPU and automated ADC test start.
UART Monitor: Started. Watching tx_pin.
UART Monitor: CLK_FREQUENCY= 50000000, BAUD_RATE= 115200

tarting Timer Module Test Suite =

Running Test: Basic Interrupt...

-> PA
Running Test: Register Read/Write...

-> PASS
Running Test: Counter Increment...

-> PA
Running Test: Polling Mode...

D --- system Initialization ---
Board IP set to: 192. 85.110 (BxCOABBIGE)
pestination IP set to: 192. -185.240 (OXCOABBIFO)
uDP Config Reg (©x10) written with: exeee3e4ee
UDP Config Reg (0x10) read back: 8x00830460
uDP Config Reg (0x10) written with: 8x00030460
uDP Config Reg (0x10) written with: ©x00030400
uDP Config Reg (@x10) written with: ©x00030400
uDP Config Reg (@x16) written with: e[ 35000200] Simulation finished after sending some packets.
$finish called from file "source/testbench/Auto_test.v", line 207.
$finish at simulation time 35000200

ves Simulation Report
: 35000200 ns
i 1314.340 seconds; Data structure size: 25.5Mb

sat Oct 11 18:52:39 2025
[CPU time: 4.425 seconds to compile + .464 seconds to elab + .488 seconds to link + 1314.384 seconds in simulation
erdi KDB elaboration done and the database successfully generated: © error(s), ® warning(s)

[Running Test: Stop and Reset...
Running Test: Byte Enables...
-> WARNING: Byte-write to timer registers is not supported by hardware. Test skipped.
-> PASS
Running Test: Boundary Value (VALUE=0)...
-> PASS
est Suite Finished
sult: 7 / 7 tests passed.
ALL TESTS PASSED!

File Signal View Waveform Analog Tools Window
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Core Post-Simulation

» Used official RISC-V test suite,All instructions passed the tests, with some results shown below.

Using base file path: source/testbench/core_test/I-DELAY_SLOTS-01.elf Using base file path: source/testbench/core_test/I-ENDIANESS-@1.elf

-- Split RAM Fast Load Complete --- --- Split RAM Fast Load Complete ---
Reset released. CPU starts execution from ROM. Reset released. CPU starts execution from ROM.

UART Monitor: Started. Watching tx_pin. UART Monitor: Started. Watching tx_pin.

UART Monitor: CLK_FREQUENCY= 50000000, BAUD_RATE= 115200 UART Monitor: CLK_FREQUENCY= 50000000, BAUD_RATE= 115200

CPU halted signal detected. starting verification. CPU halted signal detected. Starting verification.

CPU halted signal detected! CPU halted signal detected!

Signature range found in RAM: Start Addr=0x10002000, End Addr=0x10002020 Signature range found in RAM: Start Addr=6x10002010, End Addr=0x10082030

Batch Testing Process:

1. Modified compile/link files to generate .bin files compatible with current SoC.
2. Split .bin files for different instructions into 4 sub-files for the RAMSs.

3. Batch loaded and ran programs.

4 . Verified data by checking specific memory addresses defined in source code.
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Agenda

» Migrate to PULP platform's Pulpissimo SoC (Already running on FPGA, passed partial program tests)

Bank | Bank Bank § Bank Bank | Bank

Tightly Coupled Data Memory Interconnect

Event Unit

APB / Peripheral Interconnect

Clock / Reset
Generator

» Radiation Hardening Design

ECC(Error Correction Code)
LockStep + ECC
Full TMR (Triple Modular Redundancy)

High Energy Particle

Triplication <=

* Freely switchable cores: RISCY and IBEX

« Autonomous I/O Subsystem (UDMA)

 New Memory Subsystem

» Support for Hardware Processing Engines

* New simple interrupt controller

* Rich peripherals

» Multi-level internal/external bus configuration

High Energy Particle \
ol ®

Input » Component > Outputy@
Single Event Upset!

Input Component Majority Voter Output
(Copy A) (Copy A) (Copy A)
Input Component A’A Majority Voter Output
(Copy B) (Copy B) V‘v (Copy B) (Copy B)
Input Component Majority Voter Output
(Copy C) (Copy C) (Copy C) (Copy C) 21
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» Near-term Goal: Design test board, await chip return. Implement monitoring functions (e.g., temperature,
voltage) similar to AMAC/TETRISC. Integrate with LATRIC for dynamic configuration (e.g., DAC)

lasc ,:_E:HYERH Ti Anal()g Monltorlng @ Mem| Mem| |Mem| Mem
ey : ; '1 i Temperature Bank| Bank| |Bank| Bank
i Voltage i i | =
' il'r;i'l'ieg Cou‘fﬂel, ; | Hybrid X/Y Temperature mm— | A A 4
I E i 5 l — & Power Board Temperature g ITAG }-—-—‘ Tightly Coupled Memory Interconnect }—
o { [PO“E‘I Supply Temperature ] =) uART|
g L [ AMAC Internal Temperature g G% i
g Current = P s
: ¢ ' (Slhcon Sensor Bias Current ] S: = LEgll <§( Core
H i — (High Voltage Return) % = 2 t t t
i [ LAl
B H [ ] 39; O
Mﬁgg % g Chip area 43,56 mm? (6.6*6.6mm)
e i E i = R i (Ground Voltage Calibration ] = é ; “APB / Peripheral T ! Nominal clock frequency 30MHz
' HYBRIDX ! LT 10 1 iilnyerDy: S Mnd-ofStave) o ] Y Power consumption <1W (estimated)
{ [ swip ] g Timer || Debue Memory 4*8192+40 Bit SRAM
Sensor ( ) — — Pads 81 signal, 35 other
CIgck/Reset g
| enerator
https://doi.org/10.1088/1748-0221/20/08/P08003 https://doi.org/10.1016/j.microrel.2023.115173

» Long-term Goal: Leverage RISC-V's openness and customizability to build an intelligent edge data
processing platform specifically for High-Energy Physics (HEP) experiments

» Vision: Equip every ASIC designed for HEP with an "Intelligent Brain"

22



