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FEEER6-100 - JGRFER A0 (i A1 R Vipgaltyiim At (Input/Output > 1/0) Zu&ft > DA
{EHHRISC-VR F a5 BRI S (I G 8 o N SO 1 s s B S 7Y £

- EER6 - WU A E Nexys AT RSN HAYLED ~ BrIRs A2 SH A 28 A Al
( General-Purpose Input/Output » GPIO ) 5[Hil

- BB RO AR LT RS

- EERS  ERATEHE R ES

- B9 IR o A e S N A A

- BEB10 : IEETRIRVipga 24t Bl SPIIZERE 25

FEARERT » WFTE IR IO R R LU RVipga it - IRV (5526)
A& 4 B ] GPIOTE I e Y (LB B R A (ZB3671)  mefk - PR E BB E SweRVolfX
SoCH i FHHIGPIOfE RS © H e/ M H PSS M EEAGE (AR MIESE T ) -
FRe i 8 > i HRPE EAF - £ Verilator i fERVpgaSimall /A #EE G e AasS B 5 (55660
FIZETET) -

HATEF R 7- 100 (M ERVE G - fERR ST - JTRSeo 48O RIZsHY S AL
(HETRE ~ BFas R EDURGC RS ) - AR 4 — AR AR B ] 5 I 48
i o AEERR A IR a2 RIS B F - m A o B B R D e DU ps
HIF R mRME B HIiE -

EEEREHE G DRSS B R R - B0 - £ — /5% —FrEE (1
G ETE SRR RGAH R ) b BAGE (AERAVESH) el - B2 fEEEEIUER
1 (B ARSHEEA N RSEET) b o o] DU A AR SRS o (AT 5RAY 5556
FIBTET) -

2. o A\ A

[ 1 P 185 S K 2 2R S - IS MR CPU ~ SCIRASAINO Zade = (i 1 SAFAHAH AL - 1E
FER6-100 » FATGFER M 4ACPUSE At (1/O0) KENTH) - VOSEEWAE KiH B
SR R E - TR £ ITHIE
- CPU: CPUEFTAIOBRERVEHEEE - RFTEIOR A a2 CBEmME T £5EE, -
HEZMERCHEMN) - ERECEREFH (Direct-Memory-Access © DMA) #%fill25
(DMAC) trr]LlseE EfEs - EAER T AL -
SEPERIES | HE SRR E B A KA TIRE - BRI RO %
s AR (DR T REEE ) o EREECHER) - e &
BEERIES H— BRI A A H a7 AU B asdl ik - S i e EIE N A EK e E
T TIREEERAE -
- BB (ERPENACEEERS ) (A7 SR L T — RIS - T3 s
1B BRI AR B E - (E RN L A B R R S AR
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Memory

< FAST INTERCONNECT (AXI) >

Bridge

< SLOW INTERCONNECT (Wishbone)
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Device
_b
Controller
(includes a
series of
x registers)
E1E A E R
& 28 T RVipgalfJl/OZ:47 - 24t EFaLL T TEEERH -
o HPEEIGPIOBHAYLEDFIGHRE (Wi R — 1 B )
o HPRE| RGBS ARV T LR
o HPEEISPIMEAARYTRPTRCIRAS
o HPEEISPI2EAHATINZEET
o GtiFeEs
e UART
o [FHLROM
% T st U T REME B — (A S i R L B CPU R - 53 - WVEERA Wishbone-AXI

fEfEes - N Ry A i (5 A Wishbone P #F (MK E)

() -
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l Address

&«—» Boot-ROM I—[\_ Decoder

SVS Con |— Address[15:6]

Address[5:2]

SweRV
EH1

—  SPI1-Flash |—

WB-Axi
Bridge

*‘—’ SPI2-Accel |—

Timer |—

JexadnynAl T-£

7 (2] «—{ GPIO1-LEDSSW {me

[ uart |

[E2. RVfpgaZ &t HHYIOZ4R

f£% © ESoCHHFE2HVEHETTE « TR ZEmE L TEZEME 8%
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/swervolf _core.v ( £¥5Z » HhE2HITTEZEERNIE)
[RVipgaPath]/RVfpga/src/SweRVolfSoC/Peripherals
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/Interconnect/Wishbonelnterconnect
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/Peripherals/SystemController/swervolf_syscon.v
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.v
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.vh

%1 (RVfpga AF9$5EE ) Fralt - [R4ASweRVolf (https:/github.com/chipsalliance/Cores-
SweRVolf) {EH&E2FTREY—EERH « EASEEFREROM ~ 245125 Hes (7SR
#5) ~ SPHRPIECIEASFIVART (FEER2FERAEEHE) - IRIBEAGSG » SweRVolfX SoC{#H
SRR GSweRVolf SoC : SPIfZET ~ 51iF%s - GPIOWEAH ({EE2M#iR A4l
) FO7EREERIEHI2S (HEESwWeRVoIffIR A 24 2eflzs ) -

T R S (1 i B e U (EL A O (B (B R pE B 2 - SRS ALk PR IR VOME - 3Bl Ry
BiFis ~ SCIEATN OB fras i B s B fras © B IRER A EAE - CPUERHERTT
iR EREC R AL (B SO ErFes) - BEEBERHHEIUE - CPUREERTECHE
AR OEECAE - B —2K - CPUNTREB RN A/ ARFA R ERE - ERERE
RSB TE R F R IE -

[EI2 11925 T B35 (24115 GRS TS - B BB (A5 2] 4 7 23
P A 755 -
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3. s A\ (GPIO)

#FHI/O (General-Purpose I/0 > GPIO) il 5o Ml B 5 [ Hilfe s f2 sUaeE Al - a2
FEHVETEEIFE - EL55 MR o] DURCE Rl Akttt © S22 25 (I Bchy > a0a7R% > o]
DR (EfE A P8 - GPIOS [Hile] LUHRE RIS E - PIMILED ~ FARHAIfZE -

] B[] T~ 1 RE— (S NS S [ Hall 2 2 2 CPURY i A GPIORRZHAY Bl - 5% 5 [HillmT DU RE R
ANEHECE - BIAILEDNIBARH: - fEiEmRE b > 35 Rl R3] —ReGR s (fEfE T sk s
MR ) - e e U THIR S [BCE R A - WIRBUH =4 E & - AlZS]
plEEEL (Fran - FHREEEILED) - 4IRER =R - Als T Esm A (Fran - iR
AEHGAREE) -

GPIO
Read Register |¢— |
U4
Bus (Axi4, Wishbone...) ﬁ
CPU Write Register +

Enable Register

[E3. GPIOfE{LE R

—ReEmER I e E R EE (BUHR) o el DEAREEL (ERR) - =RREEE
BAmEmEA (E (B Ml (mA) ) M—E@md (0) > HEERWOFIFR - EEAT
ky - ZREREE T E FAEEEE - Wt (O) A (1) #H[F - EERKORY - #i AR# S 2 H
AEEEE i (O) Re5EH) - ORPEZSIRAR - (B3 » SRS [MIECE Rt - EFER
1 ERCPUE R SEEN5 M - &5 [MIACE R AKF - ERO0 > EHCPUFERUARESE LS M > LLHF
w] AR ERES (H -

R1. =RREER

0 | 0 | =pHRE
0 | 1 | =g
1 10 0
1 [ 1 1

RVfpga 4 FEC AR B/ O B (A AR E L g T HYME - BI40 - (BE(E3 Ay 5[ il 1
£5ARE > HGPIOH Ry = {FEsVGa0 T ¢
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- EEVETES = fr#-0x80001400
- BAYFH = fir1i-0x80001404
- B AT = firh-0x80001408

FEEHGARBHHGIRAS - SF#TT LU MER(E
1. EEE RS ERSRE A0 (BT [r8E0x80001408% T A 7700UHE< ) K5 [RIECE
LY
2. @B E{r4E0x80001400% 1T ZL Af5 < B HGEAE (Fas -

ARG > BTEILIIHTSweRVoIfX GPIOH PRI - ZAf&SE (8l F % A A ek -
A. GPIOS[EEE

r]{i£OpenCores ( https://opencores.org/projects/gpio ) Hif5-SweRVolfX & FHYGPIOfELH -
T #EkAYOpenCore GPIOHEAHFTlERTHIgpio_spec.pdf> {41 M4H T HE4HAYE PR - iSRS
THEAIE B © [RVfogaPathl)/RVipga/src/SweRVolfSoC/Peripherals/gpio/docs/gpio_spec.pdf
EARE T - FIMI4E4E T GPIOAHRY = Z e ERIRHE: - A It aT LIFEgpio_spec.pdfiff&
HSEREARERG

GPIOHEZHR T ZFRF AT
- {HEFHWishboneZ 7 -
- [EHEEERR -
- [ERETTLAE A 1-32{EGPIOS [Hl
- DA TE A ZAEGPIORAE (i AGPIO L) 2RAFEE #E32{EGPIOS [Hil -
- FTEGPIOS [HIE AT LA
= FH{EEEES M CEMEEN N FRZEINE /0T ) -
» B =REEORMSEERS CGEREEN N RN = REECRMmBEES /OB ) -
- EGEET Rim ARYGPIOS [H -
»  AEEE R T TIRIE o
= LA CPUZE H HEREK -

GPIOIZ L RIS HYERAR 40 T GPIORZH B ol FHHFERIRLIRAE B a5 » H & EErFasE
Foa— (&R RIRVLEE - AFR2FR - GPIOE FasHYAA il /5080001400 -

2. GPIO® 2%
278 firkE BE | G S
RGPIO_IN 0x80001400 132 |R GPIO# A &
RGPIO_OUT | 0x80001404 1-32 | RW GPIOH; L&k
RGPIO_OE 0x80001408 1-32 | RW GPIOH; 1 Ea®) 2B
RGPIO_INTE | 0x8000140C 132 | RIW TR
RGPIO_PTRIG | 0x80001410 132 | RIW i % P T B
RGPIO_AUX | 0x80001414 1-32 | RIW % T MR N B GPIO&;
RGPIO_CTRL | 0x80001418 2 RIW P 2R
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RGPIO_INTS | 0x8000141C 1-32 | RW N
RGPIO_ECLK | 0x80001420 1-32 | RW Fifgpio_eclk L $&7FRGPIO_IN
RGPIO_NEC | 0x80001424 1-32 | RW EEEgpio_eclkiV A RUE%

i &5 OpenCorel!y GPIOH L& 3 i Ay B (LR B R 5 - (BRI T3 HA T =
{EEfFEs - B (BA) ~ BA (Fd) NIEH - fEOpenCorefJGPIOEH T - IS EL B 7Ry
578 £ : RGPIO_IN + RGPIO_OUTHIRGPIO_OE - 43 |4 %]0x80001400 - 0x80001404 71
0x80001408 -

fE% : 1EGPIOfLH h L EET {7 22RGPIO_IN » RGPIO_OUTHIRGPIO_OEfy &4 K HArHEHY
EF: - GPIOfELHAI A * [RVipgaPath]/RVipga/src/SweR\VolfSoC/Peripherals/gpio/gpio_top.v -

RGPIO_INEf {£&5 857 # H# A - RGPIO_OUTH {¥s5E 8 i f#it - RGPIO_OE;R&{E1/O
5 [FAVC & iy A B0 H © 3@ BRI (MLfARGPIO_OEXHET ) B - HRFRIFH AH FE A 268 F iy
BeEhes - NIEERIRES R RE S RS > PIZILED - JEFRBUR LT - BthiBesh e e
fabaEs (g R =REsEMHAR ) B0 N TAF - (R alReS (VR R S A B a s - BIanBaRE sy
2t

fERVfpgaNexyst » GPIOHZHHYFIT16{EGPIOS [Hill (5Hil15:0) H##FINexys A7EEEEFHZE
EAY16{ELED - GPIOZE 512 16{EGPIOS (Ml (5[HiI31:16) HEZEFI16{E R %t LAk -

&E1. GE—ERISC-VH &S EAN —(ECERN - A EEUR—(E U EE 52V LEDZ

PRI AH AR LB S _E 16 (ELEDHY—RIRS EhEI 55—/l - 54 - Eafami(EE R T

[EIEYBHRE © Switch[O] IR SRS - i Switch[1]FIFEEE 5[ - 41 FAR

o YIIRSwitch[0] FON (=) - AIEZHILEDERE RS E) - SH > BirzAILEDER
B o AILUERE TR, M g BERE - EER R E A R, o 3 RS (E
kot SE s el DR NEIN

o WIRSwitch[1] 50N (&) - AR ZHILEDEEE G RAME) (ETMEER M
FILEDES - RHEAERBIL ) - A1 > BirerILEDEEEH /AR AKE) -

NHEFYEAZR T Nexys ATREEE - Hrhse i EUR T LEDRIBARE -
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e
ot
o)

SE*

ELLEED

LED[O]
LED[15]

Switch[1]
Switch[0]

[E]4. Nexys A7 FPGABH3$1K - LEDFIGHRE

FEon ¢ [EIRE— T R4 - BHEE OB R 23 T /OB (7 231y 5 [I31:16 - (Rt > ZEEEHLGH FE
[0] > #&FEE[=RGPIO_OE[16]% A0 » A% :EHURGPIO_IN[16]AI1H - & 75 B i H g &
RGPIO_OEZFHILALEDIFHR -

6. GPIOf&FE B ERIEEE

FEAREIF > TR 42SweRVolf X i FAYGPIORIEFS AN - BET% - FAM& &R VipgaSim
A AEVerilatorgf T —(E ] - DURRHAHAIE S56 S 1R USHE0] - Rl - PR T —
g o 5 ﬁ'%%?‘n’f%i‘%ﬁRprgaSIm > R ETHIET T B LAY GPIOEE B - Sel&dm = —
(B HZ AR R

A. GPIOKFEEE

WAE > ORI FHECEARI /OfFHIGPIOS (R » FfTHz I Az AR GPIOHY (K
e - GPIORLASy By —{E £2H 5y ANESAT/I - (1) RVfpgaNexys&ifiy ELED/BARHYS M E
2 (ESTHY/A[ARzZEE)  (2) GPIOHHFISweRVolfX SoCHyEE & ([&ESHHY P Ef2
i) (3) GPIOEiSweRV EH1#Z 0 Z iy ERE ([ESTPHYAAIFRZE T ) -
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|
@4—' Boot-ROM |

EEEEIEEEE] — Sys-Con

SPI1-Flash

[&5. GPIOZ T (3{EFEEL)

i. LED/BHRHELSoCHYE R
HZIRERE ([RVfogaPath)/RVipga/src/rvinganexys.xdc) % T g A/ SoCEH gk ElFH &%
ML E > IR R - FHEBH SN S B EB4S EHIFPGAS [IBER: - (a0 » BHEsN A iEryEd
RESwitch[Oim E E1f]FE=& ( Printed Circuit Board » PCB) &4 EFPGAS [HlJ15 -

Nexys A7RfZEH 5 16{ELEDAI16{ERAR - < 16{ELEDZISOC (F# Fyrvfpganexys - fEAHEIEZR
[RVipgaPath)/RVipga/src/rvipganexys.sviifgfit ) HYTHEIEAAH AR 455 fyo_led[15:0] - 4
16 & e ] £ TR Jig 5L 4L A 228 1 GRS 44 08 Ry [_swi[15:0] » [ 6 B T Xilinx gz st fR ] (xde) 15
rvfoganexys.xdci oy ({izfit[RVipgaPathl/RVioga/sre) > HAEsk sl BiFPGAS [Hil.Z i
S2(E[H % -
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set property -di PACKAGE PIN IOSTANDARD LVCMOS33 [get ports { i sw[0O]
set property -di PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { i sw[1]
set _property -di PACKAGE_PIN TOSTANDARD LVCMOS33 [get ports i sw[2]
set property -di PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { i sw[3]
set property -di PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { i sw[4]
set_property -di PACKAGE_PIN TIOSTANDARD LVCMOS33 } [get_ports { i_sw[5]
set_property -di PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { i sw[6]
set property - PACKAGE PIN R13  IOSTANDARD LVCMOS33 [get ports i sw[7]
set property -di PACKAGE PIN IOSTANDARD LVCMOS18 } [get ports { i sw[8]
set_property - PACKAGE PIN IOSTANDARD LVCMOS18 [get_ports i sw[9]
set_property -di PACKAGE_PIN TIOSTANDARD LVCMOS33 } [get_ports { i_sw[1@
set property -di PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { i sw[1ll
set_property - PACKAGE_PIN TOSTANDARD LVCMOS33 [get_ports i_sw[12
set_property -di PACKAGE_PIN IOSTANDARD LVCMOS33 } [get ports { i_sw[13
set property - PACKAGE PIN TOSTANDARD LVCMOS33 [get ports i sw[14
set_property -di PACKAGE_PIN IOSTANDARD LVCMOS33 } [get_ports { i_sw[15
set_property -di PACKAGE_PIN IOSTANDARD LVCMOS33 [get_ports
set property -di PACKAGE PIN TOSTANDARD LVCMOS33 [get ports
set_property - PACKAGE_PIN J13  IOSTANDARD LVCMOS33 [get_ports
set_property -di PACKAGE_PIN 4 TOSTANDARD LVCMOS33 [get_ports
set_property - PACKAGE PIN IOSTANDARD LVCMOS33 [get_ports
set_property -di PACKAGE_PIN IOSTANDARD LVCMOS33 [get_ports
set property - PACKAGE PIN IOSTANDARD LVCMOS33 [get ports
set_property - PACKAGE_PIN IOSTANDARD LVCMOS33 [get_ports
set property -di PACKAGE PIN IOSTANDARD LVCMOS33 [get ports
set property - PACKAGE PIN IOSTANDARD LVCMOS33 [get ports
set_property -di PACKAGE_PIN > IOSTANDARD LVCMOS33 [get_ports B
set property - PACKAGE PIN IOSTANDARD LVCMOS33 [get ports o led[11]
set_property -di PACKAGE_PIN IOSTANDARD LVCMOS33 } [get_ports { o_led[12]
set property - PACKAGE PIN £ IOSTANDARD LVCMOS33 [get ports 0 led[13]
set property - PACKAGE PIN V12  IOSTANDARD LVCMOS33 } [get ports { o led[14]
set property -di PACKAGE PIN IOSTANDARD LVCMOS33 [get ports { o led[15]
= H . 2 \ . 3
E6. i_sw[15:01525 215 _EFRRRAYERE - DUk o_led[15:0182FH 5 R_ELEDHYERE
(rvfpganexys.xdcjz)

JHImtE4H (rvfpganexys ) HYE548-491THR T H#ZEISoCHYE MifEEHE (E7HY/E ﬁﬂ%ﬁ) ’
Z A RSN T HElswervolf_corefsa iy iz ([& 70V A HIER /) © 35EE » [_Swill
o led: &t 5| Skio_datadh (££25717) - = EHiswervolf _coreffisH EF‘EI’]GPIO&_?%EI’]
32 o AJg HHERSE (R ERVESHTR) - BEAh o 35 R o _ledsRt i [E EH SR gpio_out
(552661T) $H{F -

"boot main.mem")

ddram_a,

ddram_ba

ddram r

ddram_ca

ddram_w

ddram cs n,

ddram_dm,

ddram_dq, - — - r
ddram dgs p, dr it error tedram init error)
ddram_dgs_n, .io_dat ({i_sw[15:0],gpio_out[15
ddram_clk_p,

ddram_clk_n,

ddram_cke,

ddram odt,

-+ + o

R

R

+

[ clk core)
o led[15:08] gpio out[15:0];

o led,

7. LEDEAGHRAMRIRRAHAY R (rvfpganexys.sv)

{£% - EHHEIRHITEZSweRVolf SoCE4HAYE Wluﬂsfé (i_swfllo_led) - EfifESweRVolf

SoCfHzH & ff Fsio_data KRR AR &L MEZE

[RVipgaPath]/RVfpga/src/rvipganexys.xdc
[RVipgaPath]/RVfpga/src/rvipganexys.sv
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[RVfpgaPath]/RVfpga/src/SweRVolfSoC/swervolf _core.v

£ LRI FAMIEEEE - {ERVIpgaNexyst - GPIOfELHHYAT16{EHGPIOS [Hl (15%0) ZHEEE]
16134 ELED > 1 GPIOZER 23 HI R 16{EGPIOS [Hil (312116 ) H#EEF]16(EFd 3%k -5
[ - BT O AERIES T Ay EF ?

ii. GPIOELF[SoCHES
1Eswervolf_coreftzf ([RVfpgaPath]/RVfpga/src/SweRVolfSoC/swervolf_core.v) HY
£5299-35417 » GPIOAHLHE B LI #E A F|SoCH (FE2EIES8) -

[31:0] en_gpio;
gpio irq;

[31:0] i gpio;

[31:0] o_gpio;

gpicl@l ), .inp(o_gpiol@] ), .outp(i_gpiol@] )
gpiolll ), . gpiol1] ) gpio[1] )
gpiol2] ), . gpiol: gpiol2] )
gpiol3] ), . gpiol3] ) gpiol3] )
gpiol4] ), .i gpio[4] ) gpio[4] )
gpiols] ), .in gpio[s] ) gpiols] )
gpiol6l ), . gpiol6] ) gpiol6] )
gpiol7] ), . gpio[7] )
gpiol8l ), . gpiol8] ) gpiol8] )
gpiol9] ), . gpiol9] )

gpiel10])
gpiol11])
gpio[l
gpio[131), .
gpiol14]1), .in
gpio[15])
gpioll
gpiol17]
gpioll

gpioll

gpiol[2
gpiol21])
gpiol221])
gpio[23])
gpiol24]
gpio[25])
gpiol2

gpiol2

gpiol[2

gpiol: -
gpi(l [301) S -
gpiol[311), .inplo

)
gpio[9] )
gpiol18]1)
gpio[11])
gpio
gpioll
gpioll
gpio[l
gpioll
gpioll
gpio[l
gpioll
gpio
gpiol2
gpiol2
gpiol2
gpio
gpio[2

g pi o

gpio

gpio

gpio
gpiol381), . ( :
gpiol[311), .bidir(io_datal311});

B N P B SRy By Dy Sy S e TR =

5 io adr[5:21,2'b0}),
dat),

m2s_gpio
s2m_gpio
s2m_gpio a
s2m_gpio
o_irqg),
gpio[31:0])

(o_gpiol31:01)
(en_gpio));

[E8. GPIOIEZHAYEE & (swervolf _core.vis)
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FRAHAY S I AT LAY Ry WA {EE0 53 ¢ feaFSweRV EH1AZ L FIFZEfiles/ #8183 (s R AU BLGPIO i AR
FyWishbonezfl5t (%£3) - LURIMEIOES: (£4) -

3. Wishbonefi5%
R HE J71H] B
wb_cyc_i 1 i A AR BEER (L)
wb_adr i 15 i A iz kg A
wb_dat_i 32 B A Eitm A
wb_dat o 32 Lot S
wb_sel_i 4 LN ERERERBE LAt (EF

SSCEIN > WJA F0xF)

wb_ack_o 1 iy SRl (FEREERSEIE)
wb_err o 1 Lonfans P A gt (FErRmERS%R)
wb_rty o 1 [, AREH

wb_we_i 1 TN B ym SR ARG

wb_stb_i 1 i A AR E R E
wb_inta_o 1 Loofan Hp i

#=4. SMERIIOFR %
HERHE 'HE J71H] s
in_pad_i 1-32 i A GPIOiigj A
out_pad_o 1-32 Lot GPIO#i 1
oen_padoen_o 1-32 LT GPIOH tHEEEh 28 BUA (IR = AR EURER
AR BRSNS )

BB EE 3421 T » KT {¢ Wishbone e i HEsHSE 1 % R BE Y Ak (i 7T 5:2
(wb_m2s_gpio_adr[5:2]) 1 - j~{& 10 il FHYEC TR AC LA B (Fas s 22 (| - S VUi yTimas
wb_adr_iZHSFHE 4 GPIONZ Uy (AE8FT ) -

iy Aext_pad_EFZEAGPIOEHE 745 (RGPIO_IN) 75z - [FH - #jitiext_pad oH#EAGPIO
BAEFa: (RGPIO_OUT ) i - i Wi =55t i 5 328 = R4 iy [ P 4H 4 2 2ILEDAI G H
(i_gpio ~ o_gpiofilio_data) ([E8HYS;305-3361T) - iEhi - S=HR32(E5 [HIES =] LARCE Rl A
St o ABITEIERAGES [ (5[H115:0) HPEFILED ([&7) - NIEL/HECE Rt =161
SR (31:16) HPEFIEEARE (E7) - NILWHECE KA - HF1iEE{Eswervolf_corefH iy
KEE (55634-6407T) H& Ll MEHARE FiE32{H =R S -

module bidirec (input wire oe, input wire inp, output wire outp, inout wire bidir);

assign bidir = oe ? inp : 1'bZ ;
assign outp = bidir;
endmodule

{£%5 - GPIOS (Ml (io_data) s =RE4E{E & HEIFFIGPIOLH (F52RE8) - i =Re4k
el AR SRR R AT BERRE (oe = Offloe = 1) -

58 FIGPIOTHEAHAIFA #M_-LED/FHRE Z FEIRVERE - FE St RE R (E Sy ficdGen_gpio ?
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iii. GPIOEZSweRV EH1#%. Y E#E

WIE2FR - FEEVER S M E % TasiifE e HiEFSweRV EH1X L - 2 TastRIZCPUE A&
FIAzE - FENME A ERY SR TP e —(E CABITPN =7) - iGREes R B 25 FHHY
Wishbone:fsiiigi i fySweRVEZ L FIFVAXIAERGR - S22 (1
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Interconnect/AxiToWb/axi2wb.viitg & /E )

7% 18 (B9) 11
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.v
TEHEF - IEEE
[RprgaPath]/Rprga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb intercon.vh
TEHYEE104-2057TEHIME - (2 —(EfEZE B & TEswervolf_corefsi4Hiy 5516817 » a4 B4R
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/swervolf_core.v -

[E9. 7-12 T 253512 CPUE R B (wb_intercon.v)

% e R R A s AN ekt - MRIB A4k (55110-11177) £FCPU (wb_io_"#5% —
[E9HYEE115-1267T ) Ei—{EEE L FHAIWishbonelE i HE ([EORYEE127-1381T) #4E - 4l
YIER-CPUZE 4= fir ik £ 0x80001400-0x800014 3F &5 [&E [N - AIFEEFEGPIOHEE L H - femEralak
wb_io_*EizH5Ewb_gpio_*EifE

@108~ 12 28 VerilogE(E (firl?
[RVifpgaPath]/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon_1.2.2-
ri/wb_mux.v)

% : SR 2 TSV E (E - G DIERER L EAGPIOFHEARYERSE (wb_gpio_*) - R
i E L MEE

[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Peripherals/SystemController/swervolf_syscon.v
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.v
[RVfpgaPathj/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.vh
[RVfpgaPathj/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon_1.2.2-r1/wb_mux.v

HfiESoCHYIE —H T B A E R LU R RV B Ba#l 0 B2 - WUIRE ST B 2 T2 fHRAHY
HrERSE A HREEAT e - RIE T — B TRV n] AR B G A% -
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slave sel bits = num slaves - 1 7 $clog2 num_slaves
whm_err
lave sel bits-1:€6 slave sel
num_slaves-1:6 match
idx

idx=0; idx-num slaves ; idx-idx-1 addr_match
match[idx whm_adr ﬂ MATCH _MASK [idx aw+: aw| ) MATCH_ADDR [idx aw+: aw

function [slave sel bits-1:@
num_slaves-1:01 in
r i

ffl = @
i = num slaves-1; i
in[i

ffl =1

slave sel = fflimatch

whm_err wbm
dr o
num 1 dat_i
num el i
num_s1:
match wbm_cyc_i slave sel
num_slaves wbm_stb i

num_s1:
num

Wi b m Ij a t wDs i 2L { Ij W
wbm_ack i L

whm_err ] i a\ L whm_err
whm_rty

E]10. Wishbone% T 2% (wb_mux.viy)

B. Verilatorf&E#

FEAERT > FfTE e Ein AR E R VipgaSimFitss - 7A1& » A Verilators
Hrdma2RVfpgaSim » i AEF e T A BERE ZUF A % ek

i BUALEFE=ERVpgaSim

AL P2 HIERILEDEEARE - (AL - fEECF& ([RVipgaPath)/RVipga/src/vipgasim.v )
o FRAMR R A% et (1 sw) HECHEE{EOXFE34 (BEMMAMRRSY) Akt BRIEEE) -
FRRBEPER R R AfEft45SweRVoIfX SoC (EM1HIARIE ) -
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i sw 16 ' hFE34; .10 data ({i sw,16"t

E11. 5la%i_swiErvfpgasim.vih /e EHiEZ]SweRVolfX SoC -

g CAPHER) - MslPa (nibgasim.v) #2URVipgaSime i AGHEE (clkfirstE)  ([E12
=R ST ) B Eswervolf_corefsf ([E12609AHERSY) -

rst,

i jtag tck,
i jtag tms,
i jtag tdi,

. file (bootrom file))
1 jtag trst n,

o jtag tdo,
o uart tx,
e o _gpio)

E12. RVfpgaSimf1SweRVolfX& #{LiVEG A RSk (rvfpgasim.vig) -

(clk),

data

(dmi_reg_rdata),

FEFREEIRIL T - T RE AR 22 (A AR a5 b iy A/ cE SR » AE N vsedlh > FFIRRR A0
HEERVipgaSimili AGHgE (ZfE M1 _sw0) - FLERFHREL T B RIBHRANIE -

FEE N AV BRRIE
1. BtEZE[RVipgaPath]/RVipga/src/rvfpgasim.v :

a. HEHHMIITE AT (HfE AL _sw0) - 5H2REN3 -

813, E91_swol ASRE -

b. feftaZaNIRIF R G (IR FEREERSE o QIFTSCATAL - K HERBHEE{E 7T FCOXFE34
(fiL7e0FRsh) - FE2EE14 -

[E14. fetiti_swofE R URVBRRBRERGE -
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2. ﬂ%eﬂz;*[l?prgaPath]/Rprga/venlatorSIM/tb cpp : = VerilatorfyC++ EEZE - %2R
HIAREA—(whiledfE (ME15FTR) » HPEIOEE SR —(ERERE - 1R
SoCHyIs g NG &Lz A fE (5517577) PSI;XEEEI’\J AR TAREE K%ﬂﬁqﬂ}iiﬁ»\ i
filfd (12>0800>1) - pEAh > FHEEHFEEE #main tlme( £18077) HEt® > HIEEHAL
Fons (B 520 ns > REEEFSEARE £10 ns) - |i&RFHFE - & HEEFHETE
timeout (ZEA171-17417) BF » (RS H -

::gotFinish())) {

rt_context, top->o_uart tx);

pfintfl"E
done = t
{
printf(" Er||J1r||| simulation. Reason: jtag vpi error encountered.
done = t

(gpio@ != ‘tG y->0 gpio) {
printf(" s %5\n", main_time, top-»o_gpio ? "on" : "off");
gpiol = ‘tcup

1

(timeout &% (main time >= timeout)) {
intf("Ti : Exiting at time ", main time);

-2C l
main tlrne+__ :

& 15. R EEEIWhile

FEHE N 2 B Ry _swORRER T EC NI (HO (EM16HYAMIE T ) - ARERLEHE AERE
30 psHERFHEEE A1 (G52 RIEN6AHIE 7 ) -

tcnp clk = !top->clk;

main time+=18;

(main_time == 3
tCIFI-:'—‘j. swh =1

('(done || Ver :gotFinish())) {

[E16. Riflati_sworHfH

3. SEARFTEEEE o EEETLLT i S EHRERVipgaSim ( GSGHEHHET T 3R

cd [RVfpgaPath]/RVfpga/verilatorSIM
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make clean
make

HriEZE Vivipgasim ( RRVfpgaSimi&Eft —#EfrkE ) FELE B ##[RVipgaPath)/RVfpga/verilatorSIM
WEELE -

WINDOWS : pV/EFECygwinZ8 it N ET i (8 —20 (PB4 ) (CHRHSRHERT - 5526 (AR
5 ) PHVEGEIFINT§EC) - 553 E » C: Windows &l 5 fir i Cygwin s Y DL R L & -
/cygdrive/c -

| MacOS : ARIEEMRT] - 20 (AFHEE) KM - |

ii. iTfE=(LedsSwitches.SHIIEEE

FEARETT - FFIFEEE (RVpga AFTiER ) tHyLedsSwitches. STE#EEH] ([E[17) - &2
sEHUGARH EAYME - AGREEIEI(ER ANexys A7Ras EAILED - 55EE - BMFZACERA
Brtres o DASERIE HERER 3218 hn A/t 5 RIECE Rl A Bt - BASAER - GPIORY{R16(E
5 [HERZRILED - Stk e M EE BN CPURYESHS (Il (B = 1) - GPIOHYS 1685 [ fl iz
FIGHRE - EMTEHEERCPUREAS I (B = 0) - HRBERE S FREHE FEsAy & 16007t -
R AR PE 55 ALED 2 B » VB HARS -

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

.globl main
main:

1i x28, OxFFFF
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 a0, GPIO LEDs
srl t0, t0, 16
sw t0, 0(a0) # Write the LEDs

beqg zero, zero, next
.end

E17. N ESweRVolfX SoCH#hifTHILedsSwitches.s

eE TR DU S B T -
1. 1EEBRS FEIETVSCode/PlatformlO o

2. 1EIAuR5N E - #—" "File, (1§Z%) — " Open Folder... ; (FHRGERIK...) ([E18) -
IR1% B8 2 H $#[RVfogaPath]/RVfoga/examples/
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File Edit Selection View Go Debug Terminal Help

New File Ctrl+N
New Window Cerl+shift+N
Open File... ctrl+o

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

Open Recent 4

Add Folder to Workspace...

Save Workspace As...

Save As... Ctrl+Shift+s

Auto Save

Preferences 4

Close Editor Cerlvw 4.
Close Window Cerlvw

Exit Cerl+Q

[E18. BiEiLedsSwitches.SHif|

3. #EEH$%LedsSwitches ( REEEARL » HIEEIZET) » 4 —TF TOK, (HEE) - %
fEEPlatforml O BREL -

4. BHEplatformio.initg > #4 _FH 7 4 (YR VfpgaSimisifit — (i e B 1909 & (b —Efifys
5E3) BEhIEHE - IRIBEAGSG » HIEAEW TR -

board debug.verilator.binary =
[RVfpgaPath] /RVfpga/verilatorSIM/Vrvipgasim

File Edit Selection View Go Run Terminal Help

@ XPLORER & platformio.ini X
» OPEN EDITORS
~ LEDSSWITCHES
2 .p

> commandLine
> include

lib

= /home/dchaver/RVT ‘'verilatorsSI vfpgasim

E19. PlatformioJ4a{L4E : platformio.ini

Windows : RVfpgaSimi&E &k a] s THE ZZAV 28 fvrvipgasim. exe © KL ¢

board debug.verilator.binary = [RVfpgaPath]\RVfpgal\verilatorSIM\Vrvfpgasim.exe
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5. #— NAEMIThRERIIAE EEPE’JPlatformIOl—T‘liﬂ?ﬂEﬁ » A% R T Project Tasks |
(EHZEMAEF ) — enviswervolf_nexys — [ Platform | (*F&) » iif%— T " Generate Trace |

CEAET) -

trace.vcdfgE e *Ef [RVfpgaPath]/RVipga/examples/LedsSwitches/.pio/build/swervolf_nexys
W EA » FE1&mE AT PlatformlOXim i im ALl Nan< - nl{sE F GTKWave HEFEL -

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

WINDOWS : i T #VE Kk gtkwave 64515 —(E B Egtkwave.exef [ TR » #ZEFHFER
fLAbInERIIERN « F /0 T ax FE FITE @G TKWave - {FJEFHFZXAYTHY » #— T "File |
(#%%) — "Open New Tab , (FREGHIERSIEER) < AEFIEIEERIK
[RVfogaPath]/RVfpga/examples/LedsSwitches/.pio/build/swervolf _nexyst 4= fitrace.vedfs -

6. fEPEihELl NSt (B2 viogasim—swervolf - FE] & {EEHST) -
- WTHERTEENGR ¢ clk
- W GPIOH AGHEE ¢ i_gpio
- WG GPIOH: i EH5E - o_gpio

fElE ([E20) F1 - LOREEZI6(ERFARIAY(E (FRERI_gpiony= 16T ) E/EHE[16({ELED
(&R3%o_gpiofy{&16firyT) o » HFAE LR - [HA1 > s (IRYBHRERFE30 psisdssd:
S (0>1) - B EH b HIRYLEDE —FLIF & o A5 -

Signals Waves
Time i

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

[E20. LedsSwitchesfE X AytE#E

7. HEFERE

ST 2. A i BB AIIEEE - [E21 8K 1 .elf LedsSwitchesf2X ([E17) HINKAHE
FE AR RIBIRA - HpZeHEUR T HNFIGPIOE Fas =1715< (BUH ~ EEFIEA) -

TRIEA CAFHERE) - &R DUAELEPlatformlO i Rl firmware. distEiEFA (. elff2 =AY S 4H
Bt SRS » RN R E L T E RN E A

[RVfpgaPath] /RVfpga/examples/LedsSwitches/.pio/build/swervolf-nexys/
(FFE2REE21) -
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lui t3,0x10

8 <OVERLAY END OF OVERLAYS+0xa0001408>

al,al,1024 # 80001400 <OVERLAY END OF OVERLAYS+8xa0001400=
0(al)

f 80001404 <OVERLAY END OF OVERLAYS+8xa@@01404=>

cO: 2¢ qz z i ext>

[B21. LedsSwitches.STE K 4H SESTEREIR A

FERVfpgaSim P fEZAZ A, - MAEBITE 21 o DAL (s s Ry = (FRECIEARSE < (sw e
Twhlsw) AR ATGPIORNSE - 1S E B iR AR ARTER IHHIGPIORFEE 1F -

AT DAGEBERRYREBERALG - ¥t o AT SRSV E (B2 2SS BAHREI ISR ) -
rvfpgasim — swervolf — swerv_eh1 — swerv — ifu
» HFgE clk -
» BEREEEES ¢ ifu_i0_instrillifu_i1_instr -
- rvfpgasim — swervolf
= 32y A HSTH ¢ i_gpioXlo_gpio -
»  CPUREAIALHE : wb_m2s_io_adr -
- rvfpgasim — swervolf — gpio_module
» GPIO#MEL/ 1A - ext_pad_i ~ ext_pad_of[lext_padoe_o -
- rvfpgasim — swervolf — wb_intercon0
= [E20Y2% TasiEm A AT RERSE - wh_io_adr_i ~ wh_io_dat_if]l
wb_io_dat o -
= [E209% T2V AGPIOEREHSE © wb_gpio_adr_i - wb_gpio_dat_ifl
wb_gpio_dat_o -
= [E2092% TEsHYEEEEGE - wb_"_cyc_o -
- rvfpgasim — swervolf — wb_intercon0 — wb_mux_io
= [E2(92% TESAYUCECERE © match -
- rvfpgasim — swervolf — swerv_eh1 — swerv — dec — arf — gpr_banks(0) — gpr(5) —
gprff
= t0RVEf{FEs{H « dout -

3. ffreRVipgaNexys DUz #k Tu it Ef% 8 - S AN@22FR - ST (a0 By
% k> F 7 fAfif - BTNU » BTND » BTNL » BTNR ~ BTNC -
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3 e ADIGH.ENT‘ goth

it
UH
© ofomsint
I-ﬂ—

Pushbuttons

[E22. Nexys A7 FPGABS&H I HisH

a. B MIEAEEHRFIGPIORA (gpio_top) AYEAA/IN32 > HIVOS[Hill #5732
(16fELED + 16{EFARA ) - HIF 2 AESweRVolfX i & GPIOLH MY 55— (@ T #1 - LA
e ST = REGR fETE AIFTA LA ZATERE -
b. {i £ 0x80001800FH4A MY firsik (I FH ) ZACHLE i GPIOTZE il 25 ¥ E AV ET (7 25 - 5%
B RES I (E9) DaaiEgsd -
c. FEMECAPRMITERS - B/ 8 55 (E i B2 5] DL N FPGAS [ -
i. BTNC#EfEI5HIN17
ii. BTNUZESEIS[HIM18
iii. BTNLEEES [RIP17
iv. BTNREHEE]S[fIM17
v. BTND#E%(5 [fIP18

$FE4. [tRVfpgaNexysth 5[ FizitatatsS5—EiEdles -

a. HAGHE3MEEL - fErtE G o DRI ESHEREHRY 7 2 VerilogEiiSystemVerilog
HEEE CHIGPIOERIES - EIE > 2 DIE(bEESER - REa—EH#
HEFes (AEfFae = aamamAYESR) -

b. fEFRNE b —(E %R P MIBREm s - PR Rt o] DAL F115% GPIO#: il 23 A i
Ak -

C. Hﬁﬁi‘”‘“%ﬂa%@*\f%%ﬁ?fﬂ%ﬂa’%L% e fFg TR o H] DURE PR R A A b6
0x8000101C-0x8000101F - &’ v AR R E S R es AL CPUE
Afyfirik (i_wb_adr) E?ﬁﬁ%iﬂwlshbonelimﬁlﬁ (o_wb_rdt) AYERIEH
5% > DUEE 7GR AFICPUY - fn & i swervolf_syscon
( [RVfpgaPath]/RVfpga/src/SweRVolfSoC/Peripherals/SystemController/swer
volf_syscon.v) {J55234-2661T » LU Bh I o] 4 a g -
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&ES. GiF—(ERISC-VAH B SR —(ECHE » LAERE1BAIGAELED ERURIER Ay HE(r
T8 - A —ERH R ESE R EA B R Z MW S A IRy 22 R - DUE AR AT LB S
FELE(E - EERE 3T E(EAYOpenCores 1B (i H(BTNC - i F A B AT HRE - 24
®imBHAPEENVE RS HEINBTNY » S EEIIE TRHEH CEREE E -
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