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1. f&4r

TESLI66-10F, 7K ?37ﬁuﬁﬁﬂ?%ﬂ?f%RprgaE’Jiﬁu)\/iﬁJﬁ (Input/Output, 1/0) #%:, LIH#
SLILRISC- VAU?E%% EAMEIACH . T OOEIR T X R S 06 e 5 1

- SLI86. T Ranalfd ISR FINexys A7 R ERILED . JF e g 4H 38 F da N M
(General-Purpose Input/Output, GPIO) 3| i

- SEEST. 7 ARATE AR BT B RN BE

- SEEG8: [ AR E N AR

- SEER9. [ ARG A Ik S A A AR

- SEENM0:. 7RI RVipga R 485 SPIN# Tk

FEA LI, &1!]%5'64—1)1QBL)EHI/O%é&iﬁ’]ﬁz%%ﬁu&Rprga/%é}Eq])ﬂ@JE‘J%ﬁ (2%
750 ARJE S Al GPIO#E i 8 B fl AL B flA (H3EE ) o fJa, WAV E AR E
SweRVolfX SoCH i HI FIGPIOZ il &% : & 5570 #r Hes @Eﬁ%ﬂ?@%ﬁ%’%zkéﬁi( 45 F555
o) o BATEIES AT HRE L. 7EVerilator 1 4jj ELRVIpgaSim I/ 4A i R 45 21 K i 45 5K
% CEEH T AETE D) «

FAE 2807100 i FAT RV AT G50 o FETFIGH0 A0 TR, TR0 e ARV T 1 5 1 5 S
CUETRRE . 2577 58 SRR DL S AR W) | RS A — e B A 5 51 S 2 f £ i 41
B TR, B BRI, i ) BB T R T 0 S
LA 4 5 AR A B R

VRITVE RO 16T DA SRR SN R ) MO S B, (50 R/ FE RO (i
PHEHUERLEL SRR b, JERZGS] RSB oA, (R, %
IR U SRR RGOSR SRS BT, T L RN I R B 25 ) (RSt
MBS ZRTH)

2. MBS

B R T 18- TR K 2 AR B 454, XM HCPU. fA i #s A0 R 88 — /> FE BRI . 7F
SEI6-10, BATEHESANACPUERAN/FL (/0D 2/PFIIZ H . ORI HFR N A 5 5 fé
PR T IFRA T BER A 32 Z TR -
CPU: CPUEFTHIOBIERI KIEEH, WM AINOHLM Zih# L LN “EaH
7, HZARECHEFH) . BEAESE VIR (Direct-Memory-Access, DMA) #E il
# (DMAC) Hm] A7e 4z 4%, (EASEI AN A
- BRI ﬁé@%ﬂ%’%ﬁﬂ%Qﬁ%ﬂ%ﬂ@iﬁ/%%ﬂ%ﬂéﬁhﬁﬁ?ﬁo WA ZREIO R
G R Y S (DRI “ R, HiZARECH ). W& BuF, Sl b
?ﬂTM?E%/%WIIﬂE’J?f%ﬂEE L‘ﬂﬁ*ﬁ%ﬁﬁ’]ﬁ?mﬁi/fﬁé?ﬁhﬁ%lﬁbiﬂ’ﬁ
- 3R CRERMIINAE) (R /R Sf L IR T — SR AR . THIEIE 8 A2t
IIEZ M F=s IR (2P v B st S 1=F 2 A TEEE'%/\/%@EE’J R
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CPU Memory

< FAST INTERCONNECT (AXI) >

Bridge

< SLOW INTERCONNECT (Wishbone)

Device
_b

Controller
(includes a
series of
registers)

B1ERTHHE RS

K2.E 78 TRVipgalflIO &4, REGHHELL T LA o k-
o EEFIGPIOTH I KILEDAITF % (A NEEAFME)
R RGN BT B R BE
EE RSP B H i) [N 77
TE 2 B SPI2AE B fin i i1
e
UART
5/ FROM

LI I AE-E R AT RE M R B — NN 5CPUEE ;. VRS, AR I Wishbone-AXI
e, DRORNANEfE FHWishbone S 28 (Kfh) , TiiSweRV EH1 W AZ A FHAXIFNG (B
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l Address

&«—» Boot-ROM I—[\_ Decoder

SVS Con |— Address[15:6]

Timer |—

e T‘ Address[5:2]
’ 1 SPILFlash freet 3
f = WB-Axi SweRV
- C -AXI we
X*V ) SPIZ'ACCEI |_ E Bridge % EH1
=3
D
X
M
-

¥ (@] — cPIOT-LEDSSW e

— UART |

Kl2. RVfpgaRZF IO RS

£%: ESoCH K BIE 2RO, 1K FH 2R & LT SO H 3%
[RVfogaPathl/RVfoga/src/SweR\VolfSoC/swervolf _core.v (34, B2 otk sehith) .
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Peripherals
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/Interconnect/Wishbonelnterconnect
[RVipgaPath]/RVfpga/src/SweRVolfSoC/Peripherals/SystemController/swervolf_syscon.v
[RVipgaPath]/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.v
[RVipgaPath]/RVfpga/src/SweR\VolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.vh

I (RVfpga N1 E5) F Tk, J& 4 SweRVolf (https:/github.com/chipsalliance/Cores-
SweRVolf) (A& BRI —L4h . BARAHE5 FROM. R4fEtlds CR7TBRER |
SPINAFHMIUART (FEER2F B/ AHET) o RIEAGSG, SweRVolfX SoCAE 4 ¥ #M sy Jg
J5iSweRVolf SoC: SPIN# it EFf 25, GPIOMER (FEE2 Box ) F7E R niE]
ax (7 JESweRVOIfIILAH RGiH2Hld5) o

FEAS S NAL BEERARSEAT BORHE AR [ AL B . At s bk CR B T-V/OME, 7 Mo 27
ai AF A IO 7 17 7 I 25 125 1 a5 7 A e BRI AMBURIEME, CPUZSRHE AR ik B4 52 1Y
frfifas bt CBI, FRABds W /748D o ZMSM B UE, CPUMIEJE (A7 iff 45 b Ik ke 2
f. XFE—K, CPUR T fa 1) K2/ 77 R AF R AT B B . A B B A IR R B 30
TR S 1R AT

P2 (1) 22 B FF M FH A8 41 5: 6P B SR I B & 1 8% o &35 1 B8 150 F A0 2[5: 2] N LA Z5 47
PP PR P R i B A% TR B AT 2
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3. EHBAEE (GPIO)

EHI/O (General-Purpose /0, GPIO) il #8445 7 5l e 45 187 . T 1
(R 2h e i 8], I8 5] BET mT ARG B oS NS o 2 AR AL 5| B, 0 R, mILA
BT . GPIOSI AT LUER: RS, BIAILED. JFoAMIZ4H .

BIB45 1B — N AN 5| IR B CPU 118 FH GPIOBLE (K i Ak ] o 12 51 AT AT DAE B2 B AF AT 4
N &, GIMLEDAIT RS, ERXFKE T, %5 WERR =855 ma (ERTF R R
7)o G SUVPRE T OR SUIBC B A\ Bt o IR R = A5 geah Ay, %S e
M (B, FHFIRSILED) o WiRAR R =g rhEs, WhZ5I 7 i (B, T
JFRAED -

GPIO

Read Register I<

Bus (Axi4, Wishbone...) ﬁ
Write Register “

CPU

Enable Register

& 3. GPIOf&j 4k B %

=AM AT AT W b s (RERERD) , WATDUEAES MM (ZRER) o =%
s BEAWA A (E (ERE I GaAd O f—Ngih (0) , HEHEEXRWMEIR. HEN
W, =& ERAEMRENGE, Wl (O) A (D . MEJYORS, A F 2 8]
AEEER R (O) Rgzh; O Ta&2RE. HE3H, ZoR5I M E v, ENN
1, ZFECPUMERTIKZEN 51 Bl 451 BIBC E VR A, ENO, IXFECPUETCIAIKANIZ S M, B
QPR T Bl R

1. =FEHEE
0 0 | mHEE
0 1 | mEES
1 0 0
1 1 1

RVfpga £ 4 (i HI 17 ifi 43 WL VO S A A IX e 3y A7 de Th (R 9, (BBE 3R 1 5| B 32 2]
TFRIF HGPIOH ) =N A A7 2 HUA 1 T
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- HAfAR = i 4-0x80001400
- A7 = Hi11-0x80001404
- fHREHAAEE = Hi14-0x80001408

FREHUT RPIRAS, AT L T #4E
1. BT AT EE AR E N0 (B, [[Hih0x80001408+H 4T 774201354 kK 5| IR B A
N
2. B EHhEOXx8000140040 1T K £6HE 2 L BE T /728

4. GPIOFR &M

FEAT I, FATE %67 SweRVolfX GPIOM e, SRJE At —AME A s ZR>]
A. GPIOFEZ&HE

Al \OpenCores (https://opencores.org/projects/gpio) 3kH{SweRVolfX 1 i [ GPIO B .
OpenCore GPIOfH T 3 ST EE I} (K gpio_spec.pdf TS/ 4A 17 R ER 1) s o, 1% 5 SCR4 I
TEHbE N [RVipgaPathl/RVfpga/src/SweRVolfSoC/Peripherals/gpio/docs/gpio_spec.pdf.
TEARSZEG R, FRATTE S T GPIOBI 1) T B AR ARt . A, &hn] LIfEgpio_spec.pdftisk
e FITE -

GPIO L ) = BRI T -
- f#iF{Wishbone H.i%.
- ANHTESNE
- F A LUE F1-3240GPIO 5]
- ATRAFFATAE F 2 AN GPIOK . (R NGPIOW ) kv it 32 GPIO5] il
- FTEGPIOS| I#RTT L
= FHEX R G GXFREFA T 75 B AMT A IORIT) .
R A EURRIT S GXAIEOL T F EAME =S R IT EI/O% 0 .
- IRFENFIIGPIOS]
= AL A A AR T HERAE
= A LLECPUR i K .

GPIO % VE I 2B 43R 43 41 T GPIOKEL Py AT F O H FR S Z5 A7 2% o A AN 27728 2840
Boss— NAEFHbE, N2~ . GPIOZ 17 28 i) F 4k 4 0x80001400.

%2. GPIO& 5
B Hihk BE | UH Pi B
RGPIO_IN 0x80001400 1-32 R GPI10%i N\ %4k
RGPIO_OUT | 0x80001404 1-32 R/W GPIO% i %4
RGPIO_OE 0x80001408 1-32 R/W GPIO%i H Uk 3) #5 i e
RGPIO_INTE | 0x8000140C 1-32 R/W Hh Ik SO VF
RGPIO_PTRIG | 0x80001410 1-32 R/W fith 5 W R SR AR Y
RGPIO_AUX 0x80001414 1-32 R/W 4 Bl A\ 5 GPI1O% &
RGPIO_CTRL | 0x80001418 2 R/W Pl 25 A7 %
RGPIO_INTS | 0x8000141C 1-32 R/W IR S
RGPIO_ECLK | 0x80001420 1-32 R/W fiifegpio_eclk A4 #FRGPIO_IN
RGPIO_NEC | 0x80001424 1-32 R/W i gpio_eclk )47 %H #s

Imagination k%11 %] — RVfpgaskii6: I/Ofif
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J¥ & OpenCore [IGPIORH Lk 39 Bt 7 (I T4 IR A BE N B2 2%, AHERATUI AT I3 H BAR
SANEAARE: B A) 5 ) FffRE. 7EOpenCore {IGPIOf L F, 1X SL 25 17 8% 47
A HN: RGPIO_IN. RGPIO_OUTAHIRGPIO _OE, 45 7llWLk}£]0x80001400. 0x80001404F1
0x80001408.,

4. EGPIOH 4 3| Z 7 28RGPIO_IN. RGPIO_OUTFIRGPIO_OE ) 7 B J H: Hb ik
(K15E Lo GPIOEHLA T
[RVipgaPath]/RVfpga/src/SweR\VolfSoC/Peripherals/gpio/gpio_top.v.

RGPIO_INZ 17 888478 i N . RGPIO_OUT % 17 s Ik i FH # ! . RGPIO_OE¥ 4 4M/0
5B E N B . S REAL (A TRGPIO_OEWN ) BAE, AH N (138 F 4 i IR 5h e
WA RE, LT o] RS A%, BILED. 48 Refris Bk, ks 28 e IR I T
M (WA =AEEEE) BT e, WUl ol e 2 NN, BT 5Se 240 .

7ERVfpgaNexys¥, GPIOMER{ET167GPIOS| I (5| 15:0) %% |Nexys A7 KM L
161"LED. GPIO# %115 16~GPIOFI I (51J#31:16) EREFI16 M EITK.

5. AL

&1, 95— PRISC-VILgFEF M —ACREFF, WEFSER—AHIUA SR LEDA K

R E A AR 16 /NLED I — AL sh 2] 55—l 5346, 3 L HE 5 A 4 il 3 52 A 5 1m) 1) T

o Switch[O]F T B G fE, 1 Switch[1JH T MOy M, Wi K AR:

e HNFSwitch[0]NON () , M A ALEDM Bk 5. B0, S fLEDN 21855
Bfo AILLE X PR R 18”7 (5 S, ABAT AR — PP g AR IR B AT W, FF H A2 RE S A
T I U % o 5 B P AN

o HNHSWitch[1]JON CEiH~F) , N A= fLEDR. B M A [ A RS CAEAT Bk & A2 0 )
LEDHS, B MATMIE BTG o B0, S rILEDN & M A 30,

N FIE445 H T Nexys A7THF IR, Hrp o8 BoR T LEDFIFF G,

Imagination k%11 %] — RVfpgaskii6: I/Ofif
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LED[15]

— =
= o
= 2
< <
QO O
b=
3 3
a a

El4. Nexys A7 FPGAFF &Z#R: LEDFIFF%

Bon: FEIE— Fr 5], JFRCIERBFAAHRMGVOZ A5 H31:16. Kk, BT K
[0], & E[MRGPIO_OE[16]5 N0, %5 itHURGPIO_IN[16] 1 {H . 45 75 2 & M M fic &
RGPIO_OE & [ HABLEDFIF 5%

6. GPIORESLBAf &

EARER T, FATEA2HSweRVoltX i # F IGPIOK EZ40 . B, A& 1E54RVipgaSim
FH1EVerilator P AT —ANRGITE, DRI gnfl. e, FRABRME T —28>), &%
B4 ERVfpgaSim, A5 X HFHATE S LR IET GPIOSNE, oS — M A% HT 4N I
FERF o

A. GPIOEREH

PUAE, 18 C %8R U E A7 0 S 1/015 1 GPIO S, A 19 N RIEN T #EGPIOH K2
757, GPIOR LAAr N =AF 25y, WEIsHR: (1) RVfpgaNexys 5tk FLED/FF K (14
B (ESF R AMBAZXE) ; (2) GPIOH2|SweRVolfX SoCHIZER (KI5 I [E B 2 [X
) ; (3) GPIO5SweRV EH1 W% 2 [ HEH: (EISH A MR .

Imagination k%11 %] — RVfpgaskii6: I/Ofif
[ 4:2.0 — 202244 A
© Copyright Imagination Technologies 8



Imagination
university programme

|
@4—' Boot-ROM |

EEEEIEEEE] — Sys-Con

SPI1-Flash

&5. GPIO4M T (3B

i. LED/JFX5SoCH#EH
T H 2 0% ([RVingaPath]/RVioga/src/rvinganexys.xde) & X T N/ SoCls 5 5T
RS Z ISR . BN RIS AR 5 45 8 BIFPGAGI HIDCER . lln, AR b seds i ¢
Switch[O]iE 1T I JT & # (Printed Circuit Board, PCB) it £ki%#F|FPGAS| 115,

Nexys A7 KR 24516 MLEDFI16 M T K. K16/ MLED5SoC (i Arvpganexys, 7E P #3044
[RVfogaPath}/RVipga/src/rvipganexys.svh#Ef) [T 2 AR IE KI5 5 & F No_led[15:0],
16/ IF 5% 5 T JZ AR AH & (15 5 2 BN _sw([15:0]. 6% H T Xilinx B+ 213 (xde) X
rvfpganexys.xdciili 7> (fi7T-[RVfogaPath)/RVioga/sre) , Hrig X 1155 S5FPGAS| I Al f)ix
324z

Imagination k%11 %] — RVfpgaskii6: I/Ofif
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set property - PACKAGE PIN IOSTANDARD LVCMOS33 [get ports { i sw[0O]
set property - PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { i sw[1]
set_property - PACKAGE_PIN TOSTANDARD LVCMOS33 [get ports i sw[2]
set property - PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { i sw[3]
set property - PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { i sw[4]
set_property - PACKAGE_PIN TIOSTANDARD LVCMOS33 } [get_ports { i_sw[5]
set property - PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { i sw[6]
set property - PACKAGE PIN TOSTANDARD LVCMOS33 [get ports i sw[7]
set property - PACKAGE PIN IOSTANDARD LVCMOS18 } [get ports { i sw[8]
set_property - PACKAGE PIN IOSTANDARD LVCMOS18 [get_ports i sw[9]
set_property - PACKAGE_PIN TIOSTANDARD LVCMOS33 } [get_ports { i_sw[1@
set property - PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { i sw[1ll
set_property - PACKAGE_PIN TOSTANDARD LVCMOS33 [get_ports i_sw[12
set_property - PACKAGE_PIN IOSTANDARD LVCMOS33 } [get ports { i_sw[13
set property - PACKAGE PIN TOSTANDARD LVCMOS33 [get ports i sw[14
set_property - PACKAGE_PIN IOSTANDARD LVCMOS33 } [get_ports { i_sw[15
set_property - PACKAGE_PIN IOSTANDARD LVCMOS33 [get_ports
set property - PACKAGE PIN TOSTANDARD LVCMOS33 [get ports
set_property - PACKAGE_PIN TOSTANDARD LVCMOS33 [get_ports
set_property - PACKAGE_PIN TOSTANDARD LVCMOS33 [get_ports
set_property - PACKAGE PIN IOSTANDARD LVCMOS33 [get_ports
set_property - PACKAGE_PIN IOSTANDARD LVCMOS33 [get_ports
set property - PACKAGE PIN IOSTANDARD LVCMOS33 [get ports
set_property - PACKAGE_PIN IOSTANDARD LVCMOS33 [get_ports
set property - PACKAGE PIN IOSTANDARD LVCMOS33 [get ports
set property - PACKAGE PIN IOSTANDARD LVCMOS33 [get ports
set_property - PACKAGE_PIN IOSTANDARD LVCMOS33 [get_ports B
set property - PACKAGE PIN IOSTANDARD LVCMOS33 [get ports o led[11]
set_property - PACKAGE_PIN IOSTANDARD LVCMOS33 } [get_ports { o_led[12]
set property - PACKAGE PIN IOSTANDARD LVCMOS33 [get ports 0 led[13]
set property - PACKAGE PIN IOSTANDARD LVCMOS33 } [get ports { o led[14]
set property - PACKAGE PIN IOSTANDARD LVCMOS33 [get ports { o led[15]
- AY .
&16. i_sw[15:0]1 58 L RKER L Ko_led[15:01 51k HLEDK ##:
\
(S f:rvfpganexys.xdc)

TERER (rvfpganexys) 15548-491T25 H 1 & #:B|SoCHIIX /MG 5 (KT AMIER )
AR B H T H Sswervolf_core i B (1) iE#: (ET7HAMER ) o WEERE, _swhl
o_led(E 5 &I E5E Fio_data (5525717) , 1X/& Sswervolf_corefiit 411 GPIOE #1132
M N AR S (EI M EBHTR) o b4, EiHEEo_led(s T il i a{5 5 gpio_out (5
26617T) Biff-

=

ddram_ba,

ddram_r

ddram_cas_
ddram_we_

ddram cs n,
ddram_dm,

ddram dq,

ddramiaqgip, .1 ram init error (litedram init error)

=

=

ddram_dqs_n, .io0_dat ({1 sw[15:0],gpio_out[15
ddram_clk_p,

ddram clk n,

ddram_cke,

ddram_odt,

=

TRRA

( clk core)
o_led[15:8] gpio out[15

E7. LED S HRFTEERK)ER: (rvfpganexys.sv)

£%: BRERMZH M £ SweRVolf SoCHIER X NGS5 (_swhio_led) , EAITE
SweRVolf SoCHi i1 & 3 Hio_data. 15K B A DL S
[RVipgaPath]/RVfpga/src/rvipganexys.xdc
[RVfpgaPath]/RVfpga/src/rvipganexys.sv

Imagination kit %I — RVfpgas#:6: /Ofif
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[RVipgaPath]/RVfpga/src/SweRVolfSoC/swervolf_core.v

1E E—#orhA1FE 2T, 7ERVfpgaNexysH', GPIOHEH ¥ FT161GPIOG| i (15%]0) %
P:316 MR _FELED, M GPIOFE #2415 16 1NGPIOS| #l (315)16) #EHHEFIM6/M Pk, X
FE TR AT 43 I 8 43R [ S 2

ii. GPIOMHZEISoCHIZERL
7 swervolf_coretsillk ([RVingaPath]/RVfoga/src/SweRVolfSoC/swervolf_core.v) [{]%5299-
35417, GPIORHZ i sl b IS i FISoCH (ZILIE8)

[31:0] en_gpio;

gpio irq;
[31:0] i gpio;
[31:0] o_gpio;
! gpiol@] )
gpiol1] )
gpio[2] )
gpiol3] )
gpiol4] )
gpiol5] )
gpiol6] )
gpio[7] )
gpiol&] )
gpiol9] )
gpio[18])
gpio[11])
gpio
gpioll
gpioll
gpio[l
gpioll

gpiolo] .inp(o_gpiolec
gpiolll ), . gpioll
gpiol[2] ), . gpio[Z
gpiol3] ), . gpiol3] )
gpiol4] ), . gpiol4] )
gpiols] ), . gpiols]
gpiol6l ), . gpiol6] )
gp-i(l [71 }

gpiola] )

gpiol2] )

gpio[10])

gpiol11])

gpioll

gpio[131), .

gpiol141), .

gpio[15])

gpiol16])

gpiol[17]

gpioll

gpioll

gpiol[2

gpiol2

gpiol2

gpio[23]),

gpiol24]1), .

gpiol2

gpiol2

gpiol271

gpio[Z

gpio -

gpiol301), .in

gpio[31]), .inp(o

gpiol2

gpio[26])

gpiol271)

gpio[28])

gpio - |

gpiCI[.' ), .bidir(io

gpio[31]), .bidir{io datal311)});

P
[IeRr=Rl=R =R r=l

;]pi o we)
m2s_gpio s
s2m_gpio
s2m_gpio a
s2m_gpio

(gpio_irqg),

(i_gpio[31:0])
(o_gpiol31:01)
(en_gpio));

K8. GPIOMEE KR (SCfFswervolf_core.v)

Imagination k%11 %] — RVfpgaskii6: I/Ofif
J§A2.0 — 20224F4 H
© Copyright Imagination Technologies "



Imagination
university programme

BEHL 8 VAT LLAR A5y i SweRV EH1 Py A% A8 FH 425 il 28/ M B A 2 15 GPIOE A5 11
Wishbonefs 5 (%3) LALAMEIORGE S (R4) .

Z23. WishbonefE &

¥ 0 W 75 A L]
wb_cyc_i 1 LN AR B (s
wb_adr i 15 A Hhhk A\
wb_dat i 32 LTI EACITE RN
wb_dat o 32 i Bt i
wb_sel_i 4 LTPN FroR B B2k B T (R RO

ﬂ:ﬂ Ij‘] ’ ﬂZ‘Zﬁy\JOXf)

wb_ack_o 1 i MEH (FRR IEH F 240
wb_err o 1 it RN ER T FEraid gLl
wb_rty o 1 it ARAEH

wb_we_i 1 A BN TS %

wb_stb_i 1 TN T A R B AL A
wb_inta_o 1 i H b 4

4. SN RIOBS
¥ H W 75 A B B4
in_pad_i 1-32 A GPIO¥i A\
out_pad_o 1-32 i GPIO%i
oen_padoen_o 1-32 ikl GPIO%i th 4k s e fiiie. (H T =2 eliwik
THHE IR Eh &%)

UK 5534247 FT i, Wishbone 2815 5 H i P AZ SR AL i L ki () 437 5:2
(wb_m2s_gpio_adr[5:2]> F T M0 0] H 147 it 28 Wi ZF A2 28 P 614 X VUi
wb_adr if5 5L GPIOWN . (WEI8HTR)

i Next_pad iH1% 5GPIOL &7 (RGPIO_IN) ##:. [, #itiext pad o 5GPIO
5% 4 (RGPIO_OUT) ##:. X /ME 5l il 324 = A& g h a8 A5 W % 2 BILED FL T %
(i_gpio. o_gpiofllio_data) (JE85305-3361T) . iXHE, 43245 JI#E T LIAC B N
NS . AT R16A 5 (515:00 HEEFILED (K7) , HIL SRt B A &
16151 (31:16) EREFIIFE (K7 , HILLAE B NN . RA1#ELEswervolf_corel
IR (%634-64017) A5 LR AR SEILIZ 324 =25 G rh 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

1£%: GPIOS|Hl (io_data) iEit =& &% DIGPIOK (ILE8) . i =&LZ e
FIFERELS 5 I AT REIRES (oe = Oflloe = 1) &

%8 R GPIOM PRI _ELEDIT R Z AL, g feas MAFIEEEE 7> Bt 4ien_gpio?

Imagination k%11 %] — RVfpgaskii6: I/Ofif
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iii. GPlO5SweRV EH1WEHIER:

WE2F 7R, W& i) 4 2 BT SR 28 E#: 3ISweRV EH1 A . £ BT KX HECPU
AR EEFENAS TR Ab B R B — A CRBIHRN = 7)o B a8 R s & 3 ) 385
Wishbonefs 5% #: ySweRVN A FHIIAXIAE 5, Z IR (FECAF
[RVingaPath]/RVfpga/src/SweR\VolfSoC/Interconnect/AxiToWb/axi2wb.vH SZHL) .

TAZ IR (K9 FESMF
[RVipgaPath]/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.v
HSEL, 2 OSCHRE
[RVifpgaPath]/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.vh
SR 28 104-20547 554k . J5 — AU F fEswervolf_coreti L1 5516817, AR IA T
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/swervolf _core.v.

&]9. 7-1%2 Btk 5 CPUERE & (wb_intercon.v)

2 PR IF ok B B B NN AR, AR BE I (55110-11147) KCPU (wb_io ™55 — K9
M5115-12647) H—A~4M %1 Wishbone i 4 (EI9IM1E5127-13817T) %EHz. i, wHRCPU
A R (1) bk 7E 0x80001400-0x8000143F Y i Y, NI GPIOAN%, MIMTKE(E S wb_io *51{F
Swh_gpio_ *%EF.

K104 H T 2 BT K i VerilogSE B (47T 32 A
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon_1.
2.2-r1/wh_mux.vif)

HE5: A I Z BT RISEH. BT LLE SO0 E S GPIOMEHIfE S (wb_gpio_*) . 4%
i B A PR SO

[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

B SoCHIIX — B 70 X A S8 LA Ja T SRl 7r B . A SRS IE YN 5 22 BT S0 2R
B SRy R, IAE TR — 3820 o AT 0 017 0 AT DA B R 2 A

Imagination k%11 %] — RVfpgaskii6: I/Ofif
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slave sel bits = num slaves - 1 7 & num_slaves 1
whm_err
slave sel bits-1:¢6 slave sel
um_slaves-1:€ 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
g i

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

i

slave sel = fflimatch
whm_err ]

num
num
num_s1:

match W i slave sel

num_slaves v

num_sl cti i
num_s1: m _bte i

whm_dat whbs dat ilslave sel dw-: dw
wbm_ack L

whm_err whs_e sel whm_err
whm_rty wbs_rty ilslave sel

E10. Wishbone% % (3CfFwb_mux.v)

B. Verilator{iE&

TEAFR 3 A, FRATT 8 Sl s n 3T i NS 5 R B AR VIpgaSim{f H.4% . 285, HAEH
Verilator & §i 4 PRVfpgaSim, JF7E i H 8 AT 8 AR P I iz BB 5 -

i.  BEIHEFHFERVIpgaSim

i EEFE %A B IEMLEDE T ¢, ik, 7ElllF& ([RVipgaPath)/RVipga/src/viogasim.v)
W, BATHIEAIZES (1 sw) HRLH E(E0XFE34 (EMMMAMERS) KO BT KIKsh. FF
Kbt Je B E N ARt SweRVolfX SoC (B HIA MR .

Imagination kit %I — RVfpgas#:6: /Ofif
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i sw = 16'hFE34; .10 data ({i_sw,16'l

B11. f551i_swiErvfpgasim.vif 4 f1£% 2SweRVolfX SoC.

W4 CANT1HEmY , WF & (rvipgasim.v) #2RVfpgaSimiHI NG5 (clkfllrstd)  (E12
(R EEAFE 4y FE9etlit.swervolf_corefid (124 M) .

file (bootrom file))

e o gpio) .dmi reg rdata (dmi_reg rdata),

&12. RVfpgaSimfSweRVoIlfXLFIL NG S (X rvfpgasim.v)

FESCLEAELL T, 5T RE 7 2 1A 07 AR IoFT A N A5 5o R TRl rh, 3R TR i B 4
I & RVIpgaSimMfI NG5 (LN sw0) , AE S HAE T HA MITF L MME.

TE LN A IR A
1. B [RVpgaPath]/RVfpga/src/rvipgasim.v:

a. WEFHIMAGES (BFNL_sw0) o THZS HLE3,

E13. HMi_ swolINE S

b. FEMLZAE SAE A MEIITRAE 5. WHISCHTIE, AHARITRAE 7 B OXFE34
(FLOBRSM) o 12 ILE14.

E14. #ti_swolEABRANKITFRES

Imagination kit %I — RVfpgas#:6: /Ofif
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&2 A [RVogaPath)/R Vioga/verilatorSIM/tb.cpp: 3% 72 Verilator () C++ £ 30 . %S0
KEH—AwhilefIF (WENMSHR) , KA RIGEARIM B — e ikif. EER, SoC
BT E 5 REZMEIR (BE17547) WA, BARJ7 2R IR IR H it hiE
(1>080>1) . bAh, 1ﬁﬁaﬁl‘ﬂ7£§%%main_tlme (7647 Wik, R SBA ANns
CIRHef 920 ns, [AEASBRKN10 ns) o SRJEIETERE, 407 BN EERE t ineout
($171-17447) 1, fﬁﬁéﬁﬁi

Finish())) {

(main_time == 200)
top->i_jtag_trst_n

t_context, top-so_uwart_tx);

ONNECTED) {
client disconnected.
done = t

{
printf(" Er||J1n|| simulation. Reason: jtag wpi error encountered.\n");
done = t

| ", main_time, top->o gpio 7 "on" : "off");

(timeout ¢ ain_time >= timeout)) {
printf(" : Exiting at time ", main time);
done = t

)

‘tcup clk = ->clk;

main tlrr|e+— B;

K15. AT E R IWhilefE3h

TEREANTER Z BINHL swOlE T2 b HIME0 CEMem A M7 , A ANJEF
30 psHPE LT oM (52 K16 A ERS) .

-tcup-::--::ll-'; = ltop->clk;
main_ time+=10;

top->clk = 1; (main time == 3
top->rst 1; 'tf.lp-i'-‘i swh = 1

top->i_swd = 0;

|I||:|c|r|e 1]y l—|1 a l—ul rgotFinish())) {

E16. N5 5i_swosrAi(E

3. SERUTAXLEHE NS, Wi PAT LT & FHEi 4R VipgaSim (GSGH W IL#EAT 1 HHD -

cd [RVfpgaPath]/RVfpga/verilatorSIM

Imagination kit %I — RVfpgas#:6: /Ofif
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make clean
make

B Vivfogasim (RVipgaSim Al B 3| e fh) N H 5%
[RVfpgaPath}/RVfoga/verilatorSIMM 4 % .

WINDOWS: AZUfECygwinZ i A AT i Ja —28 OLIR4)  CHRTEHUH, H2 I (A5
) FHIHE6H A MRC) o iEER, C: Windows {4 1ECygwin N (AL B A: /oygdrive/c.

| MacOS: MBI, 20 ONTHE#) MIHD. |
ii. 4T FEFLedsSwitches.SHIfiE

TEARTER >, BAVEE (RVfpga NI148ES) H ¥ILedsSwitches.S/RBIFET (E17) o %%
BT 56 B, B3 1018 S ANexys A7TTF &t FIILED. & E, RAOTEERE
fEREZF A8, DUMEARYE LB 324 5 N it 5| BVEC B v N sldar il o Bk 3E, GPIOHIIK
16/ 5l HIESFILED, XEEEAMEZAN TCPUMRMHI B (ffift = 1) . GPIOM =164 5]
MERRITT G, EATRMN TCPUMIEIAGII (g = 00 « HTIFRHHIRZF AR 516
K7, BRI EATHME S ALEDZ BT, DA% AR

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

.globl main
main:

11 x28, OXFFFF
1i %29, GPIO_ INOUT
sw x28, 0(x29) # Write the Enable Register

next:
11 al, GPIO SWs # Read the Switches

lw t0, 0(al)

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

beqg zero, zero, next
.end

K17. F T#ESweRVolfX SoCHiz1T¥]LedsSwitches.s

HIRE LT S Bis T B
1. fEiHEHL_ 3T HFVSCode/PlatformlO.

2. TETHEAE L, #dy “File” (SCff) — “Open Folder...” (FTHF3C#F3..) (E18) , &R
Ja S/ & H % [RVfpgaPath]/RVfoga/examples/

Imagination k%11 %] — RVfpgaskii6: I/Ofif
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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

Kl18. T FFLedsSwitches.S7=%)

Imagination
university programme

3. k¥t HtLedsSwitches (AEATIF, Rk Hikd) , REHd “OK” (FiE) . &

151 Fiti BDKE£E Platforml O 3T T«

4. FTH A platformio.ini, Fa#x b 1H AL R VfpgaSim i B ik il SCAFE 191 % 2 (B —3

DHIEERS) AW IEM. RAEATIER, HIBRLN fros:

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

File Edit Selection View Go Run Terminal Help
ER & platformio.ini *
> OPEN EDITORS

~ LEDSSWITCHES
2 .p

> commandLine

? include

> lib

= /home/dcha

E19. Platformio®] 454k 3Cf4:: platformio.ini

Windows: RVfpgaSim1{j & r] AT 3 Z R AVevEpgasim. exeo [KlU:

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

Imagination kit %I — RVfpgas#:6: /Ofif
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5. $$ETJUUIJJ§EIX%$EPE‘JPIatformIOE]ﬁ.iéﬁfﬁﬁ, SR JEIT “Project Tasks” (JiH
{£%) — env:swervolf_nexys — “Platform” (¥ &) , JEHidi “Generate Trace” (4
FERER) o

AH-trace.ved 24 EE
[RVfpgaPathl/RVfpga/examples/LedsSwitches/.pio/build/swervolf_nexys N &4 %, B G
IEEAEPlatformlOZ i 14 A LA R %, i H GTKWaveld H4T I .

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

WINDOWS: T #1113 K gtkwave 641 H5 — N FR M gtkwave.exe T S FHFE T, 18 27
ST bin AN o X% R P A 31GTKWave . 788 FHFE TR, i “File”  (3C
) — “Open New Tab” FTHFHEW ) ., R/EFIFE K<
[RVfogaPath)/RVipga/examples/LedsSwitches/.pio/build/swervolf nexys+ /£ ik Ftrace.ved X4,

6. T AELINMES (HREirviogasim - swervolf, $H£F| FH&MES) -
- WNIIETERE S clk
- ININGPIO¥IN{E S : i_gpio
- WINGPIO¥iH {55 : o_gpio

EE (E20) A, BEBERM6MNFRME (E5i_gpiolfim166i) CLEHIF164LED (fF
S o_gpiolfJfk1647) 1, {HAF(E—LLiEnt. thAb, HA MM AE30 usit kA F L
(0>1) , XEAdi A ILEDAE — B 8] Jo &% A 3 4

Signals Waves
Time :

AU e
1 gpio[31:0]
0 _gpio[31:0] BBBEFE34

& 20. LedsSwitchesf& FF ({5 E

g2, FEEQHAT B3R E. B21 41T .elf LedsSwitchesfE /& (K17) 1 il
ihA, HhREER THT U RGPIOFAA& I =444 (e, AIE)  MIFEA (AT]
fard) , &0 LU 7E PlatformlO HF ¥ FF X 4 firmware. dist ¥ 5 & .elf 2 7 1 SOIC Sl AS , 1%
SO TG PRI E RL R SR 9 AR

[RVfpgaPath] /RVfpga/examples/LedsSwitches/.pio/build/swervolf-nexys/
(ILE21)

Imagination k%11 %] — RVfpgaskii6: I/Ofif
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END _OF OVERLAYS+0xa0001408>

24 # 80001400 <OVERLAY END OF OVERLAYS+0xa0001400>

0001404 <OVERLAY END OF OVERLAYS+0xa0001404>

& 21. LedsSwitches. ST F I R IC4rpR A

fERVfpgaSimH i HiZA2 7, FHAEPAT B2 LA R BoR i =% Ui fA1E 2 (sw. 1w
Msw) JAE3HTGPIOE 5o XK FEBIE T AR T i W] I GPIOJEZ S 3L .

&R LUNBER 7 05 HOTAR, IIJE LU ME S BE (RIS BRI MES) -
- rvfpgasim — swervolf — swerv_eh1 — swerv — ifu
= EF: clk.
»  COHUIES: ifu_i0_instrflifu_i1_instr.
- rvfpgasim — swervolf
= 32fim AN/ G i_gpioflio_gpio.
= CPU#RML[\HNE: whb_m2s_io_adr.
- rvfpgasim — swervolf — gpio_module
» GPIO#MN##Z 1. ext_pad_i. ext_pad_ofllext_padoe_o.
- rvfpgasim — swervolf — wb_intercon0
= E20 2 BT o0 1) fa et bk A PR (5 5 . wb_io_adr_i. whb_io_dat_ifll
wb_io_dat o.
= K202 BT L N GPIOXE 5 : wh_gpio_adr_i. wb_gpio_dat_ifll
wb_gpio_dat_o.
= F2MZ B OCHIE RS S wb_*_cyc_o.
- rvfpgasim — swervolf — wb_intercon0 — wb_mux_io
= E2(Z I CILEL(E 5. match.
- rvfpgasim — swervolf — swerv_eh1 — swerv — dec — arf — gpr_banks(0) — gpr(5) —
gprff
= {0 AFAs{E: dout.

#:33. ¥ JERVfpgaNexys P37 5 1L /MR 424 . 202207 X FL 20 AR 3 27 B Ay
% by By . AR —BTNU. BTND. BTNL. BTNR. BTNC.
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R ADIG’LENT‘ ’_-4-.:

-
"H
© ofemsd
I-ﬂ—

Pushbuttons

Kl22. Nexys A7 FPGATT- &% b f3k41

a. BEEATESLMFHKIGPIORIEL (gpio top) KKK/ HN32, BIVOF| JH% H32
(16/°LED + 1615 U"Jﬁﬁ%f3weRVOlfxqﬂ@ﬁGP|o%~zi}%E@%—/P%ﬁu, DL K
5N =S Es F T A B EHI1E

b. i I M.0x80001800 JT %4 1 Hh 4l <Tﬁﬁ> R L 558 3B GPIO 4 il 48 X B2 [ 25 A7 8% o 1B TE
B, WIMBME BT <E9> PLEL S B A

c. TEBMLIHR IR, Uiz fERI5A &2 L N FPGAS] -

i. BTNC@%U%IH&NW
ii. BTNUIEE:35|HIM18
iii. BTNLZ#:2]5] P17
iv. BTNRZRFI5] M7
v. BTNDIE#:35| P18

£:>]4. {ERVfpgaNexysH N5/ _EF 4 ¥ it 373 — AN 2%

a.

Imagination kit %1| —
fiRA2.0 — 20224E4 H

S 2I3M L, R, 2 R4 EI 3 i B 1 07 R7EVerilog Bl
SystemVeriIog*iﬂ‘ﬁE‘.E‘JGPIOE%'J%% fﬁi Fo 2 mr DLTRIAL AR B L S
%aﬁ%)\i —N ?jq:'ﬂﬂJ]gT?Hﬁ?J%& Ijﬂ“ﬁHTUEH%ETEUWGPIOTH%IJ%&ﬂ%ﬁ;ﬁH
P21k 8

W Wl s 60 5 72 R GL s m AR Ah b o AT RUSE R A B ik v
0x8000101C-0x8000101F . 5 &L, FGufm il & v & 1) 27 47 35 25 T CPU A
Rl Gowb_adr) %% R #|Wishbone st 2k (o _wb_rdt) HIEIEES,
PLIZFP 7 iz A BICPUH . K Er i Eiswervolf_syscon
([RVfpgaPath]/RVfpga/src/SweR\VolfSoC/Peripherals/SystemController/swer
volf_syscon.v) M1%5234-26617, LAHBHIE T fiftan o] gk G454

RVfpgas6: /O
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#5315 9’5 —PRISC-VILH 25 F—NCIEFF, PUMEM1TTAATELED b o3 3 1 — i i it
. BRPPUE—HTAESA GG BoR Z A B SRR 2 a5, DU R AT LU 2
XLEAE . I 25 >) 3 S OpenCores 4B i3 ERBTNC I I e K S cleih Bk /2, 48w it
2521 4rh LK A B BTNU SRR AR 4L N I A 8 2 4.
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	1. 简介
	在实验6-10中，您将学习如何使用和扩展RVfpga的输入/输出（Input/Output，I/O）系统，以便实现RISC-V处理器与外设的交互。下文概述了这些实验涵盖的主题：
	2. 输入/输出架构
	3. 通用输入/输出（GPIO）
	4. GPIO高级规范
	5. 基本练习
	练习1. 编写一个RISC-V汇编程序和一个C程序，此程序会显示一个由四个点亮的LED组成的模块重复地从板上16个LED的一侧移动到另一侧。另外，还包括两个控制速度和方向的开关。Switch[0]用于更改速度，而Switch[1]用于更改方向，如下所示：
	 如果Switch[0]为ON（高电平），则点亮的LED应快速移动。否则，点亮的LED应缓慢移动。可以定义“快”和“慢”的含义，但任何一种速度都必须明显可见，并且必须能够仅通过观察便察觉到速度的不同。
	 如果Switch[1]为ON（高电平），则点亮的LED应重复从右向左移动（当它们到达最左侧的LED时，将从右侧重新开始）。否则，点亮的LED应重复地从左向右移动。
	下面的图4给出了Nexys A7开发板，其中突出显示了LED和开关。
	6. GPIO底层实现和仿真
	在本部分中，我们将介绍SweRVolfX中使用的GPIO的底层细节。随后，我们会修改RVfpgaSim并在Verilator中执行一个示例仿真，以获得简单的汇编示例。最后，我们提供了一些练习，您需要先仿真RVfpgaSim，然后对其进行修改以添加新的GPIO外设，最后编写一个使用该新外设的程序。
	在本部分中，我们将介绍SweRVolfX中使用的GPIO的底层细节。随后，我们会修改RVfpgaSim并在Verilator中执行一个示例仿真，以获得简单的汇编示例。最后，我们提供了一些练习，您需要先仿真RVfpgaSim，然后对其进行修改以添加新的GPIO外设，最后编写一个使用该新外设的程序。
	项目的约束文件（[RVfpgaPath]/RVfpga/src/rvfpganexys.xdc）定义了输入/输出SoC信号与开发板器件之间的连接。每个开发板器件都与给定的FPGA引脚关联。例如，板上最右边的开关Switch[0]通过印刷开发板（Printed Circuit Board，PCB）走线连接到FPGA引脚J15。
	Nexys A7开发板包括16个LED和16个开关。将16个LED与SoC（称为rvfpganexys，在内部文件[RVfpgaPath]/RVfpga/src/rvfpganexys.sv中提供）的顶层模块相连的信号名称为o_led[15:0]，将16个开关与顶层模块相连的信号名称为i_sw[15:0]。图6给出了Xilinx设计约束（xdc）文件rvfpganexys.xdc部分（位于[RVfpgaPath]/RVfpga/src），其中定义了信号与FPGA引脚之间的这32个连接。
	Nexys A7开发板包括16个LED和16个开关。将16个LED与SoC（称为rvfpganexys，在内部文件[RVfpgaPath]/RVfpga/src/rvfpganexys.sv中提供）的顶层模块相连的信号名称为o_led[15:0]，将16个开关与顶层模块相连的信号名称为i_sw[15:0]。图6给出了Xilinx设计约束（xdc）文件rvfpganexys.xdc部分（位于[RVfpgaPath]/RVfpga/src），其中定义了信号与FPGA引脚之间的这32个连接。
	请按照以下步骤运行仿真。
	7. 高级练习
	练习2. 更详细地分析上一部分中的仿真。图21 给出了.elf LedsSwitches程序（图17）的反汇编版本，其中突出显示了用于访问GPIO寄存器的三条指令（使能、读和写）。根据本《入门指南》，您可以通过在PlatformIO中打开文件firmware.dis轻松查看.elf程序的反汇编版本，该文件于编译时在以下文件夹内生成：  [RVfpgaPath]/RVfpga/examples/LedsSwitches/.pio/build/swervolf-nexys/（见图21）。
	练习3. 扩展RVfpgaNexys以支持五个板上按钮。按钮如图22所示。这五个按钮根据其位置命名：上、下、左、右和中 – BTNU、BTND、BTNL、BTNR、BTNC。
	练习4. 在RVfpgaNexys中为5个板上按钮设计另一个控制器。
	a. 与练习3相比，在此示例中，必须根据图3中说明的方案在Verilog或  SystemVerilog中实现自己的GPIO控制器。实际上，甚至可以简化相应电路，只包含一个读寄存器（即，无需包含三态缓冲器或写寄存器）。
	a. 与练习3相比，在此示例中，必须根据图3中说明的方案在Verilog或  SystemVerilog中实现自己的GPIO控制器。实际上，甚至可以简化相应电路，只包含一个读寄存器（即，无需包含三态缓冲器或写寄存器）。
	b. 无需从上一个练习中删除控制器，因为按钮可以映射到该GPIO控制器未使用的地址。
	c. 将新控制器包含在系统控制器外设中。可以使用未使用的地址范围  0x8000101C-0x8000101F。请注意，系统控制器中包含的寄存器基于CPU生成的地址（i_wb_adr）直接连接到Wishbone总线（o_wb_rdt）的数据信号，以这种方式读入到CPU中。检查模块swervolf_syscon  （[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Peripherals/SystemController/swervolf_syscon.v）的第234-266行...
	c. 将新控制器包含在系统控制器外设中。可以使用未使用的地址范围  0x8000101C-0x8000101F。请注意，系统控制器中包含的寄存器基于CPU生成的地址（i_wb_adr）直接连接到Wishbone总线（o_wb_rdt）的数据信号，以这种方式读入到CPU中。检查模块swervolf_syscon  （[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Peripherals/SystemController/swervolf_syscon.v）的第234-266行...
	练习5. 编写一个RISC-V汇编程序和一个C程序，以便从1开始在LED上显示递增的二进制计数。程序中包含一个用于在各个递增值的显示之间留出等待时间的空循环，以便人眼可以看到这些值。通过练习3中实现的OpenCores外设读取BTNC并使用它来更改计数速度，然后通过练习4中实现的专用外设读取BTNU并在每次按下时使用它重启计数。

