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SapphireSOC Core Block Diagram
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’ SapphireSOC Core Feature SEEE:

* VexRiscv processor with 5 pipeline stages (fetch, decode, execute, memory, and write
back), interrupts and exception handling with machine mode

Up to 1.05DMIPS/MHz (Dhrystone)
20 - 400 MHz system clock frequency
4 - 512 KB on-chip RAM with boot loader for SPI flash

Memory controller for DDR or HyperRAM memories
e Supports memory module sizes from 4 MB to 3.5 GB

User-configurable external memory bus frequency

1 half duplex AXI3 interface (up to a 256-bit) to communicate with the external memory
400 MHz DDR clock frequency, 800 Mbps

200 MHz HyperRAM clock frequency, 400 Mbps

Up to 2 AXI master channels for user logic SapphireSOC Core Feature

1 AXI slave channel to user logic



’ SapphireSOC Core Feature Hs=z=

* Includes a floating point unit
* Includes an optional Linux memory management unit

* Includes a custom instruction interface with 1,024 IDs to perform different
functions

* Supports optional RISC-V extensions such as atomic and compressed

* APB3 peripherals:
* Up to 32 GPIOs
Up to 3 12C masters
Clint timer
PLIC
Up to 3 SPI masters with a maximum clock frequency of 25 MHz
* Up to 3 user timers

* Up to 3 UARTs with 115,200 baud



External Custom Logic/ FlipFlop Memory DSP48 {MAX

Catng Memory Instruction Adders S Blocks Blocks (MHz)
No Mo No No 4,489 3,018 12 4 268
No No Yes No 4555 3,065 12 4 268
No Yes No No f.118 1,527 46 4 333
No Yes Yes No 7111 1,567 46 4 308
. Yes No No No 5,004 3,630 24 4 280
M Yes No Yes No SRl 3,667 24 4 295
Yes No No Yes 11,707 7,900 44 13 276
Yes Yes No No 1,416 8,155 58 4 280
Yes Yes Yes No [t 8,19/ 58 4 295
Yes Yes No Yes 14,250 12417 i, 13 276

F: &M {Sapphire RISC-V SoC Data Sheet V2.0




Logic

External Custom S Memory fMAX
Cataa Memory Instruction LXihzation Blocks (MHz)
(LUTs)

No Mo No No 5,969 16 110
No Mo Yes No 6,176 16 113
No Yes No No 11,242 50 93
No Yes Yes No 11,234 50 97
Yes Mo No No 6,893 35 106
R i Yes No Yes No 7,031 3D 117
Yes No Mo Yes 16,400 47 85
Yes Yes Mo No 12,113 69 107
Yes Yes Yes No 12,267 69 106
Yes Yes Mo Yes 21,743 ar arl

. &I {Sapphire RISC-V SoC Data Sheet V2.0
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' SapphireSOC IPM

o 23 Efinity 2021.2.323.1.8
* https://pan.baidu.com/s/1Pre8xNGhYez6yzLl
OIGiYA?pwd=1234
e 3 )ava JRE 8

* https://pan.baidu.com/s/1YcJPO55m8mf3R-
18-5FdPg?pwd=1234

E,I IP Catalog

Search

v Installed IP
* Efinix

¥ Arithmetic

» Bridges and Adaptors
Ethernet
MIPI
Memory
Memory Controllers
* Processors and Peripherals

Jade SoC

Opal SoC

RUbé SoC

» Serial Interface Protocols

v v ¥ ¥
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Next>>
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Close



) sapphiresoc IPM

I]_I IP Configuration

Nodule Nane:

efx_soc 2.0
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WLLED LU Ll

LD LU LA

TTTCTTITLITTITIT LTI T

L}If_

soc Cache/Memory Debug

Fregquency (MHz)

Feripheral Cleock

Cache

Custom Instruction

Linux Memory Management Unit

Floating—point Unit

Ltomic Extension

TART

100

DISAELE

ENAELE

DISAELE

DISAELE

DISAELE

DIZAELE

SPI

Iz2c

GPIO

APE3

AXI4

User Interrupt

User Timer

% — |
) J
N 7~
i |
@
Base dddress Deliverables Summary
w
w
-
w
w
| Shoew Confirmation Box Close




) SapphireSOC IPM - SoC Tab

A

Parameter

Options

Description

Frequency (MHz)

20-400

Enter the frequency in MHz.
Default: 100

Peripheral Clock

DISABLE, ENABLE

Choose whether you want to run a dedicated clock for the APB3
slaves (SPI, 12C, GPIO, UART, and user timer) and AX|4 slave.

Peripheral Clock 20-200 Enter the peripheral clock frequency in MHz.
Frequency (MHz)
Cache DISABLE, ENABLE | Choose whether you want to include I$ and D$ caches.

Custom Instruction

DISABLE, ENABLE

Choose whether to enable the custom instruction interface.

Linux Memory
Management Unit

DISABLE, ENABLE

Choose whether to enable the Linux MMU.

Floating-point Unit

DISABLE, ENABLE

Choose whether to enable the FPU.

Atomic Extension

DISABLE, ENABLE

Choose whether to enable atomic extension instruction support.

If you enable the Linux MMU, this option must be enabled and is
turned on by default.

Compressed
Extension

DISABLE, ENABLE

For cacheless configurations only, choose whether to enable
compressed instruction support.




’ SapphireSOC IPM - Cache/Memory Tab

Parameter

Options

Description

Data Cache Way

1,2 4.8

Choose the number of ways for the data cache.
Default: 1

Cache Size

1 KB, 2 KB, 4 KB,
8 KB, 16 KB, 32 KB

Choose the size of the data cache.
Default: 4 KB

Instruction Cache

Way

1.2 4.8

Choose the number of ways for the instruction cache.
Default: 1

Cache Size

1 KB, 2 KB, 4 KB,
8 KB, 16 KB, 32 KB

Choose the size of the instruction cache.
Default: 4 KB

External Memory
AXI3 Interface

ENABLE, DISABLE

ENABLE: Instantiate the AXI3 interface.
DISABLE: Do not use the AXI3 interface.

External Memory
AXI3 Data Width

32, 64,128,256

Choose the data width for the AXI3 interface.
Default: 128

External Memory
AXI3 Address Size

4 MB, 8 MB, 16 MB,
32 MB, 0.5 GB, 1 GB,
1.5/'GB, 2 GB,2.5
GB, 3 GB, 3.5 GB

Choose the address size for the AXI3 interface.
Default: 3.5 GB

On-Chip RAM Size

1KB, 2KB, 4KB, 8
KB, 16 KB, 24 KB,
32 KB, 48 KB, 64 KB,
80 KB, 96 KB,
128 KB, 144 KB,
160 KB, 192 KB,
224 KB, 256 KB,
384 KB, 512 KB

Choose the size of the internal BRAM.
Default: 4 KB




’ SapphireSOC IPM - Debug Tab

Parameter

Options

Description

Soft Debug
Tap

DISABLE, ENABLE

Choose whether you want to include a soft
debug TAP for debugging.

DISABLE: Default. The SoC uses the JTAG User

TAP interface block to communicate with the
OpenOCD debugger.

ENABLE: The SoC has a soft JTAG interface to
communicate with the OpenOCD debugger.

You need to use this setting if you want to use
the soft JTAG interface instead of the JTAG
User TAP.

Target
OpenOCD

Trion T120 BGA324 Development Board
Trion T120 BGA576 Development Board
Trion T20 BGA256 Development Board
Xyloni
Titanium Ti60 F225 Development Kit
Custom

Chose which board you want to target with
OpenOCD.

Choose Custom to target your own board.

Custom Target
OpenOCD

Enter the name of your board.

OpenOCD
Debug Mode

Turn on by default
Turn off by default

Choose whether you want software
apphcat:om to run in debug mode by default
or not. See Debug with the OpenOC
Debugger on page 27 fr::r more detalfs




) sapphireSOC IPM — UART/SPITab

Parameter

UART n

Options
EMNABLE, DISABLE

Dezcription
EMABLE: Instantiate the interface.
DISABLE: Do not use the interface.

UART n Interrupt 1D 1-25 Choose the interrupt ID for the UART. The IDs default to:
UART 0: 1
UART 1: 2
UART 2: 3
Parameter Optionz Dezcription
SPl n ENMABLE, DISABLE | ENABLE: Instantiate the interface.

DISABLE: Do not use the interface.

SPl n Interrupt 1D

1-25

Choose the interrupt ID for the SPI. The IDs default to:
SPIO: 4
SP11:5
SPl2: 6




) sapphireSOC IPM -12C/GPIO Tab

Parameter Optionz Dezcription
12Cn EMNABLE, DISABLE | EMNABLE: Instantiate the interface.
DISABLE: Do not use the interface.
12C n Interrupt ID 1-25 Choose the interrupt ID for the I°C. The IDs default to:
12C0: 8
12C1: 9
12C 2: 10
Parameter Options Description
GPIO n ENABLE, DISABLE |ENABLE: Instantiate the interface.

DISABLE: Do not use the interface.

GPIO n Pin Width

1.2:4.8.16

Choose the number of pins for the GPIO.
Default: 8

GPIO n Interrupt ID 0

Choose the interrupt ID for the 12C. The IDs default to:

GPIO 0: 12
GPIO 1: 14

GPIO n Interrupt ID 1

Choose the interrupt ID for the 12C. The IDs default to:

GPIO 0:13
GPIO 1:15




) sapphireSOC IPM - APB3 Tab SER

| 1 : |
[T ]

Parameter Options Description
APB Slave Address 4KB-1MB Choose the APB slave size. This setting applies to all APB slaves.
Size
APB3 n ENABLE, DISABLE | ENABLE: Instantiate the interface.

DISABLE: Do not use the interface.




) sapphireSOC IPM - AXI14 Tab

Parameter Options Description
AX| Master EMNABLE, DISABLE |ENABLE: Instantiate the interface.
DISABLE: Do not use the interface.
AXl Slave Size 1KB, 2KB, 4 KB, 8 |Choose the size of the AXl slave.
KB, 16 KB, 32 KB, 64
KB, 128 KB, 256 KB,
512 KB, 1 MB, 2 MB,
4 MB, 8 MB, 16 MB,
32 MB, 64 MB,
128 MB, 256 MB
AX| Master n ENABLE, DISABLE |ENABLE: Instantiate the interface.
DISABLE: Do not use the interface.
AX| Master n Data 32, 64. 128 Choose the width of the AX| master.
Width Do not specify an AX| master width that is larger than the external
memory data width.




’ SapphireSOC IPM - User Interrupt

Parameter

Options

Description

User n Interrupt

ENABLE, DISABLE

ENABLE: Instantiate the interface.
DISABLE: Do not use the interface.

User n Interrupt ID

12725

Choose the interrupt ID. The defaults are:
User O Interrupt: 16
User 1 Interrupt: 17




’ SapphireSOC IPM - User Timer Tab SEEE:

Parameter

User Timern

Options

ENABLE, DISABLE

Description

ENABLE: Instantiate the interface.
DISABLE: Do not use the interface.

Interrupt ID

User Timer n 12. 16,32 Choose the user timer bit width.

Counter Width Default: 12

User Timer n 8, 16 Choose the prescaler bit width.

Prescaler Width Default: 8

User Timer n 1-25 Choose the interrupt ID. The defaults are:

User Timer0: 19
User Timer 1: 20
User Timer 2: 21




' SapphireSOC IPM - Base Address Tab &% 2 ®

Parameter Options Description
Address Assignment AUTO, Manual AUTO: Automatically assign an address to the enabled
Method peripherals.
Manual: The user can assign addresses to the enabled
peripherals.
External Memory Base - Displays the base address. You cannot change it.
Address
AX| Slave Base Address - Displays the base address when the Address Assignment

Method is set to AUTO.
Peripheral and IO Base - od Is setto

Adldiecs When the Address Assignment Method is Manual, enter the
base address value. The wizard automatically rounds the value
to 16 MB aligned addresses during IP generation. For example,
0x41234567 is rounded to 0x41000000.

UARTn Address Offset - Displays the base address when the Address Assignment
Method is set to AUTO.

When the Address Assignment Method is Manual, enter base
12Cn Address Offset = address value. The wizard automatically rounds the value to

4 KB aligned addresses during IP generation. For example,
CRID Midnoss (et - 0x4123 is rounded to 0x41000.

SPIn Address Offset -

User Timern Address -

Offset

APB3n Address Offset - Displays the base address when the Address Assignment
Method is set to AUTO.
When the Address Assignment Method is Manual, enter
base address value. The wizard automatically rounds the
value to APB sized aligned addresses during IP generation.
For example, if the APB size is 64 KB, 0x23456 is rounded to
0x20000.

On-Chip RAM Base - Displays the base address. You cannot change it.

Address




) sapphireSOC IPM - =X mysoc

e & 301. 50MHz * GPIO : BitWidth=4

* OCR: 8KB * APB3 : Disable

* Debug: SoftTAP  AXI4: Enable AXI slave

e UART: Enable UARTO Disable All AXI Masters
* SPI: Enable SPI 0 * Interrupt: Enable Interrupt O
* |2C: Disable All * User Timer: Disable All

« HMRFFENIA



ZHR ser

B embedded sw /18 15:40 3igsE
Hip : /18 15:40 BrgL=S
B ocutflow 022/2/20 16:25 SR

B work pnr 2 e
XML 38

B sapphireSoC_Demo.xml

 <Project>/embedded sw {43k
* NWNEENRARNKGEHLXE
* <Project>/IP/<SoC module>X {4 3%
« XY ECE AYSOCHRER AL A FF &tk B SEEE 7~ 51 T

H-’|'|:i




’ <Project>/IP/<SoC module>3ftz H=

IP

SoCIRICEE S 43

- Source

- T120F324_devkit

SoCXI M T120F 324 At = B2 15 T 42

EfxSapphireSoc.v_toplevel_system_ramA_logic_ram_
symbol0_bin

EfxSapphireSoc.v_toplevel_system_ramA_logic_ram_
symbol1_bin

—— <SoC module> -

EfxSapphireSoc.v_toplevel_system_ramA_logic_ram_
symbol2 bin

EfxSapphireSoc.v_toplevel_system_ramA_logic_ram_
symbol3.bin

|

L OCR¥I#A 344 (Bootloader)

<SoC module>_define vh SoCL3 14

<SoC module>.v SoCHEERAEE NS

<SoC module>_templ.v SoCt&ELRVerilog AR R
<SoC module>_templ.vhd SoCHERVHDL{tAE R

settings_ json

SoC IPNEREEEER

=
=

| 8¢ ]
1z




’ <Project>/embedded _swX{43% SLES.

embedded sw — <SoC module> -

- bsp — efinix — EfxSapphireSoc -

apptEXEES 43

- app
SoCIE{HEES 4k

- include

TR EER

- linker

OpenOCDEI A EXBEE L

- openocd

eclipseNEHRIEECE {4 for Windows

- config

eclipsePAEHRERELE A4 for Linux

- config_linux

e KHTRHITIS

OCR (Bootloader) #EASUEFERLTE

- tool

cpulyaml  SoC ER#ZCPUEARZE




) sapphiresoC IPM - GigE Ti2

* T120F324 Devkit7=15 ]

Sy

 FERIFEER

Periphery Resource S Core Resources

DDR 1/1 Inputs 149 /1108

GPIO 6 /38 Outputs 23271263

JTAG User TAP .E] /4 Clocks .3 /16

LVDS RX 6.0/26 Logic Elements 110040 /112128

LVDS TX .ﬂ [ 20 Memory Blocks .66 / 1056

MIPI RX .O [2 Multipliers .4,’32[!
e T

Worst Negative Slack (WNS) 2.001 ns
Worst Hold Slack (WHS) 0.086 ns

‘Missing Interface Pins

‘Unassigned Core Pins

17

0

io_memoryClk 125.013 MHz
io_jtag_tck 77.984 MHz
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) mETE Sk

2 A Efinity 2021.2.323.1.8
* https://pan.baidu.com/s/1Pre8xNGhYez6yzLI9IGiYA?pwd=1234

o Z3E Java JRE 8
https://pan.baidu.com/s/1YcJPO55m8mf3R-I8-5FdPg?pwd=1234

o ZIESDK 1.4

https://pan.baidu.com/s/1-EpVn90AYUD rOXBbQgMPw?pwd=1234
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° 7}‘;;5@\ {Sapphire RISC-V SoC Hardware and Software User Guide) ZE5E= %5
/=

* Eclipse T1EIRIRIRE
- ELRE
s SANMBEERFR
- R BdebugRIFIT %
» BE—RGIF
» S A\debugBCE 1
* IH# debugfC &1

Jiy

ol ok
G G




SapphireSOC




HET(E

* T120F324BBA Devkit—

[z v e[
B S T |

[E s vio o |
[Elems mmviorasams]i =]
2. REEN

* Elites-232DLE 25— 1R f o~
e USB& [ 25— 1R

Power
MIPI RX Supply
Channel 0 Select

—— 12 V Power Supply
MIPI RX Channel 1

On/Off Switch
—— PMOD
T120 BGA324 —— -~ LEDs
T —— PMOD
Clock Select - User Pushbutions
HOMI to and Switches
JTAG Header —— RJ-45 Ethernet
Micro-USB — GPIO and
Typs AB Configuration
SPINOR
Programming

SMA Cnnnecmr—] |

— Reset !
LWDSTX  pushbutton LVDSRX




) T120F324 Devkits it

a7 "¢ UART VST
Il RX SRS Connector
Module
6@5 4 302 1 GPIOT_RXN21
Ground GPIOT_RXP20
Ground
L - - T o

Switch




) T120F324 Devkit softTAPEE

USB
Connector

TDI
GPIOT_RXN21 &

RXN22 GPIOT _.;RXNZD
ey eT

Switch




) =mOPEN OCDj#{7Debug

IECDMQ S
axld slave demn |

faSSEd,

|

axid slave interrupt demo !

Entered AXI Interrupt Routine,

B Console !

il Registers [Z!

Passed!

%! Problems @ Executables O Memory Browser 2 G Debugger Console 0 Memory

| 0xe100000

(0xe 1000000 <
| 0xE1000000
| GxE100001C
| GxE1000038
| GxE1000054
| GxE1000070
| BxE100808C
| OXE10000A8
| BxE10000C4
| OXE10000ER
| OxE10080FC
| GxE1000118
| GxE1000134

Traditional> 52 -

00008000 (00000004 BREEERRS H00OBAC PBEERA1E HOPOCN14 BE0RRR1S
BOAEBALC HEOCAE20 BRRBAR2A BO00GA2S AABERR2C HOROG020 PBRARO3A
B0AEBB3S HEOCO03C BRRBARLE HO0NBOAA POBERRAS DONOGOAC ABOAROSH
BOAEBOS5A HEO0AA5S BRABARSC H000B0E0 0BRARBEA HODOCES BOOBRREC
BOARBOTO HEOORATA BRP~"~=~~~~2507( EEEROSE HOOOCH2, BOORRRSS
0000008C 00000090 0atXE100003¢) 505 ppperac 0on0G0A0 0BOERBAL
BOGEBOAS POCOOAC BRABOORE HOONGORA POBERABS HONOGORT PBEARBCH
BOAEBOCA HEO0AACE BRABEACC H00OBADN 9BRAREDA HOBACADS BOARRADC
BOAEBOED HPOOCAEA BROBORES H00OBOEC ABRAROFE HODOCOF, BOORRBFS
BOAEBOFC HPOCO100 BRRBO1AA BO00E10S PABR1EC HOROA110 0BEAR114
008118 HEO0O11C BPRBE120 HO00E124 PABE128 0OROA12C 0BEAR130
008134 HPO0A128 BRABO13C H000A140 08RAR144 HO0O0143 BOORRLAC

a..

= T

. o
iy wie |t §

V‘jﬁl:NewTab |

> |

-

B

LAxF1a8a150  000aa158 A6660154 AAARATSE AAGAAT5C ARAEATAR AARAATHL ARAAATRR P . T




. (Z2tBootloadersE WIEE SEER:

1[£ EQAP P N— /— ( DDR3 ) :[:_m i_IJ: =] botloaeonfig ~
. USER_SOFTWARE_I\/IEIVIORY //

* /& ELAPPZEFLASHREY 77 i H 31E

« USER SOFTWARE FLASH #
inclode “"bsp.h"

° 1]% EQAP P E/\J j(/J \ 2 #J:_[‘l(:‘,ll_ltzie "io : i

#include "spiFlash.h"
* USER_SOFTWARE_SIZE

#pragma once

fdefine SPT SYSTEM SPT 0 TO CTRL
#define SPI CS O

#fdefine USER SOFTWARE MEMORY 0x00001000
fdefine USER SOFTWARE FLASH 0>
fdefine USER SOFTWARE SIZE lleFHIH




. FI{EE ShYBootloader

- {EHAPPEFLASHEG T4 S

* 0x380000->0x500000

* (& APP1={T(DDR3)1t 1t
e Ox00001000->0x00008000

* Z@1¥bootloader T2, 4 fibootloader

12 Hbin 1

* {5 Ftool/binGen.py4E Y OCR#] IG5 {4 bin S {4

e,

R4 B BYOCRAN IR L M- B JHE -

CFE B sk FEybin X A4

* BETERIEFPGARE LIz




. {ZeXAPPIz{THENLFIAPPIZERE K \PR SEEE:

* {ZEXAPPIZ{T3IL
+ ORIGIN = 0x00001000 => 0x00008000

* (& BIAPPEE 7 K /| \BR il
e LENGTH = 124K (BR3IN)
o E¥TZE1EAXI4ADemo

B default.1dE |
PUTPUT ARCH( "riscv" )

ENTRY ( start )

MEMORY
{

ram (wxalilr) : 8000, | LENGTH = 124K
}

1
2
3
4
3
6
:
:
9




) 231FPGA bitstream F01 ZR{&APP bin

"2 Combine Multiple Image Files b4
Mode Generic Image Combination d
Dutput File mysoc_app.hex

Qutput Directory roject\SapphireSoC_Demo\ip\myriscv\T120F324_devkit\outflow

Flash Address Flashlensth o ImagefFile
lijD .DKUD352E95 .SDE.hEK
2 0x500000 0Ox00000fe2  axi4Demo.bin | T |
+
W

Close Apply




Target
USB Target | Trion T120F324 Development Board ||| %
USB Info Bus 000 Device 255: 1D 0403:6010 S/N FT4VTY3U

Image

Bitstream File 120F324_devkit/outflowimysoc_app.hex @

Programming Mode

SPI Active it

SPI Active Options

Starting Flash Address 0x00000000| |

Flash Length 15246046 | Bytes | 17

v Erase Before Program

Device Configuration Status
@ Last Updated: ThuFeb 2422 14:55:00 | | | [7]

AP0 —J1 24 22 14:48:05 - Erasing 5124 KiB from flash @ 0x00000000 (may take a

while...)

U0} 24 22 14:459:26 - Finished erase in 81 seconds

~J1 2422 14:45:29 - Writing 5123 KiB to flash @ 0x00000000 ...

S0 H 24 22 14:54:51 - Finished write in 321 seconds

JH V0 H 24 22 14:54:51 - Reading 5123 KiB from flash @ 0x00000000 ...
] - H 24 22 14:54:59 - Finished read in 7 seconds

JHVT .} 24 22 14:54:59 - Flash verify successful

FPGA "120F324 g =

=

F &1 E \LFPGA

axid slave demo !
Passed!
ax14d slave interrupt demo

|

Entered AXI Interrupt Routine, Passed



) Bootloader/APP FIRISCVIE(T

Boot loader .72
OPENOCD
<>
Debug
JTAG

TRION
Userlogic
DDR
iz
4
fiir
RISCV
OCR
(Bootloader)

Bitstream

FLASH

Userlogic
Buffer

HiEX
ABEFIAPP Memory =&

DDR BUS

ER1L0x1000

RISCV Reserve

0x00000000

DDR

HE X
£R1A 02380000

0x00000000




The End



