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T The information in this section is described in: https://reference.digilentinc.com/reference/programmable-

logic/nexys-a7/reference-manual

Imagination University Programme — RVfpga Lab 7: 7-Segment Displays
Version 1.1 — 8th June 2021

© Copyright Imagination Technologies 2


https://reference.digilentinc.com/reference/programmable-logic/nexys-a7/reference-manual
https://reference.digilentinc.com/reference/programmable-logic/nexys-a7/reference-manual

imagination
university programme

oF At2| LED MOME= 08 32| REZRO| BAE ANME A-GZ EA|X|O] RAFLICE ek Xt2|of Chiet 7 74
LED of ¥=2 otLto "S& &=5"22 =EZ o/ HZS XD LED 852 =2 FAIELCH (= 28 3).8
el & &= MU= (& A (ANO-AN7) & SHL)= "CIXIE gdetdets gttt 8 A2 ZF0M St
MIAHES 252 7 72 M2 2 CA-CGE(AY 3 &X) HZAE L (25F DPOI| CHoH of & W Mt
ZXYSHX| 2 O] LAB O M= ArESHA| 5 LICE) Ol S0, 8 At2| =AM MAHE Do 852 Cpets THE
9|2 LE2 ) OF=t gLt O] M= g EA2 85 =7t BE <Ato| S8 OE CI&3Y 0|
SESHA T, oY ¥=5 MU2It BAIE= A JOAMED 2 = JUSUCE O ZE M= Yot
low 2 #SELIC Mt MIHE (Of: =X 22l MOAHE DE =HoIAE F= AV2et 85 (DE BF

low 2 F&8HOF gL},

Common anode

ANT  ANG  ANS AN4 AN3  AN2  AN1  AND /"
| | | | | | | | F
| I N N O
A 1 O e _ ~

N | | |
CACE CCEDElE ClFCG-DP CACBCC CDCECFCGBP

.'rz I

Eight-digit Seven op
Segment Display
1 V)
Individual cathodes
A% 3. Nexys A7 2| 8 Xj2| 7 MIOAHE C|AE20] HE

ClAE 0| HEEZED 228 ALESIY 7 MOAHE C|AE20[0] 8 =XE EAl & = USLICL O] 2 2&
ARl ZC 2 XY £ U= AEC O HE YH0|E £ 2 HhEks HS GE22 Z =Xo| ijHe =2
=2 TFEYLILL SA0| 2|2 SIS o HO St FSEELICH M2t ZF =Xts 8 22| 1 0| S atStX[ g
CHAl EfOFX| 7| HOll= A7t | X= AS 22 QMg £ Q7| 20| X7t AL AN Jes ANEH
2o

8 At27} Bt X[EHo 2 A BA| &2 8 Xj2| 25 1 ~ 16ms O oF HA FSSHOF St 2} X2l = M=
HHOIE 7|2 1/8 S HTLILE (M: 16ms M=Z CI0|E F7|2| B2 Atz 2ms S AT LICH. 2I0A

Y ANY HESAE ofT Y3 NIE w2 PEEIE SO SHE HYHOR CIXE low | 838

TSlOF BFL|CE J2{Lt Nexys A7 2 NPN EHX|AHE ALY 38 Y3 KT E F2% MJE #&6H7|
2o &= =57 b EL|Ct 2t ANO~7 X CA~G / DP Az = 25 & MEfY [ff low 2

TaELch

ZE2MAE MYs7| Qe M QEXR = XI2[0f| 772 EAISICHY 7PHEL|CH HAEED 3|25 XS 2ms S0
ANO, CBH CCE low 2 #ESEE W EZ Xt2|0f 1 0] EA|EL|CE O|F Tt 2ms &t 2|2= ANT, CA,
CBH CCE low 2 73510 Ct3 X492 =Atol| 7 2 HEAIZL|CL O] 1°Y0| Fots| BEE|H AL =2 M
QEZ T Xt2|of =Xt 770| EA|ELIC.

IGIT 7-SEGMENT C|AE2|0] HEEZ O =

M RVfpga AIZRIOIA ALEE|= 8 At2| 7 MAHE C|AZY 0] HEEZ S Ag AHYS

= UNE==
— o
25t M O, 0|5 ALESHY| flet &S ST L L
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A. 115 AMY
0| IHOIA AFRE|E 7 MOAHE ClAZ 0| HEE2|E RVfpga A|AEIROZ Ors M7 gL Ch

O 7|0il= 2+Z 4 0x80001038 X 0x8000103C Off DA El Enables Reg R Digits Reg Bt= F 42| 2 X|AE{ 7}
EBE|0] USLICEH (O]2 Fas ALH HEEDY 822 OUE T4 HEel oM A EX| e F40|0

https://github.com/chipsalliance/Cores-SweRVolf/Ol A & &= US).

EY: 2 X|AH Enables_Reg X Digits_Reg 2| Miut Zi0| 2 E IX|E H&LCHL MOAHE C|AE2 0=
o2 FHELICE /RVpgaPathl/RVioga/src/SweRVolfSoC/Peripherals/SystemController/swervolf syscon.v

Enables_Reg & Zt HIEZ} oliet ==XI7t ON (0)RU K| OFF (1)2IX| 288t= 8 HIE 2| K| A YLICE Digits Reg &

Z} 4 HE 50| s =Ato| EAIZ 16 Tl 442 LEH = 32 HIE X AHYLICHL Ol S0, 7t RER
T X2lof 772 BAISHHE T2t = X AHO| CHg g2 ZEeLch
- Enables_Reg = OxFC (W EZ F X2 gd3ah

Digits_Reg = 0x00000071 (B =71)

HE 1. RISC-V {82 T2 7 M OAHE CIAZYH 0|l W 2LEZR I Xt2|0of Ues ARAKIQ| 22
HOF=CZROWS FMSHAAIR

HE 2. RISC-V Ol 22| T2 7 M OAHES| RLEZAM AZCE 0|F5H="0-1-2-3-4-5-6-7-8" XS 2
HOF= C Z2OMS 2MTLICL F, 712 QEF Xt2|0f 0 0] HX EA|Z[0{OF THL|Ct O3 LI B2
Olsstn ™ EZ Xt2|0f 1 0] EA|EL|C}

0|2 GPIO (H& 1/0) &A1 FASHA =
1. HEO| SoC 2t I/0 &A| Zto| 91 (A& 49| &% 1

2. SoC Off ZZ&tEl SweRVolfX A|A” HEER L0 ZEHEl A
0104)

3. M HEE22f SweRV EH1 Core 24| HZ (A7 42 REZ Ot ).

[l —1
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l Address

%4—' Boot-ROM | [ | Decoder

r 3

syS Con |_ Address[15:6]

Address[5:2]

SPI1-Flash |—

WB-Axi SweRV
Bridge EH1

-

< SPI2-Accel I—

Timer |_

Jaxs|dnnN T-£

¥ (@] «| GPIO1-LEDSSW e

—{  UART |

a8 4.8 xf2| 7 MIAME C|AZ 0] HEEZ 24 3 THl

1. LED / 2%IX|E SoC o ¢

Z2HMEQ| constraints file = (/RVipgaPathl/RVipga/src/RVipganexys.xde) Y8/EH SoC 413t HE 7H9|

A8 Ho| Lt Nexys A7 FPGA EE9| Zt |/0 FX|&= E7 FPGA O HZE LTt 8 7iel &=

Bx)8 HESh= M2 E AN (Rl 0-7)2 3 5t 8 At2| BRO|M RARSH MOAHES 238 HZES
3 EXR)E cARtIULL, CB CC CD CE CFR ¢G 2™ 5 & ol2{at AZ0| Ho|el X = mAo

{ PACKAGE PIN T10 IOSTANDARD
{ PACKAGE PIN R10 IOSTANDARD
{ PACKAGE PIN K16 IOSTANDARD
{ PACKAGE PIN K13 IOSTANDARD
{
{
{

Hl: #Il: L‘MI‘J | T3 A@® D16 14 Sch=ca
;3 Sch=cb
Sch=cc
; Ll?P T2 A26 15 Sch=cd
; #Il: L13P T2 MRCC 14 Sch=ce
; #I0 L19P T3 Al0 D26 14 Sch=cf
- #In L4P T:) D 14 Sch=cg

[ PACKAGE PIN P15 IOSTANDARD

[ PACKAGE PIN T11 IOSTANDARD
PACKAGE PIN L18 IOSTANDARD LVCMOS
-dict { PACKAGE PIN H15 IOSTANDARD LVCMO
-dict { PACKAGE PIN J17 IOSTANDARD LVC
-dict { PA(’KAGE7PIN J1s IOSTANDARD LVC
-dict { PACKAGE PIN T9 IOSTANDARD LVC
-dict { PACKAGE PIN J]14 IOSTANDARD LVC
-dict {
{
{
{

WwwWwwww

WWWWwWwWww
w
w

mQ

{ AN[O]

AN[1] }1; + L N T.) FWE B 15 JCh :m[l]

[ AN[2] }1; 4 L24P_T3 A0l D17 14 Sch= an[2]
AN[3] }1; + 7L19P T.)j\”" 15 Sch= an[3]
AN[4] }1; 4 4 Sch=an[4]
AN[51 }1: SRCC_14 Sch=an[5]

] 3 35 Sch=an[6]
3 AB2 D18 14 Sch=an[7]

ww W
™ ™

w
m

{ PACKAGE PIN P14 I0OSTANDARD
-dict { PACKAGE PIN T14 I0OSTANDARD
-dict { PACKAGE PIN K2 I0OSTANDARD
-dict { PACKAGE PIN U13 I0OSTANDARD

w
m

w

WWWwWWW W W W
w
m

w

Cooooooa —a
m

m

O% 5.8 X12| 7 MIOAHES| HA2 A S BARLICH (T RVfpganexys.xdc).

22| A|a"o| x| AQ| RE (2E RVfpganexys, [RVfogaPathl/RVioga/src/RVioganexys.sv THA0| 713 &)9|
50-51 O A SoC O HZE 7 MOAHE C|AZ20] ¥ M E &S = AFUCEL AVJ R CA. 6 (A 62
QZE 2B ot DBl 2 (12 62| LEZE HEH0|M swervolf core ZE0]| CHst HAS &S 4= AUSL|C}

(CA.. CGA=2| O|E2 8T &2 Digits_Bits [6:0)) 2 HEA|E LIC
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"boot main.mem")

ddram_a,
ddram_ba,

ddram_dg,
ddram_dqs _p,
ddram_dqs_n,
ddram_clk p,
ddram clk n,
ddram_cke,
ddram odt,

0 fla:h cs_n,

L
L
L

e

.1 ram init error (litedram init error),
({i sw[15:0],qpio out[15:08]}),

a3 6.8 2| 7 MAHE C|AF 0| F SoC 0l €A (utY: rvfpganexys.sv).

OFX| 2t 2 2 7§9| A5 7} swervolf_core ZEOM A|AE HEE2| BE (swervolf_syscon)2 AQ) LT
(A7 &X). 7| 7 MAHE C|AE 0] HEE 7t T+ ELCh

SWerv lf _syscon

(.clk hz (clk_freg_hz))
syscon

(.1

fnmi_uec],
(nmi_int),
(wb_m2s_sys

(wb m2s sys dat),
(wb _m2s sys sel),
(wb_m2s sys we),
(wb m2s

wa m2s svs 5Tb1
wa S2m_sys “dat),
(wb s2m =v=_ack1

s (Digits Bits));

J3 7.8 Xt2| 7 MIOAHE C|AEL0|E A2 HEEZ HA (TY: Swervolf core.v).

T MoF 2 DHYUOIM A|A'> HEERY 2E (CA-CG7t Digits Bits IR &2 Wt )22 0] 4=z (CA-CG R
ANE MEHA|L. LS Ot S =HQISHA|7| B LT,
[RVfpgaPathi/RVfpga/src/RVipganexys.xdc
[RVfpogaPathj/RVipga/src/RVipganexys.sv
[RVfpgaPathj/RVfpga/src/SweRVolfSoC/swervolf core.v
[RVfpgaPathj/RVipga/src/SweRVolfSoC/Peripherals/SystemController/swervolf syscon.v

2. 8 X2 7 MIAHME C|2EY 0] ZIEEZE SoC O S
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2= swervolf_syscon

([RVfogaPath]/RVfoga/src/SweR\VolfSoC/Perjpherals/SystemController/swervolf syscon.) 2| 276-288 WO A 7
MOHE C|AZ2 0] HEE2It A AHADIE|D SoC Off S ELCH (AR 8 &xX).

Enables Reg;
Digits_Reg;

A% 8.8 Xt2| 7 MIAHEE HESY ALAHAZ S HARLCH (THY:

SevSegdisplays_Controller &2 22 M3Z ([ ck ckZ 0|5 MM (frst rstn22 0|2 HY)
Qo= F 7Ho| & M (Fnables Reg X Digits Reg)S 5=A1TtL Ef | Mz = o|o] Yk F JHe| M =22
OfE A Of 2| K| AE{L|CE, o| BES HEQ 7 MOAHE C|AE 1|0|01| AAE F 7Hel M= AN &

D/'g/'z‘s Bits & EHTLICL T QLEZ £ Xt2|0f 71 & BEAISH=E 02| A2 SevSegdisplays_Controller = 4=
AN % Digits_Bits Ol CHS HA% gyt
- 0~ 2ms: A= ANl low, At 0 (Pt LB =Ah0| BA| £| =& LT M= Djgits Bits/5]
X Digits_Bits/4] (CB X CCOf| i) Dt =4t 0 (71 RLEZF =Xho|| "1"S HEAISIZ=S low

YLICE CHE 2E A== high YLCh
- 2 ~4dms: AT ANTO| low, A1 S 2t = A
Digits_Bits[4] (CA, CB R cc O siE)= =Xt 10 7"
M= & high LT
- ~ 16ms: AN[2]... AN[7]2 2ms ZtZHC 2 go0Z
Irﬂl*ol 2-7 XtEI=0f THSHM = high & L|CH

EA & &= JAELL. Digits Bits[6], Digits_Bits[5] 54
2 HEAISH7] 6l high &LICEH CHE B E

mjo

HAISHX| EgLCH MIHE= LIHX|

SevSegdisplays_Controller 2 =2
[RVfogaPathj/RVfoga/src/SweRVolfSoC/Peripherals/SystemController/swervolf syscon.v Tt 9| 295-366 & 0f A
T ELCE o7|0= o2t 22 MER/ SO0 ZatEL|Ct
- 2 70e] HEIE=AM Tt 2ms OC AN X Digits_Bits M2 HH 7
SevSegMux 2 & L{F0|A o EL|CE
- 2ms FI|1E WE57| {8 fEl= [RI/ifogaPath]/RI/}foga/src/Oz‘herSources/pu/p-
platform.org_common_cells_1.20.0/src 2E 0| &=l countersv R delta counter.sv THL 0|
HSE 712E 252 AFSELCH 7H2HE 0 0 21° 77PX| 7F$E°PEE TE M, THEF
2ms OtCF A= 3 72| 2|&9| HIEZL 0| 2ot & HE[ZHAML| HE M2 AFZE LT
- CIZHE FOT 4 HE 16 Tl 340f CHet JOHE ul% %E—15PE & SevenSegDecoder 0| A{
THELCL

HJIO

ML HE| SN

- T1-d
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ZtQ: SevSegdisplays_Controller 252 AtA|5| 2ASIL|CE LS MMO|M 3 E|= A|E2|0]M20] 20
E20| 2 &= AFUCL EQot 32 M AU22 A2 o|MdE &Y == JUASLICH

= = PN=]

3. 8 X2 7 MOAHE C|AEz 0] HEE2{Q} SweRV EH1 Core €&

LAB6 Ol 23 & = X HEE = HEIZHME ALESI0] SweRV EH1 Core Off HZELICH (AF 4 HZX),
7:1 HEIZHAM (O 9)& [RViogaPathj/RVioga/src Tt 2| 104-205

HO| M (/SweRVolfSoC/Iinterconnect/Wishbonelnterconnect/wb_intercon.vh) AAEASIE| =
[RVifpgaPath]/RVipga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.v Lt 0| A T3
ElL|Ct o|% W2 [RVfpgaPathl/RVioga/src/SweRVolfSoC/swervolf corev X0 L= swervolf core
250|168 WOl Zatr|of AEFLCH

HEIZH M= F20 (110~111) EH2E CPU (wh_io_ * 212 — O3 9 2| 115-126 &)E Wishbone H2 (A& 9 9
127-138 )0 AZAS |'O4 HLL & FH HXE MEHTL|CE O|E S0f CPU O A MM El =247t 0x80001000-

o= T+

0x8000103F H|0f US™ A|AER HEEZ I} MEE|IDZ whjo * NS E whsys * Mt AAEL|CEH

gpio_we o,
gpi
gp1io

% 9.7-1 CPU L HAE FH X E MESI= HE|IZSHAM (TY: wh_intercon.v).

A HEZ2 0| ZRE YX[AHE CPU MM HBEE F4 (fwh adn (swervolf_syscon 2=2| 162-228
22 E 7|82 2 Wishbone B2 (f wb danll| H|O|E 4120 &F AASI0] CPU A 7| S & LICE

Y. AL HAEEZOM FA7F OjBE= HAS O|5str| s Z& swervolf_syscon 2| 162-228 dS

2AH Fnables Reg X Digits Reg & EZ8H= 219 ~ 227 & (A3 10)0 SHES SLICH (FOHA
| O] & BIX|AEO &= == 2H2 0x80001038 S 0x8000103C ).

M
>
1
i

e
=)
ﬁ

(i wb _sel[©]) Enables Reg[7:E i wb dat[7

i wb dat[7
i wb dat[1
i wb dat[2
i wb dat[31

% 10. 8 Xf2| 7 MIOAHE C|AE2| 0|2} Core 7He| HA (TY swervolf syscon.v).
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B. Verilator A| E2j0]/4

O MHEOM= Z2NAM7}L O FH FXE FSot= ¢ A

HEER Fa MSE HASH| 2[5k RprgaSim 2 AL AlE20[ MM OEIE ._§ AN '3:'
Digits Bits & &4t 18 11 2| 0| & S0l H QEXF 7 L
[RVfpgaPath] /RVfpga/Labs/Lab7/71_ 7SegDispl 0N &E = JQELICE C H'PHQ

1 & + ASHCH

20

M
rot
O =)
=
i
ruz
[ee]
Ral
s
~
=
L
nJItI

>

[RVfpgaPath] /RVfpga/Labs/Lab7/71 7SegDispl C- Lang Of

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

.globl main
main:

1i tl, SegEn ADDR

1i t6, OxFC
sb x6, 0(tl) # Enable the 7SegDisplays

1i tl1, SegDig ADDR
1i t6, 0x71
sw t6, 0(tl) # Write the 7SegDisplays

next: beqg zero, zero, next

.end

a3 11. 71_7SegDispl.S Of| H|

12 12 & 71_7SegDispl.elf Z229| C|A OjME2| HHS E0jFL|CE 0| ZZ WL PlatformlO Ofl A
oot = ChaoM HE = ASLILH
[RVfpgaPath] /RVfpga/Labs/Lab7/71 7SegDispl/.pio/build/swervolf nexys/firmware.dis

00000090 <main>:
90: 80001337 lui tl,0x80001
94: 03830313 addi tl,tl,56 # 80001038
98: 0fc00£f93 1i t6,252
9c: 01£30023 sb t6,0(tl)
a0: 80001337 lui tl,0x80001
ad: 03c30313 addi tl,tl,60 # 8000103c
a8: 07100£93 1i t6,113
ac: 01£32023 sw t6,0(tl)
000000b0 <next>:
b0: 00000063 beqgz zero,b0 <next>

33 12. 71_7SegDispl.S O|H|2] C|& o S22 HH

Al2Z0|4 S MYt L3 TS MEYAL. (AS0l8S LASHX| Fo2{® 7 HAZ HZ 0|58 +
U LILE)

1. 0O 22 AlE2f0o]de| E20|TH COUNT_MAX

Imagination University Programme — RVfpga Lab 7: 7-Segment Displays
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([RVfogaPath]/RVfoga/src/SweRVolfSoC/Perjpherals/SystemController/swervolf syscon.v Tt ¥ 2| 295 ¥
HZX)E 200|M 5 2 HEsI0] 2 F7|& SO{0F FLICE OAFX| @B Z2IE HE= O HF ‘Eo% AlZto]
ZELICE COUNT_MAX 9| gt= '8¢t = L8 S 2&st0 RvfpgaSim = CHA| HIHLSHMAL

(GSG o 23E|0] AS).

cd [RVfpgaPath]/RVfpga/verilatorSIM
make clean
make

M It Vrviogasim (RVEpgaSim A|Z8|0| M HIO|LH2|)2 [RVipgaPath]/RVioga/verilatorSIM CIH EE| LY
44 |0 OF gfLCt.

WINDOWS: Windows & AF&3t= &2 Cygwin E{O['20lA o|2{st HHES Masof SLCH (REMTH K& 2
A%} QHLHA O] MM 6 Bl 22 C HXE). CWindows E2L+& Cygwin (/ggdrive/90IM &8 &= A& LICH

MacOs: AtMeh X[ H2 AIZF QLA S| £ 5 D & HESHUAIR.

2. AFEHO|AM VSCode/PlatformlO & L|C}.
3. ME EA| BO|M THY-ZC F7|5 2YSID [RVipgalathi/RVipga/Labs/Lab7 Tl E2| 2 0| SBLIC,

4. 71_.7SegDisp/ LM EB|E St (X T MEY 2h 2tols SRS AIL. O X= PlatformlO Off Af
EEE

5. platformio.in/ TtYE B0 2|0 M MMt RvfpgaSim A|=20|4 HIO|H2|2| BE7t SHHEX| ZfolgtL|Ct,
GSG O M ChZ1F Z0] HA|Z[O{OF LT}
board debug.verilator.binary =
[RVEfpgaPath] /RVfpga/verilatorSIM/Vrvipgasim

6. &% Ol 2|20A PlatformlO OFOI—'—.E 22510 A|Z2[0| M2 M CHS Project Tasks — env:

o

swervolf_nexys — Platform & 2& 31 Generate Trace & 2 &|3fLILCt
trace.ved A2 [RVipgaPath]/RVioga/Labs/Lab7/71_7SegDispl/.pio/build/swervolf nexys L Ol 444 =|0{OF
St Chs HHES ALY GTkWave 2 @ &= UASLICH

gtkwave [RVfpgaPath]/RVfpga/Labs/Lab7/71 7SegDispl/.pio/build/swervolf nexys/trace.vecd

WINDOWS: CH2 2 ES gtkwave64 ZL 2| bin B 20| gthkwave.exe2te 88 ZEIMO| X L[
o

UAELLL ST 88 T2l F B 2250 GTKWave & A|AELICE S& T2 JEHOA oY - Af
H HI|E SISt [RVipgaPathl/RVipga/Labs/Lab7/71_7SegDispl/.pio/build/swervolf nexys 2 0f 4=l
traceved It S GL|CH
7. AMEHO|H0 TS M= E ZHLICH (Z UMD E Y| fY ExE ZEE 0|5).

- rvfpgasim — swervolf — syscon — SegDispl_Ctr

v 28 M3: Enables Reg and Digits_Reg.
v Z% M3: AN and Digits_Bits.

8. IO 130 EAIE AIZ2Y0|ME BATLICE H20 8 7Hel 7 MIOAHE CIAZH 0|0 EAIE 2 25
0 YLICH (X7l e BE SXI7} Fnables Reg=0 22 243} &), O3 CtS fnables. Reg (A7 12 2| sb
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Digits_Reg (1 &

HHONO| OxFCE EHABHO] T AT ot 129
| L &8 Mso) 0Kl gge chga e

ox71& 245t T QEXR 2 X2
(ag 13 &x)
o K HW 7|2k AN=0xFE R Digits_Bits=0x4F, h2tN ™ 222 X1 =Xt 0 0f 70|

~—

HA|ELCH
o & BN 7|2h AN=0xFD & D/g/ts Bits=0xOF, et Tt ==Xt =X} 10 70| BA|E LT
o LCtS 6 7 712k AN=0xFF X Digits Bits =0x07, W2tM 7P” 2120 A= 6 A2 =XHE
=Lt

Signals

Time

Enables_Reg[7:0]
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