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otk : DE10-Nano Ei%33&EE Terasic

SRR 2REAY - RIBEMTE

o HEE Terasic ( K@|EIFL)
. BEFTAT - Intel(R Altera) B/ R REB L
« {41 DE 25 E/F %M ; DE10-Nano st gy Em
#ZivE& R : Cyclone V SE SoC ( 5CSEBA6 )
- —HERERRA ARM(HPS) + FPGA(D]iZ2T\ #&kE)
« ARM : #1#% Cortex-A9 @925MHz + 1GB DDR3
« FPGA : #341,910 ALM /112 DSP
- HEM : |RF + JEFZRHEB microSD & + F/&EHI(System CD)

DE10-Nano =75 I ## - iEe2IEES

i FPGA FPGA
" HPS Configuration
B System Mode SWHCh 5,90 Gpio(FPGA)  LTC 247 Header
Arduino Header — AAMECR e R I 322 g};é
Powe%aai (USB Micro-AB)
- DDR3
HOMI-TX UART to USB
Controller (USB Mini-B)
Cyclone V
SoC FPGA UART-to-USB
SCSEBAGU23ITNDK — Controller
B T B gy O-SENS0l
Clock Generator ._-._;ﬂ'f g =l BBE. ™ it s — Ethemet PHY
Uﬁ%g‘ﬁfﬁf’g; : = et HPS Gigabit Ethernet
( WA & HPS ST
¢ = HPS User Button
Slide Switch X4 =i : T e Lt = WARM_RST
g L LED x8
""""""""""""" 2x6 ADC Header
Button x2

20 GPIO(FPGA)  HPS User LED



— R+ - WifElE : ARM E FPGA

tEERIEE ARM (HPS) FPGA (Fabric)

=tE REz - B—a/\Bi o B AR PR YRR
Bt B Linux + #32 (C/Python) IFEREEe 5T (Verilog— 7o)
EREER MR IEEE FA3R AAY GHRD
EEEE #EiB "85,  ARM B mmap :EBEE FPGA HEEFE ({iilt OxFF20_xxxx )

v ZEMAKE S EH "ARM EM L EER ; FPGA B2 AR GHRD - HMRE T&E. E -
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(BEREER)

DE10-Nano User Manual 25 8 & - Figure 2-3

1 Gigabit Ethernet PHY with RJ45 connector

« —REEERFLELAMTE
m:rggg?;g'sgcsxirﬂicroﬁliconneclor . E'jg% : CyC|One V SOC ( ARM + FPGA )

Accelerometer (12C interface + interrupt)

UART to USB, USB Mini-B connector .

« FPGA il : LEDx8 ~ Switchx4 ~ KEY ~ 2x20 GPIO ~ ADC ~ HDMI...
One user button and one user LED

LTC 2x7 expansion header

G - ARM(HPS) {8l : Gigabit Z %48 + USB OTG * DDR3 - micro SD * UART...

Figure 2-3 is the block diagram of the board. All the connections are established through = &II @ . D E 10 _ N an O_U se r_ma nua I . pdf %" 8 E

the Cyclone V SoC FPGA device to provide maximum flexibility for users. Users can
configure the FPGA to implement any system design.

Detailed information about Figure 2-3 are listed below.

FPGA
Configuration su
Model Switch 1

UART to USB
~~  Controller

intel <« HPS DDR3 x2
— | G-Sensor |
Cycione®

«—  WARM_RST

SoC
SCSEBASUZBIZNDK

<« HPS User Button
Sl HPs RST

Figure 2-3 Block diagram of DE10-Nano

'"m DE10-Nano 7 www.terasic.com
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ARM Ei FPGA EEEE : AXI 151%

i {[E] ikt o 78 A9 BB EE 45

ARM(HPS) &1 FPGA ZEE =1 AXI 1§

B Terasic DE10-Nano FPGA board, includes = = A= \ \
o i U5 Gt o UART i « BE HPS—FPGA 18 (lwh2f) : &EEE - #EH 0xFF200000
® Micros SD-Card, at 4GB minimum = e
® Micros SD-Card Card Reader ° H PS — F PGA *% ( h2f ) : j( 2B 7|‘>I'

" aasee FPGA—HPS 18 (f2h ) : FPGA X EIZiE ARM oiEse

® Windows 7 64 bit operation system Installed

Eggé{ugzl?gés:t:‘t:: netaled 9% LED EMME "EER ., - UItHE OXFFZO_XXXX
tHiE : User Manual 55 92 & ( 7.3 AXI bridges )

® Win32 Disk Imager Installed

7.3 AXI bridges in Intel SoC FPGA

In Intel SoC FPGA, the HPS logic and FPGA fabric are connected through the AXI (Advanced
extensible Interface) bridge. For HPS logic to communicate with FPGA fabric, Intel system
integration tool @sys should be used for the system design to add HPS component. From the AXI
master port of the HPS component, HPS can access those Qsys components whose
memory-mapped slave ports are connected to the master port.

The HPS contains the following HPS-FPGA AXI bridges.
® FPGA-to-HPS Bridge

® HPS-to-FPGA Bridge
® Lightweight HPS-to-FPGA Bridge

' 91
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BRES(EEMIE ? SD R EM—BEZRMA

ARM —RatFA1E SD £& A Linux

ARM (HPS)

€47 Cortex-A9 - &—&/\Efig

—— S S S S S S S S S S S S S -

microSD £ = #RF8Y " 1&EhE .

Linux fE3£ %4t ( Angstrom 2016 )

kernel 4.1.33 - armv7! 32 {11 - 1M7L ZEHF

python3 python2 gcc humpy
352-%%H 2.7.12 - & 4R C RELER

Lo I

EAfE . BEZM (Linux+ Python + gcc ) #B7E microSD £k — R =B E L4 - BIRSERMAKNE -
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Linux 21T ? ;E¥#B T ?

WmFE "EERRA, + —ERRRE

- 1EXZMF = EEERE - EFEIEIENKEEREE (8 Windows )
o Linux @H%—7%& : 1991 £ Linus Torvalds #1189 " EE A S0 4
o % RABEM—KATE "#HA ., Linux
« FR(open source) : B AR - HAACTBEREFER /B
o HHEMHREE + Linux Foundation ( 3FEF ) HEI4#E
o TE1ThR, A 0JBEB/T ( Red Hat / Canonical...) - 1BiZzOVME B
o RF LB Angstrom th21EEFMEY - RERIEITIR
o [BM : Linux @512 - B1ThREARMERNE ( Ubuntu / Angstrom... )
- BEIMME : A - EEFRCREE - B - R - SSH - 18# /dev/mem i# mmap REiERE

DE10-Nano Z757u#i# - i2EE2ERES 8



Linux BtE "EZE., ? 504350 ?

E # RBE

« TEE, BNIEE "EENRE ) - A2 Linux XBE
o Terasic 2016 T E14f - G2#E SD RERILBEM — W IREAMEREIL R
o (IRER Linux REFBIRIMR ; RZ2ERFRKRIRLE)

A ? > BREMNER =5

v A8 ( IE2FMHER ) s ZRREYNUE
SSH / B2 C(gcc) / B8 Python / mmap & FPGA / 2248 / SD E=1E python3 &k mmap 1242 ( ZHEFScZH C)
WEEEERIGEE FBERHBSEH opkg E=ARIFEY ~ numpy =k

#him c BER - 30H ; RE "THERSWMES . KIEF—EEEE (R T—H) -
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Linux BEABEIR ? BH BT EE ?

Aef - {BLLIE PC 24485 - AR

o BEIRIE ? — BE - BEE &)%) bootloader + kernel + 1R1E %4 (rootfs) + FPGA & %E
« [E# PC i Windows/Ubuntu % : FHEERATH - BEHEERE

BB E FH Terasic / RocketBoards &Y SD image ( GSRD ) * &
# Ubuntu rootfs Cyclone V @#t Ubuntu IRIE %4t - EWH - & *k o
B2 Yocto / Buildroot B —IREH - &iBE - T2 EE *kk 5

o HRIERE  IFVNEARH (IRIREHEBIESHA )
« HEEM — S£H "B RocketBoards ## GSRD / Ubuntu 218, - RIBCHEE
e HEMERBEN — Bt "RYXEZIERAELR ) - FANBREE 247

A
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WFEV 2 A E M —hR ? BES (TR ?

Bi% SSH EREREZNER

Linux del®-nano 4.1.33-1tsi-altera #1 SMP armv71 GNU/Linux

o EZ1THhR : Angstrom ( 1FREEER AT Linux - 2016 SFhR )
e i : Linux kernel 4.1.33 (2017 ) | CPU 2% : armv7l =32 fiI ARM
o B /\MB BR "ERERN/NEE KA Bk ERGAEM

&8 "/VElE. BEMENE

v # SSH &I EA ~ ME< v 18 CHREU (gec #RaE ) v 2 Python £z
v EHE - R B E kS v FH mmap ZBEE# FPGA v & SD FERER

—a5% : EME " —&EiE Linux - X SEE#2HE FPGA fERSAY/VERE, -
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Python ( tRF EBEMERZE )

HE - BEL - BEEES/HE

« Python=#{FBEFEMNENES ; HEE ( iR - FAXHEE)
o WRFEHEZR : python3 = 3.5.2 - python2 = 2.7.12 ( WEAHE )

Y AR5 SELE Unicode - XX EHiEE
BR% 5/2 =2 (FUNEL - BaBH) =25(1k=%8)
MEH® RN #z &

o #Gm : PYE - BBFIRA—EH python3
« BEEMUITEE . BRE - EEFR - WINEEE (BEHE - AUAIEEES )
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Python2vs 3 : H/MEREEZR

B—EXE T - MhRAASROIBER—H& ( FaPH )
@ print %

# Python 2
print "hello"

@ BR% 5/2 ( =I2HR )

# Python 2
5/2 -> 2 (/NERRER )

# Python 3 # Python 3
print("hello") 5/2 -> 2.5 (%)
@ PNFEH

# Python 2 : J85% bytes ' BIEPNEZELN - ZEC encode/decode
# Python 3 : 78 Unicode r s = "S£&" HEMY $XLBRE

RTEEE  HEEE—HEE (FE) - XEREPXIESR - —1&H python3 7 AKRE -

VERE - IEFAAREE - BERELT Toython3. #SEME ( FIRAT python )
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"#l5= .1 BX CPU BEREAYER Y

‘meEas (GNU C Compiler)

« CPUBAREARTH CXF — gcc 8 .c Bl " HEEBBMITIE

iz : fpga_led.c —(gcc #4R:E)— fpga_led #1718 —(/fpga_led)— LED =

o lF_EB gcc (Linaro) - FRUBE "R+ 4% ~ EiRF L8

o JEE  HERRE CPU - ERF LARELAZE ARM 5 ; PC #Y x86 5 ABEE R -1k

—¥WEERVEELE (FPGA AEE )

AT EEig SA Rk aR F AERRAY

Verilog ( 1€58 ) Quartus &A% FPGA fustiit (.sof)
C (#58) gcc fRaE ARM #2315 1718

EEEE " HEN BRI AT - Bt ae A BRIFE B ITHIER ,
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“max vs Hix : FAMIEES gcc

1T E CE5% gce * Python FH

gcc fRaERiE © fRaE (C) vs EETN (Python)

- e = i~ =
C fpga_led.c gec fs= fpga_led S ARM #117 s g7
0 '“,:,tl\
it ABH T B TE T 1 L D= B
python3 L
Python led.py B HEHT - HER e g
— B
B2 AEHXE KRB - =B L — 4

B Cllst T—EEBWE—R gecs ERAER ; Python tITEHE python3 i - ®4R:=E -
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mmap ( % memory map / ic e )

AR : EENERMERANN &0 — BT E *led = OX7F MBI TERS

E= mmap: i€ "ERAILE, HRE FPGA R "ERREEE
- ERETHRA "B,

Q&% (QW—R) : mmap) & "AER, BI BRI - Rists K3 - B AR R IR
« mmap FEE—K " ERNUL - ERE TS
) B
O ZEET led R ((PUEEE  RBHOS) - . TEBREERLL - CPU MEERE
FPGA B75
. . + 107 python3 RHAA — BIER C+
fRey CExl MMU + BER FPGA E&# mmap iz
*led = Ox7F —> EH - B — 0xFF203000 led_pio >
BEBM) (mmap R (8 HPS-£7GA 183 ED%

D BE (ARM) D B (FPGA)

>T
i3

DE10-Nano 275 fu#i#s - #2322 ¥Rk 16



mmap HEIERZ® : IBREEEREIEDN

€ LED BB G - I—EHA

mmap BEIERR : B2 1 FPGA FiEMHEIER

FPGAEA 8% mma ‘I
® CIS FEgIss ® _ ® mmap @ ARM E¥ (&
—> DDR3 E&&#EE — O X B g —> - 5
A — B/ 0 4R
@ firtk X EEALER

(872 LED F—18 : REIE led_pio ik OxFF203000 #t  HEEEEML . - HREBEA - |

SX#RHY led_pio ( 0xFF203000 ) =#E1RIEAY " 4R AR
o HIEF : FPGA 1 CIS &5 DDR3 — ARM F mmap BB IRECIEES — P
o BIET—1K  REHE "LED ik, 8 " EEEERAI .  EREE

DE10-Nano Z757u#i# - i2EE2ERES 17



numpy ( 2% Numerical Python / 2{& Python )

A% : Python By "ZEREEES|ZE, - MEE/MENERIR

numpy = Numerical Python : i Python €8 " K%EME/fE5 , WEH
o FBLE : numpy Z/ Python ~ fB[#ESE 7 5 MATLAB

ATEEH . —REE&ME—RBAEFHEME (B8BER/G/B)

- BH6 - EAE - (B A numpy "ER—R&5%, - XRNAE

o 4B Python Z2—&—1%EE (18 ) ; numpy —1T1RE ( KE C - ]RE+1Z)
AEEWEZ : numpy 8% (import K )

AREA : ¥ demo 2= " 4f Python by ( E3E - E—F41BIRE)

5 5 Dyl (2] | # numpy (1 - BAKEE)
\ohs=e | avg = img.mean()
for row in img:

for px in row: tot+=px

DE10-Nano Z757u#i# - i2EE2ERES 18



I8 . C+ mmap £ Python &t EE

ELTEEE vs B9

T LR © SEMZAY

C + mmap — ZiERS

®hLED / [ERARE / 2128 CIS & E 78
ima=T, (gcc SLMRAEITIE ) — ISR
b g A At - T2 mmap

Python — & /¥

B4/ tEH (BERE - AR )
BH:Z3 (python3 B ) - FR
A#52 numpy — F#E Python iR

B LESF : C+ mmap &1 FPGA iR —

DE10-Nano Z757u#i# - i2EE2ERES
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GHRD : FPGA #23R kA " 152

Golden Hardware Reference Design

« GHRD = Golden Hardware Reference Design
7.4 GHRD Project . S Aoie A Al A
SR « Terasic 4609E 77 "1R£EFA , FPGA 5251 ; FPGA &R LIZE
e term G 15 short for Golden ardware elerence es1gn. e Ll pl(!JECl :DIHVIL‘E by
Terasic  for the DEIO-Nano development board is located in the CD folder:
CD-ROM\DemonsirationSOC_FPGA\ DE10_NANO_SoC_GHRD. ° %E .H:H. EU II:|:II 'E:-I E"J ,@H m .

The project consists of the following components:

ARM Cortex™-A3 MPCore HPS e 2 'ﬂﬁl}ﬁﬁﬂ 4 'ﬂﬁl DIP Eﬁ%’g -7 'ﬂE LED ﬁﬁ_ﬁtlj

: Two user push-button inputs

®  Four user DIP switch input S

L] SZ:;nsueser \a'OsloriES‘:Jg?puts ° JTAG 35*% N I LC EF‘ %ﬁ- E-I_ gﬂ N SyStem ID

® JTAG to Avalon master bridges

® Interrupt capturer for use with System Console N —_— ~ s

s Smemi . F{MEif0 LED/BIR - 22 GHRD 1176 (}REITIEIB FPGA )
° =

tHEE : User Manual 58 94 & ( 7.4 GHRD Project )

The memory map of system peripherals in the FPGA portion of the SoC as viewed by the MPU
starts at the lightweight HPS-to-FPGA base address 0xFF20_0000. The MPU can access these
peripherals through the Address offset setting in the Qsys. User can open the GHRD project with
Quartus II Software. Then open the soc_system.qgsys file with the Qsys tool. Figure 7-2 lists the
address map of the peripherals which are connected to the lightweight HPS-to-FPGA.

[FEFERBE ] of oo SyeemConen 00 | T3 AddmmMap 23 | Inkrconnect Requimmert:
| [Evstem: soc_syvemPath: buton i
= X2 mn_beidge_0.)
Project Lyid_qeys contiol_save £x0000_1000 - 0x0000_1007
New Compenent. sg_vsrt avalon_jtag_slave 0x0000_2000 - 0x0000_2007
* Sysem ed_pio sl 0x0000_3000 - 0x0000_300¢
Libraxy dipsw_pio s1 0x0000_4000 - 0x0000_400¢f
§-Besic Functions bution_pio sl 0x0000_5000 - 0=0000_500¢
#-DSP HLC avalon_dave (0x0003_0000 - 020003_00F
© Interface Frotocols I ;
" Lo Foer JotCum o
5.0 12h_wa_shave
© Memory Inkerfsces end Controllers| ||-oomy = o=
@ Processors and Pesipherals
¥ Qays Interconnect

& University Program

Figure 7-2 FPGA peripherals address map

93
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GHRD # ARM 19 5 {E& O ( #FhEM )

it GHRD B soc_system.sopcinfo it - AL EHEERE

B S

sysid_qgsys OxFF201000 FPGA B8 ( BR:8HERET
jtag_uart OxFF202000 — JTAG FRAliEE
led_pio OxFF203000 7 8 8%k LED ( LED[7:1])
dipsw_pio OxFF204000 4 1E1EFRE SW (EA )
button_pio OxFF205000 2 %5 KEY (#A )

EESE . SSH 3B OxFF201000 - sysid = OxACD51402 ( FARRETEMRT — BRI FHEAFEE GHRD)

THEEME RSB EER OxFF200000 5 218 - S{ERFE 0x1000 -

>T
i3

DE10-Nano 275 fu#i#s - #2322 ¥Rk 21



(It /EEER : OXFF200000 + {R#%

BL—BEN—kE
GHRD % ARM myfiriit B ( #EEFEE S OxFF200000 #E5H )

OxFF200000 RS S EEERs ( E#¥)

OxFF201000 sysid_qsys FPGA B53:& E#=0xACD51402
OxFF202000 jtag _uart JTAG F3iEsH

OxFF203000 led pio 8 8 LED #i 7 11 (LED[7:1])
OxFF204000 dipsw_pio FEHEFIRE SW 4 i1
OxFF205000 button_pio ¥z KEY 2 fir

MR BEHMUN = EBSFIFFERL 0XFF200000 + #%iEiERIR ( led_pio % 0x3000 — 0xFF203000 ) -

DE10-Nano Z757u#i# - i2EE2ERES 22



OxFF203000 - 7 fiI7t

B LED {EEEE : 7 & bit - S bit ZH—FELED(1==-0=0)
hex & I (1€ 7 bit) LED7 LED6 LEDS LED4 LED3 LED2 LED1
Ox7F 1 1 1 1 1 11 O O O O O O O I
0x55 1 0 1 0 1 0 1 O O O O REZA4T
0x2A O 1 0 1 06 1 0 O O O REZ3IM
0x01 0 06 0 0 06 0 1 O H5 LEDL
0x00 O 06 0 0 06 0 0 ExEili

hex RZ _#MIAIREE : led = 0x55 — 1010101 - LED 1357 &= - t{EF = t= PR -

FEfI3E 0xFF203000 BE—1E 7 U7t EFE — 2@ bit EF—8 LED (1 =0 ) - Ox/F=== -

&

DE10-Nano 275 fu#i#s - #2322 ¥Rk 23



13 . H C+ mmap 3 LED

CREE =2 Mo RaED

int fd = open("/dev/mem", O RDWR | O _SYNC); // FAERLREE
void *v = mmap(NULL, @x84000000, PROT READ|PROT WRITE,
MAP_SHARED, fd, OxFC000000); // MEIBEE

volatile uint32_t *led =

v + ((OxFF200000 + 0x3000) & OxO3FFFFFF); // led pio fiilt
led[@] = Ox7F; // B2 - 7 5 LED &% (ARM>FPGA)
printf("LED = Ox%02X\n", led[@]); // EBOIME:R

#REE + 1T : gcc -0O2 -o fpga_led fpga_led.c #4#%& ./fpga_led
o A% OxFF204000 miBERE dipsw + OxFF205000 & button
o B Ox7F 2 Ox55 ~ FHEEZA - mEEE/FRE

E—E7A

&

DE10-Nano 275 fu#i#s - #2322 ¥Rk 24



STERERE (BEW)

B RERREE : ERAE2E ARM Z§] FPGA

@ WRF_LEERH ( Angstrom Linux B ENBIHE )

@ HIERF 1P 15 2

® SSH #E#R : ssh root@192.168.50.199

22 SlRFIPbat

FAFF51 COMS # IP

[EIE it

.
@ T ARM E : gcc #RE + MITER

- -

® ARM BISE FPGA &7 (led_pio)

¥

® &RF LED R[E — ARM £ FPGA $5&RE11 !

>T
i3

DE10-Nano 275 fu#i#s - #2322 ¥Rk

BN
cREEEIPE - FOL
Kize 199 - oI BkiEiEs IP
-—HIIEDEBCH
= FPGA \ik ( IEE )
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N ftE] o IARME = S ARME A /I — B

LEEBCE - B8ER

B EES usE

WRFIERE =R - 120 - 1%80/B9R3/GPIO FPGA\SystemCD\Manual\DE10-Nano_User_manual.pdf ?21’2 p-8 7ot p.6 - LED/SW/KEY p.23 » GPIO
GHRD 2T ~ #H5% - fi it iR 5 E (EL user Manual) E£7A8 po4

5 EEZRYBTEMIL (R ) DE1@_NANO_SoC_GHRD\soc_system.sopcinfo #3255 .gsys F Platform Designer F
led_pio EZZIMPAREIE - ¥ 2UMEsZ M) DE1@_NANO_SoC_GHRD.v + .gsf top Verilog + pin assignment

H C EEURZEEE (User Manual 7.6 Develop the C Code) p.96

GHRD EZEER K : FPGA\SystemCD\Demonstrations\SoC_FPGA\DE10 NANO_ SoC_GHRD\

&
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FHEMEES

gE+ 55 )

REMEMEIEEE

1 Gigabit Ethernet PHY with RJ45 connector
port USB OTG, USB Micro-AB connector
Micro SD card socket

Accelerometer (12C interface + interrupt)
UART to USB, USB Mini-B connector

Warm reset button and cold reset button
One user button and one user LED

LTC 2x7 expansion header

2.2 Block Diagram of the DE10-Nano Board

Figure 2-3 is the block diagram of the board. All the connections are established through
the Cyclone V SoC FPGA device to provide maximum flexibility for users. Users can
configure the FPGA to implement any system design.

Detailed information about Figure 2-3 are listed below.

FPGA
Configuration
Model switch

UART o USB
1 Controller
[« HPS DDR3 x2
. | G-sensor |
3k F <~ WARM_RST
S5CSEBAGUZBIZNDK L« HPS User Button

e HPS_RST

JTAG
LED x8

Button x2

Figure 2-3 Block diagram of DE10-Nano

[Pasic] Octonen 7 wnterasi.com

" User Manual August9, 2023

p.8 IR

DE10-Nano Z757u#i#/ - ig e 2ERES

3.6.1 User Push-buttons, Switches and LEDs

The board has two push-buttons connected to the FPGA, as shown in Figure 3-16. Schmitt
Irigger circuit is implemented and act as switch debounce in Figure 3-17 for the
push-buttons connected. The two push-butions named KEYO and KEY1 coming out of the
Schmitt trigger device are connected directly to the Cyclone V SoC FPGA. The push-buttan
generates a low logic level or high logic level when it is prassed or not, respectively. Since
the push-buttons are debounced, they can be used as clock or reset inputs in a circuit

VCC3P3

KEYO

© PAITERAY
KEY1

- muCyeionsfv

Figure 3-16 Connections between the push-butions and the Cyclone V SoC FPGA

l?w\wm(\pml le\ann-.uul

Before
mmm.;gTﬂ"lﬂﬂ ﬂﬂﬂ’_
Schurit Trigee

Debcunces *‘ ’7

There are four slide swilches connecled to the FPGA, as shown in Figure 3-18. These
switches are not debounced and to be used as level-sensitive data inputs to a circuit. Each
switch is connected directly and individually 1o the FPGA. When the switch is set to the
DOWN position (towards the edge of the board), it generates a low logic level to the FPGA.
When the switch is set o the UP positin, a high logic level is generated to the FPGA.

DE10-Nano z warw Iorasic.com

User Manual August 9, 2023

p.23 LED/BARA/ 80

3.6.2 2x20 GPIO Expansion Headers

The board has two 40-pin expansion headers. Each header has 36 user pins connected
directly to the Cyclone V SoC FPGA. It also comes with DG +5V (VCCS), DC +3.3V
(VCC3P3), and two GND pins. Figure 3-20 shows the /O distribution of the GPIO
connector. The maximum power consumption allowed for a daughter card connected to
one or two GPIO ports is shown in Table 3-9 and Table 3-10 shows all the pin assignments
of the GPIO connector .
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7.4 GHRD Project

The term GHRD is short for Golden Hardware Reference Design. The GRD project provide |
Terasic for the DEIO-Nano development board is locaed in the CD folde
CD-ROM\Demonstration\SOC_FPGA\ DE10_NANO_SoC_GHRD.

The project consists of the following components:

ARM Cortex™-A9 MPCore HPS

Two user push-button inputs

Four user DIP switch inputs

Seven user I/O for LED outputs

JTAG to Avalon master bridges

Interrupt capturer for use with System Console
System ID

The memory map of system peripherals in the FPGA portion of the SoC as viewed by the MP
starts at the lightweight HPS-to-FPGA base address OxFF20_0000. The MPU can access the
peripherals through the Address offset setting in the Qsys. User can open the GHRD project wi
Quartus 11 Software. Then open the soc_system.qsys file with the Qsys tool. Figure 7-2 ists ¢
address map of the peripherals which are connected to the lightweight HPS-to-FPGA.

TP Camlog 3¢ Sysem Contents T Addres Map

[System: soc_system_ Path: button_pio

n_bdge 0. .
fysid_qoyscontol dave (0s0000_1000 - 0z0000_1007
tag_vartavelon_jng_sleve (0x0000_2000 - 0x0000_2007
hed _yio =1 (0<0000_3000 - 0x0000_300¢
dipsw_pio 31 (0<0000_8000 - 0x0000_400¢
utton,_pio 51 (0200005000 - 0x0000_500¢
1C avalon_sdave (0<0003 0000 - 0x0003_DOFF

Interface Protocols ST :
Low Fover ws 0,21 _wei_slve

Processors end Peripherals
Qays Lntesconnect

& Memory Inkdaces ad Controllery | =P r="g 5
& University Progrem

Figure 7-2 FPGA peripherals address map
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