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P HWLIb OB ( API ARBESNBME ) o,

MPU Subsystem Timers Cache/MMU Mgmt Serial Interface

sldEidles sl iRl —

Bridge Management Flash Memory

AR EREAC—

% SDRAM Ctrl [&—EBHERED 31 E FAAPID A1
= CV/AV .... Priority, Security Rule 5%

FPGA Manager / ; !
* Arria10 ... QoS, Firewall 2R

BEBEBEEROXGE (SoC EDS /A—2 3 V)

... ver16.0

e - FRDN—Da>THR—F
FfMllX. SoOCEDS HBD F¥a AU FESEBIFEELY,
« HWMgr (HWLib API) : <SoC EDS installation directory>lip/altera/hps/altera_hps/doc/hwmgr/html/index.html
* SOCAL : <SoC EDS installation directory>lip/altera/hps/altera_hps/doc/<device_name>/socal/html/index.html
<device_name> Cyclone V/ArriaV F : soc_cv_av

Arria 10 A : soc_a10 2
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Figure 1-2. HPS Block Diagram
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P SoC EDS {HIEDY TN (KFASN) o,

» Hello World 4> F )L
¢ Altera-SoCFPGA-HelloWorld-Baremetal-ARMCC.tar.gz

¢ Altera-SoCFPGA-HelloWorld-Baremetal-GNU.tar.gz

» UART Z#I8EL 2 —SFILE LTEIESE S BT
€ Altera-SoCFPGA-HardwareLib-16550-CV-ARMCC.tar.gz

¢ Altera-SoCFPGA-HardwarelLib-16550-CV-GNU.tar.gz

¢ B8E API
B UART / Interrupt / etc

» FPGADaYJ4Fal— 3>, HPS-FPGARMD T v
DIRTAD MELEZRTTHIH T
¢ Altera-SoCFPGA-HardwareLib-FPGA-CV-ARMCC.tar.gz
€ Altera-SoCFPGA-HardwareLib-FPGA-CV-GNU.tar.gz

¢ BEE API:
B DMA / AXI Bridge / etc
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P SoC EDS {HEOY TN (KTASN) o

» L2ECC DY TIL
¢ Altera-SoCFPGA-HardwareLib-ECCL2-CV-ARMCC.tar.gz

¢ Altera-SoCFPGA-HardwareLib-ECCL2-CV-GNU.tar.gz

» MPLOY 2T
¢ Altera-SoCFPGA-HardwarelLib-MPL.tar.gz

» SPIOYUTIL
¢ Altera-SoCFPGA-HardwareLib-SPI-CV-ARMCC.tar.gz

€ Altera-SoCFPGA-HardwareLib-SPI-CV-GNU.tar.gz

» Timer MY > T )L (Cyclone V SoC E4tIZ, Arria V, Arria 10 B+ fB)
Altera-SoCFPGA-HardwareLib-Timer-A10-ARMCC.tar.gz

Altera-SoCFPGA-HardwareLib-Timer-A10-GNU.tar.gz
Altera-SoCFPGA-HardwareLib-Timer-AV-ARMCC.tar.gz
Altera-SoCFPGA-HardwareLib-Timer-AV-GNU.tar.gz
Altera-SoCFPGA-HardwareLib-Timer-CV-ARMCC.tar.gz
Altera-SoCFPGA-HardwareLib-Timer-CV-GNU.tar.gz

L R 2R 2B 2R 2 4
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P soC EDS (HBOY T ( AP A% )

[.\Al.'rllvm‘
-

» SoCEDS fIRDH TSI, ZFILTS5H4A4 FRAD SoC
Design Examples] IZHE8DY O TILBRARHAEIATWWET,

(Altera Home > Support > Support Resources > Design Examples)
¢ https://www.altera.com/support/support-resources/design-

examples.html#soc-design-examples

® BE 200167TARROARY VT

HPS DMA

Error correction code

GPIO

12C

Quad SPI

SD/MMC

Timer

Unhosted

SPI

HPS Peripheral Mapping to FPGA
Power Optimization

HPS-to-FPGA Bridges (for A10 DevKit Rev B.1)
Shared Memory Partition
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'Soc EDS fIBDY.7) ( Linux) NL@M

» ARM Development Studio™5 (DS-5™) @] (+H > 7L
€ Altera-SoCFPGA-BIlinking-LED-Linux-GNU.tar.gz
¢ Altera-SoCFPGA-HelloWorld-Linux-GNU.tar.gz
¢ Altera-SoCFPGA-Push-Button-Linux-GNU.tar.gz

> TDM. Linux BEEDIEHRIZILI T =S8

€ http://www.rocketboards.org/

¢ RocketBoards.org
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Y 7512 ITVET HiBETS A

HWLib Y7V - =
4 FBEOFEMA— FIcw s L= > T IVERE,

(Helio 7R— F, Atlas-SoC/DE0-Nano-Soc, Sodia 78— F, Cyclone V SoC Development Kit)

» GPIO

Global Timer

Clock Manager

FPGA Manager
Watchdog Timer
General Purpose Timer
Cache Management
Interrupt Controller[SGI]
DMA Controller

MMU

Global Timer % {# > T KA
ECC (On-Chip RAM)
DMA x ACP

Sample Skelton New

vVvyVvyVVVVYVYVYYVYYVY VY

© Copyright ALTIMA Corp. & ELSENA, Inc. Public



VGPIO I.\Al.'rmm‘

BUOTILOBE

Helio R— F @ HPS A DIPSW. PUSHSW ZAA{ES L LTHIATREE B LS
GPIODaAYI74XaLl—2arvEITL. &SWOEBEICEHTLIHET T/A\vHDaY
Y—ILEIZGPIO AALDRAADEDELEZERTESEET,

YT THET S HWLbAPI AT T

» The General Purpose Input/Output Manager API
= General-Purpose |0 Configuration Functions
= General-Purpose |0 Interrupt Functions
= General-Purpose |0 via Bit Index
= General-Purpose 10 Utility Functions

JOv ) A e
SoCFPGA-HWLib-Sample GPIO

F1IEEOTOC ) FEADORKRIRICZIEN—D a DEBRAADOIES] (Fl " 150 r01") ZHFIFTLET,
AMOYTILEERTT,

© Copyright ALTIMA Corp. & ELSENA, Inc. Public u




Global Timer £ gl

B TILOBE

Global Timer ZEM{E S B TOMEEDBEEZHERLE T,
- Prescaler ME{EIZIH LT Timer A9 42 QOEANEH B E,
- Comparation E— FAFRNGIFZEICLIT OREENEMET 55,
- Auto Increment #gE ( Comparation RN —BT A EEICEBMEEILSB)
- Global Timer ™ 5> DE Y :AHFE ( Comparation $ERN—BT 2 HETHRE)

YU JIVTHERET 5 HWLIbAPI AT TV
> Global Timer Manager API

&
ooz b | |
SoCFPGA-HWLIib-Sample_GlobalTimer
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P Clock Manager (> avrima B

B TILDOBE

3f& PLL ( Main PLL, Peripheral PLL, SDRAMPLL) ®Da> 74 ¥aL—> 3 Uik

ZHG - RRLET, F1-. Clock Manager > F4ET 2 EIYAH (37D PLL D

Lock/Unlock ) MEEZEETaA VY —ILRERETOIESITHELTULET,

fii. HPS A DIPSW / PUSHSW 2T, BHE®D APl 21T TEAHALH>EELTULET,
(HPSMO Main v Oy O ERBZZEETT H5UNBLERTEET, )

Y FIIVTCHEET S HWLbAPI ATV

» Clock Manager API
= Clock Manager Status
= Safe Mode Options
= PLL Bypass Control
= Clock Gating Control
= Clock Source Selection
= Clock Frequency Control
= Clock Manager Interrupt Management
= Clock Group Configuration

SoCFPGA-HWLIib-Sample ClockManager
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., S avrima DR
FPGA Manager . en

B TILOBE

Altera SoC EDS MDY > 7))L TAltera-SoCFPGA-HardwarelLib-FPGA-CV-
GNU.tar.gz] ZXR—XIZ. fIBY U FILTIXER LTULVEL HWLIb API ZBhinsEE L1-
IRIETY,

HBUOTIWNEEFTTHE, BEAPIREFTINERNDSSDaVY—IARETENET,
Ff=. FPGAa V74X al—a llBZEsHTRUBICE L-NEERERELRRLE
9,

Makefile D EE USE DMA ZZEEJT S &L T, FPGAaY 74 XaL—a V0T
D DMA FIRFEHIRERIRTTEETT, (USE _DMA=0: DMAR{ER / 1: DMAfEA)

YOI THERT S HWLIbAPI AF Tl

» FPGA Manager
- FPGA Manager Status and Control
* FPGA Configuration
- FPGA Manager Interrupt Control
= SoC to FPGA General Purpose I/0O Signals

Altera-SoCFPGA-HardwareLib-FPGA-CV-GNU_TimeMeas
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rWatchdog Timer —

B TILOBE

HWLib A5 S8 T & % Watchdog Timer EE L X 2 DFRAEZ L2 TRRLI-LTTFiC
M 3 FEFED Watchdog Z£TEB LE T,

CPU Private Watchdog Timer (ALT_WDOG_CPU)

L4 Watchdog 0 (ALT_WDOGO0)

L4 Watchdog 1 (ALT_WDOG1)
F1-. Watchdog # €1 L7 F &L T HE|IYiAH (3FEFH) =2 THIZEEL.
FEZRBTIA VY —IARRZTIDELIICHIG LTWET,

» Watchdog Timer Manager API
= Watchdog Timer Enable, Disable, Restart, Status
= Watchdog Timer Counter Configuration
= Watchdog Timer Interrupt Management
= Watchdog Timer Miscellaneous Configuration
» Reset Manager
= Reset Status
= Reset Control

j n : \\ - g} 3:::::: “““““
SoCFPGA-HWLib-Sample_WatchDogTimer
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VGeneral Purpose Timer

[..\Al.'rllvm‘
-

HOTILDOBE

HWLib m 5 SBBTZ 3 General Purpose Timer (LI F. GPT) BEEL XA D
VIHEEZLTRRLELET, £TO GPT (Tit4f) 22 TEEILET,

- OSC1 timer 0 ... osc1_clk TEI{ET % 32bit 24 < (BEV O v YV ERE)

- OSC1 timer 1 ... osc1_clk TEI{ET % 32bit X4 <7 (BEV O v IV ERE)

- SP timer 0 ..... 14_sp clk TEI{ET S 32bit # A4 <

- SPtimer1.....14_sp clkTEI{ET S 32bit A<

Fl-. BGPTDAA LTI FERBLETHEIYAH (AR ZE2THIICEKREL.
REZRBTOVY—ILRTREITIOELIITHIELTULET,

H IV THEERT S HWLIbAPI AT 3TV

» General Purpose Timer Manager API
= Enable, Disable, and Status
= Counters Interface
= Interrupts
= Mode Control

Javxy b4

SoCFPGA-HWLib-Sample _GeneralPurposeTimer
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VCache Management

O TILDOBE

LEFATITUDLTOHOAPI Z2R1TLET,
Ff=. Cache DB ZIRELT 57=HIZ. BEFRE 8194 XN (1~8) DELHZE5IEE LT
g_emset BB LU REI/NAE (float ) RITOFRFNBOETEEZETA - RRSEF

AY O FILTIE MMU 28R L TULVE LS. Cache HXIFDOAED HREILHERR
TETHYFEEA, (HWLD O API FUH LEMEOHERR L LTIFATEL, )

H IV THEERT S HWLIbAPI AT 3V

» Cache Management API
= System Level Cache Management AP
= L1 Cache Management API
= L2 Cache Management API

Javzy b4 |

SoCFPGA-HWLib-Sample CacheManagement
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rlnterrupt Controller [SGI] fo\“@m

O TILDOBE

AY > 7))L Tl SGI ( Software Generated Interrupt ) ZEIM 3 1= DEEEZITL). HPS
FA PUSHSW Di#{EZRHI- SGl ZHITLET

- PUSHSW1 .. SGI #1TxD a7 ~EIYAAHZ BT 5, ( Core#0%3E )
— Core#0 2T SGI ®a—IL/\y o HEE,

-PUSHSW2 .. SGI #{TxD A7 (< a7 ~BYAAZEEMT S, (Core#15E )
— Coret! ZBIM B UL T E K LELY,
- PUSHSW3 .. SGI TP a7 280227 ~E|YiAAZEMT 5, ( Core#0,#13E )
— Core#0 M&HaA—IL/\y 9 DI EN{E, Coret#! (XK
SGl DaA— LNy Y BEBMNEIET EE. DSSDTFTY5y— 30 -aryY—JLITAY
tt—UONRREREINFET,

H IV THEFERT S HWLIbAPI AT 3TV

» Interrupt Controller Low-Level API [Secure]
= Interrupt Controller Global Interface [Secure]
= Interrupt Controller Distributor Interface [Secure]
= Software Generated Interrupts [Secure]
= Interrupt Controller CPU Interface [Secure]
= Interrupt Service Routine [Secure]
Interrupt Utility Functions [Secure]

ooz b4
SoCFPGA-HWLib-Sample InterruptControllerSGl
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VDMA Controller O avriva DR

O TILDOBE

HWLiIb TRESIhSTED API ZFIA LT DMAEEZRATH U IILTY,
= alt_ dma_memory_to_memory()
= alt dma_zero_to_memory()
= alt_ dma_memory to register()
= alt_ dma_register _to_memory()
iaﬁﬁ%(l)ﬁﬁ BlE. TNYHEFITILAVSELETARYEA—LDT—2 %5
BLET, DMAERENTA—4F[E, £28CHRET—TILELTEELTWADT,
5——7‘»%%?&% BETT7 LR A XZEBLTTALTEET,

BTN THERT S HWLbAPI 7T 1)

» DMA Controller API
= DMA API for Configuration, Control, and Status
= DMA API for Standard Operations

» DMA Controller Programming API

» Address Space Manager

= Address Space Mapping Control
= L2 Cache Address Filter

= ACP Memory Coherence and ID Mapping

ooz b4 |
SoCFPGA-HWLib-Sample  DMAController
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r [.,\Al.'rll\u‘
MMU .

O FILDIBE
TiEEDAERYRBLELGDESICTMMU 2T 5 TILTT,

[0] SDRAM .............. PA:0x00000000~0x003FFFFF <--> VA:0x00000000~0x003FFFFF (PA=VA)
[1]1 SDRAMZ2 ............ PA:0x00800000~0x00BFFFFF <--> VA:0x00400000~0x007FFFFF (PA#VA)
[2] SDRAMS ............ PA:0x02000000~0x03FFFFFF <--> VA:0x02000000~0x03FFFFFF (PA=VA)
[B] HPS2FPGA ........ PA:0xC0000000~0xFBFFFFFF <--> VA:0xC0000000~0xFBFFFFFF (PA=VA)
[4] LW_HPS2FPGA . PA:0xFF200000~0xFF3FFFFF <--> VA:0xFF200000~0xFF3FFFFF (PA=VA)
[5] PERIPHRALS .... PA:0xFF400000~0xFFEFFFFF <--> VA:0xFF400000~0OxFFEFFFFF (PA=VA)

[6] BOOTROM ......... PA:0xFFFD0000~0xFFFDFFFF <--> VA:0xFFFDOOOO~OxFFFDFFFF (PA=VA)
[71 MPUSCU ............ PA:0xFFFEC000~0xFFFEDFFF <--> VA:0xFFFEC000~OxFFFEDFFF (PA=VA)
[B] MPULZ ................ PA:OxFFFEEOO00~OxFFFEEFFF <--> VA:OxFFFEEOOO~OxFFFEEFFF (PA=VA)

[9] ONCHIPRAM ...... PA:0xFFFFO000~0xFFFFFFFF <--> VA:0xFFFFO000~0xFFFFFFFF (PA=VA)

Running ( F8 ) LT=1kKET. PUSHSW /DIPSW %#i2{EL T MMU OB EZLEHE,
Break (FO9)LTAEY Ea—%8BT 5L TMMU OEIMEZFERLET,

( PUSHSW1 % 22##(=. Translation Table #2Z#z H AT TEFd, )

H > FILTHEZRT S HWLbAPI AT 3

» MMU Management API
- MMU Management
= MMU Virtual Address Space Creation

70 D :) = ‘
SoCFPGA-HWLib-Sample  MMU
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¥ Global Timer#E>THEHM  omum.

B TILOBE

HWLib @ The Global Timer Manager AP| ZH T, MEBFEETAOEHEAZRE LY
oFn7ags L,

TERRDYV—RINYFZI7LILEHNOTAD L) MZEMTSHIET

BEHO LA OB EZFNIT SIS ENTEFET,

- util_time_measurement.c

- util_time_measurement.h

Y > FILTCHERT S HWLIbAPI AF3TY)
ZEH7%E L (Global Timer fth, &fEAPI[XFIALET)

7° A ?) = 7 l‘ % B |
SoCFPGA-HWLib-Sample TimeMeasurement
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P Ecc (On-Chip RAM) o

HUTILDOBE

On-Chip RAM @ ECC #gEIZDUL T, HWLIb ZFIA L TUTOEMEZ R LET,
“-ECCITS5—A>oxhiay
- ECC Bl Y AAHDFEE
-ECCIS—BKOHmAHLT—2 (AEUFIYY)
- Cache B%h/ESHIZ & b ECC EiEDELY

B FILTHERT S HWLIbAPI AT 1)
» Error Correcting Code ( ECC ) Management

=l =
SoCFPGA-HWLIib-Sample  ECC_onchipRAM
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VDMA x ACP B acrina IR

BUTILOBE

HPS A& DMA (DMA-330) #{#>T. A E!Y to AEVD DMAERZEZIT>Y > TILTT,
AYUTITIEMMU LUV L1, L2 F vy a, BHUIZACP R—rZ2F3ELT:
RETCEEZITVET,

Helio R— FDR A v FIREIZEK Y FTEEDA T a UARBRIRAIGEE B> TWLWET,
« Cache A T+ 2 X$EED ON/OFF
- ACP ;R— FFIFH®MD ON/OFF

EFEODA T avBREGHET, XYy aBWNOREATIZE TS DMA EREEMED
BREENFIREE 25 L 512, DMA SRR, HET — 3 DORNY I 7 M BRORTIHITVE
ER

H IV THERT S HWLIbAPI A5 3TY)
UL (ACP ORIIEEMET S)

70 D ‘/?‘m::::::w - /)
SoCFPGA-HWLib-Sample_DMAXACP
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o Sample Skelton i-'\“:&:m
HOTILDOBE
HBUOTIWEICEENIZETOD ) oSBT HIUTOREY YV—REESHRET,
-FPGAa>74Xal—>a>5T—4 (.sof)
- FPGA IO TH 14 1§ (.sopcinfo)
* Preloader
XEF)Y—REECH. DY U TILEFIRATHEETH. 344700V %

AR —
#abE—

*MMU,Cache DERTFE. FEIEHAIA Timer O#EH).
FLECRIZTOBRICRIDEARNWLGNEBEZRELTWET, A0V b

DS-5 D) —H9 AR—=RIZ4 Vi R— FFTEIRELRHY FT,

THET. RAEADTOY S LEZERT HROHR L LTIRARITET,

iR — FOR Ay FRERHG E.

BT CHERT S HWLbAPI A5 3TV

4L

(MMU, Cache, Timer, GPIO i EE AWML NEE*—EBYESHFT)

Javzxy b4

CommonResources Sample_Skelton

© Copyright ALTIMA
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