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wl Start Configure Check

=T Stop <nonex SOCWHPS i 00000000 <none=

e A ECEOE i pnnnnnnn nnnas
) Auto Detect K Delete L2
Select All CtrisA
T garie P AddFie...
ne...
b change File
P@‘ Change File... | m Save File — b
& save Fie Add IPS File...

Change IPS File...
Delete IPS File

1 up

1% Down

II
g
g
7

Add EKP File...
Change EKP File...
Delete EKP File

SOCVHPS
TDO Add PR Programming File...

F

Change PR Programming File...
Delete PR Programming File

Afttach Flash Device...

Change Flash Device...

Delete Flash Device
Replaces a selected programming file

[ 3-6 1T5F.sof SCHEFFTESCHESR

5. 4% sof Bo B SCIF, Wik 3-7 Fiuw.
r& Select Mew Programming File u1

Lock in; || FADE10-Standarditrunkicd\syste...E10_Standard_Defaultidemo_batch v] (IS I+ ] =

W& Ity Computer ||| DE10_Standard_defautt sof |

a user

File name: QOpen

Files of type: | Programming Files (* 2of *.pof * jam ® jbc * ekp ®jic) - ] [ Cancel

B 3-7 i F.sof LA
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6. 2)i% Program/Configure EiEHE, s Start %4, Ff.sof X 22| FPGA & F, Wl

K 3-8 fras.

-
» Programmer - [Chain5.cdf]* - E‘Elg
Fie Edi  View Processing Tooks Window Help @ Search aftera.com ("]
Enable reaHtime ISP to allow background programming when available
o File Device Checksum Usercode Program/ Verify  Blank- Examing
bl Start Configure Check
N Stop <“nones SOCVHPS =nones
F.IDE10-Standarditrunk/c... SCSXFCBDEF31 05012509 05012908 [] [] [ ]
% Auto Detect
™ Add File...
J Change File..
] 1 +
) save File
F* Add Device..
R WEa )
5 | AR oAl
I I &
W Down 4 4 i: H
in| 0
b H d
RCrcrrrrri
SOCVHPS SCSXFCEDEF31
TDO
4

A 3-8 K .sof L1H
m ffH AS 1A E FPGA

o DE10-StandardJ1- & #itffi FHEPCS128:t: J1 ##fi#iCyclone V SoC FPGAIIC B dlE . JFK
REEE RS, BB %R 2 MEPCS128 H 3l N 2IFPGA.

o /7 BL{f FSerial Flash Loader (SFL)if it JTAGH: Nt B EPCS128. & T-FPGAF]
SFLAEFPGAN I IPKZ, T #Hi#JTAGAIFlash{ . Quartus Primef /4 B4 SFLZ Thit. T
KI3-9FT /R AR T SFLAR U5 ZE ML & 5 1%

o HSHH/)\E EMEPCSEM:, T MR EEPCSEMFMEEA 2.

Quartus Il : ) sFL Image —

| | Programmer  [IEREES Gl JTAG | | to Bridge AS x4 ua i
Circuit ’ i The JTAG — Corggqratlon

! and ASMI ciljos

!

El 3-9 RF SFL f# i 5 RELE EPCS128
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3.3 FFRBCRSHE~HH
7 FPGA #2442 #If%) 10/~ LED Z4b, i&4 5/~ LED W IR/ ABCIRAS, @i 3-10

Fiw, VRIS Bk 3-3 .

UART
TXD/RXD

& 3-10 FFRIIRA LED Fa7-)T

# 3-3 FRBCURE LED #ERITER

FRRSHRAH LED % iR
D14 12V Power {3l 12V B HEIEN S5
TXD UART TXD $#E M FT232R 143 USB Host I =
RXD UART RXD 2t M USB Host 1% %] FT232R I 5%
D5 JTAG RX
T
D4 JTAG TX
3.4 FFRIRE AL A

DE10-Standard JT & AR AW~ HPS EAcied, i 3-11 fron. £ 3-4 #ilik 77X
AN E AL R IE . B 3-12 iz DE10-Standard F & AR B9 AR A o

DE10-Standard

asiC| o-cp
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A S HPS RESET n
HPS WARM_ RST n
B 3-11 HPS HI#. B EAra
% 3-4 DE10-Standard 74> HPS £ Ar#é
T RR S R =4 iR
Xt HPS. LR . USB E & &3 T4 E L. KRG R, EALHT
KEYS HPS_RESETN L ar bl 2 o 0 HPS 124
; BT 0 S e KRG ik s
CEYT HPS WARM RST N X]“H\PS ff;::ﬁ%l&ﬁ%é&ﬁuo RH-FRIANA R, 1EH T RS AR
LRI RE -
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USB Blaster Il JTAG
Connector
i PIN 6

VCC3P3
' Cyclone V SoC
KEY 7 [ HPS | FPGA |
. . HPS_WARM_RST_n
—O DMB71
WARM_RST
veesps HPS_RESET n
KEY 5 DEV_CLRN
. HPS_ENET_RESET_n
¢+—oO
HPS_RESET n

10/100/1000 Base-T
Ethernet PHY
KSZ9021RN

RESET_N

USB 2.0 OTG PHY
HPS_RESET_PHY
— - >°_4,_, USB3300

RESET

Inverter

&l 3-12 HPS HALFPIRE
3.5 I e Bg
K 3-13 Fin A% 2] Cyclone V SoC FPGA ¥ FT A 4N B BRI . B Bk A= 28 AT
PP AR R BN 5 5. 8] FPGA FIPYAS SOMHz IHefAE5 f LURAE FH P 32 6 F i 1
YR, Joh—/> 25MHz B4E 5 E 2 A HPS BN, 55— 25MHz IS 5%
PR T- IR LUK RUSCR B8 R Bl N o . S 24MHz 815 5% 3] USB £ W %/0OTG PHY
F1 USB Hub ¥ i 2% (I N i . FPGA /O I N FIAR DS 5] B Bl in 2 3-5 Fis .
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Si5350C

25MHz e d

CLOCK_50(50MHz)

/AYOTS RYAN,

CLOCK2_50(50MHz)

CLOCK4_50(50MHz)

CLOCK3_50(50MHz)

HPS_CLK_25(25MHz)

Cyclone?mV
SoC
» CLKOP
» CLK2P
» CLK6P
> CLK4P

» HPS_CLK1
|—> HPS_CLK2

ENET_CLK_25(25MHz)

Gigabit
Ethernet
Transceiver

USBPHY_CLK_24(24MHz)

USB Host PHY

USBHUB_CLK_24(24MHz)

2-port Hub
Controller

d X

& 3-13 DE10-Standard i85 B2 5 AE &

R 3-5 B8N 5| B4 Be

55% FPGA 5|5 Ei::3%) /0 R
CLOCK 50 PIN_AF14 50 MHz i #h 4 3.3V
CLOCK2 50 PIN_AAl6 50 MHz i 8h 4 A 3.3V
CLOCK3_50 PIN_Y26 50 MHz i #h 4 3.3V
CLOCK4 50 PIN K14 50 MHz IS 3.3V
HPS CLOCKI1 25 PIN D25 25 MHz i B\ 3.3V
HPS CLOCK2 25 PIN F25 25 MHz I B\ 3.3V

3.6 FPGA #MNE ¥ &

KRATWA GBS FPGA AN O . ST H FPGA H P B € 3% 4 g ] DA il 5 A

Gk

3.6.1 #HIR. ®IFFXE LED

DE10-Standard FF Rk B 4 NS FPGA MHIZE, WK 3-14 Fras N4sl I Al
Cyclone V SoC FPGA #EHR Kl &l 3-15 Frow, BEARENIT OCHRSLIN 1 it 2% 4ok & 7T LA
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AERIs IR, His ik 255 i) KEY0. KEY1. KEY2 1 KEY3 VUM T 48 E
FEER| T Cyclone V SoC FPGA. #% Tz RGN (IREFA R0 . BINIX L4
HrReg L), FrelEmi b e al UEEZ N

VCC3P3

u29

KEYO KEYO
—> AJ4

.

KEY1 74AUC17 § &
KEY2 _ S Cyclosjzg. =~V

—O
KEY3 AA15

B 3-14 #4AFF5%%#E Cyclone V SoC FPGA R~ & E

lPushbutton depressed lPushbutton released
Before

Debouncing||||||||| |||||||
Schmitt Trigger

Debounced

v

<

A 3-15 =3

WE 3-16 s, 7 10 NMEITFF L FPGA . XEFF ¥ A L850, 1177 LA
i P B B BBURS FSE B N . BN T SR BT B LR E B FPGA. 44K 3h 7T < 7E DOWN 7 &
CFEIRFFRARIBZ) NP4 K E B FPGA; 78 UP i B P24 = 8 E 4 A 3] FPGA..
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A\[]TE22Ya

®

Cyclone?V
SoC

Tmo ng TADJD‘TACRJTWS Twzs TAcan Tm Tv27 JTW
SRR

SW9 SW8 SW7 SW6 SW5 SW4 SW3 SW2 SW1 SW0 Logic’0"

p | Logic™1”

B 3-16 $;RB)FF3%EEE Cyclone V SoC FPGA =& &

TERM _EIEA 10 AN el %561 #) LED 5 FPGA #Hi%E. & —4 LED #BH1 Cyclone V SoC
FPGA BELHANSLIKE], BRBII6H 5] 5 g v T B B PSR s B K LED. 1] 3-17 Fis A
LED F1 Cyclone V SoC FPGA M nE K. £ 3-6. £ 3-7 ik 3-8 It T#kaFFK. %
AN LED (1951 B2 -

PIN_AA24 wﬂ’?‘?’“
BINRRERN _LED1 .\ A LED1 |77
PIN_AC23 _&M&NW

LED3 LED3 177
A D)/A PIN_AD24 _LED3 . A  LED3
= o PIN_AG25 _LED4 LED4 , |7/

PIN_AF25 _LEDS LED5 n |77
Cyclone®™V
SoC PIN_AE24 _LED6 A LEDG (/7
PIN_AF24 _LED7 .\ A _-LED7 DI'?"""
PIN_AB22 _LED8 LEDS \ |77

PIN_.AC22 _LED9 . A LEDO n1/7 1

& 3-17 LED F1 Cyclone V SoC FPGA &R K

R 3-6 WBNFFREI WA

H4 FPGA 5% iR 1/O HriE
SW[0] PIN_AB30 Slide Switch[0] kTIP3
SWI1] PIN Y27 Slide Switch[1] BT JP3
SW[2] PIN AB28 Slide Switch[2] kTIP3
SWI3] PIN_AC30 Slide Switch[3] BT JP3
SWI[4] PIN_ W25 Slide Switch[4] TIP3
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SW[5] PIN V25 Slide Switch[5]
SW[6] PIN AC28 Slide Switch[6]
SW[7] PIN AD30 Slide Switch[7]
SW[8] PIN AC29 Slide Switch[8]
SW[9] PIN AA30 Slide Switch[9]
R 3-7 IR WA B
HiF% FPGA 3|5 i34
KEY[O0] PIN _AJ4 Push-button[0]
KEY[1] PIN AK4 Push-button[1]
KEY[2] PIN _AA14 Push-button[2]
KEY[3] PIN AAl5 Push-button[3]
% 3-8 LED 3| H4Ad
HH4 FPGA 5| {5 Eiip%y
LEDR[0] PIN AA24 LED [0]
LEDR[1] PIN AB23 LED [1]
LEDR[2] PIN AC23 LED [2]
LEDR[3] PIN AD24 LED [3]
LEDR[4] PIN AG25 LED [4]
LEDR[5] PIN AF25 LED [5]
LEDR[6] PIN AE24 LED [6]
LEDR([7] PIN AF24 LED [7]
LEDR([8] PIN AB22 LED [8]
LEDR[9] PIN AC22 LED [9]
36.2 CEREME

HU k5 JP3
HU k5 JP3
TIP3
H kT JP3
TIP3

1/O #rifE
3.3V
33V
3.3V
33V

1/0 FriE
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V

DE10-Standard FF &4 FA 6 AN-CEEDA, X LEHASE I P — X B 7s AN [F] /N 1 40 A
Frre K 3-18 Son T LERERSE AT GEHEELD ¥iERE] Cyclone V SoC FPGA.
FPGA it IR AL S 2 BAD B I, HhLE X R LED 23 miss, R IMKE K

HOASE ) LED #A 0 2 6 R4S, B 3-18 Fian A 's T . 3 3-9 FIH T AT %Y

B FPGA & 5 EEER.
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554

HEXO0[0]
HEXO0[1]
HEXO0[2]
HEXO0[3]
HEXO0[4]
HEXO[5]
HEXO0[6]
HEX1[0]
HEXI[1]
HEX1[2]
HEX1[3]
HEX1[4]
HEX1[5]
HEX1[6]
HEX2[0]
HEX2[1]
HEX2[2]
HEX2[3]
HEX2[4]
HEX2[5]
HEX2[6]
HEX3[0]
HEX3[1]
HEX3[2]
HEX3[3]
HEX3[4]
HEX3[5]
HEX3[6]
HEX4[0]
HEX4[1]

[lasic

www.terasic.com

L A HEXO[0]

HEXO[1]

HEXO0[2] A

HEXO0[3]

|

YA

®

HEX0R) Cyclone?,V

HEXO[5] SoC

HEXO0[6]

$33333

B 3-18 Cyclone V SoC FPGA Mt EB B EEEREE
® 39 CEREEES MW

FPGA 5|5
PIN W17
PIN VI8
PIN AG17
PIN AG16
PIN AH17
PIN AG18
PIN AH18
PIN AF16
PIN V16
PIN AE16
PIN AD17
PIN AE18
PIN AE17
PIN V17
PIN AA21
PIN AB17
PIN AA18
PIN Y17
PIN Y18
PIN AFI18
PIN W16
PIN Y19
PIN W19
PIN AD19
PIN AA20
PIN AC20
PIN AAI19
PIN AD20
PIN AD21
PIN AG22

DE10-Standard

R

iR

Seven Segment Digit 0[0]
Seven Segment Digit 0[1]
Seven Segment Digit 0[2]
Seven Segment Digit 0[3]
Seven Segment Digit 0[4]
Seven Segment Digit 0[5]
Seven Segment Digit 0[6]

]
]
]
]
]
]

]

[0
[1
[2
[3
[4
[5
[6
Seven Segment Digit 1[0
[1
[2
[3
[4
[5
[6
Seven Segment Digit 2[0]
[1
[2
[3
[4
[5
[6
[0
[1
[2
[3
[4
[5
[6
[0
[1

Seven Segment Digit 1
Seven Segment Digit 1
Seven Segment Digit 1
Seven Segment Digit 1
Seven Segment Digit 1
Seven Segment Digit 1

Seven Segment Digit 2[1]
Seven Segment Digit 2[2]
Seven Segment Digit 2[3]
Seven Segment Digit 2[4]
Seven Segment Digit 2[5]
Seven Segment Digit 2[6]

Seven Segment Digit 3

]
]
]
]
]
]

]
Seven Segment Digit 4[0]

Seven Segment Digit 3
Seven Segment Digit 3
Seven Segment Digit 3
Seven Segment Digit 3
Seven Segment Digit 3
Seven Segment Digit 3

Seven Segment Digit 4[1]

25

1/0 #3ifE
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
33V
3.3V
33V
3.3V
3.3V
33V
3.3V
3.3V
3.3V
33V
3.3V
3.3V
33V
3.3V
33V
3.3V
33V
33V
3.3V
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HEXA4[2] PIN_AE22 Seven Segment Digit 4[2] 3.3V
HEXA4[3] PIN_AE23 Seven Segment Digit 4[3] 3.3V
HEXA4[4] PIN_AG23 Seven Segment Digit 4[4] 3.3V
HEXA4[5] PIN_AF23 Seven Segment Digit 4[5] 3.3V
HEXA4[6] PIN_AH22 Seven Segment Digit 4[6] 3.3V
HEXS5[0] PIN_AF21 Seven Segment Digit 5[0] 3.3V
HEXS[1] PIN_AG21 Seven Segment Digit 5[1] 3.3V
HEXS5[2] PIN_AF20 Seven Segment Digit 5[2] 3.3V
HEXS5[3] PIN_AG20 Seven Segment Digit 5[3] 3.3V
HEXS5[4] PIN_AEI19 Seven Segment Digit 5[4] 3.3V
HEXS5[5] PIN_AF19 Seven Segment Digit 5[5] 3.3V
HEXS5[6] PIN_AB21 Seven Segment Digit 5[6] 3.3V

3.6.3 2x20GPIO ¥ @O

DE10-Standard I KA —1~4051 9 #1080 EA361 51115 Cyclone V SoC FPGA
BLREERE, H A4S HEDC +5V (VCC5). DC +3.3V (VCC3P3) M ANGND S| . %3-10%])

H 7 ERGPIOE: TR o i s KID#E .
F 3-10 GPIO ¥ 42 1O i B B A 5 K L g PR o

HE Bk = IV
5V 1A
3.3V 1.5A

I RERE O S BEE S A AR E A AN, FORBE R T

AT 36 ANEUR SR g . 22 3-11 FIH T GPIO ¥ e B2 LI 51 73 i

VCC3P3 JP1
O —
T
]
AEI-EE{A J GPIO[35..0] \f\/\/ 36 /
Cyclone®™V /
SoC

e e
(N J
e e
e e
e e
e e
e e
e e
e e
e e
[ M J
e e
e e
® e
e e
e e
e e
e e
e e
e e
- —

3-19 GPIO ¥ B#:0M1 Cyclone V SoC FPGA EZ~EE
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GPIO[0
GPIO
GPIO
GPIO
GPIO
GPIO
GPIO
GPIO
GPIO
GPIO
GPI
GPI
GPIO
GPIO
GPIO
GPIO
GPIO
GPIO

]
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[]
[10
[11
[
[
[
[15
[
[

GPIO[
[
[
[
[
[
[
[
[
[27
[28
[29
[
[
[32
[33
[
[

o

1

O

1
1
14
15
1
1

GPIO
GPIO
GPIO
GPIO
GPIO
GPIO
GPIO
GPIO
GPIO

2
3
6
7
18
19
20
21
22
23
24
5
6
0
1
4
5

2
2

Q
.
o

3

GPIO[3
3

£ 3-11 FEEOSIHSE

FPGA 5|5
PIN W15
PIN AK2
PIN Y16
PIN AK3
PIN AJl
PIN AJ2
PIN AH2
PIN AH3
PIN AH4
PIN AHS5
PIN AGI
PIN AG2
PIN AG3
PIN AGS5
PIN AG6
PIN AG7
PIN AGS8
PIN AF4
PIN AF5
PIN AF6
PIN AF8
PIN AF9
PIN AF10
PIN AE7
PIN AE9
PIN AEIll
PIN AEI2
PIN AD7
PIN AD9
PIN ADI0
PIN ADII
PIN ADI2
PIN AC9
PIN ACI12
PIN ABI2
PIN AAI2

364 HSMC£0O

DE10-Standard JF &tk A —4>HSMC # 1, i#
FWRI AR B, AT A2 24 B & P 5 5 75 3R DA S R

JTAG. W BfH NS R ef AT VO &%) LA Hiim B 22 7015 5. HSMA 452 115 5 11 ] 3-20

Ejiipo

GPIO Connection 0[0]
GPIO Connection 0[1]
GPIO Connection 0[2]
GPIO Connection 0[3]
GPIO Connection 0[4]
GPIO Connection 0[5]
GPIO Connection 0[6]
GPIO Connection 0[7]
GPIO Connection 0[8]
GPIO Connection 0[9]
GPIO Connection 0[10]
GPIO Connection 0[11]
GPIO Connection 0[12]
GPIO Connection 0[13]
GPIO Connection 0[14]
GPIO Connection 0[15]
GPIO Connection 0[16]
GPIO Connection 0[17]
GPIO Connection 0[18]
GPIO Connection 0[19]
GPIO Connection 0[20]
GPIO Connection 0[21]
GPIO Connection 0[22]
GPIO Connection 0[23]
GPIO Connection 0[24]
GPIO Connection 0[25]
GPIO Connection 0[26]
GPIO Connection 0[27]
GPIO Connection 0[28]
GPIO Connection 0[29]
GPIO Connection 0[30]
GPIO Connection 0[31]
GPIO Connection 0[32]
GPIO Connection 0[33]
GPIO Connection 0[34]
GPIO Connection 0[35]

Fir. 2 3-12 7 7 %4 HSMC 3 1R K& R IhFE.

[lasic
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R

27

1/0 H7#E

3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V

iZ$E %R HSMC TR 1] LAY 8 FPGA

AR, HSMC #1038
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Bank 1

JTAG
SMBus
CLKINO, CLKOUTO

Bank 2

Power

D(39:0)
<G
D(3:0) + LVDS

CLKIN1, CLKOUT1

Bank 3

Power
D(79:40)

CLKIN2, CLKOUT2

& 3-20 HSMC 15 Bank &

R 3-12 HSMC # O i) = R B K B I BR )

LK BRAHR
12V 1A
3.3V 1.5A

H AR RAE JP3 #E HSMC #: 1 EHI(E 5 /O MLEFRHEDN 3.3V, 2.5V, 1.8V 5 1.5V
(ERINBE N 2.5V, A8 HSMC 1/0 #%#2 3 FPGA ) Bank SB&S8A, 1fiiX# > Bank ] VCCIO
FLE HT JP3 #ffi), BT AR R DU ki 4 42 JP3 XS Rt 51, &4 VCCIO 5B&VCCIO 8A
FAR LR 3.3V, 2.5V, 1.8V M 1.5V kA% VO 51 IR i TdndE. & 3-13 Z 7 JP3 1)
WHE, #3-14 5T HSMC £ D4 51 B .

£ 3-13 AF 10 R JP3 & E

asiC| o-cp

www.terasic.com

JP3 BhiESRE VCCIOSB 1 VCCIOSA FftH R HSMC £ JP2) 1/0 B JE
KEBETI 1 A2 1.5V 1.5V
SEHES| I 3 A 4 1.8V 1.8V
fEEES| S Fil 6 2.5V 2.5V (FRIN)
SEHES|JH 7 08 3.3V 3.3V
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# 3-14 HSMC #0545 E
(GRE: FPGA 3|5 #R 1/0 i

HSMC CLKINO PIN J14 L LRI kTIP3
HSMC CLKIN N1 PIN_AB27 |LVDS RX 5 CMOS /O 5= /il i BT JP3
HSMC CLKIN N2 PIN Gl5 LVDS RX & CMOS I/O BRZE /M BN BT JP3
HSMC CLKIN P1 PIN_AA26 |LVDS RX 5 CMOS I/O s /il BT JP3
HSMC CLKIN P2 PIN HI5 LVDS RX 8 CMOS I/O BRZE 5 IHepf N HULT JP3
HSMC CLKOUTO PIN AD29 % JH e BT JP3

HSMC_CLKOUT NI PIN E6
HSMC_CLKOUT N2 PIN_A10
HSMC_CLKOUT P1 PIN E7

HSMC_CLKOUT P2 PIN All

LVDS TX 8% CMOS 1/0 582 7 i i N B s+ JP3
LVDS TX 8¢ CMOS 1/O 5.7 75 B i N i BT TP3
LVDS TX 8% CMOS 1/0 582 7 i i N B s+ JP3
LVDS TX 8¢ CMOS 1/O 557 73 B i N i B kT TP3

HSMC_DJ[0] PIN C10 LVDS TX 5% CMOS 1/O TIP3
HSMC DJ[1] PIN H13 LVDS RX 8 CMOS I/O kTIP3
HSMC DI[2] PIN C9 LVDS TX 8¢ CMOS 1/O kTIP3
HSMC DI[3] PIN HI2 LVDS RX 8 CMOS 1/O TIP3
HSMC_SCL PIN AA28 ‘& RLHATHR kTIP3
HSMC SDA PIN_AE29  ‘EBHERATH B TIP3
HSMC RX D N[0] PIN Gl LVDS RX bit On 8, CMOS /O TIP3
HSMC RX D N[1] [PIN JI2 LVDS RX bit 1n 8 CMOS I/O BT IP3
HSMC RX D N[2] PIN F10 LVDS RX bit 2n 8, CMOS /O TIP3
HSMC RX D N[3] PIN J9 LVDS RX bit 3n 8 CMOS I/O BT IP3
HSMC RX D N[4] PIN K8 LVDS RX bit 4n 8, CMOS /O TIP3
HSMC RX D N[5] PIN H7 LVDS RX bit 5n 8 CMOS I/O BT IP3
HSMC RX D N[6] PIN G8 LVDS RX bit 6n 8 CMOS I/0 BT IP3
HSMC RX D N[7] PIN F8 LVDS RX bit 7n 8, CMOS /O TIP3
HSMC RX D N[8] PIN Ell LVDS RX bit 8n 8 CMOS 1/O BT IP3
HSMC RX D N[9] PIN BS5 LVDS RX bit 9n 5, CMOS /O TIP3
HSMC RX D N[10] PIN D9 LVDS RX bit 10n 5 CMOS 1/O kTIP3
HSMC RX D N[11] PIN DI2 LVDS RX bit 11n B, CMOS I/O TIP3
HSMC RX D N[12] PIN D10 LVDS RX bit 12n 5, CMOS /O TIP3
HSMC RX D N[13] PIN BI2 LVDS RX bit 13n 5 CMOS 1/O kTIP3
HSMC RX D N[14] PIN E13 LVDS RX bit 14n 5, CMOS /O TIP3
HSMC RX D N[15] PIN G13 LVDS RX bit 15n 5 CMOS 1/O kTIP3
HSMC RX D NJ[16] PIN F14 LVDS RX bit 16n 5, CMOS I/O TIP3
HSMC RX D P[0] PIN GI2 LVDS RX bit 0 8 CMOS 1/0O kTIP3
HSMC RX D P[1] PIN KI2 LVDS RX bit 1 8{ CMOS 1/O kTIP3
HSMC RX D P[2] PIN G10 LVDS RX bit 2 8¢ CMOS I/O TIP3
HSMC RX D P[3] PIN J10 LVDS RX bit 3 8 CMOS 1/O kTIP3
HSMC RX D P[4] PIN K7 LVDS RX bit 4 5{ CMOS 1/O TIP3
HSMC RX D P[5] PIN J7 LVDS RX bit 5 8{ CMOS 1/O BT JP3
HSMC RX D P[6] PIN H8 LVDS RX bit 6 8{ CMOS 1/O TIP3
HSMC RX D P[7] PIN F9 LVDS RX bit 7 8{ CMOS 1/O TIP3
HSMC RX D P[8] PIN Fl11 LVDS RX bit 8 8 CMOS 1/O BT JP3
HSMC RX D P[9] PIN B6 LVDS RX bit 9 8{ CMOS 1/O TIP3
HSMC RX D P[10] PIN E9 LVDS RX bit 10 8{ CMOS 1/0 BT JP3

DE10-Standard
aslC| =g
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3.6.5 24 frEPRgR RIS A

g
AN

4

HSMC RX D P[11]
HSMC RX D P[12]
HSMC RX D P[13]
HSMC RX D P[14]
HSMC RX D P[15]
HSMC RX D P[16]
HSMC_TX_D NJ[0]
HSMC_TX D N[1]
HSMC_TX D N[2]
HSMC_TX D N[3]
HSMC_TX D N[4]
HSMC_TX D NI[5]
HSMC_TX D N[6]
HSMC_TX D N[7]
HSMC_TX D NI[8]
HSMC_TX D N[9]
HSMC_TX D N[10]
HSMC TX D N[11]
HSMC_TX D N[12]
HSMC_TX D N[13]
HSMC TX D N[14]
HSMC_TX D N[15]
HSMC TX D N[16]
HSMC_TX_D P[0
HSMC TX D P[1
HSMC TX D P[2
HSMC_TX D P[3
HSMC TX D P[4
HSMC_TX D P[5
HSMC TX D P[6
HSMC_TX D P[7
HSMC_TX D P[8
[
[
[
[
[
[
[

— === e e

HSMC TX D P[9
HSMC_TX_D_P[10]
HSMC TX D P[11]
HSMC_TX D _P[12]
HSMC TX D P[13]
HSMC TX D P[14]
HSMC_TX D _P[15]
HSMC _TX D P[16]

]
]
]
]
]
]
]
]
]
]
0
1

PIN E12
PIN D11
PIN C13
PIN F13
PIN H14
PIN F15
PIN A8
PIN D7
PIN F6
PIN_C5
PIN C4
PIN E2
PIN D4
PIN B3
PIN DI
PIN C2
PIN Bl
PIN A3
PIN_AS
PIN_B7
PIN B8
PIN Bll
PIN Al3
PIN_A9
PIN E8
PIN G7
PIN_D6
PIN D5
PIN_E3
PIN E4
PIN C3
PIN El
PIN D2
PIN B2
PIN A4
PIN_A6
PIN C7
PIN C8
PIN CI2
PIN B13

LVDS RX bit 11 8{ CMOS 1/O
LVDS RX bit 12 8 CMOS /O
LVDS RX bit 13 2 CMOS I/O
LVDS RX bit 14 5 CMOS /O
LVDS RX bit 15 2 CMOS I/O
LVDS RX bit 16 8 CMOS /O
LVDS TX bit On 8§ CMOS I/O
LVDS TX bit 1n & CMOS I/O
LVDS TX bit 2n 8¢ CMOS /O
LVDS TX bit 3n & CMOS I/O
LVDS TX bit 4n 8 CMOS /O
LVDS TX bit 5n & CMOS I/O
LVDS TX bit 6n 8¢ CMOS /O
LVDS TX bit 7n 8¢ CMOS /O
LVDS TX bit 8n 8¢ CMOS I/O
LVDS TX bit 9n 8 CMOS /O
LVDS TX bit 10n 8¢ CMOS I/O
LVDS TX bit 11n 8¢ CMOS I/O
LVDS TX bit 12n & CMOS I/O
LVDS TX bit 13n 8¢ CMOS I/O
LVDS TX bit 14n &% CMOS I/O
LVDS TX bit 15n 8¢ CMOS I/O
LVDS TX bit 16n &% CMOS I/O
LVDS TX bit 0 2% CMOS I/O
LVDS TX bit 1 8¢ CMOS /O
LVDS TX bit 2 8 CMOS 1/O
LVDS TX bit 3 2% CMOS I/O
LVDS TX bit 4 8¢ CMOS 1/0
LVDS TX bit 5 2 CMOS I/O
LVDS TX bit 6 8¢ CMOS 1/0
LVDS TX bit 7 2 CMOS I/O
LVDS TX bit 8 2% CMOS I/O
LVDS TX bit 9 8¢ CMOS 1/0
LVDS TX bit 10 8¢ CMOS I/O
LVDS TX bit 11 8, CMOS I/O
LVDS TX bit 12 & CMOS I/O
LVDS TX bit 13 8¢ CMOS /O
LVDS TX bit 14 8¢ CMOS /O
LVDS TX bit 15 8¢ CMOS I/O
LVDS TX bit 16 8 CMOS 1/O

HUk+ JP3
HUak+ JP3
kTIP3
kT JP3
kTIP3
kT JP3
H TIP3
kTIP3
kT JP3
TIP3
kT JP3
kTIP3
kTIP3
kT JP3
kTIP3
kTIP3
kTIP3
kT JP3
kTIP3
kTIP3
kT JP3
kTIP3
kT JP3
kTIP3
kT JP3
kT JP3
kTIP3
kT JP3
kTIP3
kT JP3
HU kTIP3
kTIP3
kT JP3
HU kTIP3
kT JP3
HU kTIP3
kT JP3
kT JP3
HU kTIP3
kT JP3

DE10-Standard JT & if i Wolfson WM8731 35 A fift it &8 1] LA AL 24 457 i3 i i 35 40
%0 F SRR 7 U line-in J% line-out iy [, SRAERTE 8KHz 2 96KHz 2 8] 7], WMS8731

www.terasic.com
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FPGA, &AM 5 FPGA FER N 3-21 Firas XTI 5] Jll 7 Bo a2 3-15 Fr sl A ¢ WMR731
G A 25 Bl S H 0 AR, 7EHi&E R B W e DE10-Standard 24% CD 1)

\datasheets\Audio CODEC H 7] LA R ZEHE %

u3
WMB8731

AUD_XCK R
_ AUD_BCLK N
Alm h AUD_DACDAT I\ ~ar

_ AUD_DACLRCK

v

Cyclonefé?V
SoC

_ AUD_ADCDAT

XTI/MCLK Mic In . 1
J1
BCLK
Line In 1
< ‘ J2
DACLRCK

ADCDAT Line Out |
AUD_ADCLRCK B
< = ADCLRCK

\ 4

& 3-21 FPGA MIEFHRBEE S EENER

# 3-15 %5 CODEC & K 5 4B

554 FPGA 3|5 #iR

AUD ADCLRCK PIN AH29 Audio CODEC ADC LR 4§
AUD ADCDAT PIN AJ29 Audio CODEC ADC % ¥
AUD DACLRCK PIN AG30 Audio CODEC DAC LR K4}
AUD DACDAT PIN_AF29 Audio CODEC DAC ##
AUD XCK PIN_AH30 Audio CODEC 5 F Hi
AUD BCLK PIN_AF30 Audio CODEC LLAFifit A £
12C_SCLK PIN Y24 or PIN E23 12C W

12C_SDAT PIN Y23 or PIN C24 12C ¥ ds

3.6.6 12C LK E AR

1/O HriE
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V

DE10-Standard 7 &K ARSEEL T —N2C L B E H 4%, PAEHPSHEVT 7] FHFPGAE il [12C j& 28,
KI3-22 7~ AI2C 2 i B 48 5FPGA. HPSHIE R R 2 K. 4 HAXHMHPS_12C_CONTROLAE &
B E NS HCTET, HPSA BEVT W) 3 g it il 28 ATV g8 . 12C A28 5| B Bd in =2 3-16 A7 41,

DE10-Standard 31
aslC| grxy
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HPS_I2C
‘_r\_.

1 12¢ Bus 1

\ 4

Audio CODEC

Switch_Control

TI:-TS5A23157

r

FPGA_I2C

HPS/ARM FPGA/Qsys

SoC FPGA

A 3-22 12C £ B8 A EHIHLH]

£ 3-16 12C BT AR

554 FPGA 5[5 #iR /O FrifE
FPGA 12C SCLK PIN Y24 FPGA 12C I % 3.3V
FPGA 12C SDAT PIN Y23 FPGA 12C %45 3.3V
HPS 12C1 SCLK PIN E23 55— HPS 12C #2451 12C I 3.3V
HPS I2C1 SDAT PIN C24 #—A> HPS 12C =281 12C ¥ 3.3V
HPS 12C2 SCLK  PIN H23 2 A HPS 12C #& 4251 12C I 3.3V
HPS 12C2 SDAT  PIN A25 A HPS 12C #2817 12C ¥ 3.3V

3.6.7 VGA #HiH
DE10-Standard JF &R EA—HT VGA fi 1 15 5/l D-USB #: 1. VGA FIAZE 5 H
# M Cyclone V SoC FPGA F=/E, ADV7123 387 & =@ 10 A (UEHE 8 1) =4
HIRE A2 (DAC), BB T E S HI A =R E (2, 4. W) BEMES. %O REhkE
FF 1280%1024 73 #F%. {55 DL 100MHz 4% 1) SXGA Frifk. & 3-23 Fizny FPGA F1 VGA (1)

ERRE .

DE10-Standard

LLLL Ry

www.terasic.com
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P AEM 2 ] LU 5 24 3] VGA [R5 F1 RGB i 1 7RI .

AITERAW
c,yelos::g§v

us

VGA_R[7..0]
VGA_G[7..0]
— VGA DAC
VGA_CLK ADV7123 |
VGA_SYNC_N

VGA_BLANK_N

VGA_VS

VGA_HS

B 3-23 FPGA 5 VGA EEREE

Kl 3-24 AT/~ A VGA

Bonds ERIRIEEAT ORP) AR 25K . K58 F5 SR [A] IR FL 7 Rk 15 5 F
BRI [FAAE 5 (hsyne)fi N, R E— AT HI S /AN — BT BT G . K1
FE K E S A2 G, Fh B ER2310 RGB B4 /8 5 1T (Rl (b) b AR To R (IREN N
OV) Ja R 8] 2 Ja & B )R A2 4R o Bl BRI 18] Y, RGB Hds Sk a5 ME R AEAT _EAKIX
WoRe FJE RIS E)(), KB TEIN, e~ AN RS 577 A 2 i RGB 5 5
RIER HFPEAE T (vsyno)i Fr 5 ] 3-24 Fros AT FIPAS S P26 fel, A5 [R5 ka5
A AN R A5 RON R — AR TG, RGB B 2 b Br A 4T ik e 5. 35 3-17 M

R 3-18 FIH VAT AN e R I AN 73 R AT a by ey d AYFFEERTTH),

X ADV7123 IARE s (1) 5H 245 BT LS R 8RR 7EH1E 7 B W EL DE10-
Standard System CD [*)\Datasheet\Video DAC H s H 1] LK 2| iZH#i 3K . Cyclone V SoC FPGA
A ADV7123 Z 8] i) 51 5 ok 3-19 Bl

Back porch (b)
I

<4—p| Display interval (c)

>

Front porch (d)

DATA

HSYNC

Rasic]

www.terasic.com

RGB

»

Y

Sync (a)
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% 3-17 VGA 1TH L TE

a(us)

3.8
1.6
32
1.6
1.1
2.1
1.8
1.0
1.0

b(us)

1.9
2.2
2.2
32
2.7
2.5
1.9
2.2
23

#* 3-18 VGA it i TE

a(lines)

W W AN W W s W

b(lines)

33
25
23
21
27
29
29
36
38

# 3-19 VGA 3|4 E

VGA 5,
E 5P (HxV)
VGA(60Hz) 640x480
VGA(85Hz) 640x480
SVGA(60Hz) 800x600
SVGA(75Hz) 800x600
SVGA(85Hz) 800x600
XGA(60Hz) 1024x768
XGA(70Hz) 1024x768
XGA(85Hz) 1024x768
1280x1024(60Hz) 1280x1024
VGA R
BE SIRE (HxV)
VGA(60Hz) 640x480
VGA(85Hz) 640x480
SVGA(60Hz) 800x600
SVGA(75Hz) 800x600
SVGA(85Hz) 800x600
XGA(60Hz) 1024x768
XGA(70Hz) 1024x768
XGA(85Hz) 1024x768
1280x1024(60Hz) 1280x1024
554 FPGA 5| {5
VGA_R[0] PIN AK29
VGA R[1] PIN_ AK28
VGA R[2] PIN AK27
VGA R[3] PIN AJ27
VGA R[4] PIN AH27
VGA R[5] PIN AF26
VGA_R[6] PIN AG26
VGA R[7] PIN AJ26
VGA_G[0] PIN_ AK26
VGA_G[1] PIN_AJ25
VGA G[2] PIN_ AH25
VGA_G[3] PIN AK24
VGA_ GI[4] PIN AJ24
VGA_G[5] PIN AH24

[lasic

www.terasic.com
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ik
VGA Red[0
VGA Red[1
VGA Red[2
VGA Red][3
VGA Red[4
VGA Red[5
VGA Red[6
VGA Red[7
VGA Green[0
VGA Green[1
VGA Green[2

]
]
]
]
]
]
]
]
[
[
[
VGA Green[3
[
[

]
]
]
]
]
]

VGA Green[5

T AR
c(us) d(us)
25.4 0.6
17.8 1.6
20 1
16.2 0.3
14.2 0.6
15.8 0.4
13.7 0.3
10.8 0.5
11.9 0.4
FEEBFHE
c(lines) | d(lines)
480 10
480 1
600 1
600 1
600 1
768 3
768 3
768 1
1024 1

1/0 i
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V

B R4
(MHz)

36
40
49
56
65
75
95
108

BRBh
(MHz)
25

36

40

49

56

65

75

95

108

www.terasic.com.cn
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VGA_GI6] PIN AK23 VGA Green[6] 3.3V
VGA_G[7] PIN AH23 VGA Green[7] 3.3V
VGA BI0] PIN AJ21 VGA Blue[0] 3.3V
VGA_B[1] PIN AJ20 VGA Blue[1] 3.3V
VGA BI[2] PIN AH20 VGA Blue[2] 3.3V
VGA_B[3] PIN AJ19 VGA Blue[3] 3.3V
VGA BI[4] PIN AHI9 VGA Blue[4] 3.3V
VGA BI[5] PIN AJl7 VGA Blue[5] 3.3V
VGA_B[6] PIN AJ16 VGA Blue[6] 3.3V
VGA BI[7] PIN AKI16 VGA Blue[7] 3.3V
VGA_CLK PIN AK21 VGA Clock 3.3V
VGA BLANK N PIN AK22 VGA BLANK 3.3V
VGA_HS PIN AK19 VGAH_SYNC 3.3V
VGA_VS PIN AKI8 VGAV_SYNC 3.3V
VGA SYNC N PIN AJ22 VGA SYNC 3.3V

3.6.8 TV f#ngss

DE10-Standard JF &R #E %, 7 ADV7180 TV fi#id#s:8o ADV7180 52— kS AR S
2%, 0] LLE SR I AR DL JE A S 5 (NTSC. PAL Al SECAM)HE# a2 8 fi7 ITU-R
BT.656 # IARERT 4:2:2 4 BEAUTEHE . ADV7180 A S MM %, 1 DVD L.
FhA AL T RS DA K 22 4/ M 5 ARG

TV ffht 28 1 () 25 A7 8% 7] LB IS Cyclone V SoC FPGA ©¢, HPS 547 12C M £RHEAT 15 ]
M E. FERE/E TV 581 12C Sl Jy 0x40/0x41. TV fEid 4% 1) 51 2> Bc ik 3-20
Fiiol. Kk ADV7180 &5 W 245 BT IS H 0 a3k, & B P e DE10-Standard
A4 CD [f)\Datasheet\Video Decoder H 3% H1 1] AR F1ZH 5% .

U4
ADV7180

TD_DATA[7..0]

l P[7..0]

_TD_VS

'S

TD_HS J6
< HS »
AIHEA I . P-C LLC AIN1 4—.' /
TD_RESET N j [— /
Cyclone?V Hj RESSEE RCA JACK
SoC 12C_SCLK

SCLK

A 4

12C_SDAT
< SDAT

A4

A 4

OSC 28MHz XTAL

Y1

& 3-25 FPGA # TV fEE &R E E

IC DE10-Standard 35 www.terasic.com.cn
as ARFH September 28, 2020
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R 3-20 TV fEFLEE 5] B4 EC

554 FPGA 5| {5
TD DATA [0] PIN AG27
TD DATA[1] PIN_AF28
TD DATA [2] PIN AE28
TD DATA [3] PIN AE27
TD DATA [4] PIN_AE26
TD DATA [5] PIN_AD27
TD DATA [6] PIN_AD26
TD DATA [7] PIN AD25
TD HS PIN AH28
TD VS PIN AG28
TD CLK27 PIN ACI8
TD RESET N PIN_AC27
12C SCLK PIN Y24 or PIN E23
12C_SDAT PIN_ Y23 or PIN C24
3.6.9 LAk

#iR

TV Decoder Data[0]
TV Decoder Data[1]
TV Decoder Data[2]
TV Decoder Data[3]
TV Decoder Data[4]
TV Decoder Data[5]
TV Decoder Data[6]
TV Decoder Data[7]

TV Decoder H SYNC
TV Decoder V_.SYNC
TV Decoder Clock Input
TV Decoder Reset

12C Clock

12C Data

1/O ¥Rk

3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V

DE10-Standard JT AR T AL AMEFEZRI AL (25 IRM-V538/TR1), fE DEI0-
Standard 4t CD [fJ\Datasheet\ IR Receiver and Emitter H 3¢ o] DIR Bz H O HdE % . 8%
AL, P RALE Terasic B EIWSE, ENEmWILE T (uPD6121G) HISK™ALL4ME
Fo & 326 Pron NLLAMERAR S FPGA HIERRE R 3£ 3-21 FIH [ 204ME A 5 FPGA

EFERIG TR .

554 FPGA 3|5 Eiipy
IRDA_RXD PIN_ W20 IR Receiver 3.3V
DE10-Standard
asiC| mo=pp

www.terasic.com

VCC3P3

U35

AEIEE{A < /RDA_RXD : S0t
\ vcesp3 O—————————VCC
Cyclone,@mV
SoC

GND

CHASSIS

& 3-26 FPGA 1 IR Bl R %R & E

R 3-21 IR B8 5| 4B
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3.6.10 AR5 %% LED

DE10-Standard JT & _FAB — 4% 588 LED, AT IR 85, B SN TEES
ToLRIEH AN & . JEILULHS 55— IR #20sy, Edref i R dtiTd E. K 3-27 Bt
A IR K% LED 5 FPGA HIE#ERERE. £ 3-22 5IH 7 IR &4 LED 5 FPGA ZE# 5]
3

VCC3P3
IR Emitter LED
IRDA_TXD .
AIEIE%A = HE8050G
®

Sy
Cycloslzg, :

& 3-27 FPGA 5 IR k% LED E#r-EE

# 3-22 IR &5 LED 5|4

554 FPGA B[S ik 1/0 tpifE
IRDA TXD PIN W21 IR Emitter 3.3V

3.6.11 SDRAM Ffitas

DE10-Standard JF &t —1 64MB(32Mx16) SDRAM s Fo iZ:th i B 5 FPGA HHiE
116 MEEEZ . I mihht 2. iZ0 A KA 3.3V LVCMOS 1 5F5#. FPGA 5 SDRAM
FERE K 3-28 Atz~, 5l EC N 3-23 Fias.
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A = =

Cyclone,?V

SoC

B 3-28 FPGA 5 SDRAM % ~EE

A

DRAM_DQ[15..0]

I DRAM_ADDR([12..0]

‘ DRAM_BA[1..0]

DRAM_CLK

DRAM_CKE

@ DRAM_LDQM

DRAM_UDQM

DRAM_WE_N

DRAM_CAS_N

DRAM_RAS_N

DRAM_CS_N

vV V. VV VvV Vv vVvVYy VY

3 3-23 SDRAM 5| {4 Be

D[15..0]
Al12..0]
BA[1..0]
CLK
CKE
LDQM
ubQM
nWE
nCAS
nRAS
nCS

32Mx16 SDRAM

554 FPGA 3|5 iR 1/0 e
DRAM ADDR[0] PIN AK14 SDRAM Address[0] 3.3V
DRAM _ADDR([1] PIN AH14 SDRAM Address[1] 3.3V
DRAM ADDR[2] PIN AGI15 SDRAM Address[2] 3.3V
DRAM_ADDR([3] PIN AEl4 SDRAM Address[3] 3.3V
DRAM ADDR[4] PIN_ABI15 SDRAM Address[4] 3.3V
DRAM ADDR([5] PIN ACl4 SDRAM Address[5] 3.3V
DRAM_ADDR[6] PIN ADI14 SDRAM Address[6] 3.3V
DRAM ADDR[7] PIN AF15 SDRAM Address[7] 3.3V
DRAM ADDR([8] PIN AHI5 SDRAM Address[8] 3.3V
DRAM ADDR[9] PIN AGI13 SDRAM Address[9] 3.3V
DRAM ADDR[10] PIN AGI2 SDRAM Address[10] 3.3V
DRAM ADDR[11] PIN AHI3 SDRAM Address[11] 3.3V
DRAM ADDR[12] PIN AJl4 SDRAM Address[12] 3.3V
DRAM DQ[0] PIN AK6 SDRAM Data[0] 3.3V
DRAM DQ[1] PIN AJ7 SDRAM Data[1] 3.3V
DRAM DQ[2] PIN AK7 SDRAM Data[2] 3.3V
DRAM DQ[3] PIN AKS SDRAM Data[3] 3.3V
DRAM DQ[4] PIN AK9 SDRAM Data[4] 3.3V
DRAM DQI[5] PIN AG10 SDRAM Data[5] 3.3V
DRAM DQ[6] PIN AKI1 SDRAM Data[6] 3.3V
DRAM DQ[7] PIN AJ11 SDRAM Data[7] 3.3V
DRAM DQ[8] PIN AHI10 SDRAM Data[8] 3.3V
DRAM DQ[9] PIN AJ10 SDRAM Data[9] 3.3V
DRAM DQ[10] PIN AJ9 SDRAM Data[10] 3.3V
DRAM DQ[11] PIN_ AH9 SDRAM Data[11] 3.3V
DRAM DQ[12] PIN AHS SDRAM Data[12] 3.3V
DRAM DQ[13] PIN AH7 SDRAM Data[13] 3.3V
DRAM DQ[14] PIN AJ6 SDRAM Data[14] 3.3V

Rasic]
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DRAM DQ[15] PIN AJS SDRAM Data[15] 3.3V

DRAM BA[0] PIN_AF13 SDRAM Bank Address[0] 3.3V
DRAM BA[1] PIN_AJ12 SDRAM Bank Address[1] 3.3V
DRAM_LDQM PIN_ABI13 SDRAM byte Data Mask[0] 3.3V
DRAM UDQM PIN_AKI2 SDRAM byte Data Mask[1] 3.3V
DRAM_RAS N PIN_AEI13 SDRAM Row Address Strobe 3.3V
DRAM CAS N PIN_AF11 SDRAM Column Address Strobe 3.3V
DRAM CKE PIN AK13 SDRAM Clock Enable 3.3V
DRAM_CLK PIN_AHI2 SDRAM Clock 3.3V
DRAM_WE N PIN_AA13 SDRAM Write Enable 3.3V
DRAM CS N PIN_AGl1 SDRAM Chip Select 3.3V

3.6.12 PS/2 B4T¥EO

DE10-Standard JF &R EA — M) PS/2 #5211, w] DUEHE PS/2 S AR br. K] 3-29 fir
7NN PS/2 iR 5 FPGA M B R . W 3-30 fias, A afLulit PS/2 Y BUZE7E DE10-
Standard J A B L [ 3 F PS/2 S8 AN BRAR. 7E 25 AP A Wk B m] BAFR B S anfal {6 1 PS /2
SRR AT/ BB U B o 24 ORI 5 A BC SR 3-24 o

R WP REE A PS2 &, A AER:S FPGA /O 1) PS/2 #1552 PS2_CLK Al
PS2 DAT.

PS2_CLK
PS2_CLK2

>
O
N
A A

=

AT

CyclonefY'V |
SoC J12

AE9 < PS2_DAT2 \f\f\/
AE7 < PS2DAT ‘f\f\’
3-29 FPGA 5 PS2 B~ EE
DE10-Standard 39 www.terasic.com.cn
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554
PS2 CLK
PS2 DAT
PS2_CLK2
PS2 DAT2

\

%‘ 7,

s

&

h |
A

B 3-30 f#H] Y-Cable FEfEH PS/2 RArFIsEA

FPGA 5|5
PIN AB25
PIN AA25
PIN AC25
PIN AB26

£ 3-24 PS/2 B 4B
iR
PS/2 W4
PS/2 ¥¥E
PS/2 BEh (TEAZ 5 =4 PS/2 #4%)
PS/2 Hi7 (MR EE A PS/2 #4%)

3.6.13 A/D ##85 2x5 5| ik

DE10-StandardJF A AR & 8K AIRME 75, 8 JHIE,

12 fZCMOS ADCE: o

1/O FrifE
3.3V
33V
33V
33V

ZADCHR M =ik

SOOKSPSHHHe et 2 . BT i @ IE R AN TS FENOVEI4.006V . R E b B o V41
5 AT B H B S SCLKPE B =1 N 40MHz AT B A% N TAF . ‘& n] LLAC & B /E ADC_INO &
ADC_INTHI NI 8 MG 5o aiE3-31 R, X8 MG 5 8 8] — A 2x5 51 82k
A K1Z A/D s S I E 2 E B LS H G HdE % 76511 55 B 5 DE10-Standard
A4 CD [f)\Datasheet\ ADC H % H1 7T LR B iZ 5535

VCC5 ADC_INO
ADC_IN1 ADC_IN2
ADC_IN3 ADC_IN4
ADC_IN5 ADC_IN6
ADC_IN7 GND

B 3-31 2x5 ELEESRER

DE10-Standard
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K] 3-32 A~ A FPGA « 2x5 5] HIE:SL /1 A/D ¥ st n K. % 3-25 5 T A/D
AR 5] A

LTC2308CUF

ADC_INO

ADC_IN1
ADC_IN2
ADC_IN3

ADC_SCLK =
ADC_DIN {A!ll EH%AS
®

Header

ADC_IN4
ADC_IN5 Cy C'one;gm | %
ADC_IN6 SoC

ADC_IN7

A 3-32 FPGA. 2x5 518k, A/D BHBEERRE

% 3-25 ADC 3|4
554 FPGA 3| {5 iR 1/O 3
ADC CONVST PIN Y21 VAR GRS 3.3V
ADC DOUT PIN V23 HrHARRA 3.3V
ADC DIN PIN W22 B H e 3.3V
ADC SCLK PIN W24 IEANEELTIN 3.3V

3.7 HPS #hE &

KA 4% Cyclone V SoC FPGA [#) HPS #B73 HI4MHE . it HPS AL FR 2% A LAS
) IX LA
3.7.1 #REHIFFRM LED

55 FPGA 3i28fLl, HPS 3 i Ale ML B T 56, LED A A Ez . P A] DA%
| X e R il HPS RS .

% 3-26 B H T FTA 19 LED FI424H 5% 1) 51 B4 B

% 3-26 LED FETF <1 5] J 43 Bic
554 HPS GP1O AR bit Thee
HPS KEY GPIO54 GPIO1[25] /O
HPS LED GPIOS3 GPIO1[24] /O
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372 TIKELKM

DE10-Standard JT & ¥ S FFi 1L 405 Micrel KSZ9021RN PHY 55 A1 HPS LKW MAC
IHREBEAT T IR LLR AL S . B2 10/100/1000 Mbps T-Jk LA IS & 25 1) KSZ9021RN 5 At
Y RGMII MAC 11, & 3-33 Ay HPS. T-IRLUKM PHY FlI RJ45 3EHELER R &

4.

TR IR A 22 06 SR 5 R iR an R 3-27 FT%ll. %1% KSZ9021RN PHY & H I H £ 15
Bol IS0 EER, HErR EMEL DE10-Standard 248 CD [f\Datasheet\Ethernet H 3%

Hn] DR B2 L
us J10
HPS_ENET_TX_DATA[3..0] _
| HPS_ENET_GTX_CLK _ gi?(péﬂ(
HPS_ENET_TX_EN _
_HPS_ENET_RX_DATA[3..0] ;))((BE[;‘ 0] — MDI_HPS_N o TRD+
o= 3 HPS_ENET_RX_CLK __MDLHPS P |__
D) HPS_ENET_RX_DV 2§—g'\‘/'( R ¥ TR
.Vc'%ggu HPS_ENET_MDC | 1~
HPS | HPS_ENET_MDIO | \ LED1 |LED2DVAL 1] o0
_ LED2 DUAL 2
LED2 |« LEDG-
£ HPS_ENET_INT_N | \+
o N o HPS_ENET_RESET_N _ REE
J_— ENET_CLK_25
3 = = XI
KSZ9021RN RJ45
3-33 HPS AT UK ERREE
& 3-27 FIRBAKM PHY 5|45 AC
554 FPGA 5|15  #iR /O #3t
HPS ENET TX EN PIN A20 GMII and MII transmit enable 3.3V
HPS ENET TX DATA[0] PIN _F20 MII transmit data[0] 3.3V
HPS ENET TX DATA[1] PIN J19 MII transmit data[1] 3.3V
HPS ENET TX DATA[2] PIN F21 MII transmit data[2] 3.3V
HPS ENET TX DATAJ3] PIN F19 MII transmit data[3] 3.3V
HPS ENET RX DV PIN K17 GMII and MII receive data valid 3.3V
HPS ENET RX DATA[O] PIN A21 GMII and MII receive data[0] 3.3V
HPS ENET RX DATA[1] PIN B20 GMII and MII receive data[1] 3.3V
HPS ENET RX DATA[2] PIN BI8 GMII and MII receive data[2] 3.3V
HPS ENET RX DATA[3] PIN D21 GMII and MII receive data[3] 3.3V
HPS ENET RX CLK PIN G20 GMII and MII receive clock 3.3V
HPS ENET RESET N PIN E18 Hardware Reset Signal 3.3V
HPS ENET MDIO PIN E21 Management Data 3.3V
DE10-Standard 42 www.terasic.com.cn
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HPS ENET MDC PIN B21 Management Data Clock Reference 3.3V
HPS ENET INT N PIN C19 Interrupt Open Drain Output 3.3V
HPS ENET GTX CLK PIN H19 GMII Transmit Clock 3.3V

RJ45 AL 4464 LED (LEDG) A1 8 4 LED (LEDY) HJ LLFE 7~ BL A W (K SZ902 1RNT) FR
5. LED #1155 %3] RJ45 8210 E) LED. LEDG. LEDY KPIRASHIE W& 3-28 41,

Wltn, 4 LEDG fisit, DE10-Standard JF & Bk 5 LK@ 1A 0%
& 3-28 LED 5| IR K& X

LED (CIR7) LED (% X) P 4 B R AR S

LEDG LEDY LEDG LEDY

H H FEK FE R TC R R 2% 3% H

L H =4 FEK T LA R34 368 /T B 1

Toggle H PN R FE R TIR LR MIEE, BB IREH (&
LRI

H L FEK =t Ik LA K [P 342 388/ B A

H Toggle FEK AR IR LUK W& 8/ B A (i
AR

L L =02 Ut K LA W 3% 368/ B A

Toggle Toggle IR HR N R IR DIOK I 18 /45 B s AL (ks
FHESO

3.7.3 UART ¥ USB

DE10-Standard JF &R A —/> UART # 10] DU HPS 8. %42 DA SCRE HW 245
WSS WEREE 2T EHE FT232R &5 A A1 A USB Mini-B 2 1) 32 4 4 (R A4 2% S
Bl A3 5%%0F (A5 BT LLZEHiE N5 8L DE10-Standard 248 CD J\Datasheet\UART TO
USB HgHh & FE. & 3-34 fizm A HPS. FT232R it A4 F1 USB Mini-B 42 1127 8] [({3E 7R 75 K.
* 3-29 B 75 HPS #HH UART 42 HH 5] 73 .

u7

1XD — CcBUSO
RO caust FT232_DP
/ANO[SRYA\ | _  HPS_UART_RX . USBDP [¢—— ]
Cycloneg.V ;
e HPS_UART_TX . F y
o o) vy USBOM |« FT232-0M
HPS USB Mini-B Connector
< HPS_CONV_USB n .
HPS RESET UART.n | oo
| HPS_RESET_n
| FT232R

& 3-34 HPS 5 FT232R S EBERER
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554
HPS_UART RX
HPS UART TX

HPS CONV_USB N

3.7.4 DDR3 Ffi 2

DE10-Standard JF & 4% % #F 1GB DDR3 SDRAM, ‘& HPS Ui [# 1> 16 {2 DDR3 #1141
. {5 5 iEHF] HPS /O Banks H)% A% A-fifi 25455 4% (Hard Memory Controller), H#Arid
J&¥ & 400MHz. & 3-35 Fi7xy DDR3 #1 Cyclone V SoC FPGA HZE#H ~ERE. £ 3-30 71 T

DDR3 #5153 Hc

ik PA K 1/0 brife
( Data x 16 )
DDR3 Device
= >
Alm ® Address & Command
Cyclone?V
SoC >
( Data x 16 ) DDR3 Device

£ 3-29 UART £ 05| {4

FPGA 5|5
PIN B25
PIN C25

PIN B15

iR

HPS UART Receiver
HPS UART Transmitter
Reserve

1/O FrHE
33V
33V
33V

& 3-35 FPGA 5 DDR3 B ~EE

# 3-30 DDR3 W5 A

554 FPGA 5|15 #iid
HPS_DDR3_A[0] PIN F26 HPS DDR3 Address[0]
HPS DDR3 A[l] PIN_G30 HPS DDR3 Address[1]
HPS_DDR3 A[2] PIN F28 HPS DDR3 Address[2]
HPS_DDR3_A[3] PIN_F30 HPS DDR3 Address[3]
HPS DDR3 A[4] PIN_J25 HPS DDR3 Address[4]
HPS_DDR3_A[5] PIN_J27 HPS DDR3 Address[5]
HPS_DDR3_A[6] PIN F29 HPS DDR3 Address[6]
HPS DDR3 A[7] PIN E28 HPS DDR3 Address[7]
HPS_DDR3_A[8] PIN H27 HPS DDR3 Address[8]
HPS_DDR3 A[9] PIN_G26 HPS DDR3 Address[9]
HPS DDR3 A[10] PIN D29 HPS DDR3 Address[10]
HPS DDR3 A[l1] PIN C30 HPS DDR3 Address[11]
HPS DDR3 A[12] PIN B30 HPS DDR3 Address[12]
HPS_DDR3 A[13] PIN C29 HPS DDR3 Address[13]
HPS DDR3 A[14] PIN H25 HPS DDR3 Address[14]
HPS DDR3 BA[O] PIN_E29 HPS DDR3 Bank Address[0]
DE10-Standard 44
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SSTL-15 Class I
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SSTL-15 Class 1
SSTL-15 Class I
SSTL-15 Class 1
SSTL-15 Class I
SSTL-15 Class 1
SSTL-15 Class I
SSTL-15 Class I
SSTL-15 Class 1
SSTL-15 Class I
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HPS DDR3 BAJ1] PIN J24 HPS DDR3 Bank Address[1] SSTL-15 Class I
HPS DDR3 BAJ[2] PIN J23 HPS DDR3 Bank Address[2] SSTL-15 Class I
HPS DDR3 CAS n PIN E27 DDR3 Column Address Strobe ~ |SSTL-15 Class |
HPS DDR3 CKE PIN L29 HPS DDR3 Clock Enable SSTL-15 Class 1
HPS DDR3 CK n PIN L23 HPS DDR3 Clock Differential 1.5-V SSTL
Class I
HPS DDR3 CK p PIN M23 HPS DDR3 Clock p Differential 1.5-V SSTL
Class I
HPS DDR3 CS n PIN H24 HPS DDR3 Chip Select SSTL-15 Class 1
HPS DDR3 DM]J0] PIN K28 HPS DDR3 Data Mask[0] SSTL-15 Class I
HPS DDR3 DM[1] PIN M28 HPS DDR3 Data Mask[1] SSTL-15 Class 1
HPS DDR3 DM[2] PIN R28 HPS DDR3 Data Mask[2] SSTL-15 Class 1
HPS DDR3 DMJ3] PIN_ W30 HPS DDR3 Data Mask[3] SSTL-15 Class I
HPS DDR3 DQIO0] PIN K23 HPS DDR3 Datal[0] SSTL-15 Class 1
HPS DDR3 DQJ1] PIN K22 HPS DDR3 Data[1] SSTL-15 Class I
HPS DDR3 DQI2] PIN _H30 HPS DDR3 Data|2] SSTL-15 Class 1
HPS DDR3 DQJ3] PIN_G28 HPS DDR3 Data[3] SSTL-15 Class I
HPS DDR3 DQJ[4] PIN 125 HPS DDR3 Data[4] SSTL-15 Class I
HPS DDR3 DQI5] PIN L24 HPS DDR3 Data[5] SSTL-15 Class 1
HPS DDR3 DQJ6] PIN J30 HPS DDR3 Data[6] SSTL-15 Class I
HPS DDR3 DQI7] PIN J29 HPS DDR3 Data[7] SSTL-15 Class 1
HPS DDR3 DQI8] PIN K26 HPS DDR3 Data[8] SSTL-15 Class I
HPS DDR3 DQI9] PIN L26 HPS DDR3 Data[9] SSTL-15 Class 1
HPS DDR3 DQ[10] PIN K29 HPS DDR3 Data[10] SSTL-15 Class 1
HPS DDR3 DQJ11] PIN K27 HPS DDR3 Data[11] SSTL-15 Class I
HPS DDR3 DQ[12] PIN M26 HPS DDR3 Data[12] SSTL-15 Class 1
HPS DDR3 DQJ[13] PIN_M27 HPS DDR3 Data[13] SSTL-15 Class I
HPS DDR3 DQ[14] PIN L28 HPS DDR3 Data[14] SSTL-15 Class I
HPS DDR3 DQJ[15] PIN_M30 HPS DDR3 Data[15] SSTL-15 Class I
HPS DDR3 DQJ[16] PIN _U26 HPS DDR3 Data[16] SSTL-15 Class I
HPS DDR3 DQ[17] PIN T26 HPS DDR3 Data[17] SSTL-15 Class I
HPS DDR3 DQJ[18] PIN N29 HPS DDR3 Data[18] SSTL-15 Class I
HPS DDR3 DQ[19] PIN N28 HPS DDR3 Data[19] SSTL-15 Class I
HPS DDR3 DQJ[20] PIN P26 HPS DDR3 Data[20] SSTL-15 Class I
HPS DDR3 DQJ21] PIN P27 HPS DDR3 Data[21] SSTL-15 Class I
HPS DDR3 DQ[22] PIN N27 HPS DDR3 Data[22] SSTL-15 Class I
HPS DDR3 DQJ[23] PIN _R29 HPS DDR3 Data[23] SSTL-15 Class I
HPS DDR3 DQ[24] PIN P24 HPS DDR3 Data[24] SSTL-15 Class I
HPS DDR3 DQJ[25] PIN P25 HPS DDR3 Data[25] SSTL-15 Class I
HPS DDR3 DQ[26] PIN T29 HPS DDR3 Data[26] SSTL-15 Class I
HPS DDR3 DQJ[27] PIN T28 HPS DDR3 Data[27] SSTL-15 Class I
HPS DDR3 DQJ[28] PIN R27 HPS DDR3 Data[28] SSTL-15 Class I
HPS DDR3 DQ[29] PIN R26 HPS DDR3 Data[29] SSTL-15 Class I
HPS DDR3 DQJ[30] PIN V30 HPS DDR3 Data[30] SSTL-15 Class I
HPS DDR3 DQ[31] PIN W29 HPS DDR3 Data[31] SSTL-15 Class I
HPS DDR3 DQS n[0] |PIN M19 HPS DDR3 Data Strobe n[0] Differential 1.5-V SSTL
Class I
DE10-Standard 45 www.terasic.com.cn
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HPS _DDR3_DQS n[1] |PIN_N24 HPS DDR3 Data Strobe n[1] Differential 1.5-V SSTL

Class I
HPS DDR3 DQS n[2] |PIN R18 HPS DDR3 Data Strobe n[2] Differential 1.5-V SSTL
Class 1
HPS DDR3 D PIN R21 Differential 1.5- TL
S_DDR3_DQS n[3] = HPS DDR3 Data Strobe n[3] ifferential 1.5-V'SS
Class |
HPS DDR3 DQS p[0] PIN_NIS8 HPS DDR3 Data Strobe p[0] Differential 1.5-V SSTL
Class |
HPS DDR3 DQS p[l1] |PIN_N25 HPS DDR3 Data Strobe p[1] Differential 1.5-V SSTL
Class 1
HPS DDR3 D 2] |PIN_R1 Differential 1.5- TL
S_DDR3_DQS pl2] RIS HPS DDR3 Data Strobe p[2] ifferential 1.5-V' S8
Class 1
HPS DDR3 D PIN R22 Differential 1.5- TL
S 3.DQS_pl3] - HPS DDR3 Data Strobe p[3] ifferential 1.3-V'SS
Class |
HPS DDR3 ODT PIN_H28 HPS DDR3 On-die Termination |SSTL-15 Class I
HPS DDR3 RAS n PIN D30 DDR3 Row Address Strobe SSTL-15 Class I
HPS DDR3 RESET n PIN P30 HPS DDR3 Reset SSTL-15 Class I
HPS DDR3 WE n PIN C28 HPS DDR3 Write Enable SSTL-15 Class I
HPS DDR3 RZQ PIN D27 External reference ball for output|1.5V

drive calibration

3.7.5 Micro SD k18

DE10-Standard JT & AR S Fix4 B85 28 (I Micro SDF . ‘B AMUAHPSIR At T 413577 1 25,
[ I 2 0T AR ) 25 B ik 3. B13-36 7 WHPS 5 Micro SD-RIERTIERRE R & 3-31
FH T EREHPS [ Micro SD A 5] 173 L -

SD_CLK
= > 5
SD_CMD
4 = > 3
AIImA SD_DATO
o +—NP ' » 7 Micro-SD Card
@ SD_DAT1 Socket
CyclonetEV +— - - > s
SoC A A5 SD_DAT2 ol 4
HPS A SD_DAT3/CD .
ESD ESD @

& 3-36 HPS 5 Micro SD RIEHIEEREE

#* 3-31 Micro SD & 5| B4 B

554 FPGA 5[5 #id 1/O HrE
HPS SD CLK PIN Al6 HPS SD Clock 3.3V
HPS SD CMD PIN F18 HPS SD Command Line 3.3V
HPS SD DATA[O0] PIN _GI8 HPS SD Data[0] 3.3V
DE10-Standard 46 www.terasic.com.cn
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HPS_SD DATA[1]
HPS_SD DATA[2]
HPS SD DATA[3]

3.7.6 USB F&&¥HO

DE10-Standard JF &G # ™ USB 2.0 A A E B & 1, AN 0 #ER —4 SMSC
USB3300 #x il #5 Ff1—A> 2 v 14248 (HUB) #%Hil#%. 32 51, QFN #2311 SMSC USB3300
#F5 SMSC USB2512B £ & x il s iEH: . Z A >CRrild UTM #p5 HPS 1) USB 2.0
PEf %8, USB3300 [ ID 5| fi#Eth, PHY A LAYE 8RN TIE. H7F 3 d & miat
N LAERF, USB3300 i@ M4 USBA Al ki, & 3-37 sy USB OTG PHY 5 HPS )
ERRER., % 3-32 5 7 USB OTG PHY 5 HPS E#: 15| AT .

AITER/A

e
Cyclosr;g, =V

HPS

554
HPS_USB_CLKOUT
HPS_USB_DATA[0]
HPS_USB_DATA[1]
HPS_USB_DATA[2]
HPS_USB_DATA[3]
HPS_USB_DATA[4]
HPS_USB_DATA[5]
HPS_USB_DATA[6]
HPS_USB_DATA[7]
HPS_USB_DIR
HPS_USB_NXT
HPS_USB_RESET
HPS_USB_STP

[lasic

www.terasic.com
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Y RE S

PIN C17
PIN D17
PIN B16

HPS_USB_DATA[7..0]

HPS SD Data[1]
HPS SD Data[2]
HPS SD Data[3]

uU15

HPS_USB_CLKOUT

> DATA[7..0]

HPS_USB_NXT

A A 4 i

HPS_USB_DIR

HPS_USB_STP

USBPHY_CLK_24
—_—

U30
RST_n MR_n fa®]
HPS_RESET_n

ADM812

& 3-37 HPS 5 USB OTG PHY EZ#ErEE

USB_CPEN

U9

3.3V
3.3V
3.3V

USB_VCC5

NXT
DIR

X1

£ 3-32 USB OTG PHY 5| H{I4H

FPGA 3|5
PIN N16
PIN E16
PIN G16
PIN D16
PIN D14
PIN _Al5
PIN Cl4
PIN D15
PIN M17
PIN El4
PIN _Al4
PIN G17
PIN C15

47

CPEN » EN ouT
_USB_EXTVBUS
CLKOUT EXTVBUS [« FAULT_N
VBUS |« USB_VBUS IP\/‘:J;)RVR
DM |« USBUP‘DM > USBUP_DM
STP DP |« PSBUR D »| USBUP_DP 8
s ° 1 USEONT M [ (]
= J7USB'rype-A
e bl
USB3300 USBHUB_CLK_24 USB Type-A
—————————P>{ XTALIN/CLKIN
usB2512

Eipu 1/0 FrifE
60MHz 225 I 4 H 3.3V
HPS USB_DATA[0] 3.3V
HPS USB_DATA[1] 3.3V
HPS USB DATA[2] 3.3V
HPS USB DATA[3] 3.3V
HPS USB DATA[4] 3.3V
HPS USB DATA[5] 3.3V
HPS USB DATA[6] 3.3V
HPS USB_DATA[7] 3.3V
B 287 1) 3.3V
PR fit) 5 H A 3.3V
HPS USB PHY & 17 3.3V
21k Rk i EE R 3.3V

www.terasic.com.cn
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3.7.7 JINESE (G-sensor)

DE10-Standard JT- & # #8 8 — A H7 I A% R ES B ADXL345, (A FRE AL %A% (G-
sensor) o AL B & — 3N T B R ThRE = Shinid o, iR E . B B v 166 —
BEFAMGAE R, FIEER2CH V7. H RS HR2CHlE H0XA6/0xAT. H RiZOTHIEZ
SR USET R BEER, (EHER B M o{DE10-Standard & 4t CDff\Datasheet\G-sensor H 5%
] DL B2 e R, EI3-381 YHPS 5 B /N 4 LR B K. 3R3-33%81 Y 1 5 g kN
#& SHPSIERW 5] 43 -

u28

= HPS_I2C1_SCLK
. SCL_SCLK

Cyclonegv e de ot DR »| SDA_SDI_SDIO
goCt INT1

A A

HPS_GSENSOR_INT

HRS ADXL345

B 3-38 Cyclone V SoC FPGA 5 G-Sensor &R R E

3 3-33 G-senor 5| E

554 FPGA 5|5  #id /O 3
HPS GSENSOR INT PIN B22 HPS GSENSOR H it 3.3V
HPS I12C1 SCLK PIN E23 HPS I2C B (5 LTC L EZL) 3.3V
HPS 12C1_SDAT PIN (24 HPS 12C #i#li (L= L) 3.3V

3.7.8 LTC &E#&:L

DE10-Standard JF &M A —A 14 5| {iEE:L, H¥)2& i HRIER Linear Technology
M FANF 7R BETIEME . S8 S SPTMaster F1 HPS [ 12C 3 1, 151X P Hr SG2EAT W1
H{E. % 14 5| HESELTT 5 HPS #HTEF GPIO. SPI 5 12C WM fiE . -39 FiTs A HPS
A LTC WEH R EE, £ 3-34 FIH T LTC &4k 51 B4 B .

IC DE10-Standard 48 www.terasic.com.cn
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AITERA

tamkme§v
SoC

HPS

HPS_SPIM_MOSI

HPS_I2C2_SDAT

HPS_SPIM_CLK

HPS_I2C2_SCLK

554
HPS LTC_GPIO
HPS_12C2_SCLK

HPS_I2C2_SDAT

HPS_SPIM_CLK
HPS_SPIM_MISO
HPS_SPIM_MOSI
HPS_SPIM_SS

VCCo VCC3P3
J17
HPS_SPIM_CLK
g — 1 2
s _HPS_SPIM_SS . ) < 0o
D HPS_SPIM_MOS| . np
£os < HPS_SPIM_MISO i L1e ) VCCaPs
pps «HPS_12C2 SDAT  , gomm oo Connector 10
HPS_12C2_SCLK 0 ohm R
H23 == »11 12 i
17 < HPSLTC_GPIO N all l:
u41 GND GND
{0 COM1 | MOSI_SDA
£
&*c COM2| SCK_SCL
x
_< IN :HPS>LTCgGPIO
TS3A5018
-39 HPS 5 LTC ik EH R R A
R 3-34 LTC &L W4
FPGA 5[5  #id 1/0 i
PIN H17 HPS LTC GPIO 3.3V
PIN_H23 HPS 12C2 Clock (share bus with G-|3.3V
Sensor)
PIN_A25 HPS 12C2 Data (share bus with G-3.3V
Sensor)
PIN C23 SPI Clock 3.3V
PIN E24 SPI Master Input/Slave Output 3.3V
PIN D22 SPI Master Output /Slave Input 3.3V
PIN D24 SPI Slave Select 3.3V

3.7.9 128x64 FEPE LCD

DE10-Standard JFAMAEE—4> 128x64 rif% LCD #itk, SKBlE /R43D8E. LCD Bk
iR B AT AN 15 HPS 82, BT L3 DE10-Standard 541 CD B 14 F- Mk 4 H
LCD #it. [& 3-40 Fi7n’y HPS Al LCD B i Edin 8. lid 4% Jp4 i A~ 51 1, LCD
P e IREBIA R B NEEIIRES . K 3-35 %1t T LCD #HU%EH: Cyclone V SoC FPGA H15]

fEI> B -

Rasic]
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J20 128x64 LCD Module

HPS_LCM_SPIM_SS

> CS1
., HPS_LCM_SPIM_CLK ) besescy)
HPS_LCM_DC
Cy clone?mV HPS_ LCM_SPIM_MOS! i
SoC = »{ DB7(SI)
- HPS_LCM RST n =

LCM Backlight

VCC_LCMO VW {>|21

JP4

) O

A 3-40 Cyclone V SoC FPGA 5 LCD #BHiE#E B HE

#* 3-35 LCD &HLE| 4B

aslC| mpry

www.terasic.com

554 FPGA 5|5  #id 1/O trifE
HPS LCM D C PIN C18 HPS LCM Data bit is Data/Command 3.3V
HPS LCM_RST N PIN E17 HPS LCM Reset 3.3V
HPS LCM_SPIM CLK  |PIN_A23 SPI Clock 3.3V
HPS LCM_SPIM_MOSI |PIN C22 SPI Master Output /Slave Input 3.3V
HPS LCM_SPIM_SS PIN_H20 SPI Slave Select 3.3V
DE10-Standard 50 www.terasic.com.cn
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FIYE
DE10-Standard System Builder

FF & N 520 L2 T DE10-Standard 5 4t CD H ) golden_top Quartus T2 45 & 11 H & X
Quartus LFE. W1 R oF RIFAEC A F Terasic ) §-F,  803% {3 HIDE10-Standard JF & AR L (113543 4
[1, System Builder "B 1] AAE B & N 73 7E 52 58 T 15380 N A1) Quartus T2

A &K 43R Un AT fd FIDE 10-Standard System Builder T B A% 1 /7 [ & X THL.

4.1 f&fr

DE10-Standard System Builders& — 3% T Windows 11 T. B, B {EH# B H 7 Hid DE10-
Standard )& Quartus II'LF2. 724 ) Quartus I LFEE4E LR S0
e Quartus Il project file (.qpf)

e Quartus Il setting file (.qsf)
e Top-level design file (.v or .vhd)
e Synopsis design constraints file (.sdc)

e Pin assignment document (.htm)

& DE10-Standard System Builder 4= B H S A4 AT LUk 50 FH 2 230 9 8 102 T H S0 -
ST 51 RAIRT H 3G PR R IR AT D0 o F P aB 38 0 DL R AT

o BankHi R E5| 14 B £ 1% 5 $UDE10-Standard - & R 4 08

o ARfRLFRET IR, SIIAL B BT M) WA R B 2R 5] EEDE10-Standard T A B i

o AEHLG| 4L 5| E2DEL0-Standard FF & AR 14 BE 1B 1k

4.2 WitiiE

KK/ 44 H DE10-Standard System Builder 1|7 Quartus IT TAER AR Kl 4-1 1
BT ZR R .

F F* J4 )l DE10-Standard System Builder F-HR4 5 & i 75 R A28 1 T2 Z )5, DE10-
Standard System Builder 2342 > FEE XM TZE W TE X (v Bi.vhd) F Quartus IT TF2 1K
B (.qsh).

TRZ B SO 5 THUZ Verilog B, VHDL HDL #4538 044, L P s i i 8 O3 e 4.
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Quartus II TRE R B A& 1 W1 FPGA #3128 8 . THJR 51 o e S & — M P B XL 1/0 51

JEVEF) /O EE P AR UESE

)5, Quartus Il Programmer i#1d JTAG #2114 .sof X1 T 4 % DE10-Standard H & -

Launch SoC Kit
System Builder

Create New SoC Kit
System Builder Project

Generate Quartus |l
Project and Document

Launch Quartus Il
and Open Project
Add User
Design/Logic

Compile to
generate .SOF

Configure FPGA

4-1 DE10-Stanadard System Builder £/ T {1 ¥R
4.3 {# F] DE10-Standard System Builder

AFTEEA A28 an a8 DE10-Standard System Builder T H .

B Z3A1)53) DE10-Standard System Builder

DE10-Standard System Builder /£ DE10-Standard &%t CD [ Tools\SystemBuilder H 3+,
H P A 7 EZE A SystemBuilder SCAI& & i) B EHLMA H %2 2%1% T B . £ ML 34T DE10-
Standard SystemBuilder.exe J5 2> 3 H U1K 4-2 B & 1.

DE10-Standard
LLLL Ry
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DE10 Standard V1.0.0 2

Systemn Configuration
NS

o Project Name: DE10_Standard
DE10 Standard FPGA Board Top File Type: |verilog -
f ! . CLOCK 7-Segmentx 6
MILED % 10 ¥l Switch x 10
[¥| Button x 4 R TR
FIVGEA Video-In
[¥] Audio ADC
VI SDRAM, 32MB ¥l ps2
EIHPS
GPIO Header (3.3V)
lNone v]
Frefix Mame:

HSMC Header

10 Voltage: |25V (Default)  ~

[None v]

l Load Setting H Generate l

[ Save Setting H Exit l Prefix Mame:

& 4-2 DE10-Standard System Builder E¥ /- SL1H
A TREEK
WK 4-3 iR, (SR8 BT ) Project Name 2 (ALY N TFE 4 F5K .
BN AR FOR B 3 SONTIZ R SEAR I 44 PR
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DE10 Standard V1.0.0 2

System Configuration
LjasIC I
o éro]ec‘r Name: DE10_Standard )

DE10 Standard FPGA Board Top File Type: |verilog |

! iz CLOCK T-Seqmentx &
MILED % 10 ¥l Switch x 10
[¥| Button x 4 R TR
FIVGEA Video-In
[¥] Audio ADC
VI SDRAM, 32MB ¥l ps2
EIHPS
GPIO Header (3.3V)
lNone v]
Frefix Mame:

HSMC Header

10 Voltage: |25V (Default)  ~

[None v]

l Load Setting H Generate l

[ Save Setting H Exit l Prefix Mame:

B 4-3 MALEARK
m TR SCHRRE
N 4-4 s, EFETUESCAR) HDL B8, 4Rk +% Verilog, 7 AE ST 2RAY Jy.v 1)
Verilog HDL T5/Z3CfF; ik VHDL, K30 fF36R 0y . vhd i) VHDL TiJZ 3
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DE10 Standard V1.0.0 2

Systemn Configuration
NS

o Project Name: DE10_Standard
DE10 Standard FPGA Board GOP File Type: |verilog TD
g il iy CLOCK 7-Seament x 6
ﬁ Remb( || @ILEDX10 ¥ Switch % 10
| || #Buttonx4 1R TIRX

MW GEA Yideo-In

7] Audio ADC

VI SDRAM, 32MB ¥ PS2

CIHPS

GPIO Header (3.3V)

lNone v]

Prefix Name:

HSMC Header

10 Voltage: |25V (Default)  ~

[None v]

l Load Setting H Generate l

[ Save Setting H Exit l Prefix Mame:

B 4-4 JEFEWECHRE
m RERE
i 4-5 prow, 7R AR TAR o RIEEEIFIR T A BRI PR B &EAA
PR FI S, HP AT DOARYE B CRREE R B ZE ] — e AN iR e il 1 A A,
DE10-Standard System Builder <% H a4 S HAHRE) 5 I HE, #5514, SIALE . 5
FHIT5 A1 AT /O At
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DE10 Standard W1.0.0

WWW.LErBSIC. Com

DE10 Standard FPGA Board

l Load Setting H Generate l

[ Save Setting H Exit l

| ﬁ I Ugrrgmrg

52

System Configuration

Project Name: DE10_Standard

Top File Type: |verilog v]
CLOCK 7-Seqmentx 6 )

MILED % 10 ¥l Switch x 10

[¥| Button x 4 ¥R TR

FIVGEA Video-In

[¥] Audio ADC

VI SDRAM, 32MB ¥l ps2
\D HPS J

GPIO Header (3.3V)

lNone v]

Frefix Mame:

HSMC Header

10 Voltage: |25V (Default)  ~

More v]

Prefix Mame:

B 4-5 RALER

B GPIO fl HSMC ¥ @

WEl4-6 7w, Wi Pk 5 GPIOEHSMC T & — A Terasic R 7% #2 £|DE10-Standard
TR M HIGPIOEHSMC#% 1, DE10-Standard System Builder<x & slif & A MAF L) TFE, &
W B SAH S ST, WAESIEA . SUEAE . 577 M AYObriE.

DE10-Standard

ter BT [
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(' DE10 Standard V1.0.0 B
Sys‘r?m Configuration
o Project Name: DE10_Standard
DE10 Standard FPGA Board Top File Type: |verilog -
' ! . = CLOCK 7-Segmentx 6
M LED %10 V] Switch x 10
[¥| Button x 4 R TR
FIVGEA Video-In
[¥] Audio ADC
VM SDRAM, 32MB M P52
EIHPS
/" GPIO Header (3.3V) . N
\D8M-GPIO | Q
Frefix Mame: ,
HSMC Header
l Load Setting H Generate l 0 Vieliago. W .
\MTLC2 -Mutti-Touch/LCD/Cam ~| N
l Save Setting l l Exit l \_Prefix Name: j

& 4-6 GPIO 5 HSMC ¥ £

Prefix Name /2 3HIT, RKoRFEBCTF BRI TR 514, X — TR LAUZIES AN,

m TRREETH

Wl 4-7 Fizn, DE10-Standard System Builder 38 7] PLINZR 515 B 80K H A B 24 5T O EC

B AORAAAE . cofg S

DE10-Standard
Y RE S

Rasic]
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DE10 Standard W1.0.0

WWW.LErBSIC. Com

DE10 Standard FPGA Board

Load Setting r

System Configuration
Project Name: DE10_Standard

Top File Type: |verilog -
CLOCK 7-Segment x 6
MILED % 10 ¥l Switch x 10
[¥| Button x 4 R TR
FIVGEA Video-In

V] Audio ADC

VI SDRAM, 32MB ¥l ps2

COHPS

GPIO Header (3.3V)

lNone v]

Frefix Mame:

HSMC Header

10 Voltage: |25V (Default)  ~

[None v]
Save Setting L Exit Prefix Mame:
—
& 47 TREE

B TREAER

1% Generate %4l )5, DE10-Standard System Builder 24 F§AH W ¥) Quartus 1T SCAFFISC

R, Wz 4-1 Fral.

3 4-1 DE10-Standard System Builder 4= %) 3044

No. XH4 iR

1 <Project name>.v or .vhd TiiJZ Verilog 8¢ VHDL HDL Quartus II 3 ff
2 <Project name>.qpf Quartus IT TF2 3

3 <Project name>.qsf Quartus 11 & &

4 <Project name>.sdc Quartus IT B2 S

5 <Project name>.htm 173 E SRS

M PRI LLA Quartus Prime 24T H TAEFEGRINE & 8%, RfE%91F THEA M SRAM

Object File (.sof).

DE10-Standard
asiC|  mprz
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BhE
FPGA it 7~

AR TR T 1 2 T RTLEK Qsys H H 7E DE10-Standard J % A% _ 528 FIFPGA /& B 1171k
Bl XEESH RIS | EEFPGARAME B4 V2 DhRERFIE, #linE . SDRAM MIR#EE
s . FTA AHIE ST BE7E DE10-Standard 2 i CD[#)\Demonstration\FPGA H 3% H1#k 5 .
B 2RI
FEENL Bz vt
¥ ¥ Demonstration U3 5 Hil B4 ik FPCAHL H b, BRI A B B EAE
E2HM, 5 NAENios 1 EDSHIBAT I &34 . 7=, W2 2e 3 v16.1 80 = iU AS () Quartus Prime
B A2 1T DE10-Standard %7~ 1 .
5.1 DE10-Standard BRAECE
DE10-Standard FF R AR SRR 7 BN B AR, FERBURIF RN — L3 AR D RedrtE . DA
TR T BRI B SO BT E R B LGS AT N B R
m SNRE. AL E AR

e TFEH: \Demonstration\FPGA\DE10 Standard Default.

o JCE f4: DE10_Standard_Default.sofa{DE10_Standard_Default.jic.

o FHUSBZE I R AR IFIUSB-Blaster 114 (I FIPCIIUSBE: M, K12V H it IR L 1% 3
TE AR FELYS 2 11 (J14) AT LY 2, 4% R 5T 5< SW143238 DE10-Standard 1 A AR R . 2
A (LIS FTEPCS S A bk ) BRAACED , HREMITITAGE: 1N 88k 20T K&
M

o JHLTEREM 5 2L B B T i n0~F, I HA B LEDTE N k.

o HWIRVGA D-SUBH: N 5VGA R /R#siEHR:, /44 /s DE10-Standard JT & 5 f##%
KA.

o R line-outtli FLIEZ B E %, 1% FKEY[1])5 line-outdi H 2> A il % 9 1KHz
RIS 75

o NTHEIEITRE, A TR T demo_batchSUfFIE . BAMN AER 2t Lhay 24T 1
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AN BIFPGA, & Al AT test.bat LA K jic SR 'S BIEPCS B B jic S A4, an&5-1

TN

o WIRH P AKEH WS BIEPCSER AT, IS ML U2 W 37 (1) sof S S il 21
demo_batch U432 34T test.bat. IZ4TIRIT “27 W] LUK .sof LR B jic SO, 84T R T
“37 AT LUK jicoU MRS BIEPCS #:4F

FPleasze choose your operation

1" for programming .sof to FPGA.

"2'" for converting .sof to .Jjic

"3 for programming .jic to EPCS.
eraszing .jic from EPCS.

"L for ERIT batch.

Pleaze enter your choise:z [1.2.3.4.517_

B 5-1 #AE a2 1TECE FPGA M EPCS #14

5.2 F AR5 B

At Es 7w {EH DE10-Standard F & MR 5 210 & 402w Al i 85 v >RSI SR
HIFFE . Zn 22T Qsys 5 Nios 11 EDS A Kl 5-2 B AFF R AR _EATX AN 7451 B
BN AERBIT o . H AT U I I A2 ST S MR BT R E 2 SR 5

o SWOH T8 7€ il i) & Ji & Line-inE{MIC-In.

o SWI. SW2HMISWIH THaEkE KIS, 96K, 48K, 44.1K. 32KH8K.

o K 5-15% 5-20545 7 H T HLE &SN IR TSI R B2

Record

Audio Source:
MIC or LINE IN

5-2 FHF RSB K TR
5-3 TR NEBE SRR T RGHER . RGAER AL SRR )
3% Nios 1T FE P A7A M AE Fr LINAFH, 1ZFEF & 7E Nios I EDS B4 TH CIESRE
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(K)o BEAEER 23 AE Quartus Prime #UIFF) Qsys FAGE N GG o BEAFHE (045 AT Ho A Bk,
Ban 7 E LHI Qsys ZH44 AUDIO Controller, i%2H 45 T i 35 450K 21 35 4508 A B0
K E U IS AR . U0 B DL C B E S 12C thSGIHTER B, SF AL A
[¥) 12C 5] PIO &4 B2 Qsys RA HIBELE . 2R - & 4508 1 L B A Master 452
X, PR OBCE L 16 Az 12S #8230, PLL AR 18.432MHz I 85 S id ik & A i &5 1 422
FF A A I MCLK/XTI 51

QSYS ’
1
—2 ﬁ SIDI;A‘E IMIIi ' 3 Store Audio Data
50MHz —
——— ¢ |
9' 2
3 On Chi
:3_’ LRl Nios Il Program
5 —~
RESET_n—> ATAG g
m =
' - 8 AUDIO
Q
g
2
——J& ‘ | wiontaler, ISW/I2C

B 5-3 HIRHSHBERFER

m FERRE. XHAERRERHA

o filHfE T FEH5%: \Demonstration\FPGA\DE10 Standard Audio.
o FlE /. DE10_Standard_Audio.sof.

o BT FEH%: DE10_Standard Audio\software.
o EFEMETLine-indE .

o EZELTNEIMIC-infZ .,

o EBAFGEH AL Line-outi% .

o JNEFPGARCEHHE (FEE*L).

o BRI PHAT LA BIFPGA (FEE*1)-

o WIFE 5-1FR, HISWORCE HH.

o JZKEY3, JFUAMFIEZMIFS] (FEE*2),

o IZKEY2, FFUG/MF LB (FERE*3).
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R 51 ATEEFFHREORSITTR

wBFFR 0 — DOWN Position 1 — UP Position
SWO0 MIC-in i N\ 355 Line-in % A\ & i

R 52 ATEHERRHGHEBAERAERN R REE

SW5 SwW4 SW3

(0 - DOWN; (0 - DOWN; (0 - DOWN; Sample Rate
1- UP) 1-UP) 1-UP)

0 0 0 96K

0 0 1 48K

0 1 0 44.1K

0 1 1 32K

1 0 0 8K

Unlisted combination 96K

=

FE:

1. $147 DE10_Standard Audio\demo batch\test.bat, I #k.sof Fl.elf LA,
2. UWNSREARGE P IX i, SRR 2 1R
3. AR E AR RIS GE e, BRI RR A

5.3 3L OK #l

A 75451 {8 FIDE10-Standard JT & #% L f{Jmicrophone-in. line-inflline-out$2 112 - 4 OKHL -
WMB873 1 % fif % &5 v iC B iMaster B . & 454 il h5 85 - B ) A2 B AD/DA 5 AT AL I £ {5 5
(BCK) F/c /4 FEIE I {5 5 (LRCK). a1E5-4f7R, 12CH: T & EWgm i & h, S
PRI SRAE R AN 25 T AR AU 5 2 B, R Tine-indg 1 %6 N\ 4 S5 microphone-ind3: I 4 A 3L
YRR A )5 Ri% Blline-outZ 1,

Zon PR FE R W B ON48KHzZ. 1% FKEYOJ5, 5 ANSm ARG 2% 13 25 2l T 12C M 28
MCE, IR ECE EYONE L0 TIE SEZ [HIEFR.
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_
-
—

B 5-4 Fh OK HInBIRGER
B ERRE. XM ERRERA

e LF£H: \Demonstration\FPGA\DE10_Standard_i2sound.

o [ilE f: DE10 Standard _i2sound.sof.

o EREF T X Fmicrophone-indE 1 CRr4Lfh)

o EREE SRR I S H Blline-inkE T CGEED , BIIIMPIEE HLAK .

o EBHNUZFE AR line-out B2 (SR

e M 4TDE10 Standard _i2sound\demo_batch H 35 o i it Ak BE S - test.bat, N EC B %k
#E FIFPGA.

o JHPAT AW 2SR H 5 AR FRGR N2 5o R & 75 5

o HZKEYOWMMBEE, HESIE0R|ILIAITEIL.

+-— Line-In

5-5 Froas NisAT o Bl R s E .
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MP3/
Any Audio Output

Microphone

Clock/Data
Frequency
Generator

B 5-5 FH OK ~Hl i E
5.4 Nios Il SDRAM Ul
1R % B F T2 7 2218 F SDRAMAE A I B A7 2 o A7~ 181 43 5oll AR A4 R4 A 28 G R 7E Qsy's
TN TR I, 7R T Intel SDRAM Controller IPAI{ 17 (] SDRAM, LA f Nios AL 38 1
fi[32/5 SDRAMBEAT B/ 4641E . SDRAMZ fill # A4L BE 7 1] SDRAMI 38 B i) 11 2 B A% () 1]
BlUnVIIR AP B2 B PESDRAMARER DL CRAIE 15 #% 7E 457 72 i 17] (8] B PRI o
m REHIER

K5-6 TR AARRBIHI RGHER . 12 RS 75 B R R S0MHzI 8115 5 . SDRAMAL &
B 64MBHE I 2% . SDRAMEE Hill 28 [ TAE S5 N 100MHz, Nios IIFEF7EH _ENAFEFIZAT,

www.terasic.com.cn
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SDRAM

System Intercoment Fabric

& 5-6 Nios I SDRAM JR R G 5 HEE]

FENios 11 EDS# A H iz AT 1 3 A2 P 3 il XA RS mAE . £ U4 F Nios 11 5 4t bR 48
alt_dcache flush allZ i, Nios IIFE/7 & el il 5 N #1~64MB SDRAM, #fi {r B £ 4
#5 NSDRAM. A J5 M\SDRAM 3 U AT B8 0 . 255 AN ¥dfs 2ISDRAME M\ SDRAM
BRI, 1R P fENios T2 B RAE PR . IRk FE A $]100%, NiosZ it i 7w
&

m %itTR
e Quartus Prime v16.1

e Nios Il EDS v16.1

R BIERARE

e Quartustififf T2 H 3% : \Demonstration\FPGA\SDRAM_Nios_Test
e Nios Il EDS¥#/4H%: SDRAM_Nios_Test \Software

B Nios Il TSP

e {ENios Il EDSHI¥ S Wit 21, sitdiNios Il EDSH{4-ProjectZ . [JClean.
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R 2

%A F\SDRAM Nios Test \demo_batch H %,

A AL DL R S

e USB-Blaster I#tANFE S test.bat

e FPGAFCE f4: SDRAM_Nios_Test.sof

e Nios II#£/5: SDRAM_Nios_Test.elf

m R

o LML EZi% 3t Quartus Prime v16.1 FlNios 11 v16.15#1F

o JHUSBZLZE T K AR [1JUSB-Blaster 1143 1 FPCHIUSBH#E .

o EiEDE10-Standard T A& R HLE .

e 7ESDRAM_Nios_Test\demo_batch H 3 FH#UT/RBIHLALEE SCHF “test.bat” .
o FEFMIN FEIFPATIE, Nios&ihs Wor— B R E R,

o J{T R4 (KEY3~KEYO0)FASDRAMEE I F2. # KEYOREZLE(TIZINR.
o WK 57N, ZFRF S BoRIREE & 4

EN Altera Nios I1 EDS 16.1 [gecd] o[- B[]

Uzing cable "DE-So0C [USB-11". device 2. instance BxB8
Resetting and pausing target processor: OK
Initializing CPU cache <(if present)

0K

Downloaded 75KB in B.1s

Verified OK

Starting processor at address BxB4820244

nios2-terminal: connected to hardware target using JTAG UART on cahble
nios2-terminal: "DE-SoC [USB-11", device 2, instance @
nios2—terminal: (Use the IDE stop button or GCtrl-C to terminate’

SDRAM Test! Size=64MB (CPU Clock:1080080080>

any KEY to start test [KEYA for continued test]
> SDRAM Testing, Iteration: 1
write. ..
18:x 28x 38:x 48:x 58 68:x 78x 88 78:x 108:
readsverify. ..
18:x 28x 38:x 48:x 58 68:x 78x 88 78:x 108:
SDRAM test:Pass, 11 seconds

Press any KEY to start test [KEY® for continued test]

& 5-7 Nios I SDRAM iR EME R BR

5.5 Verilog SDRAM 3k

DE10-Standard 24 CD #2417 5 7b—Fh SDRAM A7), HAAME A Verilog HDL
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5 . MRK SDRAM HH N 47475 64MB.
B TIREER

5-8 Fion NARBI I ThEEHE K] . SDRAM =il 2348 H SOMHz I 8 E NS 4f, Hr
A 100MHz B8 E A7 G2 I8

I\l Memory >

CLOCK_50

e

<f W&R \/ RW_Test

: Control
KEYO
Logic

5-8 Verilog SDRAM IR HE B
RW_test BB E Jo 20k — Ball il e 515 NBEAD A7, 4555 AR OB A WA 808 JF Lo
E5E5NMEHE . BIEE 5-3 Pk, KEYO filtk SDRAM Hik#x#l{5 5, LED & &K
IMEE R
m RitTH
e Quartus Prime v16.1
m RBIRARE

e TF£H: \Demonstration\FPGA\DE10_Standard DRAM_RTL _Test

1 - r:‘
: 1
Conrtoller o Test I_‘ i

o [E Xf: DE10 Standard DRAM_RTL_Test.sof

m RN SO

NI AL EE 452 \DE10_Standard DRAM RTL_ Test\demo_batch
PRSIV e

o HLALI A test.bat

o FPGAFC & f4: DE10_Standard DRAM_RTL_Test.sof
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m R

o LML %EQuartus Prime v16. 154 .

o FHUSBZRZEEIT KR IUSB-Blaster 1132 1 (J13) MPCIKUSB#: [ .

o 1%iEDE10-Standard & Bt HLIE

e 7£ \DE10_Standard_ SDRAM_RTL_Test\demo_batch H %t o 47 #it 4t ¥ ¢ 4+
DE10_Standard SDRAM_RTL_Test.bat.

o }%DE10-StandardJF &K R IKEYOTF 440 IF#EF2 . 4% FKEYO)5, LEDR [2:0]% 5%
#%—IRKEY0, LEDRLFILEDR2FFUEINHE.

o KZ8FJ5, LEDRLfFIENERIFIRFTH =, RINIAPASS, HNMIHNG. & 5-371
T LEDFR /AT RS .

o UWRLEDR2EAINKR, FARS0MHzI B EA IEH TAE.

o THH%ZKEYO0HE & SDRAMIILK .
£ 5-3 LED 384T RES

LR Hiik
LEDRO g hr
LEDR1 KEYO FAFFJ5 W S atimat, S ORfes =
LEDR2 g
5.6 ARG RHI

ARG S % FIDE10-Standard FFR AR VG AR H 82 1. 35 50040 i i % AN TV AR 28 4% ik
K DVDIE A 105 AL, S DE10-Standard ¥ & AR % 28 B AL &L AR . & 5-9F
NN HIHER] . Z R GH A B, 12C AV ConfighfliITV to VGA . TV to VGA
HLHHITU-R 656 Decoder- SDRAM Frame Buffer. YUV422 # YUV444.YCbCr ¥ RGBFIVGA
Controller4 i .

12C_AV_Config #EHUKSFE 12C thil 5 TV FID BN, TV D80 757 a8 EH Tt %
BYORBCE TV RS . TV WL s 72 b i g #% rh 2R — BUN [A] 1) A F25E R3S, Lock Detector
R A TR AT E T

ITU-R 656 Decoder fE M TV A% 884L K (1) ITU-R 656 HE R HHEEL YerCb 4:2:2 (YUV
4:2:2) MIUE S, IR B R NG SR IR A A RO, BT TV RS2 AL
5 T2 MRAT T, B Az 8 s U 75 B8 25 fR 47 4L 2 . SDRAM Frame Buffer A1 VGA Controller
FEH 1) MUX 0] ABATZEBBAIT AL 1E . VGA Controller 38277 ARG K . H LSS
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#| SDRAM Frame Buffer f1 MUX. YUV422 to YUV444 #HUK YerCb 4:2:2 (YUV 4:2:2) #L47
Bl HE N YerCb 4:4:4 (YUV 4:4:4)k AL B -

5, YerCb_to RGB #EHURE YerCh #7445 /v RGB ##a%i i . VGA Controller 5k
A FRUE VGA [F25{55 VGA_HS Fl VGA VS, {#ift VGA SEon s ERE R .

YUV422

'TD_DATA
] Data Valid

™
e
(=%
N
N

_DLYO
DLY1 LS
DLY2

T
<
2]
S
~
N
N

12C_SCLK

12C_SDAT YUV 422 J )

|
|

B 5-9 BPleRFIER
m O RBERAR
e TFEHz%: \Demonstration\FPGA\DE10_ Standard TV
e [it® /. DEI10_Standard TV.sof

m RN SO

XA H3: \DE10_Standard TV \demo_batch
SRS PR A

o JitAb¥E 4. DE10_Standard TV.bat

e FPGAFC# f: DE10_Standard _TV.sof

m RBIRE. U ENBRE R

o WNE5-10fT7R, KDVDHRTA A I AU Hiuh (F4dsk) %45 DE10_Standard
FER IR HIVideo-in RCATGFL(I6). DVDHE i #%  JifC B BINTSCHE 2t . 60HzRIHT 2. 4:3
SR AR G i FO AN AR AT A R A% A A

o JVGAE/RAHERFIDEL0_Standard A B HIVGAf H# 11
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o K DVDAEHES 135 i H % £ 2IDE10_Standard Jf & AR [ line-ind% 11, #4547 75 8% i 4%
Fline-outi% 1. 4R DVDFE I &5 ) Atk 1 A FLOYRCATY , 75 A% 1 e #5454 DE10-
Standard A& B S Fmini-stereo R i L. .

e f{E \Demonstration\FPGA\DE10 Standard TV \demo batch\ H % 1 F # 47
DE10_Standard _TV.bat3Z & EdE i 2IFPGAY . 1% JF KR _EIKEYOR] LA E A iE 4T %R .

DVD Player
| —r—
o ==k @ 4

CVBS Output [}

| z VGA Out
Video In

i i i .

SR RERIRR R

||||||||||

ITU-R 656 |=====p | De-Interlace
YUV 422
Decoder

B 5-10 BAERFIKEITRE
5.7 BERERE (VIP)

AR5 5 7~ anfr] {5 ] Intel FPGA VIP (Video Image Processing) ¥ DE10-Standard F & %
A AL, i H] DE10-Standard FF AR VGA Hi % 1, #5502 i 4 LA TV
DS FETIOR B DVD SRS BTN 35 43

5-11 s AR THER] . % R4 12C_AV_ Config 1 Qsys/Vips P/ B
Qsys/Vips R % VIP IP 0%, 140 Clocked Video Input II. Color Plane Sequencer 11,
Deinterlacer II. Clipper II. Frame Buffer II. Chroma Resampler II. Color Space Converter II.
Scaler II EA A Clocked Video Output &8, M 5-11 & LUE HIZWIHEH T TV f#fg &
(ADV7180) 1 VGA DAC (ADV7123)its F »
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I2C_AV Config FHKEE 12C P05 TV WAL 258N, TV fRAD 83 10 3 2 28 E F kid it %
MR E TV RSSO TV DS 7E Lo il A2 rh S Rpa — B ] AR B R4S, Lock
Detector F R 71 T3 R IZ AR e 1

A -
I 7
AV_Config ‘ stleps " Clocked Video
| Output
640x480
H AUDIO_DAC Color Plane | SDRAM 72353"125"(
Sequencer || | Controller 643)(4800

|
|
|
|
|
1
1
1
|
|
|
|
| L
|
|
1 Color Space
1
1
1
|
|
|
|
|

Deinterlacer |l Converter |l

Frame Buffer Il Chroma
720x480 . Resampler Il

& 5-11 TV &(VIP)7~H

Qsys/Vips B AN TV RS # 0 A i 21 VGA i th S (1) 4= 5 i AR LA

Clocked Video Input II: ¥4 Clocked Video ##° Avalon-ST Video(720x576+ &17 Y CbCr-
4:2:2 1%50).

Color Plane Sequencer I1: K221 [ M H AT e R HAT ML 50 -

Deinterlacer II: %K H TV-input (PAL/NTSC) JFEATAIANE 5 L FRAT a2 AT 4040 5 FH T
VGA fith

Clipper IT: £} 720x576 Y57 HrR £ 85 720 x480.

Frame Buffer IT: KRS M £\ SDRAM.

Chroma Resampler I1: 4 4:2:2 ¥USUE AR NE B RAE A 4:4:4 1530

Color Space Converter II: ¥ Y’CbCr (A5 4 R°G’B’,

Scaler IT:  ZHTBHLM ) HE 3, 720x480 45N 640 x480.

Clocked Video Output: ¥ Avalon-ST Video B3 U #4 A B Bh AL A
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m RAIRAEE

e LF£H: \Demonstration\FPGA\DE10_Standard VIP_TV
o [idE f}f: DE10 Standard VIP_TV.sof

m HEabE

XA H: \Demonstration\FPGA\DE10_Standard VIP_TV \demo_batch

S S DA ST

o HtALFESC{F: DE10_Standard_VIP_TV.bat

e FPGAFLE /4 : DE10 Standard VIP_TV.sof
m RBIE. CALE KRR

o WE5-12f7Rx, H¥4DVDRRIH I E & M4k o G 45k ) %823 DE10-StandardJf
KM Video-in RCA 48 fL(J6). DVDFETHZS DAL B sNTSCEPAL #% U4 H . 60HZAIH K
4:3% R A5 B e LU R IB AT 4 A

o HVGA R RAE%E R FIDEL0-Standard ¥ K A VG AS H 2 1H .

o (HTIET) ¥4 DVDHREHAS )& A HH 3% #2 $ DE10-Standard JF & AR ) line-in#z 11, #4547
3 B line-outd% 1 o 4 S DVDFE AR (¥ & A th A FLOARCARYL, 75 B2 A IE I 38 4 L %
#DE10-Standard - &t Fr 3 5 Fimini-stereo B 46 L .

e £ H3*\DE10 Standard VIP_TV \demo_batch\"# $ 17 DE10_Standard_VIP_TV.bat X f4:,
IMEEAE R BIFPGAH

o LRI EHIKEYOR] PLEALIZAT Zn ]

o VGARLR# FaiBHAi.
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DVD Player

CVBS Output

VGA Out

Video In

A 5-12TV & (VIP) =B HE

5.8 PS/2 RAn~Bl

$:T Verilog HDL %% 5 1] & PS/2 #2125 F T/~ 5 PS/2 BUARZ (ARl E R . 2T
BETT AR R 56V PS/2 #5hil 38R S I E 2 A ThRE, a0 v B R A R B e, B LT
T E— R AEIE 2 A ATEE

BE 2 0T PS/2 Wi HIAH OGAS B AT DATE % 2l A 4K
m i

PS/2 ST P I B 2 R B 2R 0E AT XD T . PS/2 45 8% e i AL MLk, B e 40
fEanE FEF B PS/2 WA AR B S

LN & ket i e e

PS/2 BUARTERILIC (stream mode) FHEWEMERE(S 5 /5 AR K% 33 ML EE . %k
o R=H00), B AE —ARBA GEF N 0. 8 MIHRAL (RAAIA LSB). —ANarh
WIRAT (FFRHD F—AMEIRAL GEEN D,

PS/2 il 48 7E PS/2 BHEE 5 BT B 2 26 (data line)#t 47 KA¥%, X ] DL —A> 33 i
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R T ARSI, H 2 B B s 5E X ] it
W \IEH R BB R B R

2 PS/2 $a i 48 ) Vg ROIBELHE I, B SR I 2R (clock line) R A — A~ DA L B i B 1)
FIRZE 1B FT ORI AR 8GR — D AR AR BTG, IXMIE LR EE IR . BEEAERE
TR B 2 2 BT PR HE 2, XA AR NTE SRR . RSN ETE B I 4 42 b TR AT H
KRR RIS IR AT “start bit”. AR I EIX — B ZIEFHFLE 10ms A 7F=4— B 8551
AL 12 6, A& 1 AR, 8 NMEHRAL, 1 ANERRIAL (B, 1 M5 1AL GB
A D, TAAML GEEN 0. RIEFMRIAIE, HHHSSBREdRL, B&E N —n
o JE B P RS U B e RS R A o A SR — AN I N R SRS AR, RS IR
RS HE LB O IE Rl

PS/2 bR ALSE H A NS TAE I A5 LB &%, BRIERaI B REdR 4. Bl 5-13 BT
TN NG 2 AN A 42 38 TN BRI

Sending command

CLK Inhibit st 2nd gth 10t 1qth
_|<—>|_| CLK |_| CLK |_//_| CLK| | CLK | |CLK
[ N N N ]
DATA . |*—;;m;—ﬂ

veee L1 ..
]

Start bit Bit0-Bit7 Parity bit Stop Line
bit  control bit

Receiving data

CLK 1st ond 10t 11t
CLK CLK CLK CLK
XK
DATA /A

vee L L Ll
]

Start bit Bit0-Bit7 Parity bit ~ Stop bit

5-13 FIEALT B0 5 5 5 5RE 5 R
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m RIS
e LF£H=%: \Demonstration\FPGA\DE10_Standard PS2
o & Xff: DE10_Standard PS2.sof

m HEabE

XA H: \DE10 Standard PS2\demo_batch
AR AT A
o HLALFE M. test.bat
e FPGAFJCE Y f}: DE10_Standard PS2.sof
m RBIE. CALE KRR
e F4T\DE10 Standard PS2\demo_batch\test.bat, %t i FIFPGA.
o CRIPS/I2EbRiE ATT AR KIPS/I282 1
o X NKEY[0], Jash%dftsin.
o W IFKEY[1], BRREHHEEAT .
o LBEIE BRI HEPS 2RISR B M AR . MRAEERS-4, BEIFHLA. P A

P LEDR[2:0]43 N 4
* 5-4 CEREGSYERIRK LED 87T

BARLT B iR

LEDR][0] fR AR e L R
LEDR[1] R AR BEIZ T
LEDR][2] Fa7n AR A de %
HEXO0 BRSPS PR
HEX1 TR KPR ()
HEX2 N B PR
HEX3 TN BN ST

5.9 LA R STER LED FliEic s

DE10-Standard 24t CD H$2 4t 7 —/ME LM R 2% LED FIE2USCES IR, 1o A S
#&H Verilog HDL %% 5 B¢it A .
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FPGA ‘

DATA IRTX IR Emitter |
KEY 0 - test pattern » Controller b
IR RX [
Controller _‘
A

Six HEXs IR
Remote

B 5-14 LED 45N RS 8~ piiE E

K 5-14 Fis NASR B HERE . 26558 7 IR TX Controller £ IR RX Controller, 1%
T KEYO J&, HEM KL 4 2% (Data test pattern)¥f 1] IR TX Controller ¥F4: A5l . IR
TX Controller TAERY, B4 Hdlitk UL LAEH A NEC IR AR5, Il IR R HHE A%
s . IR BRI AR Bl B B # AT S JF R 1E 6 ML . P trl D R 4
A ) IR FWCas IR HHE . DA E0 4/ 4% B P ) IR TX /RX controller 1 IR 3% 2 1) 32

B IR TX Controller

FH P AT AN 8 £z bk AN 8 f7454 %] IR TX Controller. IR TX Controller 4355 %} bt Fi$s
A AT, ARG FARYE NEC IR &4 b U IR RAHE R H R H . IR TX Controller FiIfiI A
44 SOMHz.

NEC IR 4 s F Bkt (5 B AT 4atd, ARt 562.5us KB 38KHz #ik
TE RS o

5-15 Fin AiB 4 “17 K1 “0” [RREENT (], AL T

o THH “0” 5625k, FEFEE562.58% K, ML ]1.125ms.

o B “1” 56258k, A E1.6875ms7E N, AL [A]2.25ms.
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Logical "1"

562 25us 562.25us 562 25us

Logical "0”

:_ 2.25ms -:_ 1 125ms -

B 5-15 BE<1"H1«0” KRR ELI 8]
5-16 A7~ A NEC Wil B3 —mi A% 20 Pl e i — 9ms Bk g A1 —A™ 4.5ms &5
WAE NG S . 5B RRIE R S R R I i B s BRI TE . BE K% 562.5us kol
Lo E BALSAE R . RS Z P, Bds R UR AL AN S b pesxst iz, TR Ik 2 P A% B sk 1) 2 [ 5 1) o

cooo0oo0oo0oo0oo1t* 11t 1 1 1 1 1 1 01 101 01 01 001 0 10

LSB iLSB iLSB

iLSB i
Address Address(Logical Inverse) Wi Command _: Command(Logical Inverse)

27ms. aid 27ms

Bl 5-16 HAUH) NEC HHUbi
AR IR AR S 5 2 . 140, fniR IR TX Controller 3% 9ms ik, 4%
e 4.5ms TH, 84 IR Receiver ##ULE] 9 ms K, $HAE72 4.5ms kit
B IR Remote
R 5-17 Pronigsds B e, Bisds kMg 5-5 Fros bR Em. W ER LA &
REARIA LRI T ERD, BB RN ILE SR . B — Mg R R R Wigs de . B0 i i 2
55 5 56 A AR R o
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OJOXOX
0©00(

CHANNEL

000y

reTury RS

0

ADJUST

MENU
PLA

on @ o ()

AIERA, [Hasd

B 5-17 7615 Hg s

x 5-5 BEAEEAHEER

Key @ Key Code Key | Key Code  Key Key Code Key @ Key Code
@ 0xO0F 0x13 @ 0x10 @ 0x12
yan ~
o 0x01 e 0x02 o 0x03 A 0x1A
o 0x04 o 0x05 o 0x06 W O0xIE
N
° 0x07 e 0x08 e 0x09 A 0xIB
0x11 o 0x00 @ 0x17 W | OxIF
@ 0x16 @ 0x14 @ 0x18 2 oxoc
End
Inv Key Code | Code
Lead Code 1bit Custom Code 16bits | Key Code 8bits 8bits 1bit
[ BN B N J o0 00 o0 00
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B IR RX Controller

PAF & 7044 FE 7R N ££ FPGA 53l IR H2Ucd i) IP Thig. B 5-19 Fros Azl H 2
fik, 4% Code Detector. State Machine A1 Shift Register. IR #UT#% B J6 K515 S i R A 21
Code Detector, Code Detector #ll Lead Code Ff [ 1545 % | State Machine.

K% Lead Code 2 )&, State Machine #EREPIRZS M IDLE 4t/ GUIDANCE. 1
Code Detector f&:il] £ Custom Code HPIRZS, ZHTIRZAH M GUIDANCE #: 4y DATAREAD.
Code Detector 123 FRA7HUS I B I 4 B A7 27 A7 28 IR AE -G BB A B BoR . B 5-20 i
7~ A State Machine BERIFPIRAS S BHEE . Hi A\ 41y 50MHz.

IR Signal
AP Code Detector Shift Register &P
State Machine

B 5-19 IR Receiver Controller g5k

P

End Code Lead Code

Custom Code

&] 5-20 State Machine IR FPREZ B HE
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m RAIRAEE

e L H: \Demonstration\FPGA\DE10_Standard_IR
e [iE ff: DE10 Standard IR.sof

m A
A4 H%: \Demonstration\ FPGA\DE10_Standard IR\demo_batch
S S DA ST
o HLALPEICAF: test.bat
e FPGAMCE (f}: DE10_Standard_IR.sof

m RBIBE. OB BRI

e F4TDE10 Standard _IR\demo_batch\ test.bat, K E#E i N FIFPGA.

o FREHZKEY[0], fHAEIR TX Controlleriiat K ik .
o IRIERS-6MEANNHEXIPIRE .

e MIFKEY[0], {#IR TX Controllerfs 1k TAE.

o IEFEARRMIRERICE, JHEERS BT EILH.

o RIEERS-BUWE/NIMHEXIRE
K 5-6 Tz Bk
TR AR Ejiipo

HEXS5 Bl CREBERS) 77 i U

HEX4 Bm (FEehd) AR 719 i =y

HEX3 ikt CRHAES) 7

HEX2 Hoht CH PR Ry

HEX1 Bm (GEHs) s T

HEXO0 e (GEEE) KTy
5.10 ADC ZH

AT R T A PR 3@ T . 1247 LTC2308 A/DiE e d8 I TERE « 2x55| HIiERE L 15.0VE
it FEL R I o AR AT 2% 7R AE HE R AR 0~4.096 VG Y R B AR RS 5 . NIOS 1T #5841 6 BoRng

1267 ADCERE G I H R B o IS-21 FTa A 745 1) 5 HE B
ADC R\ H L X [N 0~4.096V .
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FPGA |

20 W Qsys | |
50 MHz |
NosTi ) -
0 On Chip ’
Memo ‘
e 4up

olIge }08UU0DIBIU| WSesAS

Qﬁ AID Converter
PLL A'r
\—

P —— — 2x5 Header

A 5-21 ADC BB RGIER

BI5-22 T 7~ M2 5 51 BB S I 5B C o IXANIERE SR AR ] Fh A/D S 4 28 1) B N TR
FH P a] DB i 2 i 2 3148 € ADCIEE (ADC_INO ~ADC IN7), NA/D#: gttt % .

FPGAJE It AT 12 LI HUA/DF a5 AR R IR 23 A7 e A, IR A0 B IR (B £ Nios T2 g
EEIR.

J15

ADC_INO
ADC_IN2
ADC_IN4
ADC_IN5 . ADC_ING
ADC_IN7

VCC50

ADC_IN1
ADC_IN3

2x5 Box Header

B 5-22  2x5 5| MEEEL 5| 4B

LTC2308 /& 3K fkMe 7 . 500ksps KAER . 8 iliE. 74 SPI/MICROWIRE Fe 751 & 174
P 12 B2 A/D B4t o A BB EE 45N B 0 V7 050 ER A7 5 H B3t I8 b (SCKD LA i I35 40MHz
MAEEAR TAE. AoRBild, BAIET Verilog 5Bl T SPI Hril, F#5HE 2 F] Avalon MM
slave IP, MIMIEREE] Qsys.

F 5-23 /& LTC2308 ) SPI i /5 BHL i o
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taco
—| |=—WHCONV THCONVST —* -

CONVST ‘ \ H

| toye |
| ony
1 2 3 4 5 6 7 8 9 10 11 12
sl so|ors| s1] 50 Jumi|sLp
MSB LSB
Hi-Z Hi-Z
DO B1 10| 89| e8| 87| 86| 85| B4| B3| B2| B1| BO I_
308 FOR

& 5-23 % CONVST ki LTC2308 B FHTE

B P EE SERMAIRS ADC R BIICEC . an S IRk s) B s R ATS, ADC
BN EIEIREN . I, BT R VR S 2 SR AR (]

7B POt ACQRFERT 8], P Al PAfEadc 1tc2308.v & EitHCONVSTZE & X ) {E (macro
value), SCK¥ & AN40MHz, B4 025ns. tHCONVST BRIl B 4320, 1AF]100MHzEEA,
R, B8NS ZtHCONVSTH ] GBI IItHCONVSTZ: & XIHMED K FERADCRAE % o

| “define tHCONVST 320 |

5-24255 278 Y ADC MUXAC & 12749 1 ] Verilog A UK FL G & Dy 8iliE. ) AT LA
BE IS W2: 01Kl FAH B (I TE . BRIN S5 HUE N4.096V

HERFEHEAR: R E= ADCHE / ADCIHZIEEE * 25 %K

AR, 2 BB 2 21 = 4096, S HLE /24.096V . JIT LUK FE HL R =ADCH 4
/4096*4.096 =ADC%{ /1000
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4 Differential 8 Single-Ended
- (—){— CHO +——{ CHO
= () ——CH1 + ——{ CH1
4 ——{ CH2
+ (‘){ CH2 +— CH3
- (+) i CH3 + =i CH4
o 4 ——{ CHS
+= o +——] CH6
= (4+)! ——CH5 hy CHT
+ (=) ——{ CHE
- (+){ =i CH7 B COM (=)

m REER

AT T B4 DL R 4%
e DE10-StandardFF &4 x1

o i Hif 2Ex1
. 5kx3
m XHME

Combinations of Differential

and Single-Ended

CHO
CH1

g —
- CH2
+| CH3

CH4
CHS
CH6
CH7
COM (=)

++ + +

il

103 Fita

& 5-24 MUX B2 B

o fifif TF H3%: \Demonstration\FPGA\DE10_ Standard ADC
o [ii#E . DE10 Standard ADC.sof
o M TF%H3%: DE10_Standard ADC\software

fitAb¥E 2 F: DE10_Standard ADC\demo_batch\ DE10_Standard ADC.bat

B BB R BRI U

WNPE5-257, R SRR 2I2x5 5] IR Sk XS M ATADCIEIE . [FIIN EZ 17 +5V

FGNDfE 5. K AR o 45 1% 3 2 ADCHIIEIEO.
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o AT AL B S £ DEL0_Standard _ADC.bat, 46 HLAS AT 4T i 4 1 S i 31
FPGA.

o Nios I A6 S 7 it IR 5

o ST R AER R, AT DLE I B B SW2:0] FIX RN, R TR
b 5% ADCHl i

B 5-25 ADC EEUNI I E B W B
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P v ol TN
FANE
HPS SoC # it~

AR E AL T — B3 F Yocto TR 81 2 i Intel SoC Linux [FCACHS R, X LE/RGE R T
DE10-Standard T & AR HPS ¥ () - E AN A DhfRg, BIAILED/KEY « 12C#2 H G-sensorfH12C MUX
&, B L FEJEAY ] PLEDE10-Standard 3 4t CD [ Demonstration/SoC H & 4k 2| . 155 %
DEI10-Standard_Getting_Started_Guide.pdf 3 14 [¥] 3 T E Running Linux on the DE10-
Standard boardfEDE10-Standard 7 & _FiZ47TLinux.

R
FEFNL b2 BBl
¥ DE10-Standard £ %t CD )% Demonstration SC {13 5 1 31 45 B i ) PC A H 3%
JH 7 75 L 2] Intel SoC FPGA EDS v16.1 3 E4w 3 C 101D A2
6.1 Hello World i2FF¢
AR s 204l F Intel SoC FPGA EDS BT S —A HPS 127 . WG B S % R4t
CD H /] My _First HPS.pdf 314,
TFRI4nPE HPS TR R BRI
o TEEN %% Intel SoC FPGA EDSHfF .
o U HIEH U g B cElLh S A
o 3 HIIE HH SUA SR 2% 61 i Makefile
o {#fIntel SOC FPGA EDS¥ -4 % T 2.

m REFEXHF

Hello World 7~ it EF2 5 40 K Frw:

g#include <stdio.h>

int mainiint argec, char **arovw) |
printf("Hello World!'Srchn™)

returnl 0 ):
H
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B Makefile
Makefile | T4 TFE. A7~ 2 ) Makefile £XHS U0 T Fros:

#
TARGET = my first hps

ALT DEVICE FAMILY ?= S0C_CV_av
SOCEDS_ROOT 2= 5 (SOCEDS_DEST_ROOT)

HWLIBS ROOT = $(SOCEDS_ROOT)/ip/altera/hps/altera hps/hwlib

CROSS COMPILE = arm-linux-gnueabihf-

CFLAGS = -g -Wall -D3(ALT DEVICE FAMILY) -I$(HWLIBS ROQT)/include/$ (ALT DEVICE FAMILY) -I5 (HWLIBS_ROOT) /include/
LDFLAGS = -g -Wall

CC = §(CROSS_COMPILE)gcc

ARCH= arm

build: $(TARGET)

5 (TARGET) : main.o
$(CC) & (LDFLAGS) §n -0 5@

5.0 1 %.cC
§(CC) S(CFLAGS) -c &< -0 5@

LPHONY: clean
clean:
rm -f &(TARGET) *.a *.o *~

g%

1247 Quartus 4 2 %% H 3% UNC:\intelFPGA\16.1\embedded ' ffJEmbedded Command_Shell.

bat, J521SoC EDS Command Shell T. H.%% 1% T./%.

H cd fr 2% 2401 H V)33 Hello World TFEFT7E) H 3. H make 729w LIE, ZmiF

W I 23 A AT AT S my first_hps, F clean all 275 Br FrA a4
R

o JFATH: SoCFPGAEDS v16.15F

e TFH: \Demonstration\SoC\my_first_hps

o T HEHISCH: my first_hps

o ZWPEAT4: make ("make clean”H 15 4 T A I s SCA%)

o T4 Jmy first_hps
m BTkl

o  FHUSBZE#IT KR AIUSB-to-UART #11(J4) 5 FHLAIUSBEE .

o TELINUXRZPCENLH, Hemy_first_hps K i FmicroSD~ (kes% 7 DE10-Standard

Linux@2 1% 0D i/homelroot XA 2,
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o ¥microSDF4#i ADE10-StandardJT & #x f{)SD-F## .,

o ¥SW10 MSEL[4:0]i & 401010,

o J%IEDE10-Standard & H HEIE -

o JAZNIPUTTY% ¥, SUARTH DEER:. %A H 7 #Aroot’SfifiYocto Linux R4

o TEPUTTYZ i N “./my_first_hps” #2217 /nBIRET, il 3T s 74
£ “Hello World!”

6.2 P LED 5 KEY

ARG 7S AT 38 3o P A7 5 (memory-mapped) 15 4 X 3 17 ] GPTOF il 2% ) 25 47 2% K 4%
i HPS ¥ () 1 " LEDATKEY o PN A7 WA ¢ % JX 30 58 VF N AR Fe U7 1) 28 G890 B2 9 47 (system
physical memory).

B IIREER

K 6- 15T~ NI ThEERE . S LEDFMKEY #5E # #IHPSIGPIO 1 #2418 . GPIO
R 2 BAT NIE S A AE 2 kA H . N AR P i i Intel SoC Linux PN & P AF ML 15 25 IR B 17
] Z5 A7 7

FPGA SoC DDR3: ARM Program
HPS Linux User Mode
I
Linux Kernel Mode

‘ ‘ Memory-mapped
—P < > - Driver

B 6-1 hps_gpio 7~ 7 HEE

B GPIO #£OTEeER

HPSHt 7 =M#E IO (GPIO) M., K/ 6-21~ AGPIOHE: I ThREHER] . GPIO
[28..0]H GPIOOF= fill #8 42 ], GPIO [57..29]HH GPIO14Z il #8 42 ] . GPIO [70..58]F1 H %y A #d
GPI[13..0]HHGPIO2 ¢z 1| 28 4% i)

IC DE10-Standard 87 www.terasic.com.cn
as ARFH September 28, 2020

www.terasic.com



file:///C:/Users/user/AppData/Roaming/Users/Chung-Chieh%20Wei/AppData/Roaming/Microsoft/Word/Download/參考/05.14.2014/參考/04.11.2014/參考/03.14.2014/參考/03.14.2014/參考/03.13.2014/參考/03.07.2014/參考/02.19.2014/www.terasic.com
http://www.terasic.com/

GPI[13..0] =——> GPJO Interface

- ) . ; Cortex A9 Subsystem
io0_Intr_In
MReset —>gp ios et inlg] Iné;e(:::FOtl& g g Core Generic Interrupt
SRS Controller
’ - Register
Manager

GPI10][28..0]

. GPIO[57..29]
—>
GPIO[70..58]

[ Slave
Interface

A
A 4

|

L4 Peripheral Bus

«

v

& 6-2 GPIO M HER

B GPIO FFHEHR

VO35 AT A A A a B it e A2 284 ) . AR 21 1 GPIOS il 38 I = AN 32 A A7 4%
LU

e gpio_swporta_dr: K H s 5 A 1O% H 5| I

e gpio_swporta_ddr: [ B /05| )5 [

e gpio_ext_porta: A% 5] B EUEHE

gpio_swporta_ddrZF £7 5K LED 5| JITC B %0 tH 51, K 8035 5 A gpio_swporta_dra 47
ek IR Eh 51 A s P B O . gpio swporta driaf £ RS I EE — 00 (AR ROAr) 428 4 M
GPIO#E il 38 55— NVO S I 1), 28 il ss —/NV/OSI I A, 5 DAk, 5178
ALEMEINRIE T, VOTITT A o5 an g0, WIO5TT A 5N o

gpio_swporta_dray 172 F1 45— 42 il AH S GPIOE 1] 28 1 45 — N0 3| I % B, 48 —Air
WSS —ANVOT B A, LA . AF SR AL E I RS2 1, % A D s
7Z0, MK

Bl gpio_ext_porta?i 4725 [NE P LB HIKEY IR AS o 25 — I AR RAHKCGPIOFE il 88 56 — 4
VOS5I NIRTS, 5 AR E ZAVOT IR ACIRES, IR LA . Z A7 ae A B n
&L, MG 20, NN,

B GPIO #7783 thht pgt
HPS 4} 5 1) 23 17 2 i 5 2 HPS 3 Hi bk 0xFC000000, FL64MBFHEZ5 (6] . W& 6-3 77,
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GPIO 1 4% il 28 1) 25 17 25 Wi 5 1) -1k 23 18] 4K B K] 3 Hu ik 0xFF 709000,

M 5 1) - k4% (8] 4K B J i bE0xFF70A000.

m K API

HPS

Identifier: HPS

Access: R/W

Description: Address map for the HHP HPS system-domain
Title Identifier Offset
Reserved 0x0
QSPI Flash Controller Module QSPIREGS 0xFF705000

Registex

/‘—__\
¢ TManager Module

0xFF705100

e

ﬁescn'ed
m

P
GPIO Module GPIOO OxFF708000
Reserved OxFF708080
GPIO Module GPIO! 0xFF709000
Reserved OxFF709080
GPIO Module GPIO2 0xFF70A000
OxFF70A0R0

-
“IND Controller Module Data

(AXI Slave)

A\

“GS 0xFF800000
OXFFSR0000) ==

EMAC Module

EMACI

1
[ OxFF702000

& 6-3 GPIO HuhkBrit

TE & N GRT DU LR B APTT 10) GPIOH% fil] 88 11 25 47 2% -
e Open: FTHF N A7 % IR B
o  Mmap: BBtk i i 3 FH P s ]

e alt_read_word: M35 & FAFEHILIIE—ME
o alt_write_word: HI3E—AMMES N6 & F 78

e munmap: JERFK AT ML
o close: <MK #&IRE]

JFRN AR AT B BAR 2722 58 SLIMACRO) ;7] 75 1745 -

e alt_setbits_word: BEfREFAAARMIEEMN AN 1

e alt_clrbits_word: W EFREFAARIITRENL N 0

N T ERICA L APT; [l GPTOFZ il 3 B A A7 4, REFP L AR5 LA R Sk 30 fF

Rasic]

R

www.terasic.com

#include <stdio.h>
#include <unistd.h>

#include <fcentl.h>
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#include <sys/mman.h>
#include "hwlib.h"
#include "socal/socal.h"

#include "socal/hps.h"

#include "socal/alt gpio.h"

B ##| LED 5 KEY

Kl 6-4 7 7~ i DE10-Standard J1 /& #) HPS 3 (¥ A /* LED #1KEY [ 51 1 4> i . LED &5
HPS_GPIO53#Hi%E, KEY S5 HPS GPIOS44Hi%E. LEDAMIKEY#BHGPIO1#% ], GPIO1 4% i
HPS_GPIO29~HPS_GPIO57.

HPS_GPIO54 |G21  HPS KEY
HPS_GPIO53 |-A24 _ HPS LED

& 6-4 HPS ¥ LED 55 KEY 15| 4Bt
Kl 6-5FT7~ AGPIO14% il 8 [f) gpio_swporta_ddrZy /785, Bit-04% H/HPS_GPIO29 5| il ) J5
i), Bit-244% ] 5 HPS LEDAHE {YHPS GPIO53 5| JiIf¥) 77 1], Bit-254% ] 5 HPS KEY AHIZE )
HPS GPIO545| It J51a), FLAEHE. HPS LEDAIHPS KEY 5! 75 14 20 51 I GPIO 145 il
2 HKgpio swporta ddraFfZ2s A Bit-245 Bit-254% . 52281, HPS LED )% HR 4
GPIO1 #% | #% (] gpio_swporta_dr 77 17 #5 H' 1) Bit-24 2 ] . KEY F R & 7T P& i 52 5
gpio_ext_porta?i {7 IBit-24E R &, ZF 78 T GPIO 1=K .

GPIO1 Controller

gpio_swporta_ddr register

Controls the Direction of HPS_GP1029
Controls the Direction of HPS_GPI030
Controls the Direction of HPS_GPIO31

vy v

R

Controls the Direction of HPS_GPIO53(HPS_LED)
Controls the Direction of HPS_GPIO54(HPS_KEY)
Controls the Direction of HPS_GPIO55
Controls the Direction of HPS_GPIO56
Controls the Direction of HPS_GPIO57

v

v

A 2 4

B 6-5 GPIO1 # |22 gpio_swporta_ddr ZF1Ees
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AIRBICES E LT LA #ERS(Mask), H T HILEDSKEY ) 75 [ & LED % Hi 1 -

#define USER_IO DIR (0x01000000)

#define BIT LED (0x01000000)

#define BUTTON MASK (0x02000000)

LA ACRS AR LED 5| BEVEC & %t 51 1A -

alt_setbits word( ( virtual base +
((uint32_t)(ALT _GPIO1_SWPORTA DDR ADDR) &
(uint32 t)(HW_REGS MASK))), USER 10 DIR);

DL G A ) LA SELED:
alt setbits word( ( virtual base +

((uint32_t)(ALT _GPIO1_SWPORTA DR _ADDR ) &
(uint32_t)(HW _REGS _MASK ))), BIT LED);

LA A5 A AT LLi B gpio_ext_porta@f£7-as I N 2o (ARG H] TR A KEY KPR
alt read word( ( virtual base +

((uint32_t)( ALT GPIO1 EXT PORTA ADDR) &
(uint32_t)(HW _REGS MASK))));

m EAE
e JFik I H: SoCFPGAEDS V16.1% 14
e TFH: \Demonstration\SoC\hps_gpio
o T HEMISCMF: hps_gpio
o ZiiFAr4S: make ("make clean" ] T & BT A I sk 2 14)
o HhATM4: Jhps_gpio
m BT
o FHUSBZE T KR AIUSB-to-UART £ 11 (J4) 5 EHLAIUSBIE .

e fELinux & 4t PC LML, ¥ hps_gpio 3 4 & ] 3| microSD £ ( % 5% T DE10-

Standard Linux®3f% 1) FI/homelroot 30432,
e ¥4micro SD-#f ADE10-Standard H & & {ISD At
o HIFRIRIFISW10 MSEL[4:0] 1% & $401010.
e Fi#DE10-Standard - A& MR HLUE
o JHBIPUTTY S B, SUARTH IELIERE. fii ArootEfifiIntel Yocto Linux &4t .
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HPSii (¥ LEDG 74 IN KR P X, A% EI T 545 P LEDG7.
F I R _EHPSEG [FJUSER BUTTONZAH T 2% 7] LA 7 LEDG7.
N FICTRL + CKIETRFIEAT .
6.3 12C #10O G-sensor
AR 7R WA it Intel SoC Yocto Powered Embedded Linux P4 & FI12C N AZ RS 5 ) 25
Fr4 (177 2R 51 G-sensor.
m TiREIER
6-6 T~ NAS R B HI T REHEE] . DE10-Sandard & A ) G-sensor-5 HPS FrIT2CO4% i1l #5% A
#. G-Sensor 12C 77 ¥ £ Mkt NOx53. REL12C 2k 3RS T 17 17 G-sensor [ 27 47 2% S0
G-sensor 1 Wi{5 5 5 PIOF% il 35 4% . A7~ %6 1 (polling) /7 12 S B A A7 25 450478

FPGA SoC DDR3: ARM Program
HPS Linux User Mode
_ 12C_SDA 12C0 Controller ARM

G-Sensor

12C address: 0x53 Linux Kernel Mode

& 6-6 G-sensor 7~ FIHER]

m 12C IRz
it RGHA 12C 15 28 3K 5l M G-sensor 27 478 SCAF 2B ZF A7 2 E I FR I
1. FTHF 12C 2R 5KE) “/dev/i2e-0”: file = open( “/dev/i2c-0” ,0 RDWR).
2. T8 5 G-sensor 12C il 0x53: ioctl(file, 2C_SLAVE, 0x53).
3. 8 ¥ G-sensor i I A an = 5l : write(file, &Addr8, sizeof(unsigned char)).
4, FEEL 1 FHT A 84E: read(file, &Data8, sizeof(unsigned char)).
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wWEe6-7f7~, G-sensor [2CH 28 S12CO&H 25 AHE . RSB Ay 44 Ndev/i2e-0.

E23 HPS [12C1 SCLK

12C0_SCL
C24 HPS_12C1_SDAT

12C0_SDA

B 6-7HPS I2C 55 &EEAEH
PLERP R4 LSO I R s i 2, B —MES N F 74

write(file, &Data8. sizeof(unsigned char)):
WA PASCA L R 4, S AN A
read(file, &szData8. sizeof(szDatag)): // where szData is an array of bytes
WA IO L R4, BAZ AN FTE:
write(file, &szData8, sizeof(szDatag)): // where szData is an array of bytes

B $EH#) G-sensor

ADI ADXL345% #2447 I2CHISPIH [ o #DE10-Standard - & #% L () ADXL345:8: F 1)
CSTI Ik B A s B P RIG B 12CH:

ADI ADXL345 G-Sensor#&fl 7 7 oIk 40 #38, Bemir PR nli8 13402, W& 76 A
+16g. iHIIDATA_FORAMT(0x31)%F £ 45 A AECE 0 #F % . ARl 8RR E T

o PR

o +16gH] I E R

o JXFFFAR

X/Y/Z #1877 PLMWDATAX0(0x32). DATAX1(0x33). DATAYO0(0x34). DATAY1(0x35).
DATAZ0(0x36)FIDATAZ1(0x37) 27 17 2 3K . DATAXOFK /R i A5 X777, DATAX1HR R R
BT o YO T 2R A7 2 AT 2 715 B2, DABTT 142 5 P 352 BN 257 77 23 (10 208 ) A2 284k
DLR G A AT PLEREX . YERZAE FI64 745

read(file, szData8, sizeof(szDatag)); // where szData is an array of six-bytes

m R

e JFRTH: SoCFPGAEDS v16.1%f+

o TFEH=: \Demonstration\SoC\hps_gsensor
o HISCf: gsensor
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k4 make ("make clean”H1i& Bk B A I B SCAF)

P ATAR4: Jgsensor [loop count]

m ERRB

FUSBZL &3 F K MR AIUSB-to-UART 3% 1 (34) A EHLAIUSBE
FELINUXRGPCENLH, Htgsensor 3445 il #microSD-R (fe3% | DE10-Standard Linux

Bi& ) ffi/homelrootSC A4 e,

¥ microSD4# A DE10-Standard JT & #% (1) SDF 4 .

#SW10 MSEL[4:0]%¢ & 401010

$%iH DE10-Standard T & AR HL 5 -

JABIPUTTY % uity, HUARTH ST ER:. fa Aroot’2ifi Yocto Linux.
FEPUTTY R i 47 “.Igsensor” 2 ia 4T FEF o

InEle-8frn, Zumts ~ITEIRI X, YAIZIE .

Bl 6-8 G-sensor 7~ &4 HH 45 R
WENEE FCTRL + C& LR IE4T

6.4 12C MUX 3K
DE10-Standard ¥ & AR (12C i 28 A5k K BRIE I FPGA G 1], A7 B 7R i ] V) 4. 12C % 2
S, SCIHPS I H12CE 28 .
m ReER
6-9FT R N AR A5 B T REHE 8] - FPGAFTHPS I 12C S 4R A i H2 BI12C 2 % 5 F 45 - 5 HPS
HFIGPIO ¥ | Z8 AHIE HTHPS _12C_CONTROL#ZEHII2CZ B H 4%« 5 G-sensor—#f, HPSI2C
tHFIHPS H1 RIT2CO4% il 28 % 42
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FPGA SoC DDR3: ARM Program

FPGA_I2C HPS Linux User Mode
J \ 30000 R ey

12C Mux HPS_I2C |
| | . 12C0 Controller ARM Linux Kernel Mode
e

Memory-mapped

™ . T HPS_12C_CONTROL ~ Driver
= T kit

B 6-9 12C MUX JUlE~BIThEHE R
m 354 HPS 12C_CONTROL

HPS 12C_CONTROL-5 GPIO1# il #% 25 1902 U HPS_ GPIO484H1%E . HPSTi MI12Cia 28 )5, 24
HPS 12C_CONTROL{E 5 3 & M H i, HPSHELRE VS 735 A gm s 2% FI TV iR 25 o

ANBIARHS Hh s SCHI LR HERS T HIHPS_12C_ CONTROL [ 5 7] A i HiH «

| #define HPS 12C_CONTROL  ( 0x00080000 ) |

DL IEAPKHPS 12C_CONTROLFIAH 25| I & A% H 5 -

alt setbits word( ( virtual base +
((uint32 t)(ALT GPIO1 SWPORTA DDR ADDR) &
(uint32 t)(HW REGS MASK))), HPS [2C CONTROL );

PLRiEAEHPS 12C_ CONTROL ¥ & M i H T

alt setbits word( ( virtual base +
((uint32 t)(ALT _GPIO1_SWPORTA DR ADDR) &
(uint32 t)(HW_REGS MASK))), HPS 12C CONTROL);

PL N iBA)EBHPS 12C_CONTROL ¥ B A HL

alt_clrbits word( ( virtual base +
((uint32 t)(ALT _GPIO1_SWPORTA DR ADDR) &
(uint32 t)(HW_REGS MASK))), HPS 12C CONTROL );

B 12C K3
T RAR2C LR ATV IS 38 5 AT A A B P IR
e F4HPS_12C_CONTROL X E N, LUMEHPS ] 12C 4
o FIIFI2CEZ KB “Idev/i2c-0” SCAF: open( “/dev/i2c-0” , O_RDWR),
o HEADV7180fI12CHI 1 }0x20: ioctl(file, I2C_SLAVE, 0x20).
o IRHUE A
e JHPS_12C_CONTROL W B AL T, BEi2C a2k,
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m RBIEARR
e JF& T H: Intel SoC FPGAEDS v16.1%8/F
o [FEHZ: \Demonstration\SoC\ hps_i2c_switch
o REHISCHF: i2c_switch
o ZWPEMT4: make ("make clean”H T-i& 4 T A I I SCAE)
o HATHTA: .i2c_switch
_ I i |
o HUSBZ % #:DE10-Standard ¥ & i FJUSB-to-UART £ 11(J4) 5 EHLIIUSBE: [
o fELinux R G PC E ML A, Hi2c_switch 3 1 & # £ microSD £ (%% 3% T DE10-
Standard Linux53{% 304 Fi/home/root SC A4 &
o fmicroSDF#fi ADE10-Standard ¥ & 4R -
#SW10 MSEL[4:0]% & 401010,
$2i DE10-Standard JT & B HL 5
JAZIPUTTY, SUARTH M ER:. HiAroot s [ifi Yocto Linux &4t
FEPUTTY A s N“/ i2¢_switch”fi 4, JFE&IRI12C MUX.

WK 6-10fT78, PUTTY &b R~z 17 45

B 6-10 12C MUX Test 7~ B2 5% 1
BV FIICTRL + C& IR FIZ4T .

6.5 SP1 1 Graphic LCD

A7 7R anfeT fd FHHPS SPIM (SPI Master) % fill #3 #THPS GP104% il #5421l Graphic LCD.
m DiREER

6-11 T~ NA KRB T EHEE] . LCDSDE10-Standard ¥ & AR HPS i [fJSPIMO. GPIO1
PEH S AEE . W RGN B R L A7 B 25 44 3K Bl AT LA M HPS SPIM A GPIOHE il 45 1 27
1E2%, SPI #:1 H T MHPSAL# B R 838 A FILCD. B~ R EEXTLCDHH T E#:/E, Ll H FE
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LCM_SPIM_CLK. LCM_SPIM_SSHILCM_SPIM_MOSI=/'SPIfZ*5. LCM_D Cf{g 5 /R{E
SPLE L FAEMIAE 5 REIRIE R TE 4 . 2MLCM D CfE 5 LR hm B i, SPLEZ ERIfES
BoN%HE; LCM D CfE5 FHONKHESPRS, SPLEZE EfE 5 RINFE4 . LCD_RST n/zLCD
MEMERE S, %55 KB FER%. LCM_BKAE 5 H T IF/LLCDINE G, %55 Eih
B HCTHS, LCDE LIS

FPGA SoC DDR3/ARM Program
HPS Linux User Mode
chLSPINL . UserAPP
"~ LCM_SPIM_SS
< - SPIM Controller ARM -
_LCM_SPIM_MOSI | Linux Kernel Mode
_LCM_D_C ‘ Memory‘-mapped
" LCM_RST_n < > D
_ LCM_BK
B 6-11 Graphic LCD 7R{5Th BEHE &
W LCD #&#l

FERIEAEAT R BHE 2R/, TP RN AT EYNIGHLCD. Hiatb A At dE

#4525 (Code: 0XCO~0xCF)
H J5 % 1) 4E (Code: 0x28~0x2F)

7N AR UG 4T 55 (Code: 0x40~0x7F)

T T ki 4E (Code: 0xB0O~0xB8)

H| bt £E (Code: 0x00 to 0x18)
7R 152 (Code: OXAE~OXAF)

B RmAENEME R, 7] L2 %DE10-Standard R 4 CDH [FINT7534% 3% . LCDWIEG

4{5}5‘ ’

TR G VT aa At on Bt . i1 Son X300r N8I, LI U A ey s Hodle 22 1l

JFRN 51 E J6 75 246 € H b i & k. 6-12F17~ N ¥Xpage = 0. column = 0Fflstart line =0
i EEEE AL S LCD R B R Z IR & .
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LCD Pixel
Col 0 Col 1 Col 2 Col 127

Image Data

BYE 127 | B

B 6-12 BEEIEME LCD BB ENRR
m SPIM ¥l
AR, HPS SPIMO 44 il 25 4 L B B R 3% (TX-Only) #5509 SPT, - I i 51 3
3.125MHz. 45 E AT LASHELCD Hw.c XX H LCDHW IniteRi 4. HRELESPHE Hl #8127
i) Sk 30 socal/alt_spim.hiE ST SPIMAZ il % 40 5 H BT A 1 4

m C SR

AR B LA S

e LCD HW.c: JE/ZSPI FIGPIO API i 1] LCDf#4:

e LCD Driverc: LCDEAPI

e LCD_Lib.c: =/ZLCD ##iil API

e lcd_graphic.c: LCDHJEITEAIFAAAPI

e font.c: Icd_graphic.cfr FH i1 AR B SC A4

o main.c: ARG FREFF

F #2 /7 I H LCDHW _Init i 41 %) 46 ft % #1 LCD () SPIMO 1 GPIO 4% il #% , 28 Ji5 ¥ H
LCDHW_BackLight i £ 4T JFLCD ¥ Jt:, i FH LCD_Init R £t #) 45 /L LCDIC & , 45 5 1A H
led_graphic.c 1 APIZELCD 241 K14 .

led_graphic.c 1 IAPIA 2 BLHEIKBILCDA I G B & . ATh BHE B R H A TE I i MR
ZZ X Canvas'. 21 FIDRAW Refresh APIF, Canvas™ [T H EGEHE A &L 2ILCD.
Ao, FIEFF E S DRAW_Clearkf £0iE FRLCD Canvas, #X)5 1 FHDRAW_Rect it £
DRAW_Circle R (7 Canvas 1 2 il 4%, #% )5 1 FIDRAW_Refresh if £k Canvas$ 48 4% i £
LCD F.
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m RS

e JFRT.H: SoCFPGAEDS v16.1%ff

e TFEH: \Demonstration\SoC\hps_lcd

o WIS hps_lcd

o P4 : make ( “make clean” TR ATA IS SO 1)

o PATM4: ./hps_lcd
m izl

o JHUSBZki%H:DEL0-StandardFF & 17 USB-to-UART $ 11(34) 55 L IUSBHE [

o fELinux & i PC E ML, # hps_lcd 3 14 & i # microSD £ ( £ 3¢ 1 DE10-
Standard Linux85 3+ fi/home/root S H .

o FmicroSD-F##i A DE10-StandardJf- & # [{ISD-F## .

e ¥$SW10 MSEL[4:0]i% & ~01010.

o $@DE10-Standard J* R AR HLJA -

e JAZIPUTTY, HUARTH O ER:. # Aroots [ Yocto Linux &4t .

o WK 6-13fx, (EPUTTYZumfA “./hps_lcd” @47 LCD/RBIREF -

6-13 3217 LCD =4
e LCDLERSEREFEITER, K 6-14F7R.

B 6-14 LCD R~Bliz1T4 3R
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6.6 BB USB Wi-Fi Dongle

AF BT LE Linux 30 3 K 1% B Wi-Fi USB Dongle, XA Linux i /7 {8 7] LLiE i Wi-Fi
USB Dongle G2k % #:Wi-Fi AP (Access Point), & ERR BB . X B K Wi-Fi APH
DHCPJIR %5 #e D e I C R HERM . 7 30 75 i DR 0 18 Wi-Fi AP SSIDAN A o
m REIER

K 6-15 7 AAS R I S BEAE I . Wi-Fi APIAA 18 E F % DHCP I 55 %5 B RE I 3 2 51
LAN (3D 5B . USB Wi-Fi Donglei%#2Wi-Fi APFf: A Wi-Fi APZREL —MPHubE . J#
it Wi-Fi AP, USB-Dongleft 5% H: B LANSL B 1) 15 & 3171815

Wifi AP

Internet

R E

DE10-Standard

Server

6-15 USB Wi-Fi Dongle ThHEFEE]

B WiFi REDE

o FHUSBZ:i% #2DE10-Standard 7 & #% (I USB-to-UART #: 11(34) 5 EALHIUSBHEZ A .

e FHUSB OTGZkiE T K AR fmicro USBI [ (J75%J8) 5 USB Wi-Fi Dongle.

o KSW10 MSEL[4:0]% & 401010,

o ZiHDE10-Standard T /& AR HL I

e JHBIPUTTY, SUARTH DE#ER. Hi Arooti#k A Linux &4t (6 & fi N % 15) .

o FEPUTTYZ 4N “ifconfigwlanOup” #r4, FlEwlan0 M.

o FEPUTTYZ I “iwlist wlan0 scan | grep ESSID” #r4, 18R IWi-Fi AP. i
PRAEER 27T FH B Wi-Fi AP,
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# iwlist wlan@ scan | grep ESSID

1"Terasic"

o FEPUTTYZ %N “vim letc/wpa_supplicant/wpa_supplicant.conf” 54, %% Wi-Fi
i & 30
ctrl_interface=/var/run/wpa_supplicant
network={

ssid="Your_SSID"
psk="Your_WPA-Key_ ASCII"

o HECE AT “Your SSID” A1 “Your WPA-Key ASCI” 435l 8 #: IWi-Fi AP
SSIDFZE L,
ctrl_interface=/var/run/wpa_supplicant
network={

ssid="Terasic"
psk="1234567890"

o TEPUTTYZUEHIN “ifup wlan0” #r4, HEBWi-Fi AP,

root@DE16-Standard:~# ifup wlane

Internet Systems Consortium DHCP Client 4.3.3

Copyright 2084-2815 Internet Systems Consortium.

All rights reserved.

For info, please visit https://www.isc.org/software/dhcp/

Listening on LPF/wlan@/f@:b4:29:3c:eb:7a

Sending on LPF/wlan@/f©:b4:29:3c:eb:7a

Sending on Socket/fallback

DHCPDISCOVER on wlan@ to 255.255.255.255 port 67 interval 3 (xid=ex34840b19)
DHCPDISCOVER on wlan®@ to 255.255.255.255 port 67 interval 8 (xid=6x34848b19)
DHCPREQUEST of 192.168.2.2 on wlan® to 255.255.255.255 port 67 (xid=@x198b8434)
DHCPOFFER of 192.168.2.2 from 192.168.2.1

DHCPACK of 192.168.2.2 from 192.168.2.1

bound to 192.168.2.2 -- renewal in 38446 seconds.

o TEPUTTYZIm# N “ifconfigwlan0” #r4, HINIPHILEC /0 EC 4 wlan0E
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root@DE1©-Standard:~# 1fconfig wlan®

wlane Link encap:Ethernet HWaddr f@:b4:29:3c:eb:7a
inet addr:192.168.2.2| Bcast:192.168.2.255 Mask:255.255.255.0
inet6 addr: fe8@::f2b4:29ff:fe3c:eb7a/64 Scope:Link
UP BROADCAST RUNNING MULTICAST MTU:1566 Metric:1

RX packets:9 errors:@ dropped:@ overruns:8 frame:@

TX packets:14 errors:® dropped:@ overruns:@ carrier:@
collisions:® txqueuelen:leee

RX bytes:2886 (2.8 KB) TX bytes:2188 (2.1 KB)

o THIRWI-Fi AP CUEREHBEN . EPUTTY X S# N “ping -¢ 4 www.terasic.com” 4>,
AW AEBIRES . IR EAFN0, RRMEIEEZIER.

d:~# ping -c 4 www.terasic.com
.terasic.com (192.254.233.22) 56(84) bytes of data.
from www.terasic.com (192.254. .22): icmp_seg=1 ttl=50 time=18@
64 bytes from www.terasic.com (192.254. : icmp_seqg=2 ttl=50 time=263
64 bytes from .terasic.com (192.254. : icmp_seg=3 ttl=5@ time=16©
64 bytes from www.terasic.com (192.254. : icmp_seg=4 ttl=50 time=285

NN NN
W w w w
w w w w
(8] S T S

--- www.terasic.com ping statistics ---
4 packets transmitted, 4 received, 0% packet loss, time 3084ms
rtt min/avg/max/mdev = 160.602/187.540/265.3808/18.345 ms

6.7 Z ) P 2% I [A]
AR 7R A5 Y5 7S G e {5 web iR 45 2 S8 EIE X A 9 9 45 1 ] . UART 2wty 6t DA
HH:MM:SS# 205 7~ i 845 2.« DE10-Standard JF & # i ik RJ4 531 1 8 Wi-Fi USB Dongle % #%
PUKI o 9T nf] 152 B Wi-Fi USB Donglef#41(5 5, 1HZ%6.6 % EUSB Wi-Fi Dongle.

B TIREER

B 6-16m ARG DI REAE IR 25 =7 G 3% e U libeurl ] T AL BRURLAR S0 A 55 . &
FEFFAEA “http get” 1ERE WM T A%, FFENios T2 3 ELAR 7= i B PN 2% o

\i& % ‘
Ethernet or , —>
A +—>

Wi-Fi ‘\% /}

Internet Web Server
B 6-16 ML 82~ H ShREHE &

IC DE10-Standard 102 www.terasic.com.cn
as ARFH September 28, 2020

www.terasic.com


file:///C:/Users/user/AppData/Roaming/Users/Chung-Chieh%20Wei/AppData/Roaming/Microsoft/Word/Download/參考/05.14.2014/參考/04.11.2014/參考/03.14.2014/參考/03.14.2014/參考/03.13.2014/參考/03.07.2014/參考/02.19.2014/www.terasic.com
http://www.terasic.com/
http://www.terasic.com/

B URL f&%i2: libcurl

Libeurl  3CPF & N I 28 %5 P S iy e vt IR AN SCIFSEEL 7 BRI Es B, AT RN 57
Mt 71 S MICACRSAPL, 25 7 SR 3 T RN Bt aed 1 FH 2 o 3t PR APTRE AR PR 1R 5 IR 55 4 a2k

(AR

B Z IS 25 S Fhttps://curl.haxx.se/libcurl/
WA P 4 B[R]

I £&% I} 6] {5 2. 7F hitp://demo.terasic.com BE 2 1, K iXhttp://demo.terasic.com/time/ F 22 1|
webf 55 %%, B0 LAHH:MM:SSH% 305 15 4 Aiffif 7] o

RIS

F & T.H: SoC FPGAEDS V16.1% 4

T H3%: \Demonstration\SoC_Advanced\NET_Time

T HISCE: NET _Time

H kA4 make ( “make clean” JH-Ti& A G SC4)
PATA A INET _Time

| I~ N |

FHUSB %k i% #:DE10-Standard 7 & #R [ USB-to-UART 4 1 (J4) 5 EHLHIUSBRE .
7E Linux & 8 PC £ ML, K NET _Time 3 14 & #1 ] microSD £ ( %% 3¢ T DE10-

Standard LinuxB51% 1) Ff/home/root X4 J& 1,

¥ micro SD 4#i ADE10-Standard I & () SDE & .

¥ SW10 MSEL[4:0]1% & 401010,

%38 DE10-Standard T /& A HLE

JABNPUTTY, SUARTH MR, i Arootidt A Linux & 4t (J0 7 it N % 54) .

FEPUTTY RN “INET _Time” 2 iaiT /2K .
root@DEl16-Standard:~# ./NET_Time

E3:25:26

PUTTY &5k 7R 24 BTUTC(Universal Time Coordinated)F [a] .
#FE NS ERICTRL + CERILFRFIBAT
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BTHi
FPGA #1 HPS ¥ F TAEKI A~

K ER A AT FHHPS/ARM S5 FPGABEAT 1815 - A 145/ 44 DE10-Standard T & A
GHRD L, FAVETFR T £ T ARMCAIS LK ET7RHPS/ARMR /7 4T 4 | FPGA i 1)
10MLED. AR HE/RHPS WA i 528 (Lightweight) HPS-to-FPGAMF#:4% | FPG A 1]
LED. A/RfH FPGA & E I HPS H FIFPGAR FE A48 HH AT AL &

71 |BRER
AR R #H A SR DL AN
B FPGARTL #&it

Quartus Prime £ F 2E A H: g
RTLIEA S A2 52 fE

Qsys TR F 3L A4 g

WAE SR T (Memory-Mapped Interface) %114

m C EEEFH

SoC FPGA EDS(Embedded Design Suite) {4 FH 3 A<+ fig

Cift & A m AR 5 g B Hi B

SAGEAT R 45 58 A% S 461 8 ] T DEL0-Standard T & B I Linux £ 45 5 )SD
2 MSDRJA BhLinux

B2 1] SO 1 FIDEL0-Standard T & AR HILinuxSCAE R 55 LinuxBEA 4 548 FH B AE

72 RETR
TEIEEBIT ARSI RG] TR AT B S DL N 4
m DE10-Standard FF &Ik, A

Mini USB%k, HTiEH#UART % b
K E 3 /b N4AGB I Micro SDF
Micro SD-RiZK 28
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m —4& x86 £l

e 64fiiWindows 7#:1F R 48

e USB#zM

o V16.15 5 ¥ A I Quartus Prime#% {4
o V1618 HihR A ff1SoC FPGA EDS# M4
e Win32 Disk Imagerf

7.3 Intel SoC FPGA A ] AXI Bridge

1t Intel SoC FPGA 1, HPS ##51 FPGA Z24if it AXI (Advanced eXtensible Interface,
R ATY R ) MriE . N T8 HPS 355 FPGA ZEFI M FLE R, 7F 2 40 Wit i 75 2448 Intel
RGN LA Qsys Wi HPS ZH14F, Qsys ZHAFIR A A7 BRLST AA15 4 i 11 5 2 15045 3 1 AHZE , HPS
A PAVF ) IX 2 Qsys 244

HPS 1% LN HPS-FPGA AXI #%:

e FPGA-to-HPSH %

o HPS-to-FPGAWF#

o RAIHPS-to-FPGANFH%

Kl 7-1 Fros oy FPGA ZER b i) AXT MR8 DhRERE ], 7T LLE 3 L3 7E HPS ¥, B4
(M) H5MB& (S) 35 LA B AL 58, 3655 it B T A4S ELIE R B ek o

32, 64, or 128 Bits 32 Bits 32, 64, or 128 Bits
(h2f_axi_clk) (h2f_Iw_axi_clk) (h2f_axi_clk)

M 32 Bits 32 Bits s

AXI S (14_mp_clk) (14_mp_clk) S AXI
AHB AHB
(GPV) M M M (GPV)
HPS-to-FPGA AHB AXI AHB FPGA-to-HPS
Bridge Lightweight Bridge
HPS-to-FPGA Bridge

S S M
AXI AXI (BFY) AX|

A [y A

64 Bits 32 Bits 64 Bits
(13_main_clk) (14_mp_clk) (13_main_clk)

M M S

AXI AXI AXI
(L3 Main Switch) (L3 Slave Peripheral Switch) (L3 Main Switch)
L3 Interconnect
Bl 7-1 AXI Hr R D BeAE &
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HPS-to-FPGA #4% H1 L3 Main Switch #1il, %! HPS-to-FPGA #4%H1 L3 Slave Peripheral
Switch il .
FPGA-to-HPS Hr#z# ] L3 Main Switch, fCVF FPGA ZEH4 o AT ] 2 % 45 17 1] HPS iy (1)
Koy MBES%, B4 FPGA-to-HPS #H ] DL 1] sk J& 4% s 2g .
=AML S T GPV (Global Programmers View) 2517 8%. GPV A7 as 2 M 1047
N, Aeilid M HPS-to-FPGA Mr%1s i) = M GPV 4748
KRB 4 anfT A HPS/ARM 5 FPGA #47@ M. /<6 T 7 DE10-Standard J1 K&
B GHRD LAEAI—/Mid7s HPS/ARM 277 2 tifl % i FPGA i 4L 5 LED ) ARM C L.
o
7.4 GHRD T.#&

GHRD 2 Golden Hardware Reference Design145 5 . GHRD T.#% /& Terasic yDE10-Standard
¥ ok W FF K B, ‘€ f£ DEIO-Standard & %t CD FJ \Demonstration\SoC_FPGA\
DE10_Standard GHRD H .

Z LR DL R A

e ARM Cortex™-A9 MPCore HPS

o AN HHITF RN

o 10MNH P IRBIFF AN

e 10/NH/1/O LED#iiH

o 64KBH LTF

e JTAG to Avalon ¥ ¥ £ M 4%

e 5System Console— & H 1 F Wi 3k #s CInterrupt capturer)

e System ID

SoC FPGAIFPGATR /3 I R G4 (A4 T-MPURI AN (1 A 7 Bl b ik 4 T 4% 7Y
HPS-to-FPGA {13 HihiE0XFF20_0000. 81T QsysH It fe % &, MPUR LA [AIX L 4h %
FHQuartus Prime% 43T JFGHRD LF2, 4R /5 HPlatform Designer T. E.T Jfsoc_system.qsys X 14
B7-2 7~ B2 5 U HPS-to-FPG A MF 32 HO AN B ik i 5
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1 IF Catalog g = ﬁ | [ Swystem Contents & _ Interconnect Requirements i

kyste-: s0c_system Path: sysid_qsys
- x| &> -

mm_bridze 0.m0

sysid_gsys. control_slave 0:x0001_0000 — D0x0001_0007

[led pio. =1 0:0001_0040 — 0x0001_004f

dipzw_pio. sl 0:0001_0080 — 0x0001_00Sf

3 , lbutton_pio. s1 0:0001_00e0 — 0x0001_00cf

asic Functions jtag uart. avalon jtag slave 0:x0002_0000 — 0x0002_0007

SE JILC. avalon_slave 02:0003_0000 - 0x0003_00Ff

nterface Protocols hp= 0 £2h_sdramd_data

Low Power hps_0. f2h_sxi_slave

ory Interfaces and Controllers m_bridge_0. s0

onchip_memory2_0. s1

rocessors and Peripherals

sys Interconnect sysid_gsys. control_slave viam. ..

Tniversity Program e ol e i O
|button_pio. sl via mm_bridge O
I]nﬂ_pin. =1 via mm_bridge 0
lj‘tn&mn‘t. aval nn_;itn&s]wn vi...
l]lL‘. avalon_slave via mm_bridge 0

B 7-2 FPGA #ME Rk s
mE 7-3F R, iX AN Y Avalon Conduit{E 5 #5374 42 3 DE10-Standard F & % [ SoC

FPGA#FIIT/O5]

/HPS SPI

.hps 0_hps_io_hps_io_spiml_inst_CLK ( HPS_SPIM_CLK ), .hps_io_spiml_inst_CLK
.hps_0_hps_io_hps_jo_spiml_inst_MOSI  ( HPS_SPIM_MOSI ), .hps_io_spiml_inst_MOSI
-hps_0_hps_io_hps_io_spiml_inst_MIS0O { HPS_SPIM_MISO ), .hps_io_spiml_inst_mIso
-hps_0_hps_io_hps_io_spiml_inst_ssO ( HPS_SPIM_S5 ) 7 .hps_io_spiml_inst_ss0
HPS UART
.hps_0_hps_io_hps_io_uart0_inst_RX ( HPS_UART_RX Y, .hps_io_uart0_inst_RX
.hps 0_hps_io_hps_io_uart0_inst_TX ( HPS_UART_TX ), .hps_io_uart0_inst_Tx
/HPS 12C1
.hps 0_hps_io_hps_io_i2cO_inst_sDA ( HP5_I2CO_SDAT ), -hps_io_i2c0_inst_sbpA
.hps_0_hps_io_hps_io_i2co_inst_scL ( HPS_I2C0_SCLK ), -hps_io_i2c0_inst_scL
HP5 T2C2
.hps_0_hps_- jo_hps_io_i2cl_inst_sDA ( HPS_I2C1_SDAT ), -hps_io_i2cl_inst_spa
.hps o_| hps Jo_hps_io_i2cl_inst_scL ( HPS_I2C1_SCLK ), .hps_jo_i2cl_inst_scL
/GP It
.hps n _hps_io_hps_io_gpio_inst_GPIO09 ( HPS_CONV_USB_N ), -hps_io_gpio_inst_ePI009
-hps_0_hps_io_hps_io_gpio_inst_GPIO35 ( HPS_ENET_INT_N ), / .hps_io_gpio_inst_GPI035
.hps_0_hps_io_hps_io_gpio_inst_GPIO40 ( HPS_LTC_GPIO ), // .hps_io_gpio_inst_gPI040
.hps_0_hps_io_hps_io_gpio_inst_GPIO52 ( HPS_LED ), // .hps_io_gpio_inst_GPI053
.hps_0_hps_io hps io_gpio_inst_GPIO54 ( HPS_KEY ), // .hps_io_gpio_inst_GPIOS4
.hps_0_hps_io_hps_io_gpio_inst_ePI061 ( HPS GSENSDR_INT ), 74 .hps_io_gpio_inst_cPT1061
Iiepe ian
. led_pio_external_connection_export 4 fpga_'\ed ‘mtsrna'\ ' led_pio_external_connection. export
.dipsw_pio_external_connection export ( 5 ES\'\. pw external_connection. export
.button_pio_external_connection_export ( quidebcunced uttons ), // button_j pm external_connection. export
Lhps_0_hZf_reset_reset_n { hps_] fp?a_reset nJ, hps_0_h2T_reset.reset_n
.hps_0_fzh_cold_reset_req_reset_n (~hps_cold_reset ), i hps_o_fzh cold_reset_req.reset_n
.hps_0_f2h_debug_reset_req_reset_n (~hps_debug_reset ) 7 hps_0_f2h_debug_reset_req.reset_n
.hps_0_f2h_stm_hw_events_stm_hwevents (stm_hw_events ), hps_0_f2h_stm_hw_events. stm_hwevents
.hps_0_f2h_warm_reset_req reset_n (~hps_warm_reset ), hps_0_f2h warm_reset_req.reset_n

& 7-3 TAE#itH 1 Avalon Conduit 55 %#
7.5 k5 HWIE

i Qsys T HL 3% R[] Generate-->Generate..., 4 /8Qsys RFHIVEAIY, SR )5 IEHIQsys
T Ho KK ST Quartus #4437 FLR [ Processing-->Start Compilation, %% T2 .
(5 JHPS SDRAM DDR3#% | #5 1. tc U /EGHRD TAE HF 44T, FF R N AT BABk I
. AR Quartus TREAZEE T GHRD TR KT, A fES ¥ TAEZ 11K 1L 431817 SDRAM
DDR3¥EHI# w50, Wl 7-4F7R .
WYk A Quartus 3 4431 B A% ) Tools-->TCL Scripts..., 2 Z1TCL ScriptsXf ifiHE . 75 EHAT
<qsys_system_name> parameters.tclfll<qsys_system name> pin_assignments.tclJ{iZ5 302, b
<gsys_system name>+&Qsys REi K 4R . 1647 A YSDRAM DDR3Z445 2 410K .
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&4 TCL Scripts | %

Libraries:

4 | 7 Project Open File

4 |Zip

4 | intr_capturer
intr_capturer_hw.td
4 | soc_system
4 |7 synthesis

=

4

hps_sdram_pQ_parameters. tcl
hps_sdram_pQ_pin_assignments, td
hps_sdram_p0_pin_map. td

hps_sdram_p0_report_timing. td

hps_sdram_pQ_repart_timing_core. td

hps_sdram_p0_timing. td

Preview:

# s

# AUTO-GENERATED FILE: Do not edit ! ! !

#

set 1:GLOBAL_hps_sdram_p0_corename “hps_sdram_p0®

set 1GLOBAL _hps_sdram_p0_io_standard "55TL-15"

set 11GLOBAL _hps_sdram_p0_io_interface_type "HPAD™

set nGLOBAL_hps_sdram_p0_io_standard_differential *1.5-v S5TL"

set 1:GLOBAL_hps_sdram_p0_io_standard_cmos 1.5

set 1:GLOBAL_hps_sdram_p0_number_of_dgs_groups 4 -

[ Run ] [ Close ] [ Help

B 7-4 iZ4T SDRAM #H|82H).tcl S0

& i Processing-->Start Compilation %% ¥ Quartus T & . % ¥ & I) 5 1&
DE10 Standard GHRD\output files H %+ <=4 DE10_Standard GHRD.sof ({4, i DE10-
Standard J1 A4 i) USB-Blaster IT #% 1 AJ LUKF i%.sof SCHHAC E ) FPGA.

7.6 FF & C 15

AP 33T ARME CRE 7 K42 Hilled_pio PIOFE | #% . SoC FPGA EDS#Hf4-H F
P iECHIS . ARMARST 75 Eled pioHilil 74 fe4xHilled pio PIOZHAF. Linux 4 & IK3)/ dev/imemAHl
mmap PR EUCR led_pioZH A i) B B Bk w5 31 Linux B F R P 8 BBV 0] ) RESDLB L o

m HPS L34

5T ARMPCHE 7 75 22 H Bllpio_ledZH A5 B4 Re 4% il pio_ledZH A4 . AT anfr Al H 45
SE M) Linux shellftbAbBE ST 3K Qsys HPSTE BRIk, RIGHREECIEF .

b T B 3 A Ik &b BE S 4 A generate hps qsys_header.sh, ‘& 5 DE10 Standard GHRD
Quartus TFE7E [H— /N30, JE51SoC FPGA EDSH: I 247 & 1, il cdiy 4 V)4 5
Quartus TFEFT7E () S Je 8 4%, % \"./generate_hps_qys_header.sh"#r4, f%Enterff# 47 & Bl
A A kS hps_0.he B0E] 7-507R, fESLSCfFH, LED_PIO_BASEW & Rled pioff) i
Bk, LED PIO DATA WIDTH® &K ~led piofJ%e %, XA EIERNGIMCRET o H .
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/'t

*
D ~

h

BiS

Q Qoo Q
1))

LED PIO COMPONENT TYPE a
LED PIO COMPONENT NAME 1
> LED PIO BASE 0x10040 I

LED PIO SPAN 16

LED PIO END 0x1004f

LED PIO BIT CLEARING EDGE REGISTER 0
LED PIO BIT MODIFYING OUTPUT REGISTER 0
LED PIO CAPTURE 0

LED P10 DATA WIDTH 10]

LED PIO DO TEST BENCH WIRING 0

LED PIO DRIVEN SIM VALUE 0

LED PIO EDGE TYPE NONE

LED PIO FREQ 50000000

tera avalon pio
d_pio

—

b
M

1

e
®

=

s s s [Se

2 2

._,
-
)

™ ® ®
o e W e ] )
el il
= S | ~ -
(©

s
()
™ ®
[
o |
™ ® ® @

18
Q.
Hh

EE
[}
-
®

sy e
Q.
 ®|®
Hh ]
e 1

= B

D O

4
o

L 2 Q.

"
@)
(1)
h

M
h
e
b
)

& 7-5pio_led 8
m B LED_PIO Huht

AU K pio_led 3 it bkl 555 31 B2 R AT AT AV 1) ) g fh k. 1B 7-6 BRI C
FEF Al LASKEUed piodE bk i e fl btk . ¥ %%, opentR BT T N 77 81 SR 5 /dev/mem, SRJ5
mmap B ECK HPSYIEE L IE B 5 Fllvoid virtual_baseFe m B REIMIIE . 73 B4 RS A4 40 gk X 3 I 470
M HE (HW_REGS_BASE = 0xfc000000) 5 21| BZ 4015 Hi ik virtual_base. FH P AJ LR AMEIX
ol o B AT AR 2 F1) 88 A X T A/ B DX 3 i B S i 38 R S0 Bk virtual_base, AT THERLHE il 4%
IR AR . AR BRI, K DL R A RS MR I Bl virtual baselh BT led piof) REF
otk

o HHNTF HPS bk (1152 I HPS-to-FPGA AXI S 28 (1) A% b bk

o X T AHPS-to-FPGAAXI S £ Pio_led fwfs il

¥ o— M m B b ik 2 0xff200000 , 7E Sk 3C fF hpsh X E XA H B
ALT LWFPGASLVS OFST. hps.h/&SoC EDSHI—/N k30, AT QuartusF 1 (1 22 25 S5
i, FEUIC:\intelFPGA\16.1\embedded\ip\altera\hps\altera_hps\hwlib\include\soc cv_av\socal. =
M A R 0x3000, 7ESK3CFhps_0.hHHE CAHE ELED _PIO_BASE, =k3Cffhps_0.h3CfF
1E7.5 MRS mBER — TR

Void h2p_Iw led addrZ/rled pioffl i ilbhit . N LR AT DL BELEEAE A XA FR £ AR 2 oK Ui
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M LED PIO#%E |48 K 27 A7 2%

#define HW_REGS _BASE ( ALT_STM OFST |
#define HW REGS_SPAN ( 0x04000000 )
#define HW _REGS MASK ( HW_REGS_SPAN - D

int main() {

void *virtual_base;
int £d:

int loop count;

int led direction;

int led mask;

vold *hZ2p 1w led addr;

f/ map the address space for the LED a sZie can interact with them.
f we'll actually map in the entire C5R span of the HPS since we to access wvarious
f/{ registers within that span
if({ ( £fd = open( " /mem", { O _RDWR O SYNC ) ) ) == -1} {
printf( "ERROR: could not open “"/dev/mem\™...\n" ):
return{ 1 }:
mmap ( NULL, HW_REGS_SPAN, ( PROT_READ PROT_WRITE ), MAP_SHAREL, fd,:
if( virtual bage == MRPF FATLED ) {
printf( "ERROMN mmap () failed...‘\n" )

close( £d ):
return{ 1 };

h2p 1w led addr =

{ (unsigned long) (ALT_LWFPGASLVS _OFST + LED PIO BASE) & (unsigned long) (HW_REGS_MASE)):

& 7-6 LED PIO P 7EBSHMRHY

m 4] LED

RN B HILEDZ B 75 248 T #ELED_PIO PIOM: I %5 /7 28 Mt . & 7-7HT7R~ NPIOH%
I ZFAF AR R R, AT AF AR 2320058, T LASHEPIOZ MU AR DUE VRS B o %)
FLEDFH], Wi E 4 S BRI T 3 1 hE0x 10040 (1) #2 Huht A0 2547 2% . i1 FDE10-
StandardFF & AR ILED A & HAF- U5, BT LAKE0x000000001E 5 N\l F% Huhik 0 1) 75 47 2% 2 {94
ZLtALEDXE K . DE10-Standard ¥ &R EAH 10N LLEALED, HAoiEmshzsshlds, fE—1
LED (LEDO) H T SzHIFPGALBEINAE. Kr0x000001£F(E 5 N Mm% bt O 25 77 24 i 5294

ZLALED. 41 N /2440x000001F{E 5 Aled_pioft)fwFs Hubk A0 CFE 7 ARHS :
*(uint32_t *) h2p Iw led addr= 0x000001ff;
% A R uint32_t $5 5& Avoid B4R EF,  C o i3 25 44 324718 0x00000 1 5 A i #L Hb ik
h2p lw led addr.
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Fields
Offset Register Name RW
(m-1) 2 1 0
0 4 read access R Data value currently on P10 inputs.
ata
write access W Mew value to drive on P10 outputs.
1 directicn (1) AW Individual direction control for each 140 port. A value of 0 sets the
irection {1/ direction to input; 1 sets the direction to output.
) IRQ enable/disable for each input port. Setting a bit to 1 enables
T
2 interruptmask (7) RAW interrupts for the corresponding port.
3 edgecapture (1), (2) RW Edge detection for each input port.
4 outset W Specifies which bit of the output port to set.
5 outclear W Specifies which output bit to clear.

m EEF

B 7-7 P10 W% A7 2 it

FRFERILED 2 H/KAT 5z, Wl 7-8F7m . 5 60 ML/KAT A, By i3 1R1E1T.

loop count

oz

led mask [ e ]
led direction oz
while | loop_ count < &0

A control led, add

SOowmait 100ms
uslecsp ([ 100*1000 3 ;2
S0 update led mask
if [(led direction ==
led mask <<= 1:
if [(led _mask =
led direction
telsed
led mask === 1
if (led _mask =

(O

(| T

ASo0:

Fluintiz_t *lhZp_ lw_ led addr

H

led direction

OO
= 0

loop_count++:

AS while

lefrt to right direction
|

=~ hecause the led i= low—actiwve
~led mask:

o

01 ==
1:

{(FPIO LED DATA WIDTH-1)))

1

-

i

& 7-8 WKITH C 2P

B Makefile 545%

K 7-9 Bt 7~ N C 2 7 B Makefile SCA4F
Makefile P 35 52 T ARM-linux %2 ¥ 2 7% .
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#
TRRGET = HPS FPGR LED

4
LLT DEVICE FRMILY ?= s0C_CV_av

SOCEDS_ROOT ?= $(SOCEDS DEST ROOT)

HWLIBS ROOT = $(SOCEDS_RCCT)/ip/altera/hps/altera hps/hwlib
CROSS COMPILE = arm-linux-gnueabihf-

LDFLAGS = -g -Wall
CC = 5(CROSS_COMPILE)gce
LARCH= arm

build: §(TARGET)
5 (TARGET) : main.o

$(cC) §(LDFIAGS)  $ -o 5@
%.0 1 %.c

5(CC) 5(CFLAGS) -c $< -0 $@

.PHONY: clean
clean:
rm -f 5(TRRGET) *.a *.o0 *~

CFLAGS = -g -Wall  -D$(ALT DEVICE FAMILY) -IS(HWLIBS ROQT)/include/$ (ALT DEVICE FAMILY)  -IS(HWLIBS ROCT)/include/

& 7-9 Makefile &
R 7-100R I DN “make” fr2IF AT TR, REHAN “1s”
R ARMA] #4473 “HPS_FPGA_LED”.

e -§all  main o -o HPS FPGA_LED

'S _FPGA_LED maln.c main.o MNakefile

B 7-10 %% ARM C &

DE10-Standard 112
asiC| o-cp

www.terasic.com

(IS vRERaS

www.terasic.com.cn
September 28, 2020



file:///C:/Users/user/AppData/Roaming/Users/Chung-Chieh%20Wei/AppData/Roaming/Microsoft/Word/Download/參考/05.14.2014/參考/04.11.2014/參考/03.14.2014/參考/03.14.2014/參考/03.13.2014/參考/03.07.2014/參考/02.19.2014/www.terasic.com
http://www.terasic.com/

B ETRE
BATABIET, ERE N DE10-Standard &R Eff) SD K3 Linux. ] HAT SCAF
HPS FPGA LED E %] Linux H3%, A “chmod +x HPS FPGA LED” &M I $AT SCAF M
AT BUFR o« f# B Quartus Programmer 1. B ¥ 75 mESHBE X — W & W
DE10_Standard GHRD.sof X f:5¢3% %] FPGA. LEDO <INk, Al FPGA 7E.0Bk. REHA
“ /HPS FPGA LED” 141847 ARM F£/%. DEI10-Standard JF &4 ) LED[9.. 1% $447 60
RIKAT AR, AT 1RIEAT.
5% Getting_Started_Guide.pdf SCH4 T i A\ SD K J5 3 Linux I TELI1E
V2% My_First HPS.pdf SUR T RGO SO S 512 Linux H SIS R .
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FINE
g4k EPCS 2844

A TR TS JTAGHER F I8 FH SFLI B [ 46 DY 5 AT BC B EPCS #8414 P vl g H
JTAGA[#C B (JTAG indirect configuration) XX (jic) BLEEPCS#H M, %3 HH Quartus T.7%2
O PF IS JG AR ) so U T K e DT AP IR AR AT R sof ST 6459 jicSUAF

8.1 BELET K E
¥ DE10-Standard JF &R E A AS x1 FPGA FL B 4 MSEL[4:0]% &y 10010 i,
AT LA VY £ AT 724 2514 EPCS 1E N FPGA KL & 2814

8.2 K.sof CHFREHA jic S

1. Wk 8-1 Frn, M Quartus HAF File & H.H11%E#¢ Convert Programming Files .

)

Ok Quartus Prime Standard Edition

File Edit View Project Assignments Processing Tools
New... Ctrl+N i.

* Open.. Ctrl+0 [ “lale x

Close Ctrl+F4

4 New Project Wizard...
% Open Project... Ctrl+)

Create [ Update »

Export,.

| Convert Programming Files... | les)

E'J‘-;‘y- Setup.

Print Preview

Recent Files 4

>
Recent Projects 4
Exit Alt+F4

& 8-1 Quartus K] File 3E5H
2. fEConvert Programming Files X} 1 #E [l Programming file type T i/ i 1 i& £ JITAG
Indirect Configuration File (.jic).
3. fEConfiguration device | AE L FFEPCS128.
4. fEMode i HEF1i%FFEActive Serial.
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5. riifiFile name/s (.14, B FEORAF R 1 STAF(jic) A ST SR I i 424 4 HH SO
6. WK 8-2fT7~, L Input files to convert™ [JSOF data.
rﬁ Convert Programming File l = | E] g1

File Tools Window

P
Search altera.com @
-

Specify the input files to convert and the type of programming file to generate.
¥ou can also import input file information from other files and save the conversion setup information created here for
future use,

Conversion setup files

Open Conversion Setup Data... ] [ Save Conversion Setup...

Output programming file

Programming file type: [JTAG Indirect Configuration File {.jic) - ]

Options... Configuration device: [EPCSlZB v] Mode: Active Serial - ]

a

File pame: D:foutput_file jic

Remote/Local update difference file: NONE

Create Memory Map File (Generate output_file.map)

m

Create CvP files (Generate output_file.periph.jic and output_file.core.rbf)

[] Create config data RPD (Generate output_file_auto.rpd)

Input files to convert

File/Data area Properties Start Address Add Hex Data
Flash Loader
SOF Data Page_0 <auto> | Add fof Page
Add File...
Up
Dawn

Properties 8

B 8-2 Convert Programming Files X} i5HE
7. RiirAdd FilefZ4H

8. fEHH H#)Select Input FileX} 15 AHE A e £ L5 N jic SUHF ) .so DA
9. midiOpentZ4 .
10~ an 8-3f7~, % # Flash Loader /)5 i 5 17 Add Devicef%4ll, 3 H Select Devices & I
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@ Canvert Programming File - G:/svn_2016/del0-standard-dev/FPGA_demo/DE10_Standard_Default/DE10_Standard_d... |ﬂ|

File

ools  Window

Search altera.com . ‘

Conversion setup files

Open Conversion Setup Data..

] ’ Save Conversion Setup..

Cutput programming file

Programming file type: IJTAG Indirect Configuration File (jic)

-~

Configuration device: | EPCS128 ¥ | Mode: Active Serial
File name: output_file jic B
Remote/Local update difference file: NONE =
Create Memory Map File (Generate output_file.map)
Create CvP files (Generate output_file periph.jic and output_file.core.rbf)
[T] create config data RPD (Generate output_file_auto.rpd)
Input files to convert E
FilefData area Properties Start Address Add Hex Data
G
4 SOF Data <auto>
DE10_Standard_default.sof SC5XFCBDGF3T
Remove
up
Down
Properties
[ Generate ] I Close ] I Help ]
L J
& 8-3 sl Flash Loader
5 — y =)
1. WK 8-4F7R, JEFX B MIFPGAZR -
4 Select Devices - [ = ]
Device family Device name
APEX20K =l D SCSEBABES g New...
Arriz 10 [J scsemaz
Arria GX [ scsemaa Import...
Arria ll GX [ scsemas Export..
Arriza Il GZ 3 [J scsemas
Arria Vv [ scsTrosps Edit...
Arria V GZ [ scstrosps R
Cyclone [ scsxrcace
Cyclonell = [ scsxrcace Uncheck All
Cyclone 11 [ scsxresce
Cyclone lll LS D SCSXFC5DE
Cyclone IV E [ scsxrcece
Cyclone IV GX D SCSXFCBCRES b
M cyclonev M scsxrceps E
HardCopy Il D SCSXFCBDEES
[ e 111 S i
[ oK ] l Cancel ]
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12, M #OK$%4H, Convert Programming Filest K 4l 8-5F7~ .

F‘_‘{T Convert Programming File - G:/svn_2016/del0-standard-dev/FPGA_demo/DEL0_Standard_Default/DEL0_Standard d.. | = & |

search altera.comn

23
J

Conversion setup files

Open Conversion Setup Data. I ’ Save Conversion Setup.

Output programming file

Programming file type: [JTAG Indirect Configuration File (jic)

Options/Boot info... | Configuration device: |EPC5128 ¥ | Mode: Active Serial

4

File name: output_filejic

RemotefLocal update difference file: NONE

Create Memory Map File (Generate output_file map)
Create CvP files (Generate output file periph.jic and output_file.core rbf)

[T create config data RPD (Generate output file_auto.rpd)

Input files to convert

File/Data area Properties Start Address Add Hex Data
a
Flash Loader Add Sof Page
SCSXFCeDE
4 5OF Data Page O <auto» GklPoyE
DE10_Standard_defaultsof ~ SCSXFCEDEF31 Remove
up
Down
Properties
[ Generate ] i Close I i Help

m
—

B 8-5 Convert Programming Files 7 [

13. A iiGeneratefZ 4l - aa %
8.3 %t .jic XXHHE N EPCS 844

sof SAFFEHN jic A SE RS » 1 1288 LA 2P BRAE Quartus Prime Programmer T H H0¥ jic

AEE N EPCS 2344
1. IR AISW10 MSEL[4..0]% & ~10010.

2. MQuartus® 4 i) Tools >z ¥ HH i ¥ Programmer, 3 H Programmer [ .
3. siiiAuto Detect{ZHl , WS B IFPGASS I, W11 8-6/F17r, Kl HIFPGAZS 1 5 HPS.
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D Programmer - Gy/swn_2016/de10-standard-dev/FPGA_demo/DEL0_Standard_Default/DE10_Standard_default - DE10_. | = = |

File Edit = Processing Tools Window Help Search altera.com .‘

|
; Hardware Setup...| DE-SoC [USB-1] Mode: |JTAG 2 Progress: :

[C] Enable real-time ISP to allow background programming when available

i File Device Checksum Usercode Program/  Verify  Blank- Examine
Start
Configure Check
i Stop <none> SOCVHPS 00000000 <none»
<nones SCSXFCED6 00000000 <nones
Delete
|
4 [ +
P Change File...
b save File
- AddPevicew| || = assassam, = am=ssaama
evice... . A uf O
H o al o
TDI H H H H
b up — i :
H H H
H o H o
Ypoun ||| e e
SOCVHPS SCSKFCEDE
TDO
+

& 8-6 Programmer L BRIP4 FPGA 1 HPS

4, Wi B 8-6 T/~ ALY X 38, 7 H I Select New Programming File & [ HHE#£ jic
B

5. W 8-7f7R, Ak Xt N i Program/Configure 5 %6 HE, FPGA Devicelt] T #E [{)File51) 43
H 3 in#Factory default enhanced SFLImage.

IC DE10-Standard 118 www.terasic.com.cn
as ARFH September 28, 2020

www.terasic.com



file:///C:/Users/user/AppData/Roaming/Users/Chung-Chieh%20Wei/AppData/Roaming/Microsoft/Word/Download/參考/05.14.2014/參考/04.11.2014/參考/03.14.2014/參考/03.14.2014/參考/03.13.2014/參考/03.07.2014/參考/02.19.2014/www.terasic.com
http://www.terasic.com/

&
AARY

14!

» Pregrammer - G:/svn_2016/del0-standard-dev/FPGA demo/DE10 Standard Default/DE10 Standard default - DElO?...t == £3 J

-

i Hardware Setup...| DE-SoC [USBE-1]

Mode: |JTAG

Search altera com

]

W seart

fla Stop
8 Auto Detect
M Delete

% AddFile..

<none=

SOCVHPS
Factory default enhanc... SCSXFCEDGE

output_file jic

EPCS128

Checksum

00000000
00CE4585
S9E17CCo9

Usercode

Configure

<nonex

00CE4585

Program/  Verify  Blank-

Check

[l L

Change File...

Examine

) save File
* Add Device
f% Up

ki Down

TDI

TDO
4

SOCVHPS

SCSXFCeDE

:

B 8-7 JEx.jic LA Programmer & M
6. miiStarti%4l, F jic S NEPCSE:F,

8.4 HE& EPCS 244

PLR B B AT LA & EPCS 2844 T 1K) jic S

1. IR AISW10 MSEL[4..0]% & ~10010.
2. MQuartus# 4t Tools> #. H 1% FProgrammer, #f i Programmer i [ .
3. siiliAuto Detect, ILFEXSMAIFPGAZST, WK 8-6ff7n, Fill BIFPGAZ T SHPS.
4, Xt 8-6 R ALt 5T X3, 7E Hi Il Select New Programming File T3 [EH jic

S

5. i8-8, AEAH N I Erase 2 iEMHE, FPGA Device T 7L [fFile#l <= H 3l i % Factory

default enhanced SFL Image-
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-
W Programmer - [Chaind.cdf]*

. - —
File Edt Vew Processng Tools Window Help 5 Search altera.com @
_?_Hardware Setup...| DE-5oC [USB-1] Mode: |JTAG = Progress: ]

Enable real-time ISP to allow background programming (for MAX II and MAX V devices)

o File Device Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP
Configure Check Bit CLAMP
T e || [<rone> SOCYHPS 00000000 <none O O O O O O O
[ stop |
- = 7" || |Factory default enhanced... SCSEMAS 00C79AEC  OOCTIAEC ] [l ] ] ] ]
ﬂﬁ Auto Detect D:foutput_file. jic i EPCS128 98323544 Ll Ll Ll [ H
!
[ Add File...
& change File...
|¥' | 1 »
| .ﬂl Sawve File | ‘
| 1% Down |
SOCVHPS SCSEMAS
i P

B 8-8 &R EPCS #4

6. sidrStartiZHl, HEEREPCSASAFH jic 3.
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FILE
Linux BSP

DE10-Standard 7T & 8 £ % PL ' =/ Linux BSP(Board Support Package), /7] LA HI%
A G FIBSPRIT K FE T Linux S H AR 7

e Linux Console BSP

e Linux LXDE Desktop BSP
e OpenCL BSP

PL_E =A™ Linux BSP 7] LA\ http://de10-standard.terasic.com/cd P 7T | T %K.

R, AT BT /WiF/4%1% 3% USB dongle #BREHMEZFIX LL BSP, DL R —Lb&id
BATIAAIEAE AT LA 2% BSP I 1E % 18 F i) USB dongle, #1318 FiiX & USB dongle (7] LA
MR B R )

e % FUSB Dongle

Esens D704 (Terasic PN: FXX-3041-ESS)
e WiFi USB Dongle

Mi WiFi (Terasic PN: FXX-3061-MIX)
o $%1%:3LUSB Dongle

Logitech C310

ET USB 2760 Camera

Genius WideCam F100

9.1 A Linux BSP
AT RIRCE DE10-Standard FF &R /5 3) Linux KPR, B2 HEHE B1ES% DEILO-
Standard &4t CD H ] DE10-Standard_Getting Started Guide.pdf US55 .5 .
1. M http://de10-standard.terasic.com/cd W 51 _I T %k BSP 515 31
2. #{E Linux HG204: H Win32 Disk Imager T. B #4544 3045 N\ micro SD .
3+ ¥ micro SD £## A\ DE10-Standard FF /& #% '] micro SD K44,

B Console (F#HlE) BR

1. FHUSBZi%E#PCHIUSBH: [ F1IDE10-Standard ) UARTHE 11 (J4).
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2. 1817PC_EMIPUTTY 3 AF
3. PuTTY % ¥ i 7~ Linux i 3115 B .
B LXDE Desktop =,
1. K VGA BIR 8 MUSB R br/8e 4 %42 3| DE10-Standard JT A ARG B
2. BEETF R
3. VGA R /R#E/RLXDER [ & 4.
9.2 Linux Console BSP
X e —FhiEhl G0 BSP, #5616 B nTE PC HIZ1T1 UART &t k. &

9-1 fii7~ N Linux Console BSP [ (E &,
% 9-1 Linux Console BSP 2

i H A

BSP f & DE10-Standard Linux Console.zip

T AEERE:  http://de10-standard.terasic.com/cd
micro SD & /b 4G

MSEL[4:0] 01010

K= M4 root, JoTe%MY

UART %3 Baud rate(JFE%): 115200,

Data bits(FU 42 58): 8

Parity (#7512 4%): None

Stop Bits(Stop 7. 75): 1

Flow Control(#it F£#%): no

Quartus [.F¢ g

BSP #§ 51 USB #4 dongle 3z}

USB WiFi dongle %3]

ZNAKNME]

Linux WAZJERS | JEISEEHE:  https:/github.com/terasic/linux-socfpga
WA socfpga-4.5

fic & S fF: delO standard console.config

DTS 3Cf4: arch/arm/boot/dts/socfpga cyclone5 del0 standard.dts

RGAZNN, Linux BSP ASELE FPGA. Hi2HU ARG H8E, HP SRR LI E
FPGA. XA E FPGA T B LA FPGA W& overlay(fpga.dtbo) 1 FPGA B & L4
(soc_system.rbf), XN SCHFEAEIIAE Linux SCH RS 10/lib/firmware H3kH . DU KA a0
AT A2 Js AT FH X AN ST A

B 4/ FPGA BER B X f: fpga.dtbo M soc_system.rbf
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fpga.dtbo #Zif i Demonstration/SoC_FPGA /DE10 Standard GHRD HzHf] fpga.dts X
AR G, SCAEAF R FE B AR M soc system.dts ST B T K o K5 SO A 25 H Y interrupt-parent
HLFMEHCA inte, firmware-name ="soc_system.rbf” iE&H)f5E | FPGA It & HLAF I & k. 1F

SoC EDS command shell H 8 H LA T iy 261 & fpga.dtbo.
dtc -0 dtb -o fpga.dtbo -b 0 -@ fpga.dts
soc_system.rbf & i i Demonstration/SoC_FPGA/DE10_Standard GHRD/output_files H 3%

H ) sof to rbfbat SC14F A2 Al » X i 12 17 1% .bat L £, DE10_Standard GHRD.sof £ ¥4 #t i
soc_system.rbf 14,

m N F FPGA BB XX#4: fpga.dtbo and soc_system.rbf

IR FPGA IP/NEC B SO Ja, o] DUZ IR BUR B BRR L S FPGA.

1. M http://de10-standard.terasic.com/cd T # Linux Console 5% 14 3 1 I & & 4 15 2
del0_standard linux console.img

2. 2%DEI0-Standard_Getting Started_Guide.pdf 15, F'5i1% C/+S Flmicro SDF 3%
BEPuTTY & ¥y o

3. KN FC B FPGA, Jt ALEREIEDE10-Standard JT & W FLIE 2 B, 752 MSEL[4:0]i% &
401010

4. Hrootlk ‘5 EPuTTY % i & Fifi i ALinux Console 5 %t

5+ BIX AN SO 1 B Linux SCHE R GEHNib/firmware H 3% (SEbr b, SRR SCH O 4 Tk
TR, BB P I FR R XA S,

6+ HIALL N AT L HLEFPGA:

mount —t configfs configfs /config
mbkdir /config/device-tree/overlays/test

echo fpga.dtbo > /config/device-tree/overlays/test/path
7. BIHATE VL B A fa, TERIR EILEDOZ N k. IUFE, AT AZEPUTTY 2437

HH R A - FE I R B FPGA S (FILED, 51 4
echo 1> /sys/class/leds/fpga_led2/brightness

9.3 Linux LXDE Desktop BSP

XE—FhiiH LXDE S/ BSP. LXDE i< &/~ 7Ei%#: %] DE10-Standard JF &K
VGA Srgs F. 3 9-2 5|4 7 LXDE %.1f] BSP HIAHR{E S . 1% BSP #24L T miggrhIhie, H
T VGA E7r, M IIEELE FPGA i SL 8. MiZZ e DhEer, HPS 4 DDR3 H TN
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1% BSP A H 1) Quartus L.F£7E DE10-Standard %4 CD ] Demonstration/SoC_FPGA/Cont
rolPanel/Quartus A+, % Quartus £/ % T Demonstration/SoC_FPGA/DE10_Standard

FB S i) Quartus TR B &2 11 A% o
% 9-2 Linux LXDE Desktop BSP 5 2.

i H Ep

BSP {7 & DE10 Standard LXDE.zip

N #BEHL: http://del0-standard.terasic.com/cd

micro SD & | £/ 4G

MSEL[4:0] 01010

K= H P 4. root, JTCis%EM

UART £3f | Baud rate(J45%): 115200,

Data bits(¥# {2 97): 8

Parity (A1 fi 2 5): None

Stop Bits(Stop £7.%): 1

Flow Control(Jit #£4%il): no

Quartus .2 | Demonstration/SoC_FPGA/ControlPanel/Quartus
(37T Demonstration/SoC_FPGA/DE10 Standard FB)
Linux DTS 3Cf4: soc_system.dts

BSP 11 LXDE 5[

Frame Buffer(yiZz )

ALSA (Advanced Linux Sound Architecture, 2% Linux /& &Kk R 25 H))
Qt J&

OpenCV JE

GNU LH¥%

USB # 4" Dongle X3l LA B F 7= i A AL

USB WiFi Dongle X5} LA K 5 F 7~ 54 015

USB %143k Dongle 33/ LL & OpenCV 71 48H5
Control Panel 7~ 4SS (& T Q1)

Vila) . $20] FPGA F1 HPS % #M 5 A~ A HG

Linux WAZJE | JEI9%%4%: https:/github.com/terasic/linux-socfpga
fih WIZhA 7332 socfpga-4.5

BB SO D EEEEH 1Y del0_standard Ixde.config
DTS CfF: arch/arm/boot/dts/socfpga cyclone5 del0 standard Ixde.dts
socfpga cyclone5 del0 standard Ixde.dts SCHF P& M soc_system.dts SCAHF:
H ST R

9.4 OpenCL BSP
X & — M3 Intel SDK OpenCL 4%l 5 #5220 Linux BSP, [l [i] OpenCL(Open Computing
Language)ff] Intel SDK e ¥FF F AL 41 FPGA WA R I REFhAE AL T SEELE AR . B8 = 2 il
IR, B2 M EEE S % DEIO-Standard & 4 CD 1 [1

IC DE10-Standard 124 www.terasic.com.cn
as ARFH September 28, 2020

www.terasic.com



file:///C:/Users/user/AppData/Roaming/Users/Chung-Chieh%20Wei/AppData/Roaming/Microsoft/Word/Download/參考/05.14.2014/參考/04.11.2014/參考/03.14.2014/參考/03.14.2014/參考/03.13.2014/參考/03.07.2014/參考/02.19.2014/www.terasic.com
http://www.terasic.com/
https://github.com/terasic/linux-socfpga

DEI10 _Standard OpenCL.pdf 1%,

2 9-3 JH T OpenCL BSP <15 &
# 9-3 OpenCL BSP /5 5

I H ik

BSP {7 & DE10-Standard_openCL_BSP.zip

N #EEEFE: http://de10-standard.terasic.com/cd

microSD 2/b 4G

MSEL[4:0] 01010

K5 I 44: root, Jois %

UART & biit Baud rate(J 7 %): 115200,

Data bits(Z{# 2 55): 8

Parity (&1 f#£25%0): None

Stop Bits(Stop %% ): 1

Flow Control(it 42 #l): no

Quartus Tf% OpenCL BSP H#) de10_standard\de10_standard_sharedonly
BSP Mi2% ' (Frame Buffer)

OpenCL 7RIS

Linux WZJES | YRASEERE: https:/github.com/terasic/linux-socfpga/tree/socfpga-3.10
WAZARAS 7332 : socfpga-3.10

Jit & (A del0 standard opencl.config
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