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1. fEjS

ALK BTy ERVipga £ 4t LME 5 7BCR R RIS, B R T nE 7 BUE R B
fEfil 5. Nexys A7 FPGATT AMCA8NTEBUR RBE . HATE N AH TR (552850 , A
Jar HrRVfpga 22 4t A 15 HIBAL7 B 7= BR P2 25 I i O VE IR 3R it — LB IR 2R 3] (55330 Al
AR o B AHTIZIEHI SRR LI, AT Verilator {f HIF SR At AR 2R ), ROk AEIX L
252 B SO Bz HI g S GRS A6/ ) .

2. NEXYS A7THRIR EHI 7B B

Nexys A7JF R E I SE IR 7 BXLED 2o e ', A e & o] FIESA8AL7 Br o if (A
K1 o )8 i — A A B, XBABEL “EE8” B (K2
— B —/NLED. H AR BOA T PR BUE K, D il e BE S LED BOF K K e At
B, Ay BRT BLR R 128 R S AR T — Ay BRI, AEX128 R E, W LR R
TR, 2R .

o o ] B i ) e s s s 1 ' : <]

&1. Nexys A7 _HI8HLT BY B 5

o W W
bl i ed
o e
4
o
2. X BT O

L RHBEAN B T A3 F {E B hitps://reference.digilentinc.com/reference/programmable-
logic/nexys-a7/reference-manual
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— B HILEDERIC NA-G, MBS MR, & A -EANLEDRIBAAERE SR R — > “FLEH
W7 HLERY A, (HLEDIIARARFER 8 (WE3) o AL E S HE “Bepfline” , Shkis
(ANO-AN7) X N— M EBANAE 5. BT )\ 1 H — A BB A 32 8| CA-CGIX LAME 5
(L3 o GEER, B)\AME SR F it sl /N OSDP, EARLE T ASMHERE. ) H
Wi, J\DLECF I DB A 2 L B FR N COI R — AN H BT b o IXFME S 8 R T —
M BE R ERE, KRGS ETa @R, (HEN RN RS 5 B VA T
HrBUS . ITE X5 S T A 2 RS R s DRk, SR B (9 26 24
BFWIDE , BHIRAN2FIBH# CD# b A 3K 5 % L~ F

Common anode

mllr Ar;aa Al:lﬁ Arlu mlu Ar:lz Arlu m:m /;;:;3 .
o O e e
N N Ny O Ny

CA CB CC CD GE CF CG DP -:'n cBCC Cb CE r.:||= cGDP E f

Eight-digit Seven ]
Segment Display

Individual cathodes

& 3. Nexys A7 FHISHI 7B &R R ER:

T s A ] 2% K T T AESALT B R B B RSB . 12 r i DA HIR TG A ) B ) B
R AELLA WIS B B AN RIS, g — RIS — AN FE K. Bk, BT ACE A
R RS, 2, T NIRTGIEAE AL EC T B R BB 2 AR, PRI AL
B BN GE IECA R ST o

N TS IR A RO AR AR W S IF BLRrEE fise, DS RERR12)16 msika)— k4 #i8
frder, I BRI N A BRIRET A (Bt XFT16 msIIRIHT M, A8 N H5E2
ms) o WIESCHTIR, il s 20 Ch ko iR 2GR 2 A 807 1) B AR KB U IR T, [N A L
FHARAS = IR R H/2, BT Nexys A71EFINPN G454 248 1 f i K 50 2 3L FH A
A, WO PHAR A RS 5 2 B . ML, ANO...7HICA...G/IDP{E 5 7E4 2 B IR s K L

AT UWZE R, R EAAE RN Y ERORTT, A S AEAT2 msREANO.
CBRICCH A MR, MRS AL — 8y LRI, )5, EHTRK2 msKANT.
CA. CBMCCHEN AR, WM — P m A8y LRR7. WRERELRESR, A
HRKEAE e AT T I P A My BB 271
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3. 8M 7B W BRI A 1) i R A

A, BATE S U IR > T RVfpga 22 4t A 1862 7 BUR 7 B 42 il & () i S0 v, 28
Jr R EMZR>T .

A, FBEHE

ARl HI8AL7 BB R bR #5832 T NRVfpga # g il iz it . EEEW N8N
Enables Reg#H1Digits Reglt) 774745, 47 il i) 2|1 hik0x80001038410x8000103C (ifyExE:, X
ANk A 2R G812 ) A% R B st bk Y el P ) AR5 st ik, mT BAAE
https://github.com/chipsalliance/Cores-SweRVolfH & F ) .

£4: HKBIF 178 Enables Reg#lDigits Regft) 7= W UL K& N A FCE RN B . 8077 BB n BF
16 LA S0 szl
[RVifpgaPath]/RVfpga/src/SweR\VolfSoC/Peripherals/SystemController/swervolf_syscon.v.

Enables Reg/&—/M8{iaifias, Hrhis—AHFieHNAIE 7 NON (0) IEZOFF (1) .
Digits_Regs&— /321 & 1785, H AN AR EAEM P EC T BRI+ 752 fiE . 5
w, BEERADNPAE T FEoR7T, GFES NN E AR B UL AE

- Enables_Reg = 0xFC (i Re A L AL 30T

- Digits_Reg = 0x00000071 (fE =71

4. FEELS]
231, 95— RISC-VILGwFEFF Al —NCRER,  ETBCE R B i A A VU B 7 BB oR P AH o
2. 9’5 —MRISC-VILIFEF M —ANCREFF, 1E8HMI7EBL TR BE b MA B A F 8 BoR 7475 o

“0-1-2-3-4-5-6-7-8” . Wik ul, mALK—MET LN ER0. Z2)5, OMFAAERE), &
AR A8y BN SRR, RIS HE.

5. ST ERFEHIZ: RELIAGE

FH BT IE, FAVMGH 7T FH8AL7 BL s b o EARF -, AT IR Z 23,
FHAE AT 187 H I Gt 191 B S8 47 L BT RVpgaSim. f i, FRATTHG S (A% 2e8 47 7 B B/ B 4%
GHE YN

A, SIITECE RIS R E LI

HPLRTiE HI/O (General-Purpose 1/0, GPIO) SEEGAHL, FRATH 8477 B 57 it 4 il 25 1)
SN A=A B
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W _ESoCHIOF T 2 I8 IERE (AR MR X0

2. HiEHSR R R IZFHEH S ESoCH I SweRVoIfX R Gi i ds - (114 i v ]
FASZIX 80

3. JFriEfilds HSweRV EHI W Z [ is (4 A MR XD

!

Boot-ROM

-_—

SPI1-Flash

El4. 8ALT B Ban R IEHI B T (O R3AHBD

1. LED/IFFRE5SoCHiEE:

T H 23t ([RVingaPath]/RVioga/src/rvfoganexys.xde) & X T N/ SoCls 5 5T
KMz [l EH:. Nexys A7 FPGATF KR LB /OF #8215  IFPGAS| i, &z
JA PSS (LE3) FRAAN] GRIYEEA0-7) , & 84 5T FARL B FI B R HI 15
T (JLKE3) RANCA. CB. CC. CD., CE. CFHICG. KB4 H T & XX M5 i 2 o e 1)
B,

L18
GE PIN H15
PIN

PIN J14
PIN P14
PIN T14
PA PIN K2
ct { PIN U13

&5. M1 7B B R KIER: (SCErvipganexys.xdc)

o

L e A A O e e

o
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ERFANERBE (Frvfpganexys, 1t [RVfpgaPath]/RVfpga/src/rvfpganexys.svH Sk
WO MEES0-5117H, W AR RI8AI7 B i 7w B iE #L 2ISoC AN CA...CGI NG 5 (146
P& 53D, AR (EerAMmiE 7> , n Ui 3% W 7R b 5 swervolf_core
B %R (GEER, CA...CGfE S TRzt & ay 4 N Digits_Bits[6:0]) -

main.mem")

ddram:dq,

ddram dqs _p,
ddram_dqs _n,
ddram _clk p,
ddram _clk n,
ddram_cke,
ddram_odt,

m init error (litedram init error),

lata ({i sw[15:0],gpio out[15:81]
]

_ i 3its ({CA,CB,CC,CD,CE,CF,CG}),
; ; [3CCEL SCLKJ

/6. 8fI 7B B~ BE 5SoCHIESE: (SLHF: rvfpganexys.sv) .

BJh, PIME S Mswervolf_coretibiffi N R Gi#xH|#stith (swervolf_syscon) (JWLE7) ,
FoA SIS0 7 B R BRI A8

(sw irg4),
(i_ram_init done),
i ram init error),
st vec), "

(wb_m2s
(wb_m2s

(wb_m

(wb_m

(wb_m2s
(wb_m2s
(wb_s2m_

(wb s2m sys a

its (Digits Bits));

E7. Sh7TE B AR5 REEHI BN ERE (CUF: swervolf_core.v) .
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£S5 IREFMLHR SRR R G5 ] S B IX £e(5 5 (CA-CGHIAN) , CA-CGYTE R G
s A IR N B Digits_Bits. 5 EAS A DL SCHE
[RVfpgaPath]/RVfpga/src/rvipganexys.xdc
[RVfpgaPath]/RVfpga/src/rvipganexys.sv
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/swervolf _core.v
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Peripherals/SystemController/swervolf_syscon.v

2. R8AL7TBL B B A E M EISoCH

fE#itkswervolf_syscon
([RVfpgaPath]/RVfpga/src/SweR\VolfSoC/Peripherals/SystemController/swervolf _syscon.v) [1]
$5276-28817, 8Lr7BL IR B 1 il Ak 4 it SEB L R R EISoCH (S ILIE8)

Enables Reg;
Digits Reg;

(i rst),
(Enables Reg),
(Digits Reg),
o (AN},
.Digits Bits (Digits Bits)

8. 8AL 7B B e dl s sepitk (3Cfk: swervolf_syscon.v)

KT 4SS (i clk, Edr4 Nclk) FIEAES (i rst, B4 Nrst_n) 4h,
SevSegdisplays_Controllerti LUt Ml A5 5 (Enables_Reg#iDigits_Reg) , BRI
il (RPN A2 At 2 WS P 1R B A7 2 o IR H I ME 5 CANAFIDigits_Bits) , 1XME 5%
PRI TR B . S TR AP T B R 7187811, SevSegdisplays_Controller
W2 LA ME ST BL4A (5 5 ANFI Digits_Bits:
- M0 msZ2 ms: {55 ANOPIRHEFLLEREBOME Y (ALK —MNET) . &
‘5 Digits_Bits[5]F1Digits_Bits[4](%} T CBFI CC)t MK B - LAE S5 0h 87 Iy
M) EEoR “17 o i HARE SO E P
- M2 ms#El4 ms: 1FSAN[PVKHE LR R 147207 Digits Bits[6]. Digits_Bits[5]
FDigits_Bits[4] (Xt3FCA. CBHICC) N FULESFI T LER “77 . Bt
B HAME S N mE B
- M4 msF|16 ms: ANJ2]---AN[7]7E2 mslalf7E N N mE B, B eEfIAERE. He
By CGE-TRET) B R .

SevSegdisplays_Controller 1% £t 7t 3 1 [RVfpgaPath]/RVfoga/src/SweRVolfSoC/Peripherals/
SystemController/swervolf_syscon.vI{]55295-3661T 528, HA & LR T #t:
- PINZERIT R Tk #5452 ms ki B|IANAIDigits Bitsfs 5 [1ME . £ BT R AE R
SevSegMux A #i S .
- CNTEA2 mslE ], BATME SO counter.svildelta_counter.svib Rt [ counter
REHL, X AN SO AL TR S0 % [RVfpgaPath]/RVifoga/sre/OtherSources/pulp-
platform.org__common_cells_1.20.0/srcvf . i+ B W MO E51219, K&
2 mst — IR I3 B i A UL FAE IR IS 2 B8 T R L #(E 5
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- FhbasfERibiSevenSegDecoder i Si L, 4t 4a e At N REBIME 1Y BUE

1£%: #4157 rSevSegdisplays_Controllerfiidlt . T — 87 H AT (1477 B 1T LAHS B 165 56 A
XIES . W RE, EEnUERE ST B,

3. S 7TE B RFIEHI% 5SweRV EH1 N Z A R

WsEIReH AT, Wi il 2 BT Ot 5SweRV EH1 SR (W4 . ik, 71%
FEIFOE (B9 fECF
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.v
HSEIL, SRR AT
[RVifpgaPath]/RVfpga/src/SweR\VolfSoC/Interconnect/Wishbonelnterconnect/wb _intercon.vh
(155 104-20547 S2 4k . J5— A S0 14 £3. % 75 swervolf_core i B 4 16817, %k Hefr T
[RVfpgaPath]/RVfpga/src/SweRVolfSoC/swervolf_core.v.

2 PR IF ok B B NN AR, ARSI (55110-11147) ¥CPU (wb_io *55 — K9
F55115-12647) 5—A4M I Wishbone i 2k (IO 55127-1384T) ##. filin, WiRCPU
A B Hb ik £.0x80001000-0x8000103F Y5 [ Py, ML RGe# il #s, MIH(E S wb_io_*515
Swh_sys *i#R:.

Peripheral Signals

&9, i FE S5 CPUZERMIMRITAZ IR (SC¥F: wb_intercon.v)

ROERSE P AT NFFR/MNCPUS N, B2 5 TCPUA ML (_wb_adr) #ix
4 25 17 %% 5 Wishbone & 28 345 (5 5 (i_wb_dat) H#EiEH: (Btkswervolf_syscon i &
162-22817) -
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f£% . ki kiiswervolf_syscon(f1#5162-22817, T WA {E R Si 5l 28 b St bk . 6
HIRTE219-22747 (10D , HI%-1£28Enables_Reg#HlDigits Reg (NI Ak, 4 El4:
X A B A7 25 R Hb 29 7] 0x80001038 #10x8000103C)

(i wb_sel[@]) Enables Reg[7:08] i wb dat[7:0];

(i_wb _sel[©]) Digits Reg[7:0 i wb dat[7
(i_wb sel[1]) Digits Reg i wb dat[
(i wb sel[2]) Digits Reg 6 i wb dat[
(i_wb_sel[3]) Digits Reg[31:24 i_wb_dat[3

E10. S 7B B 5 W RIERE (OUfFswervolf_syscon.v)
B. Verilator{i E

FEAF v, AT RVfpgaSim £ 4 2 25 AT BK 212 41 B 1R fil B (51l s A A 8467 7 B i o
RN EEE S BRI ES, RIOTSEPIT BN BRKRE (R arfme e s
A7) W55 5 ANFIDigits_Bits. %241 T LA N AL HE »
[RprgaPath]/Rprga/Labs/Lab7/71_7SegDispl(ﬂﬁﬁ%ﬁirCﬁijﬂ LB
[RVfpgaPath] /RVfpga/Labs/Lab7/71 7SegDispl C-Lang).

#define SegEn ADDR 0x80001038
#define SegDig ADDR 0x8000103C

.globl main
main:

1i tl, SegEn ADDR
1i t6, O0xFC
sb t6, 0(tl) # Enable the 7SegDisplays

1i tl, SegDig ADDR
1i te6, 0x71
sw t6, 0(tl) # Write the 7SegDisplays

next: Dbeq zero, zero, next

.end

&11. 71_7SegDispl.S74

1225 1 1 71_7SegDispl.elff2 /7 I I gihit 4, 7 PlatformlOH 4 (1AL B 4
[RVfpgaPath] /RVfpga/Labs/Lab7/71 7SegDispl/.pio/build/swervolf nexys/
firmware.dis

00000090 <main>:
90: 80001337 lui t1,0x80001
94: 03830313 addi tl1,tl1,56 # 80001038
98: 0fc00£93 1i t6,252
9c: 01£30023 sb £6,0(t1)
a0: 80001337 lui t1,0x80001
ad: 03c30313 addi tl1,tl1,60 # 8000103c
a8: 07100£93 1i t6,113
ac: 01£32023 sw £6,0(t1)
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000000b0 <next>:
b0: 00000063 begz zero,b0 <next>

&[12. 71_7SegDispl.Si4l i R IC 4R A
WL T PRSI B (IR IEA S T 5, WnT DAE B 20 R

1. FEXMELT, BT TR HE, Al COUNT_MAX (Z W3 [RVipgaPath)/
RVfpga/src/SweR\VolfSoC/Peripherals/SystemController/swervolf_syscon.v [{] & 29517 )
M20EE S AR Aa T it B A B . R0, A F A RAE R AR . 12 2iCOUNT_MAXH]
8, SRSFEEHAT LT 4 BB 4 ikRVipgaSim (GSGH X LT T HH) -

cd [RVfpgaPath]/RVfpga/verilatorSIM

make clean

make
HCE Virvfogasim (RVipgaSim i 5 3k 3o fF ) MAE H 5%
[RVfpgaPathl/RVfoga/verilatorSIMM 4 % .

WINDOWS: & d F 1) 2 Windows, T AZIAE CygwinZi i N HUATIX S6dr & (FF S TE4H UL
W1, SN0 (N6 THEE6E M RC) o EIERE, C. Windows X 1% #£Cygwin 4
WIfI & N: /eygdrive/c.

| MacOS: HXVEAUT, 2 W (N TR/ HIHRD. |

2. {EiF#EAL EFTIFVSCode/PlatformlO.

3. fETHHK: F, fads “File” (Cff) - “Open Folder...” (FTHF 4. , RIESMEH
x[RVfpgaPath]/RVfpga/Labs/Lab7

4. EPEHFT71_7SegDispl (ANEFTH, RFEHEH) , RiHd “OK” (fHE) - Zn
15116 B4 78 Platforml O 4T F .

5. #TJF Xt platformio.ini, 75 RVfpgaSim 1 & — it il XA 1 B2 2 5 IE# . MRIE AT 145
F, HIZ MW FrR:

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

6. %ﬁE@U%ﬁEIX%%EPE@Platformloglﬁliz‘;ﬁfﬁﬁ, G EIT “Project Tasks” (IiiH
{£45) — env:swervolf nexys — “Platform” (V&) , i “Generate Trace” (‘£
MERER) o

Y Attrace.ved)v EL1E [RVipgaPath)/RVioga/Labs/Lab7/71_7SegDispl/.pio/build/swervolf_nexys
WHEBAE R, AT LU FH GTKWavethAT LU fig 24 HAT I
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gtkwave [RVfpgaPath]/RVfpga/Labs/Lab7/71 7SegDispl/.pio/build/swervolf nexys/trace.vcd

WINDOWS: T 1) 3k gtkwave 646135 — N Fk N gtkwave.exe I N AR 7, 1% 8 R P
K F-bin LN o Wiz N R F B 31GTKWave.. 7EM FEFERITHES, #di “File” (3L
) — “Open New Tab” THEREIE) , RIFITIFE X% [RVipgaPath)/RVfoga/Labs/
Lab7/71_7SegDispl/.pio/build/swervolf_nexys i ffitrace.ved U1

7. EUHEFEAEUTFES EASERIEKBIEGMES) -
- rvfpgasim — swervolf — syscon — SegDispl_Ctr
v #iN{55: Enables_Reg#Digits_Reg.
v #ii{ES: ANFIDigits_Bits.

8. TSR E . W], J\ATEERRF L ERIMERIN0 Ryl T A3 f i
NEnables Reg=0) . [5G, FA1#ILKOxFCE NEnables Reg (1241 []sbig4) 2k
1B AN, SRIGEIE ¥ 0x715 N\ Digits Reg (El12F1{)swig4) [l A 1 H
MEFEBNTT. WHHES e~ (E13FR) -

o (EH—AJEW: AN = OXFEH.Digits_Bits = Ox4F, Rt &ANK—HiET (50
Ry EERT,

o FEH ANEW: AN = OxFDH.Digits Bits = OxOF, KT —fr¥is (6%
7)) FER7.

o EFETRAINDFEM: AN = OxFFH.Digits_Bits = 0x01, [t 2212 () /A7 3
FHK

o LI FEM fE B R AT

Signals

Time

Enables_Reg[7:0]

Digits Reg[31:0]
AN[7:8]

Digits Bits[6:0]

E13. M TR B RA IS E LB N ET1

9. EMEEREZET, WEAEEICKCOUNT MAXIFME R E NIHIRIEE (COUNT _MAX=20) .

G533, BRI TR R ) 2%, DUESAL7 B o 5f AT LL R /R ON/OFF LEDHAE R A .
o IEATFREMAEA A, MATE/\ANTMFFE. LW T: Segments_Digit0-
Segments_Digit7, /\/N7BLEIRBEEX N —ANSHR. HAR AR T
AN BEON (0) IBZOFF (1) o i, iz —A27 /74 (Segments_Digit0)
BT OL3R0, WA 1 B — S 8 B A BUSHON, - T W R 88— A2 A7 0 Tl
REFIN, WA T — R 1 BT B A OFF .
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o AJDLKEIX AN B BT A7 A% WL BN FRATZ A A AE Rk (O R 2 AP A B AR A
Enables_Reg#1Digits_Reg) :
o Segments_Digit0 €<-> Hi}1:0x80001038
o Segments_Digit1 <-> Hi11k0x80001039
o e
o Segments_Digit7 <-> Hili:0x8000103F
o VR, IMNETEA-THILEE (fibitSevenSegDecoder) , M NFEFHEMEIIE R
A

G4 M IEH S ES M T B B R B E RN U RN “ISAY HI” o HAEW —H#E, R sEl
FEF IIRISC-VIL g iR A MICHR AR o
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	1. 简介
	2. NEXYS A7开发板上的7段显示屏
	Nexys A7开发板包含两个4位共阳极7段LED显示屏0F ，经配置可用作单个8位7段显示屏（见图1）。八位数字中的每一位都由七个段组成，这七个段以“图形8”模式排列（见图2），每一段都有一个LED。其中的每一段都可以点亮或熄灭，因此通过点亮某些LED段并熄灭其他段，一位数字上可以显示128种模式中的任何一种；具体来说，在这128种模式中，可以显示十进制数字，如图2所示。
	Nexys A7开发板包含两个4位共阳极7段LED显示屏0F ，经配置可用作单个8位7段显示屏（见图1）。八位数字中的每一位都由七个段组成，这七个段以“图形8”模式排列（见图2），每一段都有一个LED。其中的每一段都可以点亮或熄灭，因此通过点亮某些LED段并熄灭其他段，一位数字上可以显示128种模式中的任何一种；具体来说，在这128种模式中，可以显示十进制数字，如图2所示。
	一位数字的LED段标记为A-G，如图3右侧所示。每一位的七个LED的阳极连接到同一个“共阳极”电路节点，但LED阴极保持分离（见图3）。八个共阳极信号用作“数字使能”，每位数字（AN0-AN7）对应一个共阳极信号。所有八位数字的同一个段的阴极连接到CA-CG这七个信号（见图3）。（请注意，第八个信号对应于十进制小数点DP，但本实验中不会使用它。）例如，八位数字的D段的阴极分组到称为CD的同一个电路节点中。这种信号连接方案构成了一个多路复用显示屏，其中阴极信号是所有数字通用的，但它们只能将对应阳极信...
	3. 8位7段显示屏控制器的高级规范
	4. 基本练习
	练习1. 编写一个RISC-V汇编程序和一个C程序，在7段显示屏最右边的四位数字上显示开关值。
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