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CPU Memory

< FAST INTERCONNECT (AXI) >

Bridge

< SLOW INTERCONNECT (Wishbone)

Device
" Controller
(includes a
series of
, registers)
%Y1 Y AR A2

18 2 &£ Rvfpga 2| I/0 A|ARIS HOFLICE of7|0fl= CHEat 22 7 712 8 FX[7F Z&E LICH
e GPIO1 ZE0| HAE LED & ALK (B
o A2H HEEZER ZEN HAE 7 MOH

e SPI1 2E0| AAZ Z2iA| HZe
o IJIEEA,SPR2 ZEO HA

ne
ol
T
2
>t
Hu
e m
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n
[>T
mH o
o
o

« ElOIH
e UART
e EHE ROM

HE| SYHME 7 7HX] 7tsd & otLte| FH TR MESI CPU Of HZZLICE 8 FX|= Wishbone H 2

(2 E AHESt= B SweRV EH1 Core = AXI E2|X| (F&M)E AHESHY| MHZ 0l Wishbone to AXI Bridge 7t
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}

Address
%«—» Boot-ROM IA\_ Decoder
Sys-Con | h Address[15:6]
|\l Address[5:2]
SPI1-Flash [ 2
@@ | SPI2-Accel |— % V::d:’: S‘E’:':V
‘ T
Timer I— )
@
-

7 (2] «—{ GPIO1-LEDSSW {me

([ uart |

373 2. RVfpga A|2B19] 1/0 A|AF

HY: SoCOM OF 22 24 245 HELC thg T+ & CIMEL|E HASHOF gL Tt
[RVipgaPath]/RVipga/src/SweRVolfSoC/swervolf corev (1™ 2 o] 247t QIAHADIE|= T2 HmHe).
[RVfpgaPathl/RVfoga/src/SweRVolfSoC/Peripherals
[RVfpgaPath/RVfpga/src/SweRVolfSol/Interconnect/Wishbonelnterconnect
[RVfpgaPathl/RVfpga/src/SweR\VolfSoC/Peripherals/SystemController/swervolf syscon.v
[RVfpgaPathj/RVfpga/src/SweR\VolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.v
[RVipgaPathj/RVipga/src/SweRVolfSol/Interconnect/Wishbonelnterconnect/wb_intercon.vh

MHE 2 22 SweRVolf (https://github.com/chipsalliance/Cores-SweRVolf) 0l & 1
20| EAIE FH &X| & 20 Zoe|of ASLCH E3| 28 ROM, A|2-H HEER (7 MHATHE
CIAZ 0|7} Qls), SPI Z2fA| B 22| X UART (12 2 0f|AM Sl o2 HA|). SweRVolf SoC = M2 FH
ZHK|Ql SPI 7t =7, EfO|T, GPIO B& (A2 2 0A WztMoz BA|) 2l 7 MOAHE C|AE 0| HEEZ

(SweRVolf 2| 7| = A|AE HEEE =E)E 0|83t 7|E SweRVolf SoC & =EZLICL

7t 2p GAE DRAMBRE S SASAHL S TN O BYLICH 22| Fak /0 2 8O2
O oFE|0] UOD HHAE, H22 HFE YO HTXE EE HX HESS HHALRD FLCH FH BK| =2
£ =U7| Si0f CPU &£ MIRE H22) B (5, H2el 008 AREN LS HELUL FH 2N

2 97| 9I8h CPU £ XIWE Bl22] FAUN 32 2E FUCH MapN CPU O] ZHEHRE ZE/ME RO =
XIS PHSHALL MENS SOISHALE HOIEIS 1 & 4+ ALt

08 29 HEIBHNE F24 75672 ALBSI0] EE UK HESS NUBLICL Y| HESE Fa

/5212 AFRBI0] BXIZ MO{Ste O AFREE Ofa] BIKIAE SO|AM Metsi|ct
3. HE UH/EE (GPIO)
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¥ /O (GPIO) TEB2{E T2 N0 2% CIXIE B =S8HLICh TR0 FOIT AjZHof of2{g
B2 93 EE 5202 YT 4 ALICL o XIY2 B EHYI0|0] Yots YL T2 Y AN HEY
& LICE GPIO T2 LED, 291X X FA| HET 22 ol X0 AZY & ALITL

08 32 el 9F WE CpU O GBS Yt GPIO 25| THASHE Choloj 1S ROFLICH e LD,
AQIX 51t 22 BE Y/E YXO| AZY 4 UFLICL T2 TN SMO2 2E BAIE tri-state
HIT{O| AZELICE O] TS ALSSIR T2 07t TS 92 £ 502 THY & UFLICE tistate
BT{7h 22tE|D HO| H2 S BLICH (O LED T58). tri-state BT} B ZHSIEB HO| 92 S
SHLITH (O 291%] ZHOIA 847])

GPIO
Read Register |¢—

Bus (Axi4, Wishbone...) ﬁ
Write Register + >

CPU

Enable Register

12l 3. GPIO tH=3} 3|2

tri-state H{I{= et HIHZ R SoALE (2 detel 39) 78 =9 (HEGetE 392 712 = USLHIL tri-
state IO = & 712 28, E(2g=h & 1 (¥S), otLtel 28, 07t A2 1 e[ 7 10 L&t
USLIEL E7F 1 O[H tri-state = CISu 22 L HHZ HFHLICL 25 (O)t YU ()0 SLELCH E 7t
00| 2t =& Ao|of AZHO| Gl =8 (0)0] +S= K| HELILE (O = floating). 18 30M &S
EHoR 757 RIS E= 10/H CPUZt EHE & & =+ USLICE EO| ez 4FEHEE 00|,
Ol CPU 7t Bl #35HA| 2ot ot FH X7t He 718 & + UA=E LT

H 1. Tri-state ZI2| &

Hi-Z
Hi-Z

RVfpga A|AE2 M 22| OfEE I/O0 & AFE5H0] Of2{et XA Y& gt &1 S ol E =0, 18
39| TWo| 2%|X|0f AZE|0 AL GPIO of 3712 2 X|AH 7 CHZaF 20| B0 ATt 7HF LTt
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Address 0x80001400
Address 0x80001404
Address 0x80001408

- Read Register

- Write Register

- Enable Register

AR|K| MEHE 27| 2Isl CH2
1. =M3 Y XIAE0 0 (£, 0x80001408 F=A0] 0 A& M),
2. 0x80001400 FAZ 2ZE HHS M0 7] X|AHE A&LCH

=X
=

=X
=

4. GPIO &9 =& AIY

O] MMO M= MK SweRVolfX's GPIO 2 &% =& AIYS M3 CHS 0] FH K| E AHESHE o 7HX|
LAB 2 A|QotgtL|LCt,

A. GPIO 112 A}

SweRVolfX O A AFE /& GPIO Z&2 OpenCores (https://opencores.org/projects/gpio) 0l Al 72 Zd iL|Ct,
OpenCores 2| GPIO 2 & CHREEQ} 24 M S kl= gpio_specpdf ZM= &2 &% AFYE HAYTLICH
Otz EC UM A8 5= AFLICH
[RViogaPathj/RVioga/src/SweRVolfSoC/Peripherals/gpio/docs/gpio_specpdf, O LAB 0| M= GPIO 2&2| 82
s U 7|52 QUTLICH £ gpio specpdfOll M A AHYS g2 5= ASLICT

GPIO 2Z&0l& ChS1t 22 F8 7|50] f&LCH
- Wishbone Interconnection & AM28fL|LC},
- FHI7|20 S
- AMXAHE 1-32 19| GPIO TS AT & QUELICH
- 0|2 GPIO 25 (GPIO ZOjatn = )2 HEZ A0 32 7§ 0|42| GPIO HOf| HM A & 5
ol L|L.

- BEGPIOE2LCE 762 & = USHLICH
o [=]

- -g8eo=z ==Y E GPIO H:
= SE0| JtsgL ot

hl =
= CPUO QEEE 2730| iz = AFLICL

GPIO T AFZO| MM 4 &= GPIO & UWOM AL 7hsTH MO B B BXIAHE AL Ch &
HXIAHE B 20| BEAIE 2 CHE F20| SYELICH GPIO HXIAEHQ| 7|2 F4A = 0x80001400 & L|CH.

¥ 2. GPIO 8| X|AE

Name Address Width Access Description

RGPIO_IN 0x80001400 1-32 R GPIO ¥ GH|O|H
RGPIO_OUT 0x80001404 1-32 R/W GPIO =4 G|O|H
RGPIO_OE 0x80001408 1-32 R/W GPIO =¥ =2to|Hf g4z}
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RGPIO_INTE 0x8000140C 1-32 R/W QIHBE 3t

RGPIO_PTRIG 0x80001410 1-32 R/W CIHBEES EZ|HSt= O|HE /A

RGPIO_AUX 0x80001414 1-32 R/W GPIO =0 st Ot5 Hx Y

RGPIO_CTRL 0x80001418 2 R/W Mo X ~H

RGPIO_INTS 0x8000141C 1-32 R/W QI HE AEY

RGPIO_ECLK 0x80001420 1-32 R/W gpio_eclk 7t RGPIO_IN & X[tz 2
2%t

RGPIO_NEC 0x80001424 1-32 R/W gpio_eclk 2] & UX| AEd

OpenCores 2| GPIO 2&2 112 30 EA|E CheEatEl HTECH SESHA|E 08 39| 7] (Y3), M7| (BY)
U MBI M M THO HXIAEHE MY B = AL LICH OpenCores 2| GPIO ZEO|A 0|2{3t 2| X|AH & 242
RGPIO_IN, RGPIO_OUT %! RGPIO_OE 2t 8tH F4 0x80001400, 0x80001404 S 0x80001408 Of ZfZt

Of & &l L ct.

=A: GPIO ZEO|A 2| X|AE RGPIO_IN, RGPIO_OUT % RGPIO_OE 2| Moiut sliet F40| Mo|E &t&L|Ct

GPIO 2=2 CtZ EL0| AELICL /RVipgaPathl/RVioga/src/SweRVolfSoC/Peripherals/gpio/gpio_top.v.

RGPIO_IN HX[AHE HE 23S 2 X|TLICt RGPIO_OUT HX|AEHE HE &S LS8 L|CH RGPIO_OE &

ZH)/0 Heg YUY = 2O 2 THETLCH 243 HIE (RGPIO_OE W7t BT T HE =

C2o|H7t 283t 5|22 TS LED oF 22 £ FH FX|of ddY = ASLICH 23t HETF X|YX|H
UUEA RERNE = QE S QoM XSStEE TS AQ(X]|

£ CS2tO|H 7} tri-state A Ef L=
=

= L
FAHED 22 28 FH X0 A2 = ASHCL

kA
rrJ

RVfpgaNexys Ol Al GPIO 2&2| M 16 7H2| GPIO & (E 15:0)2 Nexys A7 2E=2| 16 7§ LED Off HZAE L|Ct.
GPIO ZAEE2{9| OtX[%} 16 7H2| GPIO H (E 31:16)2 16 72| 2 EE AQX|of HZEL|CH

5. 7|2 o=l

LAB 1. RISC-V O{ 2| Z2 00 HEO|M AL8E £ U= 16 7H2| LED & o F0M CHE B2
BHEXO R 0|&st= 4 72| LED 252 20 F x

The| AKX S EESL|CE Switch [0]2 £ =2 BAST Switch [1]

e  Switch [0]0] ON (high)O|® HSE LED 7+ 24 S20{0f gLt DX o™ 7{T LED 7t HHI
SHO{OF Lt "W2A"t "=2|A"7t o|0|3t= HIE g2 & & UK F H= F SHLHE 2 5 A0{0F
St H7[2e = £ XO0|E HA| & 4= UA0OF gL Tt

e Switch [1]0] ON (high)0|H HSEl LED 7t LEZR0AM 2Fo = =M O[S3{0F ehL|Ct (T 215 LED Of
ZEOH QEZOIM CHAl AZ)). OZX| o™ AL LED 7t B REZR22 BhEsiA Z%0{0f
L.

=

Of2fl 38l 4 & LED 2t A7t ZE EA|El Nexys A7 EEE E0{FL|CL
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LED[O]

LED[15]

Switch[1] =]
Switch[0] =]

1% 4. Nexys A7 FPGA EE: LED o A%[X]|

rot

E: AX|= M 22| HEE /0 HX|AEQ| 31:16 HOf| HZAE|0 J}SLICE MELM Switch [0]2 A B H
RGPIO_OE [16]0] 0 & 2 CtS RGPIO_IN [16]2] ¢t= A 0{OF TtL|Ct CHE LED B AQ(X|0f AN ASHAH
RGPIO_OE & MAESIA Fdslof g L|Ct.

6. GPIO g +&29| 78, A|E|0|M

O] M0 M+E SweRVolfX Ol AFBE|E GPIO o] 23 & ME YEE MYeiL|ct 13 CHS RVfpgaSim 2
=5t1 Verilator 0| A ZHEHSH OIS 2] O M E QlTt oK AlZ20| 84S &L Tt OHX[Z 2 2 RVfpgaSim &
WX AlZ20|4% CHS =350 M GPIO ¥ FX|E F7I6t0 DXL 2 O] 2R FH TX|E AM8St=

Z2IUMS 2Y5t= R 71| LAB 2 HetetL
A. GPIO =& =& ¢

O|X =2l ofE 1/0 & A3t GPIO HOj| A28} i
HELICL GPIO & 38 52 20| M 7HX| 8 #&
RVfpgaNexys 2| | HZ (A2 52| A& 3
29 d9) (3) GPIO 2+ SweRV EH1 Core 7H2| &

oo GPIO 9| StR =& ME JEE A
E L& = B UCLL (1) & 2= LED/A2IX|0f CHet
O BEE SweRVolfX SoC Off E8 (A& 52 &7t

m of
12
)
n)
T
Ho
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@4—' Boot-ROM |

EEEEIEEEE] — Sys-Con

SPI1-Flash

1% 5.3 E72| GPIO 24

i. LED/ASIX|E SoC ot HE

= A
UIAS HOIFLICH 2 HE FA|E XIHE FPGA Tt AZELCE 01 S0f, BEQ| 71 22F0f 9k
29

K| @1 Switch [0]2 PCB 2| E2{|0|AE &3l FPGA E J150ff HAZAE L|Ct

H
nn

Nexys A7 2E0]= 16 72| LED 2+ 16 7H2| 2IX|7t AELICt 16 7H2| LED & SoC 2| =<

(RVfpganexys 211 &, /RVfogaPathl/RVioga/src/rvfoganexys.sv Tt LOIA AME 7h5)1F GlZSHE MSE
o_led [15:0/0|2t1 5t 16 7HE HASI= M= E %9 Z&0| U= 29KE [fsw /75002t Lt I8
6 2 Xilinx Bl constraint I+ (xdc) Lt Q! rvfpganexys.xdc (/RVfpgaPathj/RVipga/src M AHE 7+s)2Q|

MH S BOlFLICE 07| M A1z F FPGA T AF0|2] 32 7] HZO| Folx|0] A& L L
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set property i PACKAGE PIN TIOSTANDARD LVCMOS33 [get ports { i sw([0]
set_property -di PACKAGE_PIN IOSTANDARD LVCMOS33 } [get ports { i_sw[1

set property i PACKAGE PIN IOSTANDARD LVCMOS33 [get _ports { i sw[2]
set_property -di PACKAGE_PIN IOSTANDARD LVCMOS33 } [get ports { i_sw[3]
set property i PACKAGE PIN IOSTANDARD LVCMOS33 [get ports { i sw[4]
set_property -di PACKAGE_PIN TOSTANDARD LVCMOS33 } [get ports { i_sw[5]
set property i PACKAGE PIN IOSTANDARD LVCMOS33 [get ports { i sw[6]
set property i PACKAGE PIN IOSTANDARD LVCM0S33 [get ports i sw[7]
set_property -di PACKAGE_PIN TIOSTANDARD LVCMOS18 [get_ports { i sw[8]
set property i PACKAGE PIN IOSTANDARD LVCMOS18 [get _ports { i sw[9]
set_property -di PACKAGE_PIN TIOSTANDARD LVCMOS33 [get_ports { i_sw[10]
set property i PACKAGE PIN IOSTANDARD LVCMOS33 [get _ports { i sw[1ll
set property -di PACKAGE PIN IOSTANDARD LVCMOS33 [get _ports { i sw[12]
set property -di PACKAGE PIN TIOSTANDARD LVCMOS33 [get ports { i sw[13]
set _property i PACKAGE PIN IOSTANDARD LVCMO0S33 [get ports i sw[14]
set_property -di PACKAGE_PIN TIOSTANDARD LVCMOS33 [get _ports { i_sw[15]

set_property -di PACKAGE_PIN IOSTANDARD LVCMOS33 } [get ports { o_led[0]
set property i PACKAGE PIN TIOSTANDARD LVCMOS33 [get ports { o led[1

set property -di PACKAGE PIN IOSTANDARD LVCMOS33 [get ports { o led[2]
set property i PACKAGE PIN TIOSTANDARD LVCMOS33 [get ports { o led[3]
set property i PACKAGE PIN IOSTANDARD LVCMOS33 [get ports { o led[4]
set property -di PACKAGE_PIN IOSTANDARD LVCMOS33 } [get ports { o_led[5]
set property i PACKAGE PIN IOSTANDARD LVCMOS33 [get ports { o led[6]
set property -di PACKAGE_PIN IOSTANDARD LVCMOS33 } [get ports { o led[7]
set property -di PACKAGE PIN IOSTANDARD LVCMOS33 [get_ports { o_led[8]
set property - PACKAGE_PIN TIOSTANDARD LVCMOS33 [get _ports { o led[9]
set property -di PACKAGE PIN IOSTANDARD LVCMOS33 [get _ports { o led[10]
set property i PACKAGE PIN IOSTANDARD LVCMOS33 [get ports { o led[11
set property -di PACKAGE _PIN TOSTANDARD LVCMOS33 [get _ports { o led[12]
set property i PACKAGE PIN IOSTANDARD LVCMOS33 [get ports o led[13]
set property -di PACKAGE _PIN TIOSTANDARD LVCMOS33 [get_ports { o led[14]
set property -di PACKAGE PIN TIOSTANDARD LVCMOS33 [get ports { o led[15]

J3 6.2 HE 220X|7} = isw [15:0] U 2EE LED 7k = o_led [15:0] €Z (WY
rvfpganexys.xdc).

YT 2= (rvfpganexys)2| 48-49 &2 SoC (:L 270 2dF 20 ¢ZE F M2 E BOF1 i ZE0
= d AZ &= swervolf_core

o
DE9| GPIO O HZEl 32 HIE %34/%4 MBOl jo data A= (257 )0 HEELICH (L= 08 8 &X).
st

ddldl’ﬂ a,
ddlam_ba
ddram_r
ddrdm

ddram:dm,
ddram_dq, = = :
(litedram init error),

ddram dgs n, io c ({i_sw[15:01,gpio out[15
ddram_clk p,
ddram clk n,
ddram_cke,
ddram_odt,

-+ + +

_ A

( C
o led[15:8] gpio out[15

a8 7. 49| BE (rvfpganexys.sv)= AFE510] LED U A 9% HZ

QA constraint IO Al SweRVolf SoC 2& (io data0l B2 E)E O] F M= (fsw X o led)E MHELILCE
CHS TS #Ols|or St
[RVfpgaPath]/RVfpga/src/rvfpganexys.xdc

[RVfpgaPath]/RVfpga/src/rvfpganexys.sv
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/swervolf_core.v
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O] MMM 22|= RVfpgaNexys Ol A GPIO 2&2| 16 7H2| & #M GPIO T (15 ~ 0)0| 16 7HS| & EE
LED O A4 GPIO HEE2{2| OFX|2 GPIO & (31 ~ 16)0] 16 72| 2 HE AQIX|2 WAL QCt
LZHSLICE 0]Zd0] O MMmt T3l g off dEE &t X|BL|7}?

ii. SoCO|GPIO 28 §%
swervolf_core & (/RVipgaPathl/RVipga/src/SweRVolfSoC/swervolf core.v)2| 299-354 0| X GPIO EE0|

QIAEHADIE D SoC Of SSELILH(AE 8 TX).

en_gpio;
gpio irq;
i gpio;
o gpj_cu;

gpiol@] ), .inplo_gpio[8]
gpiolll ), .in gpio[1]
gpiol2] ), .in gpiol2]
gpio[3] ), .in gpio[3]

}l i g pi (o] [
)
)
)
gpiol4] ), .in gpiol4] )
)
)
)
)
)

8] )
gpiol1] )

i_gpiol2] )
i gpio[3] )
i gpiol4] )
51 )

6] )

71 )

3] )

a] )

, datalo] ));
: gpiol

gpiol5] ), .in gpiol5]
gpiol&] ), .in gpiol6]
gpiol7] ) in gpiol71]
gpj_(l[ 3] ) .in gpio[ 8] i gpio[
gpie[9] gpiol9] ) (i gpiol
gpiol10]1), .in gpio[10]1), (i_gpio[18]),

gpio[11 .in gpio[11]), . (i gpio[11]),
gpiel121), .in gpiol[12]), . (i_gpio ),

gpiol .in gpiol (i_gpio[13]},

gpio[14 .in gpio[l tp(i_gpio[14]),

gpioll .in gpio[l (i_gpio[15]),

gpio[16 .in gpio[16]), . (i gpio[16]),

gpiol .in gpiol (i _gpio[171)

gpiol .in gpiol p(i_gpio[18]1)

gpiol gpiol . (i_gpio[19])

gpiol .in gpiol - (i_gpio[20]),

gpiol .1in gpiol . (1 gpio[21])

gpiol in gpiol (i gpio[22]]

gpiol in gpiol (i_gpiol23])

gpiol .in gpiol . (1 gpio[24])

gpiol gpiol : (i_gpin[25])

gpiol261), .in gpiol261), . (i_gpiol26]1),

gpiol2 .in gpiol271), gpio[271),

gpiol ) ily gpiol28]1), (i_gpie[28]),

gpj_cu[ .in gpicu[ (1 gpicu )

gpiﬂ[ .1in gpio[ (i gpio ) [
gpiol311), .inplo_gpiol311), . (i gpiol311), .bidir(i

i gpiol
i_gpiol

gpio
wb adr[5:2]1,2'b0}),

gpio

gpio

gpio

. g pi o

L 5£m g pi ]
(gpio_irqg),

(i_gpiol[31
(o gpin[
(en_gpio));

% 8. GPIO 2 & & (swervolf core.v).

259 QHIO|A= & 7S 2522 Ltz 4 UAELILE SweRV EH1 Core 7t ZHEER/FH A RES
A

AH230] GPIO F E4A1EH = Q1= Wishbone A St (E 3), 25 1/0 A3 (E 4).

¥ 3. Wishbone 4%
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Port Width Direction Description
wb_cyc_i 1 Inputs SaTH HA ALO|E HA| (2O MEH)
whb_adr i 15 Inputs A U
wb_dat i 32 Inputs ool 2%
wb_dat o 32 Outputs Hiole £
whb_sel i 4 Inputs OiO|E HAS| &%t HIO|EE LIEFRLICE
(72 AtO|Z =2t Oxf OfOF &t).
wb_ack o 1 Output S0 =Y (YoHQ ERMMMY ZRE
LHEF)
wb_err o 1 Output 25 ol =3 (H|GAX0l EFHTM
SEE LIEY)
wb_rty_o 1 Output OjAHE
wb_we i 1 Input high 7} & Of EZIFM M7
wb_stb i 1 Input S5% HOIH M& AO|E2 LIEHHLICE
wb_inta_o 1 Output EHBE =4
H 4. 21F 1/0 H=
Port Width Direction Description
in_pad_i 1-32 Inputs GPIO 2%
out_pad_o 1-32 Outputs GPIO &=
oen_padoen_o 1-32 Outputs | GPIO &8 E=2t0|H 2d3} (tri-state =&
QE Lol E2to|H 8)
2 82| 342 MO EAIE AKX, Wishbone HA MS wh m2s_ gpio_adr [5:2/01 M 2017t HEste FA9|
HE ot o2z o HX|AH 10 7 & SHLHE MEiSt= O] AL8ELICH Ol 4 HIEE= wh adr i

8
5:2 EAFR ts

23 ext pad i= GPIO 2

336)2
HHogm AMSH &

=z oz JAMsHof St} A

ol L|Ct.

neHo

swervolf core 29| EHZ0°

module bidirec

assign outp =
endmodule

S GPIO Core Off MSELCH(AE 80= #AIE).

171 BRI AH (RGPIOLIN)Of| 27 HZELICH DRYIHR| 2 &9
#7] HRIAH (RGPIO_OUT)O X HAZELICE Of & M= 32
Sl LED . AK| (/ gpio, o gpio, io_data)0ll HZA

£l
=

LICE O|Z A ot 2= 32

ext pad o+ GPIO
09| tri-state H{H 2= (O 8, 2t2l 305-

o2 olgd tc =
|_|E t:|—4| 4

22|o] A< ottt 16 7§ TQl 15:0 EO| LED off MIZEf ez (a8 7)

(input wire oe,
assign bidir = oe ? inp :
bidir;

ARl 16 70 T (31:16)2 A°IXI01|
| (634-640 ).

Chg =2

nosEo
==

input wire inp,
1'bZz ;

dZgo2 (12 7) Yoz B0 gL}
SHSEA] 32 709 tristate B{IHE oigtL|Ct.

output wire outp,

inout wire bidir);

7tX| 7ts

TASKS: GPIO T (jo data)2 tri-state HHIH S

GPIO R &1} 25 E LED/AYK| 7t dAE 1

£33 GPIO 2

=0 22

=24
St &Ell (0e =0 5 oe = 1)0] CHS tri-state HHE 2443 L|Ct,

Y M T2 He

Lo (a8 8 #x). 243t =2

en_gpio Ol 08 kS ZE3HOF SLI7}?
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Ill}!

iii. GPIO 2 SweRV EH1 0] 7t2
JZ 20 #EAlE ANH K| HEEY= E|“E“A1 S HE|X|E Sl SweRV EH1 Core Off HZE L|C,
ZE[ZA M= CPU 0| M B8 20 W2t N 7HS| 7hs3t FH FX| (0| B2 N =7) & StLIE ML
BHE|X|& &KX HEZE20|M AFR3t= Wishbone A ZE SweRV Core 0| M AF23tE= AXI4 AT 2 Hskstn 1
B 2 = HSBEL|CE (JRVApgaPath]/RVipga/src/SweRVolfSoC/interconnect/AxiToWb/axi2wb.v T L0 A T+

r

e

71 HEIZMM (2 9=
[RVifogaPathj/RVioga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.v Tt 0| A 731 x|
[RVipgaPathl/RVioga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.vh Tt 2 2| 04-205
oA QIAEADE EIL|C OFX| & T Y2 /RVApgaPath]/RVioga/src/SweRVolfSoC/swervolf core.v X0 U=

swervolf_core 2&2| 168 0| Z&tx|0] QUELICE

c_adr_o, wb_gpio_adr_o, wb_uart adr o),

gpio
gpio
gpio

wb_uart_c o}),
gpio rt_bte o
gp1o a i a i
gpio
gpio

wb_gpio_rt

A%l 9. 7-1 HE|Z# A= CPU (wb_intercon.v)0f| ¥1Z& FtH XX E MEASHL|C}

J.n.

HE|ZH A= 242 110-111 2] F=A0f 2t CPU (wh jo. * A= — 08 92| 115-126 H)E Wishbone HA
(13 991 127-138 W)0| HZSHO| AALE 2 T TAIS MUTLICL 02 SO CPU O M M4 8 T2
0x80001400-0x8000143F H /0 A2 GPIO FH ZHX| 7} MEH

AZE LT

EBE whio * MNZE wh gpio * L=t

8 102 HE[EHA Q| Verilog 732 E0lELICt
([RVipgaPathj/RVipga/src/SweRVolfSol/Interconnect/Wishbonelnterconnect/wb_intercon_1.2.2-r1/wb_mux.v
oA ALE 7ts).

T E|ZUM THES KMS| EMBHUAIL. GPIO T AS (wh_gpio. %0l BEE 4 JSLICH OIS
A2 HASHOF SrLCt.
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Peripherals/SystemController/swervolf_syscon.v
[RVfpgaPath])/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.v

[RVfpgaPath])/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.vh
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon_1.2.2-r1/wb_mux.v

SoC 2| O] 222 O[8i5t= A2 O|'H LAB i OtL[2t &= LAB M S2ELICH L& MMM sdE =

Imagination University Programme — RVfpga Lab 6: Introduction to I/O
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AlE2fo|d2 ZEIZAMeL HEE M22 U= E FI5H0 AE220|8 S &Hdt= B2 Ol3fists O =&0

slave sel bits = num_slaves 1 num_slaves

] err
slan
num

addr_match
aw! | MATCH_ADDR[idx aw+:aw

function [slave
i num_s

i = num_slaves-1
in[i

ffl =1

slave sel = fflimatch

b clk i
whm_err ] i match

num_s
num

num

num_s iz

match whm_cyc_i slave sel
sth i

num_s1 wbm cti i
num_s1 wbm_bte i

sel dw-: dw

sel

sel whm_err
whm_rty 5 rty i sel

& 10. Wishbone HE|E3M (I wb mux.v).

B. Verilator A| E2|0| M
Of MMOIAE BIX| A @2 MBS Z7}5H0] Rfpgasim AIBHO|E|S AR BILICL 13 T} Verilator 8
r X<}

At&35H0] RVfpgaSim 2 CHA| ZI St A|220[E 7} ZhEhot T2 O3S Al Ijf O] M22 M3 E
=gk

i. RVfpgaSIM £ S xf Hajd
A2 0| MO M e AX| LED Lt AQIX|7t QLT Maty BAE HIX|

Imagination University Programme — RVfpga Lab 6: Introduction to I/O
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([RVfogaPath]/RVfoga/src/rviogasim. WO A SiE 41
25t 22X 152 AlE 0l Lt Qg

(A2 119 QEZE H&)

2 (1 sw)of &= 2t OxFE34 (A E
A

1 g2
2| X7} SweRVolfX Core Of CHot Yo 2 XS & L|Ct

_sw,16'bz

AIZH QHH MO M testbench (rvfogasim.W= RVfpgaSim (2
o

A 2
£=ASET swervolf core Z& (2 129| LEZE 2E)g QIAHAD} $HL|LC}

1Tau tck,

_gpio)

13 12. RVfpgaSim % SweRVolfX Q1A

ol M=o M= AlZ2f0|E0] MER Ye/2H U E F7tE = JUSLICL O S0, B2 7Y RER
ol

AQK|0f| Tt 242 MEStE 1 swO O|2Hs RVfpgaSim O €3 M E mtetes WS dEELCH

Chg BHAE W=

iRl

A2,
1. [RVipgaPathl/RVipga/src/rviogasim.y THY 7.
a. 1 swO Olgl= MZ2 1-bit Y3 MZE ZRtetL|Ch A2 13 & HRSHIAIL.

clk,

rst,

i jtag tck,
i jtag_tms,
i jtag tdi,

i jtag trst _n;
o jtag tdo,

0 uart tx,
o_apio,

1 swa)

2 13. M2 i swo & M35,
b. O AZE h Q2% AQIX|Z MISHIA|IR. LIHX| AQX| 32 OxFE34 2 EEBHLICH (bit 0
HMel). 18 14 2 &xSHMAIL.
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3 14.i_sw0 S W 2EHR 22X 2 XSt

4
>
<
@
5
8
ofo
(@)
+
+
=
ro
H
e
1o
I~
=}

2. [RVipgaPathj/RVipga/src/verilatorSIMy/th.cop Tt &
F

OFX|QF 2EO|M HHEROZ 22 HAZ AAS

=)
j=n
'_l.
'_l
D
o
o
8
]
o
w
o
W
I'IJ|I1J
e
mjo
x A

SoCOf tigt 28 M= 2f BH=0A 0T gt5 BHH5H0] (1-0 £= 0-1)0] B L{O| M

= ‘SELICH (178
). ok A|E2|0|M A|ZH2 7t main time (180 2tQ)2 2 A AtE|(f Lt X CHRI2 27

(28 AO|E2 20ns 0|22 23 HALE 10ns). OFX|H 22, A|E2|0|M A|ZH0| timeout (BFQ! 173-
176 2| E7tM HE) ZHof =26 A|E80|M0| 2tE & LT}

", main_time, top->o0_gpio ?

timeout)) {
t time ", main_time);

a3 15. A|E0[4S2|S While loop

Fzol S0{7t7] ol M 1_swO M=o O|Tl gt o0& ot (AT 162 AF £2)
AlZtof 1 2 gL oH (A3 162 RLEZ R& EX).

I LHO|A 30 us

-{IU
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top->clk = !top->
main time+=10;

(main_ time == 3

top->1 swh = 1
}

top->i_sw@

('(done || Ver otFinish())) {

a3 16. M= i swo Off 2t 2.

3. ol2fgt RE BlES A 20= o3 BFS A0 RVfpgaSim S LAl HIHABHHAIL (GSG Of
2Y5 0 UAS).

cd [RVfpgaPath]/RVfpga/verilatorSIM
make clean
make

M I+ Viviogasim (RVfpgaSim AlZ2i|0|4 BIO|UHE|)2 /RVipgaPath]/RVipga/verilatorSIM Tl E E 2| LY
44 |0 OF gLt

WINDOWS: Cygwin E{O['20 A OFX|D} A (4 THANE =AsHOF S LITH (REMIH X2 AlZF QHLHAM 2| M 6
8 HZ C &X). C: Windows ZH+& Cygwin (/oygdrive/90| M &S = UAELICE

MacOS: AtMeh X[ -2 A% QLA 2| £5 D & HZSHIAR.

ii. ZEI3 JedsSwitches.S2| A 20| &M

O] MMOj|A+& RVfpga AIZF OHLHM Q| LedsSwitches.S I M =213 (A3 17)S AIE8|0|M THL|Ct. 0]

T2 ML AQIX|Q] ZtS AT Nexys A7 HEO| LED Of 8T g2 £ LICH 32 71o| /&2 mo| ¥Ho
|I|'Ef o|E1 |:|:'— *E#o; ;L}gl |E§ §I-A-I$|. E|x|AE.|E _—rl.A-IoHoF o|-|__||:|- E-c‘,-| GPIO o| o|- | 16 7|.| Elg LED 0"
AZZ|D 2 CPU O Clist =3 T RILICH (Enable = 1). GPIO 2] 49| 16 7)f T2 CPU Of CH$H & Ho| AQX|0f
AZELICH (Enable = 0). 22 X|= 17| HIX|AEQ| 42| 16 HIEE XX|SIEE tS LED 0| 27| Fo
REXOCE O|33lofF gLt

#define GPIO SWs 0x80001400
#define GPIO LEDs 0x80001404
#define GPIO INOUT 0x80001408

.globl main
main:

1i x28, OxXFFFF
1i x29, GPIO_ INOUT
sw x28, 0(x29) # Write the Enable Register

next:
1i al, GPIO SWs # Read the Switches
lw t0, 0(al)

1i ao, GPIO LEDs
srl t0, t0, 16
sw t0, 0(a0) # Write the LEDs

Imagination University Programme — RVfpga Lab 6: Introduction to I/O
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beq zero, zero, next
.end

a3 17. SweRVolfX SoC Of| M A&l5t7| I8t LedsSwitches.s

Al Z2 0[S A&liste{™ CHE THAE MEMAIL.
1. HAEEOAM VSCode/PlatformlO & Y L|Ct.

2. AT EA E0M Fle — Open Folder ... (A 18)2 &SI /RVfogaPathl/RVfoga/examples/
Ci¥E22 0| gL Ch

File Edit Selection View Go Debug Terminal Help

New File Ctrl+N

New Window Ctrl+Shift+N

Open File... ctrl+0
==

Open Folder... [Ctrl+K Ctrl+0] I
Open Workspace...

Open Recent 4

Add Folder to Workspace...

Save Workspace As...

Save As... Ctrl+shift+s

Auto Save

Preferences 4

Close Editor Cerl+w 4.
Close Window Crl+w

Exit cerl+Q

12! 18. LedsSwitches.S G| & 7|

3. LledsSwitches LM E2| S HEfStL (X 20 MEHDE SHUAIR)

PlatformIO Of| A & & L|C}.

tot

oIS SEBIUAIR. O X =

4. platformio.ini Tt S 1 0| A ‘d-d3t RvfpgaSim A|E&2f0|M Hio|{2] (A8 19)9] A= (O|H™
Mol 3 BEFA)7F SHHEX| ZQISLICE GSG Ol A CHE1 20| EA|Z[0{OfF fL|Ct
board debug.verilator.binary =
[RVfpgaPath] /RVfpga/verilatorSIM/Vrvipgasim
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File Edit Selection View Go Run Terminal Help

@ EX R g latFormio.ini

> OPEN EDITORS
 LEDSSWITCHES

& platformio.ini
£ README.rst = 1152068

c/rvfpga.bi

rilators.

13 19. Platformio ZX7|2} TtY: platformio.ini

Windows: RVfpgaSim A| =20 M8 OtAUZ vrvepgasim.exe 2t1 BHL| L}

board debug.verilator.binary = [RVfpgaPath]\RVfpga\verilatorSIM\Vrvfpgasim.exe

5. ¢& Ol 2|&0|M PlatformlO 002 .% = E5H0] A|=220|dS2 HATt TtS Project Tasks —
env : swervolf_nexys — Platform 2 2610 Generate Trace & 22 gfLILCE,

trace.ved THY-2 /RVipgaPathl/RVioga/examples/LedsSwitches/. pio/build/swervolf nexys L0 ‘48z 0f

RA0{0F 3, PlatformlO E{O| 20f Ctg BHE YHSIH GTkWare 2 E = UAFLICL

gtkwave [RVfpgaPath]/RVfpga/examples/LedsSwitches/.pio/build/swervolf nexys/trace.vcd

WINDOWS: C}
UGS LICE s
New Tab S 2

trace.ved It

2EED gtkwave64 L 0= bin BL Q0| gtkwave.exe Bt= OHE 2|7 0|4 0] ZEHE|Of
S8 Z2IUMS F ¥ S 2510 GTKWave £ A|ZIL|CE 0fZ2|7 0] 2 EHo)| M File - Open
2 [RVifpgaPath]/RVioga/examples/LedsSwitches/ pio/build/swervolf nexys ZE 0| ‘4-d &l

ne
njo
e
r
fim}

()]
inl
Ojo
>
fo
i
—+
o
(o)
D
=2
Hl
DOI-
Q_I-
-
fiml
=)
il
o
N
>
fot
mu
plat

o2{H RE nifpgasim-swervolf 2 O|E).

- GPIO Y8 M= 7}/ gpio
- GPIO £8 M= F7}: o gpio

2= (28 20)01M 16 7H2 22X (7 gpio = 2| X ¢2| HIE 16 7H)2| 2t0| ozt X[AHE LEHZ 16
72| LED (2= o_gpio 2| Z|5t] HIE 16 7H)0f ZAtE= A 7 AFLICE EBF AIZH 30us Off A
REZ AKX (0>1)7t M1 0|2 QI3 ¥ RLEZLED =

- Mo
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Signals Waves
Time

clk
i gpio[31:8]
0 gpio[31:0]

12! 20. LedsSwitches Z213 A|E2jo|M

flun §
=}

kJ

7.

S 2. O Mdo| AZ2)0|F2 O AtMI5| M3tdAI2. I8 21 2 GPIO X 2H (2dzt 817] 8 27))0
OH
ol

MASH= M| 7HX| HEO| ZX HA|E elf LedsSwitches Z21H (A& 17)9] CIO{ A 2| HH S 2O FL|CE
A2t ZHO|EO|M 20 LHOM I LAl HE == firmware.dis THY-S ZOf PlatformlO O A elf Z2 19| C|A

OdEel HEEZ & 2 = UASE 7IYstuA| 2.
[RVfpgaPath] /RVfpga/examples/LedsSwitches/.pio/build/swervolf-nexys/
Aag 21 #x).

Disassembly of
(L[
bf=>

# 0B1408 <OVERLAY END OF OVERLAYS a0001408>

addi a 024 0B1400 <OVERLAY END OF OVERLAYS af001400=>
lw

001464 <OVERLAY END OF OVERLAYS

8! 21. LedsSwitches.S T2 18490| C|{MdE2| HH

RVfpgaSim Of[Al O] Z2 RS AlZ2f O[3t OF 21 (sw, 1w X sw)O|M BZHMO = L BAIE A

[m=
IRl H22| BHEE 242 MAlst= S GPIO A= E 2MTtLICE O] A2 MM A0 dFE GPIO ot9| =&
THHE Olgfiste o ==20| E Lot
MM B o] A|Z80] MO M AIZISHO] CHE M0 TSt 3f2 F7I6tn 24T 4= JSLCH A MZE &7
X

- rvfpgasim — swervolf — swerv_eh1 — swerv — ifu
- 23 dk
= ItN2 BYHOA: ifui0 instr ¥ ifu_i1_instr.

- rvfpgasim — swervolf

= 3 HE /&8 ©: j gpio ¥ o _gpio.

=  CPUOIM HEdte FA: wh m2s_io_adr.
- rvfpgasim — swervolf — gpio_module

= GPIO 2|§ QHL|0|A: ext pad i ext pad o ¥ ext padoe o.
- rvfpgasim — swervolf — wb_intercon0
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= O 20 HEIZHMO| i =2 F4 W HOIH M= wh o adr i, wh_io_dat |
wb_io_dat o.
= 1% 2: wh gpio_adr i whb_gpio_dat i wh_gpio_dat 02| HZE|ZH A0 CHS L3 GPIO
Oo|H Az,
= 8 29 HEIZHAMO| CHSH Selection MZ: wb_ *_ ¢yc o.
- rvfpgasim — swervolf — wb_intercon0 — wb_mux_io
= O3 29 HEZHMO| ot match &1=2: match
- rvfpgasim — swervolf — swerv_eh1 — swerv — dec — arf — gpr_banks(0) — gpr(5) — gprff
= t0Of CHE 2IXIAH 2t dout.

HE 3.5 709 2 BE FEA| HHES K|St S RVfpgaNexys £ S etL|CE FA| BES 02 22 0f Ltet
UGLIEL 5 74 HHE2 #IX|0f w2t 0| 0] XY ELICt. 9, oteh, 215, 2B 8 720 - BTNU, BTND,
BTNL, BTNR, BTNC.

Pushbuttons

13 22. Nexys A7 FPGA HEQ| ZA| HE

a. 227t AA83t= GPIO 2&2| [t 27| (gpio_ top)= 27t 7K 2= 1/0 Tl 421 32 (LED
16 70 + 221X 16 7H)2h= HS Zotst I SweRVolfX Off Y= GPIO B&E2| & CH2 QAAEHAZIE (5
JHel MZ2 tri-state I X st R E M3) Zetst LQ It JAELICEH

b. M GPIO ZEE2{0f 28 ==& X|2H OfES fI3H 0x80001800 (AHE ZHs58hOIM AlZ 5=
FAE MESELICHE A T HXE ZEsta{H HE|ZHAM (O™ 9)E +HdfoF gLt

C. 35 o] FA| BIEO]| T+ FPGA TO| QZE|0f UCH: M2 TAsto] Hof 2 THUS SHHor
St

i. BTNC+= PIN N17 0f FZAE L|C}
ii. BTNU <+ PIN M18 Off SIZAEL|C}
jiii. BTNL2 PIN P17 Off ¥ZE L|C}

iv. BTNR2 PIN M17 0 HZEL|Ct
v. BTND £ PIN P18 Off G ZElL|C}
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A& 4.5 79| 2EE FA| HEO| CH3{ RvfpgaNexys Ol CHE HEEHE HASLICL
a. 9531 e ojHe| ZL0= 13 30| A= MAO {2t Verilog EE= SystemVerilog 0l A
XAl GPIO HEEZE Toldof L Ch M2 oY 2|28 Traststa 97| HX[AE T
zZotel = AFLICE (F, tri-state HIE = 27| EIX|AEE 227} 8l8)
Al HHE2 GPIO HEEZ0|A ALESHA| & Fa0| IjEE & A2 O A0
1S MAg 227t s
R0 M HEEE =gttt AEER e T4 Eel
x8000101F & ALY #= USLICH A& HEEL 0| =&t e 2X|2H=
wb_adng 7|HtS 2 Wishbone HHA (o_wb_rdt)2| H|O|H Ao &H
%% LI T S-S Ol8idts O =20|2| =5 swervolf_syscon
25
([RVfpgaPath]/RVioga/src/SweRVolfSoC/Peripherals/SystemController/swervolf syscon.)2|
234-266 Y= QASHUAI2.

HE 5.1 2E AESto ME 37tst= 0|7 7H2EE LED Of EA|St= C T2t RISC-V o2 2|
ZRIUME AESLCH AR Al 2o 8 HlT = JUEF 2} FIHE S BAISHE AtO[Of X[ S (2HA)
A7l 8l 2 matstofof gL|Ct S 3 oAl 731 El OpenCores T &X|E Sl BINCE 241 0|2
AHE5L0] 7t E {2 & WASD, HE 40M FHE YA T HX|E Sl BINUE 91, 0|E £ mjopct
7} EE CHA| A|ZHSHE O] AM8 gL Ct
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