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RVfpga Li-&
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Xilinx Vivado 2019.2 WebPACK Digilent Nexys A7 / Nexys 4 DDR FPGA Board
PlatformlO - Microsoft Visual * D= LABZS Al=df|0| MO M2 2tESh 4= A LILH.
Studio Code?| &% — Chips [t2tA O] StEQ|0 = HE X2 == OrEL|C}
Alliance S & ZE&: RISC-V

Toolchain, OpenOCD, Verilator HDL _ = m |
Simulator, WD Whisper ISS (& & 0f RISC-V "—O-l x Jole
SEPNE=T () =)

Core: Western Digital2| SweRV EH1
SoC: Chips Alliance2| SweRVolf

$ 265 (= &l $ 199) 2 FPGA EEE H|Qst1 25 22 QlL|C},
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RVfpga 2 ZE 2|0 Tool

Xilinx2| Vivado IDE
RVfpga &4 1€ (Verilog/SystemVerilog) X A £ 7
Nexys A7 EEE [ O 2 Sl= RVfpga £ H|E 0} (FPGA 7+ tel) Ao

PlatformlO — Visual Studio Code (VSCode2| =2%h

Nexys A7 2E0| RVfpga A|AE! CHR2EE

Rvfpga A|ABIOAM C X O EE| Z2 03 Ao, CHR2EE, A3 Sl CjH1
Verilator — HDL (SIE49)10] dH A 0{) A|F2]0|H

HDL (low) =T 0| M RVfpga A| A8l A[E2{|0[8510 LT H= &4
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Nexys A7-100T FPGA E

Artix-7 ZE Z2 24 7S A O|E
20| (FPGA)

=8 X[ (O: LED, 2% K|, FA| HE, 7
MAOHE CIAZY 0|, 75 A, 2%

USB L
Connector dA, 8013 S) 2=
digilentinc.com 3! 7|E} S5 | 0| A
-0 7t
Pushbuttons
7-Segment
LEDS Displays
Switches

https://reference.digilentinc.com/ 2| 2&E 1&gl
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RVfpga Hierarchy

SweRV EH1
Core Complex

SweRV EH1
Core

ICCM, DCCM, IS, PIC, Bus Interface,
Debug Unit

RVfpgaSim

DDR2, CDC, BSCAN, Clock Generator
Target: Simulation
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RVfpga Hierarchy

SweRV EH1 Core Open-source commercial RISC-V core developed be Western Digital
(https://github.com/chipsalliance/Cores-SweRV).
SweRV EH1 Core SweRV EH1 core with added memory (ICCM, DCCM, and instruction cache), programmable interrupt

controller (PIC), bus interfaces, and debug unit (https://github.com/chipsalliance/Cores-SweRV).

Complex
SweRVolfX The System on Chip that we use in the RVfpga course. It is an extension of SweRVolf.

SweRVolf (https://github.com/chipsalliance/Cores-SweRVolf): An open-source SoC built around the SweRV
(EXtendEd SweRVOIf) EH1 Core Complex. It adds a boot ROM, UART interface, system controller, interconnect (AXI Interconnect,
Wishbone Interconnect, and AXI-to-Wishbone bridge), and an SPI controller.
SweRVolfX: It adds 4 new peripherals to SweRVolf: a GPIO, a PTC, an additional SPI and a controller for the
8 digit 7-Segment Displays.

RVfpgaNexys The SweRVolfX SoC targeted to the Nexys A7 board and its peripherals. It adds a DDR2 interface, CDC
(clock domain crossing) unit, BSCAN logic (for the JTAG interface), and clock generator.

RVfpgaNexys is the same as SweRVolf Nexys (https://github.com/chipsalliance/Cores-SweRVolf), except
that the latter is based on SweRVolf.

RVfpgaSim The SweRVolfX SoC with a testbench wrapper and AXI memory intended for simulation.
RVfpgaSim is the same as SweRVolf sim, (https://github.com/chipsalliance/Cores-SweRVolf), except that
the latter is based on SweRVolf.
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SweRV EH1 Core and SweRV EH1 Core Complex

SweRV EH1 Core Complex

DCCM

EXU ICCM

SweRV EH1 Core - RV32IMC

|I-Cache

LSU PIC

Debug

-~ ane

LSU Bus IFU Bus Debug Bus @ DMA Slave
Master Master Master Port
64-bit AXl4  64-bit AXlI4  64-bit AXI4  64-bit AXI4
or or or or
AHB-Lite AHB-Lite AHB-Lite AHB-Lite

% =X https://github.com/chipsalliance/Cores-
SweRV/blob/master/docs/RISC-V_SweRV EH1 PRM.pdf
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SweRVolfX SoC

n

Chips Alliancel| & &4 SoC
(system-on-chip)

SweRVolf= SweRV EH1 Core&

A 3L CF SweRVolfo = £ & ROM,
UART, A|AEI HE S 3 SPI ZESH
(SPI)7t Z=ghE LI},

SweRVolfX+ EHE SPI ZHEE12] (SPI2),
GPIO (A& §/=H), 7MAHE
C|AZYO| B! PTC (#7HMOo 2 HA|NE
SweRVolfE &gt Lt

SweRV EH1 Core - RV32IMC
u —> JTAG

IFU Bus Debug Bus @ DMA Slave
Master Master Port

[ AXI Interconnect ] i

E @ %RAM Memory

[ AXI-Wishbone Bridge ]

g

[ Wishbone Interconnect ’

Boot-ROM System-Ctrl || SPI1 || SPI2 PTC GPIO || UART | | SweRV EH1 Core= AX| HAE AFESHD
= K| = Wishbone HAE

Boot ROM
System Controller

0x80000000 - 0x80000FFF
0x80001000 - 0x8000103F
0x80001040 - 0x8000107F
0x80001100 - 0x8000113F

A2 2 SoCHl= AXI-Wishbone

SweRVolfX M| 22| H HEIX|E &L|C

Timer 0x80001200 - 0x8000123F
0x80001400 - 0x8000143F

UART 0x80002000 - 0X80002FFF
® RVfpgavl.l © 2021 <17>
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RvfpgaNexys

Clock |
Generator

le 50 MHz

RVfpgaNexys: = & X|7}
Z7t=l Nexys A7 FPGA EEE
i & 2 2= SweRVolfX SoC:
30| S AIAH
SweRVolf SoC
Lite DRAM ZHEEH
=8 4d7|, 28 =Oel 8
JTAG ZEOf| T3t BSCAN 22|
Nexys A7 FPGA EE0| At L=

SweRV EH1 Core Complex

o [ o | I bscan TAP}

SweRV EH1 Core - RVA2IMC

— S

. f

{ AXI Interconnect ] - v
{ T RAM Memory {the DRAM

SweRVolfX SoC

[ AXI-Wishbone Bridge ] controller T[:i) %SE Iol-xl:
{ Wishbone?terconnect ] DDR2 DIlEE'l

USB B&Z= &%t UART

SP| Z2iA| O 22|

16 72| LED & 16 7§2| ALK
SPI 7t A

8 Xt2| 7 I AHE C|AZg 0]

Boot-ROM S -Ctrl SPI1 SPI2 Ti GPIO UART l
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® RVfpgavl.l1 © 2021 <18> q]
Imagination Technologies ImGglnCﬂ'IOn




RVfpgaSim

- SweRVolfX SoC= Verilog 2 & Z&ol0] A|Z80|MES 83 & =
ol L|C}

A H

- RVfpgaSim= HDL A|=diO|EHOj|Al AFESH?| S5 HIAE #IX[of & =
SweRVolfX SoC 2l L|LC}.
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RVfpga Labs

Labs 1-10 (2 2|2 2% 20204 118)
Vivado Z2XME Sl mZ 724l
/O A|AH

Labs 11-20 (2021H 427| = A| 0| &)
RISC-V 2
RISC-V | E 2| A|AH

OE |ABSOl= O|S|E2 £0|7| 98} Rvfpga A|AEIE AFRSID £H3H= Al&0]
Zshe|of Y LCh
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RVfpga Labs 1-10

RVfpga A|AHE &AA FE (Verilog / SV)E E11 0| F FPGA (Lab 1)0| T2 =
X|Es5t= 2, Rvipga & C A O|dl=2| ZE (Labs 2-5)2 Zf/dot
RVfpgaNexys/RVfpgaSim & =830 F=H HX|ZE F75t= WEZ (Labs 6-10)
2o EZL[C
Lab 0: RVfpga Labs 7|2 Lab 6: 1/0 27| )
Lab 1: Vivado =2 M E M/ Lab 7: 7 MIOHE C|AZFY| 0|5
EO . lab2:c Z2Iafu Lab 8: E}O|H ﬁ
= |+ Lab 3: RISC-V O{¥i=2| A0 Lab 9: 2IE{HE {S1/0 |
m Lab 4: &+ & Lab 10: &|& HA _
- Lab 5: O]O|X| X&]: C & oA =<
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RVTpga Labs 1-5: Vivado —X=5/{ = x

Lab 1: Vivado Z2HME M. RVfpgaNexysE FPGA EE =2 EfZIESI 1
Verilator0j| 4] RVfpgaSim= A|&=2{|0|43}= Vivado ZEMEZ 2 EL|C}
Lab 2: C Z22)U: PlatformIO0A C T2 1S A stD
RVfpgaNexys/RVfpgaSim/Whisper 0| Al & 3H/C|H 1 o L|C}, ok O 2l
42 AAHS K| 5H7| /8 Western Digital2| 2= X| & 3 N 7
(BSP 3 PSP)E 27K e L Lt

Lab 3: RISC-V {Ml = 2| H0]: PlatformlOW| Al RISC-V (S22 =2 1S
AHM435E 0 RVfpgaNexys/RVipgaSim/Whisper A A&l / C|H 1

Lab 4: &+ S &: ot 3= A7}, Cc 2t0|ER{2| & RISC-V 2 & &

Lab 5: O|O]X] M2|: C & {i=El: CAEL OS2 ZE =g

IIf[s
L
O
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RVfpga Labs 6-10: I/0 % FH7|7|

LAB 6: 1/0 27: H|22] 0= 1/0 U Rvfpga A|ABIS| @ Z AA GPIO 2 &
A 70

LAB 7: 7 J|IAHE C|AF0]: 7 MJAHE C|AFY| 0| C|AEHE F=5I1
O| & RVfpga A|AE0f] ¢t

LAB 8: E{O|O: EtO|H 3! EjO|H ZHEZ2] O|of B! ALE

LAB 9: O|E.|E.-IE __I.I.E 1/0: Rprga MAE-II O|E-|E.-IE |.°£_| _Jt7|'| El,:l ?_E'|E='|E
T3S 1/0 AL

LAB 10: X = HA: X3 9IE{L|0]A (SPI, 12C, UART) 27|. SPI QIE{H|0|AE

=
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RVfpga Labs 11-15: The RISC-V Core

20214 427 EA| o

SHAl 1R 0|5

Ol = 20l (¢hs/=2, HEe, B & E7)Z S Hd S5 O
HaA et 8 LA 2 Of S|

M=z BE0 73 A FPGA EEO|M HH

Branch 0f|= 7| O|slf & =&

=1 AZEf X 2| Od

—Io |:|
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RVfpga Labs 16-20: RISC-V H| 22| A| AR

2021 H 4 27| A o7

WAl HE S A E Zator 22| AE2e| &= 0|

WAl =7d: Tt Al 27|, 78 3 2] ™M Ao

WAl ZAEEZE ] O3}

O EEI Ol8ff: IcCM (& 2™ 4de H22|) & DCCM (HIOjf 2™ AT
22|
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RVfpga EI 22l

November
2020

Q4 2021
June 2021

Languages

Textbook

P RIS C ®

RVfpga Availability CH

RVfpga Getting Started Guide
RVfpga Labs 1-10

RVfpga Labs 11-20

Masters-level SoC Design
Course

English & Chinese (Spanish &
Japanese to follow)

Digital Design & Computer
Architecture: RISC-V Edition

2021 by Sarah Harris and
David Harris

Al
o
M7 S, AFH 1ttt E= AFEH &<
okHe AH
/T O
RISC-V Ot7|EHIN st&0f 2HAl0] /e A
Ol ALY M2 T}
L Hd L L

IUP (Imagination University
Program) #H&: MIPSfpga
T =5 T

RVfpgavl.1 © 2021 <28>
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VSCode & PlatformlO & X|
RVfpgaNexysO| Al Of| K| =2 1H &
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Install PlatformlO & VSCode

VSCode A X

https: //code wsualstudio com/Download
Ubuntu 5! macOS2| 8% Python= A X|2fL|CH (WindowsOl|l = O| TtA7F ER3BIHXA| ).

VSCode WO PlatformlO ZHEF M K|

Nexys A7 2E EE}O|H 2X[ (RVfpga A|AF QHLIA &)
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https://code.visualstudio.com/Download

RVfpgaNexysE EEO| CI2EESt) =2 17 Al

PlatformlO 0| A{:
2K af= LEDO| A= 0N =S ELLE Z203- 9{X]:
[RVipgaPath]WRViogatexampleswledsSwitches C-Lang
PlatformlO 7|2} Tt (platformio.ini)0l A RVfpgaNexys bitfile 2| C|2 E2| 2{X|

YOO|E - &, L& #2 platformio.iniOl| =7t LICt. board build.bitstream_file =
[RVipgaPa z‘h ]/R Vioga/src/rvipga.bit

Nexys A7 2 E0|| RVfpgaNexys CI22E (ZEME A2 — env: swervolf_nexys —

SHZ _, HHE AEEI o4§|:)

E

% /CH HES &2 RVfpgaNexysOlA| =213 Hulgd, Cf22E 9 I

[RVipgaPath] = BTE A RVfpga E2H2| 2 X[ &Y ':f O] &= Imagination
University Program@| RVfpga Ii7| X2} 274 XS = AR & LI Lt
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RVfpga Lab 1: RVfpga Vivado ZEHME

Vivado= RVfpga A|2BEE &A (Verilog) ZEE E4, =851,

er-dot7|f| st Xillnx Tool 4 L|C}.

Rvfpga A|AEIS| &~A AE = CrxF X0 R}z LICE:
[RVipgaPathl/RVioga/src

Rvfpga A|ARIQ| AA FETJ ZotEl Vivado Z2HMEE D5 LICH Nexys

A7 EEE &2 = = RVfpgaNexys= gf°3ot1 FPGAS

RVfpgaNexys= T+85t7| @t DR 7} L3 E bitfile(bitstream

oot gh= H-derL(Ct.

HDL Al=20|H @l Verilator& A5t Rvfpga A|[AEIS| AA FES

A=g0| Mot LhF = E AAr D == UGS LT (Verilator ArE S EIOf

CHoE X| &£ Rvfpga A EF OHLH M EE),

Vivado2} Verilator= vapga AMAEE =850 Al=8|0]8517] 2[5

1001 AL & 21382, Ab ek e ULt
: %E a Frt/:\;natllolri] Technologisg;l q: ImGgInCﬂ'IOn
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RVfpga Lab 2: C Z212[|Y

PlatformlO ZEME Qt=7|

T=HEN oK C =23 7t

Nexys A7 2 E0| RVfpgaNexys CHR2 2=
RVfpgaNexysOl| C Z2 13 CHRE2E S == 24 A
LAB BEA| Y = R E GG 247

Verilator (using RVfpgaSim) or Whisper Off /= ZZ2O#Z A|Z0|M & =
ol L|C},

A H

o
N~
inl
s
|
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RVfpga Lab 2: C T2 % O Al

// memory-mapped I/O addresses

: 1T o o A=)
foorine crio swe - vranooii: o Z2a@e Aolx|o| Y2
efine S X o
- =ot
#define GPIO INOUT 0x80001408 I—EDO" 7| — = L‘l El_-
#define READ GPIO(dir) (*(volatile unsigned *)dir)
#define WRITE GPIO(dir, value) { (*(volatile unsigned *)dir) = (value); }

int main ( void )

{

int En Value=0xFFFF, switches value;
WRITE GPIO(GPIO INOUT, En Value);
while (1) {
switches value = READ GPIO(GPIO_ SWs); // read value on switches

switches value = switches value >> 16; // shift into lower 16 bits
WRITE GPIO(GPIO LEDs, switches value); // display switch value on LEDs

}

return (0) ;

}
P RIS C ° e o Toomlogies QT imagination



RVfpga Lab 2: Hj22| Of& & 1/0 F&

Viemory-Mapped 1/0 Address

ALK (Nexys A7 2E9| 16 7H) 0x80001400 (upper 16 bits)
LEDs (Nexys A7 £ E9| 16 7§ 0x80001404 (lower 16 bits)
GPIOS| &l&/&E3 (1 = &3, 0 = =)  0x80001408

P RIS C ° o tom Tociogies QT imagination



RVfpga Lab 2: Western Digital2| BSP % PSP

Western Digital2 Ct&= XS € LICH:
PSP: T2 M| A X| °J lLH5’|7<|
BSP: 2= X|& 1f7|X]|

J
et
of

2 ZO|T Z2M A (SweRV EH1 20f) X HE (Nexys A7 FPGA 2 E)0f
S 7ls= NS LIL
I: printfNexys (Ce| printf SN EH)

oH i

>
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RVfpga Lab 2: Using UART to Print to Terminal

#if defined (D NEXYS A7)
#include <bsp printf.h>
#include <bsp mem map.h>
#include <bsp version.h>

telse

PRE COMPILED MSG("no platform was defined")

fendif
#include <psp api.h>
#define DELAY 10000000

int main (void) {
int i, 3 = 0;

// Initialize UART
uartInit() ;
while (1) {

CHe 2 platform.ini T O]
TS Al 2.
monitor _speed=115200

printfNexys ("Hello RVfpga users! Iteration: %d\n", j);

for (i=0; 1 < DELAY; i++)

J++;

) RISC-\/°

RVfpgavl.1 © 2021 <41>

Imagination Technologies

// delay between printf's
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RVfpga Lab 3: RISC-V Ol =Cc]

RISC-V O] d=2] 20 7R

PlatformlO ZEME Qt=7|

TZMEQ oA RISC-V Ojdl5e| =23 F7}

Nexys A7 2 E0f| RVfpgaNexys CI2 2 E

RISC-V O{lE2| Z2J#Z RVfpgall| CHREEStD T2 3 All/CIH1

lab S 2A| YE L= D E A 247

\élerilatlorr(usmg RVfpgaSim) or Whisper 0| Q= ZE=13 = Al=g0|H &
AL|C

AN H
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RVfpga Lab 3: RISC-V

>y =]

x| &)

2HH QI RISC-V

=g X|H / Pseudo X|#
RISC-VAssembly  |Descripton  |Operaton ||

Add 50 =51 +s2
M Subtract sO=sl1-s2

Add immediate t3=t1-10
LTETREZ R 32-bit multiply t0 =12 * t3
CIEERCE N Division t9=15/16
Remainder s4=5s1%s2

Bit-wise AND t0=t1 & t2

or t0, t1, t5 Bit-wise OR t0=1t1 | t5
PO Bit-wise XOR s3 =54 s5

Bit-wise AND immediate t1 = t2 & OXFFFFFFFB
Bit-wise OR immediate t0 =t1 | 0x2C
Bit-wise XOR immediate 53 = s4 A OXFFFFFABC
Shift left logical t0 = t1 << t2

Shift right logical t0=t1>>t5

HEENT S shift right arithmetic s3 =54 >>>s5
slli t1, t2, 30 Shift left logical immediate t1=1t2<<30

srlito0, t1, 5 Shift right logical immediate t0=t1>>5
BEEERT T shift right arithmetic immediate s3 =54 >>>31

P RIS C ®
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RVfpga Lab 3: RISC-V 0§

Al

422 HHM

QAHH QI RISC-V = X|H / Pseudo X & (AZ)
RISC-VAssembly _ |Description _________________ loperation |
Load word s7 = memory[t1+0x2C]
NS Load half-word s5 = SignExt(memory[s3+0x5A];s.o)
Load byte s1 = SignExt(memory[t4-3],,)
Store word memory[t1+0x7C] = t2
PP store half-word memory[s3+22],5.0 = t315,
BRI store byte memory[s4+51;.0 = t47

Branch if equal if (s1==s2), PC=1L1

Branch if not equal if (s1!=s2), PC = Loop

Branch if less than if (t4 <t5), PC=1L3

Branch if not equal if (s8>=s9), PC = Done

Load immediate s1 = OXABCDEF12

EEW Y Load address s1 = Memory address where variable A is stored
CET N Nop no operation

Move s3 =57

Not (Invert) tl="~t2

Negate s1=-s3

Jump PC = Label

EN A jump and link PC=L7;ra=PC+4

Jump register PC=s1

P RIS C ®

RVfpgavl.1 © 2021 <45>
Imagination Technologies

QT imagination



X
[

X X X
~ W N

Register
Number
zero B0

RVfpga Lab 3: RISC-V &|X|AE{

32 H|E | X|AEH 32 7|

Constant value 0

Return address
Stack pointer

Global pointer
Thread pointer

x5-7 Temporary variables

Saved variable / Frame pointer
Saved variable

Function arguments / Return values
Function arguments

Saved variables

Temporary variables

RVfpgavl.1 © 2021 <46>
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wn
Y
X X
O 00

[ x10-11
P x12-17
s2-11 Pperiyy
x28-31

P RIS C ®

(7]
o
~
o 2 )
©

QT imagination



RVfpga Lab 3: RISC-V OjdlS2| == 1249| 0f

// memory-mapped I/0 addresses

# GPIO SWs = 0x80001400
# GPIO LEDs = 0x80001404 —
- 1T 2HO A9 o] 7k
# GPIO INOUT = 0x80001408 O Z=2 =2 ARX|Q| 4fS
LEDO|l 7| =8t}
.globl main
main:
main:
1i t0, 0x80001400 # base address of GPIO memory-mapped registers
1i tl, OxFFFF # set direction of GPIOs
# upper half = switches (inputs) (=0)
# lower half = outputs (LEDs) (=1)
sw tl, 8(t0) # GPIO INOUT = OxFFFF

repeat:
1w tl, 0(t0)
srli tl1, tl1, 16
SW tl, 4 (t0)
7 repeat

P RIS C ° D o Toomologiee, QT imagination

read switches: tl GPIO SWs

shift val to the right by 16 bits
write value to LEDs: GPIO LEDs = tl
repeat loop

H H= H
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RVfpga Lab 4: €

oot
>
rir
|El
il
>
Rl
L]
=
H1
o
-
inl

C 2t0|E 2| ALE

RISC-V (RA}) &= 74

: 4 R I SC ® Rprga v_1.1 © 2021 <49>
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RVfpga Lab 4: &7} A= O|H| =214

// memory-mapped I/0 addresses

#define GPIO_ SWs 0x80001400

#define GPIO LEDs 0x80001404

#define GPIO INOUT 0x80001408

#define READ GPIO(dir) (*(volatile unsigned *)dir)

#define WRITE GPIO(dir, value) { (*(volatile unsigned *)dir) = (value); }

void IOsetup() ;
unsigned int getSwitchVval() ;
void writeValtoLEDs (unsigned int val);

int main ( void ) {
unsigned int switches val;

IOsetup () ;

while (1) {
switches val = getSwitchVal () ;
writeValtoLEDs (switches val);

}

return (0) ;

}
P RIS C ° e o Toomologios. QT imagination



RVfpga Lab 4: &7t = N ==

void IOsetup ()
{

int En Value=0xFFFF;
WRITE GPIO(GPIO INOUT, En Value);

}

unsigned int getSwitchVal ()
{

unsigned 1nt val;

val = READ GPIO(GPIO SWs) ; // read value on switches
val = val >> 16; // shift into lower 16 bits

return val;

void writeValtoLEDs (unsigned int wval)

{
WRITE GPIO(GPIO LEDs, val); // display val on LEDs

}

P RIS C ° D o Toomologios. QT imagination



RVfpga Lab 4: C 2}0|E2{Z]

2to| 21z

LMo AR E|L
152 A AL

— o
s 2=

4 QEE X B (RO AT HY

Mok —

C 2tojE=2{Z] ofx:
math.h (math 0| E2{Z]): sqrt (H&2), cos (AIY) St €2 eSS EeeLC
stdio.h (& 1/0 20| E2{2]): ZtHo|| gt & (printf), AR X2 R E 2t H7| (scanf) S
7|sS ZEggL Lt
stdlib.h (EE ct0|E2{2]): s (rand)E dE5t= S+E EZSLICL
7|t 5... (+= C 2jo[E{g|)
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RVTpga Lab 4: C V|| = AS 28 YA
o=,

#include <stdlib.h>

Ol Z=2 132 00f| A 65535
int main (void) { A|'O|9-| OEI—Q-l—Q-l ‘i‘xf% LEDO“
unsigned int val; = L|C}.
volatile unsigned int 1i;

IOsetup () ;

while (1) {
val = rand() $ 65536;
writeValtoLEDs (val);
for (1 = 0; 1 < DELAY; i++)

}

return (0) ;

P RIS C ° e o Toomologios. QT imagination



RVfpga Lab 4: RISC-V & 1%

F

ot
15

SE
jJal function label

2ol M e

I—

jr ra
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RVfpga Lab 4: RISC-V & 1% 0

Cc3Lt

int main() {

int v = y + funcl (1,
y++;

int funcl (int a, int b,
int sum;
sum = a + b + c;
return sum;

P RIS C

2, 3)

int c¢)

{

®

# v is 1in sO

main:

addi a0, zero, 1
addi al, =zero, 2
addi a2, =zero, 3
Jal funcl

add s0, s0, a0

addi s0, s0, 1

# sum 1s in sO
funcl:
add s0, a0, al
add s0, s0, a2
addi a0, s0, O
Jr ra

RVfpga vl.1 © 2021

+= =

RISC-V O{Ml =2

put values 1in argument registers

call function funcl
y =y + return value

y = y++

sum = a + b

sum = a + b + c
return value = sum
return

Imagination Technologi<e~r.::5> q: ImGgInCﬂ'IOn



HX|AE ZtS MESHs O ALBElE HR2lo| A32X 22
AR HOIE| (sp)i= AR M 9I0| FAE HQBFLICL

Ao HE2|0|M Ol Z 2 HELICL 0|E SO Ao| 4 THO| (16 HLO|E)E
QIst B7Hg BHE7| 9o Tk ETH AFBELICH

addi sp, sp, -16
T 71X H32| g X|AH:

HEH YX|2H: XLH HE2 & 2250 BEXOOF 2L LHEH, g+ 25 T=20

o e~ 2 —
S Us Z)).

HEEX] 22 2X|2E: 4X|AH LIE2 &
A LAE7P e 22 W20 €S E2= G8).
Mgl BXIAH (s0-s11), BH =2 HX[AH (ra) H 2H ZQH (sp)= EEE

—_

A AHYLCE CHE 2& BAAH= BEEX HELCL
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RVfpga Lab 4: E& / H| HE | X|AH

Name ___ |Register Number |Use _______________________|Preserved
EZI <0 Constant value O -
N 1 Return address Yes
E <2 Stack pointer Yes
E 3 Global pointer -
x4 Thread pointer -
x5-7 Temporary variables No
%8 Saved variable / Frame pointer Yes
%9 Saved variable Yes
a0-1 x10-11 Function arguments / Return values No
x12-17 Function arguments No
x18-27 Saved variables Yes
x28-31 Temporary variables No

P RIS C ° D tiom Tociogien, QT imagination



RVfpga Lab 4:

A EH

AL
L

X

L

of

pS1

=c| A E

—_— O L. |
- =|
c2 RISC-V Ol E2
int main() { # v is in s0
. main: .
int y =y + funcl(l, 2, 3) addi a0, =zero, # put values in argument registers
y++; addi al, =zero,
addi a2, =zero,

} jal funcl # call function funcl
add s0, s0, a0 # vy = y + return value
addi s0, s0, 1 # v = y++

# sum is in sO
int funcl(int a, int b, int c) { funcl:addi sp, sp, -4 # make room on stack
int sum; SwW s0, O(sp) # save sO0 on stack
add s0, a0, al # sum = a + b
sum = a + b + c; add s0, s0, a2 # sum = a + b + ¢
return sum; addi a0, s0, 0 # return value = sum

} 1w s0, O(sp) # restore sO0 from stack
addi sp, sp, 4 # restore stack pointer
jr ra # return

® RVfpgavl.l1 © 2021 <58>
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RVfpga Lab 5: C} O{llS2| A

Of: ojOfX| X2] == 4

CE ZHME YN B0t oM BRI HYE UL B4
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RVfpga Lab 5: O|O|X] X2 ==

- 2o 0|0|X|E ado] 2AHY=E HE

b RISC-\V/"° o o Tociogien QT imagination



po)
<
ey
=
(@)
Q
—
Q
]
i
o
=
Ral
R
Iu
I=
H
||
0z

— —10 EX7CC>I-E|_| 7_II- r—L!MI R=I£!-|_|'A—I|-I, 1 -
R, G XA B w= BB ZE Mgz s = UL
O|O|X| S 8 HIE 2[M= (grey)2 BHEtol”| 2o 4 22 Ch=1t £0|

o gL L

(3U6*R ¥ 60LFG ¥ II17/*B) >> 10

RGB 7}&X|2Q] &2 1024 (306 + 601 + 117 = 1024)7} £E|E 2 8 HIE HE| (0-
255)2 SO0t7t2{™ ZADE 10242 LhgLICH (5, 10 HE REZOZ 0|5 >>

10)
22| E0f CHor XAk L8

https.//www.mathworks.com/help/matlab/ref/rgb2gray.html
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RVfpga Lab 5: HMEE| 7|

.globl ColourToGrey Pixel

LLext

ColourToGrey Pixel:

11 x28,
mul a0,
11 x28,
mul al,
11 x28,
mul az,
add ao0,
add ao0,
srl ao,
ret
.end

306
a0,
601
al,
117
az,
a0,
a0,
a0,

xX28

X2 8

xX28
al
az
10

P RIS C

a0 = R

al = G

a2z = B

grey =

grey =

return
®

D= oo EAIR LT
* 306
* 601
* 117
a0 + al + aZ2

grey / 1024

«—— .globlZ CoulourToGrey Pixel /|52 ZE2HEQ

= (306*R + 001*G + 117*B) >> 10

RVfpgavl.1 © 2021 <63>
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RVfpga Lab 5: T+ =X} HY &

typedef struct {
unsigned char R;
unsigned char G;
unsigned char B;
} RGB;

extern unsigned char VanGogh 128x128[]; // 1D array of individual RGB values
RGB ColourImage [N] [M]; // 2D array of RGB struct (colour image)
unsigned char GreyImage[N] [M]; // 2D array of greyscale image

// VanGogh 128.c

unsigned char VanGogh 128x128[] = { 157, // R (pixel [0][0])
B 182, // G (pixel [0]1[0])

161, // B (pixel [0][0])

171, // R (pixel [0]1[1])

195, // G (pixel [0][11)

173, // B (pixel [0][11])

173, // R (pixel [0][2])

}

P RIS C ° Vipgavi1 02021 <64 QT imagination



RVfpga Lab 5: 82 7|5

int main (void) {
// Create an N x M matrix using the input image
initColourImage (ColourImage) ;

// Transform Colour Image to Grey Image
ColourToGrey (ColourImage, GreyImage) ;

vold ColourToGrey (RGB Colour[N] [M], unsigned char Grey[N] [M]) {
int i, 73;

for (1=0; 1<N; 1i++)
for (3=0; j<M; J++)
Grey[1][J] = ColourToGrey Pixel (Colour([i][Jj].R, Colour[i][]].G,
Colour[i][]].B);
}

P RIS C ° D o Toomologios. QT imagination
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RVfpga Lab 6: 1/0 27|

Q=4 (1/0) A" - =4 X

ol o E st
HE /0 (GPIO)

GPIO 7AEED
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RVfpga Lab 6: /074 =

old}l I 2 M| A

CPU

Memory

< FAST INTERCONNECT (AXI)

Bridge

)

< SLOW INTERCONNECT (Wishbone)

/O

P RIS C ®

Device

—»
Controller

(includes a
series of
registers)
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RVfpga Lab 6: I/07|A= =2

!

Boot-ROM |

I= = =

Sys-Con

v) «—»| SPI1-Flash fremes

SPI2-Accel |—

*H

Timer

@ —

GPIO1-LEDsSw |

U=

UART

Joxa|diNIA T

Peripherals

P RIS C ©

Address

]

—

Decoder
A

Address[15:6]

Address[5:2]

MM

WB-AXi
Bridge

SweRV
EH1

RVfpgavl.1 © 2021 <69>
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SweRVolfX FtH &X|.
£ & ROM
AMA”N HEZED
SPI1 Z2iA| 022
UART
GPIO LED & A QX
E}O|
SPI2 7t5 A
7 MIAHE C|AF2 0
(A28 HHEZ2]: Sys-Con)
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: R I S C ® RVfpgavl.1 © 2021 <70>

RVfpga Lab 6: E-& 1/0 (GPIO)

HL |/0:
TE2MMZF F=H AKX (O ALK & LED)Y H4E TE 1 & 4 ASLC
2t T 3 MENS AFR3I0] 93 £k 2oz THY 4+ AL

3 72| =2 0fE 2f| X|AE:
27| BRI AEL: TOIA 92 2k

211 HA
GPIO
2271 HIX|AE: Ho = 4
E-'"x ﬁE'I gal-ggl' 1 = %E'., 0 = Ol:l 3—1 Read Register |
/
Bus (Axi4, Wishbone...) ﬁ
CPU Write Register

Enable Register .‘
7|7
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RVfpga Lab 6: M| 22| 0§ & X|AH

M K|AE 27 0x80001400
M| K| AE] AT 0x80001404
S 2 3tM3| 0x80001408

GPIOO| H|E 15:02 &3O 2 31:16= UHo 2 FAM:
1i t0, 0x80001400 # tO = 0x80001400

1i tl, OxXFFFF # 1 = output, 0 = input

sw tl, 8 (t0) # [15:0] = outputs, [31:16] = inputs
1/0 7I:

1w t2, 0(t0) # t2 = value of GPIO pins
/0 227|:

sw t3, 4(t0) # GPIO pins = t3

P RIS C ° e o Toomologier QT imagination



RVfpga Lab 6: RVfpga GPIO &=

OpenCores?| GPIO 2=
https.//opencores.org/projects/gpio

Z|cH 32 7lie] gPIO E &

RS e jUNoz Yo (B = 0) B £ (
LI

T2 A0 AN TN B IS
2| K| 2 Ef

= PNESIZ i< g

M 22 0jE =&

0x80001400
JNES= &7| 0x80001404
EZ stM3| 0x80001408

: R I S C ® RVfpgavl.1 © 2021 <72>
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RVfpga Lab 6: M| 22| 0§ & X|AH

LED % A2|X|Z GPIO Tl0j| OfH:
LED I [15:0] (ZE2MA =&)
A LX]: El [31:16] ( “EHIHOH CHot =)
GPIO -‘rlé;'.
| X|AE| E/d3} = 0x0000FFFF (1 = £, 0
11 t0, 0x80001400
1i tl, OxFFFF
sw tl, 8(t0) # Enable Register = OxFFFF

LED 27| :

[15: 0]19] %S 0x80001404 =240l &1t}

SW t3, 4(tO) # LEDs = [t3]15:0

e17| 2%

T2~ 0x80001400°]| A H| E [31:16]2] &17] =9 A

16 H|ENFE @ E& 0 = o|F3slo] 61¢] 16 H|E| #t= ¥5U
figure of board from https://reference.digilentinc.com/ 1w t5, 0(t0) # [t5]31.16 = switch values
srli t5, t5, 16 # [t5];5.0 = switch wvalues

P RIS C ° D tom Tociogies. QT imagination
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RVfpga Lab 6: GPIO £& &

3712 £ BEC =2 LpEL|LCL

28C LED/AOIII Ol CHF RvfpgaNexys2| 2 A4 (2% 22 JY

GPIO 2 &5 SweRVolfX0| E8 (57t ¥ E9)
GPIO2t SweRV EH1 (2E2Z% 8% dd) 7to| AA

l Address

@9 —{_Boorrom |—— [7] Decoder
\ 4 ar

Sys Con |— Address[15:6]

Address[5:2]

«—{  SPI1-Flash |_

WB-AXi
Bridge

* < SPI2-Accel |_

SweRV
EH1

Timer |_

ﬁ — GPIO1-LEDsSw |—
@t UART |

R I S C ® RVfpgavl.l1 © 2021 <74>
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RVfpga Lab 6: 2| &

(0~

|

Z4
=

7L Ol
JJ’r =
ol -
AA L—

P RIS C

set property
set property
set property
set _property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property

set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property
set property

®

Ay Ay ey Ay ey ey ey ey o, ey o, ey o, e, o, ey

A Ay ey ey e, ey e, ey e, oy e ey e, ey e, ey

PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE_PIN
PACKAGE_PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE_PIN
PACKAGE PIN
PACKAGE PIN

PACKAGE_PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

RVfpga vl.1 © 2021

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS18
LVCMOS18
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33

Mg Syt S S g Mg gl gl gl gl gl gl el Sged \ged Smd

Sy gt Sy Mg g gl Mgl gl gl gl gl St Nged Nd Nmgd \mged

[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports

[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports

<75>
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i sw[0]
i sw[1]
i sw[2]
i sw[3]
i sw[4]
i sw[5]
i sw[6]
i sw[7]
i sw[8]
i sw[9]
i sw[10]
i sw[1l]
i sw[12]
i sw[13]
i sw[14]
i sw[15]

o led[9]

o led[10]
o led[11]
o led[12]
o led[13]
o led[14]
o led[15]

B i e e e e i e e

N Rl Nl Rt Rl N R Rl el ot N ot R et Rl

o St b S et e

e S Mg Mg M M M e e

L S N ) S [ i i WP i S P S Sy S )

rvfpganexys.xdc: 22 E AL{X|7F U= i_sw [15: 0] & 2EE LED7}
o_led [15: 0]12| HZ&= dolgtL|Ct.
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gpio® .oe(en gpio[0]
gpiol (.oe(en_gpio[1]
gpio2 .oe(en gpio[2]
gpio3 (.oe(en_gpio[3]
gpio4 (.oe(en_gpio[4]
gpio5 .oe(en gpio[5]
gpio6 (.oe(en gpio[6]
gpio7 (.oe(en_gpio[7]
gpio8 (.oe(en gpio[8]
- gpio9 (.oe(en gpio[9]
Jirec gpiol® (.oe(en gpio[l
gpioll (.oe(en gpio[1l
gpiol2 (.oe(en gpio[12
Jirec gpiol3 (.oe(en gpio[1:
Jirec gpiol4 (.oe(en gpio[14
rec gpiol5 (.oe(en gpio[15
jirec gpiol6é (.oe(en gpio[1l6
gpiol7 (.oe(en gpio[17

Jirec gpiol8 (.oe(en gpio[1€
gpiol9 (.oe(en gpio[1¢©

]
]
]
]
]
]
]
]
]
]
jirec gpio20 (.oe(en gpio[20]
]
]
]
]
]
]
]
]
]
]
]

.inp(o gpio[0]
.inp(o_gpio[1]
.inp(o_gpio[2]
.inp(o gpio[3]
.inp(o gpio[4]
.inp(o gpio[5]
inp(o_gpio[6]

]

]

']

outp(i gpio[0@] .bidir(io data[0]
outp(i gpio[1] .bidir(io data[1]
outp(i gpio[2] .bidir(io data[2]
outp(i gpio[3] : ‘;;"(1ofdata[ ]
outp(i gpio[4] .bidir(io data[4]
.outp(i_gpio[5] .-‘i‘"(107data[f] ; @l gpio top gpio module(
outp(i gpio[6] .bidir(io data[6] s 2 S SRS T
outp(i gpio[7] .t-j‘"(ioidata[‘] : .wb_clk 1 (clk),
2 wb rst),

outp(i gpio[8] .bidir(io data[8] )); .wb rst 1
( wb m2s gpio cyc),

outp(i gpio[9] .k'j‘"(lo data[9] : .wb cyc
2'b0,wb “m2s gpio adr(s

outp(i gpio[1l .bidir(io data[l ¥
.outp(i gpio[1l .bidir(io data[1ll

s 5 wb m2s gpio dat),
1111),

(

(

(

outp(i gpio[12 .t‘j""(ioidata[ : WD (”3$ :

AU Dl L i e .wb we i (wb m2s gpio we),

] (

(

(

(

(

ot
R

o
@

inp(o_gpio[7

o
11 Le )i s Bl [ 5 bR by Bl e T g

IrL:

-

.inp(o_gpio[&
.inp(o gpiol[¢
inp(o_gpio[l
inp(o gpio[1l
inp(o gpio[12
‘mp(oigpio[A,
inp(o gpio[1:

)
)
)
)
)
)
)
)
)
) y
) ¥
) a
)

)

)

), .inp(o gpio[1l

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

o €

.WD a

oo o ot ot [ L

o

|
A

.outp(i gpio[1: .bidir(io data[1: - .wb sel
outp(i gpio[15 .bidir(io data[15
(i wb m2s gpio sth),

3 .OJtp(imgpio[;' .bidir(io data[1 Wb
: wb s2m gpio dat),

S

inp(o gpio[1t

o

inp(o gpio[l
inp(o gpio[1l
inp(o gpio[1¢

]
1]
]
]
4]
5]
]
7]
3] tJ(l gpio[1¢ .bidir(io datall
0]

inp(o gpio[2 }
’]
3]
H
]
]
]
]
]
9]
1]

p(i gpio[1¢ .bidi "(1o"data[ 20
p(i gpio[2 .bidir(io_data[20])); -WD
tp(i gpio[21 .bidir(io data[21 . wbh 1
tp(lwgplo[_\ .bidir(io data[2Z
outp(i gpio[2: .bidir(io data[2 52 g z . DRy oaes
outp(igpio[24]), .bidir(io data[, ; ,J?; (1 gpio[31
outp(i gpio[25 .bidir(io data[25])); .ext pa (o gpio[31
outp(i gpio[26 .bidir(io data[26 : — n : :
outp(i gpio[27 .bidir(io data[27 e (en_gpio));
outp(i_gpio[2€ .bidir(io data[28
.outp(i gpio[2¢ .bidir(io data[2¢
1tp(1i gpiol:3 .bidir(io datal:
outp(i gpio[31 .bidir(io data[31

RVfpgavl.1 © 2021 <76> q]
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dat
CK

1itp(i gpio[17 .bidir(io data[17 .wb ¢
.wb ack wb s2m gpio ack),
e

o

wb s2m gpio err),
gpio irq),

o

ou
out
out
ou

o

ec gpio2l (.oe(en_gpio[21
direc gpio22 (.oe(en gpio[22
direc gpio23 (.oe(en_gpio[23
direc gpio24 (.oe(en gpio[24
irec gpio25 (.oe(en gpio[25
irec gpio26 (.oe(en_gpio[26
jirec QJlOLT .oe(en gpio[27

inp(o_gpio[2
inp(o_gpio[2Z
inp(o_gpio[2
inp(o gpio[24
inp(o gpio[25
inp(o _gpio[26
inp(o gpio[27
inp(o gpio[28
;wp(oigpio[,
np(o gpio[:
np(o gpio[31

OO o OO

o

gpio28 (.oe(en gpio[2¢
gpio29 (.oe(en gpiol[2¢
011030 .oe(en gpio[3¢€
gpio3l (.oe(en gpio[31

C o C C o € C
e e e e e v e v v e e e v e e e e ] e e e e
a0 T T =~ T ~ B = 1= N T~ T =~ L~ = 0o = B = T =~ g = L = L] = B = = ] = -

-

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

o o




RVfpga Lab 6: SweRV EH11} A&

It wb_intercon.v: 7-1 Multiplexer 7+¢

wb mux
(.num slaves (7)
.MATCH ADDR ({3
.MATCH MASK (
wb mux io

(l.wb clk 1

0
0
0
0
i
il
i
i

'
'
'
'
'
'
'
'

o O O OO
[ S R S S = = I = I = I
[ S R SR S = = T = I = B
o O O 0O
e O O OO
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Lab 7:

7 MIAHE C|AF2 0

\ 4

P RIS C ? e o Toomlogier. Q3 imagination




RVfpga Lab 7: 7 M|1HE C|AZE|0]

7 MAHE C[A5d(0] 7h e

7 MAHE CIA=20] o=

P RIS C ° D o Toomologier. QT imagination



RVfpga Lab 7: 7 M| AHE C|AZE|0]| 7Ha

A i1 01 7 71| LED HIOHE: A-G
o £ , ‘M:f ::.w' E X _¢_I|.E |:||-57| ol-5|. k||:|_U'IE
. :: ; o . _;_II:_:E A =2 L= T = e —
j G ‘f ° ’ ’ g - 1: MOAHE B ¥ C
o , . HOME ABDE
gk L OO S HARE B O C
v Lad I IE

P RIS C ° e o Toomologios. QT imagination




RVTpPga Lab /: Nexys A/=| / ML=
a0 —
8 A2l 7 MAHE C|A=8|0]
Ol 22| Of &AM

Enables_Reg: 0x80001038

Digits_Req: 0x8000103C
Enables= low-asserted 2/L|C}
Of: B @EZ T XHE|0f 71 HA:

Enables_Reg = OxFC (0b11111100: T
REE E Xjz| TABhH

Digits_Reg = 0Ox71

o o T O{Mdl€2]: 1i t0, 0x80001038
1i tl, OxFC

11 t2, 0x71
sw tl, 0(t0)
sw t2, 4(t0)

figure of board from https://reference.digilentinc.com/

P RIS C ° D tiom Tociogies QT imagination



MaHE Cc|A=8|0] ol=H 04

8 Xl2| 7 JIOAHE

Zt ¢x|-i O E o (-5H Ct _J.Ex|- LED9_|

-1 A - O o O ™1 o A —

UI0| M2 HAE C| A =2 0] canionanode
%I:;ll- A'—l_l_jl- %Ac-)l§|' (ANO_AN7) gjl_g% AN7 ANG AN5 AN4 AN3 AN2 AN1 ANO 1
shL|Ct, il el g |

L EIEIEIE] BT ELE |
ZAtE 2d2tste ™ low E2F0[E (ANO- R o B R ol S B
R D B I I e | R, g IR I o |

AN72 LEDO| Sg&[7] HOf I E
(HEAIZ X 2H)E S+ 8 Sogpnacs Dl
B I-J}-” Individual cathodes

H= A0 oot 4 MAHEE 2

=0 A=
NAMHEE 17| ?I5H lowZ +5& L.
ANO-AN7 412 2| Time-multiplexingE &l
Sk A OI¢|__| |:|..

2 X0 Aweh e BEAY = RUS

Z=Xt9] AN AlS (ANO-AN7)= 1-16msOfCt
AFOFOF BFOFE L},
RVfpgavl.l © 2021 <82> qj |
magination
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RVfpga Lab 7: 7 M{A™MEDisp. & +=&2| ¢

372 2 FEL22 LgLH
2HE 7 JOHEO Cist RVfpgaNexys2| 2|5 AZA CIAZH 0| (RFZ 2% HY)
7 MAHE L2220 S 22 SweRVolX (52 58 F9Y) Aoz 73
7 MOHE C|AEY 0|2 SweRV EH1 G2 (RLEZ 29 I

(@x]
=)
| Address
&‘—’ Boot-ROM |_[\L Decoder
I Sys-Con |_ Address[15:6]
73 Address[5:2]

—  SPI1-Flash |—

WB-AXi SweRV
Bridge EH1

| * | SPI2-Accel [

Timer |

ﬁ/_ — GPIO1-LEDsSw |_
E-{_J UART |

P RIS C ° e o Toomologios. QT imagination
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=

RVfpga Lab 7: 2|% &

##7 segment display

set property
set property
set property
set property
set property
set property
set property

#set _property -dict { PACKAGE PIN H15

set property
set property
set property
set property
set property
set property
set property
set property

-dict
-dict
-dict
-dict
-dict
-dict
-dict

ey ey ey ey ey Ay ey

-dict
-dict
-dict
-dict
-dict
-dict
-dict
-dict

oy ey ey ey ey ey Ay ey

P RIS C

PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN

PACKAGE PIN

PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN
PACKAGE PIN

T10
R10
K16
K13
P15
T11
L18

J17
J18
T9

J14
P14
T14
K2

ul3

®

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33

e e e e e

ot rvfpganexysxdc: 22 E 7 \|OHE CIAE
Digits_Bits [i]2t1 2h) 5! AN [i]1e] &2 Holg

[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports

oy ey ey ey ey ey ey

0|2} CA-CG (SoCOH| A

L|C}.

CA
CB
CC
CcD
CE
CF
CG

s
1
I
Ll
ol I
¥l
};

IOSTANDARD LVCMOS33 } [get ports { DP }];

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33

e eyt e g g g e

[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports

RVfpga vl.1 © 2021
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ey ey ey ey ey ey ey Ay

AN[O]
AN[1]
AN[2]
AN[3]
AN[4]
AN[5]
AN[6]
AN[7]

<84>

#I0 L24N T3 A0O D16

14 Sch=ca

#I0 25 14 Sch=cb
#I0 25 15 Sch=cc

#I0 L17P T2 A26

15 Sch=cd

#I0 L13P T2 MRCC 14 Sch=ce

#I0 L19P T3 Al0O

D26 14 Sch=cf

#I0 L4P TO D04 14 Sch= cg
#IO L19N T3 A21 VREF 15 Sch=dp

I
F A I
b
Fl:
L%
A I
4k
} 3

#I0 L23P T3 FOE B 15 Sch=an[@]
#I0 L23N T3 FWE B 15 Sch=an[1]
#I0 L24P T3 A01 D17 14 Sch=an[2]
#I0 L19P T3 A22 15 Sch=an[3]

#I0 L8N T1 D12 14 Sch=an[4]

#I0 L14P T2 SRCC 14 Sch=an[5]
#I0 L23P T3 35 Sch=an[6]

#I0 L23N T3 A02 D18 14 Sch=an[7]

QT imagination



RVfpga Lab 7: SweRVolfx0f| gt

It swervolf_sysconv: 7M|AHE= HEF QAHADLS
A
=

2| H
2 =29 M3 (ick) K 2 M= (i_rst) 0= M 2B
22| 0iE Ao gA[AEQl & 71| RE 41= Enables_Reg X Digits_Reg&
MLCE O 22 EEQ| 7 MOAHE C{AZ 0|0 HAE & 719 M=
AN 5! Digits_Bits& =& gLt

Al
sk & 740

—

)
O

AL
T

reg [ 7:0] Enables Reg;
reg [31:0] Digits Reg;

SevSegDisplays Controller SegDispl Ctr(
.Cclk {1 etk),
.rst n {1 FESE);
.Enables Reg (Enables Reg),
.Digits Reg (Digits Req),
. AN (AN),

.Digits Bits (Digits Bits)

P RIS C ° e o Toomologios QT imagination



RVfpga Lab 7: SweRVolfX0f| S g

SevSegDisplays_Controller= O| I} 0|AM LHEL|CH O7|0|= CtSa €2
519] Eto|7t EatE L|Ct
2msOfCH AN 2 Digits Bits 122 2 ¢fS HEi5t= & 712 HE[ZHAM (E&
SevSegMux).
2ms 7| & 4d5t= 7I2H (2= 7I2H).
XEEl 4 HE 16 &= 20| Cifet IOAHE Zt= &=5t= C|ZE (2= SevenSegDecoder).

P RIS C ° D o Toomologios. QT imagination
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RVfpga Lab 8: E{O|

Efo| 742
| K| AE
EFO|TH Of |

U
O
-
mu

P RIS C ° e o Toomologios. QT imagination



RVfpga Lab 8: E}O|H

EO|H= M@ E ForE FIRE S S/t = 42 A[L L
Ofo|3 2 HES2 I SoCOAM gEtXeo= &
Jetoh EfO| Y A0 AtE

P RIS C ° D o Toomologios. QT imagination



RVfpga Lab 8: E}O|

!

&4_.

Boot-ROM |

Sys-Con

u?) <—»| SPI1-Flash fremes

SPI2-Accel |—

*H

Timer

i@ —

GPIO1-LEDsSw |—

e

=

UART

THI17]

P RIS C

Joxadnnn|A T-£

®

| Address
Decoder

A

Address[15:6]

Address[5:2]

WB-AXi
Bridge

SweRV
EH1

Timer 2= OpenCoresOi| Al XS gfL|LCt

https.//opencores.org/projects/ptc

RVfpgavl.1 © 2021 <90>
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https://opencores.org/projects/ptc

RVfpga Lab 8: EIO|H (PTC) 2=

EtO|H 2= (PTC 2=0|2t1k g2 50l AAEE L L

EFOJH(T) / 7t2E(C): 28 OIX| (== O ECIA L St= CHE 4 =29| Of|X|)S Al LhetL|Ct.
HAP) E HE (PWM):
=382 &2 X5 ALt (wE[ AO[S0[2r1 &) #HE
Ofgr21 Y= CIX|

PWM 0f|: 33 % FE| AfO|ZF (M=2= AlZE2] 1/30] =&
O =1 MY (M=o HE 1V

E
= HHAloR

o M= 3V * 033 =

TAISIS=O| AHE

O
I:I

). ot0] 2| 20| 3VO|H
L CF.

- ———F——————= L—— Average=1V

Period
-
3V
ov — L
-
Duty Cycle =
33%
®

P RIS C
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RVfpga Lab 8: E{O|H (PTC) 2| X|AEf

____Name _|__Address | Width | Access |Description
DUGAEENEEN 0x80001200 1-32  R/W  Main PTC counter

RPTC_HRC 1-32 R/W  PTC HI Reference/Capture register
RPTC_LRC 1-32 R/W  PTC LO Reference/Capture register
RPTC _CTRL 9 R/W  Control register

RPTC_CNTR: 7I2E (FI2H &
RPTC_HRC: &}10| 2|2 A ¥ X (High reference capture) - PWM EE0|A EEO0| highZ
T2tE|0{0F St= ALO|E = (2| )& LIEHE LT}

RPTC_LRC: &2 2 &HA 24X (Low reference capture) — 72 E/EO|H EEO|AM IR E7}
22 E[YS M (2[4 =) AO|Z =F LIEI-LICH PWM EEO|M =30| LOtofF g mf (2[4l
2) 28 AMO|F =& LIErdL|C}.

RPTC_CTRL: M| O 2| X|AE

P RIS C ° o om Tociogien. QT imagination



RVfpga Lab 8: EtO|H (PTC) X|0f 2| X|AH

mmlm Name & Description

B RW

- R/W o
I
BER  rR/W 0
I
“ R/W 0
I
R/W 0
- R

P RIS C

EN: &A™ A| RPTC_CNTRO| S7}8tL|Ct.,

ECLK: 28 MSE MENTIL|CE QIF 28, ptc_ecgt (1) E£ A|IA"” 23 (002
= ofl.

NEC: 2|F =3 (ptc_ecgt)Q| HIAHE[E/ZX[E[E O X] & low/high 7[{tS

A—| EHO|.'— |:-|| A|._9_EI |__| |:|-

OE: PWM =& EZ0|HE Z/dstetL]C},

SINGLE: *E“SE_I A2 RPTC_CNTRE RPTC_LRC Zrif st 4o EEst &

K7rom O L|CH 8 K| £| RPTC_CNTRO| RPTC_LCR 2| K| AE{ Q| ZHof| ZEFst
S CEA| AJZFEILICE

INTE: MM PTC= RPTC_CNTR £40| RPTC_LRC EE= RPTC HRCO| Zi1t &S

I CIHEEE AHStL|CY, ﬁl§7r KITJKI Ol Ef E*E?f OfA~Z & LT

INT: 420 O| HHEE HRZQ QHHES LIEFHL|CE MYE|H OIEHET}

HEELICL Ol HHEE 1'E MD:I CIHHE B**OI ol A &! LI CF.

CNTRRST: &M E|™H RPTC CNTRO| R ™= L|C XX H FF2E 7}

HdaEo 2 A FTILCE

CAPTE: & &M RPTC_ CNTRO| RPTC LRC EE= RPTC HRC YHX|AHZE
WA E LICH SN =™ HA 7|s0| OpAd & LIEL

® RVfpgavl.l1 © 2021 <93> q]
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RVfpga Lab 8: E}O|H Of| H|

RPTC_LRCE 72 EY AO|E =2 27
Elo|HE RA3}2{™ H|0o| H{E (RPTC_CTRL)E MMHSIMAL.
=25 MQEd 8% OIHEE X|$7|: RPTC_CTRL = 0xCO (0b011000000): CNTRRST (HI E 7) =

7t

1: 9r$E17r XH*W Zl- (RPTC_CNTR = 0); INT (HIE 6) = 1: 2QIHEE Q80| 3| x|
E| A& L L.
7t
SEA

2F S QI HE &3} RPTC_CTRL = 0x21 (0b000100001): EN (H|E 0) = 1: 7+ E{ 7}
=t 9+E|01 RPTC_CNTRO| =7}gtL|Ct INTE (H|E 5) = 1: PTC= RPTC_CNTR == RPTC_LRC

2 U AHEES A LC

T2 KO HX|IAH (INT= RPTC_ CTRLE| HIE 6)0AM CIE{HE HEE 1
(RPTC_CNTR == RPTC LRCE L}E rL”)OI = UH7EX| &L L.

O] €252 CIHEEZE ArEStA| 2(X|TH QIE{HE H|E (INT, RPTC_CTRLS|
HE )& 210 @2t 28 AIO|Z2 01I LEISE A 7| & A TEL| L} Lab 90| A

1 L—

.I
=
QIHEE %*f ol dR= 20 &L

P RIS C ° D o Toomlogior QT imagination



RVfpga Lab 8: E}O|H X5 & ¢
2 71e] 2 FE2 & LEL

(2lE AZ t.m)
EFO|H 2 &8 SweRVolfX0| 5%t (&1Z
EtO|H 2t SweRV EH1 7to| A& (2

| Address
& +——{ Boot-ROM |—l\ Decoder
‘} A
EEEEIEEEE Sys-Con |— Addresslis:el
s Address[5:2]

—  SPI1-Flash |—

WB-Axi SweRV
Bridge EH1

| * | SPI2-Accel frmm

Timer |—

ﬁ/_ — GPIO1-LEDsSw |—
@l UART |

® RVfpgavl.l1 © 2021 <95> q]
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Jeaxa|dn|niAl T-£




RVfpga Lab 8: SweRVolfx0f| gt

1t swervolf corev: PTC 2& QIAEHAD}

wire ptc_irq;

ptc top timer ptc(
wbh clk i
.wb rst i
.wh cyc
.wbh adr
.wbh dat
.wbh sel

clk),
wb rst),
wb m2s ptc cyc),
2 ,wb_m2s ptc adr[5:2],2'b0}),
wb m2s ptc dat),
bl1l1ll),

.wb stb 1
.wb dat o
.wb ack o
.wb err o
.wb inta o

wb m2s ptc stb)
wb s2m ptc dat)
wb s2m ptc ack)
wb s2m SpECarr)
ptc irq),

!
’
’
!

(
(
(
(
(
(4
wb we i (wb _m2s ptc we)
(
(
(
(
(

.gate _clk pad i (),
.capt_pad_1i (),
.pwm pad o (),

.0oen padoen o ()

P RIS C ° D o Toomologior. QT imagination




Lab 9:

IR E 1+ 1/0

N
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RVfpga Lab 9: QIE{EHE & 1/0

OIHEE = I/0vs. ZE2 2™ =l /0
Rvfpga A|AHEIO| CIHEHE HEZ

Western Digital2| F27|7| x| S EE X|& @I{j7|X| (PSP & BSP)E At}
CIHEEE 785t & E

SIHEE OX

P RIS C ° e o Toomlogior. QT imagination



RVfpga Lab 9: QIE{EHE 7|t 1/0 &7

22U E 1/0:

T2 M2 2A5k= 20| EA| 2 W7HX| 2F (o: 2(X)Z XHHe= FT L O}

O E =01,0] &2 O[T LABO| A %Iﬂ% A= O AEEASL O

O|AZ CE 738% HES #%‘i 2 = A UM XEHHe =z 4h= Y00 ZEMME
=5 LICH

Ral=] .

CIEHHE F 1/0:
O|HIE (Of: Tl MM)= T2 M A7} O UL K| U St S=0F QA QIEEHE MH|A

(ISR, @HEE 52t 2= "*“OMI 2 LICt ISR2 2 HEEE ML} oS
=0 29K s 2 O et ZEOHo =2 sS04 L L
off g O|MEY BT MK ZEMM= 8¢ AUS AlSS = UL

P RIS C ° D o Toomlogior. QT imagination



RVfpga Lab 9: QIE{H E X g

o2 StER0] Ee &

I=

m
i)
<
HU
o
el
e
0=
ot
>
$0
I|>
-
il

O] LABUAM= otESO 2 HEEN 8= L

SweRV EH1 A 0{= RISC-VE| PLIC (EHZ =& 2 HEE UEED) At 0|=20f
OIEHEE X 2| L|Ct. O|& PIC (Programmable Interrupt Controller)2f 11
erL{CF.

255 7o QAIEHEHE

AA
15 7tX| &M =% =&

P RIS C ° D o Tocmiogies. QT imagination



RVfpga Lab 9: @

2AE|ZE Sl=SIO

SweRV EH1 Core - RV32IMC

SweRV EH1 Core Complex

DCCM

|-Cache

GPIO
interrupt

(gpio_irq)

E—

I_.:| rl".‘!'. E-l I-'.:l WVig
Part

=3 |

TrT

P RIS C

®

GPIO

~f (a

RVfpgavl.1 © 2021 <101>
Imagination Technologies

Timer

interrupt

(ptc_irq)

Timer

QT imagination



Interrupt
notification

PROGRAM

Instruction 1
Instruction 2
Instruction 3
Instruction 4

Instruction 5
Instruction 6

Instruction 7
Instruction 8
Instruction 9

ISR
Determine the source of the interrupt
If GPIO-Interrupt

Instruction 1

Instruction 2

If Timer-Interrupt
Instruction 1

Instruction 2

Return instruction

®

Interrupt
notification

Timer

RVfpga vl.1 © 2021
Imagination Technologies

Interrupt
notification

v

PROGRAM

Instruction 1
Instruction 2
Instruction 3

Instruction 4

Instruction 5
Instruction 6

Instruction 7
Instruction 8
Instruction 9

4
<

GPIO-ISR

Instruction 1
Instruction 2
Instruction 3
Instruction 4
Instruction 5

Return instruction

Timer-ISR

Instruction 1
Instruction 2
Instruction 3
Instruction 4
Instruction 5

Return instruction

<102>

QT imagination



RVfpga Lab 9: QIE{H E X{2]

WD's PSP/BSP A&

WD 'S PSP / BSPE AIESI0 CIHEE x=7|3}
255 7} CIE{HE & StLt O| &= x=7|2}5t1 ISR O|& X|&
OIHBEE E2|AHYOF St= FTH M E QIHEE TICZ AZASHL|C}

DE O E &AM}

H— = O
o AHEE 2d3t

P RIS C ° e o Tocmiogies. QT imagination



RVfpga Lab 9: QIE{H E O X

UHEES AESHH Switch [0]12] & 17| - &S X0 A2 (0>1 H2h

na_m_m_
NN 080001400 GPIO input data

0x80001404 R/W GPIO output data

0x80001408 R/W GPIO output driver enable

RGPIO_INTE 0x8000140C R/W Interrupt enable
RGPIO_PTRIG 0x80001410 R/W Type of event that triggers an interrupt

1-
1-
1-
1-
1-
0x80001414  1- R/W Multiplex auxiliary inputs to GPIO outputs
2
1-
1-
1-

UUUUUUUUUUUU
(NORN NG RN O R \O RN NI\ O

RGPIO_CTRL 0x80001418 R/W Control register
RGPIO_INTS 0x8000141C R/W Interrupt status
RGPIO_ECLK 0x80001420 R/W Enable gpio_eclk to latch RGPIO_IN

RGPIO_NEC 0x80001424 R/W Select active edge of gpio_eclk

UM ZE= L5 SESHAL:
[RprgaPath]/Rprga/Labs/Lab9/LED-SWitch_7SegDispI_Interrupts_C—Lang.c
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RVfpga Lab 9: 2IE{H E 0f |

Ol HE £ GPIO B X|AH MAH:
RGPIO_INTE = 0x10000 (2% X| [010] CHet PIEH HE 2d3o}
RGPIO_PTRIG = 0x10000 (Switch [0]2] && Of|X|0|A QEHEEZ E2|AH &)
RGPIO_INTS = Ox0 (2& QHHE X|27|)
RGPIO_CTRL = 0x1 (GPIO QIHEHE &3}
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RVfpga Lab 9: 2IE{H E 0f |
GPIO ISR:

void GPIO ISR (void) {
unsigned int 1i;

/* Invert LED value */

i = M PSP READ REGISTER 32 (GPIO LEDs); /* RGPIO OUT */

i= 13; /* Invert the LEDs */

i =1 & 0x1; /* Only keep right-most LED */
M PSP WRITE REGISTER 32 (GPIO LEDs, i) /* RGPIO OUT */

/* Clear GPIO interrupt */
M PSP WRITE REGISTER 32 (RGPIO INTS, 0x0); /* RGPIO INTS */

/* Stop the generation of this interrupt (IRQ4) */
bspClearExtInterrupt (4) ;

}
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RVfpga Lab 9: 2IE{H E 0f |

CIHEE 4 (IRQ4)= 27X PIHEERr HE0! QIHEE MH|A REIS
GPIO_ISRE &A™ gtL|LCt,

H 22| OfE 2| X|AEf 0x80001018 = 0x1: GPIO Q/EH{HEE |IRQ40| HZATHL|CYL.
Global QIHEHE =tdg}
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1=
Q2 HE HAs of Mo off] HES W& L L

8 H|s7| =47 1 &AM 7))
SPI (A& FH7|7| CIH I 0|A)
12C (B¢ 2E TE2ER)

O] LabOilM+= SPIO| &8 = LI

P RIS C ®
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RVfpga Lab 10: 2| & HA

SPI Controller SPI Peripheral

SDO > SDI

SDI SDO

SCK p-=------- » SCK

R

(G I ——— » CS
AEEd: 285 EUH HO|HE 21 5L
T=H X =5 2, 4ol &4
Mz

SDI: A& o] ¥
SCK: SPI 2%
CSbar: active low & M EH
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RVfpga Lab 10: 2| & HA

SPI Controller SPI Peripheral
SDO > SDI
SDI [« SDO
SCK Fp=-=-=------ » SCK
I
(O P — » CS

SCK &+
E 2 217} SCKOIA IF|E ELje HESeiol £yt YK DF MBS HOIE S

2LICE BO|E = 512 edgeOl N #Z ()51 A% edgedi Al Z EL|CH(AHO
THSBER| ).

SCK

SDI/SDO Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
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RVfpga Lab 10: Rvfpga A|AEIQ| SPI B &

Rvfpga A|AEIQ| SPI 2 &2 OpenCoresOf| A X| =& L|LC}
https.//opencores.org/projects/simple_spi

470 &= 7] H ATV HI

SPI 2| K| £ H:

| Name | Adoress |t [ access | pescipion
SPCR 0x80001100 Control register

m 0x80001108 8 R/W Status register
m 0x80001110 8 R/W Data register
m 0x80001118 8 R/W Extensions register
0x80001120 8 R/W CS register
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RVfpga Lab 10: ADXL362 7}& =4

Nexys A7 2 E0{= Analog Devices ADXL362 75 A7} EotE| 0 /L& L|LCH

=+ AGHL

UN 2= LS0A

AN H

https:.//www.analog.com/media/en/technical-documentation/data-

sheets/ADXL362.pdf
Artix-7 FPGA ADXL 362
F14 > SDI
E15 [« SDO
F15 F--------» SCK
DG ferrrrersmrsnenes » CS
® RVfpgavl.1 © 2021 <113>
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RVfpga Lab 10: 7|5 =5 +=&2| 1+¢

3712 2 FE2= LtEL|LC

SHE Jh& A0 CfSt RvfpgaNexys2l 215 ®Z (2% 2% 9o
MEZ2 SPI 22 SweRVolfiX0| S8 (57 224G ¥49)
/tHEAH 2 SweRV EHT (REF 58 B9) e HE
v
Address
&4—» Boot-ROM |—[\_ Decoder
T Sys-Con | X Address[15:6]
s Address[5:2]

—  SPI1-Flash |—

* —  SPI2-Accel |—

Timer |—
ﬁ/_ > GPIO1-LEDsSW |—
@t UART |

P RIS C ° e o Tocmtogies. QT imagination
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RVfpga Lab 10: 2|5 A&

rvfpganexys.xdc: SOCO|AM AMEE[&= SPI M=ot siE 2HE 752
| EE ol T}

0=
1O o

r

##Accelerometer
set property -dict PACKAGE PIN E15 IOSTANDARD LVCMOS33 } [get ports { i accel miso }]; #I0 L11P T1 SRCC 15 Sch=acl miso
set property -dict PACKAGE PIN F14 IOSTANDARD LVCMOS33 } [get ports { o accel mosi }]; #I0 L5N TO ADON 15 Sch=acl mosi

set property -dict PACKAGE PIN F15 IOSTANDARD LVCMOS33 } [get ports { accel sclk }]; #I0 L14P T2 SRCC 15 Sch=acl sclk

set property -dict PACKAGE PIN D15 IOSTANDARD LVCMOS33 } [get ports { o accel cs n }];
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RVfpga Lab 10: SweRVolfX0f| g

ot swervolf _core.v: Tri-state HI & GPIO E= QIAHADL

simple spi spi2
(
Y =d G B ] B R
ESE A {whrST),
.adr 1 (wb m2s spi accel adr[2] 3 "dC wb m2s spi accel adr[5:3]),
.dat 1 (wb m2s spi accel dat[7:0]),
we 1 (wb m2s spi accel we),
.cyc i (wb m2s spi accel cyc),
.stb i (wb m2s spi accel stb),
.dat o (spi2 rdt),
.ack o (wb s2m spi accel ack),
.inta o (spi2 irq),

.sck o (o _accel sclk)
SSE0 (o accel cs n)
.mosi o (o _accel mosi)
.miso i (i _accel miso)

'

'

’

) .
’
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